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When a manufacturing company considers making a new
product or improving an old one, the materials engineer or
the design engineer must examine both the technical and
economic feasibility of available materials. Only ifthe mate¬
rials are properly selected to perform satisfactorily inservice
canpartsandcomponents meet major technical requirements.

Economics of production are determined, in large part, by
the cost,of the materials, plus the cost of convertingthem into
the finished product, Both costs are governed by the materi¬
als chosen. Thus, proper knowledge of the mechanical and
physical properties, fabrication characteristics, and applica¬
tions of materials is essentia] for the economic and technical
success of the product.

EngineeringProperties ofSteel presents the technical data
needed for materials selection. The extensive properties data
are presented ina ready-reference format which makes the
information easy to find.

Because the materials selected are usually a compromise
of properties, costs, availability, and suitability, engineers
must frequently survey a large number of steels. Engineering
Properties of Steel provides the information to make such
surveys quickly and efficiently.

Mechanical properties refer to the response of the material
to applied forces or loads, and indicate the strength and shape
integrity of the material. Physical properties or character¬
istics indicate how a material is affected by non-mechanical
variables such as thermal energy, electrical energy, magnetic
fields, chemicals, and general or specific environments.

EngineeringProperties ofSteel presents the chemical com¬
position, mechanical properties, physical properties, general
characteristics and uses, and machiningdata for most steels
used in industrial applications. Data are given for carbon,
alloy, stainless and heat resisting, tool, ASTM structural,
and maraging steels. For properties of nonferrnus metals
and alloys, the reader can consult the Metals Handbook, 9th
ed., Vol 2 and 3, publishedby the American Society for Met¬
als, The data listedfor each steel should be regarded as aver¬
age or nominal and adjustments made to suit the prevailing
conditions.

Where applicable, data for the steels are arranged in nu¬
merical order according to the AISL'SAE identification
number. The ASTM structural steels are given innumerical
order using the ASTM standard specification number. Mar-
aging steels are given inthe order of nominal yield strength.
For the AISL'SAE steels, the designations of similar steels as
listed by United States and foreign standards specification
organizations are given.

Our wholehearted thanks are extended to the many steel
companies inthe United States and Canada who providedus
with their technical bulletins from which much of the data
was adapted. We also gratefully acknowledge the fallowing
as sources of reference and data: Society of Automotive
Engineers, American Iron and Steel Institute, American
Society for Testing and Materials, and the Machinability
Data Center of Metcut Research Associates, Inc.

Philip D. Harvey
Editor

en





3

, ' •}
, \
I )

Contents \

Carbon Steels 1
i Alloy Steels 73

High-Strength Steels: Carbon and Low-Alloy 235
Stainless and Heat-Resisting Steels 243
Tool Steels 431
Maraging Steels 469
ASTM Steels 483
Cross Reference to Steels 509

v





I
1

Carbon Steels

Carbon steels are designated by an identical AISI or SAE
four-digit number,inwhich the last two numbers indicate the
approximate middle of the carbon range. AISI 1010, for
example, has a carbon content of 0.08 to 0.13%. The initial
two digits of the AISI'SAE numbers are also significant. The
number 10indicates nonresulfurized grades. Similarly,grade
numbers beginning with 11 denote resulfurized grades.
Resulfurized and rephosphorized grades are indicated by the
number 12, and nonresulfurized grades with a maximum
manganese content ofmore than 1.00%,by the number 15.

An Lbetween the second and third digits denotes a leaded
steel, while B denotes a boron steel. The suffix Hafter the
four digits indicates a steel produced to prescribed harden-
ability limits.

Types
During the manufacture of steel, oxygen is used to remove

excess carbon from the molten metal and to attain the carbon
content desired for the finished steel. Carbon and oxygen
combine to form carbon monoxide, which bubbles to the
surface of the melt. If the excess oxygen is not removed, the
gaseous product continues to evolve as the steel solidifies.

If little or no gas evolves during solidification, the steel is
deoxidized. This deoxidized steel is termed killed, because it
lies quietly in the ingot mold. Increasing degrees of gas
evolutionresult insemikilled, rimmed, and capped steels.

Killed steels are characterized by good uniformity of chem¬
ical composition and mechanical properties. They are gener¬
ally specified when a homogeneous structure is desired. Any
steel chosen for rods with more than 0.23% carbon is usually
killed steel.

Semikilled steels have a structure which is intermediate
in homogeneity between killed and rimmed steels. Carbon
contents of these steels are usually up to 0.24%.

Rimmed steels are produced by carefully controlling the
addition of small quantities of deoxidizers to the ladle.
Rimming is caused by gases continuing to evolve after the
ingot is teemed and as the steel solidifies. This action results
ina rim or case of essentially carbon-free ferrite on the ingot
with a minimum of blowholes and oxide inclusions. Rimmed
steel products, particularly cold rolled sheet, can be used to
advantage whenever extensive cold forming or superior
surface appearance is required. Because carbon contents in
excess of 0.25% or manganese contents greater than 0.60%
prevent proper rimming action, only low-carbon steels are
made as rimmed steels.

Capped SteelS, although similar to rimmed steels, differ in
that the rimmingaction is stopped at a specified point during
the solidificationprocess.A cappedsteelhas a low-carbonrim
typical of a rimmed steel, but the uniformity of composition
and mechanical properties in the center that might be
expected from a killed steel ingot. This combination of
properties makes capped steels particularly well suited for
applications involving cold forming or cold heading.

Selection
The feasibility of using a carbon steel is determined by-

assessing whether or not it is metallurgieally suitable for the
application. Evaluations may include tensile and fatigue
strengths, impact resistance, size of the part compared with
the need for through hardenability, fabricability, ductility
and/or machinability, potential of heat treating, service
temperature of the part, and corrosion resistance.

When the desired characteristics can be obtained with a
plain carbon grade, most users select this less coBtly steel. If
critical strength requirements or other specified needs are
beyond the inherent capabilities of carbon steel, then alloy
steel is the obvious choice. One consideration worth noting is
that most carbon steels are not through hardening on heat
treatment, except inrelatively thin sections.

The selection of a specific grade of steel is a more complex
decision. Grade selection should he undertaken in collabo¬
rationwith the supplier, who can call uponthe expertise of its
metallurgists and broad practical experience, as well as the
experience of other customers who have put carbon or alloy
steel sheet and bar to the same or similar use.

Classification
The numerical classifications of low-, medium-, and high-

carbon eteels mayvary with individual mills, but they gener
ally fall into the following approximate ranges.

Low-Carbon steels (AISI 1005 to 1026) have lower carbon
content by definition. Because ease of formabiiity is directly
relatedto hardness (carbon content) of the sheet or bar, these
softer eteels are more ductile— better for operations involv¬
ingsome degree of cold forming, drawing,bending,punching,
or swaging.

Low-carbon steels are used for cold heading, a major pro¬
cess for fastener production, and deep drawing. They are also
commonly found in machined and welded components. Be¬
cause they are relatively inexpensive, the low-carbon steels
areapopularchoicewhengreat strength ianot needed.Tensile
strengths range from 300 to 440 MPa (43 to 64 ksi).
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Although ductile, low-carbon steels are not very resistant
to wear. However, wear resistance can be obtained in low-
carbon grades by increasingthe carbon content of the surface
(carburizing). TTiis is done by heating at elevated tempera¬
ture in a controlled, carbon-rich atmosphere. Low-carbon
steels that are commonly carburized includeAISI 1015,1018,
1020, and 1117.

Medium-carbon steels (AISI 1029 to 1053) are often
selected where higher strength is required. These can be
thermally treatedfor evengreater strength.Tensile strengths
range from 470 to 620MPa (68 to 90 ksi).Usedinlarger parts
and forgings, these bar grades are also among the most
widely used steels for machined components. AISI 1040 and
itsmodifications are specified extensively in the automotive
industry for bolts, connecting rods, crankshafts, and tubing.
AISI 1050 is frequently used for axles, gears, and heavier
forgings, where slightly higher hardness and wear resistance
are required.

High-Carbon steels (AISI 1055 to 1095) are specified when
the highest available strength is needed inthe carbon range.
Because of superior surface hardness, they provide better
wear resistance than the plain carbon steels. When properly
heat treated these grades are highly wear resistant. In
addition, high-carbon steels offer longer service life and
maximum response to heat treatment. Tensile strengths
range from 650 to 830 MPa (94 to 120 ksi).

Ductility of the high-carbon steels is lower than that of the
low- and medium-carbonsteels, but cold formability of high-
carbon steels can be improved through thermal treatment.
However, this treatment reduces strength and hardness.

Noneof the 10XXseries grades containmore than 1%man¬
ganese. For greater hardenability, the 15XX series grades
(AISI 1513to 1572) are available with maximum manganese
contents of 1.05 to 1.65%.

Free-machining grades are intended for use where im¬
proved machinability is desired, compared to that for carbon
steels of similar carbon and manganese contents. Machin¬
ability refers to the effects of hardness, strength, ductility,
grain size, microstructure, and chemical composition on cut¬
ting tool wear, chip formation, ease of metal removal, and
surface finish quality of the steel beingcut.

Free-machiningsteels contain one or more additives which
enhance machining characteristics and lower machining
costs. The lower costs result from either the increased pro¬
duction through greater machiningspeeds and improved tool
life, or the elimination of secondary operations through
an improvement in surface finish. The addition of bismuth,
selenium, or tellurium enhances the machinability of free-
machining steels. Sulfur and phosphorus additions cause a
reduction incold formingproperties, weldability, and forging
characteristics. Lead additions, however, have very little
effect onthose characteristics.

The resulfurized 11XX series grades (AISI 1108 to 1151)
provide improved machinability with increased sulfur con¬
tent inamounts up to 0.33% insome grades. The 12XX series
grades (AISI 1211to 1215) are both resulfurized and rephoB-
phorized to increase chip control.

Leaded carbon steels inthe free-machining grades contain
from 0.15 to 0.35% lead. Serving as an internal lubricant,
lead reduces friction and the buildup of heat between the
cutting edge of the tool and the work. Leaded steels are most
commonly used when a large amount of machining is neces¬
sary to produce a finished part.An increase of 25% or more in
productivity may result from the use of leadedsteels.

Hardenability
Hardenability in plain carbon steels can he improved

through the use of additives or by controlling the chemical
composition and steelmaking practice (H-steels). Boron is
added, usually to medium-carbon grades, to increase the
depth of hardening when quenched. H-steels are steels that
can be ordered to specific and finite hardenability ranges.
These range limits,upper and lower limits from the center or
core to the surface, are called H-bands. The H-sleel classi¬
fication applies mainly to alloy steels, but also includes a
number of carbon grades. For more information refer to the
alloy steel introductionwhich includes anexplanation on the
use ofhardenabilitybands.

Quality Designations
There are four quality designations a customer may specify

for hot and cold rolled sheet: commercial quality (CQ), draw¬
ing quality (DQ), drawing quality special killed (DQSK),
and structural quality (SQ). Hot rolled band is available in
CQ, DQ, and DQSK. ASTM A568 gives the general require¬
ments for hot rolled sheet and strip and cold rolled sheet
carbon steel, and ASTM A29 provides the general require¬
ments for hot rolled and cold finished carbonsteel bars.

Commercial quality sheet and bands are usually produced
from rimmed, capped, or semikilled steel. Because of the seg¬
regation that occurs in the solidification of these types of
steels, CQ materials are less ductile than either DQ or DQSK
materials and can be expected to show wider variations in
mechanicalproperties and chemical composition. Inaddition,
some CQ sheet may be subject to loss of ductility with time;
bands, however, are not subject to strain aging because they
are not processed. Ifsheet steel must be essentially free from
stretcher strains during fabrication, it should he roller
leveledjust before the forming operation.

Drawing quality material is produced from specially se¬
lected steel, then carefully processed to result inmore uni¬
form drawing properties than commercial quality material.
Drawing quality sheet and bands are more ductile and more
uniform in chemical composition than CQ material. Parts
that are too difficult for the forming properties of CQ sheet
are made fromDQ sheet.

Because of aging, time delays between drawing stages and
heat treatment and other processing operations may ad¬
versely affect the properties of DQ steel. Therefore, these
operations must be carefully controlled either before or dur¬
ingfabrication to provide the required performance-

Drawing quality sheet is subject to coil breaks, stretcher
strains, and fluting in the as-rolled condition. IfDQ sheet is
to remain essentially free of stretcher strains through fabri¬
cation, it should be roller leveled by the customer just
before forming.

Drawing quality special-killed materials are rolled from
aluminum-killed steel which is produced by special steel-
making and processing practices. Because these steels offer
forming characteristics superior to commercial and drawing
quality materials, they are excellent for use insevere draw¬
ing operations. DQSK steels are recommended for processes
in which delays between draws would detrimentally affect
the drawing performance of CQ and DQ materials, or where
roller leveling equipment is not available.

Structural quality sheet is ordered when specific mechani¬
cal or structural properties are required. Orders usually
specify hardness or tensile properties. When indicating me-
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chanical properties, the customer should carefully consider
compatibility of the properties with forming requirements.
ASTM A570 is the standard specification for structural qual¬
ity hot rolled sheet, and ASTM A611 is the standard specifi¬
cation for structural quality cold rolledsheet.
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Composition of Carbon Steels (Ref 12)

AISI
No.

UNS
No.

ConipoBition(a), %
Mil P

AISI
No.

HNS
No.

Composition(a), %
Mn P 8

Nonreeulfurized grades, manganese L00% mas

1005tb) ........G10050 0.06 max 0.35 max 0.040 max 0.050 max
100G(b) ........G10060 0.0B max 0.25-0.40 0.040 max 0.050 max
1008...........G10080 0.10 max 0.30-0.50 0.040 max 0.050 max
1010.......... . G10100 0,08-0.13 0.30-0.60 0.040 max 0.050 max
1012...........G10120 0.10-0.15 0.30-0.60 0.040 max 0.050 max
1015 ...........G10150 0.13-0.18 0.30-0.60 0.040 max 0.050 max
1016-........ G1016D 0.13-0.18 0.60-0.90 0.040 max 0.050 max1017...........G10170 0 15-0.2(1 0.30-0.60 0.040 max 0.050 max
1018 ...........G101SG 0.15-0.20 0.60-0.90 0.040 max 0.050 max1019...........G10190 0.15-0.20 0.70-1.00 0.040 max 0.050 max1020...........G10200 0.18-0.23 0.30-0.60 0.040 max 0.050 max1021...........G10210 0.18-0.23 0.60-0.90 0.040 max 0.050 max
1022...........G10220 0.18-0.23 0.70-1.00 0.040 max 0.050 max
1023-..........G102a0 0.20-0.25 0.30-0.60 0.040 max 0.050 max1025...........G10250 0.22-0.28 0.30-0.60 0.040 max 0.050 max1026...........G10260 0.22-0.28 0.60-0.90 0.040 max O.OSO max1029...........G10290 0.25-0.31 0.60-0.90 0.040 max 0.050 max1030...........G10300 0.28-0.34 0.50-0.90 0.040 max 0.050 max1034...........G10340 0.32-0.38 0.50-0.80 0.040 max 0.050 max1035...........G10350 0.32-0.38 0.60-0.90 0.040 max 0.050 max
1037...........G10370 0.32-0.38 0.70-1.00 0.D40 max 0.050 max1038___________

G10380 0.35-0.42 0.60-0.90 0-040 max 0.050 max
1039 ...........G10390 0.37-0.44 0.70-1.00 0.040 max 0.050 max1040...........G10400 0.37 0.44 0.60-0.90 0.040 max 0.050 max1042...........G1042Q 0.40-0.47 0.60-0.90 0.040 max 0.050 max
1043 ...........G10430 0.40-0.47 0.70-1.00 0.040 max 0.050 max
1044 ...........G10440 0.43-0.50 0.30-0.60 0.040 max 0.050 max1045...........G10450 0.43-0.50 0.60-0.90 0.040 max 0.050 max1046...........G10460 0.43 0.50 0.70-1.00 0.040 max 0.050 max1049...........G1049C 0.46-0.53 0.60-0.90 0.040 max 0.050 max1050...........G10500 0.48-0.55 0.60-0.90 0.040 max G.050 max
1053...........G10530 0.48-0.55 0.70-1.00 0.040 max 0.050 max
1055...........G10550 0.50-0.60 0.60-0.90 Q.04G max 0.050 max
1059(b) ........G10590 0.55-0.65 0.50-0.80 0.040 max 0.050 max
1060...........G10600 0.55-0.65 0.60-0.90 0.040 max 0.050 max
1064(b) ........G10640 0.60-0.70 0.50-0.80 0.040 max 0.050 max
1065(b) ........G1O650 0.60-0.70 0.60-0.90 0.040 max 0.050 max
1069(b) ........G10690 0.65-0.75 0.40-0.70 0.040 max 0.050 max
1070...........G10700 0.65-0.75 0.60-0.90 0.040 max 0.050 max
1074...........G10740 0.70-0.80 0.50-0.60 0.040 max 0.050 max
1078...........G10780 0.72-0.85 0.30-0.60 0.040 max 0,050 max

1080 G10800
1084 G10S40
1086(b)........G10860
1090 G10900
1095 G10950

Nonresulfurized grades,
1513 G15130
1522 G15220
1524 G15240
1526 G15260
1527.......... G15270
1541 G154101547

G154701548...........G154801551
G155101552
G15520

1561 G15610
1566 G15660

Free-machining grades,1108
G110SO

1109 .......... G110901110
C111G01116
Gil1601117G111701118
G111801119
G11190

1137 G113701139
G11390

1140 . G114001141G1I4I0
1144. G11440
1146 G11460
1151 G11510

0.75-0.88
0.80-0.93
0.80-0.93
0.85-0.98
0.90-1.03

manganese
0.10-0.16
0.18-0.24
0.19-0.25
0.22-0.29
0.22-0.29
0.36-0.44
0.43-0.51
0.44-0.52
0.45-0.56
0.47-0.55
0.55-0.65
0.60-0.71

resulfurized
0.08-0.13
0.08-0.13
0.08-0.13
0.14-0.20
0.14-0.20
0,14-0.20
0.14-0.20
0.32-0.39
035-043
0.37-0.44
0.37-0.45
0.40-0.48
0.42-0.4B
0.48-0.55

0.60-0.90
0.60-0.9C
0.30-0.50
0.60-0.90
0.3041.50

0.04)0 max
0.040 max
0.O4O max
0.040 max
0.040 max

0.050 max
0.050 max
0.050 max
0.050 max
D.050 max

greater than I.O05E max

1.10-140 0.040 max
1.10-1.40 0.040 max
1.35-1.65 0.040 max
1.10-1.40 0.040 max
1.20-1.50 0.040 max
1.35-1.65 0.040 max
1.35-1.65 0.040 max
U0-1.4Q 0.040 max
0.85-1.15 0.040 max
1.20-1.50 0.D4O max
0.75-1.05 0.CP4C max
0.85-1.15 0.040 max

0.50-0.80
0.6041.90
0.30-0.60
1.16-1.40
1.00-1.30
1.30-1.60
1.00-1.30
1.35-1.65
1.35-1.65
0.70-1.DO
1.35-1.65
135-1,65
0.70-1.00
0.70-1.00

0.Q4O max

0.040 max
0.040 max

0.040 max

0.040 max
0.040 max
0.040 max
0.O4O max
0.040 max

0.040 mnx

0.04G m»i

0.040 max
0.040 max
0.040 max

Free-machining grades, reeulfurized and rephoaphorized1211...........G12110 0.13 max 0.604190 0.07-0.121212...........G12120 0.13 max D.7D-1.0O 0.07-0.121213...........G12130 0.13 max 0.70-1.00 0.07-0.12
1215...........G12150 0.09 max 0.75-1.05 0.04-0.09
12L14(c) .......G12144 0.15 max 0.85-1.15 0.04-0.09

0.050 max
0.050 max
0.050 max
0.050 max
0.050 max
0.050 max
0.050 inax
0.050 max
0.050 max
0.050 max
0.050 max
0.050 max

0.08-0.13
0.08-0.13
0.08-0.13
0.16-0.23
0.08-0.13
0.08-0.13
0.24-0.33
0.08-0.13
0.13-0.20
0.06-0.13
0.08-0.13
0.24-0.33
0.08-0.13
0.08-0.13

0.10-0.15
0.16-0.23
0.24-0.33
0.26-0.35
0.26-0.35

(a) The following notes refer to boron, copper, lead and silicon additions: Boron:standard killed carbon steels, which are generally fine gran, may be produced with
a boron treatment addition to improve hardenability. Such Steele are produced to a range of 0.0005 to 0.0033b B. These steels are identifiedby insertingthe letter
B between the second and third numerals of the AISI or SAB number, such as 10B46, Copper: when copper is required, 0.20% min isgenerally specified. Lead:
standard carbon steels can be produced with a lead range of 0.15 to 0.35% to improve macninability. Such steels are identified by inserting the letter L between
the second and third numerals of the AJ51 or SAE number, such as 12L15 and 10L45. Silicon: it is not common practice to produce the 12XX series of resulfurized
and rephoaphorized steels to specified limits for silicon because of its adverse effect on machinability. When silicon ranges or limits are required for resulfurized
or nonresulfurizedsteels, however, these values apply: a range of 0.08% for maximumsilicon contents up to 0.15% inclusive,a range Df 0.10% for marlmumsilicon
contents over 0.15 to 0.20% inclDflive, a range ofO.T5%for maximumsilicon contents over 0.20 to 0.30% inclusive, and a range ofd.20% for maxtcnim silicon con¬
tents over 0.30 to 0.60% inclusive. Example: maximum silicon content is 0.25%, range is 0.10 to 0.25%. (b) Standard grades for wire rod and wire only, (c) 0.15
to 0.35% lead
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Estimated Mechanical Properties and Machinability of Carbon Steel Bar (Ref 1)
All values are estimated minimum values; all SAE 1100 series steels are rated on die basis of 0.10% max silicon or coarse-grain melting practice; the
mechanical properties shown are expected minimums for the sizes ranging from 19 to 31.8 mm (0.75 to 1.25 in.)

AISI Type of Tensile strength Yield strength Elongation(a), Reduction Hardness, Machinability
grade processing MPa kai MPa ksi % in area, % HO ratingib)

1006 ......Hot rolled 295 43 165 24 30 55 86
Cold drawn 330 48 285 41 20 45 95 50

1008 305 44 170 24.5 30 55 86 ...
Cold drawn 340 49 285 41.5 20 45 95 55

1010 ......Hot rolled 325 47 180 26 28 50 95
Cold drawn 365 53 305 44 20 40 105 55

1012 .. ......Hot rolled 330 48 185 26.5 28 50 95 ...
Cold drawn 370 54 310 45 19 40 105 55

1015 ......Hat rolled 345 50 190 27.5 28 50 101 ...
Cold drawn 385 58 325 47 18 40 111 60

1016 ......Ilot rolled 380 55 205 30 25 50 111 ...
Cold drawn 420 61 350 51 18 40 121 70

1017 ......Hot rolled 365 53 200 29 20 50 100
Cold drawn 405 59 340 49 18 40 116 65

1018 , . , , 400 58 220 32 25 50 116
Cold drawn 440 64 370 54 15 40 126 70

1019 ......Hot rolled 405 59 225 32.5 25 50 116 ...
Cold drawn 455 66 380 55 15 40 131 70

1020 ......Hot rolled 380 55 205 30 25 50 111
Cold drawn 420 61 350 51 15 40 121 65

1021 420 61 230 33 24 48 116
Cold drawn 470 68 395 57 15 40 131 70

1022 425 62 235 34 23 47 121
Cold drawn 475 69 400 58 15 40 137 70

1023 ......Hot rolled 385 56 215 31 25 50 111
Cold drawn 425 62 360 52.5 15 40 121 65

1524 510 74 285 41 20 42 149 ...
Cold drawn 565 82 475 69 12 35 163 60

1025 400 58 220 32 25 50 116
Cold drawn 440 64 370 54 15 40 126 65

1026 ......Hot rolled 440 64 240 35 24 49 126 ...
Cold drawn 490 71 415 60 15 40 143 75

1527 .......Hot rolled" 515 75 285 41 18 40 149 ...
Cold drawn 570 83 485 70 L2 35 163 65

1030 .....Hot rolled ' 470 68 260 37.5 20 42 137
Cold drawn 525 76 440 64 12 35 149 70

1035 .....Hot rolled 495 72 270 39.5 18 40 143
Cold drawn 550 80 460 67 12 35 163 65

1536 ...... Hot rolled ' ' 570 S3 315 45.5 16 40 163
Cold drawn 635 92 535 77.5 12 35 187 55

1037 Hot rolled 510 74 280 40.5 18 40 143
Cold drawn 565 82 475 69 12 35 167 65

1038 515 75 285 41 18 40 149
Cold drawn 570 83 485 70 12 35 163 65

1039 .....Hot rolled 545 79 300 43.5 16 40 156
Cold drawn 605 88 510 74 12 35 179 60

1040 525 76 290 42 18 40 149
'Cold drawn 595 85 490 71 12 35 170 60

1541 635 92 350 51 15 40 187 ...
Cold drawn 705 102.5 600 87 10 30 207 45
Annealed, cold drawn 650 94 550 80 10 45 184 60

1042 .....Hot rolled 550 80 305 44 16 40 163
Cold drawn 615 89 515 75 12 35 179 60
Normalized, cold drawn 585 85 505 73 12 45 179 70

1043 565 82 310 45 16 40 163 ...
Cold drawn 625 91 530 77 12 35 179 60
Normalized, cold drawn 600 87 515 73 12 45 179 70

1044 550 80 305 44 16 40 163
1045 .....Hot rolled 565 82 310 45 16 40 163

Cold drawn 625 91 530 77 12 35 179 55
Annealed, cold drawn 585 85 505 73 12 45 170 65

1046 585 85 325 47 15 40 170
' Cold drawn 650 94 545 79 12 35 187 55

Annealed, cold drawn 620 90 515 75 12 45 179 65
1547 650 94 360 52 15 30 192

Cold drawn 710 103 605 88 10 28 207 40
Annealed, cold drawn 655 95 585 85 10 35 187 45

1548 660 96 365 53 14 33 197
Cold drawn 735 106.fi 615 89.5 10 28 217 45
Annealed, cold drawn 645 93.5 540 78.5 10 35 192 50

1049 600 87 330 48 15 35 179
Cold drawn 670 97 560 61.5 10 30 197 45
Annealed, cold drawn 635 92 530 77 10 40 187 55

1050 620 90 340 49.5 15 35 179 ...
Cold drawn 690 100 580 84 10 30 197 45
Annealed, cold drawn 655 95 550 SO 10 40 189 55

(continued)
(a) In 50 mm (2 in.), (b) Based on cold drawn AISI 1212 steel as 100% average machinability
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Estimated Mechanical Properties and Machinability of Carbon Steel Bar (Ref I) (continued)

All values are estimated minimum values; all SAE 1100 series steels are rated un the basis of 0.10% max silicon ur coarse-grain melting practice; the
mechanical properties shown are expected minimums for the sizes ranging from 19 to 31.8 mm (0.75 to 1.25 In.)

AISI Type of Ibn&ile strength Yield Btrength Elongation(a), Reduction Hardness, Machina'
grade processing MPa ksi MPa ksi % in area, % HB ratingl

1552 ......Hot rolled 745 108 410 59.5 12 30 217 ...
Annealed, cold drawn 675 98 570 83 10 40 193 50

1055 650 94 355 515 12 30 192 ...
Annealed, cold drawn 660 96 560 81 10 40 197 55

1060 ......Hot rolled
Spheroidized annealed,

675 98 370 54 12 30 201

cold drawn 620 90 485 70 10 45 183 60
10&4 ......Hot rolled

Spheroidized annealed,
670 97 370 53.5 12 30 201

cold drawn 615 89 475 69 10 45 183 60
1065 . _

____
Hot rolled
Spheroidized annealed,

690 100 380 55 12 30 207

cold drawn 635 92 490 71 10 45 187 60
1070 705 102 385 56 12 30 232 ...

Spheroidized annealed,
COwcold drawn 640 93 495 72 10 45 55

1074 ......Hot rolled
Spheroidized annealed,

725 105 400 58 12 30 217

cold drawn 660 94 505 73 10 40 192 55
1078 ......Hot rolled 690 100 380 55 12 30 207 ...

Spheroidized annealed,
192cold drawn 650 94 500 72.5 10 40 55

1080 770 112 425 61.5 10 25 229 ...
Spheroidized annealed,

45cold drawn 675 98 515 75 10 40 192
1084 820 119 450 65.5 10 25 241 ...

Spheroidized annealed,
192cold drawn 690 100 530 77 10 40 45

1085
Spheroidized annealed,

835 121 460 66.5 10 25 248 ...
cold drawn 695 100.5 540 78 10 40 192 46

1086
Spheroidized annealed,

770 112 425 61.5 10 25 229

cold drawn 670 97 510 74 10 40 192 45
1090

Spheroidized annealed,
840 122 460 67 10 25 248

cold drawn 695 101 540 78 10 40 197 45
1095 Hot rolled

Spheroidized annealed,
825 120 455 66 10 25 248 M ÿ

cold drawn 680 99 525 76 10 40 197 45
1211 380 55 230 33 25 45 121 ...

Cold drawn 515 75 400 58 10 35 163 95
1212 385 56 230 33.5 25 45 121

Cold drawn 540 78 415 60 10 35 167 100
1213 ------Hot rolled 385 56 230 33.5 25 45 121

Cold drawn 540 78 415 60 10 35 167 135
12L14... .....Hot rolled 395 57 235 34 22 45 121

Cold drawn 540 78 415 60 10 35 163 160
1108 .....Hot rolled 345 50 190 27.5 30 50 101 ...

Cold drawn 385 56 325 47 20 40 121 80
1109 345 50 190 27.5 30 50 101

Cold drawn 385 56 325 47 20 40 121 80
1117 . .....Hot rolled 425 52 235 34 23 47 121 ...

Gold drawn 475 69 400 58 15 40 137 90
1118 450 65 250 36 23 47 131 ...

Cold drawn 495 72 420 61 15 40 143 85
1119 .....Hot rolled 425 62 205 34 23 47 121

Cold drawn 475 63 400 58 15 40 137 100
1132 570 83 315 46.5 16 40 167 ...

Cold drawn 635 92 530 77 12 35 183 75
1137 .....Hot rolled 605 88 330 48 15 35 179

Cold drawn 675 98 565 82 10 30 197 70
1140.... .....Hot rolled 545 79 300 435 16 40 156 ...

Cold drawn 605 88 510 - 74 12 35 170 70
1141.. .....Hot rolled 650 94 355 fil.fi 15 35 187

Cold drawn 725 105.1 605 68 10 30 212 70
1144 670 97 365 53 15 35 197 ...

Cold drawn 745 108 620 90 10 30 217 80
1145 -----Hot rolled 585 85 325 47 15 40 170 ...

Cold drawn 650 94 550 80 12 35 187 65
1146. 535 85 325 47 15 40 170 —

Cold drawn 650 94 550 80 12 35 187 70
1151.. .....Hot rolled 635 92 350 50.5 15 35 187 ...

Cold drawn 705 102 595 86 10 30 207 65
(a) In 50 mm (2 in.), (b) Based on cold drawn AISI 1212 steel as 100% average machinability
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AISI 1005, 1006, 1008

A1S1 1005, 1006, 1008: Chemical Composition
AISI Chemical composition, %
grade C mas Mn P max

1005(a) 0.06 0.35 mux 0-040
1006(a) 0.08 0.25-0.40 0.040
1006..........................0.08 0.25-0.45 0.040
1008 0.10 0.30-0.50 0.040
(a) Standard grades for wire rod and wire only

S max

0.050
0.050
0.050
0.050

Characteristics. AISI grades 1005, 1006, fend 1008 are
usually produced as rimmed, capped, semikilled, and fully
kilted steels. Rimmed steels of these grades have exception¬
ally good cold formability. The soft rim enhances drawahility
and surface finish. Because they have relatively low tensile
strengths, these grades are used where strength is of minor
importance. Aluminum killed steels are very soft, mild steels
of low strength and high ductility, which are easy to forge or
to form and draw cold. Grades 1005, 1006, and 1008 are not
heat treatable in the usual manner (by quenching and tem¬
pering), but can be hardened or strengthened by cold work¬
ing. These steels can be restored to their initial soft condition
by annealing. Weldability (spot, projection, butt, and fusion)
and brazeability are excellent.

Typical Uses. Partsmade from grades 1005,1006,and 1008
include extruded, cold headed, cold upset, and cold pressed

parts and forms, and a large variety of partsrequiring severe
bending and welding. For more severe drawing operations,
fully killedsteel should be used to eliminate or minimize the
strain-agingbehavior of rimmed steels. AISIgrade 1006steel
can be used in magnet core applications.

AISI 1005: Similar Steels (U.S. and/or Foreign). UNS
G10050;ASTMA29, A510; MLSPEC MIL-S-11310 (CS1005);
SAE J403, J412
AISI 1006: Similar Steels (U.S. and/or Foreign). UNS
G10060; ASME 5041; ASTM A29, A510, A545; FED QQ-W-
461; MIL SPEC MIL-S-11310 (CS1006); SAE J403, J412, J414
AISI 1008: Similar Steels (U.S. and/or Foreign). UNS
G10080; ASTM A29, A108, A510, A519, A545, A549, A575,
A576; FED QQ-S-637 (C1008), QQ-S-698 (C1008); MIL SPEC
MIL-S-11310 (CS1008); SAE J403, J412, J414; (W. Ger.) DIN
1.0204; (Ital.) UNI CB 10 FU

AISI 1008: Approximate Critical Points
Transformation Tempcruture(o)
point "C T

At,.........730 1350
Ac3 875 1605
Ar3 855 1570
ATi .......680 1355
(ai On heating or cooling at 28 °C (50 °FJ per hour

Physical Properties

AISI 1005, 1006, 1008: Average Coefficients of Linear
Thermal Expansion (Ref 4)

Temperature
range Coefficient

°C T pm/no • K ,rin.-in. ÿ

0-100 32-212, 12.6 7.0
0-200 32-390 13.1 7.3
0-300 32-570

______
.' 13.5 7.5

0-400 32-750. ;...13.7 7.S
0-500 32-930 14.2 7.9
0-600 32-1110 14.6 8.1
0-700 32-1290 14.9 8,3
0-800 32-1470. 16.6 9.2
0-1000 32-1830 ....13.7 7.S

Material composition: 0.06% carbon, 0.38% manganese, 0.55% nickel. 0.02%
chromium, 0.03% molybdenum

AIS1 1005, 1006, 1008: Mean Apparent Specific Heat (Ref 4)

Specific heat
Temperature range Material A(a) MaterialB(b)

°C °F J/kg K Btu/lb "F J/kg'K Btu/lbT
50-100 120-212........481 0.115 481 0.115

150-200 300-390........519 0.124 523 0.125
200-250 390-480........536 0.128 544 0.130
250-300 480-570........553 0.132 557 0.133
300-350 570-660........574 0.137 569 0.136
350-400 660-750........595 0.142 595 0.142
450-500 840-930........662 0.158 662 0.158
550-600 1020-1110........754 0.180 858 0.205
650-700 1200-1290........867 0.207 1139 0.272
700-750 1290-1380.......1105 0.264 959 0.229
750-800 1380-1470........875 0.209 816 0.195
850-900 1560-1650.......846 0.202
(a) Material composition: 0.06% carbon, 0.38% manganese, ib) Material com¬
position: 0.08% carbon, 0.31% manganese

AIS1 1008: Electrical Resistivity and Thermal Conductivity
Electrical
resistivity, Thermal conductivity

Temperature nilÿ m W/m-K Btu/ ft ÿ hÿ °F
"C °F (a) (b) (b) Ic) (b> (c)

0 32..........ÿÿÿ - 62.8 65ÿ2 ~36.3 37.7
20 70..........0.130 0.142 •*• •••

100 212. . . .......0.178 0.19O 57.6 60.2 33.3 34.8
20O 390..........0.252 0.263 53.1 .54.7 30.7 31.6
300 570..........— 49.1 28.4
400 750..........0.448 0.458 45.7 4E.2 26.4 26.1
500 930..........••• 40.8 — 23.6
60O 1110..........0.725 0.734 36.7 36.3 21.2 21.0
700 1290..........0.898 0.905 33.2 ••• 19.2
HOD 1470..........1.073 1.081 28 4 28.4 16.4 16.4
900 1650..........1.124 1.130

1000 1830..........1.160 1.165 27.3 27.3 15.8 15.8
1100 2010..........1.189 1.193
1200 2190..........1.126 1.220 29.9 ÿÿÿ 17.3
1300 2370.. ........1.241 1.244
(a) Material composition: 0.06% carbon, 0.38% manganese, fb) Material com¬
position: 0 08% carbon, 0,31% manganese- (c) Material composition: 0.06%
carbon, 0.4% manganese

AISI 1005, 1006, 1008: Density (Ref 4)

7.872 g/cm3 ...........................0.2844 lb/in.'1
Material composition: 0.06% carbon, 0.01% silicon,
O.S8% manganese; annealed at 925 °C (1700 °F)
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Mechanical Properties

AISI 1006, 1008: Tensile Properties and Machinability
Size round Tfensile Yield

or thickness strength strength
Product form mm in. MPa kai MPa ksi

AISI 1006

Hot rolled bar (Ref 1) ..............19-32 0.75-1.25 295 43 165 24
Cold drawn bar (Ref 1) .............19-32 0.75-1.25 330 48 265 41
CQ, DQ, and

DQSK sheet (Ref 11).............1.6-5.8 0.064-0.229 305-360 44-52 180-240 26-35

AISI 1008
Hot rolled bar (Ref 1) ..............19-32 0.75-1.25 305 44 170 24.5
Cold drawn bHrfRefl) .............19-32 0.75-1.25 340 49 285 41.5
CQ. DQ, and

DQSK sheet (Ref 11).............1.6-5.8 0.064-0.229 303-358 44-52 180-240 26-35

(a) In 50 nun (2 in.), (b) Based on AISI 1212 steel as 100% average machinability

Average
Elongation(a), Reduction Hardness, machinability

% in area. % HB rating(b)

30
20

32-48

30
20

32-48

55
45

55
45

50

55

Machining Data (Ref 8)

AISI 1005, 1006, 1008: Turning (Single Point and Box Tools)

i j 512 and M3 high speed steel |-Uncoated carbide-j ]-Coated carbide-1
Depth of cut Speed Peed Speed, brazed Speed, inserted Feed Speed Feed
nun in. m/min ft/min mm/rev in./rev m/min ft /mm m/rain ft/min mm/rev in-/rev m/min ft/min mm/rev iru/rev

Hardness, 85 to 125 HB
1 O.040......56 185 0.18 0.007 165(a) 535(a) 215(a) 700-a) 0.18 0.007 320(b) 1050(b) 0.18 0.007
4 0.150......44 145 0.40 0.015 135(c) 435(c) 165(c) 540(c) 0.50 0.020 215(d) 700(d) 0.40 0.015
8 0.300......35 115 0.50 0.020 105(c) 340(c) I3D(c) 420(c) 0.75 0.030 170(d) 550(d) 0.50 0.020

16 0.625......27 90 0.75 0.030 81(c) 265(c) 100(c) 330(c) 1.00 0.040
i
I Hardness, 125 to 175 HB

1 0.040 .....46 150 0.18 0.007 150(b) 485(a) 195(a) 640(a) 0.18 0.007 290(b) 950(b) 0.18 0.007
4 0.150......38 125 0.40 0.015 125(c) 410(c) 150(c) 500(c) 0.50 0.020 190(d) 625(d) O.40 0.015
8 0.300......30 100 0.50 0.020 100(c) 320(c) 120(c) 390(c) 0.75 0.030 150(d) 500(d) 0.60 0.020

' . 16 0.625......24 80 0.75 0.030 75(c) 245(c) 95(c) 305(c) 1.00 0.040

Hardness, 175 to 225 HB
1 0.040......44 145 0.18 0.007 140(a) 460(a) 175(a) 570(a) 0 18 0.007 260(b) 850(b) 0.18 0.007
4 0.150......35 115 0.40 0.015 115(c) 385(c) 135(c) 450(c) 0.50 0.020 170(d) 550(d) 0 40 0.015
8 0.300......29 95 0.50 0.020 90(c) 300(c) 105(c) 350(c) 0.75 0.030 135(d) 450(d) 0.50 0.02D

: | 16 0.625......23 75 0.75 0.030 72(c) 235(c) 81(c) 265(c) l.OO 0.040 ......— •••
(a) Carbide tool material: C-7, (b) Carbide too! material: CC-7. (c) Carbide tool material: C-6. (d) Carbide tool material: CC-6

AISI 1005, 1006, 10QB:

m/min
Tool material (ft/min)

Hardness, 85 to 125 HB
M2 and M3 high

speed steel 43
(140)

C-6 carbide 135
(450)

Hardness, 125 to 175 HB
M2 and M3 high

speed steel 37
(120)

C-6 carbide 120
(390)

Hardness, 175 to 225 HB
M2 and M3 high

speed 3teel 30
(100)

C-6 carbide 100
(325)

Turning (Cutoff and Form Tools)

Feed per revolution for cutoff tool width of:
1.5 T"Tr 3 6 mm

(0.062 in.) (0.125 in.) (0.25 in.)
mm in, mm in, mm in,

-Feed per revolution for form tool wodth of:-1
12mm 18 mm 25 mm 50 mm

(0.5 in.) (0.75 in.) (1 in.) (2 in.)

mm in. mm in. mm in. mm in.

0.038 0.0015

0.036 0.0015

0.038 0.0015

0.038 0.0015

0.050 C.002

0.050 0.002

0.050 0.002

0.050 0.002

0,061 0.0024

0.061 0.0024

0.061 0.0024

0.061 0.0024

0.033 0.0013 0.046 Q.0018 0.056 0.0022

0.033 0.0013 0.046 0.0018 0,056 0.0022

0.046 0.0018 0.041 0.0016 0.036 0.0014 0.028 0.0011

0.046 0.0018 0.041 0.0016 0.036 0.0014 0.028 0.0011

0.046 0.0018 0.041 O.OOI6 0.036 0.0014 0.028 0.0011

0.046 0.0018 0.041 0.0016 0.036 0.0014 0.028 0.0011

O.041 0.0016 O.ORfi 0.0014 0.030 0.0012 0.023 0.0009

0.041 0.0016 0.036 0.0014 0.030 0.0012 0.023 0.0009



8/Carbon Steels

Machining Data (Ref 8) (continued)

AIS1 1005, 1006, 1008: Face Milling_
M2 and M7 high speed steel |— -* —--Uncuuted carbide -*----l Coated carbide j

Depth of cut Speed Feed/tooth Speed, brared Speed, inserted Feed/tooth Speed Feed/tooth
mm in. m/min ft/min mm in. m/min ft/min m min ft/min mm in. m/min ft/min mm in.

Hardness, 85 to 1-5 HB

1 0.040........70 230 0.20 0.003 220(a) 725(a) 245(a) 800(a) 0.20 0.008 365(b) 1200(b) 0.20 O.OOS
4 0.150........53 175 0.30 0.012 160(a) 525(a) 190(a) 625(a) 0.30 0.012 245(b) 810(b) 0.30 0.012
8 0300........41 135 0.40 0.01S 120(c) 400(c) 150(c) 490(c) 0.40 0 016 195(d) 635(d) 0.40 0.016

Hardness, 125 to 175 HB
1 0.040........54 210 0.20 0.008 205(a) 665(a) 220(a) 725(a) 0.20 0.008 330(b) 1075(b) 0.20 0.008
4 0.150........49 160 0.30 0.012 150(a) 500(a) 170(a) 560(a) 0.30 0.012 225(b) 730(b) 0.30 0.012
8 0.300........38 125 0.40 0.016 110(c) 355(c) 135(c) 435(c) 0.40 0.016 170(d) 565(d) 0.40 0.016

Hardness, 175 to 225 RB
1 0.040........58 190 0.20 0.008 170(a) 550(a) 180(a) 590(a) 0.20 0.008 270(b) 885(b) 0.20 0.008
4 0.150........43 14 0.30 0.012 135(a) 450(a) 150(a) 490(a) 0.30 0.012 195(b) 635(b) 0.30 0.012
8 0.300........34 110 0.40 0.016 95(c) 310(C) 115(c) 380(c) 0.40 0.016 150(d) 495(d) 0.40 0.016

(a) Carbide tool material: C-6. (b) Carbide tool material: CC-6. (c) Carbide tool material: C-5. id) Carbide tool material: CC-5

AiSi 1005, 1006, 1008: Drilling
I-- -----------— Feed per revolution for nominal hole diameter of:-1

Speed 1.5 mm (0.062 in.) 3 mm (0.125 in.) 6 mm (0.25 in.) 12 mm (0.5 in.) 18 mm (0.75 in.) 25 mm (1in.)
Too! material m/min ft/min mm in. mm in, mm in. mm in. mm in. mm in.

Hardneess, 85 to 125 HB
M10,M7, and Ml

high speed steel 24
29

Hardness, 125 to 175 HB
M10, M7, and Ml

high speed steel 23
26

Hardness, 175 to 225 HB
M10, M7, and Ml

high speed 3teel 21
24

80 0.025 0.001
95 ÿÿÿ — 0.075 0.003 0.15 0.006 0.25 0.010 0.40 0.015 0.50 0.020

75
85

70
80

0.025 0.001

0.025 0.001

0.075 0.003

0.075 0.003

0.13 0.005 0.23 0.009

0.13 0.005 0.23 0.009

0.30 0.012

0.30 0.012

0.40 0.015

0.36 0.014

AISI 1005, 1006, 1008: Planing_
Depth of cut

Tool material mm In.

Hardness, 85 to 125 HB
M2 and M3 high speed steel .........0.1 0.005

2.5 0.100
12 0.500

C-6 carbide 0.1 0.005
2.5 0.100

12 0.500

Hardness, 125 to 175 HB
M2 and M3 high speed steel .........0.1 0.005

2.5 0.100
12 0.500

C-6 carbide 0.1 0.005
2.5 0.100

12 0.500

Hardness, 175 to 225 HB
M2 and M3 high speed steel .........0.1 0.005

2.5 0.100
12 0.500

C-6 carbide 0.1 0.005
2.5 0.100

12 0.500
(a)Feed is 75% the width of the square nose finishing tool

Speed
m/min ft/min

Feed/stroke

18
24
15
90
90
90

15
21
14
90
90
90

14
20
12
84
90
84

60
80
50

300
300
300

50
70
45

300
300
300

45
65
40

275
300
275

(a)
1.25
1.50
la)

2.05
150

(a)
1.25
1.50
(a)

2.05
150

(a)

1.25
1.50
(a)

2.05
1.50

(a)

0.050
0.060

(a)
0.080
0.060

(a)
0.050
0.060

(a)
0.080
0.060

(a)

0.050
0.060
(a)

0.0B0
0.060
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AISI 1005, 1006, 1008: End Milling (Profiling)

Tool material
Depth of cut
mi" in.

Speed
m/min ft/mill

10 mm (0.375 in.)
turn in.

- Feed per tooth for cutter diameter ofi -
12 mm (0.5 in.) 10 mm (0.75 tn.)

mm in. mm in.
25-50 mm (1-2 in.)

sua in.

Hardness,85 to 125 HB
M2, M3, and M7

high speed steel ,.. 05 0.020 67 220 0.025 0.001 0 050 0.002 0.102 0.004 0.13 0.005
1.5 0.060 52 170 0.050 0.002 0 075 0.003 0.13 0.005 0.15 0.006

diam/4 diam/4 46 150 0.025 0.001 0.050 0.002 0.102 0 004 0.13 0.005
diam/2 diam/2 40 130 0.018 0.0007 0.025 0.001 0.075 0.003 0.102 0.004

C-5 carbide 0.5 0.020 170 550 0.038 0.0015 0.089 0.0035 0.15 0.006 0.16 0.007
1.5 0.060 130 420 0.063 0.0025 0.102 0.004 0.15 0.006 0.20 0.008

diam/4 diam/4 110 330 0.050 0.002 0075 0.003 0.13 0.005 0.15 0.006
: diam/2 diam/2 100 335 0.038 0.0015 0.050 0.002 0.102 0.004 0.13 0.005

Hardness, 125 to 175 IIB
M2, M3, and M7

high speed steel .. 0 5 0.026 64 210 0.025 0.001 0.050 0.002 0.102 0.004 0.13 0.005
1.5 0.060 49 160 0.050 0.002 0.075 0.003 0.13 0.005 0.15 0.006

diam/4 diam/4 43 140 0.025 0.001 0.050 0.002 0.102 0.004 0.13 0.005
diam/2 diam/2 37 120 0.018 0.0007 0.025 0.001 0.075 0.003 0.102 0.004

C-5 carbide 0.5 0.020 160 520 0.038 0.0015 0.089 0.0035 0.15 O.OOG 0.18 0.007
1.5 0.060 120 400 0.063 0.0025 0.102 0.004 0.15 0.006 O.20 0.008

diam/4 diam/4 105 350 0.050 0.002 0.075 0.003 0.13 0.005 0.15 0.006
diam/2 diam/2 100 320 0.038 0.0016 0 050 0.002 0.102 0.004 0.13 0.005

Hardness, 175 to 225 HB
M2. M3. and M7

high speed steel . . . 0.5 0.020 52 170 0.025 0.001 0.050 0.002 0.075 0.003 0.102 0.004
15 0.060 38 125 0.050 0.002 0.075 0.003 0.102 0.004 0.13 0.005

diam/4 diam/4 34 110 0.025 0.001 0.050 0.002 0.075 0.003 0.102 0.004
diam/2 diam/2 29 95 0.018 0.0007 0.025 0.001 0,050 0.002 0.075 0.003

C-5 carbide 0.5 0.020 150 485 0.038 0.0015 0.075 0.003 0.13 0,005 0.15 0.006
1.5 0.060 115 375 0.063 0.0025 0.102 0.004 0.15 0,006 0.18 0.007

diam/4 diam/4 100 330 0.050 0.002 0.075 0.003 0.13 0 005 0.15 0.006
diam/2 diam/2 95 310 0.038 O.OOI5 0.050 0.002 0.102 0.004 0.13 0.005

AISI 1005, 1006, 1008: Reaming
Based on 4 flutes for 3- and 6-mm (0.125 and 0.25 in.) reamers, 6 flutes for 12-ntm (0.5-in.) reamers, and S flutes for 25-mm (1-iiU and larger reamers

Tool material
Speed

m/min ft/min
3 mm (U.125 in.)

mm in.

-Feed per revolution for reamer diameter of-j
6 mm [U.25 in.) 12 mm (U.S in.) 25 mm (1 in.) 35 mm (1.5 in.) 55 mm (2 in.)

mm in. mm in. mm in. mm to. mm in.

Roughing

Ml.M2, and M7
high speed steel

C-2 carbide

Finishing
Ml,M2, and M7

high speed steel
C-2 carbide

. 35

. 37

. 14

. 17

Roughing

Ml. M2, and M7
highspeed steel ....32

C-2 carbide 35

Finishing
Ml, M2, and M7

high speed steel ....12
C-2 carbide 15

Houghing
Ml,M2, and M7

high speed steel
C-2 carbide . .

. 29. 34

Finishing
Ml,M2, and M7

high speed steel
C-2 carbide

. 11

. 14

115
120

45

105
115

40
50

95
110

35
45

0.102
0.102

0.15
0.15

0.102
0.102

0.15
0.15

0.102
0.102

0.13
0.13

Hardness,85 to 125 HB

0.004
0.004

0.006
0.006

0.004
0.004

0.006
0.006

0.004
0.004

0.005
0.005

0.18
0.18

0.25
0.25

0.007
0.007

0.010
0.010

0.30
0.30

0.40
0,40

0.012
0.012

0.015
0.015

Hardness, 125 to 175 KB

0.18
0.18

0.25
0.25

0.007
0.007

0.010
0.010

0.30
0.30

0.40
0.40'

0.012
0.012

0.015
0.015

Hardness, 175 to 225 HB

0.18
0.18

0.20
0.20

G.007
0.007

0.008
o.ooe

0.30
0.30

0.30
0.30

0.012
0.012

0.012
0.012

0.50
0.50

0.65
0.63

0.50
0.50

0.65
0.65

0.50
0.50

0.50
0.50

0.020
0.020

0.026
0.025

0.020
0.020

0.025
0.025

0.020
0.020

0.020
0.020

0.65
0.65

0.75
0.75

0.65
0.65

0.75
0.75

0.65
0.65

0.65
0.65

0.025
0.025

0.030
0,030

0.025
0.025

0.030
0.030

0.025
0.025

0.025
0.025

0.75 0.030
0.75 0.030

0.90
0.90

0.75
0.75

0.90
0.90

0.75
0.75

0.75
0.75

0,035

0.035

0.030
0.030

0,035

0.035

0.030
0.030

0.030
0.030
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Machining Data (Ref 8} {continued}

AISI 1005, 1006, 1008; Boring_____________

__
M2 and M3 high apeed steel ]-Uncoated carbide-- ~| p Coated carbide |

Depth of cut Speed Feed Speed, brazed Speed, inserted Feed Speed Feed
mm in, m/min ft/min mm/rev in./rev m/min ft/mm m/min ft/min mm/rev in./fev m/min ft/min mm/rev in./rev

Hardness, 85 to 125 HB
0.25 0.010 56 185 0 075 0.003 160(a) 525(a) 185(a) 615(a) 0.075 0.003 280(b) 920(b) 0.075 0.003
1.25 0.050 . 46 150 0.13 0.005 125(c) 415(c) 150(c) 490(c) 0.13 0.005 225(d) 735(d) 0.13 0.CO5
2.5 0.100 35 115 0.30 0.012 100(e) 320(e) 115(e) 375(e) 0.40 0.015 150(f) 490(f) 0.3O 0.012

Hardness, 125 to 175 HB
0.25 0.010 , 46 150 0.075 0.003 145(a) 475(a) 170(a) 560(a) 0.075 0.003 255(b) 830(b) 0.075 0.003
1.25 0.050 37 120 0.13 0,005 115(c) 380(c) 135(c) 450(c) 013 0.005 205(d) 665(d) 0.13 0.005
2.5 0.100 30 100 0.30 0.012 90(e) 300(e) 105(e) 350(e) 0.40 0.015 135(0 440(f) 0.30 0.012

Hardness, 175 to 225 HB
0.25 0.010.....44 145 0.075 0.003 130(e) 425(e) 150(c) 500(c) 0.075 0.003 230(d) 750(d) 0.075 0.003
1.25 0.050 ... 35 115 0.13 0.005 105(e) 340(e) 120(e) 400(e) 0.13 0.005 185(f) 600(0 0.13 0.005
2.5 0.100 , 27 90 0.30 0.012 82(e) 270(e) 95(e) 315(e) 0.40 0.015 115(0 385(f) 0.30 0.012

(a) Carbide tool material: 0-8. tb) Carbide tool material: CC-8. (c) Carbide tool material: C-7. {d) Carbide tool material: CC-7. (e) Carbide took material: C-6.
(f) Carbide tool material: CC-6

AISI 1010, 1012

AISI 1010, 1012: Chemical Composition
AISI
grade

Chemical composition,
Mn P max S max

1010 0.08-0.13
1012 . 0.10,045

0.30-0.60
0.30-0.60

0.040
0.040

0.050
0 050

Characteristics. AISI grades 1010 and 1012 are widely
used for low-strength applications because of good form-
ability and fair response to moderate machining, particu¬
larly when following cold drawing. These steels are less ex¬
pensive than grade 1008 and can be used when the require¬
ments for drawing and forming are less exacting. Grades
1010 and 1012 can he hardened by cyaniding.

Typical Uses. AISI JOIO and 1012 steels are easily cold
formed by heading, extruding, upsetting,bending, and other
deforming processes. End uses for wires of these grades in¬

clude electroplated products, such as racks, storage bins,
shopping carts, fan guards, and jewelry, and unplated prod¬
ucts, such as wires, staples, hardware items, welded wire
fabric, and barbed wire. Wires of this carbon range are also

used for shielded-metal-arc welding rods. AISI 1010 wire is
suitable for magnet core applications.

AISI 1010: Similar Steels (U.S. and/or Foreign)- Utts
G10100; AMS 5040, 5042, 5044, 5047, 5053; ASTM A29,
A108, A510, A519, A545, A549, A575, A576; MIL SPEC
MLL-S-11310 (CS1010); SAE J403, J412, J414; (W. Ger.) DIN
1.1121; (Ft.) AFNOR XC 10;(Jap.) JIS S 10 C, S 12 C,S9 CK

AISI 1012: Similar Steels (U.S. and/or Foreign). UNS
G10120; ASTM A29, A510, A519, A545, A549, A575, A576;
MIL SPEC MIL-S-11310 (CS1012); SAE J403, J412, J414

AISI 1010, 1012: Approximate Critical
Points
Transformation Temperature(a)
point °C °F

Ac, 725 1335
Ac,...........875 1610
At, 850 1560
Ar, 680 1260
ta) On heating or cooling at 28 °C (50 "F) pec hour

Physical Properties

AISI 1010: Average Coefficients of Linear Thermal
Expansion (Ref 4)

Temperature range Coefficient
°C °F pm/m-K pin./in.-"F

0-100 32-212 12.2 6.8
0-200 32-390 13.0 7.2
0-300 32-570 ......13.5 7.5
0-400 32-750 13.8 7.7
0-500 32-930 14.2 7.9
0-600 32-1110 14.6 8.1
0-700 32-1290 14.9 8.3

AISI 1010, 1012: Thermal Treatment
Temperatures_

Temperature range
Treatment "C "F

Annealing 54Q-730 1000-1350
Normalizing ........> ..900-955 1650-1750
Caiburizing .................- .900-925 1650-1700
Quenching - ...ÿ.......- .....- - 900-925 1650-1700
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Physiees! Properties (continued) Machining Data

AISI 1010: Meart Apparent Specific Heat {Ref 4)

Temperature range Specific heat
°C T J/kg K Btudb'F

60-100 120-212 448 0.107
150-200 300-390..498 0.119
200-250 390-480 519 0.124
250-300 480-570 536 0.128
300-350 570-660 565 0.135
350-400 660-750 590 0.141
450-500 840-930 649 0.155
550-600 1020-1110 729 0.174
650-700 1200-1290 825 0.197

For machiningdata onAISI grades 1010and 1012,refer to the
preceding machining tables for AISI grades 1005, 1006,
and 1008.

Mechanical Properties

AISI 1010, 1012: Tensile Properties and Machinability (Ref 1}

Size round Ihnsile Yield Average
AISI or thickness strength strength Elangationfal, Reduction Hardness, machinabili
grade Condition mm in. MPa ksi MPa ksi Of in area, % HB ratingfb)

1010 .... 19-32 0.75-1.25 325 47 180 26 28 50 95 ...
Cold druv.ii bar 19-32 0.75-1.25 365 53 305 44 20 40 105 55
CQ sheet 1.6-5.8 0.064-0.229 310-360 45-52 180-240 26-35 32-48 ...

1012 19-32 0.750-1.250 330 48 185 26.5 28 50 95 ...
Cold drawn bar 19-32 0.750-1.250 370 54 310 45 19 20 105 55
CQ sheet 1.6-5 8 0 064-0.229 310-360 45-52 180-240 26-35 32-48 ...

(a) In50 mm (2 in.}, (fa} Based on AISI 1212 steel as 100% average machinability

AISI 1015

AISI 1015: Chemical Composition
AISI
grade

Chemical composition, %
Mil P max S max

1015 .......................0.13-0.18 0.30-0.60 0.04C 0.050

Characteristics. AISI 1015 steel has better machinability
and carburizing characteristics than the more formable
extra-low carbon grades. It is a carburizing grade, and can
be strengthened by cold working or surface hardened by
carburizing or cyaniding. Hot rolled sheet has excellent
weldability with either the arc or resistance method. The
killedsteel isbest suited for arc welding. Rimmedandcapped
steel can be welded with proper welding techniques.

Typical Uses. Grade 1015 steel is used in the as-rolled
condition where ease of forming andjoining is important. In
general, applications for grade 1015 are similar to those for
grades 1010 and 1012.

AISI 1015: Similar Steels (U.S. and/oT Foreign). UNS
G10150; AMS 5060; ASTM A29, A108, A510, A519, A545,
A549, A575, A576, A659; FED QQ-S-698 (C1015); MILSPEC
MIL-S-16974; SAE J403, J412, J414; (W. Gar.) DIN 1.1141;
(Ft.) AFNOR XC 15,XC 18; (Jap.) JISS 15C, S 17 C, S 15CK;
(Swed.) SSn 1370

AISI 1015: Approximate Critical
Points (Ref 2)

Transformation Tbmperature(a)
point °C °F

ACi ...755 1390
Ac3.....r 859 1560
Ars 829 1510
An 755 1390
(a) On heating or cooling at 28 °C (50 °F) per hour

Machining Data

For machining data on AISI grade 1015, refer to the preceding machining tables for AISI
grades 1005, 1006, and 1008.
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Physical Properties

AISI 1015: Average Coefficients of Linear Thermal
Expansion (Ref 4)

Temperature range Coefficient
°C °F fim'm ÿ K pin.'in. •T

0-100 32-212 11.9 8.6
0-200 32-390 12.4 6.9
0-300 32-570 13.0 7.2
0-400 32-750 .....13.5 7.5
0-500 32-930 14.2 7.9

AIS1 1015:Thermal Treatment Temperatures
Temperature range

Treatment "C T

Annealing ....................................870-900 1600-1650
Process annealing............................. 540-750 1000-1350
Normalizing...............,................... 900-925 1650-1700
Carburizmg.................-.................900-925 1650-1700
Carburizing, low quench........................760-790 1400-1450
Quenching....................................900-925 1650-1700

Mechanical Properties

AISI 1015: Tensile Properties
Tensile Yield Elonga- Izod impact

Condition Size round strength strength t2on{a}» Reduction Hardness* energy
or treatment mm in. MPa ksi MPa ksi % in area* % HP J ft* lb

Hot rolled (Ref 1) .................19-32 0.75-1.26 345 50 190 27.5 28 50 101
Cold drawn (Ref 1)................19-32 U.75-1.25 385 56 325 47 18 40 111
Aa rolled (Ref 4) ..................— ••• 420 61 315 46 39 61 126 110 82 |
Normalized at 925 ''C I

(1700°F) (Ref 4) ................— ••• 425 62 325 47 37 70 121 115 85
Annealed at 870°C

U600"F) (Kef 4) ................— 385 56 285 41 37 70 111 115 85
(a) In50 mm (2 in.), (h) Average machinability rating of 60% baaed on AISI 1212 steel aa 100% average machinability

AISI 1015: Mass Effect on Mechanical Properties (Ref 2)

Tensile Yield Etonga-
Size round strength strength tion(a), Reduction Hardness,

Condition or treatment mm in. MPa ksi MPa ksi % in area, % HB

Annealed Iheated to 870°C or 1600T,
furnace cooled 17°C or 30 'F per hour to
725 °C or 1340*F, cooled in air) 25 1 385 56 284 41.25 37.0 69.7 111

Normalized (heated tu 925°C or 1700T,
cooled in air) 0.5 436 63.25 330 48 38.6 71 126

25 1 424 61.5 325 47 37 69.6 121
50 2 415 60 307 44.5 37.5 89.2 116

100 4 409 59.25 288 41.8 36.5 67.8 116
Mock carburized at 915 °C (1675°F) for 8h;

reheated to 775°C (1425 °F); quenched in
water; tempered at 175°C (350 'F) ...13 0.5 733 106.25 415 60 15.0 32.9 2j..

25 1 521 75.5 305 44 30 69 156
50 2 488 70.75 285 41.38 32 70.4 131

100 4 464 67.25 270 39 30.5 69.5 121
(a) In 50 mm (2 in.)

AISI 1015: Effect of the Mass on Hardness at Selected
Points (Ref 2)

As-quenched hardness
Size round after quenching in water at:

mm in. Surface Vi radius Center

13 0.5.................36.5 HRC 23 HRC 22 HRC
25 1..................99 HRB 91 HRB 90 HRB
50 2 ..................98 HRB 84 HRB 82 HRB

100 4 ..................97 HRB 80 HRB 78 HRB
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AISI 1016, 1011, 1018, 1019

AISI 1016, 1017, 1018, 1019: Chemical Composition
AISI Chemical composition, %
grade C Mi P max1016........................O.13-0-1S 0.60-0.90 0.0401017........................0.15-0.20 0.30-0.60 0.0401018........................0.15-0.20 0.60-0.90 0.0401019........................0.15-0.20 0.70-1.00 0.040

S max

0.050
0.050
0.050
0.050

Characteristics. AISIgrades 1016, 1017, 1018,and 1019 are
supplied as killed, semikilled, rimmed, and capped steels.
These medium-low carbon steels have good wettability and
slightly better machinability than the lower carbon grades.
They are relatively soft and strengthen with cold work during
forming or drawing. They can also be case hardened. The
higher carbon and manganese contents result in slightly
increased strength.

Typical Uses. Grade 1016, 1017, 1018, and 1019 steels are
most widely usedincold formingoperations such as heading,
upsetting, and extrusion. They are used in the as-rolled
condition as bar, shapes, sheet, and strip where ease of
forming and joining, as well as stiffness, are important.

AISI 1016: Similar Steels (U.S. and/or Foreign). UNS
G10160; ASTM A29, A108, A510, A513, A545, A548, A549,
A576, A659; MIL SPEC MLL-S-866; SAE J403, J412, J414;
(W. Ger.) DIN 1.0419

AISI 1017: Similar Steels (U.S. and/or Foreign). UNS
G10170; ASTM A29, A108, A510, A513 , A519 ,A544, A549 ,
A575, A576 , A659; MIL SPEC MIL-S-11310 (CS1017); SAE
J403, J412 ,J414 ;(W. Ger.) DEN 1.1141;(Fr.) AFNOR XC 15,
XC 18; (Jap.) JIS S 15 C, S 17 C, S 15 CK; (Swed.) SS14 1370

AISI 1018: Similar Steels (U.S. and/or Foreign). UNS
G10180; AMS 5069; ASTM A29, A108, A.510, A513, A519,
A544, A545, A548, A549, A576, A659; MIL SPEC MIL-S-
11310 (CS1018); SAE J403, J412, J414

AISI 1019: Similar Steels (U.S. and/or Foreign). UNS
G10190; ASTM A29, A510, A513, A519, A545, A548, A576;
SAE J403, J412, J414

AISI 1016, 1018: Approximate Critical Points
AISI
grade

Transformation
point

Tetnperature(a)
°C "F

1016 . Ac, 730
Ac3 850
Ar, 825
Ar, 680

. Ac, 730
Ada 840
Ar3 820
Ar, 680

(a) On heating or cooling at 28 °C (50 °F) per hour

1018 .

1350
1560
1520
1260
1350
1545
1505
1255

Mechanical Properties

AiS1 1016, 1017, 1018, 1019: Tensile Properties and Machinability
Tensile Yield

Condition Sire round strength strength
or treatment mm in, MPa t,i MPa ksi

AISI 1016
Hot rolled (Ttef 1) .................19-32 0.75-1.25 330 55 205 30
Cold drawn (Her 1)................19-32 0.75-1.25 420 61 350 51

AISI 1017

Hot rolled (Ref 11.................19-32 0.75-1.25 365 53 200 29
Cold drawn (Ref 1)................19-32 0.75-1.25 405 59 340 49

AISI 1018
Hot rolled (Ref 1) .................19-32 0.75-1.25 400 58 220 32
Hot rolled, quenched, and

tempered (Ref 3)................19-32 0.75-1.25 475 69 275 40
Cold drawn (Ref 1)................19-32 0.75-1.25 440 64 370 54
Cold drawn, quenched,

and tempered (Ref 3)............19-32 0.75-1.25 565 82 485 70
As cold drawn (Ref 1) .............16-22 0.63-0.88 485 70 415 60

22-32 0.88-1 25 450 65 380 55
32-50 1.25-2 415 60 345 50
50-76 2-3 380 55 310 45

Cold drawn, high tempera¬
ture, stress relieved (Ref 1)......16-22 0.63-0.88 450 65 310 45

22-32 0.88-1.25 415 60 310 45
32-50 1.25-2 380 65 310 45
50-76 2-3 345 50 275 40

Carburized at 925 °C (1700 °F);
cooled in box, reheated tn 775 °C
(1425 °FJ, water quenched,
tempered at 175 °C (350 °F),
care properties (Ref 1). .........19-32 0.75-1.25 634 92 386 56

AISI 1019
Hot rolled (Ref 1) .................19-32 0.75-1.25 407 59 224 32
Cold drawn (Ref 1)................19-32 0.75-1.25 455 66 379 55
(a)In50 mm(2 in.), (h) BaaedudAISI 1212steel as 100%average machinability

EIongat3on(a),
%

Reduction
in area, %

Hardness,
HB

Average
machinability

ratingftd

25
18

26
18

25

38
15

20
18
16
15
15

20
20
16
15

27

25
15

50
40

50
40

50

62
40

57
40
40
35
35

45
45
40
40

48

50
40

131
121

105
116

116

143
126

163
143
131
121
111

131
121
111
101

197

116
331

70

65

52
70

66

70
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Physical Properties

AISI 1016, 1017, 1018, 1019: Thermal Treatment
Temperatures

Temperature ra»ge
Treatment *C *F

Forgiag 1290-1120 2350-2050
Annealing 850-900 1575-1650
Normalizing..........................- .900-955 1650-1750
Quenching ........* - ...................670-900 1600-1650

Machining Data (Ref 8)

AIS1 1016, 1017, 1018, 1019:Turning (Single Point and Box Tools) _
M2 and M3 high speed steel ]—--——-— Uncoated carbide--1 I-Coated carbide

Depth of cut Speed Feed Speed, brazed Speed, inserted Feed Speed Feed
mm in. m/min ft/min mm/rev in./rev m/min ft/rain mmin ft/min mm/rev in./rev m/min ft, mtn mm/rev in./rev

Hardness, 85 to 125 KB
1 0.040.......5a 180 0.18 0.001 165(a) 540(a) 210(a) 690(a) 0.18 0.007 310(b) 1025(b) 0.18 0.007
4 0.150.......43 140 0.40 0.015 130(c) 425(c) 160(c) 530(c) 0.50 0.020 205(d) 675(d) 0.40 0.035
8 0.300.......34 110 0.50 0.020 100(c) 330(c) 125(c) 410(c) 0.75 (1.030 160(d) 525(d) 0.50 0.020

16 0.625.......26 85 0.75 0.030 78(c) 255(c) 100(c) 320(c) 1.00 0.04C

Hardness, 125 to 175 HB
1 0.040......44 145 0.18 0.007 145(a) 475(a) 190(a) 630(a) 0.18 0.007 290(b) 950(b) 0.18 0.007
4 0.150.......37 120 0.40 0.015 120(c) 400(c) 150(c) 490(c) 0.50 0.020 190(d) 625(d) 0.40 0.015
8 0.300.......29 95 0.50 0.020 95(c) 310(c) 115(c) 380(c) 0.75 0.030 150(d) 500(d) 0.50 0.020

16 0.625.......23 75 0.75 0.030 72(c) 235(c) 90(c) 300(c) 100 0.040

(a) Carbide tool materia): C-7. (b) Carbide tool material: CC-7, (c) Carbide too) material: C-6. (ill Carbide tool material: CC-6

AIS1 1016, 1017, 1018, 1019:Turning (Cutoff and Farm Tools)

Tool material

Feed per revolution for cutoff tool width oh
Speed, 1.5 mm 3 mm 6 mm
m/min (0.026 in.) (0.125 in.) (0.25 in.)

(ft/min) mm in. nun in. mm in.

]-Feed per revolution for form tool width of:-
12 mm 18 mm 25 mm 50 mm
(0.5 in.) (0.75 in.) (1in.) (2 in.)

mm in. mm in. mm in. mm in.

Hardness, 85 to 125 HB
M2 and M3 high

speed steel 46
(150)

C-6 carbide........ 150
(500)

Hardness, 125 to 175 HB
M2 and M3 high

speed steel 40
(130)

C-6 carbide 120
(400)

0.041 0.0016 0.048 0.0019 0.058 0.0023 0.048 0.0019 0.043 0.0017 0.041 0.0016

0.041 0.0016 0.048 0.0019 0.058 0.0023 0.048 0.0019 0.043 0.0017 0.041 0.0016

0.041 0.0016 0.043 0.0017 0.053 0.0021 0.043 0.0017 0.038 0.0015 0.036 0.0014

0.041 0.0016 0043 0.0017 0.053 0.0021 0.043 0.0017 0.038 0.0015 0.036 0.0014

0.030 0.0012

0.030 0.0012

0.025 0.0010

0.025 0.0010

AISI 1016, 1017, 1018, 1019: Face Milling_
M2 and M7 high speed steel i-Uncoated carbide-] ]-Coaled carbide-[

Depth of cut Speed Feed/tooth Speed, brazed Speed, inserted Feed/tooth Speed Feed/tooth
nun in. m/min ft/min mm in. m/min ft/min m/min ft/min mm in. m/min ft/min mm in.

Hardness, 85 to 125 HB
1 0.040........72 235 0.20 0.008 225(a) 735(a) 245(a) 810(a) 0.20 0.008 365(b) 1200(b) 0.20 0.008
4 0.150........55 180 0.30 0.012 165(a) 535(a) 195(a) 635(a) 0.30 0 012 250(b) 82.5(b) 0.30 0.012
8 0.300........43 140 0.40 0.016 125(c) 405(c) 150(c) 495(c) 0.40 0.016 195(d) 645(d) 0.40 0.016

Hardness, 125 to 175 HB
1 0.040........66 215 0.20 0.008 205(a) 675(a) 225(a) 735(a) 0.20 0.008 335(b) 1100(h) 0.20 0.008
4 0.150........50 165 0.30 0.012 155(a) 510(a) 175(a) 570(a) 0.30 0.012 225(b) 740(b) 0.30 0.012
8 0.300........40 130 0.40 0.016 110(c) 365(c) 13Slc) 445(c) 0.40 0.016 175(d) 575(d) 0.40 0.016
(a) Carbide tool material: C-6 (b) Carbide tool material: CC-6. (c) Carhide tool material: C-5. (d) Carbide tool material: CC-5
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AIS1 1016, tO 17, 1018, 1019: End Milling (Profiling)

Tool material
Depth of cut
mm in,

Speed
m/mm ft/mil)

10 mm (0.375 In.)
mm in.

* Feed per tooth for cutter diameter of:-
12 mm(0,5 inj 18 mm (0.75 inJ
mm in, mm ill.

25-50 i i (1-2 ill.)
in.

Hardness, 85 to 125 HR

M2t M3, and M7 high

C-5 carbide .

Hardness, 125 to 175 HB
M2, M3t and M7 high

speed steel.....0,5

C-5 carbide....0.5

05 0020 58 ISO 0.025 0.001 0.050 0.002 0.102 0.004 0.13 O.OG5
1.5 0.060 44 145 0.050 0.002 0.075 0.003 0.13 0.005 0.15 0.006

diam/4 diam/4 40 130 0.025 0.001 0.050 0.002 0.102 0.004 0.13 0.005
diam/2 diam/2 35 115 0.018 0.0007 0.025 0.001 0.075 0.003 0.102 0.004

0.5 0.020 170 550 0.038 0.0015 0.089 0.0035 0.15 0.006 o.ie 0.007
1.5 0.060 130 425 0.063 0.0025 0.102 0.004 0.15 0.006 0.20 0.00B

diam/4 diam/4 110 365 0.050 0.002 0.075 0.0030 0.13 0.005 0.15 0.006
diam/2 diam/2 105 340 0.038 0.0015 0.050 0.002 0.102 0.004 0.13 0.005

0.5 0.02G 64 210 0.025 0.001 0.050 0.002 0.102 0.004 0 13 0.005
1.5 0.060 49 160 0.050 0.002 0.075 0.003 0.13 0.005 0.15 0.006

diam/4 diam/4 43 140 0.025 0.001 0.050 0.002 0.102 0,004 0.13 0.005
diam/2 diam/2 37 120 0.018 0.0007 0.025 0.001 0.075 0.003 0.102 0.004
. .0.5 0.020 160 520 0.038 0.0015 0.089 0.0035 0.15 0.006 0.18 0.007

1.5 0.060 120 400 0.063 0.0025 0.102 0.004 0.15 0.006 0.20 0.008
diam/4 diam/4 105 350 0.050 0.002 0.075 0.003 0.13 0,006 0.15 0.000
diam/2 diam/2 100 320 0.038 0.0015 0.050 0.002 0.102 0.004 Q.13 0.005

AISI 1016, 1017, 1018, 1019: Boring
M2 and M3 high speed steel f-. Uncoatcd carbide-\ \---Coatedcarbide-1

Depthof cut Speed Feed Speed, brazed Speed, inserted Feed Speed Feed
mm in. m/mm ft/min mm/rev in./rev m/min ft/min m/min ft/mln mm/rev in./rev m/min ft/min mm/rev in,/ rev

Hardness, 85 to 125 HB
0.25 0.010 55 180 0.075 0.003 lfid(a) 520(a) 185(a) 610(a) 0.075 0,003 275(b) 900(b) 0.075 0.003
1.25 0.050 . 44 145 0.130 0.005 125(c) 410(c) 150(c) 485(c) 0.130 0.005 220(d) 715(d) 0.13O 0.005
2.5 0.100 34 110 0.300 0.012 95(e) 315(e) 115(e) 315(e) 0.400 0.015 145(0 475(f) 0.300 ;0.012-T
Hardness, 125 to 175 HB
0.25 0.010 44 145 0,075 0.003 140(a) 465(a) 170(a) 550(a) 0.075 0.003 255(b) 830(b) 0.075 0.003
1.25 O.05G 35 115 0.130 0.005 115(c) 375(c) 135(c) 440(c) 0.130 0.005 205(d) 065(d) 0.130 0.006
2.5 0 100 29 95 0.300 0.012 90(e) 295(e) 105(e) 345(e) 0.400 0.015 135(0 440(f) 0.300 0.012-
(a) Carbide too! material: C-8. (b) Carbide too! material: CC-8. (c) Carbide tool material: C-7. (d) Carbide tool materia): CC-7. le) Carbide tool material: C-6.
(f) Carbide tool material: CC-6

AISI 1016, 1017, 1018, 1019: Reaming
Based on 4 flutes for 3- and 6-mm (0.125- and 0.25-in.) reamers, 6 flutes for 12-mm (0.5-in.) reamers, and 8 flutes for 25-mm (1-in.) and larger reamers

Tool material
Speed

m/min ft/min

I-Feed per revolution for reamer diameter of:-------——|

3 mm (0.125 in.) 6 mm (0.25 in.) 12 mm (0.5 in.) 25 mm (1 in.) 35 mm (1.5 in.) 50 mm (2 in.)
mm in. mm in. mm in. mm in. mm in. mm in.

Houghing

Ml.M2, and M7
high apeed steel 35

C-2 carbide....35

Finishing

Ml.M2, and M7
high speed steel 14

C-2 carbide 17

Roughing
Ml,M2. and M7

high speed steel 32
C-2 carbide 35
Finishing

Ml.M2, and M7
high speed steel 12

C-2 carbide 15

115
120

45
55

105
115

40
50

0.102
0.102

0.15
0.15

0.102
0.102

0.15
0.15

0.004
0.004

0.006
0.006

0.004
0.004

0.006
0.006

Hardness, 85 to 125 H3

0.18
0.18

0.25
0.25

0.007
0.007

0.010
0.010

0.30
0.30

0.40
0.40

0.012
0.012

0.015
0.O15

Hardness, 125 to 175 HB

0.18
0.18

0.25
0.25

0.007
0.007

0.010
0.010

0.30
0.30

0,40
0.40

0.012
0.012

0.015
0.015

0.50
0.50

0.65
0.65

0.50
0.50

0.65
0.65

0,020
0.020

0.025
0.025

0.020
0.020

0.025
0.025

0.65
0.65

0.75
0.75

0.65
0.65

0.75
0.75

0.025
0.025

0.030
0.030

0.025
0.025

0.030
0.030

0.75
0.75

0.90
0.90

0.75
0.75

0.90
0.90

0.030
0.030

0.035
0.035

0.030
0.030

0.035
0.035
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Machining Data (Ret 8) (continued)

AISI 1016, 1017, 1018, 1019: Planing

Depth of cut Speed Feed/stroke Depthof cut Speed Feed/stroke
Tool material mm in. in/inin ft/min mm ill. Tool material mm tn. m/roin ft/miD mm in.

Hardness, 85 to 125 HB Hardness. 125 to 175 HB
M2 and M3 high M2 and M3 high

(a)speed steel ...... 0.1 0.005 17 55 (a) (a) speed steeJ ...... 0.1 0.005 14 45 (a)

2.5 0.100 23 75 1.25 0.050 2.5 0.100 20 65 1.25 0.050
12 0.500 14 45 1.50 0.060 12 0.500 12 40 1.50 0.060

C-6 carbide .. 0.1 0005 90 300 (a) (a) (7-6 carbide . .. 0.1 0.005 84 275 (a) (a)

2.5 0.100 90 300 2.05 0.C8O 2.5 0.100 90 300 2.05 0.080
12 0.500 90 300 1.50 0.060 12 0.500 84 275 1,50 0.060

(») Feed in 759- the width of the square nose finishing tool

AISI 1016, 1017, 1018, 1019: Drilling

Tool
material

I-Feed per revolution for nominal hole diameter of.-
Speed 1.5 mm (0.062in.) 3 mm (0.125 in.) 6 mm (0.25 in.) 12 mm (0.5 in.) 18 mm (0.75 in.)

m/min ft 'tnin mm in. mm in, mm in. mm in. mm in.
25 mm (1 in.)
mm in.

Hardnesa, 85 to 125 HB
M10, M7, aod Ml

high speed steel 24
29

Hardnesa, 125 to 175 HB
M10, M7, and Ml

high speed steel 23
26

80
95

75
85

0.025 0.001

0.025 0.001

0.075 0.003

0.075 0.003

0.15 0.006

0.13 0.005

0.25 0.010 0.40 0.015

0.23 0.009 0.30 0.012

0.50 0.020

0.40 0.015

AISI 1020

AISI 1020: Chemical Composition
AISI
grade

Chemical composition, %
Mn Pmax S max

1020 0.18-0.23 0.30-Q.60 0.040 0.050

Characteristics. AISI grade 1020 is stronger and less
easily formed than grade 1018. This steel responds well to
cold work and heat treating. To minimize soft spots in the
case, when case hardened,orders should specify that the steel
be "normal" in the McQuaid-Ehn test. Weldability of grade
1020 is fair.

Typical Uses. AISI grade 1020 is suitable for parts in the
case hardened condition where core strength is not critical,
and for shafts of larger cross section that are not highly
stressed. Other uses include lightly stressed gears with hard
wearing surfaces and case hardened pins and chains.

AISI 1020: Similar Steels (U.S. and/or Foreign}. UNS
G10200; AMS 5032, 5045; ASTM A29, A108, A510, A519,
A544, A575, A576, A659; MIL SPEC MIL-S-11310 (CS1020);
SAE J403, J412, J414; (W. Ger.) DIN 1.0402; (Fr.) AFNOR
CC 20; (Ital.) UNIC 20; (Swed.) SSU 1450; (U.K.) B.S. 040 A
20, 070 M 20

AISI 1020: Approximate Critical Points
Transformation Temperaturela)
point °C 'F

Ac, 725 1335
Ae» 845 1555
Ar, 815 1500
Ar, . 680 1260
(a) On heating or cooling at 28 °C [50 °F) par hour

Physical Properties

AIS1 1020: Average Coefficients of Linear Thermal
Expansion (Ref 4)

Temperature range Coefficient
°C °F jun/m • K pin./in. 1

20-100 S8-212... . 11.7 65~
20-200 68-390 12.1 6.7
20-300 68-570 1Z.6 7.1
20-400 68-750 13.3 7.4
20-500 68-930 13.9 7.7
20-600 68-1110 14,4 8.0
20-700 68-1290 14.8 8 2

AISI 1020:Thermal Treatment Temperatures

Treatment
Temperature range

°C °F

Forging .....1260-760 2300-1400
Annealing . .....870-900 1600-1650
Procese annealing...... .....540-730 1000-1350
Normaliring .....900-955 1650-1750
Carbuming ... 1650-1700
Quenching .....870-915 1600-1675
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Mechanical Properties

AiSI 1020: Tensile Properties and Machinability
Tensile Yield

Condition Size round strength strength
or treatment mm hi. MPa ksi MPs ksi

Hot rolled (Refl) ......19-32 0.75-1.25 330 55 205 30~~
Cold rolled (Ref 1) .....19-32 0.75-1,25 420 61 350 51
Hot rolled, quenched

and tampered, 0.2%
offset (Ref 3) ........19-32 0.75-1.25 475 69 275 40

Ab rolled (Ref 12).......— " 450 65 330 43
Normalized at 870 °C

(1600 T) (Ref 12) .....— — 440 64 345 50
Annealed at 870 ®C

(1600 °F) (Ref 12) .....— — 505 73 360 52
(a) In 50 mm (2 in.), (b) Based on AISI 1212 steel as 100% average machinability

Elongation(n), Reduction Hardness,
Average

machinability
% in area, % HB rahngdi)

25 50 111 ...
15 40 121 65

38 62 163 52
36 59 143

36 68 131 ...
36 66 111 ...

AISI 1020: Mass Effect on Mechanical Properties (Ref 2)

Condition
or treatment

Size round
Tensile
strength

MPa ksi

Yield
strength

MPa kai
Elongation(a),

%
Reduction Hardness,
Inarea, % HB

Izod impact
energy

J ft lb
As rolled
Annealed (heated to 870 °C

or 1600 T, furnace cooled,
17 °C or 30 T per hour to
700 "C or 1290 °F,
cooled in air)

Normalized (heated to 925 °C
or 1700 °F, cooled in air) ...

Mock carburiied at 915 "C
(1675 °F) for 8 h; reheated
to 775 °C (1125 T);
quenched in water;
tempered at 175 °C
(350 °F) .

(a) In.50 mm (2 in.)

.25 472 68.5 384 55.75 32.0 66.5 137

.25 1 395 57.25 295 42.75 36 5 66 111

13 0.5 445 64.5 346 50.25 39.3 69.1 131
25 1 440 64 346 50.25 35.8 67.9 131
50 2 438 63.5 319 46.25 355 65.5 126

100 4 415 60 281 40.75 36.0 66.6 121

13 0.5 889 129 495 72 11.4 29.4 255 55 40
25 1 600 87 370 54 23 84 2 179 110 80
50 2 521 75.5 302 43.75 31.3 87 9 156 135 98

100 4 491 71.25 290 42 33 67.6 143 130 97

AISI 1020: Effect of the Mass on Hardness at Selected
Points (Raf 2)

A.s-quenchcd hardness
Size round after quenching in water at

mm in. Surface V5 radius Center

13 0.5.............40.5 HRC 30 HRC 28 HKC
25 1..............29.5 HKC 96 HRB 93 HRB
50 2 ...............95 HRB 85 HRB 83 HRB

100 t ...............94 HRB 78 HRB 77 HRB

AIS1 1020:Impact
Properties (Ret 6)

Ttemperahire Energy

AIS1 1020: Izod Impact
Properties (Ref 12)

Condition Ei
°C •T J ft - lb or treatment J ft lb

-30 -25

_____
16 9 12.5 64

-18 0 18 13 Normalized at 870 C
-3 25 20 15 (1600 °F) 120 87
10 50 24 18 Annealed at 870 °C
38 100 41 30 (1800 °F) 125 91
65 150 54 40
95 200 ....61 45

150 300 68 50

AIS1 1020: Recommended Condition to Provide Maximum
Drawability (Ref 6)

Punch nose |-Condition, HRB, for cup reduction of:-1
radius, r(a) 20% 30% 405 50%

21...................60 65(bKc) 65(bHrHd) —4t 65 60 65(bHc)
fit 70 70 60

16i...................70 65 60 65(b)(c)(d)
32t...................70 70 65 6S(b)(c)

Drawing limitations refer to cold rolled and mill annealed sheet steel, simple
round cups, no flanges, not ironed, 20-gage (0.91-mm or 0.036-in.) sheet steel.
(a) In relation to stock thickness, t. (b) Aluminum killed, (c) Fine grained.
(d) Spheroidized

MachiningData

For machining data on AISI grade 1020, refer to the preceding machining tables for AISI
grades 1005, 1006, and 1008.
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AISI 1021, 1022

AIS1 1021, 1022: Chemical Composition
AISI
grade

Chemical composition, %
Ms P max S max1021 0.18-0.231022 Q.lft-0.23

0.60-0.90
0.70-1.00

0.040
0.040

0.050
0.C50

Characteristics. AISI grades 1021 and 1022 exhibit fair
machinabiiity, fair to good weldability, arid excellent cold
formability. Cold drawing markedly increases the tensile
strength of grade 1022. The higher manganese content of
1022 steel makes this steel more likely to meet required
specifications for heat treatment and better adapted for use
in larger sections than grade 1020 or 1021 steels.

Typical Uses. AISI grades 1021 and 1022 are used in
cold heading and extruding. When case hardened, 1022 steel
has high core strength. This grade is used in producing low-
strength fasteners, die pins, motor spindles, and recessed-
head screws.

AISI 1021: Similar Steels (U.S. and/or Foreign). UNS
G10210; ASTM A29, A510, A519, A545, A548, A576, A659;
SAE J403, J412, J414
AISI 1022: Similar Steels (U.S. and/or Foreign). UNS
G10220; AMS 5070; ASTM A29, A510, A519, A544, A545,
A548, A576; MIL SPEC MIL-S-11310 (CS1022); SAE J403,
J412, J414; (W. Ger.) DIN 1.1133; (Ital.) UNI G 22 Mn 3;
(Jap.) JIS SMnC 21

AISI 1022: Approximate Critical
Points (Ret 2)

____
__

Transformation Temperature(a)
point °C °F

Ac, ..........740 1360
Aca 830 1530
Ar3 780 1440
At, 705 1300
(a) On heating or cooling at 28 °C (50 °F) per hour

Mechanical Properties

AIS1 1021, 1022:Tensile Properties and Machinabiiity
Tensile Yield

Size round strength strength
Condition or treatment mm in. MPa ksi MPa ksi

AISI 1021
Hot rolled (Kef 1) .................10-32 0.75-1.25 420 61 230 33
Cold drawn (Ref 1)................19-32 0.75-1.25 470 68 395 57

AISI 1022
Hot rolled (Kef 1) .................19-32 0.75-1.25 425 62 235 34
Cold drawn (Ref 1)................19-32 0.75-1.25 475 69 400 58
As rolled (Ref 12)...................— — 505 73 360 52
Normalized at 925 X

(1700 °F) (Ref 12) .................— 485 70 360 52
Annealed at 870 X

(160C °F) (Ref 12).................— — 450 65 315 46
(a) In50 mm (2 in.), (b) Based on AISI 1212 stee! as 100% average machinabiiity

Elongationtal.
%

Reduction
in area, %

Hardness,
HB

Average
machinabiiity

ratmgfbl

24
15

23
15
35

34

35

43
40

47
40
67

68

64

116
121

121
137
149

143

137

70

70

AIS1 1022:Approximate Core Properties (Ref 5)

Heat treatment of test specimens: 1normalized at 925 X (1700 °F) in 32 mm (1.2S in.) rounds; 1machined to
25 or 13 mm (1 or 0.50 in.); 3 pseudocarburized at 925 X (1700 °F) for 8 h; 4 box cooled to room
temperature; s reheated to temperatures shown below and all quenched; 6 tempered at 150 X (300 °F);
7 tested in 12.8 mm (0.505 in.) rounds; tests were conducted using test specimens machined to English units

Reheat Yield Tenaile
temperature strength(a) strength Elongntionfb), Reduction Hardness,
X "F MPa kai MPa ksi % in area, % HB

Heat treated in 1in. (25 mm) rounds
775 1425 ...........355 51.5 55C 81.5 31 71 163
800 1475 ...........350 51 555 80.5 31.5 71 163
830 1525 ...........360 52 570 83 31 70.5 174
(c) !c) ............420 61.0 585 85 29.5 70.5 179

Heat treated in 0.540 in. (13.7 mm) rounds
775 1426 ...........380 55 550 80 30 68.5 170
800 1475 ...........355 51.5 560 81 30 70.5 170
830 1525 ...........400 58 565 82 29.6 72.5 179
(c) <c) ............415 60 570 83 30 71 179
(a) 0.2% offset, (b) In 50 mm (2 in ), (c) Quenched from step 3 of heat treatment
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Mechanical Properties (continued)

AISi 1021, 1022: Mass Effect on Mechanical Properties (Ref 2)

Tensile Yield

Condition or treatment
Size round strength strength Eiongation(a), Reduction Hardness,

turn in. MFh ksi MPa ksi % inarea, % MB

Cold rolled 25 1 484 70.25 360 52.25 33 65.2 137
Annealed (heated to 870 °C or

1600 °F, furnace cooled 17 T) or
30 °F per hour to 675 °C or
1250 "F, cooled in air) . 25 I 450 65.25 315 46 35 63.5 137

Normalized (heated to 925 °C or
1700 "F, cooled in air) . .13 0.5 486 70.5 365 53 35.7 68.3 143

25 1 483 70 360 52 34 67.5 143
50 2 474 68.75 330 48 34 66.6 137

100 4 464 67.26 310 45 33.8 63.9 131
Mock carburized at 910 °C (1675 T)

for 8 h; reheated to 775 °C (1425 °F);
quenched in water; tempered
at 175 °C (350 "F) . 13 0.5 931 135 515 75 13.6 24.3 262

25 1 615 89 380 55 25.5 51.3 179
50 2 565 82 346 50 25 30 69.6 163

100 4 510 74 293 42.5 32.5 71.1 149
(a) In50 mm (2 in.)

AIS1 1021, 1022:Effect of the Mass on Hardness at Selected
Points (Ref 2)

Ae-qucnched hardness
Size round after quenching in water at:

mm in. Surface ta radius Center

~13 0.5.....................45 HRC 29 HRC 27 HRC
25 1......................41 HRC 95 HRB 92 HRB
50 2 ......................38 HRC 88 HRB 84 HRB

100 4 ......................34 HRC 84 HRB 81 HRB

AIS11021,1022:IzodImpact
Properties (Ref 12)

Condition or Energy
treatment J ft ÿ lb

As rolled......... . 81 60
Normalized at 925 °C

(1700 °F) 118 87
Annealed at 870 ®C

(1600 °F) 121 89

Physical Properties Machining Data

AISI 1021, 1022: Thermal
Treatment Temperatures
(Ref 4)

AISI 1021, 1022:
Density (Ref 4)

Treatment
Temperature range

°C °F

7.858 g/cm3 .........0.2839 lb/in.°

Forging ......740 max 1360 max
Annealing.... 870-900 1600-1650
Normalizing.. 900-955 1650-1750
Carburizing .. 900-925 1650-1700

For machining data on AISI grades 1021 and 1022, refer to
the preceding machining tables for AISI grades 1016, 1017,
1018, and 1019.
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AI5I 1023, 1025, 1026

AISI 1023, 1025, 1026: Chemical Composition
AISI Chemical composition, %
grade C Mm P mas S max

1023 ........................0.20-0.25 0.30-0.60 0.040 0.050
1025 . .......................0.22-0.25 0.30-0.60 0.040 0.050
1026........................0.22-0.28 0.80-0.90 0.040 0.050

Characteristics. Similarly to grade 1020, AISI grades
1023, 1025, and 1026 respond favorably to heat treating and
cold work. Machinability and weldability are fair. Cold
formability of these steels is good to excellent.

Typical Uses. AISI grades 1023,1025,and 1026have uses
similar to those described for grade 1020 steel.

AISI 1023: Similar Steels (U.S. and/or Foreign). UNS
G10230; ASTM A29, A510, A575, A576, A659; SAE J403,
J412, J414; {W. Ger.) DEN 1.1151; (Fr.) AFNOR XC 18 S, XC
25; (Jap.) JIS S 20 C, S 22 C, S 20 CK

AISI 1025: Similar Steels (U.S. and/or Foreign). UNS
G10250; AMS 5075, 5077; ASTM A29, A510, A512,
A519, A575, A576; FED QQ-S-700 (C1025); MIL SPEC
MIL-S-l1310 (CS1025); SAE J403, J412, J414; (W. Ger.) DIN
1.1158; (Jap.) JIS S 25 C, S 28 C

AISI 1026: Similar Steels (U.S. and/or Foreign). UNS
G10260; ASTM A29, A273, A510, A519, A545, A576; SAE
J403, J412, J414

AISI 1025: Approximate Critical
Points (Ref 2)

Transformation
point

Temperature(a)
°C *F

Ac, .
Ac, .
Ar3
At,

...735

...830

. .780

...695

1355
1530
1440
1285

(a) On heating or cooling at 28 T (50 aF) per hour

Physical Properties

AISI 1023, 1025, 1026; Mean Apparent Specific
Heat (Ref 4)

Temperature range
,c f

Specific heat
J/kg-K Btu/lb• °F

50-100 120-212 486
150-200 300-390 519
200-250 390-480 532
260-300 480-570 557
300-350 570-660 574
350-400 660-750 599
450-500 840-930 662
550-600 1020-1110 .749
650-700 1200-1290 846
700-750 1290-1380 1432
750-800 1380-1470 950
Material composition: 0.2371 carbon, 0,635% manganese

0.116
0.124
0.127
0.133
0.137

.0.143
0.158
0.179
0.202
0-342
0.227

AISI 1023, 1025, 1026; Average Coefficients of Linear
Thermal Expansion (Ref 4)

"temperature range Coefficient
•C °F punlm-K fi.in.lin.-

20-100 68-212 12.1 6.7
20-200 68-390 12.8 7.1
20-300 68-570 13.3 7.4
20-400 68-750 13.9 7.7
20-500 68-930 14.4 8.0
20-600 68-1110 14.8 8.2

AISI 1023, 1025, 1026: Electrical Resistivity and Thermal
Conductivity (Ref 4) ___
Temperature Electrical Thermal conductivity
-C °F resistivity, jtfl-m W/m K Btu/ft ÿ hÿ CF

0 32 "• 51.9 30.0
20 68 U.169

100 212...............0.219 51.2 29.6
200 390 ..............0,292 49.0 28.3
300 570 ÿ" 46.0 26.7
400 750...............0.487 42.7 24.7
500 930.... 39.4 22.8
600 1110...............0.758 35.6 20.6
700 1290...............0.925 31.8 18.4
600 1470...............1.094 26.1 15.1
900 1650 1.136

1000 1830...............1.167 27.2 15.7
1100 2010 1.207
1200 2190...............1.219 29.8 17.2
1300 2370...............1.239
Material composition: 0.23% carbon, 0.635% manganese

F AISI 1023, 1025, 1026: Density (Ref 4)

7.858 g/cm® 0.2839 lb/in.®
Material composition: 0,23% carbon, 0.635% manga¬
nese, 0,11% silicon; annealed at 93ÿ5 "C (1700 °F)

Machining Data

For machining data on AISI grades 1023, 1025, and 1026, refer to the preceding machining
tables for AISI 1005, 1006, and 1008.
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Mechanical Properties

AISI 1023, 1025, 1026: Tensile Properties and Machinability
Tensile Yield Average

Size round strength strength Elongation(a), Reduction IlardoesB, machinability
Condition or treatment mm in. MPa ksi MPa ksi % in area, % HD ratingCb)

i
AISI 1023
Hot rolled (Ref I) 0.75-1.25 385 56 215 31 25 50 111
Cold drawn (Bef 1) 19-32 0.75-1.25 425 62 360 52.5 15 40 121 65

AISI 1025
1

Hot rolled (Ref 1) . 19-32 0.75-1.25 400 58 220 32 25 50 116 ...
Cold drawn (Ref 1) 19-32 0.75-1.25 440 64 370 54 15 40 126 65
Hirned, ground, and polished

(Kef 3) 18-32 0.75-1.26 460 67 310 45 36 56 143 50
As drawn (Ref 1) 16-22 0.63-0.86 485 70 415 60 18 40 143 ...

i 22-32 0.88-1.25 450 65 380 55 16 40 131 ...
32-50 1.25-2 415 60 345 50 15 35 121 ...
50-75 2-3 380 55 310 45 15 35 111

ÿ Cold drawn, high tempera¬
ture, stress relieved
(Ref 1) 16-22 0.63-0.88 450 65 310 45 20 45 131

22-32 0.88-1.25 415 60 310 45 20 45 121 ...
32-50 1.25-2 380 55 310 45 16 40 111 ...
50-75 2-3 345 50 275 40 15 40 101 ...

AISI 1026
j

Hot rolled (Ref 1) 19-32 0.75-1.25 440 64 240 35 24 49 126 ...
Cold drawn (Ref 1) 19-32 0.75-1.25 490 71 415 60 15 40 143 75
(a) In50 mm (2 in.), (b) Based on AJSi 1212 steel as 1001average machinabilltj

AISS 103©, 1034, 1035

AISI 1030, 1034, 1035: Chemical Composition
AISI Chemical composition,1
grade C Mn P max S max

1030 ......................0,28-0.34 0.60-0.90 0.040 0.050
1034 ......................0.32-0.38 0.50-0.80 0.040 0.050
1035......................0.32-0.38 0.60-0.90 0.040 0.050

Characteristics. AISI grades 1030, 1034, and 1035 are
water-hardening steels suitable for small parts of moderate
strength. Grades 1034 and 1035have a slightly greater hard-
enability and strength. All have moderate strength and hard¬
ness in the as-rolled condition, and can be strengthened and
hardenedby cold work. Machinability is only fair, as is weld-
ability. Precautions must be taken when welding to avoid
crackingfrom cooling too rapidly.

Typical Uses. Grades 1030, 1034, and 1035 are used in
manufacturing levers, bolts, studs, nuts, and similar parts
which are headed, upset, or extruded. Applications for wires
of these grades includenails requiringhigh shank rigidity or
strength, and quench-hardened nails.

AISI 1030: Similar Steels (U.S. and/or Foreign). UNS
G10300; ASTM A29, A108, A510, A512, A519, A544, A545,
A546, A576, A682; FED QQ-S-635 (C1030), QQ-S-700

(C1030); MIL SPEC MIIÿS-11310 (CS1030);SAE J403, J412,
J414; (W. Ger.) DIN 1.1172; (Ital.) UNICB 35

AISI 1034: Similar Steels {U.S. and/or Foreign). UNS
G10340; ASTM A29, A181; SAE J118, J412; (W. Ger.) DIN
1.1181; (Fr.) AFNOR XC 32, XC 35, XC 38; (Jap.) JIS S 38 C

AISI 1035: Similar Steels (U.S. and/or Foreign). UNS
G10350; AMS 5080, 5082; ASTM A29, A108, A510, A519,
A544, A545, A546, A57S, A682; FED QQ-S-635 (C1035),
QQ-S-700 (C1035); SAE J403, J412, J414; (W. Ger.) DIN
1.0501; (Fr.) AFNOR CC 35; (Ital.) UNI C 35; (Swed.) SS14
1550; (U.K.) B.S. 060 A 35, 080 A 32, 080 A 35, 080 A 37, 080
M36

AISI 1030, 1035: Approximate Critical Points
AISI
grade

Transformation
point

Temperature(a)
°C "F

1030. Ac, 725
Ac3 815
An, 790
Ar, 675
Ac, 730
Ac, 800
Ar, 790
At, 690

(a) Onheating or cooling at 28 *C (50 °F) per hour

1035.

1340
1495
1450
1250
1345
1475
1455
1275
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PhysicalProperties

AIS1 1030, 1035:Average Coefficients of Linear Thermal Expansion (Ref 4)

AISI Temperature range Coefficient
grade •c fim/m • K pin./in. T'

1030 . . 15-75 59-165 11.7 S.5 :

1035 20-100 68-212 11.0 6.3
20-200 68-390 11.9 6.6 1
20-300 68-570 12.6 7.0
20-400 68-750 13.3 7.4
20-500 68-930 13.9 7.7 "j
20-600 68-1110 14.4 8.0 . |
20-700 68-1290 13.9 8.2 i

Mechanical Properties
; 1

ÿ' i

AISI 1030: Mass Effect on Mechanical Properties (Ref 2)

Tensile Yield
Size round strength strength Eiongation(a), Reduction Hardness,

Condition or treatment mm in. MPa ksi MPa ksi % in area, % HB

.Annealed (heated to 845 "C or 1550 °F, ÿ 1
furnace cooled 11 X or 20 °F per 1
hour to 650 °C or 1200 °F, )

cooled in air) 25 1 460 67 345 50 31.2 57.9 126
Normalized (heated to 925 °C or

1700 °F, cooled in air) 13 0.5 540 78 345 50 32.1 61.1 156
25 1 525 76 345 50 32.0 60.8 149
50 2 510 74 345 50 29.5 58.9 137

100 4 495 72 325 47 29.7 56.2 137
Water quenched from BTO DC

(1600 EF), tempered at , 1
540 X (1000 CF) ..." 0.5 635 92 515 75 28.2 58.0 187

25 1 605 68 470 68 28.0 68.6 179 J

50 2 595 86 440 64 28.2 65.8 170
100 4 560 81 380 55 32.0 68.2 163

Water quenched from .870 X
(1600 °F), tempered at I
595 X (1100 °F) 13 0.5 605 88 440 64 28.9 69.7 179 j

25 1 585 85 435 63 29.0 70.8 170
50 2 580 84 395 57 29.0 69.1 167

100 4 550 80 370 54 32.0 68.5 163
Water quenched from 870 X

(1600 °F), tempered at
650 X (1200 °F) 13 0.5 595 86 425 62 29.9 70.5 174

25 1 580 84 425 62 28.5 71.4 170
50 2 550 80 395 57 30.2 70.9 156

100 4 510 74 345 50 34.2 71.0 149
(a) In 50 mm (2 in.), (b) Based on AISI 1212 steel as 100% average machinability

AISI 1030: Effect of the Mass on Hardness at Selected
Points {Ref 2)

Size round
As-quenched hardness

after quenching in water ab
Surface Vt radius Center

13 0.6...................50 HRC 50 HRC 23 HRC
25 1....................46 HRC 23 HRC 21 HRC
50 2....................30 HRC 93 HRB 90 HRB

100 4 ....................97 HRB 88 HRB 85 HRB

AISI 1030, 1034, 1035: Izod Impact
Properties (Ref 12)

Condition Energy
or treatment J ft lb

As rolled 75 55
Normalized at 925X (17011°F) 94 69
Annealed at 845X (1550°F),.. 69 51

AISi 1030:RecommendedCondition to Provide Maximum
Drawability (Ref 6)_
Punch nose i-Condition, HRB, for cup reduction of:-1
radius, r(a) 20% 30% 40% 50%

21...................65(h)(c) 65(b)(c) 65(b)(c)(d) —
4/ 60 60 65(bXc)(d)
81 65 65 65(b)(c)(d)

161 60 60 65(b)(c)
321 ....................70 65 65(b)(c) 65 (bXcNd)

Drawing Limitations refer to cold rolled and mill annealed sheet steel; simple
round cups, no flanges, not ironed, 20-gage (0.91-mm or 0.36-in.) sheet steel.
(a) In relation to stock thickness, 1. (b) Aluminum killed (c) Fine grained.
(d) Spheroidized
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Mechanical Properties (continued)

AISI 1030, 1035:Tensile Properties and Machinability
Ttensile Yield

Size round Btrength strength
Condition or treatment mm in. MPa kai MPa ksi

AISI 1030
Hot rolled (Ref 1) .................19-32 0.75-1.25 470 68 260 38
Cold drawn (Ref 1)................ig-32 0.75-1.25 525 76 440 64
As rolled (Ref 12) ...................••• 550 80 345 50
Normalized at 925 °C

<1700 °F) (Kef 12) .................— — 525 76 345 50
Annealed at 845 DC

(1550 °F) (Ref 12) — - 460 67 345 50

AISI 1035

Hot rolled (Ref 1) .................19-32 0.75-1.25 495 72 275 40
As rolled (Ref 1) .................,19-32 0.75-1.25 585 85 370 54
Water quenched from

845 *C (1550 °F),
tempered at 540 X
(1000 °F) (Ref 3) ................19-32 0.75-1.25 710 103 615 89

Cold drawn (Ref 1)... .............19-32 0.75-1.25 550 80 460 67
As cold drawn (Ref 1) .............16-22 0.63-0.88 585 85 515 75

22-32 0.88-1.25 550 80 485 70
32-50 1.25-2 515 75 450 65
50-75 2-3 485 70 415 60

Cold drawn, low
temperature, stress
relieved (Ref 1) .................16-22 0.63-0.88 620 90 550 B0

22-32 0.88-1.25 585 85 515 75
32-50 1.25-2 550 80 485 70
5G-75 2-3 5)5 75 450 65

Cold drawn, high
temperature, stress
relieved (Ref 1) .................16-22 0.63-0.88 550 80 415 60

22-32 0.88-1.25 515 75 415 60
32-50 1.25-2 485 70 415 60
50-75 2-3 450 65 380 55

(a) In50 mm (2 in,), (b) Based on AISI 1212 steel as 100% average machinability

:. I
Elongadon(a),

%
Reduction
in area, %

HardncHs,
KB

Average
machinability

ratinglb)

20
12
32

32

31

18
30

16
12
13
12
12
10

13
12
12
10

16
15
15
12

42
35
57

61

58

40
53

40
35
35
35
35
30

35
35
35
30

45
45
40
35

137
149
179

149

126

143
183

207
163
170
163
149
143

179
170
163
149

163
149
143
131

70

65

65

400

Tempering Temperature. °F

600 600 1000 1200

40a

75

1 r J
"ÿ T

-
H rdness

-

ite sti

Vie Ed ppnit-—"

—
N

ÿedud inn in area —

6J jngatic n v.

150 I—! 450

300 X

-I 150

300 400 500 oOO

Tempering temperature, °C

AIS1 1030: Effect of Tempering Temperature
on Tensile Properties. Normalized at 925 °c
{1700 "F); reheated to 870 °C (1600 °F);qaenched in
water. Specimens were treated in 25-mm|1.0-in.) diam
and machined to 12.8-mm(0.505-in.) diam for tasting.
Tests were conducted using lest specimens machined to
English units. As-quenched hardness was 514 HB.-
Elongation was measured in 50 mm (2 in.). (Ref 2)
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Machining Data (Ref 8)

AISI 1030, 1034, 1035: Turning {Single Point and Box Tools)

M2 and M3 high speed Bteel \---Uncaated carbide-1 t-Coated carbide-1
Depth of cut Speed Feed Speed, brazed Speed, inserted Feed Speed Feed
mm in m/min ft/min mm/rev in./rev m/min ft/min m/min ft/min mm/rev in./rev m rnin ft/min mm/rev in./rev

Hardness, 125 to 175 HB
1 0.040......43 140 0.18 0.007 140(a) 465(a) 180(a) 590(a) 0.18 0.007 280(b) 925(b) 0.18 0.007
4 0.150......35 115 0.40 0.015 110(c) 360(c) 140(c) 4601c) 0.50 0.020 185(d) 600(d) 0.40 0.015
8 0.300......27 90 0.50 0.020 85(c) 280(c) 110(c) 360(c) 0.75 0.030 145(d) 475(d) 0.50 0.020

16 0.625......11 70 0.75 0.030 67(c) 220(c) 85(c) 2B0(c) 1.00 0.040

Hardness, 175 to 225 HB
1 0.040......40 130 0.18 0.007 130(a) 430(a) 160(a) 525(a) 0.18 0.007 240(b) 785(b) 0.1B 0.007
4 0.150......30 100 0.40 0.015 100(c) 325(c) 125(c) 410(c) 0.50 0.020 160(d) 525(d) 0.40 0.015
8 0.300......26 85 0.50 0.020 78(c) 255(c) 100(c) 320(c) 0.75 0.030 125(d) 415(d) 0.50 0.020

16 0.625......20 65 0.75 0.030 60(c) 200(c) 78(c) 255(c) 1.00 0.040
(a) Carbide tool material: C-7. (b) Carbide tool material: CC-7. (c) Carbide tool material: C-6. (d) Carbide tool material: CC-6

AISI 1030, 1034, 1035: Turning (Cutoff and Form Tools) ___
Feed per revolution for cutoff tool width of: r-----Feed per revolution for form tool width of:-1

Speed, 1.5 mm 3 mm 6 mm 12 mm 18 mm 25 mm 50 mm
m/min (0.062 in.) (0.125 in.) (025 in.) (0.5 in.) (0.75 in.) (1 in.) (2 in.)

Tool material (ft/min) nun in. mm in. mm in. mm in. mm in. mm in. mta io.

Hardness, 125 to 175 HB

M2 and M3 high
speed steel ........35 0.036 U.D014 0 043 0.0017 0.056 0.0022 0.043 0.0017 0.038 0,0015 0.036 0.0014 0.02B 0.0011

1115)
C-6 carbide.........115 0 036 0.0014 0 043 0 0017 0.056 0.0022 0.043 0.0017 0.038 0.0015 0.036 0.0014 0.02b 0.0011

(370)

Hardness, 175 to 225 HB
M2 and M3 high

speed steel ........29 0 036 0 0014 0 043 0 0017 0.056 0.0022 0.043 0.0017 0.038 0.0015 0.036 0.0014 0.028 0.0011
(95)

C-6 carbide.........,95 0.036 0 0014 0.043 0.0017 0.056 0.0022 0.043 0.0017 0.038 0.0015 0.036 0.0014 (I 02S 0.0011
(305)

AIS1 1030, 1034, 1035-. Face Milling
M2 and M7 high speed steel I-Uncoated carbide--—-—| i-Coated carbide-1

Depth of cut Speed Feed/tooth Speed, brazed Speed, inserted Feed/tooth Speed Feed/tooth
mm in. m/min ft/min mm in. m/min ft/min m/min ft/min mm in. m/min ft/min mm in.

Hardness, 125 to 175 HB
1 0.040............55 180 0.20 0.008 190(a) 625(a) 215(a) 700(a) 0.20 0.008 320(b) 1050(b) 0120 0.008
4 0.150............46 150 0.30 0.012 145(a) 475(a) 165(a) 540(a) 0.30 0.012 215(b) 700(b) 0.30 0.012
8 0.300............35 115 0.40 0.016 105(c) 345(c) 130(c) 420(c) 0.40 0.016 165(d) 545(d) 0.40 0.016
Hardness, 175 to 225 HB

1 0.040............49 160 0.20 0.008 160(a) 525(a) 170(a) 560(a) 0.20 0.008 255(h) 840(b) 0120 0.008
4 0.150............38 125 0.30 0.012 125(a) 410(a) 145(a) 480(a) 0.30 0.012 1901b) 625(b) 0.30 0.012
8 0.300............30 100 0.40 0.016 95(c) 310(c) U5(c) 375(c) 0.40 0.016 150(d) 485(d) 0.40 0.016
(a) Carbide tool matenal: C-6, (b) Carbide tool material: CC-6. (c) Carbide tool material: C-5. (d) Carbide tool material: CC-5

A1SM030, 1034,1035: Drilling_
I---——-------— Feed per revolution for nominal hole diameter of:-1

Tool Speed 1.5 mm (0.062in.) 3 mm (0.125 in.) 6 mm (0.25 in.) 12 mm (0.5 in.) 18 mm (0.75 in.) 25 mm din.)
material m/min ft/min mm in. mm in, nun In. mm in, mm in, mm in.

Harduesiei, 125 to 175 HB
M10» M7, andMl

high speed
"tee1...............21 70 0.025 0.001 ............— —26 85 — ••• 0.075 0.003 0.13 0-005 0.23 0.009 0.30 0.012 0.45 0.018

Hardness, 175 to 225 HB
M10. M7, and Ml

high speed
steel ...............20 65 0.025 0.001 — — — — — —23 75 — — 0,075 0.003 0.13 0.005 0.23 0.009 0.30 0.012 0.45 0.018
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Machining Data (Kef 8) (continued)

AISI 1030, 1034, 1035: End Milling (Profiling)
j-Feed per tooth for cutter diameter fo:-f

Depth of cut Speed 10 mm (0.375 in.) 12 mm (0,5 in*) 19 mm (0,75 in.) 25-50 mm (1-2 in.)
Tool material mm in. m/min ft/min mm in. mm in. mm in. mm in.

Hardness, 125 to 175 HB
M2, Md, and MV high

speed steel ....0.5 0.020 60 200 0.025 0.001 0.050 0.002 0.102 0.004 0.13 0.005
1.5 0.060 46 150 0.050 0.0O2 0.075 0.003 0.13 0.005 0.15 0.006

diam/4 diam/4 43 140 0.025 0.001 G.050 0.002 0.102 0.004 0.13 0.005
diem/2 diam/2 37 120 0.018 0.0007 0.025 0.001 0.075 o.ooa 0.102 0.004

C-5 carbide 05 0.020 160 520 0.038 0.0015 0.089 0,0035 0.13 0.005 0.18 0.007
1.5 0.060 120 400 0,003 0.0025 0.102 U.004 0.15 0.006 0.20 0.008

diam/4 diam/4 105 350 0.050 0.002 0.075 0.003 0.13 0.005 0.15 0.006
diam/2 diam/2 100 320 0.038 O.OD15 0.050 0.002 0.102 0.004 0.13 0.005

Hardness, 175 to 225 HB
M2, M3. and M7 high

speed steel 0.020 49 160 0.025 0.001 0.050 0.002 0.075 0.003 0.102 0.004
1.5 0.060 37 120 0.050 0.002 0.075 0.003 0.102 0.004 0.13 0.005

diam/4 diam/4 32 105 0.025 0.001 0.050 0.002 0.075 0.003 0.102 0.004
diam/2 diam/2 27 90 0.018 0.0007 0.025 0.001 0.050 0.002 0.075 0.003

C-5 carbide 0.5 0.020 150 485 0,038 0.0015 0.075 0.003 0.13 0.005 0.15 0.006
1.5 0.060 115 370 0.063 0.0025 0.102 0.004 0.15 0.006 0.18 0.007

diam/4 diam/4 100 325 0.050 0.002 0.075 0.003 0.13 0.005 0.15 0.006
diam/2 diam/2 90 300 0.038 0.0015 0.050 0.002 0.102 0.004 0.13 0.005

AISi 1030, 1034, 1035: Boring
M2 and M3 high speed steel :-Uncoated carbide-1 i-Coatedcarbide-1

Depth of cut Speed Feed Speed, brazed Speed, inserted Feed Speed Feed
mm in. m/min ft/min mm/rev in./rev m/min ft/min m/min ft/min nun/rev in./rev m/min ft/min mm/rev in./rev

Hardness, 125 to 175 HB
0.25 0.010......43 140 0.075 0.003 135(a) 445(a) 160(a) 525(a) 0.075 0.003 210(b) 690(b) 0.075 0.003
1.25 0.050......34 110 0.13 0.005 105(c) 350(c) 125(c) 415(c) 0.13 0.005 170(d) 550(d) 0.13 0.005
2.5 0.100......27 90 0.30 0.012 54(e) 275(e) 100(e) 325(e) 0.40 0.015 115(f) 370(f) 0.30 0 012
Hardness, 175 to 225 HB
0.25 0.010......37 120 0.075 0.003 120(c) 390(c) 140(c) 460(c) 0.075 0.003 245(d) 610(d) 0.075 0.003
1.25' 0.050......29 95 0.13 0.005 95(e) 315(e) 115(e) 370(e) 0.13 0.005 200(f) 650(f) 0.13 0.005
2.0 O.1C0......24 80 0.30 0.012 84(e) 275(e) 100(e) 325(e) 0.40 0.015 115(f) 370(f) 0.30 0.012.
(a) Carbide tool material: C-8. (b) Carbide tool material: CC-8. (c) Carbide too) material: C-7. (d) Carbide tool material: CC 7. (e) Carbide tool material: C-6.
(f) Carbide tool material: CC-6

AISI 1030, 1034, 1035: Planing

Tbol material
Depth of cut
mm in.

Speed
m/min ft/min

Feed/stroke
urn in.

Hardness, 125 to 17a HB
M2 and M3 high

speed steel 0.1 0.005
2.5 0.100

12 0.500
C-6 carbide .. 0.1 0.005

2.5 0.100
12 0.500

Hardness, 175 to 225 HB
M2 and M3 high

speed steel 0.1 0.005
2.5 0.100

12 0.500
C-6 carbide 0.1 0.005

2.5 0.100
12 0.500

14
20
12
76
84
69

12
18
11
70
76
60

45
65
40

250
275
225

40
60
35

230
250
200

(a)
1.25
1.50
(a)

2.05
1.50

(a)
1.25
1.50
(a)

2.05
1.50

(a)
0.050
0.060

(a)
0.080
0.060

(a)
0.050
0.060
(a)

O.OSO
0.060

(a) Feed is 75C the width of the square nose finishing tool



26/Carbon Steels

Machining Data (Ref 8) (continued)

AISI 1030, 1034, 1035: Reaming
8ased an 4 flutes for 3- and 6-mm (0.125- and 0.25-in.) reamers, 6 flutes lor 12-mm (0.5-in.) reamers, and 8 flutes for 25-mm (1-in.) and larger reamers

Tool material
Speed

m/'min fl/min

I-Feed per revolution for reamer diameter oft ----
3 mm (0.125 in.) 5 mm (0.25 in.) 12 mm (0.5 in.) 25 mm (1in.) 35 mm (1.5 in.)

mm in. mm in. mm in. mm Lti- mm in.
50 mm (2 in.)
nun in.

Roughing

Ml.M2, and M7
high speed steel ... 26

C-2 carbide 30

Finishing
M1.M2, and M7

high speed steel ....12
C-2 carbide ...15

Roughing
Ml,M2, and M7

high speed steel . . 23
C-2 carbide 27

Finishing
M10, M2, and M7

high speed steel ....11
C-2 carbide 14

85
100

40
50

75
90

35
45

0.102
0.102

0.15
0.15

0.102
0.102

0.13
0.13

Hardness, 125 to 175 HB

0.004
0.004

0.006
0.006

0.004
0.004

0.005
0.005

0.18
0.18

0.25
0.25

0.007
0.007

0.010
0.010

0.30
0.30

0.40
0.40

0 012
0.012

0.015
0.015

Hardness, 175 to 225 HB

0.18
0.18

0.20
0.20

0.007
0.007

0.008
0.008

0.30
0.30

0.30
0.30

0.012
0.012

0.012
0.012

0.50
0.50

0.65
0.65

0.50
0.50

0.50
0.50

0.020
0020

0.025
0.025

0,020
0.020

0.020
0.020

0.65
0.65

0.75
0.75

0.65
0.65

0.65
0.65

0.025
0.025

0.030
0.030

0.025
0.025

0.025
0.025

0.75 0.030
0.75 0.030

0.90 0.035
0.90 0.035

0.75 0.030
0.75 0.030

0.75 0.030
0.75 0.030

AISI 1038, 1038H, 1039, 1040

AISI 1038, 1038H, 1039, 1040: Chemical Composition
AISI Chemical composition, %

..grade .......C Mn P max S max

1038......................0.35-0.42 0.60-0.90 0.040 0.050
1038H ....................0.34-0.43 0.50-1.00 0.040 0.0501039......................0.37-0.44 0.70-1.00 0.040 0.050
1040 ......................0.37-0.44 0.60-0.90 0.040 0.050

Characteristics. AISI grades 1038, 1038H, 1039,and 1040
are medium-high carbon steels that can be strengthened by
heat treatingafter forming.Machinabilityand weldability are
fair.

Typical Uses. Machine,plow, and carriage bolts, tie wire,
cylinder headstuds,andmachinedparts are made from grade
1038, 1038H, 1039, and 1040 steels. These grades are also
used for U-bolts, concrete reinforcingrods, forgings, and non-
critical springs. Grade 5, SAE J429 fasteners are made from
grade 1038 steel.

AISI 1038: Similar Steels (U.S. and/or Foreign). UNS
G10380; ASTM A29, A510, A544, A545, A546, A576; SAE
J403, J412, J414; (W. Ger.) DIN 1.1176; (Fr.) AFNOR XC 38
TS

\ 1
AISI 1038H: Similar Steels (U.S. and/or Foreign). UNS
H10380; ASTM A29; SAE J776; (W. Ger) DIN 1.1176; (Fr.)
AFNOR XC 38 TS

AISI 1039: Similar Steels (U.S. and/or Foreign). UNS
G10390; ASTM A29, A510, A546, A576; SAE J403, J412,
J414; (W. Ger.) DIN 1.1157; (Fr.) AFNOR 35 M 5; (U.K.) B.S.
120 M 36, 150 M 36, CDS 105/106

AISI 1040: Similar Steels (U.S. and/or Foreign). UNS
G10400; ASTM A29, A108, A510, A519, A546, A576, A682;
MIL SPEC MIL-S-11310 (CS1040); SAE J403, J412, J414;
(W. Ger.) DIN 1.1186; (Jap.) JIS S 40 C; (U.K.) B.S. 080 A 40,
2 S 93

AISI 1040: Approximate Critical Points
Tl'unsformution Temperature(a)
point "C °F

Ac, 725 1340
Ac, 795 1460
Ar3 755 1395
Ar, 670 1240
(a) On heating or cooling at 28 °C {50 °F) per hour

Machining Data

For machining data on AISI grades 1038, 1038H, 1039, and 1040, refer to the preceding
machining tables for AISI grades 1030, 1034, and 1035.
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Physical Properties

AISi 1038, 1038H, 103S, 1040: Electrical Resistivity
and Thermal Conductivity (Ref 4)

Electrical
Temperature resistivity, Thermal conductivity

•C °F /ill m W/m-K Btu/ft h *F

0 32 ••• 5T9 300
20 68 0.171

100 212 ..............0.221 50.7 29.3
200 390 ..............0.296 48.1 27.8
300 570 — 45.7 26.4
400 750 ..............0.493 41.7 24.1
500 930 38.2 22.1
600 1110 ..............0 763 33.9 19.6
700 1290 .............0.932 30 1 17.4
800 1470..............1.111 24.7 14.3
900 1650 1.149

1000 1830 ..............1.179 32.9 19.0
1100 2010 1.207
1200 2190 ..............1.230 29.8 17.2
Material composition: 0.415% carbon, 0.643% manganese

AISI 1038, 1038H, 1033, 1040: Mean Apparent Specific
Heat (Ref 4)_
Temperature range Specific heat

"C "F J/kg-K Btu1b°F

50-100 120-212 486 0.116
150-200 300-390 515 0.123
200-250 390-480 528 0.126
250-300 480-570 548 0.131
300-350 570-660 . 569 0.136
330-400 660-750 586 0.140
450-500 840-930 649 0.155
550-600 1020-1110 708 0.169
650-700 1200-1290 770 0.184
700-750 1290-1380 .......1583 0.378
750-600 1380-1470 624 0.149
850-900 1560 1650 548 0.131
Material composition: 0.415% carbon, 0.643% manganese

AISI 1040: Average Coefficients of Linear Thermal
Expansion (Ref 4)

Temperature range Coefficient
°C "F pm/m-K /un./in.-'F

Material Ala)

20-100 68-212 11.3 6.3
20-200 68-390 12.1 6.7
20-300 68-570 12.2 6.B
20-400 68-750 ..13.3 7.4
20-500 68-930 13.9 7.7
20-600 68-1110 14.2 7.9
20-700 68-1290 .14.8 8.2
Material Bib)

0-100 32-212 11.2 6.2
0-200 32-390 12.1 6.7
0-300 32-570 ...........13.0 7.2
0-400 32-750 13.5 7.5
0-500 32-930 14.0 7.8
0-600 32-1110 14.6 8.1
0-700 32-1290........14.8 8.2
(a) Material composition: (j.40% carbon, 0.11% manganese. 0.01% phosphorus,
0.03% sulfur, 0.03% silicon, 0.03% copper, (b) Materijl composition: 0.42%
carbon, 0.64% manganese, 0.031% phosphorus. 0.029% sulfur, 0.11% silicon,
0.06% nickel, 0.12% copper, 0.006% aluminum, 0.0339 arsenic

AISI 1040: Thermal
Treatment Temperatures

Treatment
Temperature range

°C °F

Forging,
start .......1290-1150 2350-2100

Forging,
finish ......1010-870

Annealing.....790-870
Normalizing...885-915
Quenching

____
830-855

AISI 1038, 1038H, 1039,
1040: Density {Ref 4)

7.845 g/cm3 ..........0.2834 lb/in.3
Material compmtion: 0.435% car¬
bon,0.695; manganese,0.20% silicon;
annealed at 860 °C (15BQ °F)

1850-1600
1450-1600
1625-1675
1525-1575

Mechanical Properties
AISI 1038, 1039, 1040: Tensile Properties

Condition or treatment
Size round

mm in.

Tensile
strength

MPa ksi

Yield
strength

MPa ksi
Elongation(a},

%
Reduction
in area, %

Hardness,
HB

AISI 1038
Hot rolled ("Ref 1) 19-32 0.75-1.25 515 75 285 41 18 40 149
Cold drawnCb) (Ref 1) 19-32 0,75-1.25 570 83 485 70 12 35 163

AISI 1039
Hot rolled (Ref 1) 19-32 0.75-1.25 545 79 300 43.5 16 40 156
Cold drawn(cj (Ref 1) 19-32 0.75-1.25 605 88' 510 74 12 35 179
AISI 1040
Hot rolled (Ref 1) 0.75-1.25 525 76 290 42 18 40 149
Cold drawn(c) (Ref 1) 0.75-1.25 585 85 490 71 12 35 170
Aa cold drawn (Ref 1) 16-22 0.63-0.88 620 90 550 80 12 35 170

22-32 0.88-1.25 585 85 515 75 12 35 170
32-50 1.25-2 550 80 485 70 10 30 163
50-75 2-3 515 75 450 65 10 30 149

Cold drawn, low temperature, stress
relieved (Ref 1) 0.63-0.88 655 95 585 85 12 35 187

22-32 0.88-1.25 620 90 550 80 12 35 178
32-50 1.25-2 585 85 515 75 10 30 170
50-75 2-3 550 80 485 70 10 30 163

Cold drawn, high temperature, stress
relieved (Refl) 0.63-0.88 585 85 450 65 15 45 170

22-32 0.88-1.25 550 80 450 65 15 45 163
32-50 1.25-2 515 75 415 60 15 40 149
50-75 2-3 485 70 450 65 12 35 143... 620 90 415 60 25 50 201

Normalized at 9GO °C (1650 °F) (Ref 12) ... ... 595 86 370 54 26 55 170
Annealed at 790 °C (1450 °F) (Ref 12) ... 515 75 350 51 30 57 149
(a) In50 mm (2 inJ. (h) Average machinability ratingof 65% based on AISI 1212 steel as 100% average machinability, (c) Average machmabflity ratingof 60%
based on AISI 1212steel as 100% average machinability



28/Carbon Steels

Mechanical Properties (continued)

AISI 104Q: Mass Effect on Mechanical Properties (Ref 2)

Condition or treatment
Size round

mm in.

Tbnsile
strength

MPa ksi

Yield
strength

MPa ksi
Elongation(a),

%
Reduction
in area, %

Hardness,
HB

Annealed (heated to 790 °C or 1450 °F,
furnace cooled 11 °C or 20 °F per
hour to 650 °C or 1200 F, cooled

inair) 25 1 519 75.25 353 51.25 30.2 57.2 149
Normalized (heated to 9O0 °C or

1650 °F, cooled in air) 13 0.5 608 88.25 403 58 50 30.0 56.5 183
25 1 590 85.50 374 54 25 28.0 54.9 170
50 2 581 84.25 365 53.00 28.0 53.3 167

100 4 • 583 84.50 340 49.25 27.0 51.8 167
Oil quenched from 855 "C (1575 T),

tempered at 540 °C (1000 °F) .13 0.5 722 104.75 500 72.50 27.0 62.0 217
25 1 664 96.25 469 68.00 26.5 61.1 197
50 2 635 92.25 412 59.75 27.0 59.7 187

100 4 621 90.00 396 57.50 27.0 60.3 179
Oil quenched from 855 "C (1575 °F),

tempered at 595 °C (1100 °F) 13 0.5 693 100.50 479 69.50 27.0 65.2 207
25 1 631 91.50 443 64.25 28.2 63.5 187
50 2 598 86.75 392 56.87 28.0 62.5 174

100 4 571 82.75 360 52.25 30.0 61.6 170
Oil quenched from 855 °C (1575 °F),

tempered at 650 °C (1200 °F) .13 0.5 355 96.00 459 66.62 25.9 65.4 197
25 I 588 85 25 415 60.25 30.0 67.4 170
50 2 569 82.50 376 54.50 31.0 66.4 167

100 4 543 78.75 345 50.00 31.2 64.5 156
Water quenched from 845 °C

(1559 °F), tempered at 540 °C
<1000 T) ..' .13 0.5 752 109.00 562 81.5 2a.a 61.5 223

25 1 743 107.75 541 78.5 23.2 62.6 217
50 2 702 101.75 479 69.5 24.7 63.6 207

100 4 683 99.00 440 63.8 24.7 60.2 201
Water quenched from 845 °C

(1550 "F), tempered at 595 "G..
(uoo °F) 0.5 698 101.25 490 71.0 26.4 65.2 212

25 1 689 100.00 479 69.5 26.0 65.0 207
50 2 655 95.00 469 68.0 29,0 69.2 197

100 4 650 34.25 407 59.1 27.0 63.4 192
Water quenched from 845 "C

(1550 °F), tempered at 650 °C
(1200 °F) ....13 0.5 662 96.00 476 69 27.7 66.6 201

25 1 645 93.50 469 SB 27.0 67.9 197
50 2 614 89.00 413 59.9 28.7 69.0 183

100 4 586 85.00 378 54.5 30.2 67.2 170
(a) In 50 mm (2 in.)

AISI 1040: Effect of the Mass on Hardness at Selected
Points (Ref 2)

Size round As-quenched hardness at
mm in. Surface Vt radius Center

After quenching in oil
13 0.5...................28 HRC 22 HRC 21 HRC
25 1....................23 HRC 21 HRC 13 HRC
50 2...................93 HRB 92 HRB 91HRB

100 4 ....................91 HRB 91 HRB 89 HRB
After quenching inwater

13 0.5 ..................54 HRC 53 HRC 53 HRC
25 1....................50 HRC 22 HRC 18 HRC
50 2 ....................50 HRC 97 HRB 95 HRB

100 4 ....................98 HRB 96 HRB 96 HRB

AISI 1038H: End-Quench Hardenability
Limits (Ref 2)

Distance from
quenched eud, Vis in.

3 .
4 .
5 .
6 .
7 .
8 .

10 .
12 .
14 .
16

Hardness, HRC

51
34
26
23
22
21

...
. . 24 ...

...
.. 21
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Mechanical Properties (continued)

l j

AIS1 1040: Recommended Condition to Provide Maximum
Drawability (Ref 6>
Punch nose |— Condition, HRB, for cup reduction of: —)

radius, r(a) 20% 30% «K

2f 65(b)(c)(dl
41 ........60 65(b)(c)
8f 60 60

16< 65(b)(c) 65(bXc)
32c............................60 65(b)(c) 65<b)(cMd)

Drawing limitations refer to cold rolled and mill annealed Bheet steel; simple
round cups, no flanges, not ironed, 20-gage (0.91-mm or 0.036-in.) sheet steel.
(a) in relation to stock thickness, I. fu) Aluminum killed, (cl Fine grained.
(d) Sphsroidizcd

AISI 1038, 1038H, 1039, 1040: Izod
Impact Properties (Ret 12)

Energy
Condition or treatment J ft -lb

Aa rolled ......49 36
Normalized at 900 °C (1650 °F) 65 IB
Annealed at 790 'C (1450 °F) 45 33

i i
AIS1 1040: Effect of Tempering Temperature on Tensile
Properties After Quenching in Water. Normalized at 900 °c
(1650 °F); reheated to 645 °C (1550 °f); quenched in water. Specimens
were treated in 25-mm (1.0-in.) diam and machined In 12.8-mm (0.505-in.)

diam (or testing. Tests were conducted using lest specimens machined to
English units. As-quenched hardness was 534 HB, Elongation was measured
in 50 mm (2 in.). (Ref 2)

Tampering temperature. aF

floe 1000

150 a

Tensile strength

Reductron inarea

Elongation

200 3M 40D iOti C[)0

Tempering T empereture,
0C

350 5
ÿc

AIS1 1040: Effect of Tempering Temperature on Tensile
Properties After Quenching in Oil. Normalized at 900 =C (1650 °F);
reheated to 655 °C (1575 °F); quenched in oil. Specimens were treated in
25-mm (1.0-in.) diam and machined to 12.8-mm (0.505-in.) diam for
testing. Tests were conducted using test specimens machined to English
units. As-quenched hardness was 269 HB. Elongation was measured in
50 mm (2 in.), (Ret 2)

Tempering temperarjri?,

400 600 8G0 1000 I2U

Hardness

1

Strength

i-— 100
ÿÿTreld point

deduction m area

c Inrugalion

20ÿ 3DD 400 500 EDO 7DO

Tf?rnp«ring temperature. DC
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AISI 1044, 1045, 1045H, 1046

AIS1 1044, 1045, 1045H, 1046: Chemical Composition
AISI Chemical composition, %
grade C Mn P max S max

1044......................0.43-0.50 0.30-0.60 0.040 0.0501045......................0.43-0.50 0.60-0.90 0.040 0.050
1045H ....................0.42-0.51 0.50-1.00 0.040 0.0501046......................0.43-0.50 0.7Q-1.OO 0.040 0.050

Characteristics. AISI grades 1044, 1045, 1045H, and
1046 are used when greater strength and hardness are de¬
sired in the as-rolled condition. These medium-carbon steels
can be hammer forged. They respond to heat treatment, and
flame and inductionhardening,but are not recommended for
carburizing or cyaniding. When special practices are em¬
ployed, weldability is fair. Die forging and hot upsetting of
these steels are good to excellent.

typical Uses. AISI grades 1044, 1045, 1045H, and 1046
are used for gears, shafts, axles, bolts, studs, and machine
parts.

AISI 1044; Similar Steels (U.S. and/or Foreign). UNS
G10440; ASTM A29, A510, A575, A576; SAE J403, J412,
J414

AISI 1045: Similar Steels (U.S. and/or Foreign). UNS
G10450; ASTM A29, A510, A519, A576, A682; FED QQ-S-
635 (CI045), QQ-S-700 (C1045); SAE J403, J412, J414;
(W. Ger.) DIN 1.1191; (FY.) AFNOR XC 42, XC 42 TS, XC 45,
XC 48; (Jap.) JIS S 45 C, S 48 C; (Swed.) SS,„ 1672

AISI 1045H: Similar Steels (U.S. and/or Foreign). UNS
H10450; ASTM A29; SAE J776; (W. Ger.) DIN 1.1191; (Fr.)
AFNOR XC 42, XC 42 TS, XC 45, XC 48; (Jap.) JIS S 45 C,
S 48 C; (Swed.) SS14 1672

AISI 1046: Similar Steels (U.S. and/or Foreign). UNS
G10460; ASTM A29, A510, A576; SAE J403, J412, J414

AISI 1044, 1045, 1045H, 1046:
Approximate Critical Points
IVansformiition Temperature'sI
point "C "F

Ac, 725 1340
Ac, 780 1435
Ar3 750 1385
At, 680 1260
(a) On heating or cooling at 28 °C (50 °F) per hour

Physical Properties Machining Data

AIS1 1045: Average Coefficients of Linear Thermal
Expansion (Ref 4)

temperature range Coefficient
°C °F pm/m • K jtinJin. • °F

0-100 32-212 11.5 6.4
0-200 32-390 . 12.2 6.8
0-300 32-570 ; 13.0 7.2
0-400 32-750 13.7 7.6
0-500 32-930 14.0 7.8
0-600 32-1110 ..............14.6 8.1
0-700 32-1290 ......15.1 8.4

25-100 75-212 11.2 6.2
25-200 75-390 11.9 6.6
25-300 75-570 12.6 7.0
25-400 75-750 13.5 7.5
25-500 75-930 14.0 7.8
25-600 75-1110 ........14.4 8.0
25-700 75-1290 14.B 8.2

AIS1 1045:Thermal Treatment Temperatures
Temperature range

Treatment °C °F

Forging ...................., 1245 max 2275 max
Annealing 790-670 1450-1600
Normalizing..................860-915 1525-1675
Aufitenitmng.................300-845 1475-1550

For machining data on AISI grades 1044, 1045, 1045H, and
1046,refer to the preceding machiningtables for AISI grades
1030, 1034, and 1035.

Mechanical Properties

AISI I045H: End-Quench Hardenability
Limits (Ref 2)

Distance from Hardness,HRC
quenched end, Vie in* max min

1 62 55
2 . 59 42
3 52 31
4 38 28
5 33 26
6 32 25
7 31 25
8 30 24

10 29 22
12 ........23 21
14 27 20
16 26
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AISi 1044, 1045, 1046: Mechanical Properties

Condition or treatment
Size round

'tensile
strength

MPs kei

Yield
strength

MPa ksi
Elongstion(a),

%
Reduction
in area, %

Hardness,
HB

Average
machinability

ratipg(b)

A1SI 1044

Merchant-quality hot
rolled (Kef 3) 19-32

Hot rolled (Ref 1) 19-32

AISI 1045
Hot rolled (Ref 1) 19-32
Cold drawn (Ref 1) 19-32
Cold drawn, annealed

(Kef 1) 19-32
Himed, ground, and

polished (Ref 3) 19-32
As cold drawn (Ref 1) 16-22

22-32
32-50
50-75

Cold drawn, low
temperature, stress
relieved (Ref 1) 16-22

22-32
32-50
50-75

Cold drawn, high
temperature, stress
relieved (Ref 1} 16-22

22-32
32-50
50-75

AISI 1046

Hot rolled (Refl) 19-32
Cold drawn (Refl) 19-32
Cold drawn, annealed

(Refl) ...19-32

0.75-1.25
0.75-1.25

0.75-1.25
0.75-1.25

0.75-1.25

0.75-1.25
0.63-0.68
0.88-1.25
1.25-2

2-3

0.63-0.88
0.88-1.25
1,25-2

2-3

0.63-Q.86
0.88-1.26
1.25-2

2-3

0.75-1.25
0.75-1.25

0.75-1.25

620
550

565
625

585

675
655
620
585
515

690
655
620
585

655
620
585
550

90
80

82
91

85

98
95
90
85
75

100
95
90
85

95
90
85
80

415
310

310
530

505

405
585
550
515
485

620
585
550
515

515
515
485
460

SO
45

45
77

73

59
85
80
75
70

90
85
80
75

75
75
70
65

26
16

16
12

12

24
12
II
10
10

12
11
10
IC

15
15
15
12

50
40

40
35

45

45
35
30
30
30

35
30
30
25

45
40
40
35

163

163
179

170

21!
187
179
170
169

197
187
179
170

187
179
170
163

64

55

65

56

585 85 325 47 15 40 170 ...
650 94 545 79 12 35 187 55

620 90 515 75 12 45 179 65
(a) In 50 mm (2 in.), (b) Based on AISI 1212 steel as 1009c average machinability

AISI 1050

AIS1 1050: Chemical Composition
AISI Chemical composition, %

! grade C Mn P max S max

1050......................0,43-0.55 0.0GO-G.O90 0.040 0.050

i

j AISI 1050: Similar Steels (U.S. and/or Foreign). UNS
u' G10500; AMS 5085; ASTM A29, A510, A519, A576, A682;

Machining Data

FED QQ-S-635 (C1050), QQ-S-700 (C1050); MIL SPEC MIL¬
S'16974; SAE J403, J412, J414; (W. Ger.) DIN 1.1210; (Jap.)
JIS S 53 C, S 55 C

AISI 1050: Approximate Critical Points
Transformatir»n Temperature(a)
point °C °F

730 1340
770 1415
740 1366...................680 1260

(a) On heating or cooling at 28 °C (50 ®F) per hour

Characteristics and Typical Uses. Strain-tempered AISI
grade 1050 steel bar offers a minimum yield strength of
690 MPa (100 ksi). For applications such as piston rods,
grade 1050 can be flame hardened to a hardness of 56 to
60 HRC. This medium-carbon steel is also used as a spring
material from cold rolled carbon strip in the annealed or
tempered condition.

For machining data on AISI grade 1050, refer to the preceding machining tables for AISI
grades 1030, 1034, and 1035.
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Mechanical Properties

AISi 1050:Tensile Properties
Tensile Yield

Condition or treatment
Size round strength strength F.longation(a), Reduction Hardness,

mm ID. MPa ksi MPa ksi % in area, % HB

19-32 0.75-1.25 620 90 345 50 15 35 179
19-32 0.75-1.25 690 100 580 84 10 30 197
19-32 0.75-1.25 655 95 550 80 10 40 189
16-22 0.63-0.88 690 100 620 90 U 35 197
22-32 0.88-1.25 655 95 585 85 11 30 187
32-50 1.25-2 620 90 550 80 10 30 179
50-76 2-3 585 85 515 75 10 30 170

16-22 0.63-0.88 725 105 655 95 11 35 212
22-32 0.88-1.25 690 100 620 90 11 30 197
32-50 125-2 655 95 585 85 10 30 187
50-75 2-3 620 90 550 80 10 25 179

16-22 0.63-0.88 655 95 515 75 15 45 187
22-32 0.88-1.25 620 90 515 75 15 40 179
32-50 1.25-2 585 85 485 70 15 40 170
50-75 2-3 550 80 450 65 12 35 163... 725 105 415 50 20 40 229

752 109 425 62 20 39 217

... 635 92 365 53 24 40 187

Cold drawn, low temperature,

Cold drawn, high temperature,

As rolled (Kef 12)

Normalized at 900 °C
(1650 °F) (Ref 12)

Annealed at 790 "C
(1450 T) (Ref 12)....

la) In50 mm(2 in.), (b) Average machiaability ratingof 45% based on AISI 1212 steel as 100% average machinability. ;,c) Average machinability ratingof 55%
based on AISI 1212 steel as 100% average machinability

ÿ I

AISI 1050: Effect of Tempering Temperature on Tensile
Properties After Quenching in Water. Normalized at 900 *c
(1650 °F); reheated to 330.°C (1525°F); quenched in water. Specimens
were treated in 25-mm (1.0-in.) diam and machined to 12.a-mm (0.505-in.)
diam lor testing. Tests werexonducted using test specimens machined to
English units. As-quenched hardness was 601 HB. Elongation was measured
In50 mm (2 in.). (Ref 2)

Tempering tempera tur =r 11
ÿ

40G fiOO m 1D0D 1?00

900

5DD
70

H 35

II 1 1 1 1 * !
-

i "NtT" Hard™»

i ,
]—!—
! -j

Tensile trengt
1

\ :

Yielc point
1

!
i

1
Reduced
- t

.
ft ih at

Elongariun\

I M

300 <D0 5DQ 8{JQ

Tempering temperature,

AISI 1050: Effect of Tempering Temperature on Tensile
Properties After Quenching in Oil. Normalized at 900 *c (1650 °F);

reheated to 345 X <1550 °F); quenched in oil. Specimens were treated in
25-mm (1.0-in.) diam and machined to 12.8-mm [0.505-in.) diam tor
testing. Tests were conducted using test specimens machined to English
units. As-quenched hardness was 321 HB. Elongation was measured in
50 mm <2 in.). (Ref 2)

Tempering temperaU,<c, F

«0D 550 BOO IOOO 1200

rfardne»

Tensile strengiti

5 300

Yield point

I-1-1
R«Juction in area

Elongation

300 400 500 GOD

To mpering tomperature, C
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Mechanical Properties (continued)

AISi 1050: Mass Effect on Mechanical Properties (Ref 2)

Tensile Yield
Size round strength strength Elongationta}, Reduction Hardne

Condition or treatment nun in. MPa kai MPa ksi % in area, % HB

Annealed (heated to 790 °C or 1450 "F,
furnace cooled 10 "C or 20 °F per hour
to 650 °C or 1200 "F, cooled in air) . . 25 1 636 92.2 365 53.0 24.0 40.0 187

Normalized (heated to 900 :C or
1650 °F, cooled iD air) 13 0.5 769 111.5 431 62.5 21,5 46.1 223

25 1 748 108.5 427 62.0 20.0 39.4 217
50 2 732 10S.2 402 58.3 20.0 38.8 212

100 4 689 100.0 386 56.0 21.7 416 201
Oil quenched from 845 °C (1550 "F).

tempered at 540 °C (1000 T) 13 0.5 914 132.5 603 87.5 20.7 52.9 262
25 1 852 123.5 524 76.0 20.2 53.3 248
50 2 845 122.5 516 74.8 19.7 51.4 248

100 4 834 121.0 476 69.0 19.7 48.D 241
Oil quenched from 845 "C (1550 T).

tempered at 595 °C (1100 °F) 13 0.5 841 122.0 558 81.0 22.8 58.1 248
25 1 786 114.0 486 70.5 23.5 57.6 223
50 2 772 112.0 469 68.0 23.0 55.6 223

100 4 696 101.0 405 58.7 25.2 54.5 207
Oil quenched from 845 °C (1550 "F),

tempered at 650 °C (1200 'F) 13 0.5 776 112.5 510 74.0 24.6 61.8 229
25 1 731 106.0 443 64.2 24.7 60.5 217
50 2 724 105.0 441 64.0 25.0 59.1 217

100 4 667 96.7 384 55,7 25.5 59.6 197
Water quenched from 830 °C (1525T),

tempered at 540 DC (1000 °F) 13 0.5 924 134.0 683 99.0 20.0 54.4 269
25 1 905 131.2 G36 92.2 20.0 55.2 262
50 2 893 129.5 580 84.1 20.7 56,6 255

100 4 846 122.7 539 78.2 21.5 55,3 248
Water quenched from 830 °C (1525 °F),

tempered at 595 °C (1100 °F) 13 0.5 820 119.0 607 88.0 21.7 59.9 241
25 1 B14 118.0 552 80.0 22.5 59.9 241
50 2 808 117.2 543 78.7 23.0 61.0 235

100 4 774 112 2 470 68.2 23.7 56.5 229
Water quenched from 830 °C (1525 °F).

tempered at 650 °C (1200 °F) 13 0.5 758 110.0 593 86.0 24.R 60.6 229
25 1 752 109.0 527 76.5 23.7 61.2 229
50 2 743 107.7 472 68.5 24.7 61.9 223

100 4 721 104.5 450 65.2 25.2 60.8 217
(a) In 50 "mm (2 in.)

AIS1 1050: Effect of the Mass on Hardness at Selected
Points (Ref 2)

Size round As-quenched hardness at:
mm in. Surface Vt radius Center

After quenching in oil
13 0.5...................57 HRC 37 HRC 34 HRC
25 I....................33 HRC 30 HRC 26 HRC
50 2 ....................27 HRC 25 HRC 21 HRC

100 4 ....................98 IIRB 95HRB 91 HRB
After quenching in water

13 0.5...................64 HRC 59 HRC 57 HRC
25 1....................60 HRC 35 HRC 33 HRC
50 2 ....................50 HRC 32 HRC 26 HRC

100 4 .....................33 HRC 27 HRC 20 HRC

AIS1 1050: Izod Impact Properties (Ref 12)

Condition Energy
or treatment J ft ÿ lb

As rolled 31 23
Normalized at 900 °C

[1650 °F) 27 20
Annealed at 790 °C

11450 °F) IB 13
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A!SI 1055

A1SI 1055: Chemical Composition
AISI
grade

Chemical composition, %
Mn P mas S max

1055 ......................0.50-0.60 0.60-0.90 0.040 0.050

Characteristics, men heat treated, AISI 1055 steel
yields a high surface hardness, comhined with relatively
good toughness. This grade also has good forging character¬
istics. It is shallow hardening, however, and useful section
size is limited. Parts made from grade 1055 steel requiring
strength are oil quenched; parts requiringhigh hardness are
water quenched.

Typical Uses. Applications for AISI grade 1055 3teel in¬
clude battering tools, hot upset forging dies, ring-rolling

tools, wear-resistant parts, hand tools, and parts for agricul¬
tural implements which require high strength at low cost.

AISI 1055: Similar Steels (U.S. and/or Foreign). UNS
G10550; ASTM A29, A510, A576, A682; FED QQ-S-700
(C1055); SAE J403, J412, J414; (W. Ger.) DIN 1.1209

AIS1 1055: Approximate Critical Points
Transformation Ttemperature(a)
point °C DF

Ac, 725 1340
Ac3 . 755 1390
At, 730 1350
Ar, 680 1260

(a) On heating or cooling at 28 °C !50 °F) per hour

Mechanical Properties

AIS1 1055:Tensile Properties and Machinabitity (Ret 1)

Size round
Condition or treatment

Hot rolled 19-32 0.75-1.25
Cold drawn, annealed ............19-32 0,75-1.25

fa) In 50 mm (2 in.), (b) Based on AISI 1212 steel as 100% average machmability

Tbnsile Yield Average
strength strength ElongatioD(a), Reduction Hardness, machinability

MPa ksi MPa ksi % in area, % HB r.itingfb;

650 94 355 51.5 12 30 192
660 96 560 81.0 10 40 197 55

Physical Properties

AISI 1055: Average Coefficients of Linear Thermal
Expansion (Ref 4)

Temperature range Coefficient
°C 'F ÿm m K fiin.iin. *F

20-100 68-212 . ..11.0 6.1
20-200 68-390 12.1 6.7
20-300 68-570 12.4 6.9
20-400 68-750.....13.3 7.4
20-500 68-930 13.9 7.7
20-600 68-1110 14.4 8.0
20-700 68-1290 14.8 8.2

AIS1 1055:Thermal Treatment Temperatures
Temperature range

Treatment aF

Annealing.....................815-855 1500-1575
Normalizing.................- - 845-900 1550-1650
Austenitizing..........- - ......790-845 1450-1550

Machining Data
For machining data on AISI grade 1055, refer to the
preceding machining tables for AISI grade 1030.

AISI 1059, 1060

AISI 1059, 1060:Chemical Composition
AISI Chemical composition, %
grade C Mn P max S max

1059 ......................0.55-0.65 0.50-0.80 0.040 O.050
1060......................0.66-0.65 0.60-0.90 0 040 0.050

Characteristics and Typical Uses. AISI grade 1059 and
1060 ateels have characteristics and uses similar to those
described for AISI grade 1055.

AISI 1059: Simitar Steels (U.S. and/or Foreign). UNS
G10590; ASTM A29; SAE J118, J412

AISI 1060: Similar Steels (U.S. and/or Foreign). UNS
G10600; AMS 7240; ASTM A29, A510, A576, A682; MIL
SPEC MIL-S-16974; SAE J403, J412, J414; (W. Ger.) DEN
1.0601; (Fr.) AFNOR CC 55; (Ital.) UNIC 60; (U.K.) B.S. 060
A 62

AIS1 1060: Approximate Critical Points
Transformation Temperature(a)
point °C °F

Ac, .....725 1340
Ac, 745 1375
Ar, 725 1340
At, 685 1265
(a) On heating or cooling at 28 °C (50 °F) per hour
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Physical Properties

AISI 106D: Average Coefficients of Linear Thermal
Expansion (Ref 4)

Temperature range Coefficient
°C "F pmAn K pin-in.• "F

20-100 68 212 11.0 6.1
20-200 68 390 ..6.4
20-300 68-570 12.2 6.8
20-400 68-750 13.1 7.3
20-500 68-930. 13.7 7.6
20-800 68-1110 14.0 7.8
20-700 68-1290 . ...14.4 8.0

AIS1 1059, 1060: Thermal Treatment
Temperatures

Temperature range
Treatment "C °F

Annealing 790-845 1450-1550
Normalizing...................845-900 1550-1650
Quenching 790-845 1450-1550

Mechanical Properties

AI51 1060: Tensile Properties
Tensile Yield

Treatment strength strength Elongation(a), Reduction Hardness,
or condition MPa ksi MPa km % in area, % HB

Hot rolled (Ref 1Kb) .. 660 96 370 54 12 30 201
; Cold drawn, spheroidized

Annealed (Ref 1)(b) .. 620 90 485 70 10 45 183
As rolled (Ref 12) . 814 118 485 70 17 34 241
Normalized at 900 °C

: (1650 »F) (Ref 12) . . 779 113 420 61 18 32 229
Annealed at 790 aC

(1450 °F) (Ref 12) .. 625 91 370 54 22 38 179
la) In 50 mm (2 in.), (b) Test specimens were 19- to 32-mm (0.75 to 1.25-in.; rounds

AIS1 1060: Effect of Tempering Temperature on Tensile
Properties. Normalized at 900 °C (1650 °F), reheated to 045 °C
(1550 °F); quenched in oil. Specimens were treated in 25-mm (1.0-in.)

diam and machined to 12.B-mm (0.505-in.) diam for testing. Tests were
conducted usingtest specimens machined to English units. As-quenched
hardness was 321 KB. Elongation was measured in 50 mm (2 in.). (Ref 2)

Tempc ring Tcmpcrature. F

4D0 600 BflO 10QO 1200

rtarontiss

T ensite stiengtn

Yield point

f I I
Redirciion in area

Elongation
I I

300 400 5M 60Q

Tempering temperature. °C

AIS1 1059, 1060: Recommended Condition to Provide
Maximum Drawability (Ref 6)

Punch nose Condition', HUB for cup reduction of:
radius, r(a) 2!Kt 30%

2r ...TT-77777
4t 65(bKcXd)
8f 65(b)(c){d) —16t 65(b)(c)(d)

32t.........65(b)(c) 65(bKc)(d)

Drawing limitations refer to cold rolled and mill annealed sheet steel; simple
round cups, no flanges, not ironed 20-gage (0.91-mmor 0.036-in.) sheet steeh
omission of entry indicates that the draw is usually severe to be completed
successfully, (a) In relation to stock thickness, t- (b)Aluminum killed, (cl Fine
grained, (d) Spheroidized

AISi 1059, 1060: izod Impact
Propsrties (Ref 12)

Condition Energy
100 or treatment J fl-lb

18 13
Normalized at 900 °C

15 (1650 °F) 14 10
Annealed at 790 °C

(1450 "F) .. 11 0
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Mechanical Properties (continued)

AISI 1060; Mass Effect on Merhanical Properties (Ret 2)

Condition or treatment
Size round

mm in.

Ihnsile
strength

MPa ksi

Yield
strength

MPa ksi
Elongation(a),

%
Reduction
inarea, %

Annealed (heated to 790 "C or 14.50 DF,
furnace cooled 11°C or 20 per hour
to 650 °C or 1200 T, cooled inair) ....

Normalized (heated to 900 °C or
1650 DF, cooled in air)

Oil quenched from 845 °C (1550 °F),
tempered at 480 °C (900 DF)

Oil quenched from 845 °C (ISdQT),
tempered at 540 gC (1000 T)

Oil quenched from 845 DC (1550 °F),
tempered at 595 "C (1100 gF) ,

(a) In 50 mm (2 in.}

Hardness,
HB

25 1 625 91 372 54.0 22.5 38.2 179

13 0.5 779 113 427 62.0 20.4 40.6 229
25 1 772 112 421 61.0 18.0 37.2 229

50 2 758 110 396 57.5 17.7 34.0 223

100 4 745 108 353 51.2 18.0 31.3 223

13 0.5 - 1025 149 677 98.2 15.1 46.0 302
25 1 1005 146 641 93.0 16.2 44.0 293

50 2 986 143 617 89.5 16.5 46.2 285
100 4 931 135 518 75.2 18,2 44.8 269

....13 0.5 965 140 534 92.0 19.6 52.1 277

25 1 938 136 591 85.7 17.7 48.0 269

50 2 917 133 546 79.2 18.5 50.3 262
100 4 855 124 456 66.2 20.0 48.0 248

13 0.5 910 132 569 82.5 20.7 53.5 262
25 1 383 128 545 79.0 20.0 51.7 255
50 2 362 125 527 76 5 20.2 53.3 248

100 4 920 119 427 62 0 21 5 49.4 241

AIS1 1060: Effect of the Mass on Hardness
at Selected Points

Aft-quenched hardness
Size round after quenching in oil at:

mm in. Surface Vfi radius

~13 0.5....................59 HRC 37 HRC
25 1.....:i..............34 HRC 32 HRC
50 2...................30.5 HRC 27.5 HRC

100 4 29 HRC 26 HRC

Center

35 HRC
30 HRC
25 HRC
24 HRC

Machining Data (Ref S)

AIS1 1059, 1060: Turning (Single Point and Box Tools) __ j
1-High speed steel-\ \-Uncoated carbide-------1 \ Coated carbide |

Depth of cut Speed Feed Speed, brazed Speed, inserted Feed Speed Feed
mm in. m/min ft/min mm/rev in./rev m/min ft/min m/min ft/min mm/rev in./rev m/min ft/min mm/rev in,/rev

Hardness, 175 to 225 HB
1 0.040 37(a) 120(a) 0.18 0.007 130(b) 420(b) 155(b) 510(b) 0.18 0.007 230(e) 750(c) 0.18 0.007
4 0.150 27(a) 90(a) 0.40 0.015 95(d) 315(d) 120(d) 390(d) 0.50 0.020 150(e) 500(e) 0.40 0.015
8 0.300 21(a) 70(a) 0.50 0.020 76(d) 250(d) 95(d) 310(d) 0.75 0.030 120(e) 400(e) 0.50 0.020

16 0.625 15(a) 50(a) 0.75 0.030 58(d) 190(d) 73(d) 240(d) 1.00 0.040 ... ... ...
Hardness, 225 to 275 HB
1 0.040.....30(a) 100(a) 0.18 0.007 115(b) 375(b) 140(b) 460(b) 0.18 0.007 215(c) 700(c) 0.18 0.007
4 0.150 .....24(a) 80(a) 0.40 0.015 88(d) 290(d) 105(d) 350(d) 0.50 0.020 145(e) 475(e) 0.40 0.015
8 0.300 18(a) 60(a) 0.50 0.020 69(d) 225(d) 84(d) 275(d) 0.75 0.030 115(e) 375(e) 0.60 0.020

16 0.625 .....14(a) 45(a) 0.75 0.030 49(d) 160(d) 64(d) 210(d) 1.00 0.040 ... ... ...
Hardness, 275 to 325 HB
1 0.040 ... 24(f) 80(f) 0.18 0.007 110(b) 360(b) 130(b) 420(h) 0.18 0.007 205(c) 6751c) 0.18 0.007
4 0.150 18(f) 60(f) 0.40 0.015 84(d) 275(d) 100(d) 325(d) 0.40 0.015 135(e) 450(e) 0.40 0.015
8 0.300 15(f) 50(f) 0.50 0.020 60(d) 200(d) 76(d) 250(d) 0.65 0.025 105(e) 350(e) 0.50 0.020

Hardness 325 to 375 HB
1 0.040... . 18(f) 60(f) 0.18 0.007 95(b) 305(b) 110(b) 360(b) 0.18 0.007 170(c) 550(c) 0.18 0.007
4 0.150 .....14(f) 45(f) 0.40 0.015 72(d) 235(d) 85(d) 280(d) 0.40 0.015 115(e) 375(e) 0.40 0.015
6 0.300... 11(f) 35(0 0.50 0.020 53(d) 175(d) 67(d) 220(d) 0,63 0.025 90(e) 300(e) 0.50 0.020

(a)Highspeed steel tool material:M2 orM3. (b) Carbide tool material:C-7. (c) Carbidetool material: CC-7. (d) Carbide tool material:C-6 (e)Carbidetool material:
CC-6. (t) Any premium high speed steel tool material (Tl5t M33, M41to M47)
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AiSI 1059, 1060: Turning (Cutoff and Form Tools)

Tool materia!

Feed per revolution for cutoff tool width of:
Speed, 1.5 mm 3 mm 6 mm
m/min (0.062 in.J . (0.125 in.) (0.25 in.)
(ft/mio) mm jr.. mm in. nun in.

]-— Feed per revolution for form tool width of:-
12 ram IS mm 25 mm 50 mm

(0.5 in.) (0.75 in.) (1 in.) (2 in.)
ram in. mm in. mm in. mm in,

Hardness, 175 to 225 HE

M2 end M3 high
speed steel ........24 0.025 0.001

(80)

C-6 carbide..........78 0.025 0.001
(255)

Hardness, 225 to 275 HB
M2 and M3 high

Bpeed steel ........18 0.025 0.001
(60)

C-6 carbide..........58 0.025 0.001
(190)

Hardneaa,275 to 325 HB
High speed

eteeKa)............14 0.023 0.0009
(45)

C-6 carbide..........44 0.023 0.0009
(145)

Hardness, 325 to 375 HB
High speed

steel(a)............11 0.020 0.0008 0.025 0.001 0.033
(35)

C-6 carbide..........35 0.020 0.0008 0.025 0.001 0.033
(115)

(a) Any premium high speed steel tool material (T5, M33, M41 to M47)

0.030 0.0012 0.03B

0.030 0,0012 0.038

0030 0.0012 0.038

0.030 0.0012 0.038

0.028 0.0011 0.036

0.028 0.0011 0.036

0.0015

0.0015

0 0015

0.001a

0.0014

0.0014

00013

0.0013

0.033 0.0013 0.028 0.0011 0.025 0.001

0.033 0.0013 0.028 0.0011 0.025 0.001

0.033 0.0013 0.028 0.0011 0.025 0.001

0.033 0.0013 0.028 0.0011 0.025 0.001

0.030 0.0012 0.025 0.001 0,023 0.0009

0.03U 0.0012 0.025 0.001 0.023 0.0009

0.020 0.0008

0.020 0.0006

0.020 0.0008

0.020 0.0008

0.018 0.0007

0.018 0.0007

0.028 0.0011 0.023 0.0009 0.020 0.0008 0.015 0.0006

0.028 0.0011 0.023 0.0009 0.020 0.0008 0.015 0.0006

AISI 1059, 1060: Drilling
T- . • .- ii . ..r eea per revolution for nominal note diameter of: ! 1

Speed 1.5 mm (0.062 in.) 3 mm (0.125 in.) 6 mm (0.25 in.) 12 mm (0.5 in.) IS mm (0.75 in.) 25 mra (1in.)
Tool material m/min ft/min mm in. ram In. mm in. mm in. mm in. mm in.

Hardness, 175 to 225 HB
M10, M7, and Ml

high speed steel ....14 45 0.025 0.001 ... ... ... ...
J 20 65 0.075 0.003 0.13 0005 0.23 0.009 0.30 0 012 0.45 0.018

Hardness,225 to 275 HB
M10. M7, and Ml

high speed steel ....17 55 0.025 0.001 0.050 (1.002 0.102 0.004 0.18 0.007 0.25 0.010 0.40 0:0is
Hardness,275 to 325 HB
M10, M7, and Ml

high speed steel

____
14 45 0.050 0.002 0.102 0.004 0.18 0.007 0.25 0.010 0.30 0.012

Hardness,325 to 375 HB
M10, M7, and Ml

high speed steel ....12 40 ... ... 0.050 0.002 0.075 0.003 0.15 0.006 0.23 0.003 0.28 0.011

AISI 1059, 1060: Planing
Tool Depth of cut Speed Feed/stroke Tool Depth of cut Speed Feed stroke
material mm in. m/min ft/min mm in. material nun in. m/min ft/min mm in.

Hardness, 175 to 225 HB Hardness, 275 to 325 HB

) M2 and M3 M2 and M3
highspeed high speed
steel .........0.1 0.005 9 30 (a! (a) steel 0.1 0.005 8 25 (a) (a)

2.5 0.100 14 45 0.75 0.030 2.5 0.100 11 35 0.50 0.020
12 0.500 8 25 1.15 0.045 12 0.500 6 20 0.75 0.030

1 C-6 carbide.....0.1 0.005 58 190 (a) (a) C-6 carbide. . . 0.1 0.005 43 140 (a) (a)
2-5 0.100 64 2)0 1.50 0.050 2.5 0.100 50 165 1.50 0.060

12 0.500 50 135 1.25 0.050 12 0.500 37 120 1.20 0.050
Hardness,225 to 275 HB Hardness, 225 to 375 HB
M2 and M3 M2 and M3

high speed high speed
steel .........0.1 0.005 8 25 (a) (a) steel 0.1 0.005 6 20 (a) (a)

2.5 0.100 12 40 0.75 0.030 2.5 0.100 9 30 O.50 0.020
j 12 0.500 6 20 1.15 0.045 12 0.500 6 20 0.75 0.030

C-6 carbide. ....0.1 0.005 50 165 (a) (a) C-6 carbide. . . 0.1 0.005 40 130 (a) (a)
2.5 0.100 58 190 1.50 0.060 2.5 0.100 46 150 1.50 0.060

12 0.500 40 130 1.25 0.050 12 0.500 34 110 1.25 0.050
(a) Feed is 7541 the width of the square nose finishing tool
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Machining Data (Ref 8) (continued)

AISI 1059, 1060: End Milling (Profiling)
,, ,. _

r1 — reed per tooth tor cutter diameter ot: —
Depth of cut Speed 10 mm (0.375 in.) 12 mm (0.5 in.) 18 mm (0.75 in.) 25-50 min (1-2 in.

Tool material mm in. m/min ft/min mm in. mm in. mm in. mm in.

Hardness, 175 to 225 HB
M2, M3, and M7 high

speed steel . . .0.5 0.020 46 150 0.025 0.001 0.050 0.002 0.075 0.003 0.102 0.004
1.5 0.060 34 110 0.050 0.002 0.075 0.003 0.102 0.004 0.13 0.005

diam/4 diam/4 29 95 0.025 0.001 0.050 0.002 0.075 0.003 0.102 0.004
diam/2 diam/2 24 SO 0.018 0 0007 0.025 0.001 0.050 0.002 0.075 0.003

C-5 carbide (15 0.020 145 475 0.038 0.0015 0.075 0.003 0.13 0.005 0.15 0.006
1.5 0.060 115 370 0.063 0.0025 0.102 0.004 0.15 0.006 0.18 0.007

diam/4 diam/4 100 320 0.050 0.002 0.075 0.003 0.18 0.005 0.15 0.006
diam/2 diam/2 90 300 0.036 0.0015 0.050 0.002 0.102 0.004 0.13 0.005

Hardness, 225 to 275 HB
m,M3. and M7 high
speed steel 0.5 0.020 32 105 0.025 0.001 0.050 0.002 0.075 0.003 0.102 0.004

1.5 0.060 24 80 0.050 0002 0.075 0.003 0.102 0.004 0.13 0.005
diam/4 diam/4 21 70 0.025 0.001 0.050 0.002 0.075 0.003 0.102 0.004
diam/2 diam/2 16 60 0.018 0.0007 0.025 0.001 0.050 0.002 0.075 0.003

C-5 carbide.. . . .0.5 0.020 130 425 0.025 0.001 0.050 0.002 0.102 0.004 0.13 0.005
1.5 0.060 100 325 0.050 0 002 0.075 0.003 0.13 0.005 0,18 0.007

diam/4 diam/4 85 280 0.038 0.0015 0.063 0.0025 0.102 0.004 0.13 0.005
diam/2 diam/2 79 260 0.025 0.001 0.050 0.002 0.075 0.003 0.102 0.004

Hardness, 275 to 325 HB
M2, M3, and M7 high

speed steel 05 0.020 27 90 0.018 0.0007 0.038 0.0015 0.075 0.003 0.102 0.004
1.5 0.060 20 65 0.025 0.001 0.050 0.002 0.102 0 004 0.13 0.005

diam/4 diem/4 18 60 0.018 0.0007 0.038 0.0015 0.075 0.003 0.102 0.004
diam/2 diem/2 15 50 0.013 0.0005 0.025 0.001 0.050 0.002 0.075 0.003

C-5 carbide - , .0.5 0.020 110 360 0.025 0.001 0.050 0.002 0.102 0.004 0.13 0.005
1.5 0.060 84 275 0.050 0.002 0.075 0.003 0.13 0.005 0.15 0.006

diam/4 diam/4 72 235 0.038 0.0015 0.063 0.00Z5 0.102 0.004 0.13 0.005
diam/2 diam/2 67 220 0.025 0.001 0.050 0.002 0.075 0.003 0.102 0.004

Hardness, 325 to 375 HB
M2, M3, and M7 high

speed steel , ...0.5 0.020 20 65 0.013 0.0005 0.038 0.001G 0.075 0,003 0.102 0.004
. '. .1 1.5 0.060 17 55 0.013 0.0005 0.038 0.0015 0.102 0.004 0.13 0.005

diam/4 diam/4 15 50 0.013 0.0005 0.038 0.0015 0.075 0.003 0.102 0.004
diam/2 diam/2 12 40 0.013 0.0005 0.025 0.001 0.050 0.002 0.075 0.003

C-5 carbide 0.020 76 250 0.025 0.001 0.033 00015 0.102 0.003 0.13 0.005
1.5 0.060 5S 190 0.038 0.0015 0.075 0.003 0.13 0.005 0.15 0.006

diam/4 diam/4 50 165 0.038 0.0015 0.050 0.002 0.075 0.003 0.102 0.004
diam/2 diam/2 46 150 0.025 0.001 0.038 0.0015 0.050 0.002 0.075 0.003

AIS1 1059, 1060: Face Milling_. __
I——— High speed steel-; \ Uncoated carbide--------—| ]-Coated carbide-1

Depth of cut Speed Feed/tooth Speed, brazed Speed, inserted Feed/tooth Speed Feed/tooth
mm in, m/min ft/min mm In. m/min ft/min m/min ft/min mm in. m/min ft/min mm in.

Hardness, 175 to 225 HB
1 0.040 44(a) 145(a) 0.20 0.008 150(b) 500(b) 160(b) 530(b) 0.20 0.008 245(c) 800(c) 0.20 0.008
4 0.150 ......34(a) 110(a) 0.30 0.012 120(h) 390(b) 135(h) 450(b) 0.30 0.012 180(c) 585(c) 0.30 0.012
8 0.300 ......26(a) 85(a) 0.40 0.016 37(d) 285(d) 105(d) 350(d) 0.40 0.016 140(e) 455(e) 040 0.016
Hardness, 225 to 275 HB
1 0.040 35(a) 115(a) 0.15 0.006 130(b) 425(b) 130(b) 480(b) 0.18 0.007 220(c) 725(c) 0.18 0.007
4 0.160 ......271a) 90(a) 0.25 0.010 110(b) 360(b) 110(b) 400(b) 0.25 0.010 160(c) 520(c) 0.25 0.010
8 0.300 ......21(a) 70(a) 0.36 0.014 78(d) 255(d) 78(d) 310(d) 0.36 0.014 125(e) 405(e) 0.36 0.014

Hardness, 275 to 325 HB
1 0.040 30(0 100(0 0.15 0.006 120(b) 390(b) 130(b) 420(b) 0.15 0.006 190(c) 625(c) 0.13 0.005
4 0.150......24(0 80(0 0.23 0.009 90(b) 300(b) l(KXb) 330(b) 0.20 0.008 130(c) 430(c) 018 O.G07
8 0.300 . 18(0 60(f) 0.30 0.012 64(d) 210(d) 78(d) 255(d) 0.25 0.010 100(e) 330(a) 0 23 0.0(19

Hardness, 326 to 375 HB
1 0.040......21(0 70(f) 0.13 0.005 95(b) 310(b) HKXb) 330(b) 0.13 0.005 150(c) 500(c) 0.102 0.004
4 0.150......15(0 50(0 0.20 0.008 76(b) 250(b) 88(b) 290(b) 0.18 0.007 115(c) 375(c) 015 0.006
8 0.300......2(f) 40(0 0.25 0.010 56(d) 185(d) 69(d) 225(d) 0.23 0.009 88(e) 290(e) 0.20 0.008
(a) High speed steel tool material: M2or M3. (b) Carbide tool material: C-6. (c) Carbide tool material:CC-6. (d) Carbidetool material:C-5. (e) Carbidetool material:
CC-5. (f) Any premium high speed steel tool material (T15, M33, M4I to M47)
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Machining Data (Ref 8) (continued)

AIS1 1059, 1060: Boring

__
I—--High speed steel-1 i--Uncoated carbide | |———— Coatedcarbide-1

Depth of cut Speed Feed Speed, brazed Speed, inserted Feed Speed Feed
mm in. m/min ft/mm tnm/rev in./rev m/min ft/min m/min ft/min mm/rev in./rev m/min ft/rain mm/rev in./rev

Hardness, 175 to 225 HB
0.25 0.010

_____
37(C) 120(a) 0.075 0.003 115(b) 380(b) 136(b) 450(b) 0.075 0.003 200(c) 655(c) 0.075 0.003

1.25 0.050.....29(a) 95(a) 0 130 0.005 95(d) 305(d) 110(d) 360(d) 0.130 0.005 160(e) 525(e) 0.130 0.005
2.5 0.100.....21(a) 70(a) 0.300 0.012 72(d) 235(d) B4(d) 275(d) 0.400 0.015 105(e) 350(e) 0.300 0.012

Hardness, 225 to 275 HB
0.25 0.010 .....30(a) 100(a) 0.075 0.003 105(b) 340(b) 120(b) 400(b) 0.075 0.003 185(c) 610(c) 0.075 0.003
1.26 0.050.....24(a) 80(a) 0.130 0.005 84(d) 275(d) 100(d) 320(d) 0.130 0.005 150(e) 490(e) 0 130 0.005
2.5 0.100.....20(a) 65(a) 0.300 0.012 66(d) 215(d) 76(d) 250(d) 0.400 0.015 100(e) 330(e) 0.300 0.012

Hardness, 275 in 325 HB
0.25 0.010 .....24(f) 80(0 0.075 0.003 95(b) 315(b) 115(b) 370(b) 0.075 0.003 180(c) 595(c) 0.075 0.003
1.25 0.050 .....20(f) 65(0 0.130 0.005 76(d) 250(d) 90(d) 295(d) 0.130 0.005 145(e) 475(e) O.130 0.005
2.5 0.100 .....15(0 50(0 0.300 0.012 58(d) 190(d) 69(d) 225(d) 0.300 0.012 96(e) 315(e) 0.300 0.012

Hardness, 325 to 375 HB
0.25 0.010.....20(f) 65(0 0.075 0.003 66(b) 215(b) 78(b) 255(b) 0.075 0.003 145(c) 480(c) 0.075 0.003
1.25 0.050 .....15(f) 50(0 0.130 0.005 53(d) 175(d) 62(d) 205(d) 0.130 0.005 115(e) 385(e) 0.130 0.005
2.5 0.100 .....12(f) 40(0 0.300 0.012 50(d) 165(d) 59(d) 195(d) 0.300 0.012 79(e) 260(e) 0.300 0.012
(a) Highspeed steeltool material:M2nr M3.(b) Csrhide tool materia):C-7. (c) Carbide toolmateria):CC-7. (d) Carbide toolmaterial: (1-0. (e)Carbide tool materia):
CC-6. (f) Any premium high speed ateel tool materia] (T15, M33, M41 to M47)

AISi 1059, 1060; Reaming
Based on 4 flutes for 3- and 6-mm (0.125- and 0.25-in.) reamers, 6 flutes for 12-mm (0.5-in.) reamers, and 8 flutes far 25-mm (I-in.) and larger reamers

Tool material
Speed

m/min ft/min

I-Feed per revolution for reamer diameter of:-
3 mm (0.125 in.) 6 mm (0.25 in.) 12 mm (0.5 in.) 25 mm (1 in.) 35 mm (1.5 in.)

mm in. mm in. mm in. mm in. mm in.
50 i i (2 in.)

in.

Roughing
Ml,M2, and M7

high speed steel
C-2 carbide

Hardness, 175 to 225 HB

,20

.24

Finishing
Ml,M2. and M7

high Bpeed steel
C-2 carbide..

11
. 14

Houghing
Ml,M2, and M7

high speed steel
C-2 carbide

.17

.21

Finishing
Ml, M2, and M7

high speed steel
C-2 carbide

. 9

.12

Roughing
Ml,M2, and M7

high speed steel
C-2 carbide

.14

. 18

Finishing

Ml,M2, and M7
high speed steel

C-2 carbide
. 8
.11

Roughing
Ml,M2, and M7

high speed steel
C-2 carbide

.11

.15

Finishing
Ml, M2, and M7

high Bpeed steel
C-2 carbide

8
. 11

65
80

35
45

55
70

30
40

45
60

25
35

35
50

25
35

0.075
0.102

0.13
0.13

0075
0.102

0.102
0.102

0.075
0.102

0.075
0.102

0.05
0.102

0.075
0.102

0.003
0.004

0.005
0.005

0.003
0.004

0.004
0.004

0.003
0.004

0.003
0.004

0.002
0.004

0.003
0.004

0.15
0.15

0.20
0.20

0.0U6
11.006

0.008
0.008

0.20
0.20

0.30
0.30

0.008
0.003

0.012
0.012

Hardness, 225 to 275 HB

0.15
0.15

0.18
0.18

0.006
0.006

0.007
0.007

0.20
0.20

0.25
0.25

0.008
0.008

0.010
0.010

Hardness, 275 to 325 HB

0.102
0.13

0.15
0.15

0.004
0.005

0.006
0.006

0.15
0.15

0.20
0.20

0.006
0.006

0.008
0.008

Hardness, 325 to 375 HB

0.102
0.15

0.13
0.15

0.004
0.006

0.005
0.006

0.13
0.20

0.15
0.20

0.005
0.008

0.006
0.008

0.30
0.30

0.50
0.50

0.30
0.30

Q.40
0.40

0.25
0.25

0.30
0.30

0.20
0415

025
0.25

0.012
0.012

0.020
0.020

0.012
0.012

0.015
0.015

0.010
0.010

0.012
0.012

0.008
0.010

0.010
0.010

0.40
0.40

0.65
0,65

0 40
0.40

0.50
0.50

0.30
0.30

0.40
0.40

0.25
0.30

0.30
0.30

0.015
0.015

0.025
0.025

0 015
0.015

0.020
0.020

0.012
0.012

0.01a
0.015

0.010
0.012

0.012
0.012

050
0.50

0.75
0.75

0.50
0.50

0.65
0.65

0.40
0.40

0.50
0.50

0.30
0.40

0.40
0.40

0.020
0.020

0.030
0.030

0.C20
0.020

0.025
0.025

0.015
0.015

0.020
0.020

0.012
0.015

0.015
0.015
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AISI 1064, 1065, 1070, 1074

AISI 1064, 1065, 1070, 1074: Chemical Composition
AISI Chemical composition, %
grade C Mn P max S max

1064 ..........0.60-0.70 0.50-Q.8C 0.040 0.050
1065 . ...........0.60-0.70 0.60-0.80 0.040 0.050
1070 ..........0.65-0.75 0.60-0.90 0.040 0.050
1074 ..........0.70-0.80 0.50-0.80 0.040 0.050

Characteristics and Typical Uses. AISI grade 1064, 1065,
1070, and 1074 are made into wire which is high intensile
strength and heat treatable. Cold forming of these grades is
generally limited to coiling insmaller diameters for coil-type
springs, or sinusoidal forming for springs used inupholstered
furniture and automotive seats and backs. Material for me¬
chanical and upholsterysprings is ordered by tensile strength
and mechanical properties, rather than by grade. Thus, the
producer provides a steel that will meet the requirements.

These high-carbonsteels areproduced as coldrolled3tripfor
flat springs in the annealed or tempered condition. Oil tem¬
peredwire andstripare suitable for springs subject to highand
frequent stress. For springs subject to static loads or rela¬
tively infrequent stress cycles, however, hard drawn or cold
rolled steels are generally used.

High-carbonspringwire, which isheat treatable after form¬
ing, is used when the end product is quenched and tempered
after forming Other applications include wire that may be
subject to severe- forming or for which high hardness is re¬
quired. This spring wire is available as untempered, spher¬
oidized annealed in process, and as spheroidized annealed at

finishedsize. Composition of the wire iscritically important to
assure uniform response to subsequent heat treatment.

AISI 1064: Similar Steels (U.S. and/or Foreign). UNS
G10640; ASTM A26, A29, A57, A230, A682; SAE J403, J412,
J414; (W. Ger.) DIN 1.1221; (Fr.) AFNOR XC 60, XC 65;
(Swed.) SS,, 1665, 1678

AISI 1065: Similar Steels (U.S. and/or Foreign). UNS
G10650; ASTM A29, A229, A682; FED QQ-S-700 (C1065);
MIL SPEC MIL-S-46049, MIL-S-46400; SAE J403, J412,
J414; (W. Ger.) DIN 1.1230

AISI 1070: Similar Steels (U.S. and/or Foreign). UNS
G10700;AMS 5115;ASTMA29,A510,A576,A682;MILSPEC
MIL-S-11713 (2);SAE J403, J412, J414; (W. Ger.) DIN1.1231;
(Fr.) AFNOR XC 68; (Swed.) SS,4 1770, 1778

AISI 1074; Similar Steels (U.S. and/or Foreign). UNS
G10740; AMS 5120 D; ASTM A29, A682; FED QQ-S-700
(C1074); MIL SPEC MIL-S-46049; SAE J403, J412, J414

AISI 1070: Approximate Critical Points
Transformation Temperature(a)
point °C °F

Ac, 725 1340
Ac3 730 1350
Ara 710 1310
Ar, 690 1275
(a) On healingor cooling at 28 °C (50 °F) per hour

Mechanical Properties

AISI 1064, 1065, 1070, 1074: Tensile Properties and Machinability
Tensile Yield Average

Condition Size round strength strength Elonga- Reduction HardnesR, machinability
or treatment TD7TI in. MPa ksi MPa ksi tioD(a), 91 in area, % HB rating(b)

AISI 1064
Hot rolled (Ref 1) 19-32 0.75-1.25 670 97 370 54 12 30 201 ...
Cold drawn, spheroidized

annealed (Ref 1) 19-32 0.75-1.25 615 89 475 69 10 45 183 60

AISI 1065
Hot rolled (Ref 11 19-32 0.75-1.25 690 100 380 55 12 30 207 ...
Cold drawn, spheroidized

annealed (Ref 1) ...19-32 0.75-1.25 635 92 490 71 10 45 137 60

AISI 1070

Hot rolled (Ref 1) . . ...,19-32 0.75-1.25 703 102 385 56 12 30 212 ...
Cold drawn, spheroidized

annealed (Ref 1) 19-32 0.75-1.25 640 93 495 72 10 45 192 55

AISI 1074
Hot rolled (Ref 1) 19-32 0.75-1.25 724 105 400 58 12 30 217
Cold drawn, spheroidized

annealed (Ref 1) 19-32 0.75-1.25 650 94 505 73 10 40 192 55
Cold rolled atrip

(Ref 7) 1105-2205 160-320 ... ... ... (c)

(a) In 50 mm (2 in.), (b) Based on AISI 1212 steel as 100% average machinability. (c) Hardness of 85 HRB in the annealed condition, 38 to 50 HRC in the tem-
pered condition

Machining Data
For machining data on AISI grade 1064, 1065, 1070, and 1074 steels, refer to the preceding
machining tables for AISI grades 1059 and 1060.
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Physical Properties

AISI 1070: Average Coefficients of Linear Thermal
Expansion (Ref 4)

Temperature range Coefficient
"C aF (im/m ÿ K pin-/in. •

0-100 32-212 11.6 6.4
0-200 ' 32-390 12.6 7.0
0-300 32-570......13.3 7.4
0-400 32-750 .. 14.0 7.8

AISI 1074: Thermal Treatment
Temperatures

Temperature range
Treatment °C T

Annealing...................790-845 1450-1850
Normalizing.................845-900 1550-1650
Hardening ................. . 855-885 1575-1615

AISI 1080

AISI 1080: Chemical Composition
AISI
grade

Chemical composition, %
Mn P mas S max

1080 0.75-0.88 0.60-0.90 0.040 0.050

Characteristics and Typical Uses. AISI grade 1080 steel
has characteristics and uses similar to those described for
AISI grades 1055 and 1074.

AISI 1080: Similar Steels (U.S. and/or Foreign). UNS
G10800; AMS 5110; ASTM A29, A510, A576, A682; FED

QQ-S-700 (C1080);MILSPEC MIL-S-16974; SAE J403, J412,
J414

AIS1 1080: Approximate Critical Points
Transformation Tbmperature(a)
point °C T

Ac, 730 1315
Acs 735 1355
Ar3 .. 700 1290
Ar,...... 695 1260
M, 215 415
(a) On heating or cooling at 28 °C {50 °P) per hour

Physical Properties

AIS1 1080: Electrical Resistivity and Thermal
Conductivity (Ref 4)

Temperature Electrical Thermal conductivity
*C *F resistivity, pit ÿ m W/m-K Btu/fth-'F

0 32................*ÿÿ 47.7 27.6
20 68 0.180

100 212................0.232 48.1 27.8
200 390................0.308 45.2 26.1
300 570 41.3 23.9
400 750................0.505 38.1 22.0
500 930 — 35.1 20.3
600 1110..............,.0.772 32.7 18.9
700 1290................0.935 30.1 17.4
800 1470................1.129 24.4 14.1
900 1650 1.164

1000 1830................1.191 26.8 15.5
1100 2010 1.214
1200 2190................1.234 30.1 17.4
1250 2270 1.246
Materia] composition; 0.08% carbon, 0.32% manganese

AISI 1080: Thermal Treatment Temperatures
Quenching medium: oil

Temperature range
Treatment PC °F

Annealing.....................760-815 1400-1500
Normalizing...................845-900 1550-1650
Hardening 855-385 1575-1625
Tampering .ÿ .« ÿ (a) (a)
fa) Tamper to desired hardness

AIS1 1080: Mean Apparent Specific Heat (Ref 4)

Temperature range Specific heat
•C °F J/kg-K Btu/lh *F

50-100 120-212 490 0.117
15O-200 300-390 531 0.127
200-250 390-480..........548 0.131
250-300 480-570 565 0.135
300-350 570-660 686 0.140
350-400 660-750 607 0.145
450-500 840-930 670 0.160
550-600 10201110 112 0.170
650-700 1200-1290 ..170 0.184
700-750 1290-1380 2080 0.497
750-800 1380-1470 615 0.147
Material composition: 0.80% carbon, 0.32% manganese

AIS1 1080:Average Coefficients of Linear Thermal
Expansion (Ref 4)

Temperature range Coefficient
°C °F fim/m-K pin./in.-"F

0-100 32-212 11.0 6.1
0-200 32-390 Ii.S 6 4
0-300 32-570 12.2 6.8
0-400 32-750 1J.1 7.3
0-500 32-930 1J.7 7.6
9-600 32-1110 KO 7.8
0-700 32-1290 14.6 8.1
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Mechanical Properties

AISI 1080: Mass Effect on Mechanical Properties (Ref 2)

Tensile Yield
Size round strength strength Elongation(a), Reduction Hardne

Condition or treatment mm in. MPs kri MPa ksi % inarea. % HB

Annealed (heated to 790 °C or 1450 T,
furnace cooled 11°C or 20 °F per hour
to 650 "C or 1200 *F, cooled inair) 25 1 615 89 370 54 24.7 45.0 174

Normalized (heated to 900 *C or
1650 °F, cooled in air) 13 0.5 1035 150 550 80 12.4 27.7 293

25 1 1005 146 525 76 11.0 20.6 293
50 2 972 141 485 70 10.7 17.0 285

100 4 931 135 440 64 10.7 15.5 269
Oil quenched from 815 °C (1500 "F\

tempered at 480 C (900 "F1 0.5 1270 184 869 126 12.1 34.4 363
25 1 1255 182 772 112 13.0 35.8 352
50 2 1240 180 758 110 12.7 37.3 352

100 4 1180 171 717 104 11.7 28.6 341
Oil quenched from 815 °C {1500 °F),

tempered at 540 °C (1000'F) .....13 0.5 1165 169 841 122 15.0 38.6 341
25 1 1145 166 717 104 15.0 37.6 331
50 2 1130 164 710 103 15.2 38.0 321

100 4 1080 157 620 90 11.5 24.4 311
Oil quenched from 815 °C (1500 °F),

tempered at 595 (1100 °F) 13 0.5 1050 152 738 107 17.0 43.6 302
25 1 1035 150 670 97 16.5 40.3 302
50 2 965 140 605 88 17.7 42.2 277

100 4 924 134 515 75 15.7 33.1 269

(a) In50 mm '2 in.>

AISI 1080: Effect of the Mass on Hardness at Selected
Points

As-quenched hardness
Size round after quenching in oil at:

mm in. Surface Va radius Center

13 0.5...................60 HRC 43 HKC 40 HRC
25 1....................45 HRC 42 HRC 39 HRC
50 2 ....................43 HRC 40 HRC 37 HRC

100 4 ....................39 HRC 37 HRC 32 HRC

AIS1 1080: Izod Impact
Properties (Ref 12)

Condition Energy
or treatment J ft 1 lb

As rolled...7 5
Normalized at 900 "C (1650 DF) 7 5
Annealed at 790 CC (1450 rtF) 7 5

Temper i rig tempersmre, °F

4 DC EDO aoo 1201]

tooo

lardness
~

'ensile strfinc

A ' Yief poin -

\-

\k>

Redu
.1

cticn in area

:longa

400
200

m
X

175 — 300 g
"2
X

150 a

25
200

125

100

2DQ 300 400 500 600 700

AISI 1080: Effect of Tempering Temperature
on Tensile Properties. Normalized at 900 °c
(1650 °F); reheated to 815 °C (1500 °F); quenched in oil.
Specimens were treated in 25-mm (1.0-in.) diam and
machined to 12.8-mm (0.505-in.) diam tor testing. Tests
were conducted using test specimens machined to English
units. As-quenched hardness vras 388 HB. Elongation was
measured in 50 mm (2 in.). (Ref 2)

Tempering temperature. "C
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Mechanical Properties (continued)

AIS1 1080:Tensile Properties
Ttensile Yield

Size round strength strength Elongation(a), Reduction Hardness,
Condition or treatment nun in. MFa ksi Ml'u ksi % in area, % HB

Hot rolled (Ref 1) . 19-32 0.75-1.25 772 112 425 62 10 25 229
Cold drawn, spheroidized

annealed(b) (Ref 1) 19-32 0.75-1.25 675 98 515 75 10 40 192
As rolled (Ref 12) ... 965 140 585 85 12 17 293
Normalized at 900 °C

(1650 °F) (Ref 12) ... ... 1200 174 525 76 11 21 293
Annealed at 790 °C

(1450 T) (Ref 12) 615 89 380 55 25 45 174
(a) In50 mm (2 in.), (b) Average machinability rating of 45% baaed on AISI 1212 steel ae 100% average machinabiiity

Machining Data

For machining data on AISI grade 1080, refer to the preceding machining tables for AISI
grades 1059 and 1060.

AISI 1090, 1095

AISI 1090, 1095: Chemical Composition
AISI
grade

Chemical composition, %
Mn P max

1090 . 0.85-0.98
1095......................0.90-1.03

060-0-90
0.30-0.50

0.040
0.040

S max

0.050
0.050

AISI 1095: Similar Steels (U.S. and/or Foreign). UNS
G10950; AMS 5121, 5122, 5132, 7304; ASTM A29, A510,
A576, A682; FED QQ-S-700 (C1095); MIL SPEC MIL-S-
16788 (C10); SAE J403, J412, J414; (W. Ger.) DIN 1.1274;
(Jap.) JIS SUP 4; (Swed.) SS14 1870; (U.K.I B.S. 060 A 96,
EN44 B

Characteristics. The high-carbon grade 1090 and 1095
steels provide maximum surface hardness with improved
wear resistance and high strength. There is, however, a loss
of toughness. Because coldformingmethods are generally not
practicalwith these steels, uses are limitedto flat stampings
and springs coiled from small-diameter wire.

Typical Use5. Applications for grade 1090 and 1095steels
include edge tools, wear-resistant parts, high-stress flat
springs, hot coiled springs, plow beams, plow shares, scraper
blades, discs, mower knives, and harrow teeth.

AISI 1090: Similar Steels (U.S. and/or Foreign). UNS
G10900; AMS 5112; ASTM A29, A510, A576; SAE J403,
J412, J414; (W. Ger.) DIN 1.1273

AISI 1090, 1095: Approximate Critical Points
AISI
grade

Transformation
point

Temperaturefa)
°C ÿ*-, °F

1090 ....An, 730
Ac3 745
Ar3 700
At, 690

1095......Aca 730
Aca 770
At3 725
Ar, 700

(a) On heating or cooling at 28 °C (50 °F) per hour

1345
1370
1290
1270
1350
1415
1340
1290

Physical Properties

AISI 1090, 1095: Thermal Treatment Temperatures
Tbmperature ratige

Treatment °C °F

Annealing{a)..........760-790 1400-1450
Normalizing ,....845-900 1550-1650
Hardening(b)..................................855-885 1575-16Z5
Induction hardening(c) ..ÿ ......................790-815 1450-1500
(a) Spheroidal structures, which are often required for machining purposes,
should be cooled very slowly, or be isothermafiy transformed, to produce the
desired structure, (b) For AISI 1090 only, the quenching medium is oil. (c) In
addition to the quenching medium of oil, suitable for AISI 1090, this tem¬
perature range may be employed for water or brine when quenching 1095 steel

AISI 1095: Average Coefficients of Linear Thermal
Expansion (Ref 4)

Temperature range Coefficient
°C °F fimin - K piu.in.- "F

0-100 32-212 11.0 6.1
0-200 32-390 11.7 6.5
0-300 32-570 12.4 6.9
0-400 32-750 ...13.1 7.3
0-500 32-930 13.5 7.5
0-600 32-1110 14.2 7.9
0-700 32-1290 14.6 8.1
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Mechanical Properties

A1SI 1095: Mass Effect on Mechanical Properties (Ref 2)

Size round
Condition or treatment mm in.

Annealed (heated to 790 *C or 1450 "F,
filmace coaled 11"C or 20 "F per hour
to 665 "C or 1215 °F, cooled in air) 25 1

Normalized (heated to 900 "C. or 1650 T,
cooled in air) 13 0.5

25 1
50 2

100 4
Oil quenched from 800 °C (1475 "FJ,

tempered at 480 "C (900 "F1 .....13 0 5
25 1
50 2

100 4
Oil quenched from 800 °C (1475 'F).

tempered at 540 °C (1000 °F) 13 0.5
25 1
50 2

100 4
Oil quenched from 800 'C (1475 °F),

tempered at 595 TJ (1100 4F) 13 0.5
25 1
50 2

100 4
(a) In 50 mm (2 in.)

Tensile
strength

MPa ksi

Yield
strength

MPa ksi
Elongation(a),

%
Reduction
in area, %

Hardness,
HB

655

1C40
1015
910
882

1270
1215
1160
1140

1145
1105
1040
1020

979
965
924
896

95

151
147
132
128

184
176
168
165

166
160
151
148

142
140
134
130

380

550
495
400
395

800
703
675
540

703
655
635
550

600
545
530
455

55

80
72
58
57

116
102
98
93

102
95
92
80

87
79
77
66

13.0

12.3
9.5
9.2

10.0

12.8
10.0
12.0
12.2

15.7
13.2
13.7
11.7

17.4
17.2
18.7
17.2

21.0

27.7
13.5
13 4
13.9

35.5
23.4
29.8
17.3

40.0
32.4
31.4
22.1

42.8
38R
43.4
34.4

192

302
293
269
255

363
352
331
331

331
321
311
302

293
277
269
262

AISI 1095: Effect of Tempering Temperature on Tensile
Properties. Normalized at 900 X (1650 T); reheated to 800 X
(1475 °F); quenched in oil. Specimens were treated in 25-mm (1,0-in.)
diam and machined to 12 8-mm (0.505-in.) diam for testing. Tests were
conducted using test specimens machined to English units. As-quenched
hardness was 401 HB. Elongation was measured in 50 mm (2 in.). (Ref 2)

Tamp&nrvj Tempera sure. "F

1000

n —
Herdnea

Tensile strength

Yield point

Reduction in area

300 4Q0 500 500

Tempering temperature, 9C

AISI 1095: Effect of the Mass on Hardness at Selected
Points (Ref 2)

As-quenched hardness after
Size round quenching in oil at:

mm in. Surface Yi radius Center

~L3 0.5...................60 HRC 44 HRC 41 HRC
25 1....................46 HRC 42 HRC 40 HRC
50 2 ....................43 HRC 40 HRC 37 HRC

100 4 ....................40 HRC 37 HRC 30 HRC

AISI 1095: Izod Impact
Properties (Rel 12)

Condition Energy
or treatment J ft 'lb

As rolled 4 3
Normalized at 900 "C

(1650 DF) 5 4
Annealed at 790 "C

(1450 °F) 3 2
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Mechanical Properties {continued)

AISI 1090, 1095: Tensile Properties
Tensile Yield

Size round strength strength Elongation(a), Reduction Hardness,
Condition or treatment mm in, MPa ksi MPa ksi % inarea, % HB

AISI 1090
Hot rolled (Ref 1) .... 19-32 0.75-1.25 841 122 460 67 10 25 248
Cold drawn, spheroidized annealed(b)

(Ref It .... 19-32 0.75-1.25 696 101 540 78 10 40 197
AISI 1095
Hot rolled CRef 1) .. 0.75-1.25 827 120 455 66 10 25 248
Cold drawn, spheroidized annealed(b)

(Ref 1) .... 19-32 0.75-1.25 085 99 525 76 10 40 197
An rolled (Ref 12) ... 965 140 57U 83 9 IB 293
Normalized at 900 °C (1650 °F) (Ref 12t ... 1015 147 505 73 10 14 293
Annealed at 790 °C (1450 °F) (Ref 121 ... 665 95 380 55 13 21 192
(a) In 50 mm (2 in.l. (b) Average machinability rating of 45® based on AISI 1212 steel as 100% average machinability

Machining Data

For machining data on AISI grades 1090 and 1095, refer to the preceding machining tables
for AISI grades 1059 and 1060.

ASSS 1108, 1109

AIS1 1108, 1109: Chemical Composition
AISi Chemical composition, %
grade C Mil P max S max

' 1108 .....................0.08-0.13 0.50-0.80 0.040 0.08-0.13
1109.....................0.08-0.13 0.60-0.90 0.040 0.08-0.13

Characteristics. Machinability of AISI grades 1108 and
! 1109 is better than that of carbon steels with similar carbon

and manganese content. Grade 1109 can be carburized to
increase surface hardness. Cold forming properties, weld-

ability, and forging characteristics of 1108 and 1109 steels are
inferior to similar carbon steels.

Typical Uses. AISI 1108 and 1109 steels are used for
screw machine parts requiring considerable machining.

AISI 1108: Similar Steels (U.S. and/or foreign). UNS
G11080; ASTM A29; SAE J403, J412; (W. Ger.) DIN 1.0700

AISI 1109: Similar Steels (U.S. and/or Foreign). UNS
G11090; ASTM A29; FED QQ-S-637 (C1109); SAE J403,
J412, J414; (W. Ger.) DIN 1.0702; (Jap.) JIS SUM 11, SUM 12

Mechanical Properties

AISI 1108;Tensile Properties and Machinability CRef 1)

Tensile Yield Average
Size round strength strength Elongation(a), Reduction Hardness, machinability

i Condition mm in. MPa ksi MPa ksi % in area, % HB ratingfb)

Hot rolled...0.75-1.25 345 50 195 28 30 50 101 ...
Cold drawn...............19-32 0.75-1.25 385 56 325 47 20 40 121 80
(a) In 50 mm (2 in.), (b) Based on AISI 1212 steel as 100% average machinability

Physical Properties

AISI 1109: Thermal Treatment for Case Hardening. Carburize at 900 to 925 °C (1650 to
1700 °F), cool inwater or oil; reheat at 760 to 790 °C (1400to 1450 °F),cool inwater or caustic
(3% sodium hydroxide, NaOH); temper at 120 to 205 °C (250 to 400 °F) to desired hardness
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Machining Data (Ref 8)

AISI 1108, 1109: Turning (Single Point and Bo* Tools) _____
M2 and M3 high speed steel |---—-~---- XJncoated carbide-1 f—---Coated carbide —-)

Depth of cut Speed Feed Speed, brazed Speed, inserted Feed Speed Feed
mm in. m/min ft/mixi mm/rev in./rev m/min ft/min m/min ft/min mm/rev in./rev m/min ft/mill mm/rev in./rev

Hot rolled or annealed, with hardne&s of 100 to 150 HB
1 0.040 ...55 180 0.20 O.OOB 185(a) 600(b) 215(a) 700(a) 0.18 0.007 320(b) 1050(b) 0.18 0.007
4 0.150 ., , , 41 135 0.40 0.015 135(c) 450(c) 1601c) 525(c) 0.50 0.020 215(d) 700(d) 0.40 0.015
8 0.300. . 34 110 0.50 0.020 110(c) 360(c) 130(c) 420(c) 0.75 0.030 170(d) 550(d) 0.50 0.020

16 0.625 26 85 0.75 0.030 85(c) 280(c) 100(c) 330(c) 1.00 0.040 ... ...
Cold drawn, with hardness of 150 to 200 HB
1 0.040 58 190 0.20 0.008 185(a) 615(a) 220(a) 725(a) 0.18 0.007 335(b) 1100(b) 0.18 0.007
4 0.150... . . . 44 145 0.40 0.015 145(c) 475(c) 170(c) 550(c) 0.50 0020 215(d) 700(d) 0.40 0.015
8 0.300 ...34 110 0.50 0.020 115(c) 375(c) 130(c) 430(c) 0.75 0.030 175(d) 575(d) 0.50 0.020

16 0.625 ...27 90 0.75 0.030 88(c) 290(c) 105(c) 340(c) 1.00 0,040 ... ÿÿÿ

(a) Carbide tool material: C-7. (b) Carbide tool material: CC-7. (c) Carbide tool material: C-6 (d) Carbide tool material: CC-6

AISI 1103, 1109: Turning (Cutoff and Form Tools)

Tool material

Feed per revolution for cutoff tool width of:
Speed, 1.5 mm 3 mm 6 mm
m/min (0.062 in.) (0.125 in.) (0.25 in.)
(ft/min) mm in. mm in. mm in.

I--— Feed per revolution for form tool width of: —
12 mm IB mm 25 mm 50
(0.5 in.) (0.75 in.) (1 in.) (2

mm in. mm in. mm in. mm

in.)

Hot rolled or annealed, with hardness of 100 to 150 HB
M2 and M3 high

speed steel 10
1130)

C-6 carbide 120
(400)

0.041 0.0016

0.041 0.0016

Cold drawn, with hardness of 150 to 200 HB
M2 and M3 high

speed steel .. 44
(145) .1. 0.041 0.0016

C-6 carbide.....i&•. 135
-.,1450) 0.041 0.0016

AISI 1108, 1109: Drilling

0.050 0.0020

0.050 0.0020

0.050 0.0020

0.050 0.0020

0.061 0.0024 0.050 0.0020 0.046 0.0018 0.043 0.0017 0.030 0.0012

0.061 0.0024 0.050 0.0020 0.046 0.0018 0.043 0.0017 0.030 0.0012

0.061 0.0024 0.050 0,0020 0.046 0.0018 0.043 0.0017 0.030 0.0012

0.061 0.0024 0.050 0.0020 0.04S 0.0018 0.043 0.0017 0.030 0.0012

1
I i

Tool
material

Speed
m/min ft/min

I-Feed per revolution for nominal hole diameter of:-—-—
1.5 mm (0.062in.) 3 mm (0.125 in.) 6 mm (0.25 in.) 12 mm (0.5 in.) 18 nun (0.75 in.)

mm in. mm in. mm in. mm in. mm in.
25 m
mm

Hot rolled or annealed, with hardness of 100 to 150 HB
M10, M7, and

Ml high speed
steel ..........21 70 0.025 0.001

29 95 — — 0.075 0.003

Cold drawn, with hardness nf 150 to 200 HB
MID, M7, and

Ml high speed
steel ..........21 70 0.025 0.001

30 100 — — 0.075 0.003

0.13

0.13

0.005

0.005

0.30

0.30

0.012

0.012

0.45

0.46

0.018

0.018

-1
i (1 in.)

0.56

0.55

0.022

0.022

AISI 1059, 1060: Planing
Tool
material

Depth of cut Speed
m/min ft/min

Feed/Btrok©
mm in,

Tool
material

Depth of cut
mm in.

Speed
m/min ft/min

Feed/stroke

Hot rooled or annealed, with hardness of 100 to 150 HTI
M2 and M3

high speed

Cold drawn, with hardness of 150 to 200 HB
M2 and M3

steel ...0.1 0.005 17 55 (a) (a) steel 0.1 0.005 20 65 (a) (a)
2.5 0.100 27 90 125 0.050 2.5 0.100 30 100 1.25 0.050

12 0 500 14 45 150 0.060 12 0.500 15 50 150 0.060
C-6 carbide .....0.1 0.005 90 300 (a) (a) C-6 carbide, 0.1 Q.0C5 90 300 (a) (a)

2.5 0.100 90 300 2.05 0.080 2.5 0.100 90 300 2.05 0.080
12 0.500 90 300 1.50 0.060 12 0.500 90 300 1.50 0.060

a) Feed is 75% the width of the square nose finishing tool
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Machining Data (Ref 8) (continued)

AISI 1108. 1109: Face Milling__
M2 and M7 high speed steeJ |-- Uncoated carbide | |-Coated carbide-—|

Depth of cut Speed Feed/tooth Speed, brazed Speed, inserted Feed/tooth Speed Feed/tooth
mm in. m/min ft/rain mm in- nj/min ft/rain m/min ft/min nun in. m/min ft/min mm in.

Hot rolled or annealed, with hardness of 100 to 150 HB
1 0.040........72 235 0.20 0.008 200(a) 655(b) 215(a) 700(a) 020 0.008 320(b) 1050(b) 020 0.008
4 0.150........55 180 0.30 0.012 150(a) 495(a) 165(a) 545(a) 0.30 0.012 215(b) 710ft) 0.30 0.012
8 0.300 ........43 140 0.40 0.016 105(c) 345(c) 130(c) 425(c) 0.40 0.016 170(d) 550(d) 0.40 0.016
Cold drawn, with hardness of 150 to 200 HB
1 0.040 ........69 225 020 O.OOB 135(a) 600(b) 195(a) 640(a) 020 0.008 290(b) 9501b) 020 0.008
4 0.150........52 170 0.30 0.012 135(a) 4.50(a) 150(a) 495(a) 0.30 0.012 195(b) 645(b) 020 0.012
8 0.300........40 130 0 40 0.016 95(c) 315(c) 115(c) 385(c) 0.40 0.016 150(d) 500(d) 0.40 0.016
(a) Carbide tool material: C-6. (b) Carbide tool material: CC-6. (c) Carbide tool material: C-5, (d) Carbide tool material: CC-5

AISI 1108, 1109: End Milling (Profiling)

Tool material
Depth of cat
mm in.

1-Feed per tooth for cutter diameter of-ÿ
Speed 10 mm (0-375 in.) 12 mm(0.5 in-} 18 mm (0,75 in.)

lin ft/min mm in. mm in. mm in.
25-50 mm (1-2 in.)

in-

Hot rolledor annealed, with hardness of 100 to 150 HB
M2. M3, and M7 high

speed steel 0.020 69 275 0.025 0.001 0.050 0.002 0.102 0,004 0.13 0,005
1.5 0.060 53 175 0.050 0.002 0.075 0.UO3 0.13 0.005 0.15 0.006

diam/4 djam/4 47 155 0.025 0.001 0.050 0.002 0.102 0.004 0.13 0.005
diam/2 diam/2 41 135 0.018 0.0007 0.025 0.001 0.07a 0.003 0.102 0.004

C-5 carbide 0.5 0.020 185 600 0.060 0.002 0.075 0.003 0.13 0.005 0.18 0.007
1.5 0.060 135 450 0.075 0.003 0.102 0.004 0.15 0.006 0.20 0.008

diam/4 diam/4 120 390 0.050 0.002 0.075 0.003 0.13 0.005 0.18 0.007
diam/2 diam/2 105 340 0.038 0.0015 0.050 0.002 0.102 0.004 0.15 O.OOB

Cold drawn, with hardness of 150 to 200 HB
M2, M3, and M7 high

speed steel...0.020 58 190 0.025 0.001 0.050 G.002 0.102 0.004 0.13 0.005
1.5 0.060 44 145 0.050 0.002 0.075 0.003 0.13 O.Q05 0 15 0.006

diam/4 diam/4 40 130 0.025 0.001 0.050 0.002 0.102 0.004 0.13 0.005
diam/2 diam/2 35 115 0.018 0.0007 0.025 0.001 0.075 0.003 0.102 0.004

C-5 carbide 0.020 175 570 0.050 0.002 0.075 0.003 0.13 0.005 0.18 0.007
1.5 0.060 135 440 0.075 O.OD3 0.102 0.004 0.15 0.006 0.20 0.008

diam/4 diam/4 115 385 0.050 0 002 0.075 0 003 0.13 0.005 0.18 0.007
diam/2 diam/2 105 340 0.038 0.0015 0.050 0.002 0.102 0.004 0.15 0.006

AISI 1108, 1109: Reaming
Based on 4 flutes for 3- and 6-mm (0.125- and 0.25-in.) reamers, G flutes for 12-mm (0.5-in.) reamers, and 8 flutes for 25-mm (1-inJ and larger reamers

Tool material
Speed

m/min ft/min

i-Feed per revolution for reamer diameter of:---[
3 mm (0.125 in.) 6 mm (0.25 in.) 12 mm (0.5 in.) 25 nun (1 in.) 35 mm (L5 In.) 50 mm (2 in.)
mm in. mm in. mm in. mm in. mm in, mm in,

Roughing
Ml,M2, and M7

high speed steel 35
C-2 carbide 40

Finishing
Ml,M2, and M7

high speed steel 18
C-2 carbide 20

Roughing
Ml,M2, and M7

high speed steel 37
C-2 carbide 43

Finishing
Ml,M2, and M7

high speed steel 20
C-2 carbide 21

115
130

60
65

120
140

65
70

Hot rolled or annealed, with hardness of 100 to 150 HB

0.13
0.15

0.15
0.15

013
0.15

0.15
0.15

0.005
0.006

0.20
0.25

0.008
0.010

0.30
040

0.012
0.015

0.50
0.65

0.006 0.25 0.010 0.40 0.015 0.65
0.006 0.25 0.010 0.40 0.015 0.65

Cold drawn, with hardness of 150 to 200 HB

0.005
0.006

0.006
0.006

0.20
0.25

0.25
0.25

C.008
0.010

0.010
0.010

0.30
0.40

0.40
0.40

0.012
0.015

0.015
0.015

0.50
0.65

0.65
0.65

0.020
0.025

0.025
0.025

0.020
0.025

0.025
0.025

0.65
0.75

0.75
0.75

0.65
0.75

0.75
0.75

0.055
0.030

0.03C
0.030

0.025
0.030

0.030
0.03C

0.75 0.030
0.90 0.035

0.90
0.90

0.75
0.90

0.SO
0.90

0.035
0.035

0.030
0.035

0.035
0.035
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Machining Data (Ref 8) (continued)

AISI 1108, 1109: Boring ______________________
M2 end M3 high speed steel i-Uncoated carbide —--1 [

*ÿ"—~ Coated carbide -——
Depth of cut Speed Feed Speed, brazed Speed, inserted Feed Speed Feed
mm in. m/min ft/min mm/rev in*/rev m/miti ft/min m/nvLn ft/min mm/rev in./rev m/miP ft/min nun/rev in./rev

Hot rolled or annealed, with hardness of 100 to 150 HB
0.25 0.010... ...67 220 0.102 0 004 160(a) 520(a) 185(a) 615(a) 0.075 0.003 280(b) 920(b) 0.075 0.003
1.25 0.050 . . . ... 44 145 0.15 0.006 130(c) 425(c) 150(c) 500(c) 0.13 0.005 225(d) 735(d) 0.13 0.005
2.50 0.100 . . . ...34 110 0.30 0.012 95(e) 315(e) 115(e) 370(e) 0 40 0.015 150(f) 500(f) 0.30 0.012

Cold drawn, with hardness of 150 to 200 HB
0.25 0.010 70 230 0.102 0.004 165(a) 545(a) 195(a) 640(a) 0.075 0.003 295(b) 960(b) 0.075 0.003
1.25 0.050 46 150 0.15 0.006 135(c) 435(c) 155(c) 510(c) 0.13 0.005 235(d) 770(d) 0.13 0.005
2.50 0.100 35 115 0.30 0.012 100(e) 330(e) 115(e) 385(e) 0.40 0.015 160(f) 490(f) 0.30 0.012
(a) Carbide tool material: C-S. Cb) Carbide tool material: CC-8. (c) Carbide tool material: C-7. fd) Carbide tool material: CC-7. (e) Carbide tuul material: C-6,
(f) Carbide tool material: CC-6

AlSt 1116, 1117, 1118, 1119

AISI 1116, 1117, 1118, 1119: Chemical Composition
AISI Chemical composition, %
grade C Mn P max S

1116 ......................0.14-0.20 1.10-1.40 0.040 0.16-0.23
1117 . i....................0.14-0.20 1.00-1.30 0.040 0.03-0.13
71118 .....................0.14-0.20 1.30-1.60 0.040 0.08-0.13
1119......................0.14-0.20 1.00-1.30 0.040 0.24-0.33

Characteristics. AISI grades 1116, 1117, 1118, and 1119
carry more manganese than the lower-carbon grades for
better hardenability. In most instances this composition per¬
mits oil quenching after case hardening heat treatments.
These steels are available with added lead to enhance
machinability. They are more ductile than the lower man¬
ganese grades and will withstand moderately severe cold
deformation.

Typical Uses. AISIgrades 1116,1117,1118,and 1119 are
used where good machinability and case hardening are re¬
quired. Applications include mediumduty shafts, studs, pins,
distributor cams, cam shafts, and universal joints.

Grades 1116, 1117, and 1119 can be satisfactorily hardened
superficially inactivatedbaths, and subsequently heat treat¬
ed. Because of greater hardenability, grade 1118 is better for
solid parts or heavier walls. For more drastic quenching or
lighter sections, grade 1117 is preferred.

AISI 1116: Similar Steels (U.S. and/or Foreign). UNS
G11160; ASTM A29; FED QQ-S-637 (C1116); MIL SPEG
MIL-S-20166 (CS1116); SAE J412

AISI 1117: Similar Steels (U.S. and/or Foreign). UNS
G11170: ASTM A29, A107, A108; FED QQ-S-637 (C1117);
MIL SPEC MIL-S-18411; SAE J403, J412, J414

AISI 1118: Similar Steels (U.S. and/or Foreign). UNS
G11180; ASTM A29, A107, A108; FED QQ-S-637 (C1U8);
SAE J403, J412, J414

AISI 1119: Similar Steels (U.S. and/or Foreign). UNS
GI1190; ASTM 29; FEDQQ-S-637 (C1119), SAE J403, J412,
J414

AISI 1117, 1118: Approximate Critical Points
Transformation Temperature(a)

AISI grade point °C •F

1117 Ac, 730 1350
Ac3 845 1550
Ar3 790 1450
Ar, 675 1245

1118 730 1345
Aca 825 1520
Arg 815 1495
At, 675 1245

(«) On heating or cooling at 28 "C (50 °F) per hour

Physical Properties

AISi 1117: Thermal Treatment Temperatures
Temperature range

Treatment °C "F

Annealing 655-835 1575-1625
Normalizing B75-955 1605-1750
Carburizingfa) 900-955 1650-1750
Reheating!a1 790-870 1450-1600
Carbonitridingtb) 790-900 1450-1650
Tbmperingfc) 120-205 250-400
(a) Cool inwater or oil. For grade 1118.use the same temperatures, but cool in oil. (b) Coo)
in oil. (c) Grades 1117 and 1118 are tempered to desired hardness
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Mechanical Properties

i AIS1 1116, 1117, 11L17, me, 1119:Tensile Properties_
Tensile Yield

Size round strength strength Elongationfa), Reduction Hardness,
Condition or treatment mm in. MPa ksi MPa kei % in area, % HB

i aisi ma
440 64 33 <1... 530 77 460 67 17 ...

AISI 1117
j Hot rolled (Ref 1) 0.75-1.25 425 62 235 34 23 47 121
j Cold drawn(b) (Ref 1) . . 19-32 0.75-1.25 475 69 400 58 15 40 137

Aa rolled (Ref 12) 490 71 305 44 33 63 143
Normalized at 900 "C (1650 °F) (Ref 12) , 465 08 305 44 34 54 137
Annealed at 855 X (1575 °F) (Ref 121 . 425 62 285 41 33 56 123

| Cold finished (Ref 3) 19-32 0.75-1.25 595 86 515 75 22 52 170

AISI 11LI7
Cold finished (Ref 3) .... 19-32 0.75-1.25 595 86 515 75 22 53 179
AISI 1117, 1118
Aa cold drawn (Ref 1)...16-22 0.63-0.88 515 75 450 65 15 40 149

22-32 0.88-1.25 485 70 415 60 15 40 143
32-50 1.25-2 450 65 380 55 13 35 131
50-75 2-3 415 60 345 50 12 30 121

. Cold drawn, low temperature, stress
relieved (Ref 1) 16-22 0.63-0.88 550 80 485 70 15 40 163

22-32 0.88-1.25 615 75 450 65 15 40 ÿ 149
32-50 1.25-2 485 70 415 60 IS 35 143
50-75 2-3 450 65 380 55 12 35 131

Cold drawn, high temperature, stress
i relieved (Ref 1) . . . . , 16-22 0.63-0.88 485 70 345 50 18 45 143

22-32 0.38-1.25 450 65 345 50 16 45 131
32-50 1.25-2 415 60 346 50 15 40 121
50-75 2-3 380 55 310 45 15 40 111

j Hot rolled (Ref 1) 19-32 0.75-1.25 400 58 220 32 25 50 116
AISI 1118

Cold drawn(c) (Ref 1) .. 19-32 0.75-1.25 440 64 370 54 IE 40 126
As rolled (Ref 12) ... 525 76 315 46 32 70 149
Normalized at 925 X (1700 DF) (Ref 12) .... ... 475 69 315 46 34 66 143
Annealed at 790 °C (1450 °F) (Ref 12) . 450 65 285 41 34 ei 131
(a) In50 mm(2 in.), (b) Average machinability ratingof90% based on AISI 1212steel as 100% average machinability. Cc) Average manhinsliility ratingof 70%
based on AISI 1212 steel as 100% average machinability

AIS1 1117: Mass Effect on Mechanical Properties (Ref 2)

Ttensile Yield
Size round Btrength strength Eloagation(a), Reduction Hardness,

Condition or treatment nun tn. MPa ksi MPa ksi % in area, % HB
As rolled ....25 1 483 70.00 345 50.25 33.5 61.0 149
Annealed (heated to 855 X or

1575 'F, furnace cooled 17 X
or 30 "F per hour to 700 X or
1290 °F, cooled in air) 25 1 430 62.30 279 40.50 33.0 58.0 121

Normalized (heated to 900 X
or 1650 *F, cooled in airj 13 0.5 481 69.75 310 45.00 ' 34.3 S1.0 143

25 1 467 67.75 303 44.00 33.5 63.8 137
50 2 462 67.00 236 41.50 33.5 64.7 137

100 4 440 63.75 241 35.00 34.3 64.7 126
Mock carburized at 925 X

(1700 °F) for 6 h, reheated to
790 X (1450 °F); quenched in
water; tempered at 175 X
(350 °F) 0.5 860 124.75 459 66.50 9.7 18.4 235

25 1 617 89.50 346 50.50 22.3 48.6 183
50 2 538 78.00 329 47.75 26.3 65.7 156

100 4 515 74.75 295 42.75 27.3 62.6 149
(a) tn 50 mm (2 in.)

AISI 1118:Effect of the Mass on Hardness at Selected
Points (Ref 2)

Size round
mm in.

13 0.5
25 1..
50 ?,

100 4..

As-qucnched hardness
after quenching inwater at

Surface 46 radius Center

36 HRC
36 HRC
99 HRB
91 HRB
84 HRB

33 HRC
96.5 HRB
87 HRB
82 HRB

AIS1 1117, 1118: Izod Impact Properties (Ref 12)

AISI Energy
grade Condition or treatment J ft lb

As rolled 81 60
Normalized at 900 °C (1650 T) 85 63
Annealed at 855 °C (1575 T) 94 69
As. rolled 108 80
Normalized at 925 X (1700 T) 103 76
Annealed Ht 790 X (1450 T) 107 79
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Mechanical Properties (continued)

A1SI 1118: Mass Effect on Mechanical Properties (Ref 2)

Ifcnsile Yield
Size round strength strength Elongationta). Reduction Hardness,

Condition or treatment mm in, MPs ksi MPa ksi % in area, % HB

As rolled .... 1 486 70.50 355 51.50 32.3 63.0 143
Annealed (heated to 790 "C or

1450 aFr furnace cooled 17 °C or
30 °F per hour to 605 DC or
1125 °F, cooled inair) 25 1 450 65.30 265 41.30 34.5 67.0 131

Normalized (heated to 925 °C
or 1700 °F, cooled inair).....» , 13 0.5 502 72.75 330 47.80 33.3 62.8 156

25 1 477 69.25 319 46.25 33.5 65.9 143
50 2 472 68.50 298 43.25 33.0 67.7 137

100 4 457 60.25 260 37.75 34.0 67.4 131
Mock carburized at 925 °C

(1700 °F) for 8 h; reheated
to 790 "C (1450 °F); quenched
inwater; tempered at 175
(350 °F) 13 0.5 996 144.50 621 90.00 13.2 30.8 285

25 1 707 102.50 409 59.25 19.0 48.9 ' 207
50 2 567 82.25 330 47.87 27.3 65.5 167

100 4 531 77 00 310 45.00 31.0 67.4 156
(a) In 50 mm (2 in.)

AIS1 1117: Effect of the Mass on Hardness at Selected
Points (Ref 2)

Size round
mm in. Surface

~13 0.5 42 HRC
25 i.............37 HRC
50 2 .. 33 HRC

100 4...............32 HRC

As-quenched hardness
after quenching in water at:

ti radius Center

34.5 HRC
96 HRB
90 HRB
83 HRB

29.5 HRC
93 HRB
86 HRB
81HRB

Machining Data (Ref 8)

AlSj 1116, 1117, 1118, 1119: Face Milling__
M2 and M7 high speed steel ————----llncoated carbide----——i i-Coated carbide-——j

Depth of cut Speed Feed/tooth Speed, brazed Speed, inserted Fccd/tooth Speed Feed/tooth
mm in. Ill'min ft/min mm in. m/min ft/mln ro 'Ii,in ft/min mm in. m/min ft,mill mm in.

Hot rolled or annealed, with hardness of 100 to 150 HB
1 0.040...........79 260 0.20 0.008 225(a) 730(a) 245(a) 800(a) 0.20 0.008 365(b) 1200(b) 0.20 0.008
4 0.150...........60 200 0.30 0.012 170(a) 550(a) 186(a) 605(a) 0.30 0.012 240(b) 785(h) 0.30 0.012
8 0.300...........47 155 0.40 0.016 115(c) 386(c) 145(c) 470(c) 0.40 0.016 185(d) 610(d) 0.40 0.016
Cold drawn, with hardness of 150 to 200 HB
1 0.040...........76 250 0.20 0.008 205(a) 665(a) 225(a) 730(a) 0.20 0.008 335(b) 1100(b) 0.20 0.008
4 0.150...........58 190 0.30 0.012 150(a) 500(a) 170(a) 550(a) 0.30 0.012 220(b) 715(b) 0,30 0.012
8 0.300...........46 150 0.40 0.016 105(c) 350(c) 130(c) 430(c) 0.40 0.016 170(d) 560(d) 0.40 0.016
(a) Carbide tool material: C-6. (b) Carbide tool material: CC-6. (c) Carbide tool material: C-5. (d) Carbide tool material: CC-5

AISI 1116, 1117, 1118, 1119: Drilling

Tool material

I-Feed per revolution for nominal hole diameter of:-—
Speed 1.5 mm (0.062 in.) 3 mm (0.125 in.) 6 mm (0.25 in.) 12 mm (0.5 in.) Idmm (0.75 in.) 25 mm (1 in.)

m/min ft/min mm in. mm in. mm in, mm in. mm in. mm in.

Hot rolled or annealed, with hardness of 100 to 150 HB
M10, M7t and Ml

high speed steel ----21 70 0.025 0.001
32 105 ......0.075 0.003 0.13 0.005 U.3G 0012 0.45 0.018 0.55 0.022

Cold drawn, with hardness of 150 to 200 HB
M10, M7, and Ml

high speed steel ....21 70 0.025 0.001
34 110 — — 0.075 0.003 0.13 0 005 0.30 0.012 0.45 0.018 0.55 0.022
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Machining Data (Ref 8) (continued}

AISI 1116, 1117, 11IB, 1119:Turning (Single Point and Box Tools)

Ml! and M3 high speed steel |-Uncoated carbide.........................| j-Coated carbide-1
Depth of cut Speed Feed Speed, brazed Speed, inserted Feed Speed Feed
nun ill. m/min ft/min mm/rev In./rev m/min ft/min m/min ft/rain mm/rev in./rev m/min ft/mill mm/rev in./rev

Hot rolled or annealed, with hardness of 100 to 150 HB
1 0.040 60 200 0.18 0.007 205(a) 670(a) 240(a) 790(a) 0.18 0.007 365(b) 1200(b) 0.18 0.007
4 0.150 45 150 0.40 0.015 155(c) 510(c) 185(c) 600(c) 0.50 0.020 235(d) 775(d) 0.40 0.015
8 0.300 37 120 0.50 0.020 120(c) 400(c) 145(c) 475(c) 0.75 0.030 190(d) 625(d) 0.50 0.020

16 0.625 27 90 0.75 0.030 100(c) 320(c) 115(c) 370(c) 1.00 0.040 ... ...
Cold drawn, with hardness of 150 to 200 HB
1 0.040 210 0.18 0.007 205(a) 680(a) 250(a) 820(a) 0.18 0.007 375(h) 1225(h) 0.18 0.007
4 0.150 . . 49 160 0.40 0.015 160(c) 520(c) 190(c) 625(c) 0.50 0.020 245(d) 800(d) 0.40 0.015
8 0.300 38 125 0.50 0.020 125(c) 410(e) 150(c) 495(c) 0.75 0.030 200(d) 650(d) 0.50 0.020

16 0.625 30 100 0.75 0.030 100(c) 330(c) 115(c) 385(c) 1.00 0.040 ... ... ... ...
(a) Carbide tool material: C-7. tb) Carbide tool material: CC-7, (c) Carhide too! material: C-6. (d) Carbide tool material: CC-6

AIS1 1116, 1117, 1118, 1119:Turning (Cutoff and Form Tools)

Feed per revolution for cutoff tool width of: ,-— Feed per revolution for form todwidth of:-1
Speed, 1.5 mm 3 mm 6 mm 12 min 18 mm 25 mm 50 mm

m/min (0.082 in.) (0.125 in.) (0.25 in.) (0.5 in.) (0.75 in.) (1 in.l (2 in.)

Tool material (ft/min) mm Hi. mm in. mm 10. mm in. mm HI mm in. mm in

0.0014

0.0014

0.0014

0.0014

AIS1 1116, 1117, 1118,1119: Reaming
Based on 4 1lutes for 3- and 6-mm (0.125- and 0 25-in.) reamers, 6 flutes for 12-mm (0.5-in.) reamers, and 8 f lutes for 25-mm (1-in)and larger reamers

;-Feed per revolution for reamer diameter of:-
Speed 3 mm (0.125 in.) 6 mm (0.25 in.) 12 mm (0.5 in.) 25 mm (1in.) 35 mm (1.5 in.) 50 mm (2 in.)

Tool material m/min ft/min mm in. mm in. mm in. mm in. mm in. mm in.

Hot rolled or annealed, with hardness of 100 to 150 HB

M2 and M3 high
speed ateel ........43 0.048 0.001S 0.058 0.0023 0.071 0.0028

(140)

C-G carbide . ........135 0.048 O.OOIS 0.058 0.0023 0.1)71 0 0028
(450)

Cold drawn, with hardness of 150 to 200 HB
M2 and M3 high

speed steel ........47 0.048 0.0019 0.058 0.0023 0.071 0.0028
(155)

C-6 carbide.........150 0.048 0.0019 0.05B 0.0023 0.071 0.0028
(500)

0.058 0.0023 0.050 0.0020 0.048 0.0019 0.036

0.058 0.0023 0.050 0.0020 0.048 0.0019 0.036

0.058 0.0023 0.050 0.0020 0.1)46 0.0D19 0.036

0.058 0.0023 0.050 0.0020 0.046 0.0019 0.036

Roughing
Ml.M2, and M7

high speed steel ....37
C-2 carbide 43

Finishing
Ml, M2, and M7

high speed steel ....18
C-2 carbide 21

Hot rolled or annealed, with hardness of 100 to 150 HB

Roughing
Ml,M2, and M7

high speed steel
C-2 carbide.......

.40

.46

Finishing
Ml,M2, and M7

high speed steel
C-2 carbide

.20

.21

120
140

60
70

130
150

65
70

0.13
0.15

0.15
0.15

0.13
0.15

0.15
0.15

0.005
0.006

0.006
0.006

0.20
0.25

0.25
0.25

o.oos
0.010

0.010
0.010

0.30
0.40

0.40
0.40

0.012
0.015

0.015
0.015

0.50
0.65

0.65
0.65

Cold drawn, with hardness of 150 to 200 HB

0.005
0.006

0.006
0.006

0.20
0.25

0.25
0.25

0.008
0.010

0.010
0.010

0.30
0.40

0.40
0.40

0.012
0.015

0.015
0.015

0.50
0.65

0.65
0.65

0.020
0.025

0.025
0.025

0.020
0.025

0.025
0.025

0.65
0.75

0.75
0.75

0.65
0.75

0.75
0.75

0.025
0.1)31}

0.030
0.030

0.1)25

0.030

0.030
O.OSO

0.75
C'90

0.90
0.90

0.75
0.90

0.90
0.90

0.030
0.035

0.035
0.035

0.030
0.035

0.035
0.035
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Machining Data (Ref 8) (continued)

A1SI 1116, 1117, 1118, 1119: End Milling (Profiling)

Tbol material
Depth of cut
mm ill-

Speed
m/min ft/n

I-----------Feed per tooth for cutter diameter of: ——.—\
10 mm (0.375 in.) 12mm (0.5 in.) 18 mm (0.75 in.) 25-50 mm (1-2 in.)

mm in. mm in- mm in. mm in.

Hot rolled or annealed, with hardness of 100 to 150 HB
M2, M3, and M7 high

speed steel 0,5 .020 72 235 0.025 0.001 0.050 0.002 0.102 0.004 0.13 0.005
1.5 0.060 55 180 0.050 0.002 0.075 0.003 0.13 0.005 0.15 0.006

diam/4 diam/4 49 160 0.025 0.001 0.050 0.002 0.102 0.004 0.13 0.005
diam/2 diam/2 43 140 0.018 0.0007 0.025 0.001 0.075 0.003 0.102 0.004

C-5 carbide . 0.5 0.020 190 620 0.050 0.002 0.075 0.003 0.13 0.005 0.18 0.007
1.5 0.060 145 475 0.075 0.003 0.102 0.004 0.15 0.006 0.20 0.008

diam/4 diam/4 130 420 0.050 0.002 0.075 0 003 0.13 0.005 0.15 0.006
diam/2 diam/2 110 360 0 038 0.0015 0015 0.002 0 102 0 004 0.13 0.005

Cold drawn, with hardness of 150 to 200 HB
M2, M3. and M7 high

speed steel 0.5 0.020 60 200 0.025 0.001 0.050 0.002 0.102 0.004 0.13 0.005
1.5 0060 46 150 0.050 0.002 0.075 0.003 0.13 0.005 0.15 0.006

diam/4 diam/4 40 130 0.025 0.001 (J.050 0.002 0.102 0.005 0.13 0.005
diam/2 diam/2 35 115 0.018 0.0007 0.025 0.001 0.075 0.003 0.102 0.004

C-5 carbide 0.5 0.020 160 585 0.050 0.002 0.075 0.003 0.13 0.005 0.18 0.007
1.5 0.060 135 450 0.075 0.003 0.102 0.004 0.15 0.006 0.20 0.008

diaio/4 diam/4 120 390 0.050 0.002 0.075 0,003 0.13 0.005 0.15 0.006
diam/2 diam/2 110 360 0.038 0.0015 0.050 0.002 0.102 0.004 0 13 0.005

AISI 1116, 1117, 1118, 1119: Boring
M2 and M3 high speed steel

Depth of cut Speed Feed
mm in. m/min ft/min mm/rev in./rav

I-Uncoated carbide-1 |-Coated Carbide-;
Speed, brazed Speed, inserted Feed Speed Feed
m/min ft/min m/min ft/min mm/rev lm/rev m/mln ft/mln mm/rev in rev

Hot rolled or annealed, with hardness of 100 to 150 HB
0.25 0.010......73 240 0.075 0.003 245(a)
1.25 0.050......49 160 0.13 0.005 165(c)
2.5 0.100......38 125 0.25 0.010 125(e)

Cold drawn, with hardness of 150 to 200 HB
0.25 0.010......76 250 0.075 0.003 225(a)

1.25. 0.050......52 170 0.13 0.005 150(c)
2.5 0.100......40 130 0.30 0.012 115(e)

810(a)
540(c)
410(e)

730(h)
490(e)
375(e)

290(a) 950(a)
190(c) 630(c)
145(e) 480(e)

26(Xa)
175(c)
135(e)

860(a)

575(c)
440(e)

0.075
0.13
0.40

0.075
0.13
0.40

0.003
0.005
0.015

0 003
0.005
0.015

365(h) 1200(h)
295(d) 960(d)
190(0 620(f)

330(b)
260(d)
170(0

1075(h)
860(d)
560(0

0.075
0.13
0.25

0.075
0.13
0.30

0.003
0.005
0.010

0.003
0.005
0.012

(a) Carbide tool material: C-8. (b) Carbide tool material: CC-8. (c) Carbide tool material: C-7. <d) Carhide tool material: CC-7. (el Carbide tool material: C 6.
(f) Carbide tool material: CC-6

AISI 1116, 1117, 1118, 1119: Planing

Tool material
Depth of cut

Trim in
Speed

a/min ft/min
Fccd/strokc

ram in-

Hot rolled or annealed, with hardness of 100 to 150 HB
M2 and M3 high

speed steel 0,1 0.005
2.5 0.1011

12 0.500
C-6 carbide 0.1 0.005

2.5 0.100
12 0.500

Cold drawn, with hardness of 150 to 200 HB
M2 and M3 high

speed steel ...........0.1 0.005
2.5 0,100

12 0,500
C-6 carbide...............................0.1 0.005

2-5 0.100
12 0.500

(a) Feed is 75% the width of the square nose finishing tool

18
29
15
90
90
90

20
32
17
90
90
90

60
95
50

300
300
300

65
105
55

300
300
300

fa)
1.25
1.50
la)

2.05
1.50

(a)

1.25
1.50
(a)

2.05
1.50

(a)
0.050
0.060

(a)

0.08G
0.060

(a)

0.050
0.060

(a)
0.080
0,060
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AISI 1132

AISI 1132: Chemical Composition
AISI
grade C

1132 0.27-0.34

Chemical composition, ft
Mil P max s

1.35-1.65 0.04 0.08-0.13

Characteristics. AISI grade 1132 is a high manganese,
medium-carbon resulphtirized steel with medium strength
and good machinability, It is used where a large amount of
machining is necessary, or where threads, splines, and other

operations with special tools are required.This steel can be
selectively hardened by induction or flame heating, but
quench cracking is possible.

Typical Uses. Applications of AISI 1132 steel include
nuts, bolts, and studs with machined threads.

AISI 1132: Similar Steels (U.S. and/or Foreign). UNS
G11320; ASTMA29; FEDQQ-S-637 (C1132); SAEJ403,J412,
J414

Mechanical Properties

AISI 1132: Tensile Properties
Tfensile

Size round strength
Condition or treatment mm in. MPa ksi

Hot rolled 19-32 0.75-1.25 570 83
Cold drawn(hi .19-32 0.75-1.25 635 92
Hot rolled and cold drawn ..................<16 <0.63 640-779 93-113

16-38 0.63-1.5 605-760 88-110
38-89 1.5-3.5 550-690 80-100

(a) In50 mm (2 in.), (b) Average machinability rating of 75ft based on AISI 1212 steel as 100ft average machinability

Yield
strength

MPa ksi
Elongation(a),

ft
Reduction
in arts, ft

Hardness,
HB

315
530

515-655
485-620

46
77

75-95
70-90

450-585 65-85

16
12

14-24
13-23
13-23

40
35

38-58
35-00
30-55

167
183

187-229
179-217
164-202

Machining Data (Ref 8)

AISI 1132: Turning (Single Point and Box Tools)

M2 and M3 high speed steel i-------Uncoated carbide-[ ]-Coated carbide---—1
Depth of cut Speed Feed Speed, brazed Speed, inserted Feed Speed Feed
mm in. m/min ft/min mm/rev in./rev m/min ft/min m/min ft/min mm/rev im/rev m/min ft/min mm/rev in./rev

Hardness, 175 to 225 HB
1 0.040 ......52 170 0.20 0.008 165(a) 540(a) 200(a) 660(a) 0.18 0.007 305(b) 1000(b) 0.18 0.007
4 0 150 ......40 130 0.40 0.015 125(c) 410(c) 150(c) 500(c) 0.50 0.020 200(d) 650(d) 0.40 0.015
8 0.30C ......30 100 0.50 0.020 100(c) 325(c) 120(c) 400(c) 0.75 0.030 160(d) 525(d) 0.50 0.020

16 0.625 ......24 80 0.75 0.030 78(c) 255(c) 95(c) 310(c) 1.00 0.040

Hardness, 225 to 275 HB
1 0.040 ......35 115 0.18 0.007 120(a) 390(a) 150(a) 490(a) 0.18 0.007 230(b) 750(1]) 0.18 0.007
4 0.150 ......27 90 0.40 0.015 90(c) 300(c) 115(c) 375(c) 0.40 0.015 150(d) 500(d) 0.40 0.015
8 0.300 ......21 70 0.50 0.020 72(c) 235(C) 90(c) 295(c) 0.50 0.020 120(d) 400(d) 0.50 0.020

(a) Carbide tool material: C-7. (b) Carbide tool material: CC-7. (c) Carbide tool material: C-6. (d) Carbide tool material: CC-6

AISI 1132; Drilling

f—----Feed per revolution for nominal hole diameter ofi-1
Speed 1.5 mm <0.062 in.) 3 mm (0.125 in.) 6 mm (025 in.) 12 mm (0.5 in.) 18 mm (0.75 in.) 25 mm (1 in.)

Too) material m/min ft/min mm in. mm is. mm in. mm in. mm in, mm in,

Hardness, 175 to 225 HB
M10, M7, and Ml

high speed
steel ...............18 60 0.025 0.001 — — — — — —

24 80 — ••• 0.075 0.003 0.13 0.005 0.30 0.012 0.45 €.018 0.55 0.022

Hardness,275 to 325 HB
M10, M7, and Ml

high speed
steel ...............21 70 — — 0.075. 0.003 0.13 0.005 0.25 0.010 0.40 0.015 0.45 0.018
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Machining Data (Ref 8) (continued)

AISI 1132: Boring

I-High speed steel-; \-——-Uncoated carbide-i 1-Canted carbide-1
Depth of cut Speed Feed Speed, braied Speed, inserted Feed Speed Feed
mm in. tn/min ft/min mm/rev in./rev m/min ft/min m/min ft/min mm/rev in./rev m/min ft/min mm/rev in./rev

Hardness, 175 to 225 HB
0.25 0.010 ...... 62(a) 205(a) 0.102 0.004 150(b) 490(b) 175(b) 575(b) 0.075 0.003 265(c) 875(c) 0.075 0.003
1.25 0.050......41(a) 135(a) 0.15 0.006 120(d) 390(d) 140(d) 460(d) 0.13 0.005 215(e) 700(e) 0.13 0.005
2.5 0.100......32(a) 105(a) 0.30 0.012 90(f) 300(0 105(f) 350(f) 0.40 0.015 140(g) 455(g) 0.30 0.012

Hardness, 275 to 325 HB
0.25 0.010......43(b) 140(h) 0.075 0.003 110(d) 365(d) 130(d) 430(d) 0.075 0.003 200(e) 655(e) 0.075 0.003
1.25 0.050......27(b) 90(h) 0.13 0.005 90(f) 295(f) 105(f) 345(0 0.13 0.005 180(g) 525(g) 0.13 0.005
2.5 0.100......2Kb) 70(h) 0.30 0.012 67(0 220(0 79(d) 260(d) 0.30 0.012 105(g) 350(g) 0.30 0.012
(a) High speed steel UjuI material: M2 or M3. (b) Carbide tool materia): C-8. (c) Carbide tool material' CC-8. (d> Carbide tool material: C-7. (e) Carbide too!
material: CC-7. (0 Carbide tool material C-6. (g) Carbide tool material: CC-6. (h) Any premium high speed steel tool material [T15, M33, M41 to M47)

AISI 1132: End Milling [Profiling)

Ibol material
Depth of cut
nun in.

Speed
m/min ft/min

I---Feed per tooth for cutter diameter of: ÿ

10 mm (0.375 in») 12 mm (0-5 in.) 18 mm (0.75 in.)
mm is. Ttim in. mm in.

Hardness, 175 to 225 HB
M2, M3, and M7 high

25-50 mm (1-2 in.)
mm in.

.0.5 0.020 67 220 0.025 0.001 0.050 0.002 0.102 0.004 0.13 0.005
1.5 0.060 52 170 0.050 0.002 0.075 0.003 0.13 0 005 0.15 0.006

diam/4 diam/4 46 150 0.025 0.001 0.050 0.002 0.102 0.004 0.13 0.005
diam/2 diam/2 40 130 0.018 0.0007 0.025 0.001 0.075 0.003 0.102 0.004

. 0.5 0.020 160 525 0.050 0 002 0.075 0.003 0.13 0,005 0.18 0.007
1.5 O.OSO 120 400 0.075 0.003 0.102 0.004 0.15 0.006 0.20 0,008

diam/4 diam/4 105 350 0.050 0.002 0.075 0.003 0.13 0.005 0.18 0.007
diam/2 diam/2 100 325 0.038 0.0015 0.050 0.002 0.102 0.004 0.15 0.006

75 to 325 HB .

M7 high
.. . 0.5 0.020 50 165 0.018 0.0007 0.050 0.002 0.102 0.004 0.13 0.005

15 0 060 38 125 0.025 0001 0.075 0.003 0.13 0005 0.15 0.006
diam/4 diam/4 34 110 0.018 0.0007 0.050 0.002 0.102 0.004 0.13 0.005
diam/2 diam/2 30 110 0.013 0.0005 0.025 0.001 0.075 0.003 0.102 0.004

. . .0.5 0.020 115 380 0.050 0.002 0.075 0.003 0.102 0.004 0.15 0.006
1.5 0.060 86 290 0.075 0003 0.102 0.004 0.13 0.005 0.20 0.008

diam/4 diam/4 76 250 0.050 0.002 0.075 0.003 0.102 0.004 0.13 0.005
diam/2 diam/2 70 230 0.038 0.0015 0-050 0.002 0.075 0,003 0.102 0.004

AISI 1132: Reaming
Based on 4 flutes for 3 and 6 mm (0-125- and 0.25-in.) reamers, 6 flutes for 12-mm (0.5-in.) reamers, and 8 flutes for 25-mm (1-in.) and larger reamers

Tool material
Speed

m min ft mill

I-Feed per revolution for reamer diameter of:-
3 mm (0.125 in.) 6 mm (0.25 in.) 12 mm (0.5 in.) 25 mm (1 in.) 35 mm (1.5 in.) 50 mi

mm in. mm in. mm in. mm in- mm in. mm
i (2 in.)

Roughing
Ml,M2, and M7

high speed steel
C-2 carbide

Hardness, 175 to 225 HB

Finishing
Ml, M2, and M7

high speed steel
C-2 carbide

Roughing
Ml,M2. and M7

high speed steel
C-2 carbide
Finishing
Ml,M2, and M7

high Bpeed steel
C-2 carhtde

. 34

. 38

. 17

. 20

. 23
27

. 11

. 14

110
125

55
65

75
90

35
45

0.13
0.15

0.15
0.15

0.102
013

0.102
0.13

0.005
0006

0.006
0.006

0.004
0.005

0.004
0.005

0.20
0.25

0.25
0.25

0.008
0.010

0.010
0.010

0.30
0.40

0.40
0.40

0.012
0.015

0.015
0.015

Hardness, 275 to 325 HB

0.15
0.18

0.20
0.20

0.006
0.007

0.008
0.008

0.25
0.30

0.30
0.30

0.010
0.012

0.012
0,012

0.50
0.65

0.65
0.65

0.40
0.50

0.50
0.50

0.020
0.025

0.025
0.025

0.015
0.020

0.020
0.020

0.65
0-75

0.75
0.75

0.50
0.66

0.65
0.65

0.026
0.030

0.030
0.030

0.020
0.025

0.025
0.025

0.75
0.90

0.90
090

0.65
0.75

0.75
0.75

0.030
0.035

0.035
0.035

0.025
0.030

0030
0.030
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Machining Data (Ref 3) (continued)

AISI 1132: Turning (Cutoff and Form Tools)

Feed for per revolution cutoff tool width of:
Speed, 1.5 mm 3 mm 6 mm
m/min {0.062 in.) (0l125 in.) (0.25 in.)

Tool material (ft/min) mm In. mm in. mm in.

Hardness, 175 to 225 HB
M2 and M3 high

speed steel ..........37 0.038 0.0015 0.048 0.0019 0.056 0.0022
(120)

C-6 carbide...........120 0 038 0.0015 0.048 0.0019 0.056 0.0022
(390)

Hardness, 275 to 325 HB
High speed

steel(a)..............24 0.030 0.0012 0.041 0.0016 0.048 0.0019
(80).

C-6 carbide............78 0.030 0.0012 0.041 0.0016 0.048 0.0019
(225)

(a) Any premium high speed steel tool material (T15, M33, M41to M47)

I-Feed per revolution for form tool width of-1
12 mm 18 mm 25 mm 50 mm
(0.5 in.) (0.75 in.) (1in.) (2 in.)

mm in. mm in. mm in. mm in.

0.048 0.0019

0.048 0.0019

0.041 0.0O16

0.041 C.0016

0.043 0.001"

0.043 0.0017

0.036 0.0014

0.036 0.0014

0.038 Q.OOIB

0.038 0.0015

0.030 0.0012

0030 0.0012

0.030 0.0012

0.030 0.0012

O.025 0.0010

0.025 0.0010

AfSI 1132: Face Milling_
1-Highspeed steel —-—j i--Uncoated carbide-[ |-Coated carbide-1

Depth of cut Speed Feed/tooth Speed, brazed Speed, inserted Feed/tooth Speed Feed/tooth
mm in. m/min ft/min mm in. m/min ft/min m/min ft/min mm in. m/min ft/min mm in.

Hardness, 175 to 225 HE
1 0.040.......69(a) 225(a) 0.2O 0.008 180(b) 590(b) 190(b) 620(b) 0.20 0.008 280(c) 935(c) 0.20 0.008
4 0.150.......50(a) 165(a) 0.30 0.012 170(b) 550(b) 170(b) 560(b) 0.30 0.012 225(c) 730(c) 0.30 0.012
8 0.300 .......38(a) 125(a) 0.40 0.016 llCKd) 355(d) 135(d) 435(d) 0.4C 0.016 170(c) 565(e) 0.40 0,016

Hardness, 275 to 325 HB
1 0.040.......47(fi 155(f 0.15 U.UU6 135(b) 450(b) 145(b) 475(b) 0.15 0.006 220(c) 715(c) 0.13 0.005~
4 0.150.......35(f) 115(0 023 0.009 120(b) 400(b) 130(b) 430(b) 0.20 0.008 170(c) 560(c) 0.18 0.007
8 0.300.......27(f) 90(f) 0.30 0.012 84(d) 275(d) 100(d) 335(d) 0.25 0.010 135(e) 435(e) 0.23 0.009
(a) High speed steel tool material: M2 or M7. (b) Carbide tool material: C-6. (c) Carbide tool material: CC-6. (dl Carbide tool material: do (e) Carbide tool
material: CC-5. (f) Any premium high speed steel tool material (T15, M33, M41to M47)

AISI 1132: Planing_
Depth of cut Speed

Tool material mm in. m/min ft/min
Hardness, 175 to 225 HB
M2 and M3 high

speed steel ,0.1 0.005 12 40
2.5 0.100 21 70

12 0.500 11 35
C-6 carbide ,0.1 0.005 90 300

2.5 0.100 90 300
12 0.500 76 250

Hardness, 275 to 325 HB
M2 and M3 high

speed steel .0.1 0.005 II 35
2.5 0.100 14 45

12 0.500 9 30
C-6 carbide......................0.1 0.005 76 250

2.5 0.100 76 250
12 0.500 60 200

(al Feed is 755r the width of the square nose finishing tool

Feed/stroke
mm in.

(a)
1.25
1.50
(a)

2.05
1.50

(a)
0.75
1.15
(a)

1.50
1.25

(a)
0,050
0.060

(a)

0.080
0.060

(a)
0.030
0.045

(a)
0,060
0.050
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AISI 1137

AISI 1137: Chemical Composition
AISI
grade

Chemical composition, Or
Mn P mm

1137 ..0.32-0.39 1.35-1.65 0 040 0.08-0.13

Characteristics. AISI 1137 is a high-manganese,medium-
carbon, resulfurized steel with medium strength and good
machinability. It can be flame or induction hardened, but
quench cracking is possible. This steel is used where threads,
splines, and other operations with special tools are.required.

Typical Uses. Applications of AISI 1137 steel include
spline shafts, and studs, bolts, and nuts with machined
threads.

AISI 1137: Similar Steels (U.S. and/or Foreign). UNS
G11370; AMS 5024 C; ASTM A29, A108, A311; FED QQ-S-
637 (C1137); SAE J403, J412, J414

AIS1 1137: Approximate Critical Points
Transformation Temperature(a)
point °C °F

At! 715 1315
Aca 770 1420
Ara 740 1360
Art 660 1220
(a) On heating or cooling at 28 °C (50 "F) per hour

Machining Data

Formachiningdata on AISI grade 1137,refer to the preceding
machining tables fur AISI grade 1132.

Physical Properties

AISI 1137: Thermal Treatment Temperatures
Temperature range

Treatment °C °F

Normalizing..................860-940 1580-1725
Austenitizing.................830-855 1525-1570

Mechanical Properties

Tempering temperature, aF

600 BCD 1000 1200

700

50Q

300
70

e 35

f I 1 1

—
_ÿ\- ardne £

-

Sj-
Tensile stren th

Yieic point

j -

i
Reductio in fir 93

—I
ÿE1ongatic n

150

125

-J 100

400

300

AISI 1137: Effect of Tempering Temperature
on Tensile Properties After Quenching in Oil.
Normalized at 900 °C (1650 °F); reheated to 855 *C
(1575 °F); quenched in oil. Specimens were treated in 25-mm
(1.0-in.) diam and machined to 12.8-mm (0.505-in.) diamfor
testing. Tests were conducted using test specimens machined
to English units. As-quenched hardness was 363 HB.
Elongation was measured in 50 mm (2 in.). (Ref 2)

200 300 400 500

Temper'ng temperature, °C

6D0 700
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Mechanical Properties (continued)

A1S1 1137: Mass Effect on Mechanical Properties (Ref 2)_
Tensile

Size round strength
Condition or treatment mm in. MPa Itai

Water quenched from 845 °C (1550 °F),
tempered at 540 "C (1000 *F) ................13 0.5 896 130

25 1 841 122
50 2 758 110

100 4 745 108
Water quenched frum 845 "C (1550 °F),

tempered at 595 °C (1100 *F) ................13 0.5 772 112
25 1 745 108
50 2 724 105

100 4 G7S 98
Water quenched from 845 'C (1650 °F),

tempered at 650 °C (1200 °P) ................13 0.6 724 105
25 1 703 102
50 2 675 98

100 4 660 96
Annealed (heated to 790 °C or 1450 °F,

furnace cooled 11°C or 20 °F per hour
to 610 °C or 1130 °F. cooled inair) ...........25 1 585 85

Nmalized (heated to 900 °C or
1650 °F. cooled inair) 13 0.5 675 98

25 1 670 97
50 2 660 96

100 4 650 94
Oil quenched from 855 °C (1575 °F),

tempered at 540 "C (1000 °F) ................13 0.5 883 126
25 1 745 108
50 2 724 105

100 4 689 100
Oil quenched from 855 C (1576 T),

tempered at 595 °C (1100 DF) ................13 0.5 772 112
25 1 696 101
50 2 675 98

100 4 655 95
Oil quenched from 855 °C (1575 °F),

tempered at 650 DC (1200 °F) ................13 0.5 717 104
25 1 675 98
50 2 670 97

100 4 650 94

(a) In 50 mm (2 in.)

Yield
strength

MPa ksi
Elongation(a),

%
Reduction
inarea, %

Hardness,
IIB

772
675
490
475

655
605
525
420

615
565
460
415

345

400
400
340
330

689
525
435
405

620
475
425
395

550
475
395
385

112
98
71
69

95
88
76
61

89
82
67
60

50

58
58
49
48

100
76
63
59

90
69
62
57

80
69
57
56

17.1
169
20.8
20.3

21.4
21.0
22.0
23.5

23.9
22.3
24.0
24.0

27.0

25.0
22.5
21.9
23.3

18.2
21.3
23.0
22.3

21.8
23.5
23.0
24.5

24.6
23.5
25.0
24.0

51.3
51.2
56.1
52.1

67.6
59.2
61.7
60.9

61.2
58.8
64.1
63.5

64.0

58.5
48.5
61.6
51.0

55.8
66.0
56.2
55.5

61.0
60.1
57.8
59.5

65.6
60.8
64.1
61.1

262
248
229
223

229
223
217
201

223
217
201
197

174

201
197
197
192

255
223
217
201

229
207
207
192

217
201
197
192

AIS1 1137: Effect of the Mass on Hardness at Selected
Points (Ref 2)

Size round As-quenched hardness at
nun in. Surface 66 radius Center

After quenching in water

13 0.5...................57 HRC 53 HRC 50 HRC
25 1....................56 HRC 50 HRC 45 HRC
50 2 ....................52 HRC 35 HRC 24 HRC

100 4 ....................48 HRC 23 HRC 20 HRC

After quenching in oil
13 0.5...................48 HRC 43 IIRC 42 HRC
25 1....................34 HRC 28 HRC 23 HRC
50 2 ....................28 HRC 22 HRC 18 HRC

100 4 ....................21 HRC 18 HRC 16 HRC

A1S1 1137: Izod Impact Properties (Ref 12}

Energy
Condition or treatment J ft lb

As rolled ....63 61
Normalized at 900 'C (1650 °F) 64 47
Annealed at 790 °C (1450 "F) 50 37
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Mechanical Properties (continued)

AIS1 1137:Tensile Properties
Tensile

Size round strength
Treatment or condition mm in. MPa ksi

Hot rolled (Ref 1)..........................19-32 <1.75-1.25 605 88
Cold drawn(b) (Ref 1) ......................19-32 0.75-1.25 675 98
As cold drawn [Ref 1) ......................16-22 0.63-0.88 690 100

22-32 0.8S-1.25 655 95
32-50 1.25-2 620 90
50-75 2-3 585 85

Cold drawn, low temperature,
stress relieved (Ref 1!....................16-22 0.63-0.88 725 105

22-32 0.88-1.25 690 100
32-50 1.25-2 655 95
50-75 2-3 620 90

Cold drawn, high temperature,
stress relieved [Kef 1) ....................16-22 0.63-0.88 655 95

22-32 088-1.25 620 90
32-50 1.25-2 585 85
50-75 2-3 550 80

As rolled fRef 12) ÿÿÿ — 025 91
Normalized at 900 °C (1650 °F) (Ref 12).....670 07
Annealed at 790 "C (1450 °F) (Ref 12).......-- 585 85
(a) In 50 mm (2 in.), (b! Average machinability rating of 70'* based on AISI 1212 steel as 100% average machinability

Yield
strength

MPa ksi
Eiongation(a),

%
Reduction
in area, %

330
565
620
585
550
515

655
620
585
550

515
515
485
450
380
400
345

48
82
90
85
80
75

95
90
85
80

75
75
70
65
55
58
50

35
30
35
30
30
30

35
30
30
25

45
40
40
35
61
49
54

Hardness,
IIB

179
197
197
187
179
170

212
197
187
179

187
179
170
163
192
197
174

Tempering temperature, SF

600 800 IODD 1200

Tensile strength

Yield point —

r I
Reduction in anea

elongation

350 m
x

250

AISI 1137: Effect of Tempering Temperature
on Tensile Properties After Quenching in
Water. Normalized at 900 °C (1650 °F); reheated to
845 °C (1550 T);quenched in water. Specimens were
treated in25-mm (1.0-in.) diam and machined to
12.8-mm (0.505-in.) diam for testing. Tests were
conducted using test specimens machined to English
units. As-quenched hardness was 415 HB. Elongation
was measured in 50 mm (2 in.). (Ret 2)

300 400 500 600 700

Tempering temperature, 'c
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AISI 1141, 1144

AISI 1141, 1144: Chemical Composition

: i

AISI
grade

Chemical composition, %
Mn P mai

1141 0.37-0.45
1144 ,...0.40-0.48

1,35-1.65
1.35-1.65

0.040
0.040

0.08-0.13
0.24-0.33

Characteristics. AISI grades 1141 and 1144 are oil-
hardeningsteels with goodheat treatingresponse. Many end
products made from these steels are cyanided-or carbo-
nitrided. Grades 1141 and 1144 can also be flame and in¬
duction hardened,andoilquenched after case hardening.The
good machinahility of these steels makes them suitable for
use in the hot rolled, cold drawn, or heat treated, condition.
The addition of 0.15 to 0.35% lead further increases machin¬
ahility.

Grade 1144 steel is available in a severely cold worked
condition with increased in-the-bar strength. Mechanical
properties in this condition are: 860-MPa (125-ksi) tensile
strength; 690-MPa (100-ksi) yield strength; hardness of
269 HB; machinahility rating of 83% (Ref 9). No heat treat¬
ment is necessary. Furthermore, being already stress re¬
lieved, grade 1144 bar machines readily with minimum dis¬
tortion,which reducesor eliminatesstraighteningoperations.

Machining Data

For machiningdata on AISIgrades 1141and 1144, refer to the
preceding machining tables for AISI grade 1132.

Most AISI 1141and 1144 bars are cold finished. They may
be further turned and ground, or groundand polished, for use
in screw machine operations.

Typical Uses. Typical endproducts made from grade 1141
and 1144 steels include cold drawn or finished bar, cold
punched nuts, split rivets, machine screws, and wood screws.

AISI 1141: Similar Steels (U.S. and/or Foreign). UNS
G11410; ASTM A29, A107, A108, A311; FED QQ-S-637; SAE
J403, J412, J414

AISI 1144: Similar Steels (U.S. and/or Foreign). UNS
G11440; ASTM A29, A108, A311; FED QQ-S-637 (C1144);
SAE J403, J412, J414

AISI 1141, 1144: Approximate Critical Points
AISI
grade

Transformation Temperature(a)
point °C °F

1141 720 1330
Ac-j 780 1435
At3 665 1230
At, 645 1190

1144 725 1335
Aca 760 1400
At, 695 1285
Ar, 650 1200

(a) On heating or cooling at 28 °C (50 °F> per hour

Physical Properties

AISI 1141, 1144; Thermal Treatment
Temperatures (Ref 12)

Temperature range
Treatment "C T

Normalizing..................855-910 1510-1670
Austenitizing.................800-845 1475-1550

Hardness,
HB

Mechanical Properties

AISI 1141: Tensile Properties
Tensile Yield

Size round strength strength Elongationÿ), deduction
Condition or treatment mm in. MPa ksi MPa kai % in area, %

Hot rolled (Ref 1).........................19-32 0.75-1.25 eio 94~~ 360 52 ~15 35
Cold drawn{b) (Ref 1) .....................19-32 0.75-1.25 725 105 605 8S 10 30
As cold drawn (Ref 1) .....................16-22 0.63-0.88 725 105 655 95 11 30

22-32 0.88-1.25 690 100 620 90 10 30
32-50 1.25-2 655 95 585 85 10 3D
50-75 2-3 620 90 550 80 10 20

Cold drawn, low temperature,
stress relieved (Ref 1)...................16-22 0.63-0.88 760 110 690 100 11 30

22-32 0.88-1.25 725 105 655 95 10 30
32-50 1.25-2 690 100 620 90 10 25
£0-75 2-3 655 95 585 85 10 20

Cold drawn, high temperature,
stress relieved (Ref 1) ...................16-22 0.63-0.88 690 100 550 80 15 40

22-32 0.88-1.25 655 95 550 80 15 40
32-50 1.25-2 620 90 515 75 15 46
50-75 2-3 585 85 485 70 12 30

Cold fmished(c) (Ref 3) ....................19-38 0.75-1.50 772 112 655 95 16 40
As rolled (Ref 12).........................— ... 675 98 360 52 22 38
Normalized at 900 °C (1650 T) ............— — 710 103 405 59 23 56
Annealed at 815 °C (1500 °F) ..............— ÿÿÿ 600 87 350 51 26 40
(a) In50 mm (2 in.), (b) Average machinability rating of 70% based on AISI 1212 steel as 100% average machinahility. (c) Average mschinaljility
based on AISI steel as 100% average machinability

187
212
212
197
187
179

223
212
197
187

197
187
179
170
223
192
201
163

ratingof 78%
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Mechanical Properties (continued)

AISI 1144: Tensile Properties
Tensile Yield

Size round strength Strength Elongationta), Reduction Hardness
Condition or treatment mm in. MPa kai MPa ksi % in area, % HB

Hot rolled (Ref 1) , , . 19-32 0.75 1.25 670 97 365 53 15 35 197
Coid drawnvb) (Ref 1) 19-32 0.75-1.25 745 108 620 90 10 30 217
As cold drawn (Ref I) 16-22 0.63-0.88 760 110 690 100 10 30 223

22-32 0.68-1.25 725 105 655 95 10 30 212
32-50 1.25-2 690 100 620 90 10 25 197
50-75 2-3 655 95 585 85 10 20 187

Cold drawn, low temperature,
stress relieved (Ref 1) 16-22 0.63-0.88 795 115 725 105 10 30 229

22-32 0.B8-1.25 760 110 690 100 10 30 223
32-50 1.25-2 725 105 655 95 10 25 212
50-75 2-3 690 100 620 90 10 20 197

Cold drawn, high temperature,
stress relieved (Ref 1) 16-22 0.63-0.88 725 105 585 85 15 40 212

22-32 0.68-1.25 690 100 585 85 15 40 197
32-50 1.25-2 655 95 550 80 15 35 187
50-75 2-3 620 90 515 75 12 30 179

Coid finished(b) (Ref 9) ......19-38 0.75-1.50 786 114 670 97 14 36 235
As rolled (Ref 121 ... 705 102 420 61 21 41 212
Normalized at 900 X (1650 T) ... 670 97 400 58 21 40 197
Annealed at 790 X (1450 °F> 585 85 345 50 25 41 167

(a> In 50 mm (2 in.), (b) Average machinability ratingof 80% baaed an AISI 1212 ateel as 100% average machinability

1800

1600

Tempering temperature,

aoo lono \m

5 1200
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Tempering temperature, °C

AISI 1141: Effect of Tempering Temperature
on Tensile Properties. Normalized at 855 x
(1575 °F); repeated to 815 X (1500 °R; quenched in
oil. Specimens were treated in 13.5-mm (0.530-m.)

diam and machined to 12.8-mm (0.505-in.) diam for
testing. Tests were conducted using test specimens
machined to English units. As-quenched hardness was
495 HB. Elongation was measured in 50 mm (2 in.).
(Ref 2)
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Mechanics! Properties (continued)

AiSI 1141, 1144: Mass Effect on Mechanical Properties (Ref 2)

Tensile Yield
Size round strength strength Elongation(a), Reduction Hardness,

Condition or treatment turn in. MPs kBi MPs Irai % in area, Or HB

'
AiSI 1141
Annealed (heated to 815 aC or

1500 T, fum&ce cooled 11 °C or
20 DF per houj to 480 X or 900 CF.
cooled inair) ,,,,........ 25 1 600 87 350 51 25.5 49.3 163

Normalized (heated to 900 X or
1650 °F, cooled inair) .......1 1 ... 13 0.5 731 106 425 62 22.7 57.8 207

25 1 703 102 405 59 22.7 55.5 201
50 2 696 101 395 57 22.5 55.8 201

100 4 689 100 380 55 21.7 49.3 201
Oil quenched from 815 °C (1500 DF)r

tempered at 540 X (1000 GF) . . . ... 13 0.5 896 130 758 110 18.7 67.1 262
25 1 756 110 615 75 23.5 68.7 229
50 2 745 108 515 75 21.8 57.2 217

1 100 4 738 107 460 67 20.8 54.3 212
Oil quenched from 816 X (1500 °F),

tempered at 595 X (1100 flF) . 13 0.5 800 116 660 96 20,7 60.6 235
25 1 710 103 485 70 23.8 62.2 207
50 2 696 101 475 69 24 62.5 201

100 4 689 100 420 61 23.5 59.1 197
Oil quenched from 815 DC (1500 °F),

tempered at 650 X (1200 toF) . 0.5 724 105 600 87 23.5 63.8 217
25 1 660 96 485 70 24.8 64.1 197
50 2 660 96 450 65 25.2 65.1 192

100 4 655 95 415 60 25.2 63.0 183

AISI 1144

Annealed (heated to 790 °C or
1450 BF„ furnace cooled 11 DC or

i 20 °F per hour to 620 DC or 1150 °F,
i cooled in air}..... .. 1 585 85 345 50 25.0 41.3 167 .
i Normalized (heated to 900 X or

1650T,cooled in air) 13 0.5 675 98 415 60 24.6 61.0 201
25 1 67U 97 400 58 21.0 40.4 197

j 50 2 660 96 370 54 21.5 45.0 192
100 4 650 94 360 52 21.5 42.7 192

' Oil% quenched from 045 X (1550 CF).
tempered at 540 X (1000 °F) 13 0.5 786 114 545 79 20.4 52.1 235

25 1 745 108 505 73 19.3 45.0 223
50 2 724 105 470 68 20.5 49.6 212

1 100 4 703 102 435 63 21.5 . 50.0 207
Oil quenched from 845 °C (1550 °F),

" tempered at 595 X (1100 °F)....... 0.5 717 104 490 71 20.7 51.2 217
25 1 710 103 470 68 21.5 51-4 212
50 2 696 101 450 65 23.3 66.5 207

100 4 650 94 400 58 ' 23.8 54.4 192
j Oil quenched from 845 X (1550 °F),

- tempered at 650 X (1200 DF; 13 0.5 675 98 475 69 23.2 65.2 201
25 1 670 97 470 68 23.0 52.4 201
50 2 650 94 425 62 24 67.7 192

100 4 615 89 370 54 25.8 57.7 183
(a) In50 mm (2 in.)

j AISI 1141, 1144: Effect of the Mass on Hardness at AISI 1141, 1144: Izod Impact Properties (fief 12)
i
J Selected Points (Ref 2)

AISI Energy
Afi-quenched hardness grade Condition or treatment J ft -lb

AISI Size round alter quenching Inoil at 1141 As mlled 11 8grade ram m. Surface Hradius Center Normalized at 900 °C (1650 °F) 53 39
• 1141...........13 0.5 52 HRC 49 HRC 46 HRC Annealed at 815 °C (1500 °F) 34 25

25 1 48HBC 43 HRC 38 HRC 1144 Aa rolled 53 39
50 2 36 HRC 28 HRC 22 HRC Normalized at 900 °C (1650 'Fl 43 32

] 100 4 27 HRC 22 HRC 18 HRC Annealed at 790 °C (1460 °F) 65 48
» 1144...........13 0.5 39 HRC 32 HRC 28 HRC
j 25 1 36 HRC 29 HRC 24 HRC

50 2 30 HRC 27 HRC 22 HRC
100 4 27 HRC 98 HRB 97 HRB
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Mechanical Properties (continued)
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AIS1 1144: Effect of Tempering Temperature on
Tensile Properties. Normalized at 900 X (1650 DF);
reheated to 545 °C <1550 °F); quenched in oil. Specimens
were treated in 25-mm (1,0-in.) diam and machined to
12.8-mm (0.505-in.) diam for testing. Tests were
conducted using test specimens machined to English
units. As-quenched hardness was 285 HB. Elongation was
measured in 50 mm (2 in.). (Ref 2)

AISI 1211, 1212, 1213, 1215

AISi 1211, 1212, 1213, 1215: Chemical Composition
AISI Chemical composition,1
grade C man Mn P

1211.........................0.13 0.60-0.90 0.07-0.12
1212 .........................0.13 0.70-1.00 0.07-0.12
1213 .........................0.13 0.70-1.00 0.07-0.12
1215.........................0.09 0.75-1.05 0.04-0.09

0.10-0.15
0.16-0.23
0.24-0.33
0.26-0.35

of other steels. Availability of grade 1112, formerly used for
rating, is limited.

Typical Uses. AISI grade 1211, 1212, 1213, and 1215 steels
are frequently roiled into rods, then drawn into wire. ThiB
wire is straightened, cut to length, and used in screw ma¬
chine operations.

Characteristics. The 12XX series steels are both re-
phosphorized and resulfurized. Phosphorus, which is soluble
in iron, promotes chip breakage in machining operations
because of increased hardness and brittleness. Similar to
carbon, excessive phosphorus can raise strength and hard¬
ness levels adversely high, thereby impairing machinability.
Thus the chemical composition of 12XX steels is limited to
phosphorus ranges of either 0.04 to 0.09% or 0.07 to 0.12%,
and a maximum carbon content of 0.13%.

These free-machining grades have machinability superior
to that of grades with similar carbon ranges which have not
been resulfurized and rephosphorized. AISI grade 1212 is
now employed as the standard for rating the machinability

AISI 1211: Similar Steels (U.S. and/or Foreign). UNS
G12110;ASTM A29, A108; FED QQ-S-637 (C1211);SAE J403

AISI 1212: Similar Steels (U.S. and/or Foreign). UNS
G12120; AMS 5010 D; ASTM A29, A108; FED QQ-S-637
(C1212); SAE J403; (W. Ger.) DIN1.0711; (Ital.) UNI 10 S 20;
(Jap.) JIS SUM 21

AISI 1213: Similar Steels (U.S. and/or Foreign). UNS
G12130; ASTM A29, A108; FED QQ-S-637 (C1913); SAE
J403; (W. Ger.) DIN 1.0715; (Ital.) UNI 9 SMn 23; (Jap.) JIS
SUM 22; (U.K.) B.S. 220 M07

AISI 1215: Similar Steels (U.S. and/or Foreign). UNS
G12150; ASTM A29, A108; FED QQ-S-637; SAE J412
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Mechanical Properties

AIS1 1211, 1212, 1213, 1215: Tensile Properties and Machinability
Tensile Yield

Size round strength strength
Condition or treatment mm in. MPa ksi MPa km

A1SI 1211
Hot rolled (Ref I) ................19-38 0.75-1.5 380 55 230 33
Cold drawn (Ref 1)...............19-38 0.75-1.5 515 75 400 58

A1SI 1212
Hot rolled (Ref 1)................19-38 0.75-1.5 385 56 240 35
Cold drawn (Ref 1)...............19-38 0.75-1.5 540 78 415 60

AISI 1213

Hot rolled (Ref 1)................19-38 0.75-1.5 385 56 240 35
Cold drawn (Ref 1)...............19-3B 0.75-1.5 540 78 415 50

AISI 1215
Drawn, ground, and

polished (Ref 3) ................19-38 0.75-1.5 525 76 470 68
Cold drawn (Ref 9) ...............19-38 0.75-1.5 540 78 415 60
Rimed and polished

(Ref 9} ........................19-38 0.75-1.5 385 56 230 33
(a) In 50 mm (2 in.), (b) Baaed on AISI 1212 steel as 100% average machinahility

Elongation(a),
%

Reduction
in area, %

Hardness,
HE

Average
Lachinability
ratiog(b)

25
10

25
10

25
10

10

25

45
35

45
35

45
35

35

45

121
163

121
167

121
167

167

121

95

100

135

135

Machining Data (Ref 8)

For machiningdata onAISI grades 1211and 1212,refer to the precedingmachiningtables
for AISI grades 1116,1117, 1118,and 1119

AISI 1213, 1215: Turning (Single Point and Box Tools)

M2 and M3 high speed steel j-Uncoated carbide-1 |-Coatedcarbide-1
Depth of cut Speed Feed Speed, brazed Speed, inserted Feed Speed Feed
mm in. m/min ft/min mm/rev in./rev m/tnin ft/min m/min ft/min mm/rev in./rev m/min ft/min nun/rev in./rev

Hotrolled or annealed, with hardness of 100 to 150 HB
1 0.040 .....90 295 0.20 0.008 220(a) 725(a) 260(a) 860(a) 0.18 0.007 395(b) 1300(b) 0.18 0.007
4 0.150.....69 225 0.40 0.015 170(c) 550(c) 200(c) 650(c) 0.50 0.020 260(d) 850(d) 0.40 0.015
8 0.300.....53 175 0.50 0.020 125(c) 416(c) 155(c) 510(c) 0.75 0.030 205(d) 675(d) 0.50 0.020

16 0.625 .....43 140 0.75 0.03O 105(c) 340(c) 120(c) 400(c) 1.00 0.040 —I
Cold drawn, with hardness of 150 to 200 HB
1 0.040 .....90 300 0.20 0.008 240(a) 790(a) 275(a) 900(a) 0.18 0.007 410(b) 1350(b) 0.18 0.007
4 0.150 -----70 230 0.40 0.015 185(c) 600(c) 215(c) 700(c) 0.50 0.020 275(d) 900(d) 0.40 0.015
8 0.300 .....55 180 0.50 0.020 145(c) 475(c) 170(c) 550(c) 0.75 0.030 220(d) 725(d) 0.50 0.020

16 0.625.....43 140 0.75 0.030 115(c) 370(c) 125(c) 415(c) 1.00 0.040
(n) Carbide tool material: C-7. (b) Carbide tool material: CC-7. (c) Carbide tool material: C-6. (d) Carbide tool material: CC-6

AIS1 1213, 1215: End Milling (Profiling)

1-Feed per tooth for cutter diameter oft —------(

Depth of cut Speed 10 mm (0.375 in.) 12 mm (0-6 in.) 18 mm (0.75 is.) 25-50 mm (1~2 in.)
Tool material mm in. m/min ft/mill mm in. mm, in. mm in. mix* In-

Hot rolled or annealed, with hardness of 100 to 150 HB
M2. M3, end M7 high

speed steel 0.5 0.020 79 260 0.025 0.001 0.050 0.002 0.102 0.004 0.15 0.006
1.5 0.060 60 200 0.050 0.002 0.075 0.003 0.13 0.005 0.18 0.007

diam/4 diam/4 53 175 0.025 0.001 0.050 0.002 0.102 0.004 0.13 0.005
diam/2 diam/2 46 150 0.018 0 0007 0.025 0.001 0.075 0.003 0.102 0.004

C-6 carbide 0.5 0.020 205 680 0.050 0.002 0.102 0.004 0.15 0 006 0.20 0.008
1.5 0.060 160 520 0.075 0.003 0.13 0.005 0 18 0.007 0.23 0.009

diam/4 diam/4 135 440 0.050 0.002 0.075 0.003 0.15 0.006 0.18 0.007
diom/2 diam/2 125 410 0.038 0.0015 0.050 0.002 0.13 0.005 0.15 0.006

Cold drawn, with hardness of 150 to 200 HE
M2, M3, and M7 liigh

speed steel .....0.5 0.020 70 230 0.025 0.001 0.050 0.002 0.102 0.004 0.15 0.006
1.5 0.060 55 180 0.050 0.002 0.075 0.003 0.13 0.005 0.18 0.007

diam/4 diam/4 49 160 0.025 0.001 0.050 0.002 €.102 0.004 0.13 0.005
diam/2 diam/2 43 140 0.018 0.0007 0.025 0.001 0.075 0.003 0.102 0.004

C-6 carbide ., ,0.5 0.020 190 620 0.050 0.002 0.102 0.004 0.15 0.00G 0.18 0.007
1.5 0.060 145 475 0.075 0.003 0.13 0.005 0.18 0.007 0.20 0.008

diam/4 diam/4 120 400 0.050 0.002 0.075 0.003 0.15 0.006 0.18 0.007
diam/2 diam/2 115 375 0.038 0.0016 0.050 0.002 0.13 0.005 0.15 0.006

I
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Machining Data (Ref 8) (continued)

AIS1 1213, 1215: Turning (Cutoff and Form Tools) _
Feed per revoluliun for cutoff tool width of: j----~— Feed per revolution for form tool width of: |

Speed, 1.6 mm 3 mm 6 nun 12 mm ISmm 25 nun 50 mm
m/min (0.062 in.) (0.125 in.) (0.25 in.) (0.5 in.) (0.75 in.) (1 in.) <2 inJ

Tool material (ft/min) mm in. mm in. mm in. mm in. mm in. mm in. mm in.

Hot rolled or annealed, with hardness of 100 to 150 KB
M2 and M3 high

speed steel .........59 0,075 0.0030 0.089 0.0035 0.102 0,0040 0.075 0.0030 0.067 0.0027 0 063 0.0025 O.046 0.0018
(195)

C-6 carbide..........170 0.075 0.0030 0.089 O.OQ35 0.102 0.0040 0.075 0.0030 0.067 0.0027 0.063 0.0025 0.046 0.0018
(550)

Cold drawn, with hardness of 150 to 200 KB
M2 and M3 high

speed steel .........64 0.075 U.U03U 0.089 0.0035 0.102 0.0040 0.075 0.0030 0.067 0.0027 0.063 0.0025 0.046 0.0018
(210)

C-6 carbide..........185 0.075 0.0030 0.089 0.0035 0.102 0.0040 0.075 0.0030 0.067 0.0027 0.063 0.0025 0.046 0 0018
(600)

AISI 1213, 1215: Face Milling ____________

___
M2 and M7 high speed steel |----— Uncoated carbide — ——i [--Coated carbide-1

Depth or cut Speed Feed/tooth Speed, brazed Speed, inserted Feed/tooth Speed Feed/tooth
mm in. m/min ft/min mm in. m/min ft/rain m/min ft/min mm in. m/min ft/min mm in.

Hot roUed or annealed, with hardness of 100 to 150 HB

1 0.040 ........115 375 0.20 0.008 245(a) 800(a) 270(a) 880(a) 0.20 0.008 405(b) 1325(b) 0.20 0.008
4 0.150.........88 290 0.30 0.012 185(a) 605(aJ 205(a) 665(a) 0.30 0.012 265(b) 865(b) 0.30 0.012
8 0.300.........69 225 0.40 0.016 130(c) 420(c) 155(c) 515(c) 0.40 0.016 205(d) 570(d) 0.40 0.016

Cold drawn, with hardness of 150 to 200 HB
1 0.040........110 360 0.20 0.008 225(a) 730(a) 245(a) 800(a) 0.20 0.008 365(b) 1200(b) 0.20 0.008
4 0.150.........84 275 0.30 0.012 175(a) 575(a) 185(a) 615(a) 0.30 0.012 245(b) 800(b) 0.30 0.012
8 0.300 ,........66 215 0.40 0.016 120(c) 390(c) 145(c) 480(c) 0.40 0.016 190(d) 825(d) 0.40 0.016
(a) Carbide tool material: C-6. (b) Carbide tool material: CC-6, tc) Carbide tool material: C-5. (d) Carbide tool material: CO-5

AISI 1213, 1215: Boring _____________________
M2 and M3 high speed steel r~—-~--— Uncoated carbide-1 i-Coated carbide-1

Depth of cut Speed Feed Speed, brazed Speed, inserted Feed Speed Feed
mm in. m/min ft/min mm/rev in./res- m/min ft/min m/min ft/min mm/rev in./rev m/min ft/min mm/rev in./rev

Hot roUed or annealed, with hardness of 100 to 150 HB
0.25 0.010......105 350 0.102 0.004 195(a) 640(a) 230(a) 750(a) 0.075 0.003 350(b) 1150(b) 0.075 0.003
1.25 0.05(1.......72 235 0.15 0.006 155(c) 510(c) 185(c) 600(c) 0.13 0.005 275(d) 910(d) 0.13 0.005
2.5 0,100.......55 180 0.30 0012 120(e) 390(e) 140(e) 460(e) 0.40 0.015 220(f) 720(0 0.40 0.015

Cold drawn, with hardnes9 of 150 to 200 HB
0.25 0.010......110 360 0.102 0.004 205(a) 670(a) 240(a) 790(a) 0.075 0.003 360(b) 1180(b) 0.075 0.003
1.25 0.050 .......73 240 0.15 0.006 165(c) 535(e) 190(c) 630(c) 0,13 0.005 290(d) 945(d) 0.13 0.005
2.5 0.100.......56 185 0.30 0.012 130(e) 425(e) 150(e) 500(e) 0.40 0.015 190(0 630(f) 0.30 0.012

(a) Carbide tool material: C-8. (b) Carbide tool material: CC-8. (e) Carbide tool material: C-7. (d) Carbide tool material: CC-7. (e) Carbide tool material: C-6.
(f) Carbide tool material: CC-6

AISI 1213, 1215: Planing

Tool material
Depth of cut
mm in. ro/i

Speed
sis ft/min

Feed/stroke
Tool material

Depth of cut
mm in.

Speed
m/min ft/min

Feed/stroke
mm in-

Hot rolled or annealed, with hardness of 100 to 150 HB
M2 and M3 high

speed steel

C-6 carbide ...

Cold drawn, with hardness of 150 to 200 HB
M2 and M3 high

. 0.1 0.005 20 65 (a) (a) speed steel . . . 0.1 0.005 21 70 (a) (a)

2.5 0.100 32 105 1.25 0.050 2.5 0.100 37 120 1.25 0.050
12 0.500 17 ÿ 55 1.50 0.060 12 0.500 18 60 1.50 0.060
(11 0.005 SO 300 (a) (a) C-6 carbide .... 0.1 0.005 90 300 (a) (a)

2.5 0.100 90 300 2.05 0.080 2.5 0.100 90 300 2.05 0.080
12 0.500 90 300 1.50 0.060 12 0.500 60 200 1.50 0.060

(a) Feed is 75% the width of the square nose finishing tool
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Machining Data (Rer 3) (continued)

AISI 1213, 1215: Drilling
j-Feed per revolution for nominal hole diameter o£-1

Tool Speed 1.5 mm (0.062 in.) 3 mm (0.125 in.) 6 mm (0.25 in.) 12 mm (0.5 in.) 18 mm (0.75 in.) 25 mm (1in.)

material m/min ft/mtn mm in. mm in. mm in. mm in. mm in. mm in.

Hot rolled or annealed, with hardness of 100 lo 150 HB
M10, M7, and

Ml high speed
steel ................Z7 90 0.025 0 001 ..................

38 125 — 0,075 0.003 0.13 0.005 0.30 0.012 0.45 0.018 0.55 0.022

Cold drawn, with hardness of 150 to 200 HB
M10, M7, and

Ml high speed
steel................30 100 0.025 0.001 ÿ••• —40 130 ......11075 oooa 0.13 0.005 0.30 0.012 0.45 0.018 0.55 0.022

AIS1 1213, 1215: Reaming
Based an4 flutes for 3- and 6-mm (0.125- and 0.25-in.) reamers, 6 flutes for 12-mm (0.5-in.) reamers, and 8 flutes for 25-mm (1-in.) and larger reamers

Tool material
Speed

ra/rain ft/rain

Roughing
Ml, M2, and M7

highspeed
steel .52

C-2 carbide 60

Finishing
Ml, M2, and M7

high speed steel 20
C-2 carbide 21

Roughing

Ml,M2, and M7
high speed steel .....55

C-2 carbide............67

Finishing
Ml, M2, and M7

high speed steel

____
.18

C-2 carbide 21

170
200

55
70

180
220

60
70

I-Feed per revolution for reamer diameter of:-
3 mm (0.125 in.) 6 mm (0.25 in.) 12 mm (0.5 in.) 25 mm (1in.) 35 mm (L5 in.)

mm in. mm . in, mm in. mm in mm in
50 ;

Hot rolled or annealed, with hardness of 100 to 150TTR

0.15
0.15

0.20
0.20

0.006
0.006

0.008
0.008

0.25
0.25

0.30
0.30

0.010
0.010

0.012
0.012

0.40
0.40

0.45
0.45

0.015
0.015

0.018
0.018

0.65
0.65

0.75
0.75

Cold drawn,with hardness of 150 to 200 HB

0.15
0.15

0.20
0.20

0.006
0.006

0.008
0.008

0.25
0.25

0.30
0.30

0.010
0.010

0.012
0.012

0.40
0.40

0.45
0.45

0.015
0.015

0.018
0.018

0.65
0.65

0.75
0.75

0.025
0.025

0.030
0.030

0.025
0.025

0.030
0.030

0.75
0.75

0.90
0.90

0.75
0.75

0.90
0.90

0.035
0.0311

0.035
0.035

0.030
0.030

0.035
0.035

0.90
0_90

1.00
1.00

0.90
0.9C

(2 in.)
in.

0.035
0.035.

0.040
0.040

C.035
€.035

1.00 0.040
1.00 0.040

AISi 12L13, 12114, 12L15

AISI 12L13, 12L14, 12L15: Chemical Composition
AISI Chemical composition, %
grade C max Mn P S

L2L13.......0.13 0.70-1.00 0.07-0.12 0.24-0.33
12L14.......0.15 0.85-1.15 0.04-0.09 0.26-0.35
12L15.......0.09 0.75-1.05 0.04-0.09 0.26-0.35

Pb

0.15-0.35
0.15-0.35
0.15-0.35

Characteristics. The lead additions inAISI 12L13, 12L14,
and 12L15 steels augment the effect of sulfur, permitting
increased machining speeds and better finishes. Lead, which
is soluble in steel, disperses microscopically in the rolled
product. These lead particles act as a lubricant, helping to
prevent tool buildup during machining and serving as chip
breakers in a manner similar to that of sulfide inclusions.

Typical Uses. Economic reasons usually limit leaded re-
suifbrizedsteels to use for high-speedscrew machine products
where the superior machining characteristics of the steel can
be fully utilized.

AISI 12L13: Similar Steels (U.S. and/or Foreign). UNS
G12134; ASTM A29; FED QQ-S-633 (C12113); MIL SPEC
MIL-S-18411; SAE J403, J412; (W. Ger.) DIN 1.0718; (Ital.)
UNI9 SMnPb 23; (Jap.) JIS SUM22 L,SUM23 L,SUM24L;
(Swed.) SS14 1914

AISI 12L14: Similar Steels (U.S. and/or Foreign). UNS
G12144; ASTM A29, A108; SAE J403, J412, J414; (W. Ger.)
DIN 1.0718; (Ital.) UNI 9 SMnPb 23; (Jap.) JIS SUM 22 L,
SUM 24 L; (Swed.) SS14 1914



66/Carbon Steels

Mechanical Properties (Ref 8)

AISI 12L14: Tensile Properties and Machinability
TfengUe Yield Average

Condition Size round strength strength Elongatioii(a}+ Reduction Hardness, machinability
or treatment mm in. MPa ksi MPa ksi % in area, % HB raling(b>

Hot rolled (Ref 1) ....19-38 0.75-1.5 395 57 235 34 22 45 121 ...
Cold drawn (Ref 1) . . . . 19-38 0.75-1.5 540 78 415 60 10 35 163 160
(a) In 50 mm (2 in,J (b) Baaed rm AISI 1212 steel as 100% average machinability

Machining Data (Ref 8)

AISI 12L13, 12L14, 12L15: Turning (Single Point and Box Tools)

M2 and M3 high speed steel i-Uncoated carbide-1 [........Coated carbide-1
Depth of cut Speed Feed Speed, brazed Speed, inserted Feed Speed Feed
mm in. m/min ft/min mm/rev in_/rev m/min ft/min m/min ft/min mm/rev in./rev m/min ft/min mm/rev in./rev
Hardness, 100 to 150 HB
1 0.040......105 340 0.23 0.009 290(a) 950(a) 305(a) 1000(a) 0.18 0,007 470(b) 1550(b) 0.18 0.007
4 0.150.......79 260 0.40 0.015 220(c) 725(c) 245(c) SOCKc) 0.50 0.020 310(d) 1025(d) 0.40 0.015
8 0.3OO.......64 210 0.50 0.020 175(c) 575(c) 190(c) 620(c) 0.75 0.030 250(d) 825(d) 0.50 0.020

16 0.625 .......49 160 0.75 0.030 135(c) 450(c) 160(C) 490(c) 1.00 0.040

Hardness, 150 to 200 HB
1 0.040......105 350 0.23 0.009 295(a) 975(a) 320(a) 1050(a) 0.18 0.007 460(b) 1500(b) 0.18 0.007
4 0.150... .... 82 270 0.40 0.015 230(c) 750(c) 255(c) 840(c) 0.50 0.020 305(d) 1000(d) 0.40 0.015
1 0.300.......64 210 0.50 0,020 180(c) 590(c) 195(c) 640(c) 0.75 0.030 245(d) 800(d) 0.50 0.020

16 0.625.......52 170 0.75 0.030 140(c) 460(c) 145(c) 475(c) 1.00 0.040
Hardness, 200 to 250 HB
1 0.040-------79 260 0.23 0.009 260(a) B60(a) 290(a) 95<Xa) 0.18 0.007 425(b) 1400(b) 0.18 0.007
4 0.150 .....:.>|59 195 0.40 0.015 200(c) 650(c) 220(c) 725(0 0.50 0.020 280(d) 925(d) 0.40 0.015
8 0.300.......3(47 155 0.50 0.020 160(c) 520(c) 175(c) 575(c) 0.75 0.030 2a0(d) 750(d) 0.50 0.020

16 0.625......-37. 120 0.75 0.030 120(c) 400(c) 135(c) 450(c) l.OO 0.040
(a) Carbide tool material: C-7. (b) Carbide tool material: CC-7, (c) Carbide tool material: C-6. (d) Carbide tool material: CC-6

AISI 12L13, 12114,12115: Planing_
Depth of cut

Tool material mm in.

Hardness, 100 to 150 HB
M2 and M3 high speed steel ..........0.1 Q.005

2.5 0.100
12 0.500

C-6 carbide 0.1 0.005
2.5 0.100

12 0.500

Hardness, 150 to 200 HB
M2 and M3 high speed ateel ..........0.1 0.005

2.5 0.100
12 0.500

C-6 carbide 0.1 0.005
2.5 0.100

12 0.50O

Hardness, 200 to 250 HB
M2 and M3 high speed steel ..........0.1 0.005

2.5 0.100
12 0.500

C-6 carbide 0.1 0.0G5
2.5 0.100

12 0.500
(a) Feed is 75% the width of the square ooee finishing tool

Speed
m/min ft/min

Feed/stroke
mm in.

21
37
18
90
90
90

23
28
20
90
90
90

15
24
17
90
90
76

70
120
60

300
300
300

75
125
65

300
300
300

50
80
56

300
300
260

(a)

1.25
1.50
(a)

2.05
1.50

(a)

1.25
1.50
(a)

2.05
1.50

(a)

1.00
1.25
(a)

1.50
1-25

(a)
0.050
0.060

(a)
0.080
0.060

(a)
0.050
0.060

(a)

0.080
0.060

(a)
0.D4O
0.050

(a)

0.060
0.050
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Machining Data (Ref 8) (continued)

AISI 12113, 12L14, 12L15: Reaming
Based on 4 flutes for 3- and 6-mm (0.125- and 0.25-in.) reamers, 6 (lutes for 12-mm (0.5-in.) reamers, and B flutes for 25-rnm (1-in.) and larger reamers

Too! material
Speed

m/min ft/min

I-Feed per revolution for reamer diameter of:-
3 mm (0.125 in.) 6 nun (025 in.) 12 mm (0.5 in.) 25 mm (1 in.) 35 mm (1.5 in.)

mm in. mm in. mm in. mm in. mm In.

-1
50 mm (2 in.)

Roughing
Ml,M2, and M7

high speed ateel 69
C-2 carbide 79

Finiahing
Ml,M2, and M7

high speed ateel 21
C-2 carbide 23

Roughing

Ml,M2, Bud M7
high speed steel

C-2 carbide .
.66
.76

Finishing
Ml, M2, and M7

high speed ateel
C-2 carbide

.20

.21

Roughing
Ml,M2, and M7

high speed steel 60
C-2 carbide 69

Finishing
Ml, M2, and M7

high speed steel 18
C-2 carbide 20

225
260

70
75

215
250

65
70

200
225

60
65

0.15
0.15

0.20
0.20

0.15
0.15

0.20
0.20

0.13
0.15

0.15
0.15

0.006
0.006

O.O08
0.008

0.006
0.006

0.008
0.008

0.005
0.006

0.006
0.006

Hardness, 100 to 150 HB

0.25
0.25

0.30
0.30

0.010
0.010

0.012
0.012

0.40
D.40

0.45
0.45

0.015
0.015

0.018
0.018

Hardness, 150 to 200 HB

0.25
0.25

0.30
0.30

0.010
0.010

0.012
0.012

0.40
0.40

0.45
0.45

0.015
0.015

0.018
0.018

Hardness, 200 to 250 HB

0.20
0.25

0.25
0.25

G.00S
0.010

0.010
0.010

0.30 0.012
0.40 0.015

0.40
0.40

0.015
0.015

0.65
0.65

0.75
0.75

0.65
0.65

0.75
0.75

0.50
0.65

0.65
0.65

0.025
0.O25

0.030
0.030

0.025
0.025

0.030
0 030

0.020
0.025

0.025
0.025

0.76 0.030
0.75 0.63O

0.9C 0.035
0.90 0.035

0.75 0.030
0.75 0.03D

0.90 0.035
0 90 0 035 "

0.65 0.025
0.75 0.030

0.75 0.030
0.75 0.030

0.90
0.90

1.00
1.00

0.90
0.90

1.00
1.00

0.75
0.90

0.90
0.90

0.035
0.035

0.040
0.040

0.035
0.035

0.040
0.040

0.030
0 035

0.035
0.035

AISI 12L13, 12L14, 12115: End Milling (Profiling)

Tool material

I-—--Feed per tooth for cutter diameter of:-
Depth of cut Speed 10 mm (0.375 in.) 12 ihot(G.5 in.) 18 mm (0.75 inj

ram ill. m/min ft/min mm in, mm in. mm In.

Hardness, 100 to 150 HB
M2, M3, and M7 high

25-50 mm (1-2 in.)
mm inv

speed steel 0.5 0.020 82 270 0.025 0.001 0.050 0.002 0.102 0.004 0.15 0.006
; 1.5 0.060 60 200 0.050 0.002 0.075 0.003 0.13 0.005 0.18 0.007

diam/4 diam/4 55 180 0.025 0.001 0.050 0.002 0.102 0.004 0.13 0.005
diam/2 diam/2 49 160 0.018 0.0007 0.025 0.001 0.075 0,003 0.102 0.004

C-5 carbide 0.020 215 710 0.050 0.002 0.102 0.004 0.15 0.006 0.20 0.008
: 1.5 0.060 165 540 0.075 0.003 0.13 0.005 0.18 0.007 0.23 0.009
! diam/4 diam/4 140 460 0.G50 0.002 0.102 0.004 0.15 0.006 0.20 0.008

ditun/2 diam/2 130 430 0.038 0.0015 0.075 0.003 0.13 0.005 0.18 0.007
Hardness, 150 to 200 HB
M2, M3, and M7 high

speed steel .. 0.020 73 240 0.025 0.001 0.050 0.002 0.102 0.D04 0.X5 0.006
i 1.5 0.030 56 185 0.050 0.002 0.075 0.003 0.13 0.005 0.18 0.007

diam/4 diam/4 50 165 0.025 0.001 ' 0.050 0.002 0.102 0.004 0.13 0.005

C-5 carbide
diam/2 diam/2 44 145 0.016 0.0007 0.025 0.001 0.075 0.003 0.102 0.004

...0.5 C.020 190 625 0.050 0.002 0.102 0.004 0.15 0.006 0.20 0.008
1.5 0.060 145 480 0.075 0.003 0.13 0.005 0.18 0.007 0.23 0.009

diam/4 diam/4 120 400 0.050 0.002 0.102 0.004 0.15 0.006 0.20 0.008
diam/2 diam/2 115 375 0.038 0.0015 0.075 0.003 0.13 G.005 0.18 0.007

Hardnesa, 206 to 250 HB
j M2, M3, and M7 high

speed steel .0.5 0.020 69 225 0.025 0.001 0.050 0.002 0.102 0.004 0.13 0.005
1.5 0.060 52 170 0.050 0.002 0.075 0.003 0.13 0.005 0.15 O.0G6

diam/4 diam/4 47 155 0.025 0.001 0.050 0.002 0.102 0.004 0.13 0.005

C-5 carbide
diam/2 diam/2 41 135 0.018 0.0007 0.025 0.001 0.075 0.003 0.102 0.004

. 0.5 0.020 170 550 0.050 0.002 0.075 0.003 0.13 0.005 0.18 0.007
1.5 0.060 130 420 0.075 0.003 0.102 0.004 0.15 0.006 0.20 0.008

diaia/4 diam/4 110 360 0.050 0.002 0.075 0.003 0.13 0.005 0.18 0.007
diam/2 diam/2 100 335 0.038 0.0015 0.050 0.002 0.102 0.004 0.15 0.006
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Machining Data (Ref 8) (continued)

AISI 12L13, 12L14, 12L15: Turning (Cutoff and Form Tools)

Speed,
m/min

Tool material (ft/min)

Hardness, 100to 150 HB
M2 and M3 high

apeed steel 85
(280)

C-6 carbide 185
(600)

Hardness, 150 to 200 HB
M2 and M3 high

speed steel 76
(250)

C-6 carbide......- ÿ < - 175
(575)

Hardness, 200 to 250 HB
M2 and M3 high

speed steel . 69
(225)

C-6 carbide..........170
(550)

Feed per revolution for cutoff tool width of:
1.5 Trim 3 mm 6 mm

(0.062 in.) (0.125 in.) (0.25 in.)
mm in. mm in. mm in.

1-Feed per revolution for form tool width of:-1
12 mm 18 mm 25 mm 50 mm
(0.5 in.) (0.75 in.) (1 in.) (2 in.)

mm in. mm in, mm in. mm in.

0.084 0.0033

0.084 0.0033

0.084 0.0033

0.0.34 0.0033

0.075 0.0030

0.075 0.0030

0-097 0.0038

0.097 0.0038

0.097 0.0038

0.097 0.0038

0.089 0.0035

0.089 0.0035

0.112 0.0044

0.112 0.0044

0.112 0.0044

0.112 0.0044

0.104 0.0041

0.104 0.0041

0.089 0.0035 0.084 0,0033 0.075 0.0030 0.053 0.0021

0.089 0.0035 0.084 0.0033 0.075 0.0030 0.053 0.0021

0.089 0.0035 0 084 0 0033 0.075 0.0030 0.053 0.0021

0.089 0.0035 0.084 0.0033 0.075 0.0030 0.053 0.0021

0.081 0.0032 0.075 0.0030 0.067 0.0027 0.046 0.0018

0.081 0.0032 0.075 0.0030 0.067 0.0027 0.046 0.0018

AISI 12L13, 12L14, 12115; Boring ___________________

___
_

M2 and M3 high speed steel i-Uncoated carbide-1 |--Coated carbide-1
Depth of cut Speed Feed Speed, brazed Speed, inserted Feed Speed Feed
mm in. m/min ft/min mm/rev in./rev m/min ft/min m/min ft/min mm rev in./rev m/min ft/min mm/rev in./rev_

a.-----ÿ--------.--—.-—------------—
Hardness, 100 to 150 HB
0.25 0.010......105 350 0.13 0.0C5 225(a) 740(a) 265(a) 875(a) 0.075 0.003 420(b) 1375(b) 0.075 0.003
1.25 0.050

_______
82 270 0.18 0.007 150(c) 490(c) 215(c) 700(c) 0.13 0.005 335(d) 1100(d) 0.13 0.005

2.5 0.100. 64 210 0.30 0.012 115(c) 385(c) 170(c) 550(c) 0.40 0.015 215(d) 700(d) 0.30 0.012

Hardness, 150 to 200 HB
0.25 0.010......105 350 0.13 0.005 240(a) 780(a) 280(a) 920(a) 0.075 0.003 395(b) 1300(b) 0.075 0.003
f.25 0.050.......85 280 0.18 0.007 190(c) 625(c) 225(c) 735(c) 0.13 0.005 320(d) 1050(d) 0.13 0.005
2.5 0.1OO.......67 220 0.30 0.012 150(c) 500(c) 180(c) 590(c) 0.40 0.015 215(d) 700(d) 0.30 0.012

Hardness, 200 to 250 HB
0.25 0.010.......79 260 0.13 0.005 215(a) 700(a) 255(a) 830(a) 0.075 0.003 375(b) 1225(b) 0.075 0.003
1.25 0.060.......64 210 0.18 0.007 170(c) 565(c) 205(c) 665(c) 0.13 0.005 300(d) 980(d) 0.13 0.005
2.5 0.100.......47 155 0.30 0.012 135(c) 435(c) 155(c) 510(c) 0.40 0.015 200(d) 650(d) 0 30 0.012
(g) Carbide tool material: C-7, (b) Carbide tool material: CC-7. (c) Carbide tool material: C-6 (d) Carbide tool material: CC-6

AISI 12L13, 12114, 12115: Face Milling_
M2 and M7 high speed steel i-Uncoated carbide-1 I-Coated carbide-1

Depth of cut Speed Feed/tooth Speed, brazed Speed, inserted Feed/tooth Speed Feed/tooth
mm in. m/min ft/min mm in. m/min ft/min m/min ft/min mm in. m/min ft/min mm in.

Hardness, 100 to 150 HB
1 0.040 ......100 325 0.20 0.008 255(a) 840(a) 275(a) 900(a) 0.20 0.008 410(b) 1350(b) 0.20 0.008
4 0.150 .......79 260 0.30 Q.012 215(a) 700(a) 220(a) 725(a) 0.30 0.012 285(b) 940(b) 0.30 0.012
8 0.300 .......60 200 0.40 0.016 140(c) 460(c) 170(c) 565(c) 0.40 0.016 225(d) 735(d) 0.40 0.016

Hardness, 150 to 300 HB
1 0.040 .......88 290 0.20 0.008 230(a) 750(a) 245(a) 800(a) 0.2D O.OQ8 365(b) 1200(b) 0.20 0.008
4 0.150 .......72 235 0.30 0.012 185(a) 600(a) 200(a) 650(a) 0.30 0.012 260(b) 845(b) 0.30 0.012
8 0.300 .......55 180 0.40 0.016 120(c) 400(c) 150(c) 500(c) 0.40 0.016 200(d) 650(d) 0.40 0.016

Hardness, 200 to 250 HB
1 0.040 .......58 190 0.20 0.006 200(a) 650(a) 215(a) 700(a) 0.20 0.008 320(b) 1050(b) 0.18 0.007
4 0.150 .......46 150 0.30 0.012 150(a) 500(a) 170(a) 550(a) 0.30 0.012 220(b) 715(b) 0.25 0.010
8 0.300 ....... 35 115 0.40 0.016 105(c) 350(c) 130(c) 430(c) 0.40 0.016 170(d) 560(d) 0.36 0.014
(a) Carbide tool material: C-6. (b) Carbide tool material: CC-6. (c) Carbide tool material: C-5. (d) Carbide tool material: CC-5
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Machining Data (Ref 8) (continued)

AI5I 12L13, 12L14, 12L15: Drilling
ÿ Fe«d per revolution for nominal hole diameter of: -

Tool
material

Speed 1-5 mm (0.062in.) 3 mm <0.126 in.) 6 mm <0.25 in.) 12 mm (0.5 in.) 18 mm (0.73 in.) 26 mm (1 in.)
in inin ft/mili mm in. mm in. mm in. mm in. mm ill, mm in.

Hardness, 100 to 150 KB
M10, M7, and

Ml high speed
steel 24

46

Hardness, 150 to 200 HB

M10, M7, and
Ml high speed
steel 24

43

Hardness, 200 to 250 HB
M10, M7, and

Ml high speed
steel ..........18

37

80
150

80
140

0.025 0.001

0.025 0.001

0.075 0.003 0.13 0.005 0.30 0.012 0.45 0.01S

0.075 0.003 0.13 0.005 0.30 0.012 0.45 0.01B

0.55 0.022

0.55 0.022

60 0.025 0.001 ÿÿÿ — — — —
120 ••• 0.075 0.003 0.13 0.005 0.30 0.012 0.45 0.018 0.55 0.022

AISI 1547, 1548, 15B4SH

AISI 1547, 1548, 15B48: Chemical Composition
AISI Chemical composition, %
grade C Mn P max

1547 ...................0.43-0.51 1.35-1.65 0.0401548...................0.44-0.52 1.10-1.40 0.040
15B48H(a)..............0.43-0.55 1.10-1.15 0.040
(a) This grade can be expected to contain 0 0005 to 0.0030% B

S max

0.050
0.050
0.050

Characteristics and Typical Uses. The 15XX steels con¬
tain a minimum of 1.00% manganese. In addition, most
grades are available with an expected boron addition of
0.0005 to 0.0030% and, as H-steels when consistent and ex¬
acting heat treating procedures are involved. Steels in the
15XX series can meet SAE J429j, grade 8.1 specifications.

The lower carbon steels in the 15XX series, those with
0.010 to 0.29% carbon, are used for carburizing applications
which require greater case hardenability thanregular carbon
steels provide. These lower carbon grades are also suitable
for heavier sections or for thin sections where oil quenching
is required.

The medium-carbon steels in this series, those with a
carbon content of 0.30% to 0.35%, may be flame or induction
hardened. They are suitable for forgings. Selection of steels
for forgings is governed by section size and mechanical prop¬

erties desired after heat treatment. The medium-carbon
15XX steels are widely used for parts machined from bar
stock. Depending on the application and the level of proper¬
ties needed, they are suitable withor withoutheat treatment.

The higher carbon steels of the 15XX seriee are used where
the increased carbon is needed to improve wear character¬
istics, and where greater strength levels are required than
those attainable with the lower or regular carbon grades.

The H-steels and boron-treated steels are used inthe pro¬
duction of rods and wires, which serve as substitutes for alloy
and higher carbon steels in the manufacture of heat treated
holts and other cold formed parts. These parts are quenched
and tempered after forming to gain the strength and hard¬
ness characteristics inherent in boron-treated grades,

AISI 1547: Similar Steels (U.S. and/or Foreign). UNS
G15470; ASTM A29, A510, A576; SAE J403, J4L2, J414

AISI 1548: Similar Steels (U.S. and/or Foreign). UNS
G15480; ASTM A29, A510, A576; SAE J403,J412, J414; (W.
Ger.) DIN 1.1226

AISI 15B48H: Similar Steels (U.S. and/or Foreign).
H1548I; ASTM A29, A304

UNS

Physical Properties

AISI 1547, 1548, 15B48H: Thermal Treatment
Temperatures

Tfemperature
Hxatment °C T

Normalizing . 870 18G3
Austonitrang ...............845 1550



;
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Mechanical Properties

AISI 1547, 1548: Tensile Properties and Machinability (Ref 1)

Tensile Yield
Size round trength strength

Condition or treatment mm in, MPs ksi MPa ksi

AISI 1547
Hot rolled.......................19-32 0.75-1.25 650 94 360 52
Cold drawn......................19-32 0.75-1.26 710 103 605 88
Annealed, cold drawn ............19-32 0.75-1.25 655 95 585 85

AISI 1548

Hot rolled.......................19-32 0.75-1.25 660 96 365 53
Cold drawn......................19-32 0.75-1.25 731 106 620 90
Annealed, cold drawn ............19-32 0.75-1.25 650 94 540 78
(a) In 50 mm (2 in.). (bJ Based on AISI 1212 steel as 100% average machinability

Elongadonla),
%

Reduction
in area, %

Hardness,
HB

Average
machinability

ratinglb)

15
10
10

14
10
10

30
28
35

33
28
35

192
207
187

197
217
192

40
45

45
50

AISI 15B48H: End-Quench Hardenability Limits and Hardenability Band, Normalize at 870 °c neoo °fl (for forged or
rolled specimens only); austenitize at 845 "C (15S0 °F); heat treating temperatures recommended by 5AE. (Ref 10)

Distance from
quenched end, Vis in.

1 . ...
2 ....
3 ....
4 ....
5 ....
6 ....
7 ....
6 . ...
9 ....

10 ....
11 ....
12 ....
13 ....
14 . ...
15 ....
16 ....
18 ....
20 . . .

22 ....
24 ....
26 ....
28 ....
30 ....
32 ....

Hardness, HRC
max min

.63

.62
62

.61

.60

.59

.58

.57

.56

.55
53

.51

.48

.45

.41

.38
,34
.32
.31
.30
.29
.29
-28
.28

56
56
55
54
53
52
42
34
31
30
29
28
27
27
26
26
25
24
23
22
21
20

Diameters af rounds with same as-quenched hardness Location in round Quench

38
1.1 2.0 2.9 3.8 4.8 5.8 6.7
0.7 t.2 1.6 2.0 2.4 2.8 3.2 3.6 3.9

Surfaca
V* radius from center

Center

Mild
water

quench

0.8 1.8 2.5 3.0 3.4 3.8
0.5 1.0 1.6 2.0 2.4 2.8 3.2 3.6 4.0
0.2 0.6 !.0 1.4 1.7 2.0 2.4 2.8 3.1

Surface
Vj radius from center

Center

9 13 12 14 1G 18 23 22 21 26 28 30 32

Distance tronr quenched end Vis in.

Machining Data (Ref 8)

AIS1 1547, 1548, 15B48H: Turning (Single Point and Box Tools)

M2 and M3 high speed steel j-Uncoated carbide--1 i-Coated carbide-1
Depth of cut Speed Feed Speed, brazed Speed, inserted Feed Speed Feed
mm in. ro/min ft/mm mm/rev in./rev m/min ft/min m/min ft/mm nun/rev in,/rev m/min ft/min mm/rev m./rcv

Hardness, 175 to 225 HB
1 0.040... ...38 125 0.18 0.007 130(a) 425(a) 160(a) 520(a) 0.18 0.007 230(b) 750(b) 0.18 0.007
4 0.150 , 29 95 0.40 0.015 100(c) 320(c) 125(e) 405(c) 0.50 0.020 150(d) 500(d) 0.40 0.015
8 0.300 ......23 75 0.50 0.020 76(c) 250(c) 95(c) 315(c) 0.75 0.030 120(d) 400(d) 0.50 0.020

16 0625 17 55 0.75 0.030 59(c) 195(c) 76(c) 250(c) 1.00 0.040 ... ... ...
Hardnesa, 225 to 275 HE
1 0 040 34 110 0.18 0.007 115(a) 375(al 150(a) 485(a) 0.18 0.007 220(b) 725(b) 0.18 0.007
4 0.150 23 75 0.40 0.015 90(c) 300(c) 115(c) 375(c) 0.50 0.020 145(d) 475(d) 040 0.015
8 0.300... . ..20 65 0.50 0.020 70(c) 230(c) 90(c) 295(c) 0.75 0.030 115(d) 375(d) 0.50 0.020

16 0.625 15 50 0.75 0.030 53(c) 175(c) 69(c) 225(c) 1.00 0.040
(a) Carbide tool material: C-7. (b) Carbide tool material: CC-7. (c) Carbide tool material: C-6. (dl Carbide tool material: CC-6
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Machining Data (8ef 8} (continued)

AISi 1547, 1546, 1dB48H:Turning (Cutoff and Form Tools)

Feed per revolution for cutoff tool width of: |-Feed per revolution for form toolwidth of:-1
Speed, 1.5 mm 3 mm 6 mm 12 mm 18 mm 25 mm 50 mm

m/min <0.062 in.) (0.125 in.) (0.25 in.) (0,5 in.) (0.75 In.) (1in.) (2 In.)
Tool material (ft/min) mm in. mm in. mm in. mm in. mm in. mm in. mm (n.

Hardness, 175 to 225 HB
M2 and M3 high

speed steel ........27 0.028 0.0011 0.033 0.0013 0.041 0.0016 0.036 0.0014 0.030 0.0012 0.028 G.OOtl 0.020 0 0008
(90)

C-6 carbide..........88 0.028 0.0011 0.033 0.0013 0.041 0.0016 0.036 0.0014 0.030 0.0012 0.028 0.0011 0 020 0.0008
(290)

Hardness,225 to 275 HB

M2 and M3 high
speed steel ........21 0.025 0.0010 0,030 0.0012 0.038 0.0015 0.033 0.0013 0.028 0.0011 0.025 0.0010 0.018 0 0007

(70)

C-6 carbide.........69 0.025 0.0010 0.030 0.0012 0.038 0.0015 0.033 0.0013 0.028 0.0011 0.O25 O.OfllO 0.018 0.0007
(225)

AISi 1547, 1548, 15B48H: Face Milling_
M2 and M7 High speed steel |-Uncoated carbide-] r—------Coaled carbide-1

Depthof cut Speed Feed/tooth Speed, brazed Speed, inserted Feed/tooth Speed Feed/tooth
mm in. m'mln ft/min mm in. m/min ft/min m/min ft/min mm in. m/min ft/min mm in.

Hardness, 175 to 225 HB
1 0.040........46 150 0,20 0.008 155(a) 515(a) 170(a) 550(a) 0.20 0.008 250(b) 825(b) 0.20 0 008
4 0.150........35 115 0.30 0.012 120(a) 400(a) 145(a) 470(a) 0.30 0.O12 185(b) SlOfbl 0.30 0.012
8 0.300--------27 90 0.40 0.016 90(c) 300(c) 110(c) 365(c) 0.40 0.016 145(d) 475(d) 0.40 0.016
Hardness,225 to 275 HB
1 0.040........37 120 0.15 0.006 135(a) 440(a) 150(a) 490(a) 0.18 0.007 225(b) 735(b) 0.18 0.007
4 0.150........29 95 0.25 0.010 110(a) 365(a) 125(a) 405(a) 0.25 0.010 160(b) 525(b) 0.25 0.010
8 0.300........23 75 0.36 0.014 79(c) 260(c) 95(c) 315(c) 0.36 0.014 125(d) 410<cl) 0.36 0.014
(a) Carbide tool material: C-6. (b) Carbide tool material: CC-6. (c) Carbide tool material: C-5. id) Carbide tool material: CC-5

AISI 1547, 1548, 15B4SH: Drilling
:-Feed per revolution for nominal hole diameter of:-—--r

Speed 1.5 mm (0-062 in.) 3 mm (0.125 in.) 6 mm (0.25 in.) 12 mm (0.5 in.) 18 mm (0.75 in.) 25 mm <1 in,)
Tool material m/min ft/min mm in. mm in. mm in. mm in. mm in. mm in,

Hardness, 175 to 225 HB
M10, M7,and Ml

high speed steel ....17 55 0.025 0.001
21 70 — — 0.075 0.003 0.130 0.005 0.23 0.009 0.30 0.012 0.45 0.018

Hardness,225 to 275 HB
M10, M7, and Ml

bigh speed steel ....18 60 0.025 0.001 0.050 0.002 0.102 0.004 0.1B 0.007 0.25 O.Olfl 0.40 0,015

AISI 1547, 1548, 15B48H: Planing
Depth of cut Speed Feed/stroke Depth of cut Speed Feed/stroke

Tool material mm in. m/min ft/min mm in. Tool material ram in. m/min (tmiri mm in.

Hardness, 175 to 225 HB Hardness, 225 to 275 HB
M2 and M3 high M2 and M3 high

speed steel .......0.1 0.005 11 35 (a) (a) speed steel ...0.1 0.005 9 30 (a) (a)
2.5 0.100 17 55 1.25 0.050 2.5 0.100 14 45 0.75 0.030

12 0 500 9 30 1.50 0.060 12 0.500 8 25 1.15 0.045
C-6 carbide...... (11 0 005 60 200 (a) (a) C-6 carbide 0.1 0.005 58 190 (a) (a)

2.5 0.100 69 225 2.05 0.080 2.5 0.100 64 210 1.50 0.060
12 0.500 60 200 1.50 0.060 12 0.500 50 165 1.25 0.050

| (a) Feed is 75% the width of the square nose finishing tool
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Machining Data (Ref 8) (continued)

AIS1 1547, 1548, 15B48H: End Milling (Profiling)

Tool material
Depth of cut
mm in.

Speed
m/min ft/min

10 mm (0.375 in.)

mm in.

ÿ Feed per tooth for cutter diameter of:-j
12 mm (0.5 in.) 18 mm (0.75 in.) 25-50 mm (1-2 in.)
mm in. mm in. mm in.

Hardness, 175 to 225 HB
M2, M3, and M7 high

C-5 carbide,

0.5 0.020 49 160 0.025 0.001 0.050 0.002 0.075 0.003 0.102 0.004
1.5 C.060 37 120 0.050 0.002 0.075 0.003 0.102 0.004 0.13 0.005

diam/4 diam/4 32 105 0.025 0.001 0.050 0.002 0.075 0.003 0.102 0.004
diam/2 diam/2 27 90 0.018 0.0007 0.025 0.001 0.050 0.002 0.075 0.003
. 0.5 0.020 150 485 0.038 0.0015 0.075 0.003 0.13 0.005 0.15 0.006

1.5 0.060 115 370 0.063 0.0025 0.102 0.004 0.15 0.006 0.18 0.007
diam/4 diam/4 100 325 0.050 0.002 0.075 0.003 0.13 0.005 0.15 0.006
diam/2 diam/2 90 300 0.038 0.0015 0.050 0.002 0.102 0.004 0.13 0.005

35 to 275 HB
ÿaas

. 0.5 0.020 34 110 0.025 0.001 0.050 0.002 0.075 0.003 0.102 0.004
1.5 0.060 26 85 0.050 O.O02 0.075 0.003 0.102 0.094 0.13 0.005

diam/4 diam/4 23 75 0.025 0.001 0.050 0.002 0.075 0.003 0.102 0.004
diam/2 diam/2 20 65 0.018 0.0007 0.025 0.001 0.050 0.002 0.075 0.003

...0.5 0.020 130 430 0.025 0.001 0.050 0.002 0.102 0.004 0.13 0.005
1.5 0.060 100 330 0.050 0.002 0.075 0.003 0.13 0.005 0.18 0.007

diam/4 diam/4 85 280 0.038 0.0015 0.063 0.0025 0.102 0.004 0.13 0.005
diam/2 diam/2 81 265 0.025 0.001 0.050 0.002 0.075 0.003 0.102 0.004

AISI 1547, 1548, 15B46H: Boring ______________
M2 and M3 high speed steel |----— Uncoated carbide-1 r---—~ Coated carbide-1

Depth of cut Speed Feed Speed, brazed Speed, inserted Feed Speed Feed
mm in. m/min ft/min mm/rev in./rev m/min ft/min m/min ft/min mm rev in./rev m/min ft/min mm/rev hi./rev

Hardness, 175 to 235 HB
0.25 0.010

______
38 125 0.075 0.003 115(a) 385(a) 140(a) 455(a) 0.075 0.003 200(b) 655(b) 0.075 0.003

1.25 0.010......30 100 0.13 0.005 95(c) 310(c) 110(c) 365(c) 0.13 0.005 160(d) 510(d) 0.13 0.005
2.5 0.100......23 75 0.30 0.012 73(c) 240(c) 87(c) 285(c) 0.40 0.015 105(d) 350(d) 0.30 0.012

Hardness, 225 to 275 HB
0.25 0.010......35 115 0.075 0.003 110(a) 360(a) 130(a) 425(a) 0.075 0.003 195(b) 635(b) 0.075 0.003
1.25 0.050

______
27 90 0.13 0.005 88(c) 290(c) 105(c) 340(c) 0.13 0.005 156(d) 510(d) 0.13 0 005

2.5 0,100......18 60 0.30 0.012 67(c) 220(c) 79(c) 260(c) 0.40 0.015 100(d) 330(d) 0.30 0.012
(a) Carbide tool materia): C-7. (b) Carbide tool material: CC 7. (c) Carbide too) material: C-6. (d) Carbide tool material: CC-6

AIS1 1547, 1548, 15B48H; Reaming
Based on 4 flutes for 3- and 6-mm (0.125- and 2.50-in.) reamers, 6 flutes for 12-mm(0.5-m.) reamers, and 8 flutes for25-mm (1-in.) and larger reamers

p-------—-Feed per revolution for reamer diameter of:---———[
Speed 3 mm (0.125 in,) 6 mm (0-25 in.) 12 mm (0.5 in.) 25 nun (1 in.) 35 nun (1.5 in.) 50 mm (2 in.)

m/min ft/min imn in. mm in, mm in. mm in. mm in. nun in.Too) material

Roughing
Ml, M2. and M7

high speed steel . . 23
C-2 carbide 27

Finishing
Ml, M2, and M7

high speed steel

____
11

C-2 carbide 14

Roughing
Ml,M2, and M7

high speed steel ....20
C-2 carhide 24

Finishing
Ml,M2, and M7

high speed steel

____
9

C-2 carbide 12

Hardness, 175 to 225 HB

75
90

35
45

65
80

30
40

0.102
0.102

0.13
0.13

0.075
0.102

0.102
0.102

0.004
0004

0.005
0.005

0.003
0.004

0.004
0.004

0.18
0.18

0.20
0.20

0.007
0.007

0.008
0.008

0.30
0.30

0.30
0.30

0.012
0.012

0.012
0.012

Hardness, 225 to 275 HB

0.15
0.15

0.18
0.1B

0.006
0.006

0.007
0.007

0 25
0.25

0.26
0.25

0.010
0.010

0.010
0.010

0.50
0 50

0.50
0.50

0.40
0.40

0.40
0.40

0.020
0.020

0.020
0.020

0.015
0.015

0.015
0.015

0.65
0.65

0.65
0.65

0.50
0.50

0.50
0.50

0.025
0.025

0.025
0.025

0.020
0.020

0.020
0.020

0.75
0.75

0.75
0.75

0 65
0.65

0.65
0.65

0.030
0.030

0.030
0.030

0.025
0.025

0.025
0.025
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Steel is considered an alloy steel when the maximum con¬
tent range of alloying elements exceeds one or more of the
following limits: 1.65% manganese, 0.60% silicon, or 0.60%
copper. Also includedinthe recognizedfieldof alloy steels are
steels with a specified or required range or minimum quan¬
tity of the following elements: aluminum, boron, chromium
(up to 3.99%), cobalt, niobium, molybdenum, nickel, titan¬
ium, tungsten, vanadium, zirconium, or any other alloying
element added to obtain a desired alloying effect (Ref 1).

Alloy sheet and strip are available as hot rolled and cold
rolled steel in coils and cut lengths. Other product forms of
alloy steel include hot rolledplate, and hot rolled, cold rolled,
and cold drawn bar, rod, and wire.

Basic open-hearth, basic oxygen, or electric furnace pro¬
cesses are used to manufacture alloy steel. To provide
optimum degasification, cleanliness, chemical composition
control, soundness, and mechanicalproperties, vacuum melt¬
ing may be employed. Vacuum-melted steels include those
produced by vacuum induction melting (VIM), vacuum arc
remelting (VAR), electroslag remelting (ESR), and vacuum
carbon deoxidation(VCD).Alloy steelcan alsobe producedby
the argon-oxygen decarburization (AOD) process.

Steel melting practices used in the production of alloy
steel employ certain deoxidizing elements which act with
varying intensities. Silicon and aluminum are the most com¬
mon,butvanadium, titanium, and zirconium are also used as
deoxidizing agents. The deoxidation practice in the manu¬
facture of killed steels, including degassing and the choice
and amounts of specific deoxidizers, varies among producers.

Alloy steels are generally more sensitive to thermal and
mechanical operations than carbon or high-strength, low-
alloy steels. To ensure the most satisfactory results, con¬
sumers normally consult steel producers regarding the
working, machining, heat-treating, or other operations to
be employed in fabricating the steel, the mechanical proper¬
ties to be obtained, and the conditions of service intended
for the finished articles. The producers should also be in¬
formed of the operations that the steel will be subject to
during fabrication.

A1SB-SAE Designations
The most widely used system for designating alloy steels

combines the designations of the American Iron and Steel
Institute (AISI) and the Society of Automotive Engineers
(SAE). Although two separate systems, they are nearly iden¬

tical and are carefully coordinated by the two groups. The
numerical designations are summarized in the table listing
the AISI-SAE system of designations.

The first two digits in. the designation number indicate the
major alloying element or elements; the last two digits indi¬
cate the carbon content inhundredths of apercent. The letter
B between the second and third digits denotes boron steel to
which a minimum of 0.0005% boron has been added.

Hardening Characteristics
Alloy steels, most frequently plate and bar, are either sur¬

face hardenable or through hardenable.
Suriace-hardenable alloys, usually with a nominal carbon

content of up to 0.30%, are specified when a cough core, wear
resistance, and case hardness to a controlleddepth are neces¬
sary. Frequently these grades are selectedwith later surface
treatment, such as nitriding or carburizing, in mind.

Gears need high wear resistance at the surface and hard¬
ness in sufficient depth to prevent crushingof the teeth, yet
mustbe resilient deep inside to resist toothbreakage.Surface
hardeningachieves these characteristics.Shallow hardening
is also necessary in many shock applications where a softer
core is essential to avoid fracture.

Through-hardening grades, usually quenched and tem¬
pered steels with a carbon content of 0.35% and above, are
used when maximum hardness and strength must extend
deep within the part, even from surface to center, to provide
resistance to critical stresses.

As with some carbon grades, there are also alloy steels
specified to hardenability band Limits. These limits define a
predictable range inwhich specific Rockwell C (HRC) hard¬
ness values can he obtained after quenching. These steels,
identifiedby the letter suffix H, are available inmany alloy
grades. H-steels require a slight modification inthechemical
composition of the conventional grade bearingthe same AISI
numerical designation.

Use Of Hardenability Bands. Hardenability band graphs
for H-steels are given inthe following text for convenience in
estimating the hardness values obtainable at various loca¬
tions on the end-quench test bar and in comparing various
H-steels. The graphs also permit specification of maximum
andminimumhardenability limitsat distances inincrements
of Vis in. from the quenched end.

For specification purposes, tables on end-quench hard¬
enability limits present maximum and minimum values of
Rockwell C hardness (HRC). Becausethey are invalid,values
below 20 HRC are not included.
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The hardenability bandgraphs accompanying these tables
provide five possible interpretations of the tabulated data
points:

• The minimum and maximum hardness values at any
desired distance

• The minimum and maximumdistance at which any desired
hardness value occurs

• Two maximum hardness values at two desired distances
• Two minimum hardness values at two desired distances
• Any minimum hardness plus any maximum hardness

Because the section size required isnot always the same as
that of the standard test specimen, bar diameters have been
plotted for three positions on the end-quench hardenability
specimen: surface, V4 radius from center, and center. The
diameters of rounds with the same as-quenched hardness are
given for two modes of quenching above each H-band.

The diameter of the standard hardenability test specimen
was 1in. Tests were conducted using test specimens ma¬
chined to English units.

Referring to the hardenability band for AISI 1330H, the
data above the H-band provide the approximate diameter
of a bar with the same as-quenched hardness as the test
specimen, at a specified distance from the quenched end. For
example, at Vie in. the hardness of the test sample averaged
47 to 56 HRC. For a 1330H bar with a mild oil quench, this
hardness range will occur at the center of a 0.2-in. diam bar,
at V* radius from center in a 0.5-in. diam bar, and at the
surface in a 0.8-in. diam bar.

Quality .Pescriptors
Steel quality descriptors indicate conditions such as the

degree of internal soundness and relative freedom fromdetri¬
mental surface imperfections. In alloy steel, quality also re¬
lates to. theÿgeneral suitability of the steel involved to make
the desired part.

Regular quality alloy sheet and strip steels are intended
primarily for general or miscellaneous applications where
moderate forming and/or bending is required. Regular qual¬
itybar iskilledsteel, usually producedas fine-grain material.

In regular quality steels normal surface imperfections are
not objectionable and good finish isnot a prime requirement.
Thisquality' isnot produced to internal cleanliness limits,but
can be produced to standard or modified chemical ranges,
grain sizes, and/or mechanical property limits.

Drawing quality alloy sheet and strip steels are intended
primarily for applications involving moderate to severe cold
plastic deformation, such as deep drawn or severely formed
parts. Alloy steel plate of drawing quality is specially pro¬
duced for the fabrication of parts where the consumer's
operations involve cold deep drawing and both hot and cold
drawing.

Drawing quality sheet, strip, and plate are supplied from
steel produced by closely controlled steelmaking practices.
They are subject to mill testing and inspection designed to
ensure internal soundness and freedom from injurious sur¬
face imperfections. Special annealing practices are generally
required to obtain optimum forming and drawjng character¬
istics of these steels.

Structural quality alloy sheet and strip steels meet the
requirements of regular quality steels and are also produced

to specific mechanical property requirements. These require- , j
ments include tension, bend, hardness, or other commonly
acceptedmechanicaltests,whichmay bespecifiedor required.

Structural quality alloy steel plate is intended for general , j
structural applications, such as buildings,bridges, and trans¬
portationequipment; machined parts; andmiscellaneous end 1

uses inthe hot rolled or thermally treated conditions.

Aircraft quality alloy steel is intended for highly stressed
parts of aircraft, missiles, and similar applications involving
stringent requirements.

Aircraft quality alloy steel requires exacting steelmaking,
conditioning, and processing controls. Electric furnace melt- 1 1
ing and vacuum degassing are sometimes required. Primary !
requirements for this quality are internal soundness, uni¬
formity of chemical composition, cleanliness, a fine, aus- ,
tenitic grain size, and good surface. Magnetic particle testing i
requirementsofAMS 2301(publishedby SAE) are sometimes 1 )
specified for parts made of aircraft quality alloy steel.

Aircraft structural quality alloy sheet and strip steels meet
the stringent requirements of aircraft quality, plus specific )

mechanical property limits or ranges.

Bearingquality alloy steel sheet, strip, andbar are intended
for rolling-element bearingcomponents. This quality is usu- [
ally specified in the AISI-SAE standard alloy carburizing
grades and the AISI-SAE high-alloy chromium grades. Alloy
steel bar can be produced in accordance with ASTM A295,
A485, or A534. j

Production of bearing quality alloy steels entails highly
specialized steelmaking and processing practices. The steels
are often subjected to one or more tests or acceptance limits j
in the intermediate or final stages of processing. j

Saw quality alloy steel sheet and strip are intended for
applications involving the fabrication of metal-cutting saws.
Internal cleanliness, soundness, good surface, and welda-
bility are primary requirements. Another frequent require¬
ment is dimensional control.

Pressure vessel quality alloy steel plate is intended for j
application inpressure vessels. This plate may be supplied to
meet specifications for ultra-sonic testing requirements.

Axle Shaft quality describes hot rolledsteel bar intended for . j
the manufacture of power-driven axle shafts for auto¬
motive or truck applications. This bar is not machined all
over, or has less than recommended stock removal allowance j
for the proper cleanup of normal surface imperfections. j

Cold heading quality describes alloy steel bar required for
specialapplicationswhich involvecold plastic deformation by
operations such as upsetting, heading or forging. Most cold
heading alloy steels are Low- and medium-carbon grades. I

Special cold heading quality applies to alloy steel bar re¬
quired for applications which involve severe plastic deforma¬
tion, where slight surface imperfections may cause the split- |
ting of a part. Closely controlled steelmaking practices
provide the uniform chemical composition and internal
soundness that is essential for bar of this quality. Special
processing, which may include grinding or another equiva- 1
lent surface preparation, isapplied in intermediate stages to
remove detrimental surface imperfections.
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AlSf-SAE Standard Alloy Steels: Chemical Composition (Ref 1)

Small quantities of certain elements not specified or required are present; maximum contents of incidental elements are; 0.35% copper,0.25% nickel,
0,20% chromium, and 0.06% molybdenum; standard alloy steels may also be produced with 0.15 to 0.35% lead and are identified with an L inserted
between the second and third numerals of the AISI-SAE number (for example, 41L4Q)

__

AISI-
SAE No. HNS No. C Mn P max

Chemical co
.8 max

mposition, fv
Si Ni Cr Mo

1330 G13300 .......0.28-0.33 1.60-1.90 0.035 0.040 0.15-0.35 — ...
1335 G13350 .......0.33-0.38 1.60-190 0.035 0.040 D.15-0.35 ... ...
1340 G13400 .......0.38-0.43 1.60-1.90 0.035 0.040 0.15-0.35 ...
1345 G13450 .

_______
0.43 0.4S 1.60-1.90 0.035 0,040 0.15-0.35 — ... ...

4023 G40230 .......0.20-0.25 0.70-0.90 0.035 0.040 0.15-0.35 ... ... 0.20-0.30
4024 G40240 .......0.20-0.25 0.70-0.90 0.035 0.035-0.050 0.15-0.35 ... ... 0.20-0.30

4027 G40270

_______
0.25-0.30 0.70-0.90 0.035 0 040 0.15-0.35 — ... 0.20-0,30

4028 G40280 .......0.25-0.30 0.70-0.90 0.035 0.035-0.050 015-0.35 ... 0.20-0.30
4037 G40370 .......0.35-0.40 0.70-0.90 0.035 0.040 0.15-0.35 ... 0.20-0.30
4047 G40470 .......0.45-0.50 0.70-0.90 0.035 0.040 0.15-0.35 ... 0.20-0.30

4118 G411B0 .......0.I8-G.23 0.70-0.90 0.035 0.040 0.15-0.35 0.450.60 0.08-0.15
4130 G413D0..........0.28-0.33 0.40-0.60 0.035 0,040 0.15-0.35 ... O.BD-l.lO 0.15-0.25
4137 G41370 .......0.35-0.40 0.70-0.90 0.035 0.040 0.15-0.35 ... 0.80-1.10 0.15-0.25
4140 G41400 .......0.38-0.43 0.75-1.00 0.035 0.040 0.15-0.35 ... O.BD-l.lO 0.15-0.25
4142 G41420 .......0.40-0.45 0.75-1.00 0.035 0.040 0.15-0.35 — OBO-l.lO 0.15-0.25
4145 G41450 .......0 43-0.4S 0.75-1.00 0.035 0.040 0.15-0.35 ... OBO-l.lO 0.15-0.25
4147 G41470 .......0.45-0.50 0.75-1.00 0.035 0.040 0.15-0.35 ... 0.80-1.10 0.15-0.25
4150 G41500 .......0.48-0.53 0.75-1.00 0.035 0.040 0.15-0.35 0,80-1.10 0.15-0.25
4161 G4161Q .......0.56-0.64 0.75-1.00 0.035 0.040 0.15-0.35 0,704) 90 0.25-0.35
4320 G43200 .......0.17-0.22 0.45-0.65 0.035 0.040 0.15-0.35 1.65-2.00 04041.60 U.20-U.30
4340 G4340O .......0.38-0.43 U.60-0.80 0.035 0.040 0 15-0.35 1.65-2.00 C.790.90 0.20-0.30
E4340I8) G43406 .......0.38-0.43 0.65-0.85 0.025 0.025 0.16-0.35 1.65-2.00 C.7O0.9O 0.20-0.30
4615 G46150 .......0.13-0.18 0.45-0.65 0.035 0.040 0.15-0.35 1.65-2.00 0.20-0,30
4620 G46200 .......0.17-0.22 0.45-0.65 0.035 0.040 0.15-0.35 1.65-2.00 0.20-0.30
4626 G46260 .......0.24-0.29 0.45-0.65 0.035 0.040 0.15-0.35 0.70-1.00 ... 0.15-0.25

4720 G47200 .......0.17-0.22 0.50-0.70 0.035 0.040 0.15-0.35 0.90-1.20 0.350.55 0.15-0.25
4315 G4B150 .......0.13-0.18 0.40-0.60 0.035 0.040 0.15-0.35 3-25-3.75 — 0.20-0.30
4817 G4B170. . . .......0.15-0.20 0.40-0.60 0.035 0.040 0.15-0.35 3.25-3.75 ... 0.20-0.30

1820 G4B200 .......0.18-0.23 0.50-0.70 0.035 0.040 0.15-0.35 3.25-3.75 ... 0.20-0.30
5117 G51170 .......0.15-0.20 0.70-0.90 0.035 0.040 0.15-0.35 0,70-0.90

5120 G51200 .......0.17-0.22 0.70-0.90 0.035 0.040 0.15-0.35 ... 0.70-0.90 ....
5130 G51300 .......0.28-0.33 0.70-0.90 0.035 0.040 0.15-0.35 0.80-1.10

5132 G5I320 ......0.30-0.35 0.60-0.80 0.035 0 040 0.15-0.35 0.75-1.00

5135 G51350 .......0.33-0.38 0.60-0.80 0.035 0.040 0.15-0.35 0.80-1.05 "! .
5140 G51400 .......0.38-0.43 0.70-0.90 0.035 0.040 0.15-0.35 ... O7O0.9O ...
5150 G51500 .......0.48-0.53 0.70-0.90 0.035 0040 0.15-0.35 ... (1700.90

5155 G51550 .......0.51-0.59 0.70-0.90 0.035 0.040 0.15-0.35 — 0.700.90
5160 G51600 .......0.56-0.64 0.75-1.00 0.035 0.040 0.15-0.35 0700.90
E51100 ia) G51986 .......0.98-1.10 0.25-0.45 0.025 0.025 0.15-0.35 0.3O1.15 ...
E52100<a) G52986 .......0.98-1.10 0.25-0.45 0025 0.025 0.15-0,35 ... 1.301.60
6118(b) G61I80 .......0.16-0.21 0.50-0.70 0.035 0.040 0.15-0.35 ... 0500.70
6150(c) G615G0 .......0.48-0.53 0.70-0.90 0.035 0.040 0.15-0.35 ... 0.801.10
8615 G86150 .......0.13-0.18 0.70-0.90 O.035 0.040 015-0.35 0.4041.70 0.400.60 0.15-0.25
8617 G86170

_______
0.15-0.20 0.70-0.90 0.035 0.040 0.15-0.35 0.40-0.70 O.4O0.6O 0.15-0.25

8620 G86200 .......0.18-0.23 0.70-0.90 U.U35 0.040 0.15-0.35 0.40-0.70 0.470.60 0.15-0.25
8622 G86220 .......0.20-0.25 0.70-0.90 0.035 0.040 0.15-0.35 0.40-0.70 G.400.60 0.15-0.25
8625 G86250 ......0.23-0.28 0.70-0.90 0.035 0,040 0.15-0.35 0.40-0.70 0400.60 0.15-0.25
8627 G86270 .....0.25-0.30 0.70-0.90 0.035 0.040 0.15-0.35 0.40-0.70 0400.60 0.15-0.25
8630 G86300 ......0.28-0.33 0.70-0.90 0.035 0.040 0.15-0.35 0.40-0.70 0400.60 0.15-0.25

8637 G86370 .
_______

0.35-0.40 0.75-1.00 0.035 0.040 0.15-0.35 0.40-0.70 0400.60 0.15-0.25
8640 G86400 .......0.38-0.43 0.75-1.00 0.035 0.040 0.15-0.35 0-40-0.70 0400.60 0.15-0.25
8542 G86420 .......0.40-0.45 0.75-1.00 0.035 0.040 0.15-0.35 0.40-0.70 0.400.60 0.15-0.25
8645 G86450 .......0.43-0.48 0.75-1.00 0.035 0.040 0.15-0.35 0.40-0.70 . 0400.60 0.15-0.25
6655 G86550 .......0.51-0.59 0.75-1.00 0.035 0.040 0.15-0.35 0.40-0.70 0400.60 0.15-0.25
8720 G87200 ......0.18-0.23 0.70-0.90 0.035 0.040 0.15-0.35 0.40-0.70 0400.60 0,20-0.30

8740 G87400 ......0.38-0.43 0.75-1.00 0.035 0.040 0.15-0.35 0.40-0.70 0.400.60 0.20-0.30
8822 G88220 ......0.20-0.25 0.75-1.00 0.035 0.040 0.15-0.35 Q.4O-0-7O 0 400 SO 0.30-0.40
9260 G92600 ......0.56-0.64 0.75-1.00 0.035 0.040 1.80-2.20

Standard boron grades(d) ' V
50B44 G50441 ......0.43-0.48 0.75-1.00 0.035 0.040 0.15-0.35 ... 040C©0
50B4S G50461 ......0.44-0.49 0.75-1.00 0.035 0.040 0.15-0.35 ... 0200735
50B50 G505O1 .......0.48-0.53 0.75-1.00 0.035 0.040 0.15-0.35 ... 0400.60
50B60 G50601 .......0.56-0.64 0.75-1.00 0.035 U.U40 0.15-0.35 ... 0400.60
51B60 G51601 .......0.56-0.64 0.75-1.00 0.035 0.040 0.15-0.35 ... 0.700.90
81B45 G81451 .......0.43-0.49 0.75-1.00 0.035 0.040 0.15-0.35 0.2041.40 0.350.55 0.08-0.15
94B17 G94171 ......0.15-0.20 0.75-1.00 0.035 0.040 0.15-0.35 0.30-0.60 0300.50 0.08-0.15
94B30 G94301

______
0.28-0.33 0.75-1.00 0.035 0.040 0.15-0.35 0.30-0.60 0300.50 0.08-0.15

(a) Electric furnace steel, (b) Includes 0.10 to 0.15ft vanadium, (c) Includes 0.15ft minimum vanadium, (d) 0.0005 to 0.003ft boron
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Alloy Steels: A1SI-SAE System of Designations (Ref 6}

XX in the last two digits of the designation indicates that the carbon content
(in hundredths of a percent) is to be inserted; in the chromium steels with
five digits in the designation, the last three digits indicate carbon content

Numerals Type of steel and
and digits nominal alloy content

Manganese steels

13XX.....Mn 1.75

Nickel steels

23XX .....Ni3.50
25XX .....Ni5.00

Nickel-chromium steels
31XX .....Ni 1.25; Cr 0.65 and O.SO
32XX .....Ni1.75; Cr 1.07
33XX .....Ni3.50; Cr 1.50 and 1.57
34XX .....Ni 3.00; Cr 0.77

Nickel-molybdcnum steels
46XX .....Ni0.85and 1.62;Mu0.20

and 0.25
48XX .....Ni3.50; Mo 0.25

Molybdenum steels
40XX

_____
Mo 0.20 and 0.25

44XX .....Mo 0.40 and 0.52

Chromium steels

50XX .....Cr 0.27, 0.40, 0.50 and
0.65

51XX .....Cr 0.80, 0.87, 0.92, 0.95,
1.00 and 1.05

50XXX. . ..Cr 0.50 1
51XXX. , - - Cr 1.02 I C 1.00 min
52XXX. . . - Cr 1.45 J
Chromium-molybdenum steels

41XX

_____
Cr 0:50, 0.80 and 0.95;

ÿi . M'e 0.12, 0.20, 0.25 and
11.30

Numerals Type of steel and
and digits nominal alloy content

Nickel-chromium.
molybdenum steels
43XX .....Ni1.82;Cr 0.50 and0.80;

Mo 0.25
43BVXX ..Ni1.82;Cr 0.50; Mo 0.12

and 0.25, V 0.03 min
47XX .....Ni 1.05;Cr 0.45; Mo 0.20

and 0.35
81XX .....Ni0.30; Cr 0,40; Mo 0.12
86XX .....Ni0.65;Cr 0.50; Mo 0 20

87XX .....Ni0.55; Cr 0.50; Mo 0.25
88XX .....Ni0.55; Cr 0.50; Mo 0.35
93XX .....Ni3.25; Cr 1.20; Mo 0.12
94XX .....Ni0.45; Cr 0.40; Mo 0.12
97XX .....Ni 0.55; Cr 0.20; Mo 0.20
98XX .....Ni 1.00;Cr 0.80; Mo 0.25

Chromium-vanadium steels
61XX .....Cr 0.60, 0.80 and 0.95;

V 0.10 and 0.15 min

Chroinium-molybdeDum-
uiujumum steels
71XX .....Cr 1.60;Mo 0.35; A1 1.18

TUngBteu-ehromium steels
72XX .....W 1.75; Cr 0.75

Silicon-manganese steels
92XX .....Si 1.40 and 2.00;

Mn0.65, 0.82 and 0.85;
Cr 0.00 and 0.65
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AISI 1330, 1330H

AIS1 1330, I330H: Chemical Composition
AISI
grade

Chemical composition, %
Mn P max S max Si

1330 0.28-0.33
1330H 0.27-0.33

1.60-1.90
1.45-2.05

0.035
0.035

0.040
0.040

0.15-0.30
0.15-0.30

Characteristics and Typical Uses. AISI 1330 and 1330H
grade steels are available as hot rolled and cold finished
bar. Typical applications for hot rolled bar include con¬
struction and machining into components. Cold finished bar
is generally suitable for heat treatment,machining into com¬
ponents, ot, in the as-finished condition, constructional ap¬
plications or similar purposes.

AISI 1330: Similar Steels (U.S. and/or Foreign). UNS
G13300;ASTM A322, A331, A519; MIL SPEC MIL-S-16974;
SAE J404, J412, J770; (W. Ger.) DIN 1.1165; (Jap.) JIS SMn
1H, SCMn 2

AISI 1330H: Simitar Steels (U.S. and/or Foreign). UNS
HI3300; ASTM A304; SAE J1268; (W. Ger.) DIN 1.1165;
(Jap.) JIS SMn 1H, SCMn 2

AIS1 1330, 1330H; Approximate Critical Points
Transformation Temperaturelal Transformation Temperatirre(a)

point_X_*F point_X _°F

Ac, .............720 1325 Ar, 630 1170

Ac3 .............800 1470 M, 355 675
At, 730 1350

la) On heating or cooling at 28 °C (50 'Ft per hour
' i

Physical Properties

AIS1 1330, 1330H; Thermal Treatment Temperatures
Quenching medium: water or oil

Temperature range
Treatment *F

Forging...................-...............1230 max 2250 max
Annealing.... .845-900 1550-1650
Normalizing........ 870-925 1600-1700
Hardening. .................................830-855 1525-1575
Tempering .....(a) la)

(a) To desired hardness
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Mechanical Properties

AIS1 1330H: End-Quench Hardenability Limits and Hardenability Band, heat treating temperatures recommended by sae;
normalize at 900 °C (1650 °F), for forged or rolled specimens only; austenitize at B70 °C (1600 7). (Ref 1)

Distance from
quenched end, r-is in.

Hardness, HRC
max min

1..
2 ..
3 ..
4 ..
5 ..
6 ..

7
8
9 ..

10 ..
11 ..
12 ..
13 ..
14 . .
IS ..
16 ..
18
20..
22 ..
24 ..
26 ..
28 ..
30
32 ..

....56

....56

....55

....53

....52
,...50
....48
....45
....43
....42
. 40
....39
. ...38
....37
....36
....35
....34
....33
....32
....31
....31
.. ..31
....30
....30

49
47
44
40
35
31
28
26
25
23
22
21
20

Diameters of rounds with lame as-quenched hardness Location in round Quench

60

55

50

tr.
X 45
k»

a 40
"CJ

X 35

30

25

20

3.8
1.1 2.0
1)1 1.2
T

2.9 3.8 4.8 5.8 6 7

16 2.0 2 4 7.8 3.2 3.6 3.9
nr

0.8 IB 2.5 3.0 3.4 3.H
0.6 1.0 1.6 2.0 2.4 2,8'3.2 3.6 4.0
0.2 0.6 1.0 1.4 1.7 2.0 2.4 2.B 3.1

Surface
9t radius from center

Certer

Surface
?-r radius from center

Center

Mild
water

quench

Mild
oil

quench

6 8 10 12 14 16 18 20 22 24 2E 2B 3D 32

Distance hum quenched end Vie in.

AiS1 1330, 1330H: Hardness and Machinability (Ref 7)

Hardness Average
Condition range,HB maehmability rating(a)

Annealed and cold drawn 179-335 55
(a) Based on AISI 1212 steel as 100% average machinability

Elongation

Tens Tie strength

strength-

AISI 1330: Effect of Tempering
Temperature on Tensile Properties.
Normalized at 900 °C (1650 "F); waler quenched
from 870 X (1600 T); tempered at 56 °C (100 °F>
intervals in 13.7-mm (0.540-in.) rounds. Tested in
12.8-mm (0.505-in.) rounds. Tests were conducted
using specimens machined to English units.
Elongation was measured in 50 mm (2 in.). (Ref 2)

300 400 SOD San 100
Tampering temperature, qC

imwxMwnÿmTiTnnMTniiirnÿitT— -—-m- ...i,

Tempering temperature, °F

Reduction in area

Yield
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Machining Data (Ref 3)

AIS1 1330, 1330H: Turning (Cutoff and Form Tools)

Feed per revolution for cutoff tool width of;
Speed, 1,5 mm 3 mm 6 mm

m/min (0.062 in.) (0.125 in.) (0.25 in.)
Tool material (ft/min) mm in. mm in. mm in.

Hardness, 175 to 225 HB
M2 and M3 high

speed steel ........29 0.038 0,0015 0.046 0.0013 0.056 0.0022
(95)

C-6 carbide. .......95 0.038 0.0015 0.046 0.0018 0.056 0.0022
(305)

Hardness, 225 to 275 HH

M2 and M3 high
speed etoci -.....23 0.036 0.0014 0.043 0.0017 0.053 0.0021

(75)
C-6 carbide..........76 0.036 0.0014 0.043 0.0017 0.053 0.002L

(250)

Hardness, 275 to 325 HB
M2 and M3 high

speed steel ........17 0.033 0.0013 0.041 0.0016 0.050 0.0020
(55)

C-6 carbide..........53 0.033 0.0013 0.041 0.0016 0.050 0.0020
(175)

Hardness, 325 to 375 HB
Any premium high

speed steel (T15,
M33, M41-M47). ... 14 0.030 0.0012 0.038 0.0015 0.048 0.0019

(45)

C-6 carbide..........44 0.030 0.0012 0.038 0.0015 0.048 0.0019
(145)

Hardness, 375 to 425 HB
Any premium high

speed steel (T15;
M33, M41-M471;.... 11 0.028 0.0011 0.036 0.0014 0.046 0.0018

(35)
C-6 carbide...........35 0.028 0.0011 0.036 0.0014 0.046 0.0018

" T (115)

I-—— Feed per revolution for form tool width of:-
12 mm 18 mm 25 mm 50 mm
(0.5 in.) (0.75 in.) (I in.) (2 in.)

mm in. mm in. mm in. mm in.

0.046 0.0018 0.041 0.0016 0.038 0.0015 0.028 0.0011

0-046 O.OOIB 0.041 0.0016 0.038 0.0015 0.028 0.0011

0.043 0.0017 0.038 0.0015 0.036 0-0C14 0.025 0.0010

0.043 0.0017 0.038 0.0015 0.036 0.0014 0.025 0.0010

0.041 0.0016 0.036 0.0014 0.033 0.0013 0.023 0.0009

0.041 0.0016 0.036 0.0014 0.033 0.0013 0.023 0.0009

0.0,38 0.0015 0.033 0.0013 0.030 0.0012 0.020 0.0008

0.038 0.0015 0.033 0.0013 0.030 0.0012 0.020 0.0008

0.036 0.0014 0.030 0.0012 0.028 0.0011 0.018 0.0007

0.036 0.0014 0.030 0.0012 0 028 0.0011 0.018 0.0007

AlSt 1330, 1330H: Planing

Tool material
Depth of cut
mm in.

Speed
m/min ft/min

Feed/stroke
ram in.

Hardness, 175 to 225 HB

M2 and M3 high
speed steel 0.1 0.005 11 35 (a) (a)

2.5 0.100 15 50 1.25 0.050
12 0.500 9 30 1.50 0.060

C-6 carbide 0.1 0.005 67 220 (a) (a)

2.5 0.100 73 240 2.05 0.080
12 0.500 60 200 1,50 0.060

Hardness, 225 to 275 Hit

M2 and MS high
speed steel . 0.1 0.005 9 3D (a) (a)

2.5 0.100 14 45 0.75 0.030
12 0.500 ' 8 25 1.15 0.045

C-6 carbide .... 0.1 0.005 52 170 (a) (a)
2.5 0.100 60 200 1.50 0.060

12 0.500 49 160 1.25 0.050

Hardness, 275 to 325 HB
M2 and M3 high

speed steel . 0.005 8 25 (a) (a)

2.5 0.100 12 40 0.75 0.030
12 0.500 6 20 1.15 0.045

C-6 carbide 0.1 0 005 46 150 (a) (e)
2.5 moo 55 180 1.50 0.060

12 0.500 43 140 1.25 0.050
(a) Feed is 75% the width of the square nose finishing tool

H
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AISI 1330, 1330H: End Milling (Profiling)

Tool material
Depth of cut
mm in.

Speed
m/min ft/mm

10 trim (0.375 in.)
mm in.

* Feed per tooth for cutter diameter of: ÿ

12 mm (0.5 in.) IS mm (0.75 in)
mm in. mm is.

25-50 mm (1-2 in.)

mm in.

Hardness, 175 to 225 HB

M2t M3, and M7 high
speed steel . . 0.5 0.020 37 120 0.025 0001 0.050 G.002 0.075 0.OC3 0.102 0.004

i 1.5 0.060 27 90 0.050 0.002 0.075 0.003 0.102 0.004 0.13 0.005
diam/4 diam/4 24 80 0.038 0.0015 0.050 0.002 0.075 0.003 0.102 0.004
diarn/2 diam/2 21 70 0.025 0.001 0.038 0.0015 0.050 0.002 0.075 0.003

C-5 carbide . 0.5 0.020 140 455 0.038 0.0015 0.075 G.003 0.13 0.OC5 0.15 0.006
1.5 0.060 105 350 0.063 0.0025 0.102 0.004 0.15 0.066 0.18 0.007

I diam/4 diam/4 90 295 0.050 0.002 0.075 0.003 0.13 0.005 0 15 0.006
diam/2 diam/2 82 275 0.038 0.0015 0.050 0.002 0.102 0.004 0.13 0.005

Hardness, 225 to 275 HB
M2.M3t and M7 high

speed steel....„ 0.5 0.020 32 105 0.025 0.001 0.050 0.002 0.075 0003 0.102 0.004
! 1.5 0.060 24 80 0.050 0.002 0.075 0.003 0.102 0-004 0.13 0.005
; diam/4 diam/4 21 70 0.038 0.0015 0.050 0.002 0.075 0.003 0.102 0.004

diam/2 diam/2 18 60 0.025 0.001 0.038 0.0015 0.050 0.002 0.075 0.003
C-5 carbide 0.5 0.020 120 390 0.025 0.001 0.050 0.002 0.102 O.OOi 0.13 0.005

1.5 0.060 90 300 0.050 0.002 0.075 0.003 0.13 0.005 0.18 0.007
diam/4 diam/4 78 255 0.038 0.0015 0.075 0.003 0.102 0.004 0.13 0.006

i diam/2 diam/2 72 235 0.025 0.001 0.050 0.002 0.075 0.003 0.102 0.004

Hardness, 275 to 325 HB
M2t M3t and M7 high

speed steel .... .0.5 0.020 26 85 0.018 0.0007 0.038 0.0015 0.075 0.003 0.102 0.004
i 1.5 0.060 20 65 0.025 0.001 0.050 0.002 0.102 0.004 0.13 0.005

diom/4 diam/4 17 55 0.018 0.0007 0.038 0.0015 0.075 0.003 0.102 0.004
diam/2 diam/2 15 50 0.013 0.0005 0.025 0.001 0.050 0.002 0.075 0.003

C-5 carbide . . .. .0.5 0.020 95 310 0.025 0.001 0.050 0.002 0.102 0.004 0.13 0.005
1 1.5 0.060 72 235 0.050 0.002 0.075 0.003 0.13 0.005 0.15 0.006

diam/4 diam/4 62 205 0.038 00015 0.050 0.002 0.102 Q.0C4 0.13 0.005
diam/2 diam/2 58 190 0.025 0.001 C.038 0.0015 0.075 0.003 0.102 0.004

Hardness, 325 to 375 HB

\ M2, M3, and M7 high
speed steel . .. 0.5 0.020 20 65 0.013 0.0005 0.038 0.0015 0.075 0.003 0.102 0.004

1.5 0.060 17 55 0.013 0.0005 0.038 0.0015 0.102 0.004 0.13 0.005
diam/4 diam/4 15 50 0.013 0.0005 0.038 0.0015 0.075 0003 O.102 0.004
diam/2 diam/2 12 40 0.013 0.0005 0.025 0 001 0.050 0.0O2 0.075 0.003

C-5 carbide .. 0.5 0.020 79 260 O.025 0.001 0.038 0.0015 0.102 0.003 Ol3 0.005
1.5 0.060 60 200 0.038 0.0015 0.075 0.003 0.13 0.005 0.15 0.006

* diam/4 diam/4 52 170 0.038 0.0015 0.050 0.002 0.102 0.004 0.13 0.005
diam/2 diam/2 49 160 0.025 0.001 0.050 0.002 0.075 0.003 O.102 0.004

Hardness, 375 to 425 HB
Any premium high

speed steel (T15,
M33, M4I-M47) .0.5 0.020 17 55 0.013 0.0005 0.018 0.0007 0.025 U.0O1 0.050 0.002

1.5 0.060 14 45 0.013 0.0005 0.025 0.001 0.050 0.002 0.075 0.003
, diam/4 diam/4 12 40 0.013 0.0005 0.013 0.0005 0.050 0.002 0.063 0.0025
1 diam/2 diam/2 11 35 ... 0.038 0.0015 0.050 0.002

C-5 carbide 0.020 64 210 0.025 0.001 0.025 0.001 0.050 0.002 0.075 0.003
1.5 0.060 49 160 0.038 0.0015 0.050 0.002 0.075 0,003 O.102 0.004

diam/4 diam/4 41 135 0.038 0.0015 0.038 0.0015 0.063 0.0025 0.089 0.0035
diam/2 diam/2 38 125 0.001 0.001 0.025 0.001 0.05D 0,002 0.075 0.003

AISI 1330, 133QH: Face Milling
|—--— High speed steel-1 f------Uncoated carbide-----1 |-Coated carbide----1

Depth of cut Speed Feed/tooth Speed, brazed Speed, inserted Feed/tooth Speed Feed/tooth
mm in. m/min ft/min mm in. m/min ft/min ra/min ft/min mm in. m/min ft. nii'1 mm in.

Hardness, 175 to 225 HB
1 0.040 .......52(a) 170(a) 0.20 0.008 135(b) 450(b) 170(b) 550(b) 0.20 0.008 250(c) 825(c) 0.20 0,008
4 0.150. ......40(a) 130(a) 0.30 0.012 115(b) 370(b) 130(b) 425(b) 0.30 0.012 170(c) 550(c) 0.30 0.012
8 0.300.......04(a) 110(a) 0.40 0.016 79(d) 260(d) 100(d) 320(d) 0.40 0.016 120(e) 400(c) 0.40 0.016
Hardness,225 to 275 HB
1 0.040 .......44(a) 145(a) 0.15 0.00$ 125(b) 405(b) 150(b) 495(b) 0.18 0.007 230(c) 750(c) 0.18 0.007
4 0.150.......32(a) 105(a) 0.25 0.010 95(b) 315(b) 115(b) 385(b) 0.25 0.010 1501c) 500(c) 0.25 0.010
8 0.300.......24(a) 80(a) 0.36 0.014 75(d) 245(d) 90(d) a00(d) 0.36 0.014 120(e) 400(e) 0.36 0.014

Hardness, 275 to 325 HB
1 0.040.......30(f) 100(f) 0.15 0.006 115(b) 375(b) 140(b) 460(b) 0.15 0.0O6 215(c) 700(c) 0.13 0.005
4 0.150.......24(f) 80(f) 0.23 0.009 S0(b) 300(b) 110(b) 365(b) 0.20 0.008 145(c) 4751c) 0.18 0.007
8 0.3OO .......18(f) 60(f) 0.30 0.012 72(d) 235(d) 87(d) 285(d) 0.25 0.010 115(e) 375(c) 0.23 0.009
(a) Highspeedsteel tool material:M2 or M7.(b) Carbide too) material: C-6. (c) Carbide tool material:CC-6. (d) Carbide tool material:C-5 (e)Carbide toolmaterial:
CC-5. (f) Any premium high speed steel tool material (T15, M33, M41 to M47)
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Machining Data (Ref 3) (continued)

A1S1 1330, 1330H: Reaming
Based on 4 flutes for 3* and 6-mm (0.125- and 0.25-in.) reamers, 6 flutes for 12-mm (0.5-in.) reamers, and 8 flutes for 25-mm (1-in.) and larger reamers

Too) material

I-Feed per revolution For reamer diameter of:-]

Speed 3 mm (0.125 in.) 6 mm (0.25 in.) 12 mm (0.5 in.) 25 mm (1in.) 35 mm (1.5 inj 50 mm (2 in.)
m.win ft/mia mm in. mm in. mm in. mm ill. mm in. mm in_

Roughing
Ml, M2, and M7

high speed steel 21
C-2 carbide .....26

Finishing
Ml,M2r and M7

high speed steel 11
C-2 carbide. .. 1-1

Roughing
Ml,M2, and M7

high speed steel IS
C-2 carbide 23

Finishing
Ml,M2, and M?

high speed steel 9
C-2 carbide 12

Roughing
Ml,M2, and M7

••-ÿ-high speed steel 25
C-2 carbide....20

Finishing
Ml, M2, and M7 .. .

high speed steel

____
;.,.a

C-2 carbide ,:,11

- Roughing
Ml,M2, and M7

high speed steel 11
C-2 c&rbidc 15

Finishing
Ml, M2, arid M7

high speed steel 8
C-2 carbide 11

Roughing
Any premium high

speed steel (T15,
M33. M41-M47) 3

C-2 carbide 12

Finishing
Any premium high

speed steel (T15,
M33, M41-M47) 6

C-2 carbide 9

Hardness, 175 to 225 HB

70
85

35
45

60
75

30
40

50
65

25
35

35
50

25
35

25
40

20
30

0.102
0.102

0.13
0.13

0.075
0.102

0.102
0.102

0.075
0.102

0.075
0.102

0.05
0.102

0.050
0.102

0.050
0.102

0.050
0.102

0.004
0.004

0.005
0.005

0,003
0.004

0.004
0.004

0.003
0.004

0.003
0.004

0.002
0.004

0.002
0.004

0.002
0.001

0.002
0.004

0.18
0.18

•0.20
0.20

0.007
0.007

0.008
0.008

0-30 0.012
0.30 0.012

0.30
0.30

0.012
0.012

Hardness,225 to 275 HB

0.15
0.15

0.18
0.13

0.006
0.006

0.007
0.007

0.25
0.25

0.25
0.25

0.010
0.010

0.010
0.010

Hardness,275 to 325 HB

0.13
0.15

0.15
0.15

0.005
0.006

0.006
0.006

0.20
0.20

0.20
0.20

0.008
0.008

0.008
0.008

Hardness,325 to 375 HB

0.102
0.15

0.13
0.15

0004
0006

0.005
0.006

0.13
0.20

0.15
0.20

0.005
0.008

0.006
0.008

Hardness,375 to 425 HB

0.102
0.15

0.102
0.15

0.004
0.006

0.004
0.006

0.13
0.20

0.13
0.20

0.005
0.008

0.005
0.008

0.50
0.50

0.50
0.50

0.40
0.40

0.40
0.40

0.30
0.30

0.30
0.30

0,20
0.25

0.25
0.25

0.15
0.25

0.15
0.25

0.020
0.020

0.020
0.020

0.015
0.015

0.015
0.015

0.012
0.012

0.012
0 012

0.008
0.010

0.010
0.010

0.006
0.010

0.006
0.010

0.65
0.65

0.65
0.65

0.50
0.50

0.50
0.50

0.40
0.40

0.40
0.40

0.25
0.30

0.30
0.30

0.18
0.28

0.18
0.28

0.025
0.025

0.025
0.025

0.020
0.020

0.020
0.020

0 015
0.016

0 015
0.015

0.010
0.012

0.012
0.012

0.007
0.011

0.007
0.011

0.75
0.75

0.75
0.75

0.65
0.65

0.65
0.65

0.50
0.50

0.50
0.50

0.30
0.4Q

0.40
0.40

0.20
0.30

0.20
0.30

0.030
0.030

0.030
0.030

0.025
0.025

0.025
0.025

0.020
0.020

0.020
0.020

0.012
0.015

0.015
0.015

0.008
0.012

0.008
0.012

AiSI 1330, 1330H: Drilling
I--Feed per revolution for nominal hole diameter of:-1

High speed steel Speed 1.5 mm (0.062 in.) 3 mm (0.125 in.) G mm (0.25 in.) 12 mm (0.5 in.) 18 ram (0.75 in.) 25 mm (1 in.)

tool material m. min ft/min mm in. mm in. mm in, ram in. mm in. mm in.

Hardness, 175 to 225 HB
M10, M7, and Ml.....21 70 0.025 0.001 0 075 0.003 0.15 0.006 0.25 0.010 0.36 0.014 0.40 0.016

Hardness, 225 to 275 Hfi
M10, M7, and Ml.....18 60 0.025 0.001 0.075 0.003 0.102 0.004 0.18 0.QO7 0.25 0.010 0.30 0.012

Hardness, 275 to 325 HB
M10, M7, and Ml.....15 50 ... ... 0.050 0.002 0.102 0.004 0 15 0.006 0.20 0.008 0.23 0.009
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Machining Data (Ref 3} (continued)

AIS! 1330, 1330H: Turning (Single Point and Box Tools)

I-— High speed eteol-1 |-Uncoated carbide-j |-Coated car-bide ————|
Depth of cut Speed Feed Speed, brazed Speed, inserted Feed Speed Feed
TTim in, m/min ft/min mm/rev in./rev m/min ft/min m/min ft/min mm/rev in,/rev m/tttin ft/min mm/rev in,/rev

Hardness, 175 to 225 HB

1 0.040 .. ..41(a) 135(a) 0.18 0.007 115(b) 375(b) 150(b) 500(b) 0.18 0.007 200(e) 650(c) 0.18 0.007
4 0.150 32(a) 105(a) 0.40 0.015 90(d) 300(d) 120(d) 400(d) 0.40 0.015 160(e) 525(e) 0.40 0.015
8 0.300 . . 24(a) 80(a) 0.50 0.020 72(d) 235(d) 95(d) 315(d) 0.50 0.020 120(e) 400(e) 0.50 0.020

16 0.625 20(a) 65(a) 0.75 0.030 56(d) 185(d) 76(d) 250(d) 1.00 0.040 ... ...
Hardness, 225 to 275 HB
I 0.040 .....35(a) 115(a) 0.18 0.007 115(b) 375(b) 135(b) 450(b) 0.18 0.007 185(c) 600(c) 0.18 0.007
4 0.150 . ..27(a) 90(a) 0.40 0.015 85(d) 280(d) 105(d) 35(J(d) 0.40 0.015 135(e) 450(e) O.40 0.015
8 0.300 ...21(a) 70(a) 0.50 0.020 69(d) 225(d) 84(d) 275(d) 0.50 0.020 84(e) 275(e) 0.50 0.020

16 0.625 .. ...17(a) 55(a) 0.75 0.030 52(d) 170(d) 66(d) 215(d) 0.75 0.030 ... ... ... ...
Hardness,275 to 325 HB
1 0.040 29(f) 95(f) 0.18 0.007 105(b) 340(b) 130(b) 420(b) 0.18 0.007 170(c) 550(c) 0.18 0.007
4 0.150 .. ...23(f) 75(f) 0.40 0.015 79(d) 260(d) 100(d) 330(d) 0.40 0.015 130(e) 425(e) 0.40 0.015
6 0.300 . . 18(f) 60(f) 0.50 0.020 60(d) 200(d) 79(d) 260(d) 0.50 0.020 105(e) 350(e) O.50 0.020

(a) High Bpeedsteel tool material:M2or M3.(b) Carbide tool material:C-7, (c)Carbide tool material:CC-7. (d) Carbide tool material:C-6. (e)Carbide tool material:
CC-6. (f) Any premium high speed steel tool material (T15t M33, M4X to M47)

i AISI 1330, 133QH: Boring
I-High speed steel-1 |-Uncoated carbide-1 (-Coatedcarbide--1

Depth of cut Speed Feed Speed, brazed Speed, inserted Feed Speed Feed
mm in. m/min ft/min mm/rev in./rev m/min ft/min m/mln ft/min mm/rev in./rev m/min ft/min mm/rev in./'rev

Hardness, 175 to 225 HB
0.25 0.010 .A..43(a) 140(a) 0.075 0.003
1-25 0.050 ...,:34(ai ÿllO(a) 0.13 0.005
2.5 0.100.....26(a) 85(a) 0.30 0.012

Hardness, 225 to 275 HB
0.25 0.010.....34(a) 110(a) 0.075 0.003
1.25 0.050 .....27(a) 00(a) 0.13 0.005
2.5 0.100 .....21(a) 70(a) 0.30 0.012

Hardness,275 to 325 HB
0.25 0.010.....29(f) 95(f) 0.075 0.003
1-25 0.050 .....23(f) 75(f) 0.13 0.005
2.5 0.100 .....18(f) 60(f) 0.30 0.012
(a)Highspeed steel tool material:M2or M3.(b!Carbide tool
CC-6. (f) Any premium high speed steel tool material (T15,

115(b) 375(b) 135(b) 440(b)
90(d) 300(d) 105(d) 350(d)
73(d) 240(d) 85(d) 230(d)

100(b) 335(b) 120(b) 395(h)
81(d) 265(d) 95(d) 315(d)
64(d) 210(d) 75(d) 245(d)

95(b) 315(b)
76(d) 250(d)

70(b) 370(b)
90(d) 295(d)

0.075 0.003
0.13 0.005
0.30 0.012

0.075
0.13
0.3H

0.075
0.13
0.30

0 003
0 005
0012

0.003
0005
0.0L2

175(c) 570(c)
140(e) 455(e)
115(e) 370(e)

160(c) 525(c)
130(e) 420(e)
95(e) 315(e)

145(c) 480(c)
115(e) 385(e)
90(e) 300(e)

0.O75 0.003
0.13 0.005
0.30 0.012

0.075
0.13
0.30

0.075
0.13
0.30

0.003
0.005
0.012

0.003
0.005
0.01259(d) 195(d) 70(d) 230(d)

material:C-7. (c)Carbide toolmaterial:CC-7. (d) Carbide tool material:C-6. (e)Carbide tool material:
M33, M41to M47)

ASSS 1335, 133514

AISI 1335, 1335H: Chemical Composition
AISI
grade

Chemical composition, %
Mn P max S max Si

1335 0.33-0.38
1335H 0.32-0.38

1.60-1.90
1.45-2.05

0.035
0,035

0.040
0.040

0.15-0.30
0.15-0.30

Characteristics and Typical Uses. AISI grades 1335 and
1335H are available as hot rolled and cold finished bar for
constructional applications or machining into components.
Also produced as cold heading quality wire, these grades
are used for high-strength bolts, screws, cap screws, and
socket- and recessed-head screws that can be heat treated to
required mechanical properties.

AISI 1335: Similar Steels (U.S. and/or Foreign). UNS
G13350; A5TM A322, A331, A519, A547: MIL SPEC MIL-S-
16974; SAE J404, J412, J770; (W. Ger.) DIN 1.1X67; (Fr.)

AFNOE 40 M5; (Jap.) JIS SMn 2 H,SMn 2,SCMn 3; (Swed.)
SS„ 2120

AISI 1335H: Similar Steels (U.S. and/or Foreign). UNS
H18350; ASTM A304; SAE J1268; (W. Ger.) DIN 1.1167;
(Fr.) AFNOR 40 M 5; (Jap.) JIS SMn 2 H,SMn 2, SCMn 3;
(Swed.) SSU 2120

AIS1 1335, 1335H: Approximate
Critical Points
Transformation Tcmperature(a)
point °C «F

Ac, 720 1330
Ac3 780 144t'
Ar3 725 1340
At,..........625 1160
M, 340 640
(a) On heating or cooling at 28 °C (50 °F) per hour
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Physicol Properties Machining Data

A1SI 1335, 1335H: Thermal Treatment Temperatures
Quenching medium: oil or water

Temperature range
Treatment °C ']•'

Annealing 845-900 1550-1650
Normalizing 870-925 1600-1700
Hardening 665-690 1225-1275
Tempering [a! (a)
(a) To desired hardness

For machining data on AISI grade 1335 and 1335H, refer to.
the preceding machining tables for AISI grades 1330 and
1330H.

Mechanical Properties

AISI 1335H: End-Quench Hardenability Limits and Hardenability Band. Heat treating temperatures recommended by SAE:
normalize at 870 °C (1600 °F), (or forged or rolled specimens only; austenitize at 845 °C (1550 °F). (Ref 1)

Distance from
quenched end, Via In,

1
2
3
4

6 .
7 .
8 .
9 .

10 ,

11.
12 .
13 .
14 .
15 .
10 .
13 .
20 .
22 .
24 .
26 .

28 .

30 .
32 .

Hardness, HR.C

.58
,,57
. ,56
. ,55
, ,54
,.52
.50
, .46
.46
,44
,42

,41
,40
,39

..38

..37

.,35
.34
.33
.32
.31
31

. .30
.30

51
49
47
44
3B
34
31
29
27
26
25
24
23
22
22
21
2D

| Diameters of raunds with same as-quenched hardness I Location in round Quench

E0

55

sa
o
IT
I45

31
c 40
a

X 35

30

25

20

3.8
1.1 2 0 2.9 3.8 4 .fl 5.8 6.7
0.7 1.2 1.6 2.0 2 4 2.8 3.2 3.6 3.9

! Surface
!• 4* radius from center
[ Center

i zz
0.8 1.8 2.S 3.0 3.4 3.8
0.5 1.0 1.6 2.0 2.4 2.8 3.2 3.8 4.0
0.2 0.6 1.0 1.4 1.7 2.0 2 4 2.B 3.1

Surface
j % radius fram center
; Center

Mild
water

quench

5 a 10 12 14 T6 IS 20 22 24 36 28 30 32

Distance from quenched end Via in.

AISI 1335, 1335H: Hardness and Machinabillty (Ref 7)

Condition
Hardness
range, HB

Average
machinabillty rating(a}

Annealed and cold drawn........179-235
(a) Based on AISI 1212 steel as 100% average ftiachinability

55
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AISS 1340, 1340H

AIS1 1340, 1340H: Chemical Composition
AJSI
grade

Chemical composition, %
Mji P max S max Si

1340 0.38-0.43
1340H 0.37-0.44

1.60-1.90
1.45-2.05

0.035
0.035

0.040
0.040

0.15-0.30
0.15-0.30

Characteristics and Typical Uses. AISI grades 1340 and
1340Hare generally available as hot rolled and cold finished
bar for constructional applications and machining into com¬
ponents. Also available as cold heading quality wire, these
steels are used for high-strength bolts, screws, cap screws,
and socket- and recessed-head screws that can be heat treat¬
ed to meet mechanical property requirements.

AIS1 1340, 1340H: Approximate Critical Points
Transformation Temperatureta1 Transformation Temperature(a)
point_T,_EF point _

__
"C_ °F

Ac, ................715 1320 At, 620 1150
Ac3 ................775 1430 M, 320 610
Ar3 720 1330
(a) On heating or cooling at 28 °C (50 °F) per hour

AISI 1340: Similar Steels (U.S. and/or foreign). UNS
G13400; ASTM A322, A331, A519, A547; MIL SPEC MIL-S-
16974; SAE J404, J412, J770

AISI 1340H: Similar Steels (U.S. and/or Foreign). UNS
H13400; ASTM A304; SAE JI2S8; (W. Ger.) DIN 1.5069

Physical Properties

AISI 1340, 134QH: Thermal Treatment Temperatures
Quenching medium: oil

Temperature range
Treatment °C "F

Forging......................................1230 mis 2250 max
Annealing S45-900 1550-1650
Normalizing..................................870-925 1600-1700
Hardening 815-845 1500-1550
Tempering . (al (a)

(a) To desired hardness

Mechanical Properties

Tempering temperature, F

600 SOD 10DD T209

Hardness

Tensile sirfrnrth

Yield strength

nedaciion inarea

Elongation

AISI 1340: Effect of Tempering
Temperature on Tensile Properties.
Normalized at 870 °C (16Q0 °F); oil quenched from
845 °C (1550 T)i tempered at 56 X (TOT)
intervals in 13.7-mm (0.540-in.) rounds; lested in
12.8-mm <0.505-in.) rounds. Tests were conducted
using specimens machined to English units.
Elongation was measured in 50 mm (2 in,), (Ref 2)

300 400 500 ODD 700

Tempering temperature,
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Mechanical Properties (continued)

AISI 1340H; End-Quench Hardenability Limits and Hardenability Band. Heat treating temperatures recommended by SAE:
normalize at 870 °C (1G00 °F), for forged or rolled specimens only; austenitize at 845 °C (1550 °F). (Ref 1)

Distance from Hardness,HRC Diameters of roundswith same as-quenched hardness

quenched end, Ym in. max min

1 . . .60 53
2 60 52
3 59 51
4 ....58 49
5 ....57 46
6 ...56 40 60
7 55 35

OS8 ....54 33
9 52 31 50

10 51 29
11 ... .50 23 u 45
12 ... .48 27 £

13 ... .46 26 ts 40
14 44 25 c

15...42 25 35

16 41 24 30
IB... 39 23
20 38 23 75
22.......37 22
24 . . .36 22 20
26 35 21
28 ... .35 21
30 - . - ... .34 20
32...34 20

3.8
1.1
0.7

4.8 5.8
2.4 2.0

6-7
3.2 3.6 3.9

Location in round jQuench

Surface 1 Mild
¥4 radius from carrier i water

Canter jqueneh

08 IB 2.6 3 D 3 4 3.8
0.5 1.0 1-6 2.0 2.4 2.8 3.2 3.6 4.G
0.2 0.6 1.0 1.4 1.7 2.0 2.4 2.8 3.1

Surface i Mtld
Va radius from center Dil

Center 'quench

Distance hem quenched end Vie in.

AISI 1340ÿ1340H: Mass Effect on Mechanical Properties (Ref 4)

Tensile Yield
Size round strength. strength ElongationCa), Reduction Hardness,

Condition or treatment mm in. MPs ksi MPa ksi in area, % HB

Annealed (healed Lu 800 "C or 1475 "F;
.It - furnace cooled 11 ftC or 20 "F per hour
'to 600 "C or 1110 aF; cooled in air) 25 1 703 102 434 63 25.5 57.3 207

Normalized (heated to 870 DC or 1600 F,
cooled in air) 13 0.5 910 132 565 82 20.0 51.0 269

25 1 834 121 558 81 22.0 62.9 248
50 2 827 120 524 76 23.5' 61.0 235

100 4 827 120 496 72 21.7 592 235
Oil quenched from 830 *C (1525 °F);

tempered at 540 (1000 DF) 13 0.5 979 142 910 132 18.8 55.2 285
25 1 951 138 834 121 19.2 57.4 285
50 2 827 120 579 84 21.2 60.7 248

100 4 800 116 572 83 21.7 57.9 241
Oil quenched from 830 C (1525 F'J;

tempered at 595 °C (1LOO °F) 13 0.5 B76 127 814 118 21.0 57.9 255
25 1 814 118 676 98 21.7 60.1 241
50 2 752 109 565 82 24.7 64.3 217

100 4 710 103 490 71 25.5 64.5 217
Oil quenched from 830 "C (1525 °FJ;

tempered at 650 "C (1200 *F) 13 0.5 814 118 745 108 22.1 59.5 241
25 1 772 112 662 96 23.2 62.4 229
50 2 731 106 552 80 25.5 86.2 217

100 4 703 102 496 72 26.0 64 8 212
(a) In50 mm (2 in.)

AISI 1340, 1340H: Effect of the Mass on Hardness at
Selected Points (Ref 4)

* As-quenched hardnesB
Size round after quenching in oil at
mm in. Surface Va radius Center

13 0.5 ....................58 HRC 57 HRC 57 HRC
25 1......................57 HRC 56 HRC 50 HRC
50 2 .................... ..39 HRC 34 HRC 32 HRC

100 4 ......................32 HRC 30 HRC 26 HRC

AIS1 1340, 1340H: Hardness and Machinsbility (Ref 7)

Hardness Average
Condition range, HB macbinability rating!a)

Annealed and cold drawn.........183-241 50
(a) Based on AISI 1212 steel as 100*3: average machinability
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Mechanical Properties (continued)

AISI1340, 1340H: Tensile Properties (Ref 5)

Tensile Yield Izod Impact
Condition strength strength Elongationia} Reduction Hardness, energy
or treatment MPa ksi MPa ksi % inarea, 6c HB J ft -lb

Normalized at 870 °C (1600 JF) 834 121 558 81 22.0 63 243 54 40
Annealed at 800 'C (1475 °F) . 703 102 434 63 25.5 57 207 46 34
(a) In 50 mm (2 in.)

Machining Data (Ref 3)

For the following machining data on turning (cutoff and form tools), end milling (profiling),
and reamingof AISI grades 1340 and 1340H,refer to the precedingmachining tables for AISI
grades 1330 and 1330H.

AISI 1340, 1340H: Face Milling
E-High speed steel-—] J-Uncoated carbide-----] |-Coated carbide-

Depthof cut Speed Feed/tooth Speed, brazed Speed, inserted Feed/tooth Speed Feed/tooth
mm in. m/min ft/min mm in. m/min ft/min ra/min ft/min wim in. m/mic ft.mis mm in.

Hardness, 175 to 225 HB
1 0.040 53(a) 175(a) 0.20 0.008 140(b) 460(b) 170(b) 560(b) 0.20 0.008 250(c) 825(c) 0.20 0.008
4 0.150 41(al 135(a) 0.30 0.012 115(h) 380(b) 135(b) 440(b) 0.30 0.012 175(c) 57<Xc) 0.30 0.012
8 0.300 , . 35(a) 115(a) 0.40 0.016 85(d) 280(d) 105(d) 345(d) 0.40 0.016 135(e) 450(e) 0.40 0.016

Hardness, 225 to 275 HB
1 0.040 ......4C(ai 150(a) 0.15 0.006 125(b) 415(b) 155(b) 510(b) 0.18 0.007 235(c) 763(c) 0.18 0.007
4 0.150 34(a) 110(a) 0.25 0.010 100(b) 330(b) 120(b) 400(b) 0.25 0.010 160(c) 520(c) 0.25 0.010
8 0.300 26(a) 85(a) 0.36 0.014 79(d) 260(d) 95(d) 315(d) 0.36 0.014 125(e) 410(e) 0.36 0.014

Hardness, 275 to 325 HB •rj

1 0.040 32(f) 105(f) 0.15 0.006 120(b) 400(b) 145(b) 485(b) 0.15 0.006 220(c) 725(c) 0.13 O0O5
4 0.150 26(0 85(0 0.23 0.009 95(b) 305(b) 115(b) 375(b) 0.20 0.008 150(c) 485(c) 0.18 0.007
8 0.300 20(0 65(0 0.30 0.012 72(d) 235(d) 88(d) 290(d) 0.25 0.010 115(e) 375(e) 0.23 0 009

Hardness, 325 to 375 I[B

1 0.040 24(0 80[0 0.13 0.005 105(b) 345(b) 130(b) 420(b) 0.13 0.005 190(c) 630(c) 0.102 0.004
4 0.150 18(f) 60(f) 0.20 0.008 81(b) 265(b) 100(b) 3251b) 0.18 0.007 130(c) 4201c) 0.15 0.006
8 0.300 15(0 50(f) 0.25 0.010 62(d) 205(d) 76(d) 250(d) 0.23 0.009 100(e) 323(e) 0.20 0.008

Hardness, 375 to 425 HB
1 0.040 18(0 60(0 0.102 0.004 8Kb) 265(b) 100(b) 325(b) 0.102 0.004 150(c) 485(c) 0.075 0,003
4 0.150 15(0 50(0 0.15 0.006 66(b) 215(b) 8Kb) 265(b) 0.15 0.006 105(c) 345(c) 0.13 0.005
8 0.300 12(0 40(0 0.20 O.OOR 62(b) 170(b) 62(b) 205(b) 0 20 O.OOB 81(c) 265(c) 0.18 0.007
(a) Highspeed steel tool material:M2or M3.(b)Carbide toolmaterial:C-6. (c) Carbide toolmaterial: CC-6. (d) Carbide tool material:05. ie)Carbide tool material;

j CC-5. <D Any premium high speed steel tool material (T15, M33, M41 to M47)
i

AiSI 1340, 1340H: Drilling
I-Feed per revolution for nominal hole diameter of: ——--------1

Speed 1.5 mm (0.062 in.) 3 mm (0.125 in.) 6 mm (0.25 in.) 12 mm (0.5 in.) 16 mm 10.75 in.) 25 mm (1in.)
Tool material m/min ft/min mm in. mm in. mm in. mm in. mm in. mm in.

Hardness, 175 to 225 HB

M10, M7, and Ml
high speed steel ....20 65

Hardness, 225 to 275 HB
MIO, M7, and Ml

high speed steel ....17 55
i
J Hardness, 275 to 325 HB

M10, M7, and Ml
high speed steel

____
14 45

! HArdness, 325 to 375 HB
1 M10, M7, and Ml

high speed steel ....11 35

Hardness, 375 to 425 HB
Any premium high

speed steel (T15,
M33, M41-M47)......8 25

0.025 0.001 0.075

0.025 0.001 0.075

0.050

0.050

0.050

0.003 0.15 0.006

0.003 0.102 0.004

0.002 0.102 0.G04

0.002 0.075 0.003

0.002 0.075 0.003

0.25 0.010 0.36

0.18 0.007 0.25

0.15 0.006 0.20

0.13 0.005 0.20

0.102 0.004 0.15

0.314 0.4G 0.016

0.310 0.30 0.012

O.OOS 0.23 0.009

0.008 0.23 Q.009

0.006 0.20 0.008
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Machining Data (Ref 3) (continued)

AISM340, 1340H;Turning (Single Point and Box Tools)

l-High speed steel —.......—| | ÿ ÿ Uncoated carbide-: ]-Coated carbide 1 —--1
Depth of cut Speed Feed Speed, brazed Speed, inserted Feed Speed Feed
iritn in. m/min ft/min mmj rev in./rev m - mir-, ft/min m/min ft/rain mm/rev in./rev m/min ft/min mm/rev in./rev

Hardness, 175 to 225 HB
1 0.040......41(a) 135(a> 0.18 0.007 115(b) 375(b) 150(b) 500(b) 0.18 0.007 200(c) 650(c) 0.18 0.007
4 0.150......32(a) 105(al 0.40 0.015 90(d) 300(d) 120(d) 400(d) 0.50 0.020 160(e) 525(e) 0.40 0.015
8 0.300 ......24(a) 80(a) 0.50 0.020 73(d) 240(d) 95(d) 315(d) 0.75 0.030 120(e) 400(e) 0.50 0.020

16 0.625 ......20(a) 65(a) 0.75 0.030 58(d) 190(d) 76(d) 250(d) 1.00 0.040

Hardness, 225 to 275 HB
1 0.040 ......35(a) 115(a) 0.18 0.007 105(b) 350(b) 140(b) 465(b) 0.18 0.007 185(c) 600(c) 0.18 0.007
4 0.150 ......27(a) 90(a) 0.40 0.015 85(d) 280(d) 110(d) 365(d) 0.50 0.020 145(e) 475(e) 0.40 0.015
8 0.300......21(a) 70(a) 0.50 0.020 67(d) 220(d) 87(d) 265(d) 0.75 0.030 115(e) 375(e) 0.50 04)20

16 0.625 ......17(a) 55(a) 0.73 0.030 52(d) 170(d) 69(d) 225(d) 1.00 0.040

Hardness, 275 to 325 HB
1 0.040 ......27(f) SKKfi 0.18 0.007 100(b) 330(b) 135(b) 440(b) 0.1S 0.007 175(c) 575(c) 0.18 0.007
4 0.150 ......21(f) 70(f) 0.40 0.015 79(d) 260(d) 105(d) 340(d) 0.40 0.015 135(e) 450(e) 0.40 0.015
8 0.300 ......17(f) 55(f) 0.50 0.020 60(d) 200(d) 82(d) 270(d) 0.50 0.020 105(e) 350(e) 0.50 0.020

Hardness,325 to 375 HB
1 0.040 ..... 21(f) 70(f) 0 13 0.005 84(b) 275(b) 115(b) 380(b) 0.18 0.007 150(c) 500(c) 0.18 0.007
4 0.150......17(f) 55(f) 0.25 0.010 66(d) 215(d) 90(d) 300(d) 0.40 0,015 120(e) 400(c) 0.40 0.015
8 0.300 ......12(f) 40(f 0.40 0.015 52(d) 170(d) 72(d) 235(d) 0.50 0.020 90(e) 300(e) 0.50 0.4)20

Hardness, 375 to 425 HB
1 0.040 ......18(f) 60{f 0.13 0.005 69(b) 225(b) 90(b) 300(b) 0.18 0.007 120(c) 400(c) 0.18 0.007
4 0.150 ......14(f) 45(f) 0.25 0.010 53(d) 175(d) 73(d) 240(d) 0.40 0.015 90(e) 300(e) 0.40 0.015
8 0.300 ......11(0 35(f) 0.40 0.015 43(d) 140(d) 58(d) 190(d) 0.50 0.020 76(e) 250(e) 0.50 0.020

(a) Highspeed steel tool material M2or M3. ib) Carbide tool material:C-7, (c) Carhide tnol material:CC-7. (d) Carbide tool material: C-6. (e) Carbide tool material:
CC-6. (f) Any premium high speed steel tool material (T15, M33, M41 to M47)

AISI 1340, 1340H: Boring _

__
'

I-High speed steel-; ]——-Uncoated carbide —-—-~1 |-Coated carbide-j

Depth of cut'1 Speed Feed Speed, brazed Speed, inserted Feed Speed Feed
mm in.'**' m/min ft/min mm/rev in./rev m/min ft/min m/min ft/min mm/rev in./rev m/min ft/min mm/rev in./rev

Hardness, 175 to 225 HB
0,25 0.010

______
43(a) 140(a) 0.075 0.003 115(b) 375(b) 135(b) 440(b) 0.075 0.003 175(c) 570(c) 0.075 0.003

1.25 0.050......34(a) 110(a) 0.13 0.005 90(d) 300(d) 105(d) 350(d) 0.13 0.005 140(e) 455(e) 0.13 0.005
25 0.100

______
26(a) 85(a) 0.30 0.012 73(d) 240(d) 85(d) 280(d) 0.40 0.015 110(e) 365(e) 0.30 0.012

Hardness, 225 to 275 HB
0.25 0.010......34(a) 110(a) 0.075 0.003 105(b) 345(b) 125(b) 405(b) 0.075 0.003 160(c) 525(c) 0.075 0/003
1.25 0.050......27(a) 90(a) 0.13 0.005 84(d) 275(d) 100(d) 325(d) 0.13 0.005 130(e) 420(e) 0.13 0.005
2.5 0.100......21(a) 70(a) 0.30 0.012 66(d) 215(d) 76(d) 255(d) 0.40 0.015 100(e) 330(e) 0 30 0.012

Hardness, 275 to 325 HB
0.25 0.010......27(f) 90(f) 0.075 0.003 100(b) 330(b) 120(b) 390(b) 0.075 0.003 150(c) 500(c) 0.075 0.003
1.25 0.050......21(f) 70(f) 0.13 0.005 81(d) 265(d) 95(d) 310(d) 0.13 0.005 120(e) 400(e) 0.13 0.005
2.5 0.100......17(f) 55(f) 0.30 0.012 62(d) 205(d) 73(d) 240(d) 0.30 0.012 95(e) 315(e) 0.30 0.012

Hardness, 325 to 375 HB
0.25 0.010......21(f) 70(f) 0.050 0.002 85(b) 280(b) 100(b) 330(b) 0.075 0.003 135(c) 435(c) 0.075 0.003
1.25 0.050......17(f) 55(f) 0.102 0.004 69(d) 225(d) 81(d) 265(d) 0,13 0.005 105(e) 350(e) 0.13 0.005
2.5 0.100......14(f) 45(f) 0.20 0.008 55(d) 180(d) 64(d) 210(d) 0.30 0.012 95(e) 280(e) 0.30 0.012

Hardness, 375 to 425 HB
0.25 0.010......18(f) 60(f) 0.050 0.002 67(b) 220(b) 79(b) 260(b) 0.075 0.003 105(c) 350(c) 0.075 0.003
1.25 0.050......15(f) 50(f) 0.102 0.004 55(d) 180(d) 64(d) 210(d) 0.13 0.005 85(e) 280(e) 0.13 0.005
2.5 0.100......11(f) 35(1) 0.20 0.008 44(d) 145(d) 52(d) 170(d) 0.30 0.012 64(e) 210(e) 0.30 0.012
(a) Highspeed steel tool material:M2or M3. lb) Carbide tool material:C-7. (e) Carbidetool material:CC-7 (d) Carbide tool material: C-6. (e) Carbidetoolmaterial;
CC-6, (fl Any premium high speed steel tool material (T15, M33, M41to M47)
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1 AISI 1340, 1340H: Planing _

__
Depth of cut Speed Feed/stroke

Tool material
Depth of cut Speed Feed/stroke

Tool material mm in. m/min ft/min mm in. mm in. m/min ft/min mm in.

Hardness, 175 to 225 HB Hardness, 275 to 325 HB
M2 and M3 high

(a)
M2 and M3 high

speed gfceel 0.1 0.005 11 35 (a) speed steel .... 0.1 0.005 8 25 (a) (a)
2.5 0.100 15 50 1.25 0.050 2.5 0.100 12 (0 0.75 0.030

12 0.500 9 30 1.50 D.060 12 0.500 6 20 1.15 0.045
C-6 carbide . 0.1 0.005 67 220 (a) (a) C-6 carbide . , , 0.1 0.005 46 150 (a) (a)

2.5 0.100 73 240 2.05 0.080 2.5 0.100 55 190 1.50 0.060
12 0.500 60 200 1.50 0.060 12 0.500 43 1(0 1.26 0.050

Hardness,225 to 275 HB Hardness, 325 to 375 HB
M2 and M3 high M2 and M3 high

speed steel .... 0.1 0.005 9 30 (a) (a) speed steel ...... 0.1 0.005 6 JO (a) la)
2.5 0.100 14 45 0.75 0.030 2.5 0.100 11 35 0.75 0.030

12 0.500 8 25 1.15 0.045 12 0.500 5 15 115 0.045
C-6 carbide 0.1 0.005 52 170 (a) (a) C-6 carbide 0.1 0.005 38 125 la) (a)

2.5 0.100 60 200 1.50 0.060 2.5 0.100 52 170 1.50 0.060
12 0.500 49 160 1.25 0.050 12 0.500 38 125 1.25 0.050

(a) Feed is 75% the width of the square nose finishing tool

A8SI 1345, 1345H

AISI 1345, 1345H: Chemical Composition
AISI
grade

Chemical composition, %
Mn P max S max Si

1345 ........0.43-0.48
1345H ......0.42-0.49

i.60-1.90
1.45-2.05

0.035
0.035

0.040
0.040

0.15-0 30
0.15-0.30

Characteristics and Typical Uses. AISI grades 1345 and
1345H have characteristics and typical uses similar to AISI
grades 1340 and 1340H. However, the increased carbon con¬
tent does provide slightly higher maximum hardenability.

AISI 1345: Similar Steels (U.S. and/or Foreign). UNS
G13450; ASTM A322; A331, A519; SAE J404, J412, J770;
(W. Ger.) DIN 1.0912; (U.K.) B.S. 2 S 516, 2 S 517

AISI 1345H: Similar Steels (U.S. and/or Foreign). UNS
H13450; ASTM A304; SAE J126S; (W. Ger.) DIN 1.0912;
(U.K.) B.S. 2 S 516, 2 S 517

Mechanical Properties

AISI 1345, 1345H: Hardness and Machinability (Ret 7)

Condition
Hardness
range, HB

Average
machinability rating(a)

Annealed and cold drawn........183-241 45

(a) Based on AISI 1212 steel as 100% average machinability

AISI 1345, 1345H:Approximate Critical Points
Transformation Temperature(a)
point °C "F

Transformation Tempersture(a)
point "C "F

Ac, .
Acs .

.715
765

1315
1410

Ar3
At,

. 705

. 625
1300
1160

(a) On heating or cooling at 28 "C (50 °F) per hour

Physical Properties

AIS1 1345, 1345H: Thermal Treatment Temperatures
Quenching medium: oil

Treatment
Temperature range
ÿC T

Normalizing
Annealing
Hardening

Machining Data

For machining data on AISI grades 1345and 1345H,refer to
the preceding machining tables for AISI grades 1340 and
1340H.
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Mechanical Properties (continued)

AISI 1345H: End-Quench Hardenability Limits and Hardenability Band. Heat treating temperatures recommended by SAE:
normalize at 870 °C {1600 °F), for forged or rolled specimens only; austenitize at 845 "C (1550 °F). (Ref 1)

Distance from Hardness, HRC
quenched end. Vis in. mi.r mm

1 63 56
o 63 56
3 62 55
4 61 54
5 51
5 60 44
7 38
8 59 35
9 ..58 33

10 32
11 31
12 30
13 29
14 53 29
15...... 52 28
16 ... 51 28
18 49 27
20 47 27
22 26
24 44 26
26 25
28 46 25
30 24
32 . 45 24

Diametere of rounds wjih same as-Quenched hardness

3.B
1.1 2.0 2.9 3.B 4.8 S B 6 7
0.7 1,2 1.6 2-0 2 4 2.8 3.2 3 6 3 9

Location in round |Ouench
Surface : Mi|d

% radius from center ] water
Centsr ;quench

O.fl 1.8 2.5 3 0 3 4 3.8
0.5 1.0 1.6 2.0 2 4 2.8 3-2 3.6 4.0
07 0.8 1.0 1.4 1.7 20 24 28 3.?

Surface :
iVa radius from center [ oil

' Center quench

3D 32

Distance from quenched end Vis in,

AISI A23T7

AISI A2317: Chemical Composition
AISI ChemicaJ composition, %
grade C Mu P raits. S max Si Ni

A2317. - - . . 0.15-0.20 0.40-0.60 0.040 0 040 0.20-0.35 3 25-3.75

Characteristics and Typical Uses. AISI grade A2317 is
a high-nickel, carburizing steel used for relatively small
diameter ( 130- to 200-mm or 5- to 8-in.) machinery gears.
Because of the nickel content, applications of AISI A2317
are limited.

AISI A2317: Similar Steels (U.S. and/or Foreign), sae 2317

AISI A2317: Approximate Critical Points
Transformation Temperature(a) Transformation Temperature(a)
point °C °F point °C °F

Ac,................7O0 1295 At, 600 1210
Ac3 ................775 1425 M, 385 725
Ar3 725 1340

(a) On heating or cooling at 28 VC !50 °F) per hour

Physical Properties

AISI A2317: Mean Apparent Specific Heat (Ref 9)
Normalized at 925 "C (1700 °F), tempered at 595 °C (1100 °F)

Temperature range Specific heat
°C T J/kg-K Btu/lb °F

-100-27 -150-80 ............ 364 0.087
27-540 80-1000 595 0.142

AISI A2317: Thermal Treatment Temperatures
Temperature range

Treatment eC "F

Forging ............,- .............1260 max 2300 max
Normalizing,......870-925 1600-1700
Carburizing . 925 1700
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AJSI A2317: Average Coefficients of Linear Thermal
Expansion (Ref 9)

Austenitized at 870 X (1600 °H. tempered at 595 X (1100 °F) for 2 h

Temperature range Coefficient
"C °F fim/m-K fain./in. "F

-195-21 -320-70..........8.6 4.8
-130-21 -200-70 10.1 5.6
-73-21 -100-70 10.4 5.8
-73-93 -100-200 U.O 6.1

21-93 70-200 11.9 6.6
21-150 70-300 12.1 6.7
21-205 70-400 12.2 6.8
21-260 70-500 12.6 7.0
21-315 70-600 12.8 7.1
21-370 70-700 13.0 7.2
21-425 70-800 13.3 7.4
21-480 70-900 13.3 7.4
21-540 70-1000 13.5 7.5

AISI A2317: Thermal Conductivity (Ref 9)

Airstenitized at 900 "C < 1650 °F), tempered at 595 1111DO T) for 1 h

Temperature Thermal conductivity
"C *F W/m-K Btu/ft h °F

-130 -200 28.9 16.7
-73 -100 .........33.7 19.5
-18 0 ............35,3 20.4

38 100 37.4 21.6
93 200 38.9 22.5

150 300 ... 40.3 23,3

205 400 41.2 23.8
260 500 41.2 23.8
315 600 40.3 23.3
370 700 39.6 22.9
425 800 38.2 22.1
480 900 36.0 20.8
540 1000 34.6 20.0

Mechanical Properties

AISI A2317; Approximate Core Mechanical Properties (Ref 2)

Heat treatment of test specimens: (I) normalized at 925 °C {1700 °F) in 32-mrn (1.25-in.) rounds; (2) machined in 25- or 13.7-nim
[1- or 0.540-itr.) rounds; (3) pseudocarburized at 925 °C (1700 °F) for 8 h; (4) box cooled to room temperature; (S) reheated to
temperatures given in table and oil quenched; (6) tempered at 150 °C (300 °F); (7) tested in 12.8-mm (0.505-in.) rounds; tests
were conducted usingtest specimens machined to English units

Reheat Tensile Yield
temperature strength strength(a) Elongationfb), Reduction Hardness,

°c °F MPa ksi MPs ksi 91 in area, 9T HB

Heat treated in 25-tnm (1-in.) rounds
775 1425..................896 130 689 100 18 55 277
800 1475..................951 138 752 109 18 52 285
830 1525..................965 140 772 112 20 54 293
(el <r)..................1000 145 793 115 15 50 302

Heat treated in 13.7-mm (0.540-ln.) rounds
775 1425..................910 132 710 103 15 50 277
800 1475..................958 139 758 110 15 50 293
830 1525..........;.......979 142 793 115 16 55 302
(c; (c>..................1041 151 362 125 14 44 321

;a) 0.2T offset, (b) In 50 mm (2 in.), (cl Quenched from step 3

Machining Data (Ref 3)

AISI A2317: Planing
Depth of cut Speed Feed/stroke Depth of cut Speed Feed/stroke

Tool material mm in. m/min ft/min mm in. Tool material mm in. m/min Ji mill mm in.

Hardness, 175 to 225 HB Hardness, 275 to 325 HB
M2 and M3 high M2 and M3 high

speed steel 0.1 0.005 11 35 (a) (a) speed steel .. 0.1 0.005 8 25 (a) (a)
2.5 0.100 17 55 1.25 0.050 2.5 0.100 14 45 0.75 0.030

C-6 carbide ...... 12 0.500 9 30 1.50 0.060 12 0.500 8 25 1.15 0.045. , 0.1 0.005 70 230 (a) (a) C-6 carbide 0.1 0.005 49 160 i'a) (a)
2.5 0.100 76 250 2.05 0.080 2.5 0.100 60 200 1.50 0.060

12 0.500 69 225 1.50 0.060 12 0.500 46 150 1.25 0.050
Hardness, 225 to 275 HB Hardness, 325 to 375 HB
M2 and M3 high M2 and M3 high

speed steel 0.1 0.005 9 30 (a) (a) speed steel 0.1 0.005 6 20 (a) (a)
2.5 0.100 15 50 0.75 0.030 2.5 0.100 11 a 0.75 0.030

12 0.500 8 25 1.15 0.045 12 0.500 6 20 1.15 0.045
C-6 carbide . . 0.1 0.005 53 175 (a) (a) C-6 carbide 01 0.005 38 125 ia) (a)

2.5 0.100 64 210 1.50 O.OtiO 2.5 0.100 53 175 1.50 0.060
12 0.500 53 175 1.25 0.050 12 0.500 38 125 1.25 0.050

(a) Feed is 75% the width of the square nose finishing too!
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Machining Data (Ref 3) (continued)

AISI A2317: Turning (Single Point and Box Tools)

[— 1 ' ÿÿÿ ÿ- High speed steel-1 ]-Uncoated carbide............1 |-Coated carbide-!

Depth uf cut Speed Feed Speed, brazed Speed, inserted Feed Speed Feed
mm in, in, niiii ft/mia mm/rev in./rev m/min ft/min m/min ft/min mm/rev in,/rev m/min ft/min mm/rev in./rev

Hardness, 175 to 225 HB

1 0.040......41(e) 135(a) 0.18 0.007 135(b) 450(b) 170(b) 560(b) 0.18 0.007 220(c) 725(c) 0.18 0.007
4 0.150

______
32(a) 105(a) 0.40 0.015 105(d) 35unli 135(d) 440(d) 0.50 0.020 175(e) 575(e) 0.40 0.015

8 0.300......24(c) 80(a) 0.50 0.020 84(d) 275(d) 105(d) 350(d) 0.75 0.030 135(e) 450(e) 0.50 0.020
16 0.625......20(a) 65(a) 0.75 0.030 66(d) 215(d) 84(d) 275(d) 1.00 0.040

Hardness, 225 to 275 HB
1 0.040......34(a) 110(a) 0.18 0.007 120(b) 400(b) 150(b) 500(b) 0.18 0.007 200(c) 650(c) 0.18 0.007
4 0.150......26(a) 85(a) 0.40 0.015 95(d) 310(d) 120(d) 390(d) 0.50 0.020 150(e) 500(e) 0.40 0.015
8 0.300......20(a) 65(a) 0.50 0.020 73(d) 240(d) 95(d) 310(d) 0.75 0.030 120(e) 400(e) 0.50 0.020

16 0.625......15(a) 50(a) 0.75 0.030 58(d) 190(d) 73(d) 240(d) 1.00 0.040

Hardness, 275 to 325 HB
1 0.040......29(f) 95(f) 0.18 0.007 150(b) 350(b) 135(b) 450(b) 0.18 0.007 175(c) 575(c) 0.18 0.007
4 0.150......23(f) 75(f) 0.40 0.015 64(d) 275(d) 105(d) 350(d) 0.40 0.015 135(a) 450(e) 0.40 0.015
8 0.300......18(f) 60(f) 0.50 0.020 67(d) 220(d) 84(d) 275(d) 0.50 0.020 105(e) 350(e) 0.50 0.020

Hardness, 325 to 375 HB
1 0.040......24(f) 8D(fi 0.13 0.005 88(b) 290(b) 115(b) 375(b) 0.18 0.007 145(c) 475(c) 0.18 0.007
4 0.150......18(f) 60(fp 0.25 0.010 69(d) 225(d) 88(d) 290(d) 0.40 0.015 115(e) 375(e) 0.40 0.015
3 0.300 .....14(f) 45lfi 0.40 0.015 55(d) 180(d) 70(d) 230(d) 0.50 0.020 90(e) 300(e) 0.50 0.020

Hardness. 375 to 425 HB
1 0.040......20(f) 65(0 0.13 0.005 73<bl 240(b) 88(b) 290(b) 0.18 0.007 115(c) 375(c) 0.18 0.007
4 0.150......15(0 50(0 0.23 0.010 58(d) 190(d) 70(d) 230(d) 0.40 0.015 90(e) 300(e) 0.40 0.015
8, 0.300......12(0 40(0 0.40 0.015 46(d) 150(d) 55(d) 180(d) 0.50 0.020 691c) 225(e) 0.50 0.020

(a) Highspeed steel tool material: M2or M3. <biCarbide tool material:C-7. (c) Carbide tool material:CC-7- (d) Carbide tool material:C-6. <e) Carbide tool material:
CC-6. (f) Any premium high speed steel too) material (T15, M33. M41 to M47)

AISI A2317: Turning (Cutoff and Form Tools)

Feed per revolution for cutoff tool width oft i-Feed per revolution for form tool width of: j

Speed, 1,5 ram 3 mm 6 mm 12 mm 18 mm 25 ram 50 mm
m/min (0.062 it].) (0.125 in.) (0.25 in.) (0.5 in.) (0.75 in.) (1in.) (2 in.)

Tool materia] (ft/min) mm in. mm in. mm in. mm in. mm in. mm in. mm in.

Hardness, 175 to 225 HB
M2 and M3 high

speed steel ........30 0.038 O.OOlo 0.046 0.0018 0.053 0.0021 0.046 0.0018 0.041 U.0016 0.038 0.0015 0.028 0.0011
(10D)

C-6 carbide.........100 0.038 0.0015 0.046 0.0018 0.053 0.0021 0.046 0.0018 0.041 0.0016 0.038 0.0015 0.028 0.0011
(325)

Hardness, 225 to 275 HB
M2 and M3 high

speed steel ........24 0.036 0.0014 0.043 0.0017 0.050 0.(1020 0 043 0.0017 0.038 0.0015 0.036 0.0014 0.025 0.0010
(80)

C-6 carbide..........78 0.036 0.0014 0.043 0.0017 0.D50 0.0020 0.043 0.0017 0.038 0.0015 0.036 0.0014 0.025 0.0010
(255)

Hardness, 275 to 325 HB
M2 and M3 high

speed steel ........18 0 033 0.0013 0.041 0.0016 0.043 0.0019 0.041 0.0016 0.036 0.0014 0.033 0.0013 0.023 0.0QO9
(60)

C-6 carhide..........58 0.033 0.0013 0.041 0.0016 0.048 0.0019 0.041 0.0016 0.036 0.0014 0.033 0.0013 0.023 0.0009
(190)

Hardness, 325 to 375 HB
Any premium

high speed steel
(T15, M33,
M41-M47).........15 0.030 0.0012 0.03B 0.0015 0.046 0.0018 0.03B 0.0015 0.033 0.0013 0,030 0.0012 0 020 0.0008

(50)
C-6 carbide..........46 0.030 0.0012 0.038 0.0015 0.046 0.0018 0.038 0.0015 0.033 0.0013 0.030 0.0012 0.020 0.0008

(150)

Hardness, 375 to 425 HB
Any premium

high speed steel
(T15, M33,
M41-M47).........12 0.028 0.0011 0.036 0.0014 0 043 0.0017 0 036 0.0014 0030 0.0012 0 028 Q.0011 0.018 0.0007

(40)

C-6 carbide.........38 0.028 0.0011 0.036 0.0014 0.043 0.0017 0.036 0.0014 0.030 0.0012 0.028 0.0011 0.018 0.0007
(125)
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Machining Data (Kef 3) (continued)

AfSI A2317: Drilling
|—-Feed per revolution for nominal hole diameter of:-—-—I

Speed 1.5 mm [0.062 in.) 3 mm (0.125 in.) 6 mm <0.25 in.) 12 mm (0.5 in.) 18 mm (0.75 in.) 25 mm (1in.}

Tool material m/min ft/min mm in. mm in. mm in. mm in. mm in. mm in.

Hardness, 175 to 225 HB
Mio,M7t and Ml

high speed steel ....21 70 0.025 0.001 0.075 0.003 0.15 0.006 0.25 0.010 0.33 0.013 0.40 0.016

Hardness, 225 to 275 HB
M10, M7,and Ml

high speed steel ....18 60 0.025 0.001 0075 0.003 0.102 0004 0.18 0.007 0.25 O.DIO 0.30 0.012

Hardness, 275 to 325 HB
M10, M7, and Ml

high 9peed steel .. , ,15 50 ... 0.050 0.002 0.102 0004 0.18 0.007 0.20 0.008 0.25 0.010
Hardness, 325 to 375 HB

M107 M7, and Ml
high speed steel ....12 40 ... 0.050 0.002 0.075 0.003 0.13 0.005 0.20 0.008 0.23 0.009

Hardness, 375 to 425 HB
Any premium high

speed steel (T15,
M33, M41-M47) 9 30 0.050 0.002 0.075 0.003 0.13 0.005 0.15 0.006 0.20 0,008

AISI A2317: End Milling(Profiling)
j-—-Feed per tooth for cutter diameter of:-1

Depth of cut Speed 10 mm (0.375 in.) 12 mm (0.5 hi.) 18 mm (0.75 in.) 25-50 mm (1-2 in.)

Tool material mm in, m/min ft/min mm in, mm in. mm in. mm in.

Hardness, 175 to 225 HB
M2, M3. and M7 high

speed steel 0.5 0.020 37 120 0.025 0.001 0.050 0.002 0.075 0.003 0.102 0.004
1.5 0.060 27 90 0.050 0.002 0.075 0.003 0.102 O.0O4 0.13 0.005

diam/4 diam/4 24 80 0.038 0.0015 0.050 0.002 0.075 0.003 0.102 0.004
diam/2 diam/2 21 70 0,025 0.001 0.038 0.0015 0.050 0.002 0.075 0.003

C-5 carbide 0.5 0.020 145 475 0.038 0.0015 0.075 0.003 0.13 0,005 0.15 0.006
1.5 0.060 115 370 0.063 0.0025 0.102 0.004 0.15 0,006 0.18 0.007

diam/4 diam/4 100 320 0.050 0.002 0.075 0003 0.13 .0,005 0.15 0.006
diam/2 diam/2 90 300 0.038 0.0015 0.050 0.002 0.102 0.004 0.13 0.005

Hardness, 225 to 275 HB
M2. M3, and M7 high i-

speed steel . 0.5 0.020 34 110 0.025 0.001 0.050 0.002 0.075 0.003 0.102 0.004
1.5 0.060 26 85 0.050 0.002 0.075 0.003 0.102 0.004 0.13 0.005

diam/4 diam/4 23 75 0.038 0.0015 0.050 0.002 0.075 0.003 0-102 0.004
diam/2 diam/2 20 66 0.025 0.001 0.038 0.0015 0.050 0.002 0.075 0.003

C-5 carbide. .. . ,0.5 0.020 130 420 0.025 0.001 0.050 0.002 0.102 0.004 0.13 0,005

1.5 0.060 100 325 0.050 0.002 0.075 0.003 0.13 0.005 0.18 0.007
diam/4 diam/4 85 280 0.038 0.0015 0.050 0.002 0.102 0.004 0.13 0 005
diam/2 diam/2 79 260 0.025 0 001 0.038 0 0015 0.075 0.003 0.102 0.004

Hardness, 275 to 325 HB
M2, M3. and M7 high

speed steel . .. 0.5 0.020 26 85 0.018 0.0007 0.038 0.0015 0.075 0.003 0.102 0.004
1.5 0.060 20 65 0.025 0.001 0.050 0.002 0.102 0.004 0.13 0.005

diam/4 diam/4 17 55 0.018 0,0007 0.038 0.0015 0.075 0.003 0.102 0.004
diam/2 diam/2 15 50 0.013 0.0005 0.025 0.001 0.050 0.002 0.075 0.003

C-5 carbide ,0.5 0.020 100 325 0.025 0.001 0.050 0.002 0.102 0.004 0.13 0.005
1.5 0.060 75 245 0.050 0.002 0.075 0.003 0.13 0.005 0.15 0 006

diam/4 diam/4 64 210 0.038 0.0015 0.050 0.002 0.102 0.004 0.13 0,005

diam/2 djam/2 60 200 0.025 0.001 0.038 0.0015 0.075 0.003 0.102 0.004

Hardness,325 to 375 HB
M2, M3, and M7 high

speed steel 0.5 0.020 20 65 0.013 0.0005 0.038 0.0015 0.075 0.003 0.102 0.004
1.5 0.060 17 55 0.013 0.0005 0.038 0.0015 0.102 0.004 0.13 0.005

diam,/4 diam/4 15 50 0.013 0.0005 0.038 0.0015 0.075 0.003 0.102 0.004
diam/2 diam/2 12 40 0.013 0.0005 0.025 0.001 0.050 0.002 0.075 0.003

C-5 carbide 0.5 0.020 79 260 0.025 0.001 0.038 0.0015 0.075 0.003 0.13 0005
1.5 0.060 60 200 0.038 0.0015 0.075 0.003 0.13 0.005 0.15 0.006

diam/4 diam/4 52 170 0.038 0.0015 0.050 0.002 0.102 0.004 0.13 0.005
diam/2 diam/2 49 160 0.025 0.001 0.025 0.001 0.075 0.003 0.102 0.004

(continued)
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Machining Data (Ref 3) (continued)

AISI A2317: End Milling (Profiling) (continued)

Tool material
Depth of cut
mm in.

Speed
ra/mui fl/rain

10 mm (0.375 in.)
mm in-

ÿ Feed per tooth for cutter diameter of: "
12 mm (0.5 in.) 18 mm (0.75 in.)
mm in. mm inT

25-50 mm (1-2 in.)
mm in.

Hardness, 375 to 425 HB
Any premium high

speed steel (T15,
0.5 0.020 17 55 0.013 0.0005 0.018 0.0007 0.025 0.001 0.050 0.002
1.5 0.060 14 45 0.013 0.0005 0.025 0.001 0.050 0.002 0.075 0.003

diam/4 diam/4 12 40 0.013 0.0005 0.013 0.0005 0 050 0.002 0.063 0.0025
dlam/2 diam/2 11 35 0.038 0.0015 0.050 5.002
.0.5 0.020 64 210 0.025 0.001 0.025 0.001 0.050 0.002 0.075 0.003

1.5 0.060 49 160 0.038 0.0015 0.050 0.002 0.075 0.003 0.102 0.004
diam/4 diam/4 41 135 0.038 0.0015 0.038 0.0015 0.063 0.0025 0.089 0.0035
diara/2 diam/2 38 125 0.025 0.001 0.025 0.001 0.050 0.002 0.075 0.003

AISI A2317: Reaming
Based on 4 flutes for 3- and 6-mm (0.12S- and 0.25-in.) reamers, 6 flutes for 12-mm (0.5-in.) reamers, and 8 flutes for 25-mm £1-in.) and larger reamers

Tool material
Speed

Lin ft/'min

j-Feed per revolution for reamer diameter of:-1
3 mm (0.125 in.) 6 mm (0.25 in.) 12 mm (0.5 in.) 25 mm (1 in.) 35 mm (1.5 in.) 50 mm (2 in.)

mm in. mm in. mm in. mm in. mm in mm in.

Roughing
Ml, M2, and M7

high speed steel ....26
C-2 carbide 37

Finishing

Ml, M2, and M7
high speed steel ....11

C-2 carbide 11

Hardness, 175 to 225 HB

Roughing
Ml, M2, and M7

high speed steel
C-2 carbide
Finishing
Ml, M2, and M7

high speed steel
C-2 carbide

.23

.27

.9

. 12

Roughing
Ml,M2, and M7

high speed steel
C-2 carbide

Finishing
Ml, M2, and M7

high speed steel
C-2 carbide

Roughing
Ml, M2, and M7

high speed steel
C-2 carbide

.20

.24

..8

.11

. 15
20

Finishing
Ml, M2, and M7

high speed steel
C-2 carbide

.8

.11

Roughing
Any premium high

speed steel T15.
M33, M41-M47) 9

C-2 carbide 14

Finishing
Any premiumhigh

speed steel (T15,
M33, M41-M47) 6

C-2 carbide. . 9

85
120

35
45

75
90

30
40

65
80

25
35

50
65

25
35

30
45

20
30

0.102
0.102

0.13
0.13

0.075
0.102

0.102
0.102

0.075
0.102

0.102
0.102

0.050
0.102

0.050
0.102

0.050
0.102

0.050
0.102

0.004
0.004

0.005
0.005

0.004
0.004

0.003
0.004

0.004
0.004

0.002
0.004

0.002
0.004

0.002
0.004

0.002
0.004

0.18 0.007 0.30
0.18 0.007 0.30

0.012
0.012

0.20
0.20

0.008
0.008

0.30
0.30

0.012
0.012

Hardness, 225 to 275 HB

0.003 0.15
0.004 0.15

0.20
0.20

0.005
0.006

0.008
0.008

0.25 0.010
0.25 0.010

0.30
0.30

0.012
0.012

Hardness, 275 to 325 HB

0.13
0.15

0.15
0.15

0.005
0.006

0.006
0.006

0.20
0.20

0.25
0.25

0.008
0.008

0.010
0.010

Hardness, 325 to 375 HB

0.102 0.004 0.15
0.15 0.006 0.20

0.13
0.15

0.005
0,006

0.15
0,20

0.006
0.008

0.006
G.008

Hardness, 375 to 425 HB

0.102
0.15

0.102
0.15

0.004
0.006

0.004
0.006

0.13
0.20

0.13
0.20

0.005
0.008

0.006
0.008

0.50
0.50

0.50
0.50

0.40
0.40

0.50
0.50

0.30
0.30

0.40
0.40

0.20
0.25

0.25
0.25

0.15
0.25

0.15
0.25

0.020
0.020

0.020
0.020

0.015
0.015

0.020
0.020

0.012
0.D12

0.015
0.015

0.008
0.010

0.010
0.010

0.006
0.010

0.006
0.010

0.65
0.65

0.65
0.65

0.50
0.50

0.65
0.65

0.40
0.40

0.50
0,50

0.25
0.30

0.30
0.30

0.18
0.28

0.18
0.28

0.025
0.025

0.025
0.025

0.020
0 020

0.025
0.025

0.015
0.015

0.020
0.020

0.010
0.012

0.012
0.012

0,007
0.011

0.007
0.011

0.75
0.75

0.75
0.75

0.65
0 65

0.75
0.75

0.50
0.50

0.65
0.65

0.30
0.40

0.40
0.40

0.20
0.30

0.20
0.30

0.030
0.030

0.030
0.030

0.025
0 025

0.030
0.030

0.020
0.020

0.025
0.025

0.012
0.015

0.015
0.015

0.008
0.012

0.008
0.012
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Machining Data (Ref 3) (continued)

AISI A2317: Boring
p-High speed steel-1 ;-Uncoated carbide-1 i-Coated carbide-1

Depth of cut Speed Feed Speed, brazed Speed, inserted Feed Speed Feed
mm in, m/min ft/min mm/rev in./rev m/min ft/min m/min ft mill mm/rev in./rev m/min ft/min mm/rev In./rev

Hardness, 175 to 225 HB
0.25 0.010.....43(a) 140(a) 0.075 0.003 125(b) 415(b) 150(b) 490(b) 0.075 O.OG3 195(c) 640(c) 0.075 0.003
1.25 0.050.....34(a) 110(a) 0.13 0.005 100(d) 330(d) 120(d) 390(d) 0.13 0.005 155(e) 510(b) 0.13 0.005
2.5 0.100.....26(a) 85(a) 0.30 0.012 81(d) 265(d) 95(d) 310(d) 0.40 0.015 120(e) 400(e) 0.30 0.012

Hardness, 225 to 275 HB
0.25 0.010.....34(a) 110(a) 0.075 0.003 115(b) 375(b) 135(b) 440(b) 0.075 0.003 175(c) 570(c) 0.075 0.003
1.25 0.050.....27(a) 90(a) 0.13 0.005 90(d) 300(d) 105(d) 350(d) 0.13 0.005 140(e) 455(e) 0.13 0.005
2.5 0.100.....21(a) 70(a) 0.30 0.012 72(d) 235(d) 84(d) 275(d) 0.40 0.015 105(e) 350(e) 0.30 0.012

Hardness 275 to 325 HB
0.25 0.010.....29(f) 95(1) 0.075 O.OU3 100(b) 335(b) 120(b) 395(b) 0.075 0.003 150(c) 500(c) 0.075 0.003
1.25 0.050.....23(0 75(f) 0.13 0.005 81(d) 265(d) 95(d) 315(d) 0.13 0.005 120(e) 400(c) 0.13 0.005
2.5 0.100.....18(f) 60(f) 0.30 0.012 64(d) 210(d) 75(d) 245(d) 0.30 0.012 95(e) 315(e) 0.30 0.012

Hardness, 325 to 375 HB
0.25 0.010

_____
24(f) 80(f) 0.050 O.G02 84(b) 276(b) 100(b) 325(b) 0.075 0.003 125(c) 410(c) 0.075 0.003

1.25 0.050

_____
20(f) 65(f) 0.102 0.004 67(d) 220(d) 79(d) 260(d) 0.13 0.005 100(e) 330(e) 0.13 O.OG5

25 0.100.....15(f) 50(f) 0.20 0 008 53(d) 175(d) 62(d) 205(d) 0.30 0.012 79(e) 260(e) 0.30 0.012

Hardness, 375 to 425 HB

0.25 0.010.....18(0 60(f) 0.050 0.002 64(b) 210(b) 76(b) 250(b) 0.075 0.003 100(c) 325(c) 0.075 0.003
1.25 0.050.....15(0 50(0 0.102 0 004 52(d) 170(d) 60(d) 200(d) 0.13 0.005 79(e) 260(e) 0.13 0.005
2.5 0.100.....12(f) 40(0 0.20 0.008 41(d) 135(d) 49(d) 160(d) 0.30 0.012 64(e) 210(e) 0.30 0.012
(si High speed steel tool material: M2 or M3. (b) Carbide tool material: C-7. (ei Carbide tool material: CC-7. (d) Carbide tool materia): C-6. (e) Carbide tool
material: CC-6, (f) Any premium high speed steei tool material C1'15, M33, M41to M47)

AiSI A2317: Face Milling _ _

__
1-High speed steei-1 i-Uncoated carbide —-——-1 i-Coated carbide-——i

Depth of cut Speed Feed/tooth Speed, brazed Speed, inserted Feed/tooth Speed Feed/tooth
mm in. m/min ft/min mm in. m/min ft/min ra/rain ft/min mm in. m/min ft/min mm in.

Hardness, 175 to 225 HB
1 0.040 ......55(a) 180(al 0.20 0.008 160(b) 530(b) 175(b) 560(b) 0.20 0.008 265(c) 870(c) 0.20 0.008
4' 0.150 ......43(a) 140(a) 0.30 0.012 125(b) 405(b) 135(b) 445(b) 0.30 0.012 205(c) 665(c) 0.30 0.012
8 0.300 ......34(a) 110(a) 0.40 0.016 85(d) 280(d) 105(d) 345(d) 0.40 0.016 155(e) 515(e) 0.40 0.016

Hardness, 225 to 275 HB
1 0.040 ......46(a) 150(a) 0.15 0.006 140(b) 460(b) 155(b) 510(b) 0.18 0.007 240(c) 765(c) 0.18 0.007
4 0.150 ......34(a) 110(h) 0.25 0.010 105(b) 350(b) 120(b) 390(b) 0.25 0.010 180(c) 465(c) 0.25 0.010
8 0.300 ......26(a) 85(a) 0.30 0.014 76(d) 250(d) 95(d) 305(d) 0.36 0.014 140(e) 455(e) 0.36 0.014

Hardness, 275 to 325 HB
1 0.040 ......32(0 105(f) 0.15 0.006 120(b) 400(b) 150(b) 485(b) 0.15 0.006 190(c) 630(c) 0.13 0.005
4 0.150 ......26(f) 85(f) 0.23 0.009 100(b) 320(b) 115(b) 375(b) 0.20 0.008 150(c) 485(c> 0.18 0.007
8 0.300 ......20(f) 65(f) 0.30 0.012 73(d) 240(d) 90(d) 295(d) 0.25 0.010 115(e) 37JHe) 0.23 0.009

Hardness, 325 to 375 HB
1 0.040 ......26(f) 85(f) 0.13 0.005 95(b) 310(b) 100(b) 330(b) 0.13 0.005 150(c) 500(c) 0.102 0.004
4 0.150 ......20(f) 65(f) 0.20 0.008 75(b) 245(b) 82(b) 270(b) 0.18 0.007 105(c) 350(c) 0.15 0.006
8 0.300 ......15(0 50(f) 0.25 0.010 52(d) 170(d) 64(d) 210(d) 0.23 0.009 84(e) 275(e) 0.20 0.008

Hardness,375 to 425 HB
) 0.040 ......20(f) 63(0 0.102 0.004 79(b) 260(b) 87(b) 285(b) 0.102 0.004 130(c) 425(c) 0.075 0.003
4 0.150 ......15(f) 50(0 0.15 0.006 59(h) 195(h) 66(b) 215(b) 0.15 0.006 84(c) 275(c) 0.13 0.005
6 0.300 ......12(f) 40(f) 0.20 0.008 41(d) 135(d) 50(d) 165(d) 0.20 0.008 60(e) 200(e) 0.18 0,007

(a) Highspeed steel toolmaterial:M2 or M7. (b) Carbidetoolmaterial:C-6. (c)Carbide tool material:CC-6. (d) Carbide tool material:C-5.(e)Carbide tool material:
CC-5. (f) Any premium high speed steel tool material (T15, M33. M41 to M47)
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AISI A2515

AISI A2515: Chemical Composition
AISI
grade

Chemical composition. %
Mn P max S max Si Ni

A2515. ....0.12-0.17 0.40-0.SO 0.040 0.040 0 20-0.35 4.75-5.25

Characteristics and Typical Uses. AISI grade A2515 is a
relatively high-nickel, carbonizing steel used for machine
parts which require a case of medium thickness. Because of
the nickel content, applications are limited.

AISI A2515; Similar Steels (U.S. and/or Foreign). SAE 2515;
(W. Ger.i DIN 1.5680; (Fr.) AFNOR Z 18 N 5

AISI A2515: Approximate Critical Points
Transformation Temperafcure(a) Transformation Temperatureia)
point °C °F point "C "F

Acl ..............675 1250 An........-......550 1020
Ac3 ...............760 1400 M, 365 690
At3 640 1180
ta) On heating or cooling at 28 °C (50 °F) per hour

Machining Data
For machining data on AISI grade A2515, refer to the pre¬
ceding machining tables for AISI grade A2317.

Physical Properties

AISI A2515: Average Coefficients of Linear Thermal
Expansion (Ref 9)

Austenitized at 870 X (1600 °F), tempered at 595 X ( 1100 °F) for 2 ft

Temperature range Coefficient
°C °F pm/m-K jdn./in.-°F

-195-21 320-70 8.8 48
-130-21 -200-70 ..10.4 5.8
-75-21 -100-70 10.4 5.8
-75-93 -100-200........... 11.2 6.2

21-93 70-200...,,... 11.9 6.6
21-150 70-300........12.1 0,7
21-205 70-400.......ill 12.2 6.8
21-260 70-500........12.4 6.9
21-315 70-600 12.8 7.1
21-370 70-700 .13.0 7.2
21-425 70-800 13.1 7.3
21480 70-900 13.1 7.3
21-540 70-1000 13.3 7 4

AISI A2515: Thermal Conductivity (Ref 9}

Austenitized at 870 X (1600 °F), tempered at 595 °C (1100 °F) tor 1 h

Temperature Thermal conductivity
°C "F W/m-K Btu/fth-T

-130 -200 26.0 15.0
-73 -100 ............29.6 17.1
-18 0 33.9 19.6

38 100 34.6 20.0"
93 200 36.0 20.8

150 300 .......;....37.5 21.7
205 400 37.7 21.8
260 600 . 38.2 22,1

315 600 37.9 21.9
370 700 37.5 21.7
425 800 .36.8 21.3
480 900 36.0 20.8
540 1000 34.6 20.0

AISI A2515: Mean Apparent Specific Heat (Ref 9)
Normalized at 925 X (1700 °F>, tempered at 595 X (1100 °F)

Temperature range
°C "F

Specific heat
J/k* K Btu/lb• °F

-100-27
27-540

-150-80 ...
80-1000.

335
. 615

0.080
0.147

AISI A2515; Thermal
Treatment Temperatures

Temperature range
Treatment ®C °F

Forging......1205 max 2200 max
Normalizing. .. 870-925 1600-1700
Carburizing .....925 1700

Mechanical Properties

AISI A2515: Effect of Case Depth on Maximum Specific Compressive Stress Based on Static Loading (Ref 10)
Heat treatment: earburized at 900 X (1650 X); oil quenched at 775 X (1425 °F); tempered 145 X (290 °F) (or 1 h
Test conditions: 50-mm (2-in.) test rolls with a 25-mm {1-in.) face, surfaces were {round and lapped
Failure patterns: 7.6-mm (0.30-in.) case failed at core.'case interface where shear stresses extended below the case; 1-mm (0.040-in.) case gave best
results; 1,4-mm (0.055-in.) case, possibly embrittled by the conditions of heat treating, shattered around the fatigue pits; tests were conducted using test
specimens machined to English units

[-Maximum specific compressive stress-j
Hairiness,HRC 10® cycles 10* cycles 10s cycles
Core Case MPa ksi MPa ksi MPa ksi

0.76 0.030........................33 60 2041 296 1862 270 1703 247
10 0-040........................37 56 2496 362 2213 321 2034 295
14 0.055........................37 56 1717 249 1558 226 1427 207

i

Case depth
mm in.
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Mechanical Properties (continued)

AISI A2515: Approximate Core Mechanical Properties (Ref 2)

Heat treatment of test specimens: (1) normalized at 925 °C {1700 <>F) in 32-mm (1.25-in.) rounds;
(2) machined in 25- or 13.7-mm (1- or 0.54O-ifl.) rounds; (3) pseudocarburized at 925 X (1700 °f)

tor 8 h; (4) do* cooled to room temperature; (3) reheated to temperatures given in table and oil-
quenched; (6) tempered at 15D X (300 T); (7) tested in 12.8-mm (0.505-in.) rounds; tests were conducted
using test specimens machined to English units ______

Reheat Tensile Yield
temperature strength atrength(a) Elongationfb), Reduction Hardness,
"C °F MPo ksi MPs ksi % in area, % HB

Heat treated in 25-mm (1-in.l rounds
775 14Z5............1080 158 924 134 15.5 50 321
800 1475............1096 159 924 134 16 52 331
830 1525............1096 159 931 135 16 52 331
(c) (e).............1124 163 951 138 16 51 341

Heat treated in 13.7-mm (0.540-in.) rounds
775 1425............1145 166 979 142 15.5 50 341
800 1475............1179 171 1007 146 16 52 352
830 1525............1186 172 1020 148 16 52 352
(c) (c).............1200 174 1034 150 15.5 50 365

(a) 0.2% onset, (b) In 50 mm (2 in.), (c) Quenched from step 3

AISI A2515: Permissible
Compressive Stress
Case depth of 1.1 to 1.5 mm
(0.045 to 0.060 in.) and a mini¬
mum case hardness of 60 HRC

Data
point

Compressive
stress

MPa ksi

Mean
Maximum .

. 1795
2135

260
310

AISI 3140

AISI 3140: Chemical Composition
AISI
grade Mn

Chemical composition, %
P max S max Si Ni Cr

3140 .0.38-0.43 0.70-0.90 U.U40 0.040 0.20-0.35 1.10-1.40 0.55-0.75

Characteristics and Typical Uses. AISI grade 3140 steel
is available inhot rolled and cold finished bar for machining
into components or applications in the as-finished condition.
This grade is also used for forgings.

AISI 3140: Similar Steels (U.S. and/or Foreign). UNS
G31400; ASTM A513, A711, A322, A331; MIL SPEC MIL-S-
16974;SAE J778; (W. Ger.) DIN1.5711; (U.K.) B.S. 640 M40

AISI 3140: Approximate Critical Points
Transformation Temperature(a) TransfornuStm Temperature(a)
point "C "F point °C °F

Ac, ..............735 1355 Ar, 660 1220
Ac, ..............765 1410 M,...; 310 590
Ar, 720 1330

(a) On heating or cooling at 28 °C (50 °F! per hour

Physical Properties

AISI 3140: Average Coefficients of Linear Thermal
Expansion {Ref 6)

Temperature range Coefficient
*C "F pm/m-K pln./in.-"F

0-100 32-212 11-8 655
0-200 32-390 12.2 6 80
0-300 32-570 12.9 7,15

0-100 32-750 13.2 7.35
0-500 32-930 14.0 7.75

AISI 3140: Thermal Treatment Temperatures
Quenching medium: oil

Temperavure range
Treatment *C °F

Forging.....................................1230max 2250 max
Annealing 790-845 1450-1550
Normalizing ..645-900 1550-1650
Hardening ........630-655 1525-1575

Machining Data

FormachiningdataonAISIgrade 3140, referto the preceding
machining tables for AISI grades 1340 and 1340H.
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Mechanical Properties

AISI 3140: Low-Temperature Impact Properties (Ref 17)

Treatment
Hardness,

HRC

-185°C
(-300 °F)

MPa ksi

— Charpy impact value at temperature of:-
-130X1 -73 X -18 °C 38 'C

(-200 T) (-100 "C) (0 °F) (100 'F)

MPa ksi MPa ksi MPa ksi MPa ksi

Transition
tempcraturc(a)
»C °F

Quenched from
845 °C (1550 °F);
tempered at
425 "C (800 T) ..

Quenched from
845 =C (1550 SF);
tempered at
540 °C (1000 °F) .

Quenched from
845 °C (1550 °F);
tempered at

650 °C (1200 °F)

(aI50% brittle

.43

30

25

69 10 103 15 145 21 179

90 13 110 16 241 35 310 45

97 14 172 25 379 55 434 63

207 30

331 48

455 66

-120 -185

-130 -200

-130 -200

AISI 3140: Effect of the Mass After Tempering at 540 °C
(1000 °F). Normalized at 870 X (1600 °F) in oversize rounds; oil
quenched from B45 "0 <1550 °F) in sizes shown; tempered at 540 X
(1000 °F); tested in !2.8-mm (0.505-in.) rounds. Tests from 38.1-mm
(1.50-in.) diam bar and over were taken at half-radius position. Tests... were conducted using specimens machined to English units. Elongation
was measured in 50 mm (2 in.). (Ref 2)

AiSl 3140: Effect of the Mass After Tempering at 650 °C
(1200 °F). Normalized at 870 X (1600 °F) in oversize rounds; ail
quenched from 845 X (1550 °F) in sizes shown; tempered at 650 X
(1200 °F); tested in 12.6-mm (0.505-in.) rounds. Tests from 38.1-mm
(1.50-in.) diam bar and over were taken at half-radius position. Tests
were conducted using specimens machined to English units. Elongation
was measured in 50 mm (2 in.). (Ref 2)

Diameier, in.

3 .... 4 5

Hardness

Tensile strength

« 70Q

Yield strength

DianHttCrj in.

2 3 4 5 5
1 F"

\ H

, Tensile strength-

i

V i —
\

100 S

Yrcld strength

I \
Reduction in area

Elongation

n TM i2s
Diameter, min

75 100 125
Diameter, mm

Reduction in area

Elongation
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Tampering temperature, °P
BOD 800 10DP 1200

1600

1200

600
70

3 35

1 i 1 _
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\ \ Hardi
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V \ i ÿX,
\ \
\ V j

Y
A

eld str
\

ength s\-Tens;le st rength
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\
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l Reduriinr- in area - —

'ÿ :
;

: ! 'ÿ
/ Elongation

--1-1—j-: 1 I
1 1

i i 1

300

150

T25

AISI 3140: Effect of Tempering Temperature
on Tensile Properties. Normalized ai 870 °c
(1600 *F); oil quenched from 845 °C (1550 °F);
tempered at 55 °C (100 °F) intervals in 13.7-mm
(0.540-in.) rounds; tested in 12.8-mm (0.5O5-in.)

rounds. Tests were conducted using test specimens
machined to English units. Elongation was measured
in 50 mm (2 in.). (Ref 2)

3dn 400 sou >00

Tempering temperature, DC

AISI 3140: Tensile Properties (Ref 5)

Condition or treatment

Tensile
strength

MPa ksi

Yield
strength

MPa ksi

Elonga-
tion(a). Reduction

in area, %

Izod impact
Hardness, energy

HB J ft- lb

Normalized at 870 aC (1600 °F)
Annealed at 815 °C (1500 "F)

(a) In 50 mm (2 in.J

889 129
. ..590 100

600
420

87
61

19.7
24.5

57
51

262 54 40
197 46 34

ASSI 4023 \

AISI 4023: Chemical Composition
AISI 4023: Approximate
Critical Points

AISI
grade C

Chemical
Mti P mas

composition,
S mas Si Mo

Transformation Temperature(a)
point °C T

4023 ... 0.20-0.25 0.70-0.90 0.035 0.040 0.15-0.30 0.20-0.30

Characteristics and Typical Uses. AISI 4023 is a carbu-
nzing grade, alloy steel with low case and core hardenability.
This gTade is available in bar and rod as hot rolled and
cold finished steels. Bearing quality steel billets, another
applicationof grade 4023, are used for rollingor forging, and
for tubes, bar, rod, and wire which are employed in manu¬
facturing rolling-element, anti-friction bearings.

AISI 4023: Similar Steels
(U.S. and/or Foreign). UNS
G40230; ASTM A322, A331,
A519, A534; SAE J404, J412,
J770

Ac3
At3

Ar, .
M„.

840
780
670
405

1540
1440
1240
775

(a) On healing or cooling at 28 DC
(50 °FIper hour
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Physical Properties Machining Data

AISI 4023: Thermal Treatment Temperatures
Temperature range

Treatment °C "F

Forging..................................... . 1230 max 2250 matt

Normalizing...................................900-955 1650-1750
Carburizing 900-925 1650-1700
Tempering ....................................120-175 250-350

For machining data on AISI grade 4023, refer to the pre¬
ceding machining tables for AISI grade A2317.

Mechanical Properties

AISI 4023; Approximate Core Mechanical Properties (Ref 2)

Heat treatment of test specimens: (1) normalized at 925 °C (1700 °F) in 32-mm (1.25-in.)
rounds; (2) machined to 25-mrn (1-in.) ur 13.7-mm (0.54O-in.) rounds; (3) pseudocarburized at
925 X (1700 °F) (ore h; (4) box cooled to room temperature; (S) reheated to temperatures given
in the table and oil quenched; (6) tempered at 150 °C (300 °f); (7) tested in 12.8-mm (0.505-in.)
rounds; tests were conducted using test specimens machined to English units

Reheat Tensile Yield
temperature strength streugth(a) Elongationtb), Reduction Hardness,
"C °F MPs ksi MPa ksi % in area, % HB

Heat treated in 25-mm (1-in.) rounds

775 14125 .......724 105 415 60 19 48 223
800 1475 .......745 108 440 64 21 54 229
855 1575 .......786 114 495 72 22 55 248
(c) (c) ........827 120 585 85 20 53 255

Heat treated in 13.7-mm (0.540-in.) rounds
775 1425 .......931 135 620 90 14 40 285
800 1475 .965 140 655 95 15 47 293
855 1575 .......986" 143 724 105 16 49 321
(c) (C) .......1050 152 786 114 15 43 331

(a) 0.2% offset.4b) In50 mm (2 in.), (c) Quenched from step 3

AISI 4023: Hardness and
Machinability (Ref 7)

Condition
Hardness
range, IH3

Average
machinHbility

ratmg(a)

Hot rolled and
cold drawn.........156-207 70

(a) Based on AISI 1212 steel as 100ft average
machinability

AISI 4024

AISI 4024: Chemical Composition
AISI
grade Mn

Chemical composition, %
P max S

4024 0.20-0.25 0.70-0.90 0.035 0.0354).050

Si

0.15-0.30

Mo

0.20-0.30

AISI 4024; Similar Steels
(U.S. and/or Foreign). UNS
G40240; ASTM A322, A331,
A519; SAE J404, J412, J770

Characteristics and Typical Uses. AISI grade 4024 is a
low-hardenability, carburizing steel which is used for ma¬
chined parts. It is available in hot rolled and cold finished
bar, and seamless tubing. This steel is resulfurized to give
better machinability at relatively high hardness.

Mechanical Properties

AISI 4024: Hardness and Machinability (Ref 7)

Average
Hardness machinability

Condition range, HB rating(a)

Hot rolled and cold drawn .............156-207
(a) Based on AISI 1212 £teel as 100% average machinability

75

Physical Properties

AISI 4024: Thermal Treatment Temperatures
Quenching medium: oil

Treatment
Temperature range

°C "F

Normalizing........(a) (a)
Carburizing 900-925 1650-1700
(a) At least as high as the carburizing temperature, followed by air cooling

Machinability Data
For machining data on AISI grade 4024, refer to the pre¬
ceding machining tables for MSIgrade A2317.
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AISI 4027, 4027H, 4028, 4028H

AISI 4027, 4027H, 4028, 4028H: Chemical Composition
AISI Chemical composition, %
grade C Mn P max S Si Mo

4027 ...............................0.25-0.30 0.70-0.90 0.035 0.040 max 0,15-0.30 0.20-0.30
-1027H .............................0.24-0.30 0.60-1.00 0.035 0.040 max 0.15-0.30 0.20-0.30
4028 ...............................0.25-0.30 0.70-0.90 0.035 0.035-0.050 D.15-0.30 0.20-0.30
4028H .............................0.24-0,30 0.60-1.00 0.035 0.035-0.050 0.15-0.30 0.20-0.30

Characteristics and Typical Uses. AISI grades 4027,
4027H, 4028, and 4028H are carburizing steels with low to
medium hardenability in the core. These steels are available
as hot rolled and cold finished bar for machiningparts or use
in the as-finished condition. Grade 4028 is resulfurized to
give improved machinability at relatively high hardness.

AISI 4027: Similar Steels (U.S. and/or Foreign). UNS
G40270; ASTM A322, A331, A519; SAE J404, J412, J770

AISI 4027H: Similar Steels (U.S. and/or Foreign). UNS
H40270; ASTM A304; SAE J1268

AISE 4028: Similar Steels (U.S. and/or Foreign). UNS
G40280; ASTM A322, A331, A519; SAE J404, J412, J770

Physical Properties

AISI 4028H: Similar Steals (U.S. and/or Foreign). UNS
H40280; ASTM A304; SAE J1268

AISI 4027, 4027H, 4028, 4028H: Approximate
Critical Points
Transformation Temperature(a) Transformation Temperature(a)
point °C °F point T! °F

Ac, ...............725 1340 Ar, 670 1240
Ac; ...............805 1485 M„... 400 755
Ara 760 1400
(a] On heating or cooling at 28 °C <50 T\ per hour

Machining Data

AISI 4027, 4027H, 4028, 4028H: Thermal Treatment
Temperatures
Quenching medium: oil

Temperature range
Treatment "C. °F

Normalizing 905 1660
Carhuiizing............................900-925 1650-1700

For machining data on AISI grades 4027, 4027H, 4028, and
4028H, refer to the preceding machining tables for AISI
grades 1330 and 1330H.

Mechanical Properties

AISI 4027H, 4028H: End-Quench Hardenability Limits and Hardenability Band. Heat treating temperature! recommended
by SAE: normalize at 900 °C (1650 T), for forged or rolled specimens only; austenitize at 870 X (1600 °F). (Ref 1)

Distance from
quenched end, Vis in.

1 .
2 .
3 .
4 ,
5 .
6 .
7 .
8 .
9 .

10 .
11 .
12 .
13 .
14 .
15 .
16 .
18 .
20 .

Hardness. HRC Diameiers ot munds wiih same as-qoer»ch5d hardnfisi Location uvaund iQuench
max

. 52 45

. 50 40

. 40 31
25

. 34 22
30 20 55

5D
. 28
. 26
. 25 45

4D

25
. 24

u
<E
I
rnn
u

.23 "Ph
X

35

30
22

. 22
...

25
, 21

20 .«« 20-
.0

3.0
1.1
0.7

2.0 2.9

1.2 1.6
3.8
2.0

4 8 5.8
24 2.0

6,7

3.2 3.6 3.9

Surfaa . Mild
I ÿ4 radius fromcanter water

i Cenlef jquench
0.B
0.5
0.2

2.5
1.6
1.0

3.B
2.0
2.U

3,6 4.0
2.B 3.1

Surface ! Wild
• % radius from center | oil

Cerrp 'quench

]
.

T
.

i ! !
i
1

j
V S ; |

l !
!

\
ID 12 14 IP Tfl 20 22 24 26 28 30 32

Distance from quenched end Vib ir>.
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Mechanical Properties (continued)

0

Tempering xomperature, P

60D SCO 1000

T|

150D i

T250

Kardness, HB

20D -I

175 -aTensile strength

Yield strength
150 c/>

Reduction in area

Elongation

AISI 4027: Effect of Tempering
Temperature on Tensile Properties.
Normalized at 905 °C (1660 T); reheated to 865 °C
(1585 °F); quenched in water. Specimens were
treated in 14.4-mm (0.565-in.) diam and machined
to 12.6-mm (0.505-in.) diam for testing. Tests were
conducted using specimens machined to English
units. As-quenched hardness of 477 HB; elongation
measured in 50 mm (2 in.); yield strength at
0.2% offset. (Ref 4)

300 400 500 500

Tempering temperature, C

Y
L )

. i
U

AISI 4027: Mass Effecton Mechanical Properties (Ref 4)

Tensile Yield Elonga-
Size round strength strength ation(a), Reduction Hardness,

Condition or treatment mm in. MPa ksi MPa ksi % in area, % HB

Annealed (heated to 865 3C or 1585 JK;
furnace cooled 11°C or 20 °F per hour
to 425 "C or 800 T; cooled in air) 1 515 75 325 47 30.0 52.9 143

Normalized (heated to 905 °C or 1660 °F;
cooled in air) 14 0.57 650 94 425 62 25.5 60.2 179

25 1 640 93 420 61 25.8 60.2 179
50 2 595 86 385 56 27.7 57.1 163

100 4 565 82 350 51 28.3 55.9 156
Water quenched from 865 °C (1585 DF);

tempered at 480 °C (900 °F) 14 0.57 1075 156 986 143 15.8 58.4 321
25 1 1035 150 917 133 16.0 57.8 311
50 2 786 114 615 89 22.0 66.6 229

100 4 696 101 540 78 26.0 68.3 201
Water quenched from 865 °C (1585 °F);

tempered at 540 °C (1000 °F) ...14 0.57 993 144 896 130 17.7 61.3 302
25 1 958 139 841 122 18.8 60.1 285
50 2 765 111 585 85 23.7 67.2 223

100 4 689 100 510 74 25.2 67.4 201
Water quenched from 865 "C (1585 °F);

tempered at 595 °C (1100 °F) 14 0.57 896 130 800 116 20.0 64.5 262
25 1 786 114 640 93 23.0 67.6 229
50 2 717 104 550 80 24.8 68.3 212

100 4 655 95 490 71 26.6 68.0 192
(a) In50 mm (2 in.)

AISI 4027: Effect of the Mass on Hardness at Selected
Points (Ref 4)

As-quenched hardness
Size round after quenching in water at:

mm in. Surface Vt radius Center

li4 0.57 .................50 HRC 50 HRC 50 HRC
25 1....................50 HRC 47 HRC 44 HRC
50 2 ....................47 HRC 27 HRC 27 HRC

100 4 ....................83 HRB 77 HRB 75 HRB

AISI 4027, 4028: Hardness and Machinabitity (Ref 7)

AISI
grade Condition

Hardness
range, IIB

Average
niachinability

ratmgl'a)

4027 ................Annealed and
cold drawn4028............ÿ .Annealed and
cold drawn

167-212

167-212

70

75
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ASSi 4037, 4037H

AISI 4037, 4037H: Chemical Composition
AISI
grade Mn

Chemical composition, %
P max S max Si Mo

4037 ......................0.35-0.40
4037H...0.34-0.41

0.70-0.90
0.60-1.00

0.03S
0.035

0.040
0.040

0.1541.30
0.15-0.30

0.20-0.30
0.2041.30

Characteristics. AISI grade 4037 and 4037H steels have
0.20 to 0.30% molybdenum. They are available as hot rolled
and cold finished bar and cold heading quality wire.

Typical Uses. Wire is drawn from rods rolled of AISI
4037 and 4037H steels for use in manufacturing high
strength screws, bolts, cap screws, socket-head screws, and
self-tapping screws. These parts can be heat treated to meet
the mechanical property requirements of SAE grade 8 alloy-
steel fasteners. Grades 4037 and 4037H are also used for
machined parts.

AISI 4037: Similar Steels
(U.S. and/or Foreign). UNS
G40370; ASTM A322, A331,
A519, A547; SAE J404, J412,
J770

AISI 4037H: Similar Steels
(U.S. and/or Foreign). UNS
H40370; ASTM A304; SAE
J1268

AISI 4037,4037H:
Approximate Critical Points
Transformation Temperature(n)
point *C °F

Ac, ...............725 1340
Ac, 815 1495
Ara 755 1390
Ar, 655 1210
M, 365 690
(a) On beating or cooling at 28 °C
(50 "Fi per hour

Physical Properties

AISI 4037, 4037H: Thermal Treatment Temperatures (Ref 2) AISI 4037, 4037H: Thermal Conductivity (Ref 6)
Quenching medium: oil

Tre;
Temperature range

•C °F

Forging 1230 max 2250 max
Annealing(a) 830-925 1525-1700
Normalizing(b} 855-955 1575-1750
Hardening..................................830-855 1525-1575
(h] Maximum hardness of 183 HB. (bl Hardness of approximately 235 HB

Temperature
"C °F

ThermeJ conductivity
W/iuK Btu/fth.°F

100
200
40C
600

212.
390
750.

1110.

. 4B.1

. 45.3

. 39,4

. 33,9

27.8
26.2
22.8
196

Mechanical Properties

AISI 4037H: End-Quench Hardenability Limits and Hardenability Band. Heat treating temperatures recommended by sae:
normalize at 870 °C <1600 °F), lor forged or rolled specimens only; austenitize at 845 °C (1550 °F). (Ref 1)

Distance from
quenched end, Vis in.

1
2
3

7 ....
8 ....
9 ....

10 ... .111213141516
18
20
22
24
26
28
30
32

Hardness, HRC
max min

...59

...57

... 54

. . . 51

...45

...38

.. . 34

...32

...30

...29

. .. 28

... 27

.1. 26

...26

...26

... 25

... 25

... 25

...25

... 24

... 24

... 24
,.. 23
... 23

52
49
42
35
30
26
23
22
21
20

j Diamaiorsot rounds with iame as-qucnched hardness Location in round Quench

3.8
1.1 7.0 2 9 3 8 4.8 5,8 6 7
0,7 1? 1.6 2.0 2.4 7,8 3.2 3 6 3.9

Surface
43 radius from tenter

1 Center

Mild
water

qusnch
!wL. m

0,8 T.S 2.5 3.0 3.4 3.8
0.5 1.0 1.6 2.0 2.4 2.8 3.2 3 6 4.0
0.2 0.6 1.0 1 4 1.7 2.0 2.4 2.8 3.T

Surface
rarius from center

Center

10 12 14 16 13 20 22 24

Distance from quenched end Vie in.
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Mechanical Properties (continued)

AIS1 4037, 4037H: Hardness and Machinability (Ref 7)

Condition
Hardness
range, HB

Average
machinability

ratmg(a)

Annealed and cold drawn. ........

____
174-217

(a) Based on AJSi 1212 steel as 100% average machinability
70

Machining Data

For machiningdata on AISI gTades 4037 and 4037H, refer to
the preceding machining tables for AISI grades 1330 and
1330H.

AISI 4042, 4042H

AISI 4042, 4042H: Chemical Composition
AISI
grade Mn

4042
4042H

0.40-0.45
0.39-0.46

070-0.90
0.60-1.00

0.C35
0.035

Characteristics and Typical Uses. AISI 4042 and 4042H
steels are available as hot rolled and cold finished bar which
are generally suitable for heat treatment, machining into
components, or, in the as-finished condition, constructional
purposes. Grades 4042 and 4042H are also used for medium
to large parts requiring a highdegree of strength and tough¬
ness. These steels have medium core hardenability.

AISI 4042, 4042H:
chemical composition, %
-Approximate Critical Points

P max S max Si Mo Transformation Temperatture(a)
~~ ~~

0.040 0.15-0.30 0.20-0.30' Point_ÿ_j[_
0.040 0.15-0.30 0.20-0.30 ÿc, 725 1340

Aca 795 1460
Ara 730 1350

AISI 4042: Simitar Steels Ar, 655 1210
(U.S. and/or Foreign). UKS 345 650

G40420-, ASTM A322, A331, heating or cooling at 28 °C

A519; SAE J404, J412, J770 150 F) per ur

AISI 4042H: Similar Steels
(U.S. and/or Foreign). UNS
H40420; ASTM A304; SAE
J1268

Hardness

Tensile strength j

Elongation

AISI 4037: Effect of Tempering
Temperature on Tensile Properties.
Normalized at 925 "C (1700 °F); oil quenched from
845 X (1550 °B; tempered at 5S X (100 °F)

intervals in 13.5-mm (0.530 in.) rounds; tested in
12.8-mm (0.505-in.) rounds. Tests were conducted
using specimens machined to English units.
Elongation was measured in 50 mm (2 in.). (Ref 2)

300 4 00 503 600 700

1empering temperature, "C

Tempering temperature, " F

W)U m 100D

5
a 1200H-

Yield slrength

Heduction m area
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it-
Physical Properties

AISI 4042, 4042H: Thermal Treatment Temperatures
Quenching medium: oil

Temperature range
Treatment °C #F

Forging........... 1205 max 2200 max
Annealingfa) 815-870 1500-1600
Normalizing[b) ..............................845-900 1550-1650
Hardening .....830-855 1525-1575
(a) Maximum hardness of 192 HB. (b) Hardness of approximately 235 HB

Machining Data

For machiningdata on AISI grades 4042 and 4042H, refer to
the preceding machining tables for AISI grades 1340 and
1340H.

Mechanical Properties

AISI 4042, 4042H: Hardness and Machinability (Ref 7)

Condition
Hardness
range, HB

Average
tnachinability

rating(a)

Annealed and uold drawn 179-229 65
(a) Based on AISI 1212 as 100% average machinability

AISI 4042: Effect of Tempering Temperature on Tensile
Properties. Normalized at 870 °C (1600 T); oil quencted from 845 "C
(1550 °F); tempered at 38 °C (100 °F) in 13.7-mm (0.540-in.) rounds;
tested in 12.8-mm (0.505-in.) rounds. Tests were conducted using
specimens machined to English units. Elongation was measured in
50 mm (2 in.). (Ref 2)

Ternpering ternperaturer F
603 son ma T2Q0

1500 |-

S 1300 f-

110D |-

90D h

700 ÿ
70 r

a 35F

! J i

; _

iardnEss

1k
1 \

V,-Tensile si

A
renath N.

i \

-j

Yieid strength -A M —I

225

ÿ= 1

200 S

250

150

\ • ÿ
ÿ ' '

\l
i

1 !
1 1 1 i ! N
> H

!
j r j t
r Reduciicrt in areav

! 1

•------1
! ----1-.

Elongation, ÿ

1 .....i i : i i 1 i i
3GD 400 500 600

Tempering Temperature. 3C
700

AISI 4042H: End-Quench Hardenabif ity Limits and
Hardenability Band. Heat treating temperatures recommended
by SAL normalize at 870 °C (1600 "R, for forged or idled specimens only;
austenitize at 845 "C <1550 °f). (Ref 1)

Distance from Hardness,HRC
quenched cad, Vis in m»X min

1 62 55
2 52
3 58 48
4 ....55 40
G 33
6 ....45 29
7 ....39 27
8 ....36 26
9 25

10 ... .33 24
11 ....32" 24
12 . ....31 23
13 ....30 23
14 23
15 ...29 22
16 ....29 22
18 . ...28 22
20 ....28 21
22 ....28 20
24 ....27 20
26 ....27 ...
28 . ...
30 ....26 ...
32 ...26 ...

Diameters of rounds with same as-Quenched hardne«

3.3
1.1 2.0 2.9 3.6 4.8 5.0 5.7
0.7 1.2 1,6 2.0 2.4 2.8 3.2 3.6 3.9

Location in round QuEr»ch:

Mild
water !

quench

i
Surface

!% radius from center
Center

_1_ 111
0.8 1.8 2.5 3.0 3.4 3.8 Surface
0,6 1.0 1.6 2.0 2.4 2.3 3.2 3.6 4,0 ' j V* raiius from center
0.2 0.6 10 14 1.7 2.0 2.4 2-8 3.1 Center

2 4 6 B 10 12 14 Ifi 10 20 22 24 26 28 30 32

Distance from quenched and Via in.
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AISI 4047, 4047H

AISl 4047, 4047H: Chemical Composition
AISI
grade Mb

Chemical composition, H
P max S max Si Mo

4047 0-45-0.50
4047H 0.44-0.51

0.70-0.90
0.60-1.00

0.035
0.035

0.040
0.040

0.15-0.30
0.15-0.30

0.20-0.30
0.20-0.30

Characteristics and Typical Uses. AISI grades 4047 and
4047H are directly hardenable alloy steels with low core
hardenability. They are available as hot rolled and cold
finished bar suitable for heat treatment, machining into
parts, or. in the as-finished condition, constructional pur¬
poses. Other uses include medium to large parts requiring a
high degree of strength and toughness, and average-size
automotive parts.

AISI 4047, 4047H:
Approximate Critical Points
Transformation Temperature(a)
point *C DF

AISI 4047: Similar Steels
(U.S. and/or Foreign). UNS
G40470; ASTM A322, A331,
A519; SAE J404, J412, J770

AISI 4047H: Similar Steels
(U.S. and/or Foreign). UNS
H40470; ASTM A304; SAE
J1268

Ac, . 725 1340
Ac3 .. 780 1440
Ar3 720 1330
Ar, 650 1200
M. 325 615
(a) On heating or cooliDg at 2B °C
(50 °F) per hour

Mechanical Properties

AISI 4047H: End-Quench Hardenability Limits and Hardenability Band. Heat treating temperatures recommended by SAE:
normalize at 870 (1600 T), for forged or rolled specimens only; austenitize at 845 °C (1550 (Ref 1)

Distance from
quenched end, Vic in.

Hardness, HRC Diameters at rounds wi[h same as-cuenc In*} hardness

1.... .. .64 57
2 55
3 . . . 60 50
4 42
5 35
6 52 32 65
7 47 30
8 43 28
9 40 28 55

10 38 27
11 . . 37 26 u 50
12 35 26 X

13 34 25 s «
14 . . 33 25

4515 i 33 25
16 117. 32 25 35
18 ... 31 24
20 .. 30 24 30
22 30 23
24 30 23 &

26 30 22
2026 22

30... 21
32 21

3.8
1.1 2D 2.9 3.8
0./ 1.2 1.6 2.0 3.6 3.9

0.3 1 8 2.6 3.0 3.4 3 8
CI.5 1 G 16 20 2 4 2 8 3.2 3.G 4.0
0.2 0.6 1.0 1.4 1.7 2 0 2.4 2.0 3.1

Location in round Quench

Surface
~¥a radius from center

Center

Mild
water

quench

Surface
radius from carter

Center

10 12 14 IE 18 20 22 24 26 26 30 32

Distance from quenched end Vih in,

AISI 4047, 4047H: Hardness and Machinability (Ref 7)

Condition
Hardness
range, HB

Average
machinability

rating<a)

Annealed and cold drawn. 179-229 65
(aj Based on MSI 1212 steel as 100ÿ average machinability

Machining Data

For machiningdata on AISI grades 4047 and 4047H, refer to
the preceding machining tables for AISI grades 1340
and 1340H.

Physical Properties

AISI 4047, 4047H: Thermal Treatment Temperatures
Quenching medium: oil

Temperature range
Treatment "C "F

Forging 1230 max 2250 max
Annealing.........790-845 1450-1550
Hardening 815-855 1500-1575
Tempering (a) (a)

(a) To desired hardness
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AISI 4118,4118H

AISI 4118, 4118H: Chemical Composition
AiSI
grade Mil P ma*

Chemical composition, %
S ma* Si Cr Mo

4116 0.16-0.23
4119H 0.17-0.23

0.70-0.90
060-1.00

.0.035
0.035

0.040
0.040

0.15-0.30
0.15-0.30

0.40-0.6(1

0.30-0.70
0.08-0.15
0.06-0.15

Characteristics and Typical Uses. AISI grades 4118 and
4118H are rarburizing steels with low to medium core
hardenability and intermediate case haxdenability. These
steels are used for automotive gears, piston pins, ball studs,
and roller bearings. Oil quenching will usually produce
satisfactory case hardness.

AISI 4118: Similar Steels (U.S. and/or Foreign). UNS
: G41180, ASTM A322, A331, A505, A519; SAE J404, J412,

J770

AISI 4118H: Similar Steels (U.S. and/or Foreign). UNS
H41180; ASTM A304; SAE J1268

AISI 4118,4118H: Approximate Critical Points
Transformation Temperatui-e(a) Transformation Temperafure(a)
point °C °F point *C "F

Ac, ...............750 1380 At, 775* 1430
Ac, ...............825 1520 Ar, 680 1260
fa] On heating or cooling at 28 DC (50 T> per hour

Physical Properties MachiningData

AISI 4118, 4118H: Thermal Treatment Temperatures
Quenching medium: oil

Temperature range
Treatment °C °F

Forging 1230 max 2250 max
Carburizing 885-925 1625-1700
Hardening.....830 1525
Tempering 120-185 250-365

For machining data on AISI grades 4118 and 4118H, refer to
the preceding machining tables for AISI grade A2317.

Mechanical Properties

lis

— As heai Treated
i i ii i

S7 imparts at 5.63 J
<414 fi - rfa) —I—i-

1 66

mino

i -I too

i I-; 90

AISI 4118,4118H: Bending Fatigue
Properties (Ref 10)

Cycles to failure

AISI 4118,4118H: Hardness and Machinability (Ref 7) AISI 4118,4118H: Fatigue Limit Data (Ref 10)

Hardness
Condition range, HB

Average
machinability

ratingta)

Effective
case depth

mm in.
Peal? case

hardness, HRC

Nominal
fatigue limit

MPa ksi

Hot rolled and cold drawn................170-207 60
(a) Based oil AISI 1212 steel as 10071 average machinability

1.02
0.33

0.040 .
0.013 .

.64

.63
758
772

110
112
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Mechanical Properties (continued)

AISI 4118,4118H: Bending Fatigue Behavior

Carburized to effective case deptti of 0.33 mm or 0,013 in.
O and 1.0 mm or 0.040 in. (•). (Ref 10)

Carburized with effective case depth of 0.31 to 0.46 mm
(0.012 to 0.018 inJ. (Ref 10)

950 j-

300 -

5
s 550 r

.5 800 -
E

750 I-

,33 mm case depth

-r: r I / ' -*-1-
1.0 mm case depth
_LLL.I .1.

850

S 800
E

750 1

! !
v -

! •

1ÿ*
1 j i ÿ -

t2D

I-t"

a

2 4e3 2 4 G 3 2 460 3 4 6 fl

ID ID2 '0' 10s

Thousands of cycles to failure

Carbuiized with effective case depth of 0.34 to 1.2 mm
(0.037 to 0.046 in.}, (Ref 10)

2 466 2 453 2 463

10ÿ to3 10*

Thousands of cycles to failure

! i r
n5

i
5 BSC >

800 j-

750 L

-! 120 =

J_ir no
2 46S 2 46E 2 460 2 4 6 6

to 10z Ifl3 1C4 \Qb

Thousands of cycles tc failure

AISI 4118, 4118H: Mass Effect on Mechanical Properties (Ref 4)

Condition or treatment
Size round
mm in.

Tensile
strength

MPa ksi

Yield
strength

MPa ksi
Elongation(a),

%
Reduction
in area, %

Hardness,
HB

Annealed (heated to 870 °C or 1600 °F;
furnace cooled 11 °C or 20 T per hour
to 620 °C or 1150 °F; cooled in air) 25 1 517 75.0 365 53.0 33.0 63.7 137

Normalized (heated to 810 °C or 1670 °F;
cooled in air) 14 0.57 586 85.0 393 57.0 31.5 70.1 170

25 1 583 84.5 386 56.0 32.0 71.0 156
50 2 534 77.5 37G 54.5 34.0 74.4 143

100 4 521 75.5 341 49.5 34.0 71.2 137
Mock carburized at 925 °C (1700 °F) for

8 h; reheated to 830 *C (1525 i'b
quenched inoil; tempered at 150 °C
(300 °F) 14 0.57 986 143.0 645 93.5 17.5 41.3 293

25 1 820 119.0 445 64.5 21.0 37.5 241
50 2 669 97.0 317 46.0 26.5 56.3 201

100 4 641 93.0 300 43.5 28.0 61.3 192
Mock carburized at 925 "C (1700 °F) for

8 h; reheated to 830 °C (1525 *F);
quenched inoil; tempered at 230 °C
(450 °F) 14 0.57 951 138.0 617 89.5 17.5 41.9 277

25 1 793 115.0 441 64.0 22.0 49.0 235
50 2 645 93.5 314 45.5 28.0 62.0 192

100 4 617 89.5 296 43.0 28.5 63.5 187
(a) In 50 mm (2 in.)

AISI 4118, 4118H: Effect of the Mass on Hardness at Selected Points (Ref 4)

Size round
mm in.

I-As-quenched hardness-1
after quenching in oil at

Surface V5 radius Center

14 0.57 33 HRC
25 1 22 HRC
50 2 88 HHB

100 4 87 HHB

33 HRC
20 HRC
88 HRB
87 HRB

33 HRC
20 HRC
87 HRB
85 HRB

' i
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Mechanical Properties (continued)

AISI 4118, 4118H; Core Properties of Specimens Treated for Maximum Case Hardness and Core Toughness

Treatment

Case
depth,

mm (in.)

Case
hardness,

HRC

Tensile
strength,
MPs (kail

Yield
strcngth(a),
MPa (ksi)

Core properties ---1
Elonga-
tion(b), Reduction Hardness,

% inarea, % HB

Recommended practice for maximum case hardness
Direct quenched from pot: carbu-

rized at 925 °C (1700 °F) for 8 h;
quenched in agitated oil; tempered
at 150 °C (300 °F) 1.6(0.063)

Single quenched and tempered (for
good case and core properties):
carburized at 925 "C (1700 °F) for
8 h; pot cooled; reheated to 830 °C
(1525 °F); quenched in agitated
oil; tempered at 150 °C (300 °F) .......1.2 (0.047)

Double quenched and tempered (for
maximum refinement of case and
core): carburized at 925 "C
(1700 T) for 8 h; pot cooled; re¬
heated to 830 °C (1525 °F);
quenched in agitated oil; reheated
to 800 °C (1475 °F); quenched in
agitated oil; tempered at 150 °C
(300 °F) 1.2 (0.047)

Recommended practice for maximum core toughness
Direct quenched from pot: carbu¬

rized at 925 °C (1700 =F) for 8 h;
quenched in agitated oil; tem¬
pered at 230 °C (450 °F)..............1.6 (0.063)

Single quenched and tempered (for
good case and core properties):
carburized at 925 °C (1700 °F) for
8 h; pot cooled; reheated to 830 "C
(1525 °F): quenched in agitated
oil; tempered at 230 °C (450 °F) .......1.2 (0.0471

Double quenched and tempered (for
maximum refinement of case and
core): carburized at 925 'C
(1700 °F) for 8 h; pot cooled; re¬
heated to 830 °C (1525 °F);
quenched in agitated oil; reheated
to 800 °C (1475 °F); quenched in
agitated oil; tempered at 230 °C
(450 °F) 1.2 (0.047)

(a) 0.271, offset, (h) In 50 mm (2 in.)

61

62

1225 (178)

986 (143)

903 (131)

650 (94) 18

42.3

41.3

352

293

62

57

56

869 (126)

1220 (177)

951 (138)

440 (64)

896 (lfjj)

620 (90)

21

13

18

42.4

48

41.9

241

341

277

56 827 (120) 435 (63) 22 48.9 229

AISI 4118H: End-Quench Hardenability Limits and Hardenability Band. Heat treating temperatures recommended by sae:
normalize at 925 °C (1700 °F>, for forged or rolled specimens only,- austenitize at 925 °C (1700 °f). (Ret 1)

Distance from
quenched end, Via in.

1 .
2 .
3 .
4 .
5 .
6 .
7 .
8 .
9 .

10 .
11 .
12 .
13 .
14 .

IlardneBs, HHC
max min

....48

....48

....41

....35

. ...31

....28

....27

....25

....24....23

. ...22

....21

....21

. ...20

41
36
27
23
20

Diamesers of rounds with ump as-nuenehett hardness! Locator in rgynd

3.8
1.1
0.7

3 8
2 D

4.8
2.4

5.8 6 7

2.8 3.2 3.8 3.8

Surface
1 4* radius from cer.lH

Center

Qajenclr

M.rd
*ater

C|utfnci~fi

Surlace _ Mild ;
% radius from cenierj oil

Center quencfii

10 12 t4 IB Ifi 10 27

Distance from quencned end Vi6 fn.
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AIS! 4130/ 4130H

A1SI 4130, 4130H: Chemical Composition ____________
AISI Chemical composition, %
grade C Ml) P max S max Si Cr Mo

4130 ..................................0.28-0.33 0.40-0.60 0.035 0.040 0.15-0.30 0.80-1.10 0.15-0.26
4130H ................................0.27-0.33 0.30-0.70 0.035 0.040 0.15-0.30 0.75-1.20 0.15-0.25

Characteristics and Typical Uses. AISI grades 4130 and
4130H are medium-carbon, chromium-molybdenum steels.
Available as hot rolled and cold finished bar and seamless
tube, these steels are intended for general purpose applica¬
tions. Variations inheat treatment can obtain a broad range
of strength and toughness. These steels have good harden-
ability, strength, wear resistance, toughness, and ductility. In
the heat treated condition, they offer good strength and
toughness for moderately stressed parts. Grades 4130 and
4130H are available inforging quality, aircraft quality, and
premium aircraft quality steels.

AISI 4130: Similar Steels (U.S. and/or Foreign). UNS
-G41300;.AMS 6350, 6356, 6360, 6361, 6362, 6370, 6371, 6373;
ASTM A322.A331, A505, A513, A519, A646;MILSPEC MIL-
£16974; SAE J404, J412, J770; (W. Ger.) DIN 1.7218; (Ft.)

AFNOR 25 CD 4 (S); (Ital.) UNI25 CrMo 4, 25 CrMo 4 KB;
(Jap.) JIS SCM 2, SCCrM 1; (Swed.) SSM 2225; (U.K.) B.S.
CDS 110

AISI 4130H: Similar Steels (U.S. and/or Foreign). UNS
H41300; ASTM A304; SAE J1268; (W. Ger.) DIN 1.7218; (Fr.)
AFNOR 25 CD 4 <S); (Ital.) UNI 25 CrMo 4, 25 CrMo 4 KB;
(Jap.) JIS SCM 2, SCCrM 1; (Swed.) SS14 2225; (U.K.) B.S.
CDS 110

AISI 4130, 4130H: Approximate Critical Points

TVansfnrmation Temperature(a) Transformation Temperature(a)
point °C °F point °C °F

Ac, ...............755 1395 Ar, 695 1280
ACj ...............810 1490 M„ 365 685
Arj 755 1390

(a) On heating or cooling at 28 °C (50 °F) per hour

PhysicalProperties

AISI 4130, 4130H: Mean Apparent Specific Heat (Ref 6)

Temperature range Specific heat
"C °F J/kg-K Btu/lb* °F

50-100 120-212 477 0.114
150-200 300-390.........523 0.125
25O-300 480-570............ 544 0.130
350-400 660-750 .. .607 0.145
450-500 840-930................................657 0.157
550-600 1020-1110 741 0.177
650-700 1200-1290 829 0.198
750-800 1380-1470 837 0.200

AISI 4130.4130H: Electrical Resistivity (Ref 6)

Temperature Electrical
°C "F resistivity, pTl • m

20 68 0.223
100 212 0.271
200 390 0.342
400 750 0.529
600 1110 0.786
800 1470 1.103

1000 1830 1.171
1200 2190 1.222

AISI 4130, 4130H: Thermal Conductivity (Ref 6)

Temperature
•C °F

Thermal conductivity
W/mK Btu/fi-h'F

100 212 42.7 24.7
300 570 40.7 23.5
500 930 37.2 21.5
700 1290 31.0 17.9

1000 1830 28.0 16.2
1200 2190......30.1 17.4

AISI 4130, 4130H: Thermal Treatment Temperatures
Quenching medium: oil or water

Temperature range
Treatment °C °F

Forging..........1230 max 2250 max
Annealing(a) 790-845 1450-1550
NormaliziDgfb) 870-925 1600-1700
Hardening 815-870 1500-1600
Tempering (c) (c)

(at Maximum hardness of 174 HB. !h) Hardness of approximately 255 HB.
(c) To desired hardness

Machining Data

For machining data on AISI grades 4130 and 4130H, refer to the preceding machining tables
for AISI grades 1330 and 1330H.
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Mechanical Properties

AISi 4130H: End-Quench Hardenability Limits and Hardenability Band. Heat treating temperatures recoiemended by SAE:
normalize at 845 °C (1550 T), for forged or rolled specimens only? austenitize al 815 °C (1500 °F). (Ref 1)

Distance from Hardness, HRC
quenched end, Vu in. mar min

1 ....56 49
2 ....55 46
3 ....53 42
4 ....51 38
5 ...49 34
6 ....47 31
7 . ....44 29
8 . ....42 27
9........40 26

10 ....38 26
11 ....36 25
12 ....35 25
13 ....34 24
14 ....34 24
15 — ....33 23
18 . ....33 23
18 ....32 22
20 . ....32 21
22 ....32 20
24 ....31
26 ....31
28 ....30
30 ...
32 ...

Diameters of rounds with wme as-cjuenchEd hardness Location in round jQuench)
3.G
1.1 2.0 2.9 3.0 4.3 5.8 6.7

0.7 1.2 1.6 2.0 2.4 2.B 3.2 3.6 3.9

Surface
V* radius from cantor

Csrrter

MHd
water !

Quench!
~T~

0.8 IB 2.6 3.0 3.4 3.6
0.5 10 1,6 2.0 2 4 2.8 3.2 3.6 4.0
0.2 0.6 1.0 1.4 1.7 2.0 2.4 2.0 3J

Surface
j "Va radius from o
I

5 0 ID TZ 14 16 10 2Q 22 24 2G ZE 3C 32

Distance from quenched end Vis in,

AISI 4130, 4130H: Mass Effect on Mechanical Properties (Ref 4)

Condition or treatment

Tensile Yield
Size round strength strength Elongation(a), Reduction Ilardne

mm in. MPa ksi MPa kai % in area, 94 HB

,25 0.5 560 81 460 67 21.5 ... 59.5 217

13 0.5 731 106 460 67 25.1 59.6 217
25 1 670 97 435 63 25.5 59.5 197
50 2 615 89 425 62 28.2 65.4 167

100 4 615 89 400 58 27.0 61.2 163

13 0.5 1145 165 1110 161 16.4 61.0 331
25 1 1110 161 951 138 14.7 54.4 321
50 2 917 133 758 110 19.0 63.0 269

100 4 841 122 655 95 20.5 63.6 241

13 0.5 1040 151 979 142 18.1 63.9 302
25 1 993 144 896 130 18.5 61.8 293
50 2 841 122 685 99 21.2 66.3 241

100 4 800 116 635 92 21.5 63.5 235

13 0.5 917 133 841 122 20.7 69.0 269
25 1 883 128 779 113 21 2 67.5 262
50 2 786 114 635 92 21.7 67 7 229

100 4 703 102 540 78 24.5 69.2 197

Annealed (heated to 865 °C or 1585 aF;
furnace cooled 11 DC or 20 "F per hour to
680 °C or 1255 °F; cooled in air)

Normalized (heated to 870 DC or 1600 DF;
cdcled inair) ............ .

Water quenched from 855 "ÿC (1575 DF);
tempered at 480 DC (900 °F) .......

Water quenched from 855 DC (157S °F);
tempered at 540 °C (1000 °F)

Water quenched from 855 DC (1575 °F);
tempered at 55)5 DC (1100 DF) ..

(a) In 50 mm (2 in.)

AISI 4130, 4130H: Effect of the Mass on Hardness at
Selected Points (Ref 4)

As-quenched hardness
Size round after quenching in water at
mm in. Surface ft; radius Center

13 0.5 .....................51 HRC 50 HRC 50 HRC
25 1 51HRC 50 HRC 44 HRC
SO 2 47 HRC 32 HRC 31 HRC

100 4 ......................45.5 HRC 25 HRC 24.5 HRC

AISI 4130, 413QH: Hardness and Machinability(Ref 7)

Condition
Hardness
range, HB

Average
machinability

rating(a)

Annealed and cold drawn...............187-229
(a) Rased on AISI 1212 steel as lOOÿfe average machinability

70
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MechanicalProperties (continued)

Tempering Temperaiure, "F

400 BOO aoo i«w
i8oo ir-j-p—-r —I r

Hardness

fVy Tensile strength

Yielq jxjint

Reduction m area

Elongation

~~[ 500
I

— 300 x

200 " 300 4QO 500 600 7DO
Tempering temperature, "C

AISI 4130: Effect of Tempering
Temperature on Tensile Properties.
Normalized at 870 ]C (1600 °F); reheated to 855 °C
(1575 'F); quenched in water. Specimens were
treated in 13.5-mm (0.530-in.) diam and machined
to 12.8-mm (0.505-in.) diam for testing. Tests were
conducted using specimens machined to English
units. As-quenched hardness of 495 HB; elongation
measured in 50 mm (2 in.). (Ref 4)

AISI 4130, 4130H: Tensile Properties (Ref 5)

Tensile Yield Elonga- Izod impact
strength strength tion(a). Reduction Hardness, energv

Condition or treatment MPa ksi MPa ksi % in area, % HB J ft lb

Normalized at 870 "C (1600 "Ft ........670 97 435 63 25.5 60 197 37 64
Annealed at 865 "C (1585 "F1 ........5BO 81 360 52 28.2 56 156 62 46

(a) In 50 mm (2 in.)

AISI 4135, 4135H

AISI 4135, 4135H: Chemical Composition
AISI
grade Mn

Chemical composition, %
P mas S max Si Cr Mo

4135.............0.33-0.38
4135H 0.32-0.38

0.70-0.90
0.60-1.00

0.035
0.035

0.040
0.040

0.15-0.30
0.15-0.30

0.80-1.10
0.75-1.20

0.15-0.25
0.15-0.25

Characteristics and Typical Uses. AISI grade 4135 and
4135H steels are used in the following applications: forgings
for thin-walled pressure vessels; wire for production of high-
strength bolts, screws, and recessed- and socket-head screws;
and nitrided parts.

AISI 4135, 4135H: Approximate Critical Points
Transformation Temperature(a) Transformation
point "C "F point

Ac, 755 1390 Ar,
Aea................805 1485 M..
At, 750 1380

Temperature(a)
°C °F

.695

.340
1280
640

(a) On heating or cooling at 28 °C 150 ;Fl per hour
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! AISI 4135: Similar Steels (U.S. and/or Foreign), UNS
G41350; AMS 6365 C, 6372 C; ASTM A7U, A355, A519; MIL
SPEC MIL-S-16974, MILrS-18733; SAE J404, J412, J770;
<W. Ger.) DIN 1.7220; (Fr.) AFNOR 35 CD 4, 35 CD 4 TS;
(ItaU UNI 35 CrMo 4, 35 CrMo 4 F, 34 CrMo 4 KB; (Jap.)
J1S SCM 1,SCCrM 3; (Swed.) SSi4 2234; (U.K.) B.S. 708 A 37

i AISI 4135H: Similar Steels (U.S. and/or Foreign). UNS
j H41350;ASTM A304; SAE J1268; (W. Ger.) DIN 1.7220; (Fr.)

AFNOR 35 CD 4, 35 CD 4 TS; (Ital.) UNI 35 CrMo 4, 35
CrMo 4 F, 34 CrMo 4 KB;(Jap.) JIS SCM1,SCCrM3; (Swed.)

j SS14 2234; (U.K.) B.S. 708 A 37

Physical Properties

AISI 4135, 4135H: Thermal Treatment Temperatures
Quenching medium: oil

Temperature range
Treatment *C "F

Forging 1205 max 2200 max
Annealing 790-845 1450-1550
Hardening .....645-870 1550-1600
Tampering (a) (a)

(a) lb desired hardness

Mechanical Properties

AISI 4135H: End-Quench Hardenability Limits and Hardenability Band. Heat treating temperatures recommended by SAE:
normalize at 870 °C (1600 °F), for forged or rolled specimens only; austeoitize at 845 °C (1550°F). (Ref 1)

Hardness,HRC
max mm

Diameters ol rounds with same as-qirericlictd iiardrwssDistance from
quenched end, Vie in.

Location ti round

Surface
radius from canter

Center
6 7

Surface
V* radius from csn'er

Center

c
ÿo48

47

45
44
42

0 ? 4 G 8 10 12 14 16 18 20 22 24 2fi 28 30 37

16...........................45 30 30
____ -j. -

-"*ÿ ___
L_i

18 44 29 '--— :
20 ...........................42 28 25---------"J- ÿ I
22.. 41 27 11 } 4 6 a 10 12 14 16 18 20 22 24 26 28 30 37...........................40 27 Distance from quanchsb end '/IB in.
26 39 27
28........ 38 26
30 38 26
32 37 26

AISI 4135, 413514: Hardness and Machinability (Ref 7)

Average
Hardness machinability

Condition range, HB ratLng(a)

Annealed and cold drawn 167-229 70
(a) Based on AISI 1212 steel ua 100% average machinability

Machining Data

For machiningdata oil AISI grades 4135 and 4135H, refer to the preceding machiningtables
for AISI grades 1330 and 1330H.
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AISI 4137, 4137H

AISI 4137, 4137H: Chemical Composition
A1SJ
grade Mn

Chemical composition, %
F mas S mas Si Cr Mo

4137 .0.35-0.40
4137H 0.34-0.41

0.70-0.90
0.60-1.00

0.035
0.035

0.040
0.040

0.15-0.30
0.15-0.30

0.80-1.10
0.75-121

0.15-0.25
0.15-0.25

Characteristics and Typical Uses. AISI grade 4137 and
4137H steels are available as hot rolled and cold rolled sheet
and strip, hot rolled and cold finished bar, and cold heading
quality wire. These grades are generally suitable for heat
treatment, machining into components, or, in the as-finished
condition, constructional applications and similar uses.

AISI 4137: Similar Steels (U.S. and/or Foreign). UNS
G41370; ASTM A322, A331, A505, A519, A547; SAE J404,
J412, J770; (W. Ger.) DIN 1.7225; (Fr.) AFNOR 40 CD 4, 42

CD 4; (Ital.) UNIG 40 CrMo 4, 38 CrMo 4 KB, 40 CrMo 4;
fJap.) JIS SCM 4 H, SCM 4; (Swed.) SSM 2244; (U.K.) B.S.
708 A 42, 708 M 40, 709 M 40

AISI 4137H: Similar Steels (U.S. and/or Foreign). UNS
H41370; ASTM A304; SAE J1268; (W. Ger.) DIN 1.7225;
(Fr.) AFNOR 40 CD 4, 42 CD 4; (Ital.) UNI G 40 CrMo 4,
40 CrMo 4, 38 CrMo 4 KB; (Jap.) JTS SCM 4 H, SCM 4;
(Swed.) SS„ 2244; (U.K.) B.S. 708 A 42, 708 A 40, 709 A 40

Physical Properties

AISI 4137, 4137K: Average Coefficients of Linear Thermal
Expansion (Ref 6)

Temperature range Coefficient
.°C °F itm/m• K /xin./in. ÿ °F

0-100 32-212..........11.2 6.2
0-200 37-390.........11.7 6.5
0-300 32-570 12.4 6.9
0-400 32-750 13.0 7.2
0-500 32-930 13.5 7.5

AISI 4137, 4137H: Thermal Treatment Temperatures
Quenching medium: ail

Temperature range
Treatment "C °F

Annealing ...............790-945 1450-1550
Hardening..................545-900 1550-1650
Tempering (a) (a)

(a) To desired hardness

Mechanical Properties

AISI 4137H: End-Quench Hardenability Limits and Hardenabtlity Band. Heat treating temperatures recommended by SAE:
normalize at 870 *C (1600 T), for forged or rolled specimens only; austenitize at 845 T (1550 °F). (Ref 1)

Distance from Hardness, HRC
quenched end, Via in. max min

1 59 52
2 59 51
3 58 50
4 . . . . 53 49
5 49
6 57 48
7 45
8 43
9 40

10 . 39
1 1 53 37
12 . 52 36
13 .. 35
14 34
15 33
16 4S 33
18 32
20 31
22 30
24 . 30
26 30
28 42 29
30 . 29
32 29

; Diameters Dt rounds ÿ

TS
1.1 2.0 2.D
0.7 1.2 1.6

nth sorne as-qngncheri hprrinpss j Icreation in round jOutfnch

6.7
3.2 3.6

I Surface
i % radius from center
1 Center

Mild
Wilier

quench

Surface
44 radius from center

Center
3.2 3.6

quench2.4 2.B

18 20 22

Distance from quenched end Via in.
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1 Mechanical Properties (continued) Machining Data

AISJ 4137, 4137H: Hardness and Machinability (Ref 7)

Condition
Hardness
rangef HB

Average
machinability

rating(a)

Annealed and cold drawn .. 187-229
(aj Based on AISI 1212 steel as 1GQ& average machinability

70

For machiningdata on AISI grades 4137 and 4137H, refer to
the preceding machining tables for AISI grades 1330 and
1330H.

AISI 4140, 4140H

AISI 4140, 4140H: Chemical Composition
AISI
grade Mil

Chemical composition, ri
P max S max Si Cr Mo

4140 0.38-0.43
4140H 0.37-0.44

0.75-1.10
0.65-1.10

0.035
0.035

0.040
0.040

0.15-0.30
0.15-0.30

0.80-1.10
0.75-1.20

0.15-0.25
0.15-0.25

Characteristics. AISI grades 4140 and 4140H are chrom¬
ium-molybdenum, medium-carbon steels with high hard-
enability and good fatigue, abrasion, and impact resistance.
These steels can be successfully nitrided for maximum wear
and abrasion resistance. They are deep-hardening alloys
suitable for severe service characterized by fatigue, abrasion,
impact, high-temperature stresses, or combinations of such
stresses in small and large sections. When fully hardened,
grades 4140 and 4140H demonstrate the outstanding proper¬
ty of relatively high impact strength at high-hardness, ten¬
sile strength.

AISI 4140 and 4140H are available as hot and cold rolled
sheet and strip; hot rolled and cold finished bar; cold heading
quality, aircraft quality, and premium aircraft quality bar;
and seamless tube.

Typical Uses. AISI grades 4140 and 4140H are used for
small gears, pinions, and ball studs, and for high-strength
bolts, cap screws, and socket- and recessed-head screws,
These products can be heat treated after machining or
forming.

AISI 4140: Similar Steels (U.S. and/or Foreign), UNS
G41400; AMS 6381, 6382, 6390, 6395; ASTM A322, A331,
A505, A519, A547, A646; MIL SPEC MILS-16974; SAE
J404. J412, J770; (W. Ger.) DIN 1.7225; (Fr.) AFNOR 40 CD
4, 42 CD 4; (Ital.) UNI 40 CrMo 4, G 40 CrMo 4, 38 CrMo 4
KB; (Jap.) JIS SCM 4 H, SCM 4, (Swed.) SSI4 2244; (U.K)
B.S. 708 A 42, 708 M 40, 709 M 40

AISI 4140H: Similar Steels (U.S. and/or Foreign). UNS
H41400; ASTM A304; SAE J1268; (W. Ger.) DIN 1.7225;
(Fr.) AFNOR 40 CD 4, 42 CD 4; (Ital.) UNI G 40 CrMo 4,
40 CrMo 4, 38 CrMo 4 KB; (Jap.) JIS SCM 4 H, SCM 4;
(Swed.) SSl4 2244; (U.K.) B.S. 708 A 42, 708M 40, 709 M 40

AISI 4140, 4140H: Approximate Critical Points
Transformation TemperaturclaJ Transformation
point "F point

' Ac,................730 1350 At,
Aca 805 1480 M
At3...745 1370
(a; On heating or cooling at 28 Ti (50 'Ft per hour

Temperature(a)
°C "F

.680

.315
1255
595

Physical Properties

AISI 4140, 4140H: Average Coefficients of Linear Thermal
Expansion (Ref 6)

Temperature range Coefficient
eC °F Min/ni ÿ K ain. 'in. :'F

20-100 68-212 12.2 6.8
20-200 68-390 12.6 7,0
20-400 68-750 . 13.7 7.6
20-600 68-1110 14.6 8.1

AISI 4140, 4140H: Electrical Resistivity and Thermal
Conductivity (Ref 6)

Temperature range Electrical Thermal conductivity
"C °F resistivity, pil rr, W/m-K Btu/ft h "F

100 212 ...............0.263 42.6 24.6
200 390 ...............0,326 42.2 24.4
400 750 ...............0.475 37.7 21.B
600 1110 ...............0.646 33.0 19.1

AISI 4140, 4140H: Mean Apparent Specific Heat (Ref 6)

Tempcrnture range Specific heat
°C °F J/kg ÿ K Btu/lb T

150-200 3OO-390 473 0.113
350-400 660-750.......... .........519 0.124
550-600 1020-1110 561 0.134

AISI 4140, 4140H: Thermal Treatment Temperatures
Quenching medium: oil

Temperature range
Treatment "C °F

Forging 12O5-S80 2200-1800
Anneallng(a) 815-870 1500-1600
Normalizingfb) ......645-900 1550-1S50
Hardening 830-865 1525-1575
Tempering (c) (c)

(a) Maximum hardness of 197 HB. (b) Hardness of approiimately 311 HB. (c)
To desired hardness
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Mechanical Properties

AISI 4140H: End-Quench Hardenability Limits and Hardenability Band. Heat treating temperatures recommended by SAE:
normalize at 870 °C (1SOO °F), for forged or rolled specimen only; austenitize at 845 °C (1550 °F). [Ref 1)

Distance from Hardness, HRC
quenched end, Vie 111. max mm

1 60 53
2 60 53
3 SO 52
4 59 51
5 . 59 51
6 58 50
7 48
8 57 47
9 57 44

10 56 42
11 . 56 40
12 55 39
13 55 38
14 54 37
15 36
16 53 35
18 52 34
20 ... 51 33
22 49 33
24 48 32
26.... 47 32
28 ... 46 31
30 45 31
32 44 30

Diameters ot rounds with same as-qu>nehed hardness

3.8
1.1
0./

2.0 2.9
1.2 1.6

6.7
3.2

Surface
% radius from center

Center quench

Location in mum! Quench

Surface
radius from center

Center

Mild
water

quench

10 12 14 lfi 1ft 20 22

Distance tram quenched end Vtc in.

AISI 4140, 4140H; Mass Effect on Mechanical Properties (Ref 4)

Tensile Yield
Size round strength strength {Tongation(n), Reduction Hardne

Condition or',treatment mm in. MPa ksi MPa ksi % in area, % HB

Annealed (heated to 815 °C or 1500 °F;
furnace cooled 11"C or 20 °F per horn-
to 665 °C ot 1230 QF; cooled in air) . , . 25 1 655 95 415 60 25.7 56.9 197

Normalized (heated to 870 °C or 1600 °F;
cooled in air) 13 0.5 1020 148 675 98 17.8 48.2 302

25 1 1020 148 655 95 17.7 46.8 302
50 2 972 141 835 92 16.5 48.1 285

100 4 814 118 485 70 222 57.4 241
Oil quenched from 845 °C CI550 °F);

tempered at 540 C (1000 °F) 13 0.5 1185 172 1110 161 15.4 55.7 341
25 1 1075 156 986 143 15.5 56.9 311
50 2 965 140 800 116 17.5 59.8 285

100 4 883 128 685 99 19.2 60.4 277
Oi) quenched from 845 °C (1650 °F);

tempered at 595 °C (1100 °F) 0.5 1090 158 1026 140 18.1 59.4 321
25 I 965 140 931 135 19.5 62.3 235
50 2 383 128 710 103 21.7 65.0 262

100 4 807 117 600 87 21.5 62.1 235
Oil quenched from 845 °C (1550 °F);

tempered at 650 "C (1200 °F) 13 0.5 938 136 889 1-29 19.9 62.3 277
25 1 917 133 841 122 21.0 65.0 269
50 2 841 122 675 98 23.2 65.8 241

100 4 772 112 580 84 23.2 64.9 229
(a) In 50 mm (2 in.)

AISi 4140, 4140H: Effect of the Mass on Hardness at
Selected Points (Ref 4)

Size round
As-quenched hardness

after quenching in oil at
Surface Va radius Center

AISI 4140, 4140H: Hardness and Machinability (Ref 7)

Condition
Hardness
range, HB

Average
machinability

ratingU)

13 0.5 .....................57 HRC 55 HRC 55 HRC
25 1.......................55 HRC 55 HRC 50 HRC
50 2.. * ....................49 HRC 43 HRC 38 HRC

100 4 .......................36 HRC 34.5 HRC 34 HRC

Annealed and cold drawn. 187-229
(a) Baaed on AISI 1212 steel as 100% average machinability

65
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Mechanical Properties (continued)

AISI 4140, 4140H: Typical Room-Temperature Tensile Properties of Annealed, Normalized, and Hardened Bar (Ref 8)
Test specimens were oil-hardened and tempered, 25-mm {1-inJ rounds

Tempering Tensile Yield Elonga- Irod impact
Condition temperature strength strength tionla), Reduction HardntsB, energy
or treatment •c •h MFa ksi MPa ksi % in area, % HB ft lb

655 35 485 70 26.0 52 185-200 ...
Heat treated, oil-quenched,

and tempered .....205 400 1795 260 1515 220 8.0 32 520 14 10
315 600 1585 230 1345 195 11.0 40 455 9 7
425 800 1380 200 1170 170 15.0 48 385 22 16
540 1000 1140 165 965 140 18.0 56 320 61 45
650 1200 931 135 793 115 22.0 63 255 110 80

Normalized at 870 °C
(1600 °F); reheated to
845 °C (1550 T);
quenched inoil;
tempered 205 400 1965 285 1735 252 11.0 42 578 15 11

260 500 1860 270 1655 240 11.0 44 534 11 8
315 600 1725 250 1572 228 11.5 46 495 9 7
370 700 1595 231 1460 212 12.5 48 461 15 11
425 800 1450 210 1345 195 15.0 50 429 28 21
480 900 1295 188 1205 175 16.0 52 388 46 34 .
540 1000 1150 167 1050 152 17,5 55 341 65 48
595 1100 1020 148 910 132 19.0 58 311 94 69
650 1200 896 130 786 114 21.0 61 277 115 83
705 1300 807 117 689 100 23.0 65 235 135 100

(a) In 50 mm (2 in.)

4 DO

Tempering ternperaiure, "F

EDO BOO TDDO 12DO
19B0 jfil''

K
] 1 j ' 1

; 1 1 ! !?
Ss,N i

| N
17D0 (-

S. Tensile sirsngih • ! \

s '3110

11D0

Hardness

- 200
strength

I I
Reduction n area

Elongation

300 40D EtQ 600

Tempering Temperature. °C

500

350

AISI 4140: Effect of Tempering
Temperature on Tensile Properties.
Normalized at B70 °C (1600 T); oil quenched from
845 °C <1550 °F); tempered at 5G °C (100 °F)

intervals in !3.7-mm (0.540-in.) rounds; tested in
12.8-mm (0.505-in.) rounds. Tests were
conducted using specimens machined lo English
units. Elongation was measured in 50 mm (2 in.).
(Ret 2)
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Mechanical Properties (continued)

A1SI 4140, 4140H: Tensile Properties (Ref 5)

Condition
or treatment

Tensile
strength

MPa ksi

Yield
strength

MPa ksi
Elongation(a), Reduction

% in area, %

Normalized at 870 °C
(1600 "Fj.....1020 148 655 95

Annealed at 815 °C
(1500 °F!.....655 95 420 61

(a) In 50 mm (2 in.}

17.7

25.7

47

57

Hardness,
HB

302

197

Izod impact
energy

J ft lb

23

54

17

40

AISI 4140: Effect of the Mass on Tensile Properties After
Tempering at 540 °C (1000 °F). Normalized at 870 X [1600 °F)

in oversize rounds; oil quenched from 845 X (1550 °F) in sizes given;
tempered at 540 X (1000 °F); tested in 12.8-mm (0.505-in.) rounds.
Tests from bar 36.1-mm (1.50-in.) diam and larger were taken at
half-radius position. Tests were conducted using specimens machined
to English units. Elongation was measured in 50 mm <2 in.). (Ref 2)

Diameter in

tensile strength

eld strength

r aoo •—:

7 DO -f-

e 40

ÿ=1100

s Hareness ÿ

j
j- i 1 !

Reduction in area
ÿ

—j 300

'250

: |

j
i

Efangaiton >k
' 1

1
100 125

Diameter, mm

Machining Data

For machining data on AISI grades 4140 and 4140H, refer to
the preceding machining tables for AISI grades 1340 and
1340H.

AISI 4140: Effect of the Mass on Tensile Properties After
Tempering at 650 °C (1200 °F). Normalized at 870 X (1600 °F)

in oversize rounds; oil quenched from 845 X (1550 °F) in sizes given;
tempered at 650 X (1200 °F); tested in 12.8-mm (0.50S-in.) rounds,

Tests from bar 38.1-mm (1.50-in.) diam and larger were taken at half-
radius position. Tests were conducted using specimens machined to
English units. Elongation was measured in 50 mm (2 in.). (Ref 2)

Oiarneter. m.

1 2 3 4 5
•IT T IT

Tensile strength

100 5

t 1etc! strength i

Hardness

550i--Reduction fn area

EJongat>or

75 1DD 125

Diarreter, mm

—ÿ00
CO

— 250 1
5

I
!

—1 200
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AISi 4142, 4142H: Chemical Composition
AISI
grade Mn

Chemical composition, %
P max S max Si Cr Mo

4142
4142H

...0 40-0.45
,..0.39-0.46

0.75-1.10
0.65-1.10

0.035
0.035

0.040
0.040

0.13-0.30
0.15-0.30

0.85-1.10
0.75-1.20

0.15-0.25
0.15-0.25

Characteristics and Typical Uses. AISI grades 4142 and
4142H are available as hot rolled and cold rolled sheet and
strip, hot rolled and cold finished bar, and cold heading
quality wire. These steels have medium hardenability. Uses
of grades 4142 and 4142H include small gears, pinions, high-
strength bolts, cap screws, and socket- and recessed-head cap
screws that can be heat treated.

AISI 4142H: Similar Steels (U.S. and/or Foreign). UNS
H41420; ASTM A304; SAE J1268; (W. Gar.) DIN 1.7223;
(Ital.J UNI 38 CrMo 4

AISI 4142, 4142H; Approximate Critical Points
Transformation Temperaturo(a) Transformation
point cr °F point

Ac, ................730 1350 At,
Ac3 805 1480 M,
Ar3 745 1370

(a) On heating or cooling at 28 °C (50 T) per hour

Temperotureta)
•C "F

.680

.315
1255
595

AISI 4142: Similar Steels (U.S. and/or Foreign). UNS
G41420; ASTM A322, A331, A505, A519, A547; SAE J404.
J412, J770

Physical Properties

AISI 4142, 4142H: Thermal TreatmentTeinperatUFes
Quenching medium: oil

Treatment
Temperature range

"C °F

Forging 1205 max 22O0 max
Annealing 790-015 1450-1550
Hardening 845-070 1550-1600
Tempering (ji (a)

(a) To desired hardness

Mechanical Properties

AISI 4142H: End-Quench Hardenability Limits and Hardenability Band. Heat treating temperatures recommended try SAE:
normalize at 870 °C (1600 nF), for forged or rolled specimens only; austenitize at 845 °C (1550 °F), (Ref 1)

j Diameter, c' rewnds Yi'iTlY same aS-qucnchcd hardness ÿ Location ri round "Quench"Distance from
quenched end. Vie in.

4
5 ,

6 .
7 .
8 .
9 .

10 .

11 .

12 .
13 .
14 .
15 .
16 .
18
20 .
22 .
24 .
26 .
28 .
30 .
32 .

Hardness, HJtC
max rtiih

1 62
2 62
3 62

.61

.61

.61

.60

.60

.60

.59

.59

.58

.58

.57

.57

.56

.55

.54

.53

.53

.52

.51

.51

.50

55
55
54
53
53
52
51
50
49
47
46
44
42
41
40
39
37
36
35
34
34
34
33
33

3.3
T.1 2.0 2.3 3.0 4.S 5.8 6 7
0-7 1.2 T.e 2.0 2.4 2.6 3.2 3.0 3.S

Surface
; 4* radius from artier

Center

Mild ÿ

water
cjuench

3.8 t.0 2.5 3.0 3 4 3.8
0.5 1.0 1.6 2.0 2A 2.8 3.2 3.6 4.C
0.2 0.6 1.0 1.4 1.7 2.0 2.4 2 6 3.1

Surface
! radius from carter

Center

J 10 12 14 15 10 20 22 24 2E 2B

D'slanc® from quenched end Vjg in.
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Mechanical Properties (continued)

AISI 4142, 4142H-. Hardness and Machinability (Ref 7)

Average
Hardness machinability

Condition range, HB rating(a)

Annealed and cold drawn 187-229
(a) Basedon AfSI 1212 steel as 100ft average machinability

65

Machining Data

For machining data on AISI grades 4142 and 4142H, refer to

the preceding machining tables for AISI grades 1340 and
1340H.

AISI 4145/ 4145H

AISI 4145, 4145H: Chemical Composition
AISI
grade

4145......0.43-0.48
4145H 0.42-0.49

Mn
Chemical composition, %

P mas S max Si Cr Mo

0.75-1.00
0.75-1.20

0.035
0.035

0.040
0.040

0.15-0.30
0.15-0.30

0.80-1.10
0.75-1.20

0.15-0.25
0.15-0.25

Characteristics and Typical Uses. AISI grades 4145 and
4145H are medium-hardenabiiity, chromium-molybdenum
steela. These grades are available as hot and cold rolled atrip
and sheet; hot rolled and cold finished bar; and seamless
tube.

AISI 4145: Similar Steels (U.S. and/or Foreign). UNS
G41450; ASTM A322, A331, A505, A519; MIL SPEC MIL-S-
16974; SAETJ404, J412, J770

AISI 4145H: Similar Steels (U.S. and/or Foreign). UNS
H41450; ASTM A304; SAE J1268

AISI 4145, 4145H: Approximate Critical Points
Transformation Temperatureta) Transformation Temperature(a)
point *C *F point "C DF

Ac, ...............725 1340 ArL 675 1250
Ac3 ...............800 1470 M, 300 570

At3 750 1380
(a) On heating or cooling at 28 aC (50 T) per hour

Mechanical Properties

AISI 4145H: End-Quench Hardenability Limits and Hardenability Band. Heat treating temperatures recommended by SAE:
normalize at B70 °C (1600 °F), for forged or rolled specimens only; austenrtize at 845 °C (1550 °F). (Ref 1)

Distance from Hardness, HRC
quenched end, Vit in. max min

1 63 56
2 63 55
3 62 55
4 62 54
5 62 53
6 61 53
7 61 52
8 . . 52
9 60 51

to 60 50
11 . SO 49
12 59 48
13 59 46
14 59 45
15 58 43
16 42
18 40
20 38
22 37
24 36
26 35
28 55 35
30 . 34
32 34

Diameters of rounds with same as-quenched hardness

3.8
1.1
0.7

2.0 2.9
12 1.6

5.8 6.7
2.8 3 2 3.6 3.9

Location in ruunJ Quench

Surface r
radius from center | water

Center quench

0.8 1.8 2.5 3 D 3.4 3.3

0.5 1.0 1.6 2.0 2.4 2 8 3.2 3.6 4.0
0.2 0 6 1.0 1.4 1.7 2 0 2 4 2.8 3.1

Surface : Mild
% radius from center oil

Cantar jquench

Distance Ircm quenched and Vie in.
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Mechanical Properties (continued)

AISI 4145, 4145H: Hardness and Mactiinability (Ref 7)

Average
Hardness ÿrachinebility

Condition range,HB rating(a)

Annealed and cold drawn. 187-229 60
(a) Based on AISI 1212 steel as 100% average machmability

Machining Data

For machiningdata on AISI grades 4145 and 4145H, refer to
the preceding machining tables for AISI grades 1340 and
1340H.

Physical Properties

AISI 4145, 4145H: Thermal Treatment Temperatures
Quenching medium: oil

Temperature range
Treatment "C "F
Annealing 790-845 1450-1550
Hardening 815-B45 1500-1550
Tempering (al (a)

(al To desired hardness

AISI 4147, 4147H

AISI 4147, 4147H; Chemical Composition
AISI Chemical composition, %
grade C Mn P max S max Si Cr Mo

4147 ....................................0.45-0.50 0.75-1.00 0.035 0.040 0.15-0.30 0.80-1.10 D.15-0.30
4147H ..................................0.44-0.51 0.65-1.10 0.035 0.040 0.15-0.30 0.75-1.20 0.15-0.30

Characteristics and Typical Uses. AISI grades 4147 and
4147H are medium-hardenability, chromium-molybdenum,
alloy steels, which are available as hot rolled and cold
rolled sheet and strip, and hot rolled and cold finished bar
and rod. These steels are used primarily for gears and other
parts requiring fairly high hardness, as well as strength
and toughness.

AIS! 4147: Similar Steels (U.S. and/or Foreign). UNS
G41470; ASTM A322, A331, A505, A519; SAE J404. J412,
J770; (W. Ger.) DIN 1.7228; (Jap.) JIS SCM 5 H, SCM 5

AISI 4147H: Similar Steels (U.S. and/or Foreign). UNS
H41470; ASTM A304; SAE J1268; (W. Ger.) DIN 1.7228;
(Jap.) JIS SCM 5 H, SCM 5

Machining Data

For machiningdata on AISI grades 4147 and 4147H, refer to
the preceding machining tables for AISI grades 1340 and
1340H.

Mechanical Properties

AISI 4147, 4147H: Hardness and Mactiinability (Ref 7)

Average
Hardness mactiinability

i Condition range, HB ratingfa}

I Annealed and cold drawn...............187-235 60
(a) Based on AISI 1212 steel as 100% average machinability

AISI 4147, 4147H: Approximate Critical Points
Transformation Temperature{a) Transformative! Temperature(a)
point "C DF point *C °F

Acj...............735 1355 At! ...............670 1240
Aea ...............790 1455 M, 290 555
Ar3 730 1350
{a) On beating or cooling at 28 'C (50 °F) per hour

Physical Properties

AISI 4147, 4147H: Thermal Treatment Temperatures
Quenching medium: oil

Temperature range
Treatment 'C CF

Annealing 790845 1460-1660
Hardening . ............815-845 1500-1550
Tempering (al (a)
(a} To desired hardness
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Mechanical Properties (continued}

AISI4147H: End-Quench HardenabiJity Limits and Hardenability Band. Heat treating temperatures recommended by SAE:
normalize at 870 X (1600 °F), far forged or rolled specimens only; austenitize at 845 "C (1550 °f). (Ref 1)

Distance from
quenched end, Vie in.

1
2
3 .
•J
5
6
7
8
910111213141516

18....
20
22
24
26
28
30
32

Hardness,HRC

. .64

..64

..64

..64

. .63

. .63

..63

..63

..63

..62

.62

.62
.61

.61

..60

..60

..59

..59

..58

. .57

.57

..57

..56

. .56

57
57
56
56
55
55
55
54
54
53
52
51
49
48
+6
45
42
40
39
38
37
37
37
36

Diamexers of r.?ur>ds wilh same as-queechEd hardness Location in round Quench

3.8
1.1 2.0 2.9 3.8
0.7 1.2 1.6 2.0

5 8 6.7
2 8 3.2 3.6 3.9 |

Surface
\Va radius tram center

Center

Mild
water

quench

0.8 T.8 2.5 3.0 3.4 3.8
0.5 1.0 1.5 2-0 2.4 2.8 3.2 3.6 4.0

0.2 0.6 1.0 1.4 1.7 2.0 2A 25 3.1

i Surface
. radius from center
i Center

12 14 IS 18 20 22 24 26 28 3G 22

D'siancg from quenched end Vic in.

AISI 4.150/ 4150H

AISI 4150, 4150H: Chemical Composition
AlSI
grade Mi

Chemical composition, 51
P max S max Si Cr Mo

4150. .. 0.48-0.53
4150H 0.47-0.54

0.75-1.00
0.65-1.10

0.035 0.040 0.15-0.30
0.035 (1040 0.15-0.30

0.80-1 10
0.75-1 20

0.15-0.25
0.15-0.25

Characteristics and Typical Uses. AISI grades 4150 and
4150H are medium-carbon, chromium-molybdenum steels.
They provide deeper hardenability for uniform through
hardening in larger sections, with small loss in machin-
ability. In the preheat-treated condition, these steels provide
optimum strength and hardness. Many producers match the
carbon content to the bar size, giving uniform properties
throughout each section and from bar to bar. Both annealed
and heat treated bar are available resulfurized for increased
machinability.

AISI 4150, 4150H; Approximate Critical Points
Transformation Temperature(al Transformation Temperature(a)

point °C T point °C "F

ACj 745 1370 Art 670 1240
765 1410 Mb 275 530

Ar3 730 1345
(a) On heating or cooling at 28 {50 per hour

Physical Properties

AISI 4150: Similar Steels (U.S. and/or Foreign). UNS
G41500; ASTM A322, A331, A505, A519; MIL SPEC MIL-S-
11595 (ORD4150); SAE J404, J412, J770; (W. Ger.) DIN
1.7228; (Jap.) JIS SCM 5 H, SCM 5

AISI 4150K: Similar Steels (U.S. and/or Foreign). UNS
H41500; ASTM A304; SAE J1268; (W. Ger.) DIN 1.7228;
(Jap.) JIS SCM 5 H, SCM 5

AISI 4150, 4150H: Thermal Treatment Temperatures
Quenching medium: oil

Temperature range
Treatment °C °F

Forging 1205 mas 2200 max
Annealing(a)................................790-845 1450-1550
Normalizing<b) 845-900 1550-1650
Hardening...................................830-855 1525-1575
Tempering ......tc) lc)

la) Maximum hardness of 212 HB. lb) Hardness of approximately 387 HB.
(c) To desired hardness
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Mechanical Properties

AtSI 4150, 4150H; Mass Effect on Mechanical Properties (Ref 4)

Condition or treatment
Size round
mm in.

Tensile
strength

MPa ksi

Yield
strength

MPa ksi
Elongationia),

%
Reduction
in area, *S-

Hardness,
HB

Annealed (heated to 830 "C or 1525 T;
furnace cooled 11°C or 20 'F per hour
to 645 °C or 1190 DF; cooled in air) 25 1 731 106 380 55 20.2 40.2 197

Normalized (heated Ui S70 DC ur 1600
i cooled inair) . . 13 0.5 1340 194 896 130 10.0 24.8 375
i 25 1 1160 168 731 106 U.7 30.8 321

50 2 1095 159 717 104 13.5 40.6 311
100 4 1005 146 635 92 19.5 56.5 293

• •••» Oil quenched from 930 °C (1525 °F);
j tempered at 540 °C (1000 DF)
!

13 0.5 1310 190 1215 176 13.5 47.2 375
25 1 1205 175 1105 160 14.0 40.5 352

. ! 50 2 1165 169 1040 151 15.5 51.0 345
100 4 1095 159 883 128 15.0 46.7 311

Oil quenched from 830 T, (1525 aF);
tempered at 595 °C (1100 °F) 13 0.5 1170 170 1076 156 14.6 45.5 341

25 1 1145 166 1034 150 15.7 51.1 331
50 2 1035 150 910 132 18.7 56.4 302

100 4 910 132 675 98 20.0 57.5 269
Oil quenched from 830 X (1525 "h i.

tempered at 650 DC (1200 °Fi 13 0.5 1020 148 945 137 17.4 53.3 302
25 1 972 141 883 128 18.7 55.7 285
50 2 931 135 814 118 20.5 66.0 269

100 4 855 124 625 91 21.5 61.4 255

(a) In 50 mm (2 in.)

A1SI 4150, 4150H: Effect of the Mass on Hardness at
Selected Points (Ref 4)

As-quenched hardness
Size round after quenching in oil at:

mm in. Surface Viz radius Center

13 U.d...................64 HRC 64 HRC 63 HRC
25 1....................62 HRC 62 HRC 62 HRC
50 2 ....................58 HRC 57 HRC 56 HRC

100 4 ....................47 HRC 43 HRC 42 HRC

AISI 4150, 4150H: Hardness and Machinability (Ref 7)

Condition
Hardness
range,HB

Average
machinability

rating(a)

Annealed and cold drawn...............187-241
(a] Based en AISI 1212 atee) as 100% average machinability

AISI 4150H: End-Quench Hardenability Limits and Hardenahility Band. Heal treating temperatures recQmiMtfetJ by SAE:
normalize at S70 X (1600 °F), for forged or rolled specimens only; austenitize at 845 °C(t550°F). (Ref I)

Distance from Hardness, HHC
quenched end, Vio in. max mtn

1 65 59
2 ... .65 59
3 65 59
4 . 65 58
5 65 58
6 65 57 65
7 . . 65 57
8 64 56 fjU

9 64 56 u
55

10 64 55
11 64 54 £ 5n
12 . 63 53 -o

13 63 51 X 45

14 ............62 50
4015 62 46

16 .. . . .62 47 35
18 61 45
20 60 43
22 41
24 59 40
26 5S 39
28 58 38
30 58 38
32 58 38

Dia-Tie:ers of rounds with same as-quenzhed hardness

Ta '

Location in rpgnd iQuench

1.1
0.7

2.0 2.0 2.8 4,8 5.0 0.7
T.2 1.6 2.0 2.4 2.8 3.2 3.6 3.9

J • Surface
iVa radius frcm center wster i

Cenfp quench;

O.fi 1.0 2-5 3.0 3.4 3.0
0.5 1.0 1.6 2.0 2.4 2.0 3.2 3.6 4.0
0 2 O.fi 1.0 ? 4 1.7 2.0 2.4 ? B 3.1

Surface ,
tyi radius frtxn center ; ail

Cenfar Quench

TO 12 T4 15 T8 20 22 24 li 20

Distance from quenched end Vie in,
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Mechanical Properties (continued)

AtSI 4150, 4150H: Tensile Properties (Ref 5)

Tensile Yield Izod Impact
strength strength Elongation(a), Reduction Hardness, energy

Condition or treatment MPa ksi MPa ksi 7c in area, 72 HB J ft -lb

Normalized at 870 (1600 Fi .. ..........1160 168 740 107 11-7 31 321 12 9
Annealed at 815 'C (1506 °F) 731 106 380 55 20.2 40 197 24 18
(a) In 50 mm (Z in.)

Tempering temperature, °F

400 300

275

TSQOf-

3 60 G

225

Tensile strength

1751200

icon

125
m

Reduction in aiea

2DQ 4UG 600 m
Tempering Temperature, °C

AISI 4150: Effect of Tempering
Temperature on Tensile Properties.
Normalized at 870 "C (1600 °F); reheated to
830 "C (1525 °F); quenched in agitated oil.
Specimens were treated in 13.5-mm (0.530-in.)

diam and machined to 12.8-mm (0.505-in.) diam
for testing. Tests were conducted using speci¬
mens machined to English units. As-quenched
hardness qf 856 HB; elongation measured in 50
mm (2 in.) (Ref 4)

Machining Data (Ref 3)

AISI 4150, 4150H; Drilling
I-Feed per revolution for nominal hole diameter of:--——*- _j

High speed steel Speed 1.5 nun (0.062 in.) 3 mm (0.125 in.) 6 mm (0.25 in.) 12 nun (0.5 in.) 18 mm (0.75 in.) 25 mm (1in.)
tool materia] m/min ft/min mm in mm in mm in mm in. mm in. mm in.

HardnesB, 175 to 225 HB
M1G, M7, and Ml.......18 60 0.025 0.001 0.075 0.003 0.15 0.006 0.25 0.010 0.36 0.014 0.40 0.016

Hardness, 225 to 275 HB
M10, M7, and Ml.......15 50 0.025 0 001 0.075 0.003 0.102 0.004 0.18 0.007 0.25 0.010 0.30 0.012
Hardness, 275 to 325 HB
MID, M7, and Ml.......12 40 ÿÿÿ 0.050 0.002 0.102 0.004 0 15 0.006 0.20 0.008 0.23 0.009

Hardness, 325 to 375 HB
M10, M7, and Ml.......11 35 — ••• 0.050 0.002 O.075 0.003 0.13 0.005 0.20 0.008 0.23 0.009



|
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Machining Data (Ref 3) (continued)

AISi 4150, 4150H: Turning (Single Point and Box Tools)

I-High speed steel--—1—| ]-Uncoated carbide ---| |-Coated carbide —-1
Depth of cut Speed Feed Speed, brazed Speed, inserted Feed Speed Feed
mm in. m/mln ft/min mm/rev in./rev m/min ft/min m/min ft/min mm/rev in./rev iti/min ft/min mm/rev in./rev

Hardness, 175 to 225 HB
1 0.040 40(a) 1301a) 0.18 0.007 115(b) 380(b) 150(b) 500(b) 0.18 0.007 200(c) 650(c) 0.18 0.007
4 0.150......30(a) 100(a) 0.40 0.015 90(d) 300(d) 120(d) 390(d) 0.50 0.020 150(e) 500(e) 0.40 0.015
S 0.300 , .23(a) 75(a) 0.50 0 020 72(d) 235(d) 95(d) 310(d) 0.75 0.030 120(e) 40C(e) 0.50 0.020

16 0.625 18(a) 60(a) 0.75 0.030 56(d) 185(d) 73(d) 240(d) l.OO 0.040 ... ...
Hardness, 225 to 275 HB
1 0.040......34(a) 110(a) 0.18 0.007 105(b) 350(b) 130(b) 430(b) 0.18 0.007 175(c) 575(c) 0.18 0.007
4 0.150 ......26(a) 85(a) 0.40 0.015 85(d) 280(d) 105(d) 340(d) 0.50 0.020 135(e) 450(e) 0.40 0.015
8 0.300 ......20(a) 65(a) 0.50 0.020 67(d) 220(d) 82(d) 270(d) 0.75 0.030 105(e) 350(e) 0.50 0.020

16 0.625 ......15(a) 50(a) 0.75 0.030 53(d) 175(d) 64(d) 210(d) 1.00 0.040 ... ... ...
Hardness, 275 to 325 HB
1 0.040 . 26(1) 85(0 0.18 0.007 100(b) 330(b) 125(b) 415(b) 0.18 0.007 170(c) 550(c) 0.18 0.007
4 0.150 20(0 65(0 0.40 0.015 79(d) 260(d) 100(d) 325(d) 0.40 0.015 130(e) 425(e) 0.40 0.015
fi 0.300 15(1) 50(f) 0.50 0.020 60(d) 200(d) 76(d) 250(d) 0.75 0.020 100(e) 325(c) 0.50 0.020

Hardness,325 to 375 HB

1 0.040 16(0 60(0 0.18 0.007 84(b) 275(b) 105(b) 350(b) 0.18 0.007 135(c) 450(c) 0.18 0.007
4 0.150 15(0 50(0 0.40 0.015 66(d) 215(d) 84(d) 275(d) 0.40 0.015 105(e) 350(e) 0.40 0.015
8 0.300 11(0 35(0 0.50 0,020 53(d) 175(d) 66(d) 215(d) 0.75 0.020 84(e) 275(c) 0.50 0.020

(a) Highspeed steel tool material:M2or M3.(b) Carbide tool material: C-7, (c)Carbide tool material:CC-7. (d) Carbide tool materia):C-6 (elCarbide tool material:
COG. (0 Any premium high speed steel loo! material (T15, M33, M41 to M47)

AISi 4150, 4150H: End Milling (Profiling)
1

1 — reed per tooth lor cutter diameter ol:~
Depth of cut Speed 10 mm (0.375 In.) 12 mm (0.5 in.) 18 mm (0,75 In.) 2a-50 mna (1-2 In

i Tool material mm in. m/mi:ÿ ft/min mm in. mm in. mm in. miri in.
i

Hardness, 175 to 225 HB
M2, M3, and M7 high

speed steel . . . 0.5 0.020 37 120 0,025 0.001 0.050 0.002 0.075 0.003 0.102 0.094
1.5 0.060 27 90 0.050 0.002 0,075 0.003 0.102 0 004 0.13 0.005

diam/4 diam/4 24 SO 0.038 0.0015 0.050 0.002 0.075 0.003 0.102 0.004
diam/2 diam/2 23 70 0.025 0.901 0.038 0.0015 0.050 0.002 0.075 0.003

C-5 carbide 0.5 0.020 140 455 0.038 0.0015 0.075 0.003 0.13 0.005 0.15 0.006
1.5 0.060 105 350 0.063 0.0025 0.102 0.004 0.15 0.006 0.18 0.007

diam/4 diam/4 90 295 0.050 0.002 0.075 0.003 0.13 0.005 0.15 0.006
diam/2 diam/2 84 275 0.038 0.0015 0.050 0.002 0.102 0.001 0.13 0.005

Hardness, 225 to 275 HB
M2, M3, and M7 high

speed steel...... . 05 0.020 30 100 0.025 0.901 0.050 0.002 0.075 0.003 0.102 0.004
1 1.5 0.060 23 75 0.050 0.002 0.075 0.003 0.102 0.001 0.13 0.005
! diam/4 diam/4 20 65 0.038 0.0015 0.050 0.002 0.075 0.003 0.102 0.004

diam/2 diara/2 18 60 0.025 0.001 0.038 0.0015 0.050 0.002 0.075 0.003
C-5 carbide ,0.5 0.020 120 390 0,025 0.001 0.050 0.002 0.102 O.OOl 0.13 0.005

1.5 0.060 90 300 0.050 0.002 0.075 0.003 0.13 0.005 0.18 0.007
diam/4 diam/4 78 255 0.038 0.0015 0.050 0.002 0.102 0.001 0.13 0.005
diam/2 diam/2 72 235 0.025 0.001 0.038 0.0015 0.075 9.003 0.102 0.004

Hardness,275 to 325 HB
M2, M3, and M7 high

speed steel 0.5 0.020 26 85 0.018 0.0007 0.03S 0.0015 0.075 0.003 0.102 0.004
i 1.5 0.060 20 65 0.025 0.001 0.050 0.002 0.102 0.004 0.13 0.005

diam/4 diam/4 17 55 0.018 0.0007 0.03S 0.0015 0.075 0.003 0.102 0.004
diam/2 diam/2 1.5 50 0.013 0.0005 0.025 0.001 0.050 0.002 0.075 0.003

C-5 carbide . . 0.5 0.020 95 310 0.025 0.001 0.050 0.002 0.102 0.004 0.13 0.005
1.5 0.060 72 235 0.050 0.002 0.075 0.003 0.13 0.005 0.15 0.006

diam/4 diam/4 62 205 0.038 0.0015 0.050 0.002 0.102 0.004 0.13 0.005
diam/2 diam/2 58 190 0.025 0.001 0.038 0.0015 0.075 0.003 0.102 0.004

Hardness, 325 to 375 HB
M2, M3, and M7 high

speed steel 0.5 0.020 20 65 0.013 0.0005 0.038 0.0015 0.075 0.003 0.102 0.004
1.5 0.060 17 55 0.013 0.0005 0.038 0.0015 0.102 0.001 0.13 0.005

diaiii/4 diam/4 15 50 0.013 0.0005 0.038 0.0015 0.075 0.003 0.102 0.004
diam/2 diam/2 12 40 0.013 0.0005 0.025 0.001 0.050 0.002 0.075 C.003

C-5 carhide 0.5 0.020 79 260 0.025 0.001 0.038 0.0015 0.075 0.003 0.13 0.005
: 1.5 0.060 60 290 0.038 00015 0.075 0.003 0.13 0.005 0.15 0.006

diam/4 diam/4 52 170 0.038 0.0015 0.050 0.002 0.102 0.004 0.13 0.005
diam/2 diam/2 49 160 0.025 0.001 0.050 0.002 0.075 0.003 0.102 0.004

]
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Machining Data (Ref 3) (continued)

AISI 4150, 4150H: Face Milling_
I-High speed steel-1 ]-Uncoated carbide-[ ] — Coated carbide-5

Depth of cut Speed Feed/tooth Speed, brazed Speed, inserted Feed/tooth Speed Feed/tooth
mm in. m'min ft/min mm in. m/min fi'min m/min ft/min mm in. m/rain ft/mill mm in.

Hardness, 175 to 235 KB
1 0.040........52(a) 170(a) 0.20 0.008 135(b) 450(b) 170(b) 550(b) 0.20 0.008 250(c) 825(c) 0.20 0.008
4 0.150........40(a) 130(a) 0.30 0.012 105(b) 350(b) 130(b) 450(b) 0.30 0.012 170(c) 560(c) 0.30 0.012
8 0.300........30(a) 100(a) 0.40 0.016 84(d) 275(d) 100(d) 335(d) 0.40 0.016 135(e) 435(e) 0.40 0.016

Hardness, 225 to 275 HB
1 0.040........41(a) 135(a) 0.15 0.006 120(b) 390(b) 146(b) 475(b) 0.18 0.007 215(c) 700(c) 0.18 0.007
4 0.150........29(a) 95(a) 0.25 0.010 95(b) 310(b) 115(b) 375(b) 0.25 0.010 150(c) 485(c) 0.25 0.010
8 0.300........21(a) 70(a) 0.36 0.014 72(d) 235(d) 88(d) 290(d) 0.36 0.014 115(e) 375(e) 0.36 0.014

Hardness, 275 to 325 HB
1 O.040........29(f) 95(f) 0.15 0.006 115(b) 375(b) 140(b) 455(b) 0.15 0.006 205(c) 680(c) 0.13 0.005
4 0.150........23(f) 75(f) 0.23 0.009 88(b) 290(b) 110(b) 355(b) 0.20 0.008 140(c) 460(c) 0.18 0.007
8 0.300........18(1) 60(f) 0.30 0.012 69(d) 225(d) 84(d) 275(d) 0.25 0.010 110(e) 355(e) 0.23 0.009

Hardness, 325 to 375 HB
1 0.040........24(f) 80(f) 0.13 0.005 95(b) 315(b) 115(b) 385(b) 0.13 0.005 175(c) 575(c) 0.102 O.OQ4
4 0.150........18(0 60(f) 0.20 0.008 75(b) 245(b) 90(b) 300(b) 0.18 0.007 120(c) 390(c) 0.15 0.006
8 0.300........15(f) 50(f) 0.25 0.010 58(d) 190(d) 72(d) 235(d) 0.23 0.009 95(e) 305(e) 0.20 0.008
(a) Highspeedsteel tool material:M2or M3. (b) Carbide tool material:C-6. ic) Carbide tool material:CC-5. (d) Carbide cool material:C-5. ie) Carbide tool material:
CC-5. (f) Any premium high speed steel tool material (T15. M33, Mil to M47)

AISI 4150, 4150H; Boring _______
(-High speed steel-1 (-Uncoated carbide-1 |-- Coated carbide-1

Depth of cut Speed Feed Speed, brazed Speed, inserted Feed Speed Feed
mm in. m/min ft/min mm/rev in./rev m/min ft/min m/min ft/min mm/rev in./rev m/min ft/min mm/rev in./rev

Hardness, 175 to 225 HB
0.25 O.OlOw.,.. 38(a) 125(a) 0.075 0.003 115(b) 370(b) 135(b) 435(b) D.075 0.003 175(c) 570(c) 0.075 0.003
1:25 0.050.:..., 32(a) 105(a) 0.13 0.005 90(d) 300(d) 105(d) 350(d) 0.13 0.005 140e> 455(e) 0.13 0.005
2.5 0.100......24(a) 80(a) 0.30 0.012 70(d) 230(d) 82(d) 270(d) 0.40 0.015 105ie> 350(e) 0.30 0.012

Hardness, 225 ib 275 HB

0.25 0.010jf:.,. 34(a) 110(a). 0.075 0.003 100(b) 320(b) 115(b) 375(b) 0.075 0.003 150(c) 500(c) 0.075 0.003
1.25 0.050

______
27(a) 90(a) 0.13 0.005 78(d) 255(d> 90(d) 300(d) 0.13 0.005 120ie) 400(c) 0-13 0.005

2.5 0.100

______
21(a) 70(a) 0.30 0.012 62(d) 205(d) 73(d) 240(d) 0.40 0.015 95(e) 315(c) 0.30 0.012

Hardness, 275 to 325 HB

0.25 0.010

______
27(f) 90(f) 0.075 0.003 95(b) 305(b) 110(b) 360(b) 0.075 0.003 145(c) 480(c) 0.075 0.003

1.25 0,050......21(f) 70(0 0.13 0.005 75(d) 245ldl 88(d) 290(d) 0.13 0.005 115(e) 385(e) 0.13 0.005
2.5 0.100

______
15(f) 50(0 0.30 0.012 58(d) 190(d) 69(d) 225(d) 0.30 0.012 90(e) 300(e) 0.30 0.012

Hardness, 325 to 375 HB

0.25 0.010......18(f) 60(0 0.075 0.003 79(b) 260.1)) 95(b) 305(b) 0.075 0.003 120(c) 395(c) 0.075 0.003
1.25 0.050 ......15(0 50(0 0.13 0.005 64(d) 210(d) 75(d) 245(d) 0.13 0.005 95(e) 315(e) 0.13 0.005
2.5 0.100......12(0 40(0 0.30 0.012 49(d) 160(d) 58(d) 190(d) 0.30 0.012 75(e) 245(e) 0.30 0.012
(a) Highspeedsteel tool material: M2orM3. (b) Carbidetool material:G'-7. (c) Carbide tool material:CC-7. (d) Carbidetoolmaterial:C-6. (e) Carbide tool material:
CC-6. (0 Any premium high speed steel tool material (T15, M33, M41 to M47)

AISI 4150, 4150H: Planing
Depth of cut Speed Feed'stroke Depth of cut Speed Feed/stroke

Tool material mm in, m/min ft/min mm in. Tool material mm in. m/min ft/min mm in.

Hardness, 175 to 225 HB Hardness, 275 to 325 HB
M2 and M3 high M2 and M3 high

speed steel .... 0.1 0.005 9 30 (a) (a) speed steel 0.1 0.005 5 20 (a) (a)

2.5 0 100 14 45 1.25 0 050 2.5 0.100 11 35 0.75 0.030
12 0.500 8 25 1.50 0.060 12 0.500 5 15 1.15 0.045

C-6 carbide 0.1 0.005 58 190 (a) !a) C-6 carbide ...... 0.1 0.005 43 140 (ai (a)
2.5 0.100 70 230 2.05 0.080 2.5 0.100 52 170 1.50 0.060

12 0.500 55 180 1.50 0.060 12 0.500 37 120 1.25 0.050

Hardness, 225 to 275 HB Hardness, 325 to 375 HB
M2 and M3 high M2 and M3 high

speed steel .... 0.1 0.005 8 25 (a) la) speed steel . . 0.1 0.005 6 20 (a) (a)
2.5 0.190 12 40 0.75 0.030 2.5 0.100 9 30 0.75 0.030

12 0.500 6 20 1.15 0.045 12 0.500 5 15 1.15 0.045
C-6 carbide 0.1 0.005 49 160 (a) (a) C-6 carbide 0.1 0.005 37 120 (a) la)

2.5 0.100 58 190 (.50 0.060 2.5 0.100 49 160 1.50 0 060
12 0.500 46 150 1-25 0.050 12 0.500 34 no 1.25 0.050

(a) Feed is 75% the width of the square nose finishing too]



Alloy Steels/125

Machining Data (Ref 3) (continued)

AISI 4150, 4150H; Turning (Cutoff and Form Tools)

Feed per revolution for cutoff tool width of: i-Feed per revolution for form toolwidth oft-i
Speed, 1.5 mm 3 mm 6 mm 12 mm IS mm 25 mm 50 mm
m/min (0,062 in.) (0.125 in.) (0.25 in.) (0.5 in.) (0.75 in.) (1 in.) (2 in.)

Tool material (ft/min) mm in. mm in. mm in. mm in. mm in. mm b. mm in.

Hardness, 175 to 225 HB
M2 and M3 high

speed steel ........27 0.038 0 0015 0.046 0.0018 0.056 0.0022 0.046 0.0018 0.041 0.0016 0.03S 0.0)15 0.028 0.0D11
(90)

C-6 carbide..........88 0.038 0 0015 0.046 0.0018 0.056 0.0022 0.046 0.OCJ1B 0.041 0.0016 0.033 O.D015 0.028 0.0011
(290)

Hardness, 225 to 275 HB

M2 and M3 high
speed steel ........21 0.036 0.0014 0.043 0.0017 0.063 0.0021 0.043 0 0017 0.038 0.0015 0.036 O.D014 0.025 0.0010

(70)

C-6 carbide..........69 0.036 0.0014 0.043 0.0017 0.053 0.0021 0.043 0.0017 0.038 0.0015 0.036 0.0(114 0.025 0.0010
(225)

Hardness, 275 to 325 HB
M2 and M3 high

speed steel ........15 0.033 0.0013 0.041 0.0016 0.050 0.0020 0.041 0.0016 0.036 0.0014 0.033 0.0013 0.023 U.0009
(50)

C-6 carbide..........46 0.033 00013 0.041 0.0016 0.050 0.0020 0.041 0.0016 0.036 0.0014 0.033 0.0013 0.023 0.0009
(150)

Hardness, 325 to 375 HB
Any premium

high speed steel
(T15, M33,
M41-M47).........12 0.030 0.0012 0.038 0.0015 0.048 0.0019 0.038 0.0015 0.033 0.0013 0.030 0.0012 0.020 0.0008

(40)

C-6 carbide..........38 0.030 0 0012 0.038 0.0015 0.048 0.0019 0.038 0.0015 0.033 0.0013 0.030 O.D012 0.020 0-0003
(125)

A1SI 4150, 4150H: Reaming
Based on 4 flutes for 3- and 6-mm (0,125- and 0.25-in.) reamers, 6 flutes for 12-mm (0.5-in.) reamers, and 8 flutes for 25-mm (I-in.)and larger reamers

p—-———-----Feed per revolution for reamer diameter of:-:-|
Speed 3 mm (0.125 in.) 6 mm (0.25 in.) 12 mm (0.5 in.) 25 mm (1 in.) 35 mm (1.5 in.) 50 mm (2 in.)

Tool material m/min ft/min mm in. mm in. mm in. mm in. mm in. mm in.

Hardness, 175 to 225 HB
Roughing
Ml,M2, and M7

high speed Steel ....21 70 0.102 0.004 0.18 0.007 0.30 0.012 0,50 0.020 0.65 6.025 0.75 0.030
C-2 carbide...........26 85 0.102 0.004 0.1B 0.007 0.30 0.012 0.50 0.020 0.65 C'.025 0.75 0.030

Finishing
Ml, M2, and M7

high speed steel ....11 35 0.13 0.005 0.20 0.008 0.30 0.012 0.50 0.020 0.65 0.025 0.75 0.030
C-2 carbide...........14 45 0.13 0.005 0.20 0.008 0.30 0.012 0.50 0.020 0.66 0.025 0.75 0.030

Hardness, 225 to 275 HB
Roughing
Ml,MZ, and M7

high speed steel

____
18 60 0.O75 0.003 0.15 0.006 0.25 0.010 0.38 0.015 0.50 C.02O 0.65 0.025

C-2 carbide...........23 75 0.102 0.004 0.15 0.006 0.25 0.010 0.38 0.015 0.50 C.U20 0.65 0.025

Finishing
Ml, M2, and M7

high speed steel .....9 30 0.102 0.004 0.18 0.007 0.25 0.010 0.38 0.015 0.50 C.02O 0.65 0.025
C-2 carbide...........12 40 0.102 0.004 0.18 0.007 0.25 0.010 0.38 0.015 0.50 C.02O 0.65 0.025

Hardness, 275 to 325 HB
Roughing
Ml. M2, and M7

high speed steel

____
15 50 0.075 0.003 0.13 0.005 0.20 0.008 0.30 0.012 0,38 C.015 0.50 0.020

C-2 carbide...........20 65 0.102 D.0O4 0.15 0.006 0.20 0.008 0.30 0.012 0.36 C.015 0.50 0.020

Finishing
Ml, M2, and M7

high speed steel .....8 25 0.075 0.003 0.15 0.006 0.20 0.008 0.30 0.012 0.38 C.015 0.50 0.020
C-2 carbide...........11 35 0.102 0.004 0.15 0.006 0.20 0.008 0.30 0.012 0.38 C.I115 0.50 0.020

(continued)
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Machining Data (Ref 3) (continued)

AISI 4150, 4150H: Reaming (continued)

I-Feed per revolution for reamer diameter of:-[

3 mm (0,125 In.) 6 nun (0.25 in.) 12 mm (0.5 in.) 25 mm (1 in.) 35 mm (1.5 in.) 50 mm (2 in.)

mm in. mm in. mm in. mm in. mm in. mm in.Tool material
Speed

m/min fi/min

Roughing
Ml, M2, and M7

high apeed steel 11
C-2 carbide 15

Finishing
Ml,M2, and M7

high speed steel 8
C-2 carbide 11

35
50

25
35

0.050
0.102

0.050
0.102

0.002
0.004

0.002
0.004

Hardness, 325 to 375 HB

0.1O2
0.15

0.13
0.1*5

0.004
0.006

0.005
D.006

0.13
0.20

0.15
0.20

0.005
0.008

0.006
0.008

0.20
0.25

0.25
0.25

0.003
0.010

0.010
0.010

0.25
0.30

0.30
0.30

0.010
0.012

0.012
0.012

0.30
0.38

0.38
0.38

0.012
0.015

0.015
0.015

AISI 4161,4161H

AISI 4161, 4161H: Chemical Composition
AISI
grade Mb

Chemical composition. %
P mas S max Si Cr Mo

4161...0.55-0.65
416IH.....0.55-0.65

0.75-1.10
0.65-1.10

0.035
0.035

0.040
0.040

0.15-0.30
0.15-0.30

0.70-0.90
0.65-0 95

0.25-0.35
0.25-0.35

Characteristics and Typical Uses. AISI grades 4161 and
4161H are chromium-molybdenum, alloy steels that have
high hardenability. The hardenability required depends on
the thickness;of the material and the quenching process.
These steels aTe available as hot rolled and cold finished bar,
rod, and wire.

AISI 4161: Similar Steels (U.S. and/or Foreign). UNS
G41610; ASTM A322, A331; SAE J404, J412, J770

AISI 4161H: Similar Steels (U.S. and/or Foreign). UNS
H41610; ASTM A304; SAE J1268

Mechanical Properties

AISI 4161H: End-Quench Hardenability Limits and Hardenability Band. Heat treating temperatures recommended by SAE:
normalize at 870 "C (1600 aF), forlorged or rolled specimens only; austenitize at 845 "C {1S5D °F). (Ref 1)

Distance from Hardness,HRC
quenched end, We in. max min

1 .... 65 60
2 60
3 60
4 60
5... 60
6 .... 65 60
7 60
a 60
9 . 59

10 .... 65 59
n .... 65 59
12 59
13 58
14 . ... 64 58
15 57
16 . 56
18 55
20 53
22 50
24 48
26 45
28 43
30 42
32 . 41

Diameter's of rounds with same ib-queiiLhed hardness Location in round Quench

3.8
1.1 2.0 2.9 3.B 48 5.8 6.7
Q.7 T.2 T .6 Z.0 2.4 2.0 3.2 3.S 3 9—i T I r~ i ÿ i

0.8 1.8 2.5 3.0 3 4 3.8
0.5 T O 1.6 2.0 2 4 2.8 3.2 3 6 4 0
0.2 0.6 l.O 1.4 T.7 2.0 2.4 2.8 3.1

~r

Surface
3/i radius from cenler

Center

Mild
water

quer»cr»

Surface
radius tram center

Center

8 id 12 M 16 18 20 22 24 26 2B 20 32

Distance from quenched end Vib in.
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Mechanical Properties (continued)

AiSi 4161,4161H: Hardness and Maehinability (Ref 7)

Average
Hardness macbinabilitv

Condition range, HB rating(a)

Spheroidized and cold drawn. . 50

(a) Based on AISI 1212 steel ais ICQ'S average machinability

Machining Data

For machining data on AISI grades 4161 and 4161H, refer to
the preceding machining tables for AISI grades 4150 and
4150H.

Physical Properties

AISI 4161,4161H: Thermal Treatment Temperatures
Quenching medium: oil

Treatment
Temperature range

Annealing .........790-615 1450-1550
Hardening 815-615 1500-1550
Tempenng(a) . 370 mia 700 min
(a) To desired hardness

AISI 4320, 4320H

AISI 4320, 4320H: Chemical Composition
AISI
grade llii P max

Chemical composition, '
S max Si Ni Cr Mo

4320 0 17-0.22
4320H 0 17-323

0.45-0.65
0.40-0.70

0.035
0.035

0.040
0.040

0.15-0.30
0.15-0.30

1.65-2.00
1.55-2.00

0.10-0.60
0.35-O.65

0.20-0.30
0.20-0.30

Characteristics and Typical Uses. AISI 4320 and 4320H
arc carburizing grades of nickel-chromium-molybdenum
steel with intermediate case hardenability. These steels are
available as hot rolled and cold finished bar; special bearing
quality, forging billets; hot and cold rolled strip and sheet;
and seamless tube. Applications of AISI 4320 and 4320H
include tractor and automotive gears, pistonpins,ball studs,
universal crosses, and roller bearings.

AISI 4320: Similar Steels (U.S. and/or Foreign). UN5
G43200; ASTM A322, A331, A505, A5I9, A535, SAE J404,
J412, J770

AISI 4320H; Similar Steels (U.S. and/or Foreign).
H43200; ASTM A304; SAE J1268

AISI 4320, 4320H: Approximate Critical Points
Transformation Temperature(a) Transformation
point °C °F point

Ac, ...............725 1335 Ar, ................810 1490 M.
Ara 740 1365
(a) On. heating or cooling at 28 °C (50 °F) per hour

.630

.380

Physical Properties

UNS

AISI 4320, 4320H: Thermal Treatment Temperatures
Quenching medium: oil ...

Temperature range
Treatment *C CF

Forging............ÿ ..ÿ....ÿ ....„ .1230 urns. 2250 max
Cycle annealing ........U-- (a)

Normalizing.................................900-955 1650-1750
Carburizing......900-925 1650-1700
Reheatingfbj.....;830-645 1525-1550
Tempering .......................,. 120-175 250-350
(al Heat at least as high as the carburizing temperature; hold for uniformity;
cool rapidly to 540 to 675 aC (1000 to 1250 "F); hold fori to 3 h;air or furnace
cool to obtain a structure suitable for machiningand finish, fb) After slow cool

Temperature(a)
°C °F

1170
720

Machining Data
For machining data on AISI grades 4320 and 4320H, refer to
the preceding machining tables for AISI grade A2317.

Mechanical Properties

AISI 4320, 4320H: Tensile Properties (Ref 5)

Tensile Yield Elonga- Izod impact
strength strength tion(a), Reduction Hardness, energy

Condition or treatment MPs ksi MPs ksi % in area, % HB J ft -lb

Normalized at 895 °C (1640 °F) ............793 115 460 67 20.8 51 235 73 54
Annealed at 850 °C (1560 T) 580 84 425 62 29.0 58 163 110 81

(a) In50 mm (2 in.)
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Mechanical Properties (continued)

AiSI 4320, 4320H: Core Properties of Specimens Treated for Maximum Case Hardness and Core Toughness (Ref 4)

Treatment

Case
depth,

mm (in.)

Case
hardness,

HRC

r
Tensile

strength,
MPa (ksi)

Yield
strength,
MPa (ksi)

- Core properties "

Elonga¬
tionÿ},

%
Reduction
inarea, %

Hardness,
HB

Recommended practice for maximum case hardness
Direct quenched from pot: carburized

at 925 °C (1700 *F) for
8 h; quenched in agitated oil;
tempered at 150 °C (300 =F) ............1.5 (0.060)

Single quenched and tempered (For

good case and core properties):
carburized at 925 °C (1700 °F)
for 8 h; pot cooled; reheated
to 830 °C (1500 °F);
quenched in agitated oil;
tempered at 150 °C (300 °F) ............1.9 (0.075)

Double quenched and tempered (for

maximum refinement of ease and
core); carburized at 925 "C
(1700 'F1 for 8 h; pot cooled;
reheated to 815 "C (1500 T);
quenched in agitated oil;
reheated to 775 'C (1425 °F);
quenched in agitated oil;
tempered at 150 °C (300 °F) ............1.9 (0,075)

Recommended practice for maximum core toughness
Direct quenched from pot: carburized

at 925 °C (1700 °F) for
R h; quenched in agitated oil;
tempered at 230 aC (450 aF) ............1.5 (0 060)

Single quenched and tempered (for
good case and core properties):
carburized at 925 °C (1700 °FI
for 3 h; pot cooled;

. reheated to 815 "C (1500 °F);
quenched in agitated oil;
tempered at 230 °C (450 °F) ............1.9 (0.075)

Double quenched and tempered (for
maximum refinement of case
and core): carburized at 925 °C
(1700 *F) for 8 h; pot cooled;
reheated to 515 °C (1500 aF);
quenched in agitated oil;
reheated to 775 °C 11425 "F);
quenched in agitated oil;
tempered at 230 "C (450 CF) ............1.9 (0.075)

(a) In50 mm 12 in.)

60.5

62.5

1495(217) 1105(160) 13

1505 (218) 1225 (178) 13,5

50.1

48.2

429

429

62

58.5

59

1050 (152) 670 (97) 13-5

1490 (216) 1095 (159) 12.5

1460(212) 1195(173) 12.5

49.4

49.4

50.9

302

415

415

39 1005 (146) 650 (94) 21.3 56.3 293

AISI 4320, 4320H: Approximate Core Mechanical Properties (Ref 2)
Heat treatment of test specimens: (I) normalized at 925 °C (1700 °F) in 32-mm (1.25-in.) rounds; (2) machined
to 25- or 13.7-mm (t- or 0.540-in.) rounds; (3) pseudocarburized at 925 H(1700 °F) for 8 h; (4) box cooled to
room temperature; (5) reheated to temperatures given in the table and oil quenched; (61tempered at 150 °C
(300 °F); (7) tested in 12.8-mm (0.505-in.) rounds; tests were conducted using test specimens machined to
English units

Reheat Tensile Yield
temperature strength strength(a) Elongation(b), Reduction Hardness,
°C °F MPa ksi MPa ksi 7c in area, 7c HB

Tested in 25-mm (1-in.) rounds
775 1425.................958 139 793 115 15 52 293
800 1475................1025 149 848 123 15.5 52 302
830 1525................1110 161 958 139 16 54 331
(C) (c).................1150 167 972 141 14.5 50 341

Tested in 13.7-mm (0.540-in.) rounds
775 1425................1040 151 869 126 15 49 321
800 1475................1080 157 896 130 16 50 331
830 1525...............,1180 171 1015 147 16 53 352
(c) te)................124(1 180 1020 148 14.5 46 375

(a) 0.2% offset, (b) In 50 mm (2 in.), (c) Quenched from step 3

AISI 4320, 4320H:
Permissible Compressive
Stresses
Taken from gears with a case
depth of 1.1 to 1.5 mm (0.045 to
0,060 in.) and minimum case hard¬
ness of 60 HRC

Compressive
Data stress
point

Mean
Maximum

MPa ksi

1590 230
1790 260
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Mechanical Properties (continued)

AISI 4320H: End-Quench Hardenability Limits and Hardenability Band. Heat treating temperatures recommended by sae:
normalize at 925 °C (1700 °F), for forged or rolled specimens only; austenitize at 925 °C (1700 CF). (Rsf 1)

Distance from
quenched end, Via in.

1
2
3
4
5
6
7
8
910

111213141516
18
20
22
24
26
28
30
32

Hardness, HRC Diameters of founds same as-Quenched hardness Location (mound jOuenchl
max mm

.48 41
38
35

.43 32

.41 29
38 27 SO

.36 25
45.34 23

CJ
cr.33 22

.31 21 I

.30 20 £ IS
29 20 -g

.28 X 30

.27

.27 75

.26 jb

.25

.25

.24
24 ...

.24

.24

.24

3.8
1.1 2.0 2 9 3 R 4 8 RR 6.7
0.7 1.2 1.6 2.0 2 4 2 8 3 2 3.5 3 9
III l l I I ÿ l

06 1.8 2.5 3.0 3.4 36
0.5 1.0 1.6 2.0 2.4 2.8 3.2 3.6 4.0
0.2 06 1.0 14 1.7 2.0 2.4 2.B 31

Surfara
Va radius from center

Center

Surface
V* radius fran center

Center

Mild
water !
quench

Mild
Gil

quench

8 IQ 12 14 16 18 2D 22 24

Distance from quencned eriJ Vi6 in.

28 30 32

AISI 4320, 4320H: Mass Effect on Mechanical Properties (Ref 4)

Condition or treatment
Size round

mm in.

Tensile
strength

MPa ksi

Yield
strength

MPa ksi

Eionga-
tion(a),

%
Reduction
in area, 61

Hardness,
HB

Izod impact
energy

J ft lb

Annealed (heated to 850 °C
or 1560 *F; furnace cooled
15 °C or 30°F per hour to
420 °C or 790 °F; cooled
inair ) 25 1 580 84 425 62 29.0 58.4 1G3 ... ...

Normalized (heated to
895 °C or 1640 °F;
cooled inair) 13 0.5 841 122 510 74 23.9 54.3 248

25 1 793 115 460 67 20.8 50.7 235 ...
50 2 703 102 405 59 23.3 59.2 212 ... ...

100 4 703 102 395 57 22.3 54.7 201 ... ...
Mock carburized at 925 °C

(1700 Ti for 8 h; reheated
to 815 "C (1500 °F);
quenched inoil; tempered
at 150 "C (300 'FJ . . . .13 0.5 1460 212 1125 163 11.8 45.5 415 38 2B

25 1 1050 152 738 107 17.0 51.0 302 60 44
50 2 910 132 595 86 22.5 56.4 255 79 58

100 4 827 120 515 75 24.0 57.1 248 72 53
Mock carburized at 925 "C

(1700 T"1 for 8 h; reheated
to 815 =C (1500 °F);
quenched in oil; tempered
at 230 =C (450 °F). ., ,13 0.5 1285 188 1035 150 13.9 52.8 388 ... ...

25 1 1025 149 724 105 - 17.8 55.2 285 ... ...
50 2 896 130 585 85 20.6 63.8 255 ... ...

100 4 814 118 515 75 22.5 51.9 241
(a) In 50 mm (2 in.)

AISI 4320, 4320H: Effect of the Mass on Hardness at
Selected Points (Ref 4)

As-quenched hardness
Size round after quenching inoil at

mm in. Surface L5 radius Center

13 0.5 ................44.5 HRC 44.5 HRC 44.5 HRC
25 1...................39 HRC 37 HRC 36 HRC
50 2...................35 HRC 30 HRC 27 HRC

100 4...................25 HRC 24 HRC 24 HRC

AISI 4320, 4320H: Hardness and Machinability (Ref 7)

Condition
Hardness
range, 1IB

Average
machinabillty

raling(a)

AnneaJed and cald drawn. ..............187-229
(a) Based on AISI 1212 steel as 100% average machinability

60
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Mechanical Properties (continued)

AlSt 4320, 4320H: Low-Temperature Impact Properties (Ret 17)

[-Charpy impact (V-notch) energy at temperature oft-1
-185°C -130 "C -73 "C -18 "C 38 "C Transition

Hardness, (-30O°F) (-200 °F) (-100°F) (0 °F) (100 °F) temperature(a)
Treatment HHC J ft Ob J ft-lb J ftOb J ft lb J ft lb °C °F

Quenched from
900 °C (1650 Tl;
tempered at
205 *C 140O °F)...........43 12 9 23 17 34 25 37 27 38 28

Quenched from
900 °C (1650 =F);
tempered at
425 °C !800 "F1...........37 7 5 14 10 22 10 34 25 41 30 -1 30

Quenched from
900 "C (1650 "Fl;
tempered at
540 °C (1000 °F) ..........33 II 8 22 16 38 28 54 40 61 45 -54 -65

Quenched from
900 "C (1650 'F>;
tempered at
650 CC (1200 'Fl..........21 26 19 47 35 108 80 122 90 122 90 -115 -175

(a) 60% brittle

AISI 4340, 4340H, E4340, E4340H

AISI 4340, 4340H, E4340, E4340H; Chemical Composition
AISI '; (ÿ Chemical composition, %
grade C Mn P mas S max Si Ni Cr Mo

4340 ................................0.37-0.43 0.60-0.80 0.035 0.040 0.15-0.30 1.65-2.00 0.70-0.90 0.20-0.30
4340H ................................0.37-0.44 0,55-0.90 0.035 0.040 0.15-0.30 1.55-2.00 0.65-0.95 0.20-0.30
E4340(a)..............................0.38-0.43 O.65-0.85 0.025 0.020 0.15-0.30 1.65-2.00 0.70-0.90 0.20-0 30
E4340H(a) ............................0.37-0.44 0.60-0.95 0.025 0.020 0.15-0.30 1.55-2.00 0.65-0.95 0.20-0 30
(a) The letter E as a prefix denotes the steel is made by electric furnace process

Characteristics. AISI grades 4340, 4340H, E4340, and
E4340H are mckel-chromium-molybdenum, constructional,
alloy steels. They are normally heat treated by quenching in
oil and tempering to the desired hardnes8. These grades
exhibit good response to heat treatment, especially in large
sections, and possess a good combination of strength, ductil¬
ity, and toughness in the quenched and tempered condition.
The high depth in hardness is reflected in excellent torque
properties.

Typical Uses. Because AISI 4340, 4340H, E4340, and
E4340H are also carburizing steels, they are used where
superior case hardness or core properties are desired. Their
choice is determined primarily by the hardenability neces¬
sary to obtain the desired core properties under the given
conditions of section size and heat treatment.

These grades are suitable for application in the produc¬
tion of piston pins, bearings, and similar parts for relatively
severe service. Rods approximately 13-mm (0.5-in.) diam and
rod mill rounds up to 28.6-mm (1.125-in.) diam are used for
heavy sections, or for parts subject to particularly severe
service conditions which require a very mild quench to pre¬
vent distortion.

AISI 4340, 4340H, E4340, and E4340H steels are found in
aircraft and truck parts, and some ordnance materials. Addi¬
tional uses include gears, fittings, forging dies, machine tool
arbors, pressure vessels, and die blocks.

AISI 4340: Similar Steels (U.S. and/or Foreign). UNS
G43400; AMS 5331, 6359, 6414, 6415; ASTM A322, A331,
A505, A519, A547, A646; MIL SPEC MIL-S-16974; SAE
J404, J412, J770; (W. Ger.) DIN 1.6565; (Jap.) JIS SNCM 8;
(U.K.) B.S. 817 M 40, 3111 Type 6, 2 S 119, 3 S 95

AISI 4340H: Similar Steels (U.S. and/or Foreign). UNS
H43400; ASTM A304; SAE J1268; (W. Ger.) DIN 1.6565;
(Jap.)JIS SNCM 8; (U.K.) B.S. 817 M40, 3111Type 6, 2 S 119,
3 S 95

AISI E4340; Similar Steels (U.S. and/or Foreign). UNS
G43406; ASTM A304, A331, A505, A519; MIL SPEC MIL-S-
5000; SAE J404, J770; (W. Ger.) DIN 1.6562; (Itai.) UNI40
NiCrMo 7, 40 NiCrMo 7 KB; (U.K.) B.S. Type 8, S 139

AISI E4340H: Similar Steels (U.S. and/or Foreign). UNS
H43406; ASTM A304; SAE J1268; (W. Ger.) DIN 1.6562;
(Ital.) UNI 40 NiCrMo 7, 40 NiCrMo 7 KB; (U.K.) B.S. Type
8, S 139

AISI 4340, 4340H, E4340, E4340H: Approximate
Critical Points

Transformation Temperature(a) Transformation Temperature (a)

point °C °F point DC °F

725 1335 655 1210
775 1425

1310
M, 285 545

Ar3 710
(a)vOn beating or cooling at 28 'C (50 dF) per huur
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Physical Properties

AISI 4340, 4340H, E4340, E4340H: Mean Coefficients of Linear Thermal Expansion (Ref 9)

Austenitized at 670 "C (1600 "F), tempered at 545 X (1010 °F) for 2 h

I-Coefficient-1
Temperature range Material Ala) Material Bib)

"C °F pm/m-K ÿin./ia.°F pm/m• K ftin./in, -'F

-195-21 -320-70 9.0 5.0 8.8 4.9
-130-21 -200-70 9.7 5.4 9.7 5.4
-73-20 -100-70 11.3 6.3 11.2 6.2
-73-95 -100-200 11.5 6.4 11.3 6.3

21-95 70-200.....................!........11.5 6.4 11.5 6.4
21-150 70-300 11.9 6.6 11.9 6.6
21-205 70-400.........12.1 6.7 12.2 6.8
21-260 70-500 ........12.4 6.9 12.6 7.0
21-315 70-600 12.6 7.0 13,0 7.2
21-370 70-700 13.0 7.2 13.1 7.3
21-425 70-800 13.3 7.4 13.5 7.5
21-480 70-900 13.5 7.5 13,7 7.6
21-540 70-1000 13.7 7.6 13.9 7.7

(a) 1.88% nickel, normalized and tempered, (b) 1.90% nickel, quenched and tempered

AIS! 4340, 4340H, E4340,
E4340H:Thermal Treatment
Temperatures
Quenching medium: oil

Temperature range
Treatment °C T

Forging .......1230 mar 2250 max
Annealing

(a)
...........595-665 1106-1225

Normalizing

(b)
...........845-900 1550-1650

Hardening......830-855 1525-1575
Tempering.......(c) (c)

(a) Maximum hardness of223 HB. (b)
Hardness of approximately 415 HB.
(c) To desired hardness

AISI 4340, 4340H, E4340, E434GH: Electrical
Resistivity (Ref 6)

Electrical
resistivity,Temperature

"C °F

20 68 ............., . . 0.248
100 212.... . .....0.298
200 390 ....0.367
400 750 0.552
600 1110 0.797

Machining Data

For machiningdata on AISI grades 4340,4340H, E4340, and
E4340H, refer to the preceding machining tables for AISI
grades 1340 and 1340H.

Mechanical Properties

ion
-399

TemperaturE, F

-100 +100 +300
1
1

i

« 1 1 1 1

i
1
i ™

Oil quenched

Ai i i

Noirnahzed

-100 0 4-100

Temperaure, °C

AISI 4340 (Modified): Effect of Heat
Treatment on Impact Properties. Heat
treatments: oil quenched from 830 °C (1525 °F) and
tempered at 650 X (1200 °F) to hardness of 29 to
30 HRC, or normalized (air cooled) from 830 X
{1525 °F) and tempered at 540 °C (1000 °F).
Impact energy teste used Charpy keyhole notch
specimen. {Ref 17)
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Mechanical Properties (continued)

A!Sf 4340H: End-Quench Hardanability Limits and Hardenability Band. Heat treating temperatures recommended by SAE:
normalize at 870 °C (1600 °F), lor forged or rolled specimens only; austenitize at 845 °C (1550 °F). (Ret 1)

Distance from Hardness, HRC
quenched end, Vie in. max mm

1 60 53
2 60 53
3 60 53
4 60 53
5 . 60 53
6 60 53
7 60 53
S 60 52
9 60 52

10 60 52
11 59 51
12 59 51
13 59 50
14 58 49
15 58 49
16 58 48
18 58 47
20 . 57 46
22 .. 57 45
24 57 44
26 57 43
28 56 42
30 56 41
32 56 40

Diameters of rounds with same as-quenched hardness

3.8
1.1
0.7

2.0 2 9

1.2 1.6
3.8
2.0

4 8 5fl 6.7
2.4 2.8 3.2

0.8
0.5
0.2

2.S
1.6
1.D

3.8
2.8 3 2
2.D 24

4.0
3.1

}

Location in round Quench!

Surface
V* radius from center

Canter

Surface
¥a radius from center

Cenler

Mild
water

quench

Mild
Oil

quench

10 12 14 1G 18 20 22 24 2G 28 39

Distance from quenched end Vie in.

AISI 4340, 4340H, E4340, E4340H: Mass Effect on Mechanical Properties (Ref 4)

Condition or trentiiient
Size round
nun in.

Tensile
strength

MPa ksi

Yield
strength

MPa ksi
Elongationia),

%
Reduction
in area, %

Hardness,
HB

Annealed (heated to 810 °C or 1490 °F;
furnace cooled 11°C or 20 P per hour
to 355 °C or 670 T; cooled in air)

Normalized (heated to 870 'C or 1600 °F;
cooled in air)

Oil quenched from 800 C (1475 i" .;
tempered ut 540 °C (1000 °F)

Oil quenched from 800 DC (1475 °F);
tempered at 595 DC (1100 ')')

Oil quenched from SOO aC (1475 aFI;
tempered at 650 '*€ (1200 °F)

25 1 745 108 470 68

13 0.5 1448 210 972 141
25 1 1282 186 362 125
50 2 1220 177 786 114

100 4 1110 161 710 103

13 0.5 1255 182 1165 169
25 1 1207 175 1145 166
50 2 1172 170 1103 160

100 4 1138 165 1000 145

..13 0.5 1145 166 1117 162
25 I 1138 165 1096 159
50 2 1014 147 958 139

100 4 924 134 786 114

13 0.5 1000 145 938 136
25 1 958 139 883 128
50 2 931 135 834 121

100 4 855 124 731 106

22.0

12.1
12.2
13.5
13.2

13.7
14.2
16.0
15.5

17.1
16.5
19.0
19.7

20.0
20.0
20.5
21.7

50.0

35.3
36.3
37.3
36.0

45.0
45.9
54.8
53.4

57.0
54.1
60.4
60.7

59.3
59.7
62.5
63.0

217

388
363
341
321

363
352
341
331

331
331
293
269

285
277
269
255

(a) In 50 mm (2 in.)

AISI 4340, 434QH, E4340, E4340H: Effect of the Mass on
Hardness at Selected Points (Ref 4)

As-quenched hardness
Size round after quenching in oil at:
nun in. Surface >/s radius Center

13 0.5 ....................58 HRC 58 HRC 56 HRC
25 1-................... .57 HRC 57 HRC 56 HRC
50 2......................56 HRC 55 HRC 54 HRC

100 4......................53 HRC 49 HRC 47 HRC

AISI 4340, 4340H, E4340, E4340H: Hardness and
Machinability (Ref 7)

Condition
Hardness
range, HB

Average
machinability

ratfngiaj

Annealed and wild drawn 187-241
la) Based on AISI 1212 ateel as 100% average machinability

SO

L. I
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Mechanical Properties (continued)

AISI E4340H: End-Quench Hardenability Limits and Hardenability Band. Heat treating temperatures recommended by sae:
normalize at 870 °C (1600 °F), for forged or rolled specimens only: austenitize at B45 °C (1550 °F). (Ref f)

Distance from Hardness, HRC Dameters af rounds with same as-quenched hardness

quenched end, Ho in. max miti

1

____
60 53

2.......60 53
3 ....60 53
4 ....60 53
o . ...60 ÿ3

6 ....60 53 55
7 ....60 53

608 ... .60 53 o
9 ... .60 53 66

10 ... .60 53 JJ
11 . ...60 53 50
12 . ....60 53
13 ..52 45
14 52
15 52 40

16 ....59 51
18 ....58 51
20 ....58 50
22 ....58 49
24 . ...57 48
26 ....57 47
28 ....57 46
30 ....57 45
32 ....57 44

3 8
1.1 2.0 2.9 3.8 4.8 5 8 6.7
D.7 1.2 1.6 2.0 2.4 2 8 3.2 3.6 3 9

locationin round Quench

Mild
water
quench

Surface
i3-i radius from center
; Center

0.0 1.8 2.5 3.0 3.4 3.8
0.5 1.0 16 2.0 2.4 2.8 3.2 3.6 4.0
0 2 0 6 10 1.4 1.7 2.0 2.4 2.8 3.1

I Surface
j 3* radius torn center
[ Carter

10 12 T4 IS 18 20 22 24 2F 28

Distance from quenched end Via in.

Tempering temperature, ~F

a 140B |—

1200 h

5 35

V
i 1 i 1

\

arcncs

\

\ -

\ ' "*ÿ

N. y Tensile sirenffth J
i \

Vicfc point | >. '

\ i

1 \

[ -

' i N>sC
i i i

-

i i i j ; i

Reduction in area, ,,1 ÿ

1—
11

: Elongationÿ
-'

i i

250

225

200 a 250

150

300 400 500 600

Tempering temperature, 3C

AISI 4340: Effect of Tempering
Temperature on Tensile Properties.
Normalized at B70 °C (1S00 °F); reheated to
800 °C (1475 °F); quenched in agitated oil.
Specimens were treated in 13.5-mm (0.53O-m.)

diam and machined to 12.8-mm (D.5C5-ln.) diam
for testing. Tests were conducted using specimens
machined to English units. As-quenched hardness
of 601 MB; elongation measured in 50 mm (2 in.).
(Ref 4)
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Mechanical Properties (continued)
i i

AiSI 4340: Effect of Mass anu Tempering Temperature on
Tensile Properties After Tempering at 540 °C (1000 °F).
Normalized at 870 °C (1600 °F) in oversize rounds; oil quenched trom
845 °C (1550 °F) in sizes given; tempered at 540 °C (1000 *F); tested in
12.8-mm (0.505-in.) rounds. Tests from bar 38.1-mm (1.50-in.) diam and
larger were taken at hatf-radius position. Tests were conducted using
specimens machined to English units. Elongation was measured in 50 mm
(2 in.). (Ref 2)

AISI 4340: Effect of Mass and Tempering Temperature on
Tensile Properties After Tempering at 650 °C (1200 °F).
Normalized at 870 °C (1600 T) in oversize rounds; oil quenched from
645 °C (1550 °F) in sizes given; tempered at 650 °C (1200 °F); tested in
12.8-mm (0.505-in.) rounds. Tests from bar 38.1-mm (t.50-in.) diam and
larger were taken at half-radius position. Tests were conducted using
specimens machined to English units. Elongation was measured in 50 mm
(2 in.). (Ref 2)

Diameter, in,

12 3 4 s 6

aod
60

\ 11

i
i

1 1 1 T _

ile strengt

—I

\

__
strength

-

ÿ y Hardness L
j

! -i

!

jetton ina ea

1

j
!

..
-

.r

-.........•.i-:

176

160

y Elongation |
I -L

25 50 75 100 r25 150

Diameter, mm

30 t

Diameter, in.

3 4 *

Tbinsile sirengtl

Y lelo strength

Hardness

I-1

Reduction in area

Elongation h

1 = -.-—-A|-
1
1-

i
!
i ...... 5 L i

75 1DD

Diameter, mm

150

AISI 4340, 4340H, E4340, 4340H: Tensile and Fatigue Properties (Ref 17)

Condition
or treatment

Temperature
°C °F

Tensile
strength

MPa ksi

Yield
strength(a)
MPa ksi

Elonga-
tion(b),

%
Reduction
in area, %

Hardness,
HY

Modulus of
elasticity

GPa 106 psi

Endurance limit
Unnotched Notched
MPa ksi MPa ksi

Oil quenched from
845 °C (1550 °F);
tempered at 650 *C
(1200 °F) 25 77 1005 146 938 136 20 60 213 30.9 510 74 138 20

-195 -315 1435 208 1380 200 20 44 ... 219 31.8 800 116 138 20
Oil quenched from

845 °C (1550 "F);
tempered at 425 °C
(800 °F) .. .25 77 1595 231 1475 214 12 46 212 30.7 614 89 338 49

-195 -315 1985 288 1840 267 4 11 213 30.9 841 122 248 36
Oil quenched from

855 °C (1575 "F);
tempered at 230 °C
(450 "F) for 4 h . 26 79 1855 269 1550 225 12 40 531 196 28.4 ... ... ...

-78 -108 1935 281 2020 293 12 40 548 211 30.6 ... ... ...
-195 -321 2200 319 1915 278 10 24 639 211 30.6 ... ...
-255 -423 2290 332 ... ... 06 0.2 818 210 30.4 ...

(a) 0.2% offset, lb) For wire and rod the gage length is four times the specimen diameter
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Tesi lemtwraturo, F

-70D 0

Tens* Ie strength

Yield strength
Proportional limitÿ

Impact energy

Reduction in area

1

Elongation ...

" 200 S

AISI 4340: Effect of Test Temperature on
Tensile and Impact Properties, on quenched
and tempered. When tested for tensile properties,
material hardness was 37 to 39 HRC. Impact
energy tests used Charpy V-notch specimens with a
material hardness of 33 to 35 HRC. Proportional
limit, 0.01% strain; yield strength, 0.2% oltiet;
elongation in 50 mm (2 in.). (Ref 17)

-200 -100 0

T65i lemper'aiure,

AISI 4340, 4340H, E4340, E4340H: Effect of Nitriding on Fatigue Properties (Ref 16)
Chemical composition of test specimens: 0.39% carbon, 0.65% manganese, 0.25% silicon, 1.85% nickel, 0.82% chromium, 0.25% molybdenum;
preliminary treatment: normalized at 940 to 955 °C (1725 to 1750 °F); R.R. Moore rotating beam fatigue specimens with a minimun diameter of

j 5.84 mm (0.230 in.)

:-Fatigue properties-1
Case Core :-Smooth specimen-1 i— Notched specimeu(a) —|

Heat and hardness, hardness, Fatigue limit Number Fatigue limit Number
j nitriding treatments HR15N HRC MPa _ ksi of cycles MPa ksi of cycles

Specimens not nitrided— true fatigue limit
Oil quenched 830 °C (1525 °F1; tempered

540 °C (1000 °F)
Oil quenched 830 'C (1525 °FI; tempered

540 °C (1000 °F); pseudenitrided 525 °C
(975 °F) for 48 h

Nitrided specimens— no true fatigue liniitd
Oil quenched 830 C. (1525 °F); tempered

540 °C (1000 'F); nitrided 525 °C
(975 °F) for 48 h

Oil quenched 830 °C (1525 T); tempered
540 °C (1000 °F); nitrided 525 °C (975 °F)
for 10 hand 565 °C (1050 "F) for 40 h

(a) Specimens have 45°, 0.25-mm (0.010-in.) root-radiue notch, 0.51 mm (0.020 in.) deep. Notchingpreceded nitriding. (b) Nitrided specimens do not show a true
endurance or fatigue limit hut,give an "asymptotic" type ofS Ncurve;however, the notched specimens enme closer to showinga true fatiguelimit than the smonth
ones, (c) Specimen failed at 595 MPa (86 ksi)

37 505 73 >10' 205 30 >10'

33 470 68 >10' 180 26 >10'
b)

.... 89 33 595 86 3.5 x 10a(c) 350 51 >1.6 x 10s

.... 86 32 620 90 >4.6 x 10a 360 52 >4.6 x 109
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Mechanical Properties (continued)

AISI 4340: Transition Curves After Austempering.
-austempersd at 305 °C (565 °F) far 2 h to give 100% bainite;---austempered at 285 °C (545 °F) for 2 b to give 90% bainite,
10% martensite. (Ret 17}

AISI 4340: Transition Curves After Quenching and Tempering.
Quenched in ail; tempered for 1 h. (Ref 17)

Testing temperature, F

-200 Q +20G

Tempered 540 C IIOOO'F
39 ifRC

Tempered 425 C (800 F)
i—i.45.5 HRC

No temper 51,5 HRC -1 20

20 r No temper J,
49.5

-100 0 i100

Testing temperature. "C

Testing temperature, F

-20D 0 +200 -400—!—[—T—1—T—!—f—r
-540 'C (T005ÿFJ 40 HRC-—

425 C 795 Ft 45 HFC

205 'C 1400 'P

53 HRC

2BD C 500 Fl 52 HRC

-300 -2QG -100 0 +100 +2Q0 +300

Testing tHmpHrntij re,

AISI 4340, 4340H, E4340, E4340H: Low-Temperature Impact Properties (Ref 17)

I-Charpy impact (V-notch) energy at temperature of:-1
-185 X -130 X -73 °C -18 °C 38 X

Hardness, (-300 °F) (-200 "F) (-100*C) 10 CF) (100 T)

Treatment HBC J ft -lb J ft lb J ft -lb J ft -lb J ft lb

Quenched ir:):r,

845 °C (1550 °F);
tempered at 205 °C
(400 =F)..................52 15 11 20 15 27 20 28 21 28 21

Quenched frcm
/ 845 *C (1550 °F);

tempered at 315 X
(600 °F)..................48 14 10 19 14 20 15 20 15 22 16

Quenched from
845 °C (1550 *Fj;
tempered at 425 °C
(800 aF> ................. 44 12 9 18 13 22 16 28 21 34 25

Quenched from
845 °C (1550 °F);
tempered at 540 °C
(1000 °F).................38 20 15 24 18 38 28 47 35 49 36

Quenched from
845 X (1550 °F);
tempered at 650 DC
(1200 T).................30 20 15 38 28 75 55 75 55 75 55

(a) 50ÿ brittle

AISI 4340, 4340H, E4340, E4340H: Tensile Properties (Ref 5)

Tensile Yield
Condition strength strength Elongation(a), Reduction Hardness,
or treatment MPa ksi MPa ksi % in area, % HB

Normalized at 870 X
11600 °F)..........................1280 186 860 125 12.2 36 •• 363

Annealed at 810 °C
(1490 °F)...........................745 108 475 69 22.0 50 217

(a) In 50 mm (2 in.)

Transition
temperature'a) |
X °F

-90 -130

-120 -185

Izod impact
energy

J ft lb

16

52

12

38

ÿ I
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.41SI 4419, 44I9H

AISI 4419, 4419H: Chemical Composition
AiSI
grade Mn

Chemical composition, 61
P mux S max Si Mo

4419..........0.IS-0.23 0.45-0.65 0,035

4419H ...0.17-0.23 0.35-0.75 0.035
(a) UNS composition: 0.15 to 0,3096 silicon

0.040
0.040

0.15 0.35(a)
0.15-O.35(a)

0.45-0.60
0.45-0.60

Characteristics and Typical Uses. AISI grades 4419 and
4419H are carburizing steels with intermediate case hard-
enabiiity and low core hardenability. Available as hot rolled
and cold finished bar, rod, and wire, these steels are suitable
for use in tractor and automotive gears, piston pins, and
universal crosses. In most instances satisfactory case hard¬
ness can be produced by oil quenching.

AISI 4419: Similar Steels (U.S. and/or Foreign). UNS
G44190, ASTM A322, A331; SAE J404, J412, J77U: (W. Ger.)
DIN 1.5419; (Ital.) UNI G 22 Mo 5; (Jap.) JIS SCPH 11

AISI 4419H: Similar Steels (U.S. and/or Foreign). UNS
H44190; ASTM A304; J1268; (W. Ger.) DIN 1.5419; (Ital.)
UNI G 22 Mo 5; (Jap.) JIS SCPH 11

AISI 4419, 4419H: Approximate Critical Points
Transformation
point

Temperature(a)

°C "F
Transformation
point

Ac, ...............695 1280 Ar3
Ac3 ...............870 1600 At,
(a) On heating or cooling at 28 °C (50 °F) per hour

Temperature(a)
»C "F

.820

.770
1510
1420

Machining Data

For machining data on AISI grades 4119 and 4119H,refer to
the preceding machining tables for AISI grade A2317.

Physical Properties

AISI 4419, 4419H: Thermal Treatment Temperatures
Quenching medium: oil

Temperature range
Treatment °C °F

Forging 123Qin£iÿ 2250 max
Carburizing .....900-925 1650 1700
Tempering 12H75 250-350

Mechanical Properties

AISI 441S, 4419H: Mass Effect on Mechanical Properties (Ref 4)

Tensile Yield
Size round strength strength Elongation(a), Reduction Hardness,

Condition or treatment mm in. MPa ksi MTa kai % in area, Vt HB

Annealed (heated to 915 "C or 1675 °F;
furnace cooled 11°C or 20 T per hour
to 480 'C or 900 °F; cooled in air) ...25 1 450 65 330 48 31.2 62.8 121

Normalized (heated to 955 #C or 1750 "F;
cooled inairj 14 0.57 540 78 360 52 33.2 59.9 149

25 1 515 75 350 51 32.5 69.4 143
50 2 495 72 345 50 30.8 64.9 143

100 4 505 73 330 48 30.0 60.8 143
Mock carburizcd at 925 "C 11700 °F) for

8 h; reheated to 845 °C (1550 °F); quenched
inoil; tempered at 150 °C (300 °F) 14 0.57 710 103 450 65 24.3 60.3 217

25 1 670 97 435 63 24.2 66.4 201
50 2 650 96 415 60 25.3 64,7 201

100 4 595 86 365 53 27.7 66.3 179
Mock carburized at 925 °C (1700 °F) for

8 h; reheated to 845 "C (1550 °F); quenched
in oil; tempered at 230 °C (450 "Fl 14 0.57 710 103 425 62 24.8 63,6 212

25 1 650 94 405 59 25 0 68.6 197
50 2 635 92 400 58 26.2 682 192

100 4 580 84 330 48 27.0 67.1 170
(a) In 50 mm (2 in.]
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Mechanical Properties (continued)

AISI 4419, 4419H: Effect of the Mass on Hardness at
Selected Points (Ref4)

As-quenched hardness
Size round after quenching in oil ah
nun in. Surface VS radius Center

14 0.57...................96 HRB 95 HRB 93 HRB
25 1......................94 HRB 93 HRB 89 HRB
50 2 .....................94 HRB 92 HRB 88 HRB

100 4......................93 HRB 90 HRB 82 HRB

AISI 4419, 4419H: Hardness and Machinability (Ref 7)

Average
Hardness machinability

Condition range, HB rating(a)

Annealed and cold drawn. . .............170-212 65

(al Based on AISI 1212 steel as 100% average machinability

AISI 4419, 4419H: Core Properties of Specimen Treated for Maximum Case Hardness and Core Toughness
I-Core properties-1

Case Case Tensile Yield Elonga-
depth, hardness, strength, strengtb(a), tion(h), Reduction Hardness,

Treatment mm tin.) HRC MPa fkai) MPft (ksi) % in area, % HB

Recommended practice for maximum case hardness
Direct quenched from pot: carbu¬

rized at 925 °C (1700 °F) for 8 h;
quenched in agitated oil; tempered
at 150 °C (300 °F)......................1.4 (0.054) 64

Single quenched and tempered (for
good case and core properties): car-
burized at 925 "C (1700 °F) for
8 h; pot cooled; reheated to 845 °C
(1550 °F); quenched in agitated
oil; tempered at 150 °C 1300 °F).........1.6 (0.062) 65

Double quenched and tempered (for

maximum refinement of case and
core): carburized at 925 "C
(1700 "F) for 8 h; pot cooled; re¬
heated to 855 °C (1575 °F);
quenched in agitated oil; reheated
to 830 °C 11525 °F); quenched in
agitated oil; tempered at 150 °C
(300 "F) ........" 1.8(0.070) 66

Recommended practice for maximum core toughness
Direct quenched from pot: carbu¬

rized at 925 =C (1700 °F) for 8 h;
quenched in agitated oil; tem¬
pered at 230 °C (450 "F) ................1.4 (0.054) 59

Single quenched and tempered (for
good case and core properties): car¬
burized at 925 C (1700 "F1 for
S h; pot cooled; reheated to 845 °C
(1550 T); quenched in agitated
oil; tempered at 230 °C (450 °F).........1.6 (0.062) 60.5

Double quenched and tempered (for
maximum refinement of case and
core); carburized at 925 °C
(1700 °F) for 8 h; pot cooled; re¬
heated to 855 "C (1575 °F);
quenched in agitated oil; reheated
to 830 °C (1525 °F); quenched in
agitated oil; tempered at 230 "C
(450 "F> 1.8 (0.070) 61

(a) In50 mm (2 in.)

831 (120.50) 608 (88.25) 19.7 64.7 241

712 (103.25) 450 (65.25) 24.3 60.3 217

734(106.50) 377(54.75) 21.7 49.7 217

817 (118.50) 596 (86.50) 18.8 67.0 235

708 (102.75) 431 (62.50) 24.8 63.6 212

679(98.50) 376(54.50) 23.4 59.7 201

AISI 4422

AISI 4422: Chemical Composition
AISI Chemical composition, %
grade C Mn P max S max Si Mo

4422 ......................0.20-0.25 0.7(W>.8O 0.035 0.040 0.15-0.30 0.35-0.45
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AISI 4422: Approximate Critical Points
Transformation Temperaturefa) Transformation Temperature(a)
point °C "F point »C 'F

Ac, ...............730 1350 Ar, 645 1195
Ac.,..;............845 1550 M, 415 780
Ara 810 1490
(a) On heating or cooling at 28 °C (50 °F) per hour

Characteristics and Typical Uses. AISI grade 4422 is a
low-carbon, molybdenum steel with low case hardenability
and intermediate core hardenability. This steel is available
as hot rolled and cold finished bar and seamless mechanical
tubing.

AISI 4422: Similar Steels (U.S, and/or Foreign), UNS
G44220; ASTM A519; SAE J404, J412, J770; (W. Ger.) DIN
1.5419; (Ital.) UNI G 22 Mo 5; (Jap.) JIS SCPH 11

Mechanical Properties

AISI 4422: Approximate Core Mechanical Properties (Ref 2)

Heat treatment of test specimens: (1) normalized at 925 X (1700 'F) in 32-rrm (1,25-iti.) rounds; (2) machined
to 25- or 13.7-mtn (1- or 0.540-in.) rounds; (3) pseutfocarburized at 925 °C (1700 °F) (or 8 li; (4) box cooled to
room temperature; (5) retreated to temperatures given in the table and oil quenched; (6) tempered at 150 °C
(300 °F); (7) tested in 12.8-mm (0.505-in.) rounds; tests were conducted using test specimens machined to
English units

Reheat Tensile Yield
temperature strength atrength(a) Elongation(b), Reduction Hardness,
*C °F MPa ksi MFa ksi % in area, % HB

Heat treated in 25-mm <l-in.) rounds
775 1430 820
820 1505 758
870 1600 827
(C) (c) 862

Condition

110 385 56
110 400 58
120 540 78
125 560 81

54
66
93
97

3

Average
Hardness machinability
range, HB ratingta)

17.2 34.3 255
18.3 44.4 235
20.0 570 255
18.0 55.0 262

14.0 28.8 255
16.0 36.5 255
17.0 54.0 277
14.3 50.4 293

Machining Data

Mo

0.040 0.15-0.30 0.35-0.45

AISI 4427: Similar Steels
{U.S. and/or Foreign). UNS
G44270; ASTM A519; SAE
J404, J412, J470

PhysicalProperties

AISI 4422; Thermal
Treatment Temperatures
Quenching medium: oil

Temperature range
Treatment °C °F

Forging......1230 max 2250 max
Cycle

annealing ......(al (a)

Normalizing......(b) (b)
Carburizing . , 900-925 1650-1700
Tempering ....120-175 250-350
(a) Heatat least aa highas the carbti-
rifcing temperature; bold for unifor¬
mity; cool rapidly to 540 to 675 GC
(1000 to 1250 T); air or furnace cool
to obtain a structure suitable for ma¬
chining and finish. (b> Temperature
at least as high as the carburizing
temperature, followed by air cooling

AISI 4427: Approximate
Critical Points
Transformation Temperature(a)
point °C °F

Ac, 720 1330
Aca 840 1540
Ara 775 1425
Ar, ..650 1200
M„ .....400 750
(al On heating or cooling at 28 °C
(50 °F) per hour

Hot rolled Etna cold drawn..............170-212 65
(a) Based on AJ51 1212 steel as 100% average machinability

AISI 4427

AISI 4427: Chemical Composition
AISI Chemical composition %
grade C Mn P max S max Si

4427 ......................0.24-0.29 0.70-0.90 0.035

Characteristics and Typical Uses. AISI grade 4427 is a
medium-carbon, molybdenum, carburizing steel with inter¬
mediate case hardenability and medium core hardenability.
This steel is available as hot rolled and cold finished bar and
seamless mechanical tubing.

Heal treated in 13.7-mm (0.54O-in.) rounds
775 1430 827 120 370
820 1505 841 122 455
870 1600 896 130 640
CO CO 965 140 670

(a) 0.2% offset, (b) In 50 nun (2 in.), tc! QueDched from step

AISI 4422: Hardness and Machinability (Ref 7)

For machining data on AISI grade 4422, refer to the preced¬
ing machining tables for AISI grade A2317,

Machining Data

For machining data on AISI 4427, refer to the preceding machining tables for AISI
grade A2317.
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Mechanical Properties Physical Properties

AISI 4427: Approximate Core Mechanical Properties (Ref 2)

Heat treatment attest specimens: (l) normalized at 925 *C {1700 JF) in 32-mm (1.25-in.) rounds; (2) machined
to 25- or 13.7-mm (1- or 0.540-in.) rounds; (3) pseudocarburized at 925 °C (1700 "F) tor B h; (4) box cooled to
room temperature; (5) reheated to temperatures given in the table and oil quenched; (6) tempered at 150 °C
(300 °F); (7) tested in 12.8-mm (0.505-in.) rounds; tests were conducted using test specimens machined to
English units

Reheat Tensile Yield
temperature strength strength(a) Elongation(b), Reduction Hardness,
*C °F MPa kai MPa ksi H in area, % HB

Heat treated in 25-mm (1-in.) rounds
765 1410..........951 138 560 81 17,3 45,7 293
B05 1480..........945 137 550 80 17,0 46.0 203
865 1590.........1034 150 620 90 14,0 44.0 321
(c) tc)..........1076 156 670 97 14,6 44,6 321

Heat treated in 13.7-mm (0.540-in.) rounds
765 1410.........1096 159 540 78 10.0 16.0 331
805 1480..........924 134 724 105 14.0 42.4 283
865 1590.........1255 182 896 130 13,0 42.8 363
(c} tc)..........1434 208 903 131 11.3 37.4 415
(a) 0.2% offset, lb) In 50 mm (2 in ), (c) Quenched from step 3

AISI 4427: Thermal
Treatment Temperatures
Quenching medium: oil

Temperature range
Treatment DC °F

Forging ----ÿ . 1230 max 2250 max
Cycle

annealing ......(a) (a)
Normalizing......(b) (h)
Carburizing , . 900-925 1650-1700
Tempering ----120-175 250-350
(a) Heat at least as high as the carbu-
rizing temperature; hold for uniform¬
ity;cool rapidly to 540 to 675 (1000
to 1250 DF); air or furnace cool to
obtain a structure suitable for ma¬
chining and finish, (b) Temperature
should be at least as high as the
carburizing temperature, followed by
air cooling

AISI 4427: Hardness and Machinability (Ref 7)

Condition
Hardness
range,HB

Average
machinability

rating(a)

Annealed and cold drawn 170-212
(aj Based on AISI 1212 steel as 100% average machinability

65

AISI 4615

AISI 4615: Chemical Composition
AISI
grade Mn

Chemical composition, %
P max S max Si Ni Mo

4615 ........0.13-0.18 0.45-0.65 0.035 0.040 0.15-0.30 1.65-2.00 0.20-0.30

Characteristics and Typical Uses. AISI grade 4615 is a
nickel-molybdenum, carburizing, alloy steel with inter¬
mediate case hardenability and low core hardenability. This
grade is available as hot rolled and cold rolled sheet and
strip; hot rolled and cold finished bar, rod, wire, and tube;
and aircraft quality steel.

AISI 4615: Approximate
Critical Points
Transformation Temperature(a)

AISI 4615: Similar Steels
(U.S. and/or Foreign). UNS
G46150; AMS 6290; ASTM
A322,A331,A505; MILSPEC
MIL-S-7493 (A4615); SAE
J404, J412, J770

point °C

Acr 725 1340
Ac3 810 1490
Ara 760 1400
Arj 650 1200
M 415 780
(a) On heating or cooling at 28 CC
(50 CF) per hour

Mechanical Properties Machining Data

AISI 4615: Hardness and Machinability (Ref 7)

Average
Hardness machinability

Condition range, HB rating(a)

Hot rolled and cold drawn . 174-223 65
(a) Based on AISI 1212 steel as 100% average machinability

For machining data on AISI 4615, refer to the preceding
machining tables for AISI grade A2317.
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Physical Properties

AiSI 4615: Mean Coefficients of Linear Thermal
Expansion (Ref 9)_
Temperature range Coefficient

•C °F ftm/m ÿ K /xin./in. 'F

21-100 70-212 ........11 6.3
21-205 70-400 .........12 6.7
21-300 70-570 13 7.1
21-425 70-800 13 7.4
21-500 70-930.....14 7.8
21-700 70-1290 15 8.1

AISI 4615: Electrical Resistivity
Electrical

Temperature resistivity,
°C "F pilm

21 70 0.249
100 212 0.296
200 390 0.371

AISI 4615: Thermal Treaiment Temperatures
Quenching medium: oil

Temperature range
Treatment "C °F

Forging........................................1290 max 2350 max
Cycle annealing (a) (a)
Normalizing (bi (b)
Carburizing .,...................................90M25 1650-1700
Reheating 815-045 1500-1550
Tempering ..........12M75 250-350
(ai Heat at least as high as the carbnrinng temperature; hold for uniformity;
cool rapidly to 540 to 675 3C (1000 to 1250 °F): air or furnace cool to obtain a
structure suitable for machiningand finish, (b) Temperature should be at least
as high as the carburizing temperature, followed by air cooling

AISI 4620, 4620H

AISI 4620, 4620H: Chemical Composition
AISI Chemical composition, %
grade C Mn P max S max Si Ni Mo

4620..................................0,17-0.22 0.45-0.65 0.035 0.040 0.15-0.35(a) 165-2.00 0.20-0.30
4620H ................................0.17-0.23 0.35-0.75 0.035 0.040 0.15-0.35(a) 1.55-2.00 0.20-0.30
la) UNS composition: 0.15 to 0.30% silicon

Characteristics and Typical Uses. AISI 4620 and 4620H
are low-carbon, nickel-molybdenum, carburizing steels with
intermediate case hardenability and medium core barden-
ability. These widely used, case hardening, alloy steels have
good core toughness and hardness penetration with mini¬
mum distortion and growth characteristics. They are avail¬
able as hot and cold rolled strip and sheet; hot rolled and cold
finishedbar, rod, and wire; and special quality, roller-bearing
steel.

AISI 4620: Similar Steels (U.S. and/or Foreign). UNS
G46200; AMS 6294; ASTM A322, A331, A505, A535; MIL
SPEC MIL-S-7493 (A4620); SAE J404, J412, J770

AISI 4620H: Similar Steels (U.S. and/or Foreign). UNS
H46200; ASTM A304; SAE J1268

Mechanical Properties

AiSI 4620, 4620H: Hardness and Machinabiiity (Ref 7)

Average
Hardness machinability

Condition range, HB rating(a)

Hot rolled and cold drawn..............183-229 65

(a) Based on AISI 1212 steel as 100% average machinabiiity

AISI 4620, 4620H: Approximate Critical Points
Transformation Temperature(a) Transformation Temperaturefe)
point aC °F point °C DF

..720 1330 Ar1 .645 1190

..800 1475 Mn ,,,. .400 755
At3 ..750 1380
(a) On heating or cooling at 28 DC (50 CF) per hour

-

Physical Properties

AISI 4620, 4620H: Thermal Treatment Temperatures
Quenching medium: oil

Temperature range Temperature range
Treatment' °C °F Treatment °C °F

Forging .......1260 max 2300 Carburizing ...,900-925 1650-1700
Cycle Reheating......Bl5-845 1500-1550

annealing......(a) (a) Tempering .....120-175 250-350
Normalizing......<b) (b)
(a) Heat at least as high as the carburiziiig temperature; hold for uniformity;
coot rapidly to 540 to 675 *0 {1000 to 1250 DF); air or furnace cool to obtain a
suitable structure for machining and finish, (bj Temperature should be at least
as high as the carburizing temperature, followed by air cooling

Machining Data

For machiningdata on AISI grades 4620 and4620H, refer to
the preceding machining tables for AISI grade A2317.
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Mechanical Properties (continued)

AISI 4620H: End-Quench Hardenability Limits and Hardenability Band. Heat treating temperatures recommended by SAE:
normalize at 925 °C (17D0 aF), for forged or rolled specimens only; austenitize at 925 'C (1700 °F). (Ref 1)

Distance from Hardness,HRC
quenched end. Vie in. max min

1 ....48 41
2 ....45 35
3... ... 42 27
4 ...39 24
a ....34 21
6 ....31
7 ....29
8 . ....27
9

10
11
12 ....23
13 ....22
14 . ....22
15 ....22
16 ....21
18 ...21
20 ...20

Diameters of rCunds with same as-quenched hardness Location rn round Quench

3.B
1.1 2.0 2.9
0.7 1.2 1.6

6.7
3.2 3.6 3.9

Surface
Va radius from center

Center

Mid !
water j
quench

0.8 T.8 2.5 3.0 3.4 3.8
0.5 1.0 1.6 2.0 2 4 2.8 3.2 3.6 4.0

0.2 0.6 1.0 1.4 1.7 2.0 2.4 2.8 3.1

Surface
¥4 radius from center

Center

ID 12 14 16 T8 20

Distance from quenched end 1

AISI 4620, 4620H: Mass Effect on Mechanical Properties (Ref 4)

Tensile Yield Elongn- Izod impact
Condition Size round strength strength tion(a), Reduction Hardness, energy
or treatment mm in. MPa ksi MPa ksi % inarea, % HB J ft -lb

Annealed (heated to
855 "G or 1575 "F; ÿ

furnace cooled 17 °C 1

or 30 "F per hour to
480 °C or 900 °F;
cooled in air) 1 510 74 370 54 31.3 60.3 149 ...

Normalized (heated to
900 "Cor 1650 *F,
cooled in air) 13 0.5 600 87 380 55 30.7 68.0 192 ...

25 1 570 83 3G5 53 29.0 66.7 174 ...
50 2 550 80 365 53 29.5 67.1 167 ...

100 4 530 77 360 52 30.5 65.2 163 ...
Mock carburized at

925 'C (1700 "Ft for
8 h; reheated to 815 1

(1500 °F); quenched
in oil; tempered at
150 °C (300 °F)

Mock carburized at
925 °C <1700 °F) for
8 h; reheated to 815 °C
(1500 °F); quenched
in oil; tempered at
230 "C (450 -F)

13 0.5 876 127 620 90 20.0 59.8 255 58 43
25 1 675 98 460 67 25.8 70.0 197 135 98
50 2 660 96 450 65 27.0 69.7 192 138 102

100 4 585 85 360 52 29.5 69.2 170 136 100

.13 0.5 814 118 560 81 21.4 65.3 241
25 1 675 98 455 66 27.5 68.9 192
50 2 660 96 425 62 26.8 69.2 187

100 4 580 84 365 53 29.8 70.3 170
(a) In50 mm (2 in.)

AISI 4620, 4620H: Effect of the Mass on Hardness at
Selected Points (Ref 4)

As-quenched hardness
Size round after quenching In oil at:
mm In. Surface tS radius Center

~13 0 5 ...................40 KRC 32HRC 31 HRC
25 1.....................27 HRC 99 HRB 97 HRB
50 2 .....................24 HRC 94 HRB 91 HRB

100 4 ....................96 HRB 91 HRB 88 HRB

AISI 4620, 4620H: Fatigue Limit Data (Ref 10)

Effective
case depth

nm in.
Peak case

hardness,, HRC

Nominal
fatigue limit

MPa kai

0.94
0.38

0.037 .
0.015 .

.... 64

.... 63
903
862

131
125
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Mechanical Properties (continued)

AtSf 4620, 4620H: Bending Fatigue Behavior

Carhurized to an effective case depth of 0.36 mm or
0.015 in. (O) and 0.94 mm or 0.037 in. (9). (Re) 10)

i m--:—i"r~
0.94 mm case depth
i I

0.38 mm case depth
--i- l-

i I

e&=r

1
i\w

-! 130

-i 120

4110 !
! z

? 4 5 a 2 d 5 I

Thousands of cycles to failure

Carhurized with effective case depth of 0.31 to 0.46 mm
(0.012 to 0.010 in.). (Ref 10)

2 Ii! 2 26 2 4 6 6 7 4 6 &

10* ID3 lCa 10s
Thousands of cycles To failure

Carhurized with effective case depth ol 0.94 to 1.2 mm
(0.037 to 0.046 in.). (Ref 10)

9SO

J_L

130 "

toJ

2 4 6 E 2 4 6 8

ID4 IB

Thousands of cycles to failure

A1S1 4620, 4620H: Low-Temperature Impact Properties (Ref 17)

Hardness,
Condition or treatment HRC

Quenched from 900 SC
(J.S50 T); tempered at
150X (300 °F) 42

Quenched from 900
(1650 "Ft; tempered at
425 X (800 T) 34

Quenched from 900 "C
(1650 *F); tempered at
540 X (1000 °F) 29

Qienched from 900 'C
(1650 °F); tempered at
650 °C (1200 °F) 19

f-Charpy impact (V-notch) energy at temperature of:-:-1
-185°C -130 °C -73 °C -18 °C 38 °C

(-300 'F) (-200 °F) (-100 °F) (0 DF) (100 °F)
J ft lb J ft- lb J ft -lb J ft lb J ft- lb

19

15

22

23

14

11

16

17

27 20 38 28 47 35 47 35

22 16 45 33 75 55 75 55

46 34 75 55 106 78 106 78

65 48 140 103 156 115 159 117

AISi 4620, 4620H: Approximate Core Mechanical Properties (Ref 2)
Heat treatment of test specimens: (1) normalized at 925 X (1700 °F) in 32-mm (1.25-in.) rounds; (2) machined
to 25- or 13,7-mm (1- orO-540-in.) rounds; (3) pseudocarburized at 925 °C (1700 °F) for 8 h; (4) ho* cooled to
room temperature; (5) reheated to temperatures given in the table and oil quenched; (6) tempered at 150 X
(300 T); (7) tested in 12.8-mtn (0.505-in.) rounds; tests were conducted using test specimens machined to
English units

Reheat Tenaile Yield
temperature strength strength(a) Elongationflb), Reduction Hardness,
°C T MFa kiri MPa ksi % inarea, % HB

Heat treated in25-mm (1-in.) rounds
775 1425... ..........883 128 758 110 16 54 277
800 1475.............910 132 724 105 16.5 55 277
830 1525.............945 137 752 109 17.5 55 285
(c) (c)..............965 140 772 112 15 52 293

Heat treated in 13_7-mm (0.540-in.) rounds
775 1425............910 132 738 107 14 48 277
300 1475.............958 139 786 114 16.5 52 293
830 1526............1000 145 807 117 17 55 302
te> (c).............1014 147 841 122 16 50 311

(a) 0.2% offset. (L) In 50 mm (2 in.I. (c) Quenched from step 3

AISI 4620,4620H: Permis¬
sible Compressive Stresses
Taken from gears with a case depth
of 1.1 to 1.5 mm (0.O45 Id
0.060 In.) and minimum case
hardness of 60 HRC

Data
point

Compressive
stress

MPa ksi

Mean
Maximum .

1450
1650

210
240
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Mechanical Properties (continued)

A1SI 4620, 4620H: Core Properties of Specimen Treated for Maximum Case Hardness and Core Toughness (Ref 4)

Treatment

Case
depth,

mm (in.)

Case
hardness,

HHC

Tensile
strength,
MPa (ksi)

Yield
strength(a),
MPa (ltsi)

Core properties -
Elonga-
tion(b),

%
Reduction
in area, %

Hardness,
HB

Recommended practice for maximum case hardness

Direct quenched from pot: car¬
burized at 925 ®C (1700 °F)

for 8 h; quenched in
agitated oil; tempered at
150 "C (300 °F) .......1.9 (0.075)

Single quenched and tempered (for
good case and core properties): car¬
burized at 925 C (1700 T) for
S h; pot cooled: reheated to 915 °C
(1500 °F); quenched in agitated
oil; tempered at 350 °C (300 "F) ..........1.9 (0.075)

Double quenched and tempered (for

maximum refinement of case and
core): carburized at 925 C
(1700 °F) for 8 h; pot cooled: re¬
heated to 830 T. H525 T):
quenched in agitated oil: re¬
heated to 800 °C (1475 T);
quenched in agitated oil;
tempered at 150 °C (300 ®Fi .............1.5 (0.060)

60.5

62.5

1022 (148.3) 802.2 (116.5) 17.0

822.5(119.3) 576(83.5) 19.5

55.7

59.4

311

277

62

Recommended practice for maximum core toughness

Direct quenched from pot: carbu¬
rized at 925 °C (1700 "F) for 8 h;
quenched in agitated oil. tem¬
pered at 230 X (450 °F) .................1.5 (0.060) 58.5

Single quenched and tempered ifor
good case and core properties):
carburized at 925 aC (1700 (F i for
8 h; pot cooled; reheated to 815 °C
(1500 CF): quenched in agitated
nil; tempered at- 230 °C (450 *F) ..........1.7 (0.065) 59

Double quenched and tempered ( for
maximum refinement of case and
core): carburized at 925 "C
(1700 °F) for 8 h: pot cooled; re¬
heated to 815 "C (1525 ®F);

---ÿ quenched in agitated oil; re¬
heated to 800 X (1475 CF);
quenched in agitated oil; tem¬
pered at 230 ®C (450 T) 1.5 (0.060) 59

(a) In 50 mm [2 in.)

841.2 1122 0) 533 (77.3) 22.0

1017(147.5) 798.4(115.8) 16.8

796.3 (115.5) 557 (80.8) 20.5

55.7

57.9

63.5

248

302

248

795.0 (115.3) 531 (77.0) 22.5 62.1 235

AISI 4626/ 4626H

AlSt 4626, 4626H: Chemical Composition
AISI
grade Mn

Chemical composition, %
P max S max Si Ni Mo

4626 0.24-0.29
4626H 0.23-0.29

0.45-0.05
0.40-0.70

0.035
0.035

0.040
0.040

0.15-0.30
0.15-0.30

0.70-1,00
0.65-1.05

0.15-0.25
0.15-0.25

Characteristics and Typical Uses. AISI grades 4626 and
4626H are earburizing, nickel-molybdenum alloy steels.
These steels have intermediate case hardenability, but low
core hardenability. Grades 4626 and 462GH are available as
hot rolled and cold finished bar, rod, and wire suitable for
machining into components, heat treatment, or, in the as-
finished condition, constructional applications.

AISI 4626: Similar Steels (U.S. and/or Foreign). UNS
G46260; ASTM A322, A331; SAE J404, -J412, J770

AISI 4626H; Similar Steels (U.S. and/or Foreign). UNS
H46260; ASTM A304; SAE J1268
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Mechanical Properties

AIS! 4626H: End-Quench Hardenability Limits and Hard-
enabifity Band. Heal treating temperatures recommended by SAE:
normalize at 925 °C {1700 eF), tor forged or rolled specimens only;
austenitize at 925 "C (1700 CF). (Ref 1)

Distance from Hardness, HRC
quenched end. Via In. max mm

1 ......,51 45
2 48 36
3 41 29
4 33 24
5 29 21
6 27 ...
7
8

25
24

...

9 ...
10 22 ...
11..22 ...
12 21
13
14 20 ...

GDiameters of rounds with same aa-quenched hardness

3.8
1.1
0.7

2.0
1.2

2.9
1.5

5.8 6,7

2.5 3.2 3.6 3.9

0.0 l.B 2.5 3.0 3.4 3.8
0.5 1.0 1.6 2.0 2.4 2.6 3.2 3.6 4.0
0.2 0.6 1,0 1.4 1.7 2.0 2.4 2.8 3,1

1~

Locaiion in round Quench

Surface
Vt radius from center

Center

Surface
y* radius from center

Canter

Mild
water

quench

Mild
oil

quench

10 12 14 IE 18 20 22 24 2B 2B 30 32

Distance from quenched and '/tern.

AISI 4626, 4626H: Bending Fatigue Behavior

Carturfzed with effective case depth of 0.30 to 0.46 mm
(0,012 to 0.018 in.) (Ref 10)

950

903

800

130

120

2 468 2 468 2466

I02 lfl3 10

Thousands of cycles id faiiu-g

10s

Carturized with effective case depth ol 0.94 to 1.2 mm
(0.037 to 0-046 in.) (Ref 10)

K 900 -

S 050
O
Z

m

\ j

\
\

1 .
J ;

i i
1

120

2 468 2 4 6 0 2 468 2 4 S 8

to2 TO3 ID4 TO

Thousands of cycles to failure

AISI 4626, 4626H: Hardness and Machinability (Ref 7)

Average
Hardness machinability

Condition range, HB rating(a)

Hot railed and cold drawn..............170-212 70
(a) Based on AISI 1212 steel as 100ÿ average machinability

Physical Properties

AISI 4626, 4626H: Thermal Treatment Temperatures
Quenching medium: oil

Temperature range
Treatment "C °F

Cycle annealing . (a) (a)
Normalizing (b) (b)
Carburizing 900-925 1650-1700
Reheating 815-843 1500-1550
Tempering .................................120-175 250-350
(a) Heat at least as high as the carburizing temperature; hold for uniformity;
cool rapidly to 540 to 675 "C (1000 to 1250 °F);hold for 1to 3 hT air or furnace
cool to obtain a structure suitable for machiningand finish, (bj Temperature
should be at least as high as the carburizing temperature, followed by air
cooling

Machining Data

For machiningdata on AISI grades 4626 and4626H, refer to
the preceding machining tables for AISI grades 1330 and
1330H.
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AISI 4718, 4718H

A1SI 4716, 4718H: Chemical Composition____ _______
AISI Chemical composition, %
grade C Mn P max S max Si Ni Cr Mo

4718 ...................................0,16-0.21 0,70-0.90 Q.Q40 0.040 0,200.35 0.90-1.20 0.35-0,55 0.30-0.40
4718H.................................0.15-0.21 0.60-0.95 0,040 0.040 0.15-0.30 0.85-1.25 0.30-0.60 0,30-0.40

Characteristics and Typical Uses. AISI grade 4718 and
4718H steels exhibit intermediate case hardenability and
high core hardenability. They are available as hot rolled and
cold rolled sheet and strip; hot rolled and cold finished bar,
rod, and wire; and bar subject to end-quench hardenability
requirements.

AISI 4718: Similar Steels (U.S. and/or Foreign). UNS
G47180; ASTM A322, A331, A505; SAE J404, J412,J770; (W.
Ger.) DIN 1.6755

AISI 4718H: Similar Steels (U.S. and/or Foreign). UNS
H47180; ASTM A304; SAE J1268; (W. Ger.) DIN 1.6755

—• AISI 4718, 4718H: Approximate Critical Points
Transformation Temperature(a) Transformation Tempcrature(a)
point °C "F point °C °F

'•Ac,'.................695 1285 Ar; 635 1175
Ac3 ...........820 1510 M, 395 740
Ar3 ...............755 1395
(a) On heating or cooling at 28 °C (50 'F) per hour

Mechanical Properties

fa) 0.2% offset, (b) In 50 mm (2 in.), (c) Quenched from step 3

AISI 4718, 4718H: Hardness and Machinability (Ref 7)

Average
Hardness machinability

Condition range, HB rating(a)

Physical Properties

AISI 4718, 4718H: Thermal Treatment Temperatures
Quenching medium: oil

Temperature range
Treatment °C DF

Forging 1230 max 2250 max
Cycle annealing ....... (a) fa)

Normalizing (b) (b)

Carburizing .....900-925 1650-1700
Tempering .................................. .120-175 250-350
(a) Heat at least as high as the carburizing temperature; hold for uniformity; ,
cool rapidly to 540 to 675 aC (1000 to 1250 F); hold for 1to 3 h; air or furnace
cool to obtain a structure suitable for machining and finish, (b) Temperature
should be at least as high as the carburizing temperature, followed by air
cooling

Machining Data

For machining data on AISI grades 4718 and 4718H, refer to
the preceding machining tables for AISI grade A2317.

AISI 4718, 4718H: Permis¬
sible Compressive Stresses
Taken from gears with a case depth
of 1.1 to 1.5 mm (0.045 to
0.060 in.) and a minimum case
hardness of 60 HRC

Compressive
Data stress
point MPa ksi

Mean 1450 210
Maximum 1655 240

AISI 4718, 4718H: Approximate Core Mechanical Properties (Ref 2)

Heat treatment of test specimens: (1) normalized at 925 "CO700 "F) in 32-mm (1.25-in.) rounds; (2) machined
to 25- or 13.7-mm (1- or 0.540-in.) rounds; (3) pseudocarburiied at 925 °C (1700 °F) for 8 ti; (4) lox cooled to
room temperature; (5) reheated to temperatures given in the table and ail quenched; (6) tempered at 150 °C
(300 °F); (7) tested in 12.8-mm (0.505-in.) rounds; tests were conducted using test specimens machined to
English units

Reheat Tensile Yield
temperature strength strength(a) Eiongatian(b), Reduction Hardness,
°C °F MPa ksi MPa ksi % in area, % HB

Heat treated in 25-mm (1-in.) rounds
765 1405 1096 158.9 601 37.2 14.5 36.8 331
800 1475 1068 154.9 714 103.6 17.8 56.5 321
850 1560 1096 1590 724 105.0 16.5 57.0 331
(c) (c) 1127 163.5 812 117.8 15.3 51.0 341

Heat treated in 13.7-mm (0.540-in.) rounds
765 1405 1131 164.0 735 106.6 9.6 324 341
800 1475 1159 168.1 834 121.0 13.0 48.7 352
850 1560 1172 170.0 841 122.0 13.0 52.0 352
(c) (c) 1324 192.0 1010 146,5 14.5 50.5 388

Hot rolled and cold drawn.............. 187-229 60
(a) Based on AISI 1212 steel as 100% average machinability
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Mechanical Properties (continued)

AISI 4718H: End-Quench Hardenability Limits and Hardenability Band. Heat treating temperatures recommended
by SAE: normalize at 925 °C <1700 T), for forged or rolled specimens only; austenitize at 925 eC (1700 DF), (Ref 1)

Location in round bucnchDistance from Hardness, HRC
quenched end. Via in. max nun

1 47 40
2 47 40
3 45 38
4 43 33
5 . ...40 29
6 37 27
7 ....35 25
8 ....33 24
9 . 23 oa

10......31 22 X

11 ....30 22 £
12 ....29 21 ÿ5

13 21 >0
T.

14 ....28 21
15 . . .. ..27 20
16 27 20
18 ....27
20 ....26
22 . ....26
24 ....25 ...
26
28 ...24 ...
30 ....24
32 .24

Diameters of rounds with same as-quenched hardness

3.8
1.1
0,7

4.8
2.4 3.6 3.9

Surface
Va radius from cenlftf

Center

Wild
water
quench

0.8 1.8 2.5 30 3.4 3.8
0.5 1.0 1.6 2.0 2.4 2.8 3.2 3.6 4.0
0.2 0.6 1.0 1.4 1.7 2.0 2.4 2.8 3.1

Surface
radius from cantBi

Center

29 3D

Distance from quenched end Vie id.

AISI 4720, 4720H

AISI 4720, 4720H: Chemical Composition
AlSl Chemical composition, %
grade C Mn P max S max Si Ni

4720 ......................0.17-0.22 0.50-0.79 0.035
; 4720H....................0.17-0.23 0,45-0.75 0.035

Characteristics and Typical Uses, AISI grades 4720 and
4720H are carburizing steels with intermediate case hard-

j enability and medium core hardenability. These steels are
' available as forging billets; hot rolled and cold finished

bar, rod, and wire; seamless mechanical tubing; and special
quality steel for roller bearings. Applications include tractor

| and automotive gears, piston pins, universal crosses, and
; I roller bearings.

AISI 4720H: Similar Steels (U.S. and/or Foreign). UNS
H47200; ASTM A304; SAE J1268

Machining Data

Ci Mo

0.040 0.15-0.30 0.90-1.20 0.35-0.55- 0.15-0.25
0.040 0.15-0.30 0.85-1.25 0.30-0,60 . 0,16-0.25

Physical Properties

AISI 4720, 4720H: Thermal Treatment Temperatures
Quenching medium: oil

Temperature range
Treatment °C "F

Forging 1230 mai 2250 max
Cycle annealing . .(a) (a)
Normalizing (b)
Carburizing ...................................900-925 1650-1700
Reheating 615-845 1500-1550
Tempering 120-175 250-350
(a) Heat to at least the carburizing temperature; hold for uniformity; cool
rapidly to 540 to 675 °C (1000 to 1250 °F);bold for 1to 3 i;air or furnace cool
to obtaina structure suitable for machiningand finish, (blTemperature should
be at least as high aa the carburizrag temperature, folWri by air cooling

AISI 4720: Similar Steels (U.S. and/or Foreign). UNS
G47200; ASTM A322, A331, A519, A535, A711; SAE J404,
J412, J770

For machining data on AISI grades 4720 and 4720H, refer to
- the preceding machining tables for AISI grade A2317.
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Mechanical Properties

AISI 4720H: End-Quench Hardenabi!ity Limits and Hardenability Band. Heai treating temperatures recommended
by SAE: normalize at 925 °C (1700 °F), for forged or rolled specimens only; austenltize at 925 °C (1700 *F). (Ref 1)

Distance from
quenched end, Via in.

Hardness, HRC Oiamereri of rounds with same as-quenched hardness Location in round Quencf

1 48 41
2 ...47 39
3 .43 31
4 39 27
5 35 23
6 21 SO
7 29
a 28 is

9 27 40
10 26
11 25 35
12 24
13 24 30
14 23

2515 23
16 22 20
18.. 21
20 21
00 21
24 20 ...

3.8
1.1 2.0 2.9 3.0 4.8 5.8 6.7
07 1.2 1,6 2.0 2.4 2.8 3.2 3.6 3.9

0.3 1.8 2.5 3.0 3.4 3.8
0.5 1.0 1 6 2.0 2.4 2.8 3.2 3.6 4.0
0.2 0.6 1.0 1.4 1.7 2.0 2.4 2.8 3.1

Surface
radius from center

Center

Surface
radius from center

Center

Mild
water

quench

Mild
oil

quench

6 B 10 12 14 16 IB 20 22 24 25 2H 30 32

Distance from quenched end Vie in.

AISI 4720, 4720H: Hardness and Machinability (Ref 7)

Average
Hardness machinability

Condition range, HB ratingU)

Hot rolled and cold drawn.............137-229 65
fa) Based on AISI-1212 steel as 100% average machinability

AISI 4815/ 4815H

AISI 4815, 4815H: Chemical Composition
AISI
grade Ma

Chemical composition, %
P max 5 max Si Ni Mo

4815 ........0.13-0.18
4815H ......0.12-0.18

0.40-0.60
0.30-0.70

0.035
0.035

0.040
0.040

O.15-O.30
0.15-0.30

3 25-3.75
3.20-3.80

0.20-0.30
0.20-0.30

Characteristics and Typical Uses. AISI grades 4815 and
4815H are carburizing, nickel-molybdenum steels with high
case hardenability and medium to high core hardenability.

These steels are available as hot rolled and cold finished
bar, rod, and wire; hot rolled and cold rolled sheet and strip;
and bar subject to end-quench hardenability requirements.
Applications include tractor and automotive gears, rock bit
cutters, pump parts to resist wear, and spline shafts.

AISI 4815: Similar Steels (U.S. and/or Foreign). UNS
G48150; ASTM A322, A331, A505; SAE J404, J412, J770

AISI 4815H: Similar Steels (U.S. and/or Foreign). UNS
H48150; ASTM A304; SAE J1268

AISI 4815, 4815H:
Approximate Critical Points
Transformation Temperature(a)
point "C °F

Ac, 090 1275
Aca 790 1450
Ar3 710 1310
Ar, .. 425 800
M, 385 725
(a) On heating or cooling at 23 "C
(50 =F! per hour

Physical Properties

AISI 4815, 4815H: Thermal
Treatment Temperatures
Quenching medium: oil

Temperature range
Treatment °C JF

Forging ......1230 max 2250 max
Annealing

(a) ..........815-855 1500-1575
Normalizing

fl»..........870-925 1600-1700
Carburizing ... 900-955 1650-1750
Reheating.....800-830 1475-1525
Tempering

____
120-175 25O-350

(a) Heat at leastas high as the carbu¬
rizing temperature; hold for uniform
ity;cool rapidly to 540 to 675 XtlOOO
to 1250 °F); hold for 1 to 3 h: air or
furnace cool to obtain a structure
suitable for machining and finish.
(b) Normalize and temper. After nor¬
malizing, reheat to 595 to 650 "C
(1100 to 1200 °F) and hold at tem¬
perature approximately 1h/25 mm
11 h/in.) of maximum section, or 4 h
minimum time
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Mechanical Properties

AISl 4815H: End-Quench Hardenability Limits and Hardenability Band. Heat treating temperatures recommended
by SAE: normaMze at 925 X (1700 flF), for forged or rolled specimens only; austenitize at B45 X (1550 *F). (Ref 1)

|Diameters of rounds with same as-quenchcd hardness Location M rogni) QuenchDistance from Hardness, IIRC
quenched end, Me in. max nun

1 45 38
2 ....44 37
3 34
4 ....42 30
5 ....41 27
6 ....39 24
7 ....37 22
8 ..35 21
9 ......33 20

10 .,..31
11 ...30
12 29
13... 28
14 .. . . .28
15 27
16 ...27
18 20
20 ....
22 ...24
24 ...24
26 ...24
28 23
30 23
32 ....23 ...

3.B
1,1 2.0 2.9
0,7 1.2 1.6 3.G 3.9

Surfecs
radios from center

Conler

Mild
water

quench

Q.a 1.8 2,6 3.0 3.4 3.a
0.5 1.0 1,6 2.0 2.4 2.8 3.2 3.6 4.0
0.2 0.6 1.0 1-4 1.7 2,0 2.4 2.8 3.1

Surface
V4 radius from cente

Center

Distance from quenched end Vte in.

AISi 4815, 4815H: Approximate Core Mechanical Properties (Ref 2)

Heat treatment of test specimens: (1) normalized at 925 °C (1700 °F] in 32-mm (1.25-itU rounds; (2) machined to 25- or l3.7-mm[l- or 0.540-in.)

rounds; (3) pseudocarburized at 925 DC (1700 °F) for 8 h; (4) box cooled to room temperature; (SI reheated to temperatures given in the table and
oil quenched; (6) tempered at 150 °C (300 °F); (71tested in 12.8-mm (0.505-in.) rounds; tests were conducted using test specimens machined to
English units

Reheat
temperature

X *F

Tensile
strength

MPa ksi

Yield
strength(a)

MPa ksi

(a) 0.2S4 offset, (b) In 50 mm (2 in.), (c! Quenched from step 3

Elongatioo(b),
9t

Reduction
in area,1

Hardness,
HE

Heat treated in 25-mm (1-in.) rounds

775 1425 .. 1025 149 855 124 15.0 55 311
800 1475 . . 1055 153 889 129 14.5 56 321
830 1525 .. 1075 156 910 132 15.0 55 . 331
(e) tc) .. .. 1095 159 917 133 16.0 50 331

Heat treated in 13.7-mm (0.540-inJ rounds
775 1425 .. 1115 162 951 138 15.0 55 331
800 1475 .. 1160 168 993 144 15.5 56 352
830 1525 .. 1165 169 1005 146 15.5 56 352
<0 (c) .. 1170 170 1070 155 14.5 50 352

AiSI 4815, 4815H: Hardness and Machinability (Ref 7)

Condition
Hardness
range, HB

Average
machinability

rating(a)

Annealed and cold drawn 187-229
(a! Based on AISI 1212 steel as 100% average machinability

50

Machining Data

For machining data on AISI grades 4815 and 4815H, iefer to the preceding machiningtables
for AISI grade A2317.
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AISI 4817, 4817H

AISI 4817, 4817H: Chemical Composition
AISI Chemical composition, %
grade C Mn P max S mai* Si Ni Mo

4317 ..................................0.15-0.20 0.40-0,60 0.035 0.040 0.15-0.30 3.25-3,75 Q.20-0.30
4317H................................0.14-0.20 0.30-0.70 0.035 0.040 0.15-0.30 3.20-3.80 0.20-0.30

Characteristics and Typical Uses. AISI grades 4817 and
4817H, which have characteristics similar to AISI grades
4815 and 4815H, have slightly higher hardness and strength.
AISI 4817 and 4817H also have high case and core harden-
ability.

These steels are available as hot rolled and cold finished
bar, rod, and wire; seamless mechanical pipe; and bar subject
to end-quench hardenability requirements.

AISI 4817: Similar Steels (U.S. and/or Foreign). UNS
G48170; ASTM A304, A322, A331, A519; SAE J404, J412,
J770

AISI 4817H: Similar Steels (U.S. and/or Foreign). UNS
H48170; ASTM A304; SAE J1268

Machining Data

For machining data on AISI grades 4817 and 4817H, refer to
the preceding machining tables for AISI grade A2317.

Physical Properties

AiSl 4817, 4817H: Thermal Treatment Temperatures
Quenching medium: oil

Temperature range
Treatment °C °F

Cycle annealing .............(aj (a}

Normalizing (b) tb)

Carburizmg ...900-925 1050-1700
Reheating.....................................800-830 1475-1525
Tempering 120-165 250-325
(a) Heat at least aa high as the carburizing temperature; hold for uniformity;
cool rapidly to 540 to S75 'C (1000 to 1250 °F); holds for 1to 3 h;air or furnace
cool to obtain a structure suitable for machining and finish, (b) Normalize and
temper. After normalizing, reheat to 595 to 650 DC (1100 to 1200 dF) and hold
at temperature for approximately 1h/25 mm (1 h/in.)ofmaximum section, or
4 h minimum time

Mechanical Properties

AISI 48I7H: End-Quench Hardenability Limits and Hardenability Band. Heat treating temperatures recommended
by 5AE: normalize at 925 °C (1700 dF), for forged or rolled specimens only; austenitize at 845 ®C (1550 T). (Ref 1)

Hardness, HRC f_ Diameters of rounds with same asquench hardness j Location in roundDistance from
quenched end. Vie In. MildSurface

radius from center
Center quench

Surface
tyi radius from canter

Center quench

.35 o
cc
X

12 . E=
•o

T30

Distance from quenched end Vm in.22
-.25

28

24 .25
26 25
28 25
30 24
32 24
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Mechanical Properties (continued)

AISI 4817, 4817H: Bending Fatigue Behavior

Ccirburiied with effective case depth of 0.30 to 0.46 mm

(0.012 to 0.018 in,). (Ref 10)

130 t

2 4 6 H 2 469 2 4 6 0 7 463

to 102 ID3 to4 10s

Thousands of cyclBi of failure

Carburized with effective case depth of 094 to 1.2 mm
(0.037 fa 0.046 in.). (Ref 10)

1000

900

\ -

\
130

2 6 6 0 2 A 6 0 2 4 6 S J 463

10 to3 to3 104 to5

Thousands of cycles to failure

AISI 4817, 4817H: Hardness and Machinability (Ref 7) AISI 4817, 4817H: Permissible
Compressive Stresses

Condition
Hardness
range, HB

Hot rolled and cold drawn 187-229
(a) Based on AISI 1212 steel as 100% average machinability

Average
machinability Taken from gears having case depth of 1.1 tD

1.5 mm (0.045 to O.OGO in.) and minimum case
hardness of 60 HRC

rahng(a)

60

Data
point

Compressible
stress

MPa ksi

Mean 1585 230
Maximum 1795 260

ASS1 4820, 4820H

AISi 4820, 4820H: Chemical Composition
AISI
grade Mn

Chemical composition, %
P max S max Si Ni Mo

4820 ........0.18-0.23
4820H ......0.17-0.23

0.50-0.70
0.40-0.80

0,035
0.035

0.040
0.040

0.15-0.30
0.15-0.30

3.25-3.75
3.20-3.80

0.20-0.30
0.20-0.30

Characteristics and Typical Uses. AISI grades 4820 and
4820H are medium-carbon, nickel-molybdenum, carburizing
steels with high hardenability in both the case and core.
These grades are used for case hardened gears, as well as
bearings and races.

AISI 4020 and 4020H steels are available inhot rolledand
cold rolled sheet and strip; hot rolled and cold finished bar,
rod, and wire; seamless mechanical pipe; special quality
bali- and roller-bearing steel; and bar subject to end-quench
hardenability requirements.

AISI 4820: Similar Steels (U.S. and/or Foreign). UNS
G48200; ASTM A322, A331, A505, A519, A535; SAE J404,
J412, J770
AISI 4S20H: Similar Steels (U.S. and/or Foreign). UNS
H48200; ASTM A304; SAE J1268

AISI 4820, 4820H:
Approximate Critical Points
Transformation Temperatureia)
point °C T

Ac, 690 127G
Acj 780 1440
At, 675 1245
Ar, 415 780
M, 370 695
(a) On beating or cooling at 28 °C
(50 °F) per hour

PhysicalProperties

AISI 4820,4820H: Thermal
Treatment Temperatures
Quenching medium: oil

Temperature range
Treatment °C BF

Cycle
annealing

Normolizmg
Carburizing
Reheating .,
Tempering .

...(a) (a)

....<b) (b!

..900-925 1650-1700

.800-830 1475-1525

.120-165 250-325
(a) Hest at least ashigh as the carbu¬
rizing temperature; hold for uni¬
formity; cool rapidly to 540 to 575 "C
(1000 to 1250 "F .holdfor 1to 3 h;air
or furnace cm] to obtain a structure
suitable for machining and finish, (b)
Normalize and temper. After nor¬
malizing at carburizing temperature
or above, reheat to 595 to 650 °C
(1100 to 1200'Ti and hold at temper¬
ature for approximately 1h/25 mm
[1h/in.) of mar-mum section, or 4 h
minimum time
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Mechanical Properties

AISI 4820, 4820H: Care Properties of Specimen Treated for Maximum Case Hardness and Core Toughness (Ret 4)

I-Core properties-——--—---1 - >

Case Case Tensile Yield Elonga-
depth, hardness, strength, strength, tion(a). Reduction Hardness

Treatment mm (in.) HRC MPa (ksi) MPa (ksi) % in area, % HB

Recommended practice for maximum case hardness
Direct quenched from pot: car-

burized at 925 °C (1700 DF)

for 8 h; quenched in agitated j
oil; tempered at 150 aC (300 DF) .........0.99(0.039) 60 1415 (205) 1141 (165.5) 13,3 53.3 415 ,

Single quenched and tempered (for J
good case and core properties);
carburized at 925 °C (1700 °F) for
8 h; pot cooled, reliealed Lu
800 *C (1475 *F); quenched in
agitated oil; tempered at 150 *C
(300 °F)...............................1.2 (0.047) 61 1431 (207.5) 1150 (167) 13.8 52,2 415

Double quenched and tempered (for

maximum refinement of case and J
core): carburized at 925 DC
(1700 ®F) for 8 h; pot cooled; re- ÿ

heated to 815 3C (1500 3F);
quenched in agitated oii; reheated
to 790 °C (1450 3FJ; quenched in
agitated oil; tempered at 150 DC
(300 °F) ...............................1.2 10.047) 60 1410 (204.5) 1141 (165.5J 13.8 52,4 415

Recommended practice for maximum core toughness
Direct quenched from pot: car- )

burized at 925 ÿ (1700 nF) for |
8 h; quenched in agitated oil; J
tempered at 230 °C (450 °F) ............0 99 (0.039) 56 1362 (200.5) 1170 (170) 12.8 53 401

Single quenched and tempered (for

good case and core properties):
carburized at 925 °C (1700 eF) for
8 h; pot cooled; reheated to 800 °C
(1475 "F); quenched in agitated
oil; tempered at 230 °C (450 °F) .........12(0.047) 57.5 1415(205) 1272 (184.5} 13 53.3 415

Double quenched and tempered (for

maximum refinement of case and
core): carburized at 925 DC
(1700 DF) for 8 h; pot cooled: re¬
heated to 815 "C (1500 °F);
quenched in agitated oil; reheated ,
to 790 QC (1450 T); quenched in ÿ

agitated oil; tempered at 230 DC ÿ

(450 °F) ...............................1.2 (0.047) 56.5 1355 (196.5) 1182 (171,5) 13.0 53.4 401
(a) In 50 mm (2 in1

AIS! 4820, 4S20H: Approximate Core Mechanical Properties (Ref 2)
Heat treatment of test specimens: ID normalized at 925 °C (1700 °F) in 32-mm (1.25-in.) rounds; (2) machined te 25- or 13.7-mm (1ÿ or 0.540-in.)
rounds; (3) pseudocarburized at 925 X (1700 °F) for 6 h; (4) box cooled to room temperature; (5} reheated to temperatures given in the table and
oil quenched; (6) tempered at 150 X (300 °F); (7) tested in 12.8-mm (0.505-in.) rounds; tests were conducted using test specimens machined to
English units

Reheat Tensile Yield
temperatures strength strenffth(a) ElongationCb), Reduction Hardne
°C °F MPa ksi MPa ksi % in area, % HB

Heat treated in 2.7 mm ;I-in.,' rounds
730 1345 .1230 178.4 806 116.9 13.7 38.0 363
76a 1395 179.0 820 119.0 14.8 43.0 363
835 1635 ..1322 191.8 1021 143.1 12.5 43.1 388
(c) (c) .1413 205.0 1085 157.3 11.3 36.7 401

Heat treated in 13.7-min (0.540-1n.) rounds
730 1345 .1363 197.7 945 137.1 13.1 42.2 401
755 1395 1328 192.6 920 133.4 13.8 43.8 388
835 1535 206.3 1051 152.5 13.3 46.0 401
(c) (c) 210.0 1138 165.0 12.3 43.0 415
a) 0 2% offset, (b) In 50 mm (2 in.), (c) Quenched from step 3
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jViechemkcaS Properties (continued)

B50

000

E 700

650

\ \fV ] -
\ A

i
(\

\
«

\
\

N
o

A

\ A
**> -

*Ns
-

>ÿ _

m

no s

.->
e

3D |

2 4 B 6

10* 105 M

Cycles id failure

AISI 4820: Beading Fatigue Properties.
— standard treatment; as-heat treated (O), 437
impacts at 5.62 3 or 4.t4 ft- lb (©);---refrigerated
at -73 X (-100 °F): as-heat treated (A), 115 impacts
at 5.62 J or 4.14 ft- lb (A). The standard treatment used
direct quenching from carburizing temperature or cooling
under atmosphere from carburizing temperature to a
lower temperature (around 845 aC or 1550 T) before
quenching. The refrigerated treatment used control
cooling tram the carburizing temperature followed by
austenitizing at a temperature above the initial
temperatures of both case and core; then refrigeration
at -73 °C (-100 °F). (Ref 10)

AISl 4820, 4820H: Mass Effect on Mechanical Properties (Ref 4)

Tensile Yield
Si2e round strength strength BlongatioD(a), Reduction Hardness,

Condition or treatment mm in. MPa ksi MTa ksi « is area, % HB

Annealed (heated to 315 DC or 1500 °F;
furnace cooled 17 or 30 DF per hour to
260 DC or 500 DF; cooled ia air) 25 1 685 99 460 67 22.3 58.8 197

Normalfeed fheated lo 860 °C or 1580 °F;
cooled in air) . 13 0.5 772 112 495 72 26.0 57.8 235

25 1 758 110 485 70 24.0 59.2 229
50 2 738 107 475 69 23.0 59.8 223

100 4 717 104 470 68 22.0 5B.4 212
Mock carburized at 925 °C (1700 "F) for 8 b;

reheated to 800 °C (1475 3F); quenched in
oil; tempered at 150 D0 (300 GF) 13 0.5 1440 209 1195 173 14.2 54.3 401

25 1 1170 170 869 126 15.0 51.0 352
50 2 938 136 640 93 19.8 56.3 277

100 4 320 119 560 81 23.0 59.4 241
Mock carburized at 925 DC (1700 *F) for 3 h;

reheated to 1475 3F; quenched inoil;
tempered at 230 "C (450 T) . 13 0.5 1415 205 1170 170 13.2 52.3 388

25 1 1125 163 827 120 15.5 53.1 331
50 2 896 130 635 92 19 0 62.7 269

100 4 807 117 550 8(1 21.0 63.8 235
(a) In 50 mm (2 in.)

AiSi 4820, 4820H: Effect of the Mass on Hardness at
Selected Points (Ref 4)

As-quenched hardness
Size round after quenching in oil at;

mm in. Surface >A radius

13 0.5 45 HRC 45 HRC
25 1 43 HRC 39 HRC
50 2 ....................36 HRC 31 HRC

100 4 27 HRC 24 HRC

Center

44 HRC
37 HRC
27 HRC
24 HRC

AISI 4820, 4820H: Hardness and Machinahility (Ref 7)

Condition
Hardness
range, HB

Average
machinability

rating(a}

Annealed and cold drawn ..............187-229
(a) Based on AISI 1212 steel aa 100% average machinability

50

AISI 4820, 4820H: Izod Impact Energy Values of Core for
Carburized Steel (Ref 10)

Yield
Bar diameter strength Energy
mm in. MPa ksi J ft lb

13 0.5 ................1205 173 47.5 35
25 1 875 126 40.7 30
50 2 .. 645 93 69.2 51

100 4 562 81 97.6 72
150 6....................520 75 65.1(a) 48(a)

(ai Charpy impact (V-notch)
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Mechanical Properties (continued)

AIS1 4820H: End-Quench Hardenability Limits and Hardenability Band. Heal treating temperatures recommended
by SAE: normalize at 925 °C (1700 °F), for forged or rolled specimens only; anstenitize at 345 °C (1550 °F). (Ret 1)

Distance from
quenched end, V» in.

Diameter* of rounds with same as-quenched hardness Location in roundHardness, HRC
max min Mild3.8 Surface

% radius ham center
Center

MildSurface
Va radius from center

Center45
43
42

34 quench

39

Distance from quenched end Via in,

.27

.26

24 27
26 27
28 26
30 26
32 25

AISI 4820, 4S?0H: Tensile Properties {Ref 5)

Tensile Yield lzod impact
strength strength Elongationtal, Reduction Hardness, energy

Condition or treatment MPa ksi MPa ksi % in area, % HB J ft -lb

Normalized at 860 "C (1580 °F) 760 110 485 70 24.0 59 229 110 81
Annealed at 815 =C (1500 °F) 685 99 460 67 22.3 59 197 94 69
(a) In 50 mm (2 mJ

Machining Data

For machining data on AISI grades 4820 and 4820H, refer to the preceding machiningtables
for AISI grade A2317.

AISI E50100, E51100,E52100

AISI E5Q100, E51100, E521QQ: Chemical Composition_
AISI Chemical composition,
grade C Mi P max S max Si Cr

E50100
la) ......0.98-1.10 0.25-0 4.9 0.025 0.025 0.15-0.30 0 40-0.60

£51100. ...0.98-1.10 0.25-0.45 0.025 0.025 0.15-0.30 0 90-1 15
£52100. ...0.98-1.10 0.25-0.45 0.025 0.025 0.15-0.30 1.30-1.60
(a) Nonstandard for AISI

Characteristics. AISI grades E50I00, E51100, and
E52100 are high-carbon, chromium, electric-furnace, alloy

steels. The compositions of the three grades are identical
except for a variation in chromium content with a corre¬
sponding variation in hardenability.

Typical Uses. AISI grades E50100, E51100, and E52100
are available as hot rolled and cold finished bar, rod, and
wire; tubes for the manufacture of ball and roller bearings;
blooms, billets, and slabs for forging; and aircraft quality
steels.

These steels are used primarily for the races and balls or
rollers of rolling-element (antifriction) bearings. They are
also suitable for other parts requiring high hardness and
wear resistance.
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A1S1 E50100: Similar Steels (U.S. and/or Foreign). UNS
G50986; AMS 6442 B; ASTM A295, A519, A711; SAE J404,
J412, J770; (W. Ger.) DIN 1.3501

AISI E51100: Similar Steels (U.S. and/or Foreign). UNS
Go1986; AMS 6443, 6446, 6449; ASTM A295, A322, A505,
A519, A711; SAE J404, J412, J770; (W. Ger.) DIN 1.3503

AISI E521Q0; Similar Steels (U.S. and/or Foreign). UNS
G52986; AMS 6440, 6441, 6444, 6447; ASTM A322, A331,
A50o, A519, A535, A646, A711; MIL SPEC MIL-S-980,
MILrS-7420, MIL-S-22141; SAE J404, J412, J770; (W. Ger.)
DIN 1.3505; (Fr.) AFNOR 100 C 6; (Ital.) UNI 100 Cr 6;
(U.K.) B.S. 534 A99, 535 A 99

AISI E50100, E51100, E52100: Approximate Critical Points
Temperaturefa)

Transformation E511CG E521C0
point °C °F "C °F

Ac, ...............................750 1385 725 1340
Acs 770 1415 770 1415
Ars .....715 1323 715 1320
At, 705 1303 690 1270
M. ......250 485
(a) On beating or cooling at 28 °C (50 °F) per hour

Physical Properties

AISI E50100, E5I100, E52100: Thermal Treatment
Temperatures
Quenching medium: water or oil

Temperature range
Treatment "C °F

Forgizigfa) llaG max 2100 max
Forgmgtt \ 1120 max 2050 max
Annealing 73Ck790 1350-1450
AustenItizing(c).......................-......775-800 1425-1475
Au5teiiitizing(d) .............................815-870 1500-1600
Tempering ..........(e) (e)

(a) AISI E51100. Cb} AISI E52100. (cj Water quench, (d) Oil quench, {e} To
desired hardness

AISI E52100: Average Coefficients of Linear Thermal
Expansion (Ref 6)

Temperature range Coefficient
Condition °C •ff pm/m-K jiin./in.'F

Annealed..............23-280 74-540 11.9 6.60
Hardened .............23-280 74-540 12.5 6.96

AISI E52100: Density (Ref 6)

Density
Condition g/cm® lb/in.3
Annealed...........7.81 0.282

Mechanical Properties

TBS-S: Effects of Tempering Temperatures on
Hardness (Ref 12)

Hie allay TBS-9 has metallurgical and processing characteristics similar to
AISI E52100; chemical composition: 0.84 to 0.35% carbon, 0.50 to 0.80%
manganese, 0.20to 0.35% silicon, 0.25 to 0.40% chromium, 0.05 to
0.10% molybdenum; test specimens were austenitized at 645 "C (1550 °F)

Tempering Hardness, HRC
temperature After 1b After 2 h

°C C'F tempering tempering

93 2UU 65.9 65.0
150 300 64.0 63.5
205 400 ...........60.5 60.0
260 500 58.5 58.0
315 600 55.5 55.5
370 700 52.5 52.0
425 800...............49.0 49.0
480 900 45.0 45.0
540 1000 40.0 39.0
595 1100 36.0 35.0
650 1200 ...32.0 30.0
705 1300 26.0 24.0

AISI E50100, E51100, E52100: Hardness and
Machinability (Ref 7)

Condition
Hardness
range, HB

Average
machinability

ratmg(a)

Spheroidized annealed and
cold drawn............183-241 40

(a) Based on AISI 1212 steel as 10076 average machinability

TBS-9-. Effects of Austenitlzirg Temperatures on -
Hardness (Ref 12)

The alloy TBS-9 has metallurgical and processing characteristics similar to
AfSI E52100; chemical composition: 0.84 to 0.95%cart>on, 0.50 to 0.80%
manganese, 0.20 to 0.35% silicon, 0.25 to 0.40% cluonriurn, 0.05 to,.,
0.10% molybdenum

Austenitizing Haj*d_riese, HRC
temperature As After

°C °F quenched tempering(a)

800 1475 .......66 63.5
815 1500 65 64.0
830 1525...66 63.5
845 1550 66 63.5
855 1575 ,65 63.0
(a) At 150 *C (300 °FJ

AISI E52100: Rockwell C Hardness Values (Ref 11)

After tempering for 1 it at various temperatures

Tempering Hardnesg, HRC
temperature Water Oil

*C °F quenched quenched

(a) (a).........66 64
150 300 64 62
205 4QO 61 60
260 500 .......60 58
315 600 57 57
370 700 54 54
425 800 . 51
480 000 ÿÿÿ 48
(a) As hardened
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Machining Data (Ref 3)

AIS! E50100, £51100, E52100: Turning (Single Point and Box Tools)

High speed steel ]----TJocoated carbide---—| ]--Coated carbide ----j
Depth of cut Speed Feed Speed, brazed Speed, inserted Feed Speed Feed
mm in. m/min ft/min mm/ rev in./rev m/min ft/mm m/min ft/min nun/rev in./rev m/min ft/min mm/res in./rev

Hardness, 175 to 225 HB
1 0.040 ......37(a) 120(a) 0.18 0.007 115(b) 380(b) 145(b) 475(b) 0.18 0.007 190(c) 625(c) 0.18 0.007
4 0.150 ......27(a) 90(a) 0 40 0.015 90(d) 300(d) 115(d) 375(d) 0.50 0.020 150(e) 500le) 0.40 0.015
8 0.300 ......21(a) 70(a) 0 SO 0.020 72(d) 235(d) 90(d) 300(d) 0.75 0.030 120(e) 400(e) 0.50 0.020

16 0.625 ......17(a) 55(a) 0.75 0.03(1 56(d) 185(d) 70(d) 230(d) 1.00 0.040

Hardness. 225 to 275 HB

1 0.040 ......30(a) 100(a) 0.18 0.007 105(b) 350(b) 135(b) 435(b) 0.18 0.007 175(c) 575(c) 0.18 0.007
4 0.150 ......24(a) 80(a) 0.40 0.015 84(d) 275(d) 105(d) 340(d) 0.50 0.020 135(e) 450(e) 0.40 0.015
8 0.300......18(a) 60(a) 0.5O 0.020 66(d) 215(d) 82(d) 270(d) 0.75 0.030 105(e) 350(e) 0.50 0.020

16 0.025 ......14(a) 45(a) 0.75 0.030 52(d) 170(d) 64(d) 210(d) 1.00 0.040

Hardness, 275 to 325 HB
1 0.040 ......24(f) 80(0 0.18 0.007 105(b) 340(b) 120(b) 400(b) 0.18 0.007 160(c) 525(c) 0.18 0.007
4 0.150 ......18(f) 60(f) 0.40 0.015 81(d) 265(d) 95(d) 315(d) 0.40 0.015 120(e) 400(e) 0.40 0.015
8 0.300......14(f) 45(f) 0 50 0.020 64(d) 210(d) 76(d) 250id) 0.50 0.020 100(e) 325(e) 0.50 0.020

Hardness, 325 to 376 HB
1 0.040 ......17(f) 55(f) 0 18 0.007 87(b) 285(b) 105(b) 350(b) 0.18 0.007 135(c) 450(c) 0.18 O.OOT
4 0.150......14(f) 45(0 0.40 0.015 69(d) 225(d) 84(d) 275(d) 0 40 0.015 105(e) 350(e) 0.40 0.015
8 0.300 .......9(f 30(0 0.50 0.020 53(d) 175(d) 66(d) 215(d) 0.50 0.020 84(e) 275(e) 0.50 0.020

Hardness, 375 to 425 HB
1 0040 ......14(0 45(0 0.18 0.007 70(b) 230(b) 85(b) 280(b) 0.18 0.007 115(0 375(c) 0.18 0.007
4 0.150------11(f) 35(0 0.40 0.015 55(d) 180(d) 67(d) 220(d) 0-40 0.015 90(e) 300(e) 0.40 0.015

.,8 0.300 ....... 8(0 25(0 0.50 0.020 43(d) 140(d) 52(d) 170(d) 0.50 0.020 69(e) 225(e) 0.50 0.020
(a)Highspeed steel tool materia].- M2orM3. tbi Carbide tool material:C-7. (c) Carbidetool material: CC-7. (d) Carbide tool material:C-6. (e) Carbide tool material:
CC-6. (f) Any premium high speed steel tool material (T15, M33, M41to M47)

AISI £50100, E51100, E52100: Turning {Cutoff and Form Tools)

Feed per revolution for cutoff tool width of: ]-Feed per revolution for form tool width of: —---1
Speed, 1.5 mm 3 mm 6 mm 12 mm 18 mm 25 mm 50 mm
m/min (0.062 in.) (0.125 in.) <0.25 in.) (0.5 in.) (0.75 in.) (fin.) (2 in.)

Too! material (ft/min) mm in. mm in. mm in. mm in. mm in. mm in. mm in.

Hardness, 175 to 225 HB
M2 and M3 high

speed steel .........26 0.038 0.0015 0.046 0.0018 0.056 0.0022 0.046 0.0018 0.041 0.0016 0.038 0.0015 0.028 0.0011
(85)

C-6 carbide...........84 0.038 0.0013 0.048 0.0018 0.056 0.0022 0.046 O.OOIB 0.041 0.0016 0.038 0.0015 0.028 0.0011
(275)

Hardness, 225 to 275 HB
M2 and M3 high

speed steel . ........20 0.036 0.0014 0.043 0.0017 0.053 0.0021 0.043 0.0017 0.038 0.0015 0.036 0.0014 0.025 0.0010
(65)

C-6 carbide...........62 0.036 0.0014 0.043 0.0017 0.053 0.0021 0.043 0.0017 0.038 0.0015 0.036 0.0014 0.025 0 0010
(205)

Hardness, 275 to 325 HB
M2 and M3 high

speed steel .........14 0.033 0.0013 0.041 0.0016 0.050 0.0020 0.041 0.0016 0.036 0.0014 0.033 0.0013 0.023 0.0009
(45)

C-6 carbide...........44 0.033 0.0013 0.041 0.0016 0.050 0.0020 0.041 0.0016 0.036 0.0014 0.033 0.0013 0.023 0.0009
(145)

Hardness. 325 to 375 HB
Any premium

high speed steel
(T15, M33,
M41-M47)..........11 0.030 0.0012 0.038 0.0015 0.048 0.0019 0.038 0.0015 0.033 0.0013 0.030 0.0012 0.020 0 0008

(35)
C-6 carhide...........35 0.030 0.0012 0.038 0.0015 0.048 0.0019 0.038 0.0015 0.033 0.0013 0.030 0.0012 0.020 ÿ 0 0008

(115)

Hardness, 375 to 425 HB
Any premium

high speed steel
(T15, M33,
M41-M47)...........9 0.028 0.0011 0.036 0.0014 0.046 0.0018 0.036 0.0014 0.030 0.0012 0.028 0.0011 0.018 0.0007

(95)
C-6 carbide...........29 0.026 0.0011 0.036 0.0014 0.046 0.0018 0.036 0.0014 0.030 0.0012 0.028 0.0011 0.018 0.0007

(95)
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AISI £501DO. £51 100, E52100: Boring_

__
|-High sp steel-1 ;-—---— Uncoated carbide- --) f~-Coated carbide-1

Depthof cut Speed Feed Speed, brazed Speed, inserted Feed Speed Feed
mm in. m/min ft/min mm/rev in./rev m min ft/min m/min ft/min ram/rev in./rev m/min ft/min mm/rev in.,'iev

Hardness. 175 to 225 HB
0.25 0.010......37(a) 120(a) 0.075 0.003 105(b) 350(b) 125(b) 410(b) 0.075 0.003 165(c) 545(c) 0.075 0.003
1.25 0.050......29(a) 95(a) 0.13 0.005 85(d) 280(d) 100(d) 330(d) 0.13 0.005 135(e) 43510 0.13 0.005
2.5 0.100 ......21(a) 70(a) 0.30 0,012 67(d) 220(d) 79(d) 260(d) 0.40 0.015 105(e) 350(e) 0.30 0.012

Hardness, 225 to 275 HB
0 25 0 010 .....30(a) 100(a) 0.075 0.003 100(b) 325(b) 115(b) 380(b) 0.075 0.003 150(c) 500(c) 0.075 0.003
1.25 0.050 .....24(a) 80(a) 0.13 0.005 79(d) 260(d) 95(d) 305(d) 0.13 0.005 125(e) 405(e) 0.13 0.005
2.5 0.100 ......20(a) 65(a) 0.30 0.012 62(d) 205(d) 73(d) 240(d) 0.40 0.015 85(e) 280(e) 0.30 0.012

Hardness, 275 to 325 HB
0.25 0.010 .....24(f) 80(f) 0.075 0.003 90(b) 300(b) 105(b) 350(b) 0.075 0.003 140(c) 460(c) 0.075 0.003
1.Z5 0.050 ......20(f) 60(f) 0.13 0.005 73(d) 240(d) 85(d) 260(d) 0.13 0.005 115(e) 370(e) 0.13 0.005
2.5 0.100......15(f) 50(f) 0.30 0.012 32(d) 105(d) 38(d) 125(d) 0.30 0.012 85(e) 280(e) 0.30 0.012

Hardness, 325 to 375 HB
0.25 0.010......21(f) 70(f) 0.075 0.003 79(b) 260(b) 95(b) 305(b) 0.075 0.003 120(c) 395(c) 0.075 0.003
1.25 0.050 ......17(0 55(0 0.13 0.005 64(d) 210(d) 75(d) 245(d) 0.13 0.005 95(e) 315)6) 0.13 0.005
2.5 0-100 ......14(f) 45(0 0.30 0.012 49(d) 160(d) 58(d) 190(d) 0.30 0.012 75(e) 245)0 0.30 0.012

Hardness. 375 to 425 HB
0.25 0.010 ......18(f) 60(0 0.075 0.003 64(b) 210(b) 75(b) 245(b) 0.075 0.003 100(c) 325ic) 0.075 0.003
1.25 0.050 . .....15(f) 50(0 0.13 0.005 50(d) 165(d) 59(d) 195(d) 0.13 0.005 79(e) 260'er 0.13 0.005
2.5 0.100 ......11(0 35(0 0.30 0.012 40(d) 130(d) 47(d) 155(d) 0.30 0.012 64(e) 210)0 0.30 0.012
(a) High speed steel tool material:M2or M3. lb)Carbide tool material;C-7. (cl Carbide tool material;CC-7. (d) Carbide tool material:C-6.ielCarbide toolmaterial:
CC-6. (f) Any premium high speed steel tool material (T15, M33, M41 to M47)

AISI E50100, E5110Q, E52100: Drilling

55 0.025 0.001 0.075 0.003 0.15 0.006 0.28 0.011 0.36 0.014 0.40 0.016

50 0.025 0.001 0.G75 0.003 0.102 0.004 0.18 0.007 0.25 0.010 0.30 0.012

I-Feed per revolution for nominal hole diameter of:-1
Speed 1.5 mm (0.062 In.) 3 mm (0.125 in.) 6 mm (0.25 in.) 12 mm (0.5 in.) 18 mm (0.75 in.) 25 mm (1 in.)

Tool material m/min ft/min mm in. mm in. mm in. nun in. mm in. mm in.

Hardness, 175 to 225 HB
M1G, M7, and Ml

high speed steel ....17

Hardness, 225 to 275 HB
M10, M7, and Ml

high speed steel ....15

Hardness, 275 to 325 HB
M10, M7, and Ml

high speed steel ....11

Hardness, 325 to 375 HB
M10, M7, and Ml

high speed steel 9

Hardness, 375 to 425 HB
Any premium high

speed steel (T15,
M33, M41-M47) 8

35

30

25

0.050 0.002 0.102 0.004 0.15 U.0U6 U.2U 0.1108 0.23 0.009

0.050 0.002 0.075 0.003 0.13 0.005 0.20 0.008 0.23 0.009

0.050 0.002 0.075 0.003 0.102 0.004 0.15 0606 0.20 D.00S

AISI E50100, E51100, ES2100: Planing
Depth of cut Speed Feed/stroke Depth of cut Speed Feed/stroke

Tool material mm in. m/min ft/min mm in. Too! material mm in. m/min ft /mill mm in.

Hardness, 175 to 225 HB Hardness, 275 to 325 HB

M2 and M3 high M2 and M3 high
speed ateel ...... 0.1 O.OC5 8 25 (a! (a) speed steel ...... 0.1 0.005 6 20 (a) (a)

2.5 0.100 12 40 0.75 0.030 2.5 0.100 9 30 0.50 0.020
12 0.500 6 20 1.15 0.045 12 0.500 5 IS 0.75 0.030

0-0 carbide .. 0.1 0.005 55 180 (ai (a) C-6 carbide ...... 0.1 0.005 40 130 (a) (a)

2.5 0.100 67 220 1.50 0.060 2.5 0.100 49 160 1.50 0.060
12 0.500 53 175 1.25 0.050 12 0.500 34 110 1.25 0.050

Hardness, 225 to 275 HB Hardness, 325 to 375 HB
M2 and M3 high M2 and M3 high

speed steel ...... 0.1 0.005 8 25 (a) (a) speed steel ...... 0.1 0,005 5 15 (a) (a)

2.5 0.100 11 35 0.75 0.030 2.5 0.100 8 25 0.50 0.020
12 0.500 6 20 1.15 0.045 12 0.500 5 15 0.75 0.030

C-6 carhide .. 0.1 0.005 43 140 (a) (a) C-6 carbide .. 0.1 0.005 34 110 (a) (a)
2.5 0.100 55 180 1.50 0.060 2.5 0.100 46 150 1.50 0.060

12 0.500 43 140 1.25 0.050 12 0.500 30 100 1.25 0.050
(al Feed is the width of the square nose finishing tool
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Machining Data (Ref 3) (continued)

AIS! E50100, E51100, E52100: Reaming
Based on 4 flutes for 3- and 6-mm (0.125- and 0.25-in.) reamers, 6 flutes for 12-mm (0.5-in.) reamers, and 8 flutes for 25-mm (1-in.) and larger reamers

Tool material
Speed

m mm ft/min
3 mm (0.125 in.)

mm in.

-Feed per revolution for reamer diameter ofi-1
6 mm (0.25 in.) 12 mm (0,5 in.) 25 mm (1in.) 35 mm (1.5 in.) 50 mm (2 in.)

mm In. mm in, mm in. mm in, mm in.

Hardness, 175 to 225 HB
Roughing
Ml, M2, and M7

high speed steel

____
18 60 0.075 0.003

C-2 carbide...........21 70 0.102 0.004

Finishing
Ml,M2, and M7

high speed steel . ..11 35 0,13 0.005
C-2 carbide...........14 45 0.13 0.005

Roughing
Ml, M2, and M7

high speed steel

____
15 50 0.075 0.003

C-2 carbide. ..........20 65 0.102 0.0C4

Finishing
Ml,M2, and M7

high speed steel .....3 30 0.102 0.004
C-2 carbide...........12 40 0.102 0.004

Roughing
M1VM2, and M7

high Bpeed steel ----12 40 0.075 0,003
C-2 carbide...........17 55 0.102 0.004

Finishing
Ml,M2, and M7

high speed steel ,. .....b 25 0.075 0.003
C-2 carbide.......T...I1 35 0.102 0 004

Roughing

M1,.M2, and M7
high speed steel .....9 30 0.050 0.002

C-2 carbide...........14 45 0,102 0.004

Finishing
Ml, M2, and M7

high speed steel .....8 25 0.075 0.003
C-2 carbide...........11 35 0.102 0.004

Roughing
Any premium high

speed steel (T15,
M33, M41-M47)......8 25 0.050 0.002

C-2 carbide...........12 40 0.102 0.004
Finishing
Any premium high

speed steel (T15.
M33. M41-M47)......6 20 0.050 0.002

C-2 carbide............9 30 0.102 0.004

0.15
0.15

0.20
0.20

0.006
0.006

0.008
0.008

0.20
0.20

0.30
0.30

0.008
0.008

0.012
0.012

Hardness, 225 to 275 HB

0.15
0.15

0.18
0.18

0.006
0,006

0.007
0.007

0.20
0.20

0.25
0.25

0.008
0.008

0.010
0.010

Hardness, 275 to 325 HB

0.102
0.13

0.15
0.15

0.004
0.005

0.006
0.006

0.15
0.15

0.20
0 20

0.006
0.006

0.008
0.008

Hardness, 325 to 375 HB

0.102
Q.15

0.13
0.15

0.004
0.006

0.005
0.006

0.15
0.20

0.15
0.20

0.006
0.008

0.006
0 008

Hardness, 375 to 425 HB

0.102
0.15

0.102
0.15

0.004
0.006

0.004
0.006

0.13
0.20

0.13
0.20

0.005
0.008

0.005
0.008

0.30
0.30

0.50
0.50

0.30
0.30

040
0.40

0.25
0,25

0.30
0.3O

O.20
0.25

0.25
0.25

0.15
0.25

0.15
025

0.012
0.012

0.020
0.020

0.012
0.012

0.015
0.015

0.010
0.010

0.012
0.012

0.008
0.010

0.010
0.010

0.006
0.010

0.006
0.010

0.40
0.40

0.65
0.65

0.40
040

0.50
0.50

0.30
0.30

0.40
0.4D

0.25
0.30

0.30
0.30

0.18
0.28

0.18
0.28

0.015
0.015

0.025
0.025

0.015
0.015

0.020
0.020

0.012
0.012

0.015
0.015

0.010
0.012

0.012
0.012

0.007
0.011

0.007
0.011

0.50
0.50

0.75
0.75

0.50
0.50

0.65
0.65

0.40
0.40

0.50
0.50

0.30
0.40

0.40
0.40

0.20
0.30

0.20
0.30

0.020
0.020

0.030
0.030

0.020
0.020

0.025
0.025

0.015
0.015

0.020
0.020

0.012
0.015

0.015
0.015

0.008
0.012

0.008
0.012

AISI E50100, E511QQ, E52100: End Milling(Profiling)

Tool materia]

j-Feed per tooth for cutter diameter of:-1
Depth of cut Speed 10 mm {0.375 in.) 12 mm (0.5 in.) 18 mm {0.75 in.) 25-50 mm (1-2 In.)
mm in. m/min ft/min mm in. mm in. mm in. mm in.

Hardness, 175 to 225 HB
M2, M3, and M7 high

speed steel

C-5 carbide

0.020 34 110 0.025 0.001 0.050 0.002 0.075 0.003 0.102 0004
1.5. 0.060 26 85 0.050 0.002 0.075 0.003 0.102 0.004 0.13 0.005

diam/4 diem/4 21 70 0,025 0.001 0.050 0.002 0.075 0.003 0 102 0004
diam/2 diem/2 18 60 0,018 0.0007 0.025 0.001 0.050 0.002 0.075 0.003
.0.5 0.020 140 455 0.038 0.0015 0.075 0.003 0.13 0.005 0.15 0.006

1.5 0.060 105 350 0.063 0.0025 0.102 0.004 0.15 0.006 0.18 0.007
diam/4 diam/4 90 295 0.050 0.002 0.075 0 003 0.13 0.005 0.15 0 006
diam/2 diam/2 84 275 0.038 0.0015 0.050 0 002 0.102 0,004 0.13 0,005

(continued)
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AISI E501GQ, E51100, E52100: End Milling (Profiling) (continued)

\-Feed per tooth for cutter diameter of;—-———ÿ—*ÿ-—-—-3
Depth of cut Speed 10 mm (0.375 in.) 12 mm (0.5 in.) IB mm (0.75 in.) 15-50 ram (1-2 in.)

Tool material mm in. m/min ft/min mm in. mm an. mm in. mm in.

Hardness, 225 to 275 HB
M2, M3t and M7 high

speed steel 0.5 0.020 30 500 0.025 0.001 0.050 0.002 0.075 0.003 0.102 0.004
1.5 0.060 23 75 0.050 0.002 0.075 0.003 0.102 0.004 0.13 0.005

diam/4 diam/4 20 65 0.025 0.001 0.050 0.002 0.075 0.003 0.102 0.004
diam/2 diam/2 16 60 0.018 0.0007 0.025 0.001 0.050 0.(102 O 075 0.003

C-5 carbide 0.5 0.020 120 390 0.025 0.001 0.050 0.002 0.102 0.004 0.13 0.005
1.5 0.060 90 300 0.050 0.002 0.075 0.003 0.13 0.005 0.15 0.006

diam/4 diam/4 78 255 0.038 0.0015 0.050 0.002 0.102 0.004 0.13 0.005
diam/2 diam/2 72 235 0.025 0.001 0.038 0.0015 0.075 0,003 0.102 0.004

Hardness, 275 to 325 HB
M2, M3, and M7 high

speed steel - 0.5 0.020 26 85 0.018 0.0007 0.038 0.0015 0.075 0.003 0.102 0.004
1.5 0.060 20 65 0,025 0.001 0.050 0.002 0.102 0.004 0.13 0.005

diam/4 diam/4 17 55 0.018 0.0007 0.038 0.0015 0.075 0.003 0.102 0.004
diam/2 diam/2 15 50 0.013 O.OOD5 0.025 0.001 0.050 0.002 0.075 0.003

C-5 carbide 0.5 0.020 95 310 0.025 0.001 0.050 0.002 0.075 0.003 O.102 0.004
1.5 0.060 72 235 0.050 0.002 0075 0.003 0.102 0.004 0.13 0.005

diam/4 diam/4 62 205 0.038 0.0015 0.050 0.002 0.075 0.003 0.102 0.004
diam/2 diam/2 58 190 0.025 0.001 0.038 0.0015 0.050 0.002 0.075 0.003

Hardness, 325 to 375 HB
M2, M3, and M7 high

speed steel 0.5 0.020 20 65 0.013 0.0005 0.013 0.0015 0.075 0.003 0.102 0.004
1.5 0.060 17 55 0.013 0.0005 0.013 0.0015 0,102 0.004 0.13 0.005

diam/4 diam/4 15 50 0.013 0.0005 0.013 0.0015 0075 0.003 0.102 0.004
diam/2 diam/2 12 40 0.013 0.0005 0.025 0.001 0.050 0.002 0.075 0.003

C-5 carbide 0.5 0.020 79 260 0.025 0.001 0.038 0.0015 0.075 0.003 0.102 0.004
1.5 0.060 60 200 0.038 0.0015 0.075 0.003 0.102 0.004 0.13 0.005

diam/4 diara/4 52 170 C.038 0.0015 0.050 0.002 0.075 0.003 O.102 0.004
diam/2 diam/2 49 150 0.025 0.001 0.038 0.0015 0.050 0.002 0.075 0.003

Hardness, 375 to 425 HB
Any premium high

speed steel (T15,
M33, M41-M47) 0.5 0.020 17 55 0.013 0.0005 0.018 0.0007 0.025 0.001 0.050 0.002

15 0.060 14 45 0.013 0.0005 0.025 0.001 0.05(1 O.0O2 0.075 0.003
diam/4 diam/4 12 40 ft .013 0.0005 0.013 0.0005 0.05(1 0 (102 0.063 (1.0025

diam/2 diam/2 11 35 0.038 0.0015 0.050 0.002
C-5 carbide 0.5 0.020 60 200 0.025 0.001 0.025 0.001 0.050 0.002 0.075 0.003

1.5 0.060 46 150 0.038 0.0015 0.050 0.002 0.075 0.003 0.102 0.004
diam/4 diam/4 40 130 0.038 0.0015 0.038 0.0015 0.063 0.0025 0.089 0.0035
diam/2 diam/2 35 115 0.025 0.001 0.025 0.001 0.050 0.002 0.075 0.003

; AISI E5Q100, E51100, E52100; Face Milling_
High speed steel i-Uncoated carbide-j j-Coaled carbide-1

i Depth of cut Speed Feed/tooth Speed, brazed Speed, inserted Feed/tooth Speed Feed/tooth
mm in. m/min ft/mill mm in. m/min ft/min ra/min ft/min mm in. m/min ft/ruin mm in.

Hardness, 175 to 225 HB
1 0.040 .. 43(a) 140(a) 0.20 0,008 145(b) 480(b) 155(b) 510(b) 0.20 0.008 235(c) 765<cl 0.20 0.008
4 0.150 .......30(a) 100(a) 0.30 0.012 110(b) 360(b) 120(b) 400(b) 0.30 0.012 160(c) 520M 0.30 0.012
S 0.300 ... . 24(a) 80(a) 0.40 0.016 78(d) 255(d) 95(d) 310(d) 0.40 0.016 120(e) 400(e) 0.40 0.016

Hardness, 225 to 275 HB
1 0.040 .......37(a) 120(a) 0.15 0.006 130(b) 420(b) 135(b) 450(b) 0.18 0.007 205(c) 675(c) 0.18 0.007
4 0.150 .......27(e) 90(a) 0.25 0.010 100(b) 320(b) 105(b) 350(b) 0.25 0.010 140(c) 455(c) 0.25 0.010
8 0.300 .......21(a) 70(a) 0.36 0.014 69(d) 220(d) 84(d) 275(d) 0.36 .0.014 110(e) 356(e) 0.36 0.014

Hardness, 275 to 325 HB
1 0.040 .......29(f) 95(0 0.15 0.006 110(b) 360(b) 120(b) 400(b) 0.15 0.006 185(c) 600(c) 0.13 0005
4 0.150 .......23(f) 75(0 0.23 0.009 84(b) 275(b) 90(b) 300(b) 0.20 0.008 120(c) 390(c) 0.18 0.007
S 0.300.......18(0 60(0 0.30 0.012 58(d) 190(d) 72(d) 235(d) 0.25 0.010 95(e) 305(e) 0.23 0.009

Hardness, 325 to 375 HB
1 0.040 .. 23(0 75(0 0.13 0.005 88(b) 290(b) 90(b) 36U(b) 0.13 0.005 135(c) 4501c) 0.102 0.004
4 0.150.......17(0 55(f) 0.20 0.008 69(b) 225(b) 76(b) 250(b) 0.18 0.007 100(c) 325(c) 0.15 0.006
8 0.300.......12(0 40(f) 0.25 0.010 49(d) 160(d) 59(d) 195(d) 0.2a 0.009 76(e) 250(e) 0.20 0.008

Hardness, 375 to 425 HB
1 0.G4O 18(0 60(0 0.102 0.004 72(b) 235(b) 79(b) 260(b) 0.102 0.004 120(c) 390(d 0.075 0.003
4 0.150.......12(0 40(f) 0.15 0.006 53(b) 175(b) 59(b) 195(b) 0.15 0.006 76(c) 250(c) 0.13 0.005
S 0.300.......9(f) 30(0 0.20 0.008 37(b) 120(b) 46(b) 150(b) 0.20 0.008 59(c) 195(c) 0.18 0.007

1 te)Highspeed steel tool material:M2or M7.(b) Carbide tool material: C-6.(c) Carbide toolmaterial: CC-6. Id)Carbide tool material:C-5. <c)Carbide tool material:
CC-5. CF) Any premium high speed steel tool material (T15, M33, M41 to M47)
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AISI 50B40, 50B40H

AISI 50640, 50B40H: Chemical Composition
AISI
grade C

50B40.............0.38-0.43
50B40H 0.37-0.43

Mn
Chemical composition, %

P ma* S ma* Si Cr

0.75-1.00
0.65-1.10

0.035
0.035

0.040
0.040

0.15-0.30
0.15-0.30

0.40-0.50
0.30-0.70

0.0005-0.003
0.0005-0.003

Characteristics and Typical Uses. AISI grades 50B40 and
50B40H are directly hardenable, medium-carbon, chromium
steels with medium hardenability characteristics. Hard-
enability has been improved by the addition of bornh. These
grades are available as hot rolled and cold finished bar,
seamless mechanical tubing, and hot rolled bar subject to
end-quench hardenability requirements.

AISI 50B40: Similar Steels (U.S. and/or Foreign). UNS
G50401; ASTM A322, A519; SAE J404, J412, J77Q; (W. Ger.)
DIN 1.7007; (Ital.) UNI 38 CrB 1 KB

AISI 50B40H: Similar Steels (U.S. and/or Foreign). UNS
H50401; ASTM A304; SAE J1268; (W. Ger.) DIN 1.7007;
(Ital.) UNI 38 CrB 1 KB

Mechanical Properties

AISI 50B40H; End-Quench Hardenability Limits and Hardenability Band. Heat treating temperatures recommended
by SAE: normalize at S7Q °C [1600 °F), for forged or rolled specimens only; austenitize at 845 °C (1550 "F). (Ref 1)

f rgondiwtth same as-quenched haidness Location in round jjuari.-Distance from Hardness, 1IRC 1°
quenched end. Via in. mas rnin

1 . ...60 53
2 ...60 53
3 ....59 52
4 . ...59 51
o ....58 50
6 1 48 Ii5

7 ....57 44
GO8 39

9 . ....56 34 55
10

____
55 31

11 ....53 29 o 50
12 ....51 28 £E

13 .49 27 45
14 ....47 26 0)

15 ....44 25
XI W

16 ....41 25 X
35

IS ....38 23
20 ....36 21 30
22 ....35 ...
24 ....34 25
26 ....33

2028 ....32
30 ....30
32 ...29

3.B
1,1

0.7
4.S
2.4

6 7
3 2

Surface Mi|d

V* radius from center water
Center quench

Surface Mild
radius from center | oil

Canter

Distance from quenched end Vie in.

AISI 50B40, 50B40H: Hardness and Machinability (Ref 7)

Condition
Hardness
range. HB

Average
machinability

ratingfa)

Annealed and cold drawn 174-223
(a) Based on AISI 1212 steel as L00i4 average machinability

65

Machining Data

For machiningdataon AISI grades 50B40 and 50B40H, refer
to the preceding machining tables for AISI grades 1340 and
1340H.

Physical Properties

AISI 50B40, 50B40H: Thermal Treatment Temperatures
Anneal or normalize for optimum machinability; quenching medium: oil

Temperature range
Treatment DC T

Annealing!al 815-870 1500-1600
Normalizing. 870-925 1600-1700
Austenitizing 815-545 1500-1550
Tempering .. . lb) ib)

(a) Maximum hardness of 187 HB (b> To desired hardness
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AiSI 50B44, 50B44H

AISI 50B44, 5QB44H: Chemical Composition
jygl Chemical composition, %

grade C Mil P max S max Si Cr

50B44 0 43-0 48 0 75-1.00 0.005 0.040 0-15-0.30 0.40-0.60 0.0005-0.003

50B44H .......7/ÿ"..............0.42-0.49 0.65-1.10 0.035 0.040 0.15-0.30 0.30-0.70 0.0005-0.003

Characteristics. AISI grades 50B44 and 50B44H are di¬
rectly hardenable, chromium alloy steels with boron added
to improve hardenability. These grades have a low hard-
enability ratingwithin the 0.45 to 0.50% mean classification
of carbon content.

Typical Uses. AISI 50B-14 and 50B44H steels are used for
average size automotive parts. They are available as hot

rolled and cold finished bar, seamless mechanical tubing, and
bar subject to end-quench hardenability requirements.

AISI 50B44: Similar Steels (U.S. and/or Foreign). UNS
G50441; ASTM A322, A519; SAE J404, J412, J770 ;ÿ>

AISI 50B44H: Similar Steels (U.S. and/or Foreign). UNS
H50441; ASTM A304; SAE J1268

Mechanical Properties

AISI 50B44H: End-Quench Hardenability Limits and Hardenability Band. Heat treating temperatures recommended
by SAE: normalize at 870 °C (1600 °F), for forged or rolled specimens only; austenitize at 845 °C (1550 °f). (Ref 1)

Hardness, HRCDistance from
quenched end, Vie in.

1 .
2 .
3 .
4
5 .
6 .
7 .
8.
9 .

10 .
11.
12 .
13 ,

14 .
15 .
16 .
18 ,

20 .
22 .
24 .

26 .

28 .
30 .

32 .

I Diameter;of round*with samo as-quenched hardrwss Location ÿuench

63
63
62
62
61
61
60
60
59
58
57
56
54
52

, 50
48
44
40
38
37
36
35
34
33

56
56
55
55
54
52
48
43
38
34
31
30
25
29
28
27
26
24
23
21
20

3.8
1.1
07

2.9 3.8

1.6 2 0

5.8 6.7
2.8 3.2

Surtax
V4 radius tram ccrrlcr

Carter

Mild

water

quench

0.8 1.3 2.5 3.0 3.4 3.8
0.5 1.0 1.S 2.0 2.4 2.8 3.2
0.2 0.6 1.0 14 1.7 2.0 2.4

Surface
V* radius frcm csnier

Cerrtsr

Mild

querwh

8 10 12 14 IB 18 20 21

Distance hem quenched end Vc in.

AISI 50B44, 50B44H; Hardness and Machinability (Ref 7)

Condition
Hardness
range, HB

Average
machinability

ratmg(a)

Annealed and cold drawn...............174-223 65
(a) Baaed on AJS1 1212 steel as 100ÿ average machinability

Machining Data

For machiningdata on AISI grades 50B44 and 50B44H, refer
to the preceding machining tables for AISI grades 1340 and
1340H.

Physical Properties

AISI 50B44, 50B44H: Thermal Treatment Temperatures
Anneal or normalize for optimum machinability; quencliing
medium; ait

Treatment
Temperature range
X °F

Annealing{a) ..............815-470 1500-1600
Normalizing 870-125 1600-1700
Auslenitizing..................................815-345 1500-1550
Tempering................- ft) ft*1
(a) Maximum hardness of 197 HB, (b)To desired hardn&ss
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AISI 5046, 5046H, 50B46, 50B46H

AISI 5046, 5D46H, 50B46, 50B46H: Chemical Composition
AISI Chemical composition, %
grade C Mn P max S max Si Cr B

5046...............................0,43-0.50 0.76-1.00 0.035 0.040 0.15-0.30 0110-0.35
5046H .............................0.44-0.50 0.65-1.10 0.035 0.040 0.15-0.30 0.13-0.43
50B46.............................0.44-0.49 0.75-1.00 0.035 0.040 0.15-0.30 0.20-0.35 0.0005-0.003
ÿ0B46H .....................0.43-0.49 0.65-1.10 0.035 0.040 0.15-0.30 0.13-0.43 0.0005-0.003

Characteristics and Typical Uses. AISI 5046, 5046H,
50B46, and 50B46H are directly hardenable, chromium
steels with a low hardenability rating within the 0.45 to
0.50% mean classification of carbon content. AISI 50B46 and
50B46H contain boron to improve hardenability. Character¬
istics and uses are similar to AISI grades 50B44 and
50B44H.

AISI 5046, 5046H, 50B46, and 50B46H steels are available
as hot rolled and cold finished bar, seamless mechanical
tubing, and bar subject to end-quench hardenability require¬
ments.

AISi 5046: Similar Steels (U.S. and/or Foreign). UNS
G50460; ASTM A519; SAE J404, J412, J770

AISI 5046H: Similar Steels (U.S. and/or Foreign). UNS
H50460; ASTM A304; SAE J1268

AISI 50B46: Similar Steels (U.S. and/or Foreign). UNS
G50461; ASTM A322, .4519; SAE J404, J412, J770
AISI 50B46H: Similar Steels (U.S. and/or Foreign). UNS
H50461; ASTM A3Q4; SAE J1268

AISI 5046, 50B46: Approximate Critical Points
I----- Temperature(a)----1

Transformation AISI 5046 AISI 50B46
point XT °C "F

Ac, 715 1320 720 1330
Ac3 770 1420 780 1440
Ar,.........................730 1350 725 1340
Ar, 680 1260 655 1210
Ma 325 620 325 620
(a) On heating or cooling at 28 °C (50 "Fi per hour

Physical Properties

Machining Data

For machiningdata on AISI grades 5046, 5046H, 50B46, and
50B46H, refer to the preceding machining tables for AISI
grades 1340 and 1340H.

Mechanical Properties

AISI 5046: Effect of Tempering Temperature on Tensile
Properties. Normalized at 870 X (1600 °F); oil quenched from 845 X
(1550 °f); tempered at 56 X (100 °F) intervals. Specimens were treated in
13.7-mm (0.540-in.) diam and machined to 12.8-mm (0.505-in.) diam for
testing. Tests were conducted using specimens machined to English units.
Elongation was measured in 50 mm (2 in.). (Ref 2)

Teniperir>0 rempflraiLirE, nF

400 60D 300 1CM 1200

AISI 5046, 50B46: Thermal Treatment Temperatures
Quenching medium: oil

i-Temperature range-1
AISI 5046 AISI 50B46

Treatment X °F *C 'F
Forging .........1205 max 2200 max 1205 max 2200 max
Annealingia) .....790-845 1450-1550 815-870 1500-1600
Normalizing......845-900.b) 1550-1650(b) 845-900(c) 1550-1650(c)
Auateuitizing.....830-855 1525-1575 025-855 1525-1575
Tempering.. .......<d (d) (d) (d)
(a) Maximum hardness of 192 HB. (b) Hardness of approximately 197 HB.
(O Hardness of approximately 223 HB. (d) To desired hardness

3 35
4

] 1 r '1
1 .

\N
\

\
V

-

\
s s!

\ \ "

\ \ Tenail

>
V
\
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Yie d atrerwjtli —'

1
PfldLiqTiar in area —P"

ilonga ion

l
i

s -J2
ISO

300 400 SDO 000

Tempering temperature, °C
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AISI 5046H: End-Quench Hardenability Limits and Hardenability Band. Heat treating temperatures recommended
by SAE: normalize at 870 X (1600 °F), for forgBd or rolled specimens only; austenitize at 845 X (1550 DF). (Ref 1)

Distance from
quenched end, Via in.

1 .
2 .
3 .
4 .
5
6 .
7 .
8
9 .

10 .
11 .
12 .
13 .
14 .
15 .
16 .
IS .
20 .
22 .
24 .
26 .

28 .
30 .
32 .

Hardness, HRC
max mm

63
62
60
56
52
46
39
35
34
33
33
32
32
31
31
30
29
28
27
26

. 25
24
23
23

56
56
45
32
28
27
26
25
24
24
23
23
22
22
21
21
20

Diameters of rounds .viti same as-querched hardneis Location in round ."kiennt
3.8
1.1
0.7

2.0 2.9
1.2 1.6

3.8 45
2.0 2.4

5.8
2.8

6.7
3.2 3.6 3.9

Surface
radius from center

Canter

Mild
water

Quench

0 0 1.8 2.5 3.0 3.4 3.8
0.5 1.0 1.6 2.0 2.4 2.8 3.2 3.5 4.0
0.2 0.6 1.0 1.4 1.7 2.0 2.4 2.B 3.1

Surface
V* radius from certlsr

Center

10 12 14 16 18 20 22
Distance from quertchad end Vtt in.

AISI 5QB46H: End-Quench Hardenability Limits and Hardenability Band. Heat treating temperatures recom¬
mended by SAE: normalize at 870 °C (1S00 °F), for forged or rolled specimens only; austenitize at 845 °C (1550 °F). (fief 1)

Distance from Hardness, HRC
quenched end. Vis in. max nun

1 . 63 56
2 62 54
3 61 52
4 60 50
5 59 41
6 58 32
7 . 57 31
3 30
9 29

10 ......51 28
11 47 27
12 43 26
13 40 26
14 38 25
15 37 25
16 . 36 24
18 35 23
20 34 22
22 33 21
24 32 20
26 31 ...
28 30
30 29
32 28 ...

[Diameters Df rounds with same as-quenched hardness
3.8
1.1 2.0
0.7 1.7

3.8 4 8
2.0 2.4

6.7
3.2 3.6 3.9

0.8 1.8 2.5 3.0 3.4 3.8
0.5 1.0 1.6 2.0 2.4 2 8 3.2 3.6 4.0
0.2 0.6 1.0 1.4 1.7 2.0 2.4 2.8 3.1

Location in rdund fauench
Surface

radius from center
Center

Mild
water

clench

Surface
Vd radius from center

Center

Mild
oi;
ijj«nch

10 12 14 IE 18 2D 22

Distance from quenched end Ve in.

AISI 5046, 5046H, 50B46, 50B46H: Hardness and
Machinability (Ref 7)

Average
Hardness machinability

Condition range, HB rating<a)

Annealed and cold drawn 174-223 60
(a) Based on AISI 1212 steel as 100% average machinability
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Mechanical Properties (continued)

Tempering .temperature, Y

600 8(10 10DD 1200

1400

1200

strengthTensile

Yield strength

Hardness

Heducuari in area

Elongation

AISI 50B46: Effect of Tempering Tempera¬
ture on Tensile Properties. Normalized at
870 t (1600 °F); oil quenched from 845 "C
(15S0 °F); tempered at 56 °C (100 °F> intervals.
Specimens were treated in 13.7-mm (0.540-in.)
diam and machined to 12.8-mm (0-505-in.) diam
for testing. Tests were conducted using specimens
machined to English units. Elongation was measured
in 50 mm (2 in.). (Ret 2)

SOU 400 MO SOU 700

Tempering temperature. °C

AISI 50B50, 50B50H

AISI 50650, 50B5OH: Chemical Composition
AISI
grade Mn

Chemical composition, %
P max S max Si Cf

50B50 0.48-0.53
50B50H 0.47-0.54

0.75-1.00
0.65-1.10

0.035
0.035

0.040
0.040

0.15-0 30
0.15-0.30

0.40-0.60
0.35-0.70

0 0005-0.003
0.0005-0.003

Characteristics and Typical Uses. AISI grades 50B50 and
50B50H are directly hardenable, chromium alloy steels with
a medium hardenahility rating in the 0.50 to 0.60% mean
classification of carbon content. These steels are used pri¬
marily for springs and hand tools. They are available as hot
rolled and cold finished bar, seamless mechanical tubing, and
bar subject to end-quench hardenahility requirements.

AlSf 50B50: Similar Steels (U.S. and/or Foreign). UNS
G50501; ASTM A322, A5I9; SAE J404, J412, J770; (W. Ger.l
DIN 1.7138; (Jap.) JIS SUP 11

AISI 50B50H; Similar Steels (U.S. and/or Foreign). UNS
H50501; ASTM A304; SAE J1268; (W. Ger.) DIN 1.7138;
(Jap.) JIS SUP 11
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Mechanical Properties

AISI 50B50, 50B50H: Hardness and Machinahility (Ref 7)

Condition
Hardness
range, HB

Average
machinability

rating(a)

Annealed and cold drawn 183-235 55
(a).Based on AISI 1212 steel as 100% average machinability

Machining Data

For machiningdata on. AISJ grades 50B50 and 50B50H, refer
to the preceding machining tables on AISI grades 4150 and
4150H.

Physical Properties

AISI 50B50, 50B50H: Thermal Treatment Temperatures
Anneal or normalize tor optimum machinability;quenching medium: oil

Temperature range
Treatment "C °F

Annealing(a) 815-870 I500-1E00
Normalizing.........870-925 1600-1700
Austenitizing 800-845 1475-1550
Tempering (b) (b)

(a) Maximum hardness of 201 HB. (b) To desired hardness

AISI 5060, 50360, 50360H

AISI 5060, 50B60, 50B60H: Chemical Composition
AISI
grade C Mil

5060 0.56-0.64 0.75-1.00
5QB60 0.56-0.64 0.75-1.00
50B60H....0.55-0.65 0.70-1.10

Chemical composition, %
P max S max Si Cr

0.035
0.035
0.035

0.040
0,040
0,040

0.15-0.30
0.15-0.30
0.15-0.30

0.40-0.60
0.40-0.60
0.35-0.JO

0.0005-0.003
0.0005-0.003

Characteristics. AISI grades 5060, 50B60, and 50B60H
are directly hardenable, chromium alloy steels with medium
hardenability. The addition of boron to AISI 50B60 and
50B60H improves hardenability.

Typical Uses. AISI 5060, 50B60, and. 50B6OH steels are
used primarily for springs and handtools. They are available
as hot rolled and cold finished bar, rod, and wire; seamless
mechanical tubing; and-bar subject to end-quench hard¬
enability requirements.

Mild
oil

quench

AISI 50B50H: End-Quench Hardenability Limits and Hardenability Band. Heat treating temperatures recom¬
mended by SAE: normalize at 870 °C (1600 °F), for forged or roiled specimens only; austenitize at 845 °C (1550 °F). (Ref 1)

Distance from Hardness, HRC
quenched end, Vie In. max min

1 65 59
2 65 59
3 64 58
4 64 57
5 63 56
6 63 55
7 62 52
6 62 47
9 61 42

10 ... 60 37
11 . 60 35
12 33
13 58 32
14 57 31
la 56 30
16 54 29
18 50 26
20 47 27
22 44 26
24 41 25
26 39 24
28 38 22
30 37 21
32 36 20

|Diameters of rounds with same as-quenched hardness Location in round klBnch

Surface
Vi radius (ran center

Center

Mild
water ;

quench

Distance from quenctied end Vie in.

Surfflcs
% radius frorr. center
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AiSi 5060: Similar Steels (U.S. and/or Foreign}, UNS
G50600; SAE J404, J770

AISI 50B60: Similar Steels (U.S. and/or Foreign). UNS
G50601; ASTM A322, A331, A519; SAE J404, J412, J770

AISI 50B60H: Similar Steels (U.S. and/or Foreign). UNS
H50601; ASTM A304; SAE J1268

AiSi 5060, 50B60, 50860H: Approximate Critical Points
Transformation Temperature(a) Transformation Tcmperatiire(a)
point °C DF point 3C °F

Ac, ...............730 1345 Ar, 675 1250
Acs ...............770 1420 M 270 515
At3 730 1345
(a) On heating or cooling at 28 °C (50 °F) per hour

Physical Properties

AISI 50B60: Thermal Treatment Temperatures
Anneal or normalize for optimum machinafaillty; quenching medium: oil

Temperature range
Treatment °C aF

Forging...... . 1205 mas 2200 max
Annealipg(a) ..................................790-845 1450-1550
Normalizing....................................845-900 1550-1650
Auetcnitizmg<b)................................800-655 1525-1575
Tempering................. ..(c) (c)

(a) Maximum hardneaa of 217 HB. (b) Hardness of approximately 255 HB.
(c) To desired hardness

Mechanical Properties

AISI 50B60H: End-Quench Hardenability Limits and
Hardenability Band. Heal treating temperatures recommended
by SAE: normalize at 870 X <1600 °F), tor forged or rolled
specimens only: austenitize at 845 X (1550 °F). (Rel I)

Distance from Hardness, HRC
quenched end, Vin in. mu min

1 60
2 60
3 60
4 60
o 60
6 59

57
3 65 53
9 65 47

10 64 42
11 64 39
12 64 37
13 63 36
14 63 35
15 - ...63 34
16 34
18 60 23
20 . 58 31
22 . 55 30
34 53 29
26 28
28 49 27
30 47 26
32 44 25

IDiameter of rounds with same as-quanchsd hardness Location tn r&und Quench
3.8
1.1 3.0 2.9 3.8 4.0 5.8 6.7
0.7 1.2 1.6 2.0 2.4 2.8 3.2 3,6 3.9

|
Surface

"Vd radius from center
Center

Mild
water

quench
ÿJ"..

0.8 1.B 2.5 3.0 3.4 3.0
0.5 1.0 1.6 2.0 2.4 2.8 3.2 3,6 4.0
0.2 0.6 1.0 1.4 1.7 2.0 2.4 2.8 3.1

Surface
to radius from center

Center

10 12 14 15 18 20 22 24 26 28 3D 32
Distance from quenched end Via in.

AISI 50B60: Effect of Tempering Temperature on
Tensile Properties. Normalized at 870 x (isoo x); oil
quenched from 845 X (1550 f); tempered at 56 X (100 °F)
intervals. Specimens were treated in 13.7-mm (0-540-in.) diam
and machined to 12.8-mm (0.505-irt.) diam for testing. Tests were
conducted using specimens machined to English units. Elongation
was measured in 50 mm (2 in.). (Ret 2)

TfrmDering temperature, 3F

'Tensile strength

Yield strength

a 12Q0

i r n
Reduction in are*

20Q 3E3D WO 500

Tempering temperature, °C
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Mechanical Properties (continued)

j AISI 5060, 50B60, 50B60H: Hardness and
Machinability (Ref 7)

Average
' ") Hardness machinability

Condition range, HB ratliig(a>

Spheroidized annealed and
cold drawn..........................170-212 55

ÿ -» (a) Baaed on AISI 1212 steel as 100% average machinability

Machining Data

For machining data on AISI grades 5060, 50B60, and
50B60H, refer to the preceding machining tables for AISI
grades 4150 and 4150H.

AISI 5120, 5120H

AISI 5120, 5120H: Chemical Composition
AISI
grade

Chemical composition, %
Ma P ma* S max Si Cr

5120 ......0.17-0.22
5120H

____
0.17-0.23

0.70-0.90
0.50-1.00

0,035
0.035

0.040
0.040

0.15-0.30
0.15-0.30

0.70-0.90
0.60-1.00

Characteristics and Typical Uses. AISI grades 5120 and
5120H are low-carbon, chromium, carburizing steels with
low case hardenability and low-to-medium core harden-
ability. These steels are available as hot rolled and cold
finished bar, rod, and wire; seamless mechanical tubing; and
bar subject to end-quench hardenability requirements.

AISI 5120: Similar Steels
(U.S. and/or Foreign). UNS
G51200; ASTM A322, A331,
A519; SAE J404, J770; (W.
Ger.) DIN 1.7147; (Fr.)
AFNOR 20 MC 5

AISI 5120H: Similar Steels
(U.S. and/or Foreign). UNS
H51200; ASTM A304; SAE
J1268; <W. Ger.) DIN 1.7147;
(Fr.) AFNOR 20 MC 5

AISI 5120, 5I20H:
Approximate Critical Points
Transformation Temperature(a)
point °C °F

Ac, . .765 1410
Aca 840 1540
Ar, 800 1470
Ar, 700 1290
M, 405 760
(a) On heating cr cooling at 28 °C
(50 °F) per hour

Physical Properties Mechanical Properties

AISI 5120, 5120H: Thermal
Treatment Temperatures
Quenching medium: oil

Temperature range
Treatment °C °F

Forging......1230 max 2250 max
Normalizing......(a) (a)
Carburizing . .. 900-925 1650-1700
Tempering .... 120-175 250-350
(a) Temperature should be as high as
carburizing temperature, followed by
air cooling

Machining Data

For machining data on AISI
grades 5120 and 5120H, re¬
fer to the preceding machin¬
ing tables for AISI grade
A2317.

AiSI 5120, 5120H: Approximate Core Mechanical Properties (Ref 2)
Heat treatment of test specimens: (1) normalized at 925 °C (1700 °F) in 32-mm (1,25-in.) rounds; (2) machined
to 25- or 13.7-mm {1- or 0.540-in.) rounds; (3) pseudocarhurized at 925 "C (1700 °F) lor 8 h; (4) box cooled to
room temperature; (5) letieated to temperatures given in the table and oil quenched; (6) tempered at 150 aC
(300 °F); (7) tested in T2.8-mm (0.505-in.) rounds; tests were conducted using test specimensmachined to
English units

Reheat Tensile Yield
temperature strength 3trength(aj Elongation(b), Reduction Hardness,
°C *F MPa ksi MPa kai St in area. % HB

Heat treated in25-mm (1-in.) rounds
775 1425.............B34 121 635 92 14.0 41 262
800 1475.............883 128 696 101 15.0 4! 269
845 1550.............938 136 758 110 16.0 45 285
to (c)..............986 143 786 114 13,5 45 302

Heat treated in 13.7-mm (0.540-in.) rounds
775 1425.............848 123 650 94 14.5 40 269
800 1475.............910 132 717 104 15.0 43 277
845 1550.............979 142 786 114 16.0 50 293
to (c).............1020 148 848 123 14.0 40 311

(a) 0.2% offset, (b) In 50 mm (2 in.), (c) Quenched from step 3

AISI 5120, 5120H: Hardness and Machinability (Ref 7)

Condition
Hardnefui
range, HB

Average
machinability

rating{a)

Hot rolled and cold drawn ......163-201
(a) Based on AISI 1212 steel as 100% average machinability

70
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Mechanical Properties (continued)

AISI 5120H; End-Quench Hardenability Limits and Hardenability Band. Heat treating temperatures recommended by
SAE: normalize at 925 °C (1700 °F), for forgea or rolled specimens only; austenitize at 925 °C (1700 °F). (Rel 1)

Distance from
quenched end, Vm in.

Hardness, HRC
max min101112131415....20

....48

....46

....41

. ...36

....33

....30

. ...28

....27

. ...25
. ..24
...23
. . 22

. . ..21

....21

40
34
23
23
20

Location in round ]QuenchDiameters of rounds with same as-quenched hardness

Surfe&e Ml,d

% radius from eerier I water
Center Iqjench

2.0 2.9
1.2 16

6.7
3.2 3.6 3 9

3.8
2.8 3.2 3.6 4.0
2.0 2,4 2.8 3.1

Surface j Mild
% radius Ifom center oil

Canter Inuench
1.0 1.6

a.z

ID 12 14 tfi 18 20 22 24 28 25 30

Distance from quenched end Vie in.

ASSI 5130, 5130H

AISI 5130, 5130H: Chemical Composition
AISI Chemical composition,

AISI 5130, 5130H: Approximate Critical Points
Transformation Tetnpcrafcurc(a) Transformation TemperatureCa)

grade C Mn P max S max Si Cr point *C op point "C "F

5130 .. 0.28-0.33 0.70-0.90 0.035 0.040 0 15-0.30 0.80-1.10 Ac, 745 1370 Aj, 695 1280
5130H . ...0.27-0.33 0.60-1.00 0.035 0.045 0.15-0.30 0.75-1.20 Ac3 810 1490 M. 360 680

j Ar3 . ......745 1370

Characteristics and Typical Uses. AJSI grades 5130 and
5130H are medium-carbon, chromium, alloy steels with low
hardenability for water hardening. Partsof small section size
from these steels can be oil quenched where deformation may
be a problem.

Grades 5130 and 5130H are available as hot rolled and
cold finished bar; seamless mechanical tubing; and, on a
limited basis, hot rolled and cold rolled sheet and strip.

AISI 1530: Similar Steels (U.S. and/or Foreign), UNS
G51300; ASTM A322, A331, A505, A519; SAE J404, J412,
J770; (W. Ger.) DIN 1.7030; (U.K.) B.S. 530 A 30, 530 H 30

AISI 5I30H: Simitar Steels (U.S. and/or Foreign). UNS
H51300; ASTM A304; SAE J1268; (W. Ger.) DIN 1.7033;
(Fr.) AFNOR 32 C 4; (Itai.) UNI 34 Cr 4 KB; (Jap.) JIS SCr
2 H, SCr 2; (U.K.) B.S. 530 A 32, 530 H 32

Machining Data

(a) On heatingor cooling at 28 "C (50 DF) per hour

Physical Properties

AISI 5130, 5130H: Thermal Treatment Temperatures
Quenching mediums: water, caustic, oil

Temperature range
Treatment °C *F

Forging.....1230 raai 2250 -
Annealingial ...........815-8711 15(10-1600

NormalizingCb).........870-925 1600-1700
Avratenitizing 855-885 1575-1625
(a) Maximum hardness of 170 KB. (b) Hardness of approximately 241 KB

AISI 5130, 5130H: Density (Ref 6)

Condition
Density

g/cma lb/in,'1

Hardened and tempered . ...7.S3 0.283

For machiningdata on AISI grades 5130 and 5130H, refer to
the preceding machining tables for AISI grades 1330 and
1330H.
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Mechanical Properties

AISi 5130: Effect of Tempering Temperature on Tensile
Properties. Normalized at 900 °C ( 1650 °F); water quenched
from 870 °C (1600 "F); tempered at 56 °C (100 °F) intervals.
Specimens were treated in 13.7-mm (0.540-in.) diam and machined
to 12.8-mm (0,505-in.l diam for testing. Tests were conducted
usingspecimens machined to English units. Elongation was
measured in 50 mm (2 in.). (Ref 2)

Tempering temperature, "F

m BOD 1D0D 1200

Hardness

stranoih

Yield strength

Reduction ti area

Elongation

£ -

300

300 400 500

Tempering lenperdture, 'C .

AISI 5130, 5130H: Hardness and Machinability (Ref 7)

Condition
Hardness
range, HB

Average
machinability

rating(a)

Annealed and cold drawn 174-212
(a) Baaed on AISI 1212 stee) as 100% average machinability

70

AISI 5130H: End-Quench Hardenability Limits and
Hardenability Band. Heat treating temperatures recommended
by SAE: normalize at 90C °C (1650 Ti, tor forged or rolled
specimens only; austenitize at 370 °C (1600 T). (Ref 1)

Distance from Hardness,HRC
quenched end. Vis in. max min

1 56 49
2 .....55 46
3 .....53 42
4 .....51 39
6 .....49 35
6 .....47 32
7 . -----45 30
8

_____
42 28

9 26
10 .....38 25
11 .....37 23
12 .

_____
SS 22

13 .....35 21
14 .....34 20
15 .....34 ...
16 .....33
18 .....32
20 .....31
22 .....30
24 .....29
26 .....27 ...
28 .....26
30
32 .....24

[£Diameters of rounds with same as-quench«d hardness Location in round Quench

3 8
1.1 2.0 2.9 3.8 4.8 5.0 6.7
0,7 1.2 1.6 2.0 2.4 2,8 3,2 3,6 3.9

Surface
radius from centar

Cerrter

Mild
water

quench

0.6 1.8 2.5 3,0 3.4 3.8
0,5 1.0 1.G 2,0 2.4 23 3.2 3.6 4.0
0.2 0.6 1,0 1.4 1.7 2.0 2.4 2,8 3.1

Surface
ÿ4 radius from center

Center

6 8 tO 12 14 16 18 2D 22 24 26 28 30 32

Distance fram quartcbed end 1ft.
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ASSI 5132/ 5132H

AISI 5132, 5132H: Chemical Composition
AIS1 Chemical composition, %
grade C Mn P max S max Si Cr

5132 ......0.30-0.35 0.60-0.80 0.035 0.040 0.15 0.30 0.75-1.00
5132H ....0.29-0.35 0.50-0.90 0.035 0.040 015-0.30 0.65-1.10

Characteristics and Typical Uses. AISl grades 5132 and
5132H are medium-carbon, chromium, alloy steels with low
hardenability for water or caustic solution quenching. Part3
of small section size made from these steels can be oil
quenched where stability is required.

Grades 5132 and 5132H are available as hot and cold rolled
sheet and strip; seamless mechanical tubing; hot rolled and

cold finished bar, rod, and wire; and bar subject to end-
quench hardenability requirements.

AISl 5132: Similar Steels (U.S. and/or Foreign). UNS
G51320; ASTM A322, A331, A505, A519; SAE J404, J412,
J770; (W. Ger.) DIN 1.7033; (Fr.) AFNOR 32 C 4; (Ital.) UNI
34 Cr 4 KB; (Jap.) JIS SCr 2 H, SCr 2; (U.K.) B.S. 530 A 32,
530 H 32

AISl 5132H: Similar Steels (U.S. and/or Foreign), UNS
H51320; ASTM A304; SAE J126S; (W. Ger.)DIN 1.7034; (Fr.)
AFNOR 38 C 4; (Ital.) UNI 38 Cr 4 KB; (Jap.) JIS SCr 3 H;
(U.K.) B.S. 530 A 36, 530 H 36, Type 3

Mechanical Properties

AISl 5132H: End-Quench Hardenability Limits and Hardenability Sand. Heat treating temperatures recommended
hy SAE: normalize at 900 °C (1650 'F), tor (orged or roiled specimens only; austenitize at 870 °C (1600 °F). (Rel 1)

| Diametersof round, with same 35-quenchEd latdnffiDistance from Hardnesa, HRC Location in round Quench
quenched endf Vis in. mas mill

1.......57 50
2 47
3 43
4 ....52 40
a....... , ....50 35
S - . ....48 32
7 ...45 29
S ....42 27
9 ... 40 25

to ....38 24
11.......37 23
12 22
13 ...35 21
14 ...34 20
15
IS
IS ....32
20 ....31
22 ....30
24 ....29
26
28 ....27
30 ....26
32 ....25

3-B
1.1 2.0
0.7 1.2

2.9
1.6

3.8
2.0

4,8 5.8
2.4 2.8 3.6 3.9

Surface
¥* radius from canter

Center

Mild
water
quench

0.8 l.a 2.5 3.0 3.4 3.8
0.5 1.0 1.6 2.U 2.4 2.6 3.2 3.6 4.0
0.2 0.6 1.0 1.4 1.7 2.0 2.4 2.6 3.1

Surface
Vi radius from center

Center

10 12 14 Jfi 18 20 22 24

Distance from quenched enc '/is in.

AiSI 5132, 5132H: Hardness and Machinability (Ref 7)

Condition
Hardness
range, HB

Average
machinability

rating(a)

Annealed and cold drawn 174-212
(a) Based on AISI 1212 steel 100% average machinability

70

Machining Data

For machining data on AISI grades 5132 and 5132H, refer tothe preceding machining tables
for AISI grades 1330 and 1330H,
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Physical Properties

AISI 5132, 5132H: Mean Apparent Specific Heat (Ref 6)

Test specimens were in the annealed condition

Temperature range Specific heat
X 'F J/kg 'K Btu/lb *F

50-100 10-38 494 0.118
150-200 66-93 502 0.120
200-250 93-120 536 0.128
250-300 120-150 553 0.132
300-350 150-175 578 0.138
350-400 175-205 . 599 0.143
450-500 230-260 660 0.155
550-600 290-315 733 0.175
650-700 345-370 842 0.201
700-750 370-400 1499 0.358
750-800 400-425........ 938 0.224
850-900 455-480...........578 0.138

AISI 5132, 5132H: Thermal Conductivity (Ref $)
Test specimens were inthe annealed condition

Temperature Thermal conductivity

JC_*F_W/m-K Btu/fth-T
0 32 48.6 28.1

100 212 46.5 26.9
200 390 . 44.3 25.6
300 570 42.2 24.4
400 750 38.4 22.2
500 930 35.6 20.6
600 1110 Jl.8 18.4
700 1290 28.9 16.7
800 1470 31.1 18.0

1000 1830 -28.0 16.2
1200 2190 30.6 17.7

AISI 5132, 5132H: Electrical Resistivity (Ref 6)

Test specimens were in the hardened and tempered condition

Electrical
Temperature resistivity,
X "F niim
20 68 0.210

100 212 0.259
200 390 0.330
400
600
800

Electrical
Temperature resistivity,
X "F pll-m

900 1650 ......1.145
1000 1830 ......1.177
1100 2010 ......1.205

750 0.517
1110 0.934
1470 1.106

1200 2190.
1300 2370.

1.230
1251

AISI 5132, 5132H: Thermal Treatment Temperatures
Quenching mediums: water, caustic, ail

Temperature range
Treatment *C T

Forging.....................................1230 max 2250 max
Annealing..................................815-870 1500-1600
Normalizing ..870-925 1600-1700
Amtenitizing................................830-855 1525-1575
Tempering. .. .................(aj <al
(a) To desired hardness

AISI 5135, 5135H

AISI 5135, 5135H: Chemical Composition
AISI Chemical composition, %
grade C Mn P ran S mm Si Cr

5135 ......0.33-0.38 0.60-0.80 0.0S5 0.040 0.15-0 30 0.75-1.00
5135H ....0.32-0.38 0.50-0.60 0,035 0.040 0 15-0 30 0.70-1.15

Characteristics and Typical Uses. AISI grades 5135 and
5135H are low-hardenability, medium-carbon, chromium,
alloy steels. These steels are frequently used for water-
quenched parts of moderate section size and oil-quenched
parts of small section size. They are suitable, too, for parts
requiring strength and toughness which have section size
small enough to permit use of the customary heat treatment
to obtain desired mechanical properties.

AISI 5135 and 5135H are available as hot rolled and cold
finished bar, rod, andwire; seamless mechanical tubing; and
bar subject to end-quench hardenability requirements.

AISI 5135: Similar Steels (U.S. and/or Foreign). UNS
G51350; ASTM A322, A331, A519; SAE J404, J412, J770;
(W. Ger.) DIN 1.7034; (Fr.) AFNOR 38 C 4; (Ital.) UNI 38 Cr
4 KB; (Jap.) JIS SCr 3 H; (U.K.) B.S. 530 A 36, 530 H 36,
Type 3

AISI 5135H: Similar Steels (U.S. and/or Foreign). UNS
H51350; ASTM A304; SAE J1268; (W. Ger.) DIN1.7035; (Fr.)
AFNOR 42 C 4; (Ital.) UNI 41 Cr 4 KB, 40 Cr 4; (Jap.) JIS
SCr 4 H; (U.K.) B.S. 530 A 40, 530 H40, 530 M40, 2 S. 117

Physical Properties

AISI 5135, 5135H: Thermal Treatment Temperatures
Quenching medium: oil or water

Temperature range
Treatment °C T?

Forging .................ÿ ...................1205 max 2200 max
Annealing.......„...........................815-870 1500-1600
Normalizing.................................870-925 1600-1700
Austeiutizing 815-845 1500-1550
Tempering...........< , . — (a) (a)

(a) To desired h&rdneaa

Machining Data

For machining data on AISI grades 5135 and 5135H, refer to
the preceding machining tables for AISI grades 1330 and
1330H.
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Mechanical Properties

AISI 5135H: End-quench Hardenability Limits and Hardenability Band. Heat treating temperatures recommended
by SAE: normalize at 870 °C (5600 °F), for forget! or rolled specimens only; austenitize al 345 °C (1550 °F). (Ref 1)

Distance from Hardness,HRC
quenched end, Vie in. max mm

1 . ....58 51
2 ....57 49
3 ....56 47
4 ....55 43
5 .- ....54 38
6 35
7 ....50 32
8 ....47 30
9 ....45 28

10 ....43 27
11 ...,41 25 cr

12 ....40 24 X

13 ....39 23 V

14 ....38 22 "O

15 ....37 21 X

16 21
18 ....36 20
20 ....35
22 ...34
24 .. ----33
26

____
32

28 ....32
30 ....31 ...
32 ....30 ...

Diameters of rounds with same as-quEnched hardness Location in round Quench

3.8
1,1
ÿ.7

5.8
ZB

S.7
3.2 3.6 3,9

Surface
V* radius from cemei-

Cenier

Mild

water

quench

0,8 1.8 2-5 3.0 3.4 3.6
0.5 1.0 1.6 2.0 2.4 2.6 3,2 3.0 4.0
0,2 0.6 1.0 1.4 1.7 2.0 2.4 2.8 3.1

Surface
radius from center

Center

8 ID 12 M 16 IB 20 22

Distance from quenched end Vie in.

L_
AISI 5135, 5135H: Hardness and Machinability (Ref 7)

Average
Hardness machinability

Condition range, HB rating(a)

Annealed and cold drawn 179-217
fa) Based on AISI 1212 steel a3 100ÿ average machinability
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AISI 5140/ 5140H

AISI 5140, 5140H: Chemical Composition
AISI Chemical composition, %
grade C Mn P max S max Si Cr

5140......0.38-0.43 0 70-0.90 0.035 0.040 0.15-0 30 0.70-0.90
5140H ...0.37-0.44 0 fiO-l.OO 0.035 0.040 0.15-0.30 0.60-1.00

Characteristics and Typical Uses. AISI grades 5140 and
5140H are medium-carbon, chromium steels with low, direct
hardenability. These steels are used when superior prop¬
erties are desired. Applications include fasteners — high-
strength screws, bolts, cap screws, and recessed-head
screws— and severely cold headed, upset, and extruded
parts.

Grades 5140 and 5140H are available as hot roiledand cold
finished bar, rod, and wire; hot and cold rolled sheet and
strip; seamless mechanical tubing; and bar subject to end-
quench hardenability requirements.

AISI 5140; Similar Steels (U.S. and/or Foreign). UNS
G51400; ASTM A322, A331, A505, A519; SAE J404, J412,
J770; (W. Ger.) DIN 1.7035; (Fr.) AFNOR 42 C 4; (Ital.) UNI
40 Cr 4, 41 Cr 4 KB; (Jap.) J1S SCr 4 H; (U.K.) B.S. 530 A
40, 530 H 40, 530 M 40, 2 S 117

AISI 5140H: Similar Steels (U.S. and/or Foreign). UNS
H51400;ASTM A304; SAE J1268; (W. Ger.) DIN 1.7006; (Fr.)

AFNOR 42 C 2, 45 C 2

AISI 5140, 5140H: Approximate Critical Points
Transformation Temperature*a) Transformation Temperature*a)

point °C CF point °C °F

Ac, ...............745 " 1370 Art 695 1280
Ac3 ...............810 1490 360 680
Ar3 745 1370
(a) On heating or cooling at 28 *C (50 ®F) per hour

Machining Data

For machining data on AISI grades 5140 and 5140H, refer to the preceding machining tables
for AISI grades 1340 and 1340IT
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Physical Properties

AISi 5140, 5140K: Electrical Resistivity and Thermal
Conductivity (Ref 6)
Test specimens were in the hardened and tempered condition

Temperature Electrical Thermal conductivity
*C "F resistivity, fiXl m W/m-K Btu/ft h °F

~20 68.....0.228
~ ~

100 212.................0.281 44.G 25.B
200 390.................0.352 43.4 25.1
400 750.................0.530 37.7 21.fi
600 1110.................0.785 31.3 18.1

AISI 5140, 514GH: Average Coefficients of Linear Thermal
Expansion (Ref 6)

Temperature range Coefficient
*C °F /im/m K - CF

20-200 68-390. 12.6 7.0
20-300 68-570 13-3 7-4
20-400 68-750 ..13.9 7.7
20-500 68-930 14.0 7.8
20-600 68-1110 14.6 8.1
20-700 68-1290 14.9 8.3

AISI 5140, 5140H: Mean Apparent Specific Heat (Ref 6)
Test specimens were in the hardened and tempered condition
Temperature range Specific heat

*C_°F

___
J/kg K Btu/Ib *

20-100 68-212 452 0.108
20-200 68-390.................................473 o.HS
20-100 68-750 519 0.124
20-600 68-1110 565 0.135

AISI 5140, 5140H: Thermal Treatment Temperatures
Quenching medium: oil or water

Temperature range
Treatment T T

Forging.........> ...........................1230 max 2250 max
Annealing(a) ..815-870 1500-1600
NoTmaJizmg(b) , ,.,. ..870-925 1600-1700
Austenitizing ,,855-885 1575-1625
Tempering <c) (c)

(a) Maximum hardness of 170 HB. (b) Hardness of approximately 241 HE.
(c) To desired hardness

Mechanical Properties

Tempering temperature, F

600 BOO 1000_1200

T30O

700
70

•[ÿÿ • 1 1 i
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AvÿTensi e strength .
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] \ -

i
!

ÿRet uctron in area

i

'

__
"Llongation

i

- 200

250

AISI 5140; Effect of Tempering Tem¬
perature on Tensile Properties. Normalized at
670 °C (1600 °F); reheated to 845 T (1550 °F);
quenched in agitated oil. Specimens were treated
in 13.5-mm (0.530-in.) diam and machined to
12.8-mm (0.505-in.) diam for testing. Tests were
conducted using specimens machined to English
units. Elongation was measured in 50 mm (2 in.).
(Ref 4)

200 aoo arm son goo ÿ mo

Tempering temperature, °C

4
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Mechanical Properties (continued)

AISI 5140, 5140H: End-Quench Hardenability Limits and Hardenability Band. Heat treating temperatures recom¬
mended by SAE: normalize at 870 °C (1600 °F), tor forged r rolled specimens only; austenitize at 845 °C (1550 °F). (Ret 1)

| Diameter, of rounds with seme as-quenchEd hardness j Location in round OjeochDistance from
quenched end, Ms in.

1...
2 ...
3 ...
4 ...
5 ...
S ...
7 ...
8 ...
9 ...

10 ...
11 ...
12 ...
13 ...
14 ...
15 ...
16 ...
18 ...
20 ...
22 ...
24 ...
26 ...
28 . . .
3« ...
32 ...

Hardness, HRC
mas min

.. .60

...59

...58

...57

...56

...54

...52

...50

...48

...46

...45

...43

...42

..40

. .39

.. .38

...37

...36

...35

...34

. .34

...33

...33

...32

53
52
50
48
43
38
35
33
31
30
29
28
27
27
26
25
24
23
21
20

3.8
1.1 2.0 2,9 3.B 4.8 5.8 6.7
0.7 1.2 1.0 2.0 2.4 2.8 3.2 3.6 3.9

Surface
radius from center

Cooler

0.8 1.8 2.S 3.0 3.4 3.8 Surface
0.5 1.0 1.5 2.0 2.4 2.8 3.2 3.8 4.0 fie radius Iron, center
0.2 0.5 1.0 1.4 1.7 2.0 7.4 2.8 3.1 Center

Mild
water
quench

to 12 14 18 18 20 22 24 26 28 18 32

Ocstancs from quenched end Vl6 in.

AiSI 5140, 5140H: Mass Effect on Mechanical Properties (Ref 4)

Tensile Yield
Size round strength strength Elongatiou(a), Reduction Hardne

Condition or treatment mm in. MPa ksi MPa ksi <* in area, *3> HB

Annealed Iheated to 830 °C or 1525 °F;
furnace cooled 11 °C or 20 °F per hour
to 650 °C or 1200 °F; cooled in air! 25 1 570 83 290 42 28.6 57.3 167

Normalized (heated to 870 °C or 1600 "F;
cooled inair 13 0.5 827 120 525 76 22.0 62.3 235

25 1 793 115 470 68 22.7 59.2 229
50 2 779 113 455 G6 21.8 55.3 223

100 4 765 111 415 60 21.6 52.3 217
Oil quenched from 845 "C (1550 °F);

tempered at 540 °C (1Q00 °F) 13 0-5 1015 147 910 132 17.8 57.1 302
25 1 972 141 841 122 18.5 58.9 293
50 2 883 128 689 100 19.7 59.1 255

100 4 862 125 565 82 20.2 55.4 248
Oil quenched from 845 °C (1550 °F);

tempered at 595 'C (1100 "Fi ..13 0.5 896 130 779 113 20.2 61.4 269
25 1 876 127 724 105 20.5 61.7 262
50 2 814 118 615 89 22.0 632 241

100 4 800 116 510 74 22.1 59.0 235
Oil quenched from 845 °C 11550 °F);

tempered at 650 °C (1200 °F) 13 0.5 827 120 703 102 22.2 63.4 241
25 1 807 117 650 94 22.5 63.5 235
50 2 758 110 565 82 24.5 67.1 223

100 4 731 106 470 68 24.6 63.1 217
(a) In 50 rmi {2 in.)

AISI 5140, 5140H: Effect of the Mass on Hardness at
Selected Points (Ref 4)

As-quenched hardness
Size round after quenching in oil at

111111 Surface Vi radius Center
13 0.5....................57 HRC 57 HRC 56 HRC
25 1.....................53 HRC 48 HRC 45 HRC
50 2.....................46 HRC 38 HRC 35 HRC

100 4 .....................35 HRC 29 HRC 20 HRC

AISI 5140, 5140H: Hardness and MachinabilitytRef 7)

Condition
Hardnqss
range, HB

Average
machinability

rating(a)

Annealed and cold drawn 179-217
(a) Based on AISI 1212 steel as 100% average machinability

65
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Mechanical Properties (continued)

AISI 5140, 5140H: Tensile Properties (Ref 5)

Condition
or treatment

Tensile
strength

MPa Ifsi

Yield
strength

MPa ksi
GlongadonCa),

%
Reduction
in area, %

Hardness,
HB

Izod impact
energy

J ft lb

Normalized at 870 °C
(1600 T) 793 115 475

Annealed at 830 'C
(1525 "Fl 570 83 295

(a) In50 mm (2 in.)
43

22.7

28.6

59

57

229

167

38

41

28

30

AISI 5150, 5150H

AISI 5150, 5150H: Chemical Composition
AISI Chemical composition, %
grade C Mn P max S max Si Cr

5150 ......0.48-0.53 0.70-0.90 0.035 0.040 0.15-0.30 0.70-0.90
5150H ....0.47-0.54 0.60-1.00 0.035 0.040 0,15-0.30 0.60-1.00

Characteristics. AISI grades 5150 and 5150H are rela¬
tively inexpensive,carbon-chromium alloy steels with higher
hardness, strength, and elasticity than AISI 5140. They are
directly hardenable with a medium hardenability rating.

These grades are available as hot rolled and cold finished
bar, rod, and wire; hot and cold rolled sheet and strip;
seamless mechanical tubing; and bar subject to end-quench
hardenability requirements.

Typical USES. Applications of AISI grades 5150 and
5150H include coil and flat springs 3.2-mm (0.125-in.) thick
and heavier, and hand tools. These parts are usually oil-

quenched. A minimum of 90% martensite is desirable in the
as-quenched condition.

AISI 5150; Similar Steels (U.S. and/or Foreign). UNS
G51500; ASTM A322, A331, A505, A519; SAE J404, J412,
J770; (W. Ger.) DIN 1.7006; (Fr.) AFNOR 42 C 2, 45 C 2

AISI 5150H: Similar Steels (U.S. and/or Foreign). UNS
H51500; ASTM A304; SAE J1268

AiSI 5150, 5150H: Approximate Critical Points
Transformation Temperature(a) Transformation Temperaturc(a)
point °C °F point "C °F

Ac, ...............720 1330 Ar, 70C 1290
Aca ...............770 1420 M 290 555
Ar3 720 1330
(a) On heating or cooling at 28 °C (50 °F) per hour

Physical Properties Machining Data

AISI 5150, 5150H; Thermal Treatment Temperatures
Quenching medium: ail

Temperature range
Treatment °C °F

Forging.....................................1205 max 2200 max
Annealing(aj 815-870 1500-1600
Normalizingÿ)! 845-900 1550-1650
Austenitizing 830-855 1525-1575
Tempering (c) (c)

(a) Maximum hardness of 202 HB. (b) Hardness of approximately 293 HB.
(c) To desired hardness

For machiningdata on AISI grades 5150 and 5150II, refer to
the preceding machining tables for AISI grades 4150 and
4150H.

Mechanical Properties

AISI 5150, 5150H: Tensile Properties (Re! 5)

Condition or treatment

Tensile
strength

Yield
strength Elongation(a), Reduction Hardness*

Izod impact
energy

MPa kai MPa ksi % in area, % HB J ft -lb

.869 126 530 77 20.7 59 255 31 23

..675 98 360 52 22.0 44 197 26 19
<a) In 50 mm (2 in.)
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Mechanical Properties (continued)

AISI 5150H: End-Quench Hardenabiiity Limits and Hardenabiiity Band. Heat treating temperatures recommended
by SAE: normalize at 870 °C (1600 °F), tor forged or rolled specimens only; austenitize at 845 °C (1550 °F). (Ref 1)

Distance from
quenched end, vis in.

1.
2 .
3
4 .
5 .
6 .
7 .
8 .
9 .

10 .
11 .
12 .
13 .
14 .
15 .
15 .
18 .
20 .
22 .
24 .
26 .
28 .
30 .
32 .

Hardness, HRC
max min

.65

.65

.64

.63

.62

.61

.60

.59

.58

.56

.55

.53

.51

.50

.48

.47

.45

.43

.42

.41

.40

.39

.39

.38

59
58
57
56
53
49
42
38
36
34
33
32
31
31
30
30
29
28
27
26
25
24
23
22

Diameter? of round, with same as-quenched hardness Location in round Oumch

o
cc
X

3.8
I.T
0.7

4.a
2.4

5.B
2.8

6.7
3.2 3.6 3.9

Surface
3/4 radius from center

Center

Mild
water

quench
rr

0.8 1.5 2.5 3.0 3.4 3.8
0.5 1.0 1.6 2.0 2.4 2.8 32 36 4.0
02 0.S 10 1.4 1.7 2.0 2.4 28 3.1

Surface
3/4 radius from center

Center

\

Distance fram quenchec end, t/15 in.

AISI 5150, 5150H: Mass Effect on Mechanical Properties (Ref 4)

Condition or treatment
Size round

mm in-

Tensile
strength

MPa ksi

Yield
strength

MPa ksi
Elongalion(a),

Ot

Annealed Iheated to 825 *C or 1520 "F;

Reduction
in area, %

Hardness,
HE

to 645 cC or U90 "F; cooled in air) 25 1 675 98 360 52 22.0
'

43,7 197
Normalized (heated to 870 "C or 1600 CF;

cooled in air) . , 13 0.5 903 131 565 82 21.0 60.6 262
25 1 869 126 530 77 20.7 58.7 255

i 50 2 848 123 495 72 20.0 53.3 248
100 4 341 122 435 53 18.2 43.2 241

Oil quenched from 830 "C (1525 DF);
tempered at 540 DC (1000 3F) 13 0.5 1095 159 1000 145 16.4 52.9 311

25 1 1055 153 910 132 17.0 54.1 302
\ 50 2 910 132 570 97 18.5 55,5 255

100 4 852 125 595 86 20.0 57.5 248

Oil quenched from 830 °C (1525 T);
tempered at 595 °C (1100 °F) 13 0.5 993 144 903 131 19.2 55.2 285

25 1 945 137 793 115 20.2 59.5 277
:

50 2 876 127 SCO 87 20.0 56.8 255
100 4 827 120 550 80 19.7 56.4 241

Oil quenched from 830 °C (1525 °F);
tempered at 650 °C (1200 °Fi 13 0.5 938 136 834 121 21.7 59.7 269

25 1 883 128 745 108 21.2 61.9 255
1 50 2 821 119 605 88 22.7 63.0 241

100 4 793 115 525 76 21.5 60.8 235
(a) In 50 mm (2 in.)

AISI 5150, 5150H; Effect of the Mass on Hardness at
Selected Points (Ref 4)

As-quenched hardness
Size round after quenching in oil at:

mm in. Surface ix radius Center

13 0.5..................,60 HRC 60 HRC 59 HRC
25 1....................59 HRC 52 HRC 50 HRC
50 2 ....................55 HRC 44 HRC 40 HRC

100 4 ....................37 HRC 31 HRC 29 HRC

AISI 5150, 5150H: Hardness and Machinability (Ref 7)

Condition
HordnesB
range, HB

Average
machinability

ratirig(a)

Annealed and cold drawn 183-235
(a) Based on AISI 1212 steel as 100ÿ average machinability

60
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Mechanical Properties (continued)

Tempsring temperature,

2100

19Q0

1300

— GOD

Hardness

Terwle strength

Yield point

Reduction in area

tlongation
1_I

1100

AISI 5150: Effect of Tempering
Temperature on Tensile Properties.
Normalized at 900 X (1650 °F); water quenched
from 870 X (160O °F]; tempered at 56 X (100 °F)
intervale. Specimens were treated in 13.7-aan
(0.540-in.) diam and machined to 12.8-mm
(0.505-in.) diam for testing. Tests were conducted
using specimens machined to English units.
Elongation was measured in 50 mm (2 in.). (R»f 2)

ZOO 300 too 000 600

Tempering temperature, °C

AISI 5155, 5155H

AISI 5155, 5155H: Chemical Composition
AISI
grade

Chemical composition, %
Mn P max S max Si Cr

5155 ......0.51-0.59
5155H

_____
0.50-0.60

0.70-0.90
0 60-1.00

0.035
0.035

0.040
0.040

0.15-0.30 0.70-0.90
0.15-0.30 0.60-1.00

Typical Uses. AISI 5155 and 5155H steels axe used for
springs and hand tools. These grades are also suitable for
services involving relatively small cross-sectional areas that
are subject to severe service conditions, such as rod and wire
with broad applications as fasteners.

Characteristics. AISI grades 5155 and 5155H are directly
hardenable, medium-carbon, chromium, alloy steels with
medium hardenability. These steels are available as hot
rolled and cold finished bar, rod, and wire; seamless me¬
chanical tubing; and bar subject to end-quenchhardenability
requirements.

AISI 5155: Similar Steels (U.S. and/or Foreign). UNS
G51550; ASTM A322, A331, A519; SAE J404. J412, J770;
(W. Ger.) DCS1 1.7176; (Fr.) AFNOR 55 C 3

AISI 5155H: Similar Steels (U.S. and/or Foreign). UNS
H51550; ASTM A304; SAE J1268; (W. Ger.) DIN 1.7176; (Fr.)
AFNOR 55 C 3
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178/Alloy Steels

Physical Properties Machining Data Mechanical Properties

AISI 5155, 5155H: Thermal
Treatment Temperatures
Quenching medium: ail

Treatment
Temperature range

•C °F

For machining data on AISI
grades 5155 and 5155H, refer
to the preceding machining
tables for AISI grades 4150
and 4150H.

Annealing.....815-870 1500-1600
Normalizing. ..870-925 1600-1700
Austeni-

tizing

_______
800-845 1475-1550

Tempering...----{a) (a)

(a) To desired hardness

AISI 5155, 5155H: Hardness and Machinability (Ref 7)

Condition
Hardnes*
range, HB

Average
raachinability

ratingta)

Annealed and cold drawn.......,.......183-235
(a) Based on AISI 1212 steel as 100% average machinability

55

AISS 5160/ 5160H, 51B60, 51B60H

AISI 5160, 5160H, 51B60, 51B60H; Chemical Composition
AISI Chemical composition, %
grade C Md P max S max Si Cr R

5160 . 0.56-0.64 0.75-1.00 0.035 0.040 0.15-0.30 0.70-0.90
5160H 0.55-0.65 0.65-110 0.035 0.040 0.15-0.30 0.60-1.00
51B60 0.56-0.64 0.75-1.00 0.035 0.040 0.15-0.30 0.70-0.90 0.0005-0 0030
51B60H 0.65-1.10 0.035 0.040 0.15-0.30 0.30-1.00 0.0005-0.0030

Characteristics. AISI grades 5160, 5160H, 51B60, and
51B60H are medium-high carbon, chromium, directly
hardenable,"alloy steels with medium hardenability. The
addition of boron to 51B60 and 51B60H improves harden¬
ability by increasing the depth of hardening during
quenching.

The four grades are available as hot rolled and cold
finished bar, rod, and wire; hot and cold rolled sheet and
strip; seamless mechanical tubing; and bar subject to
end-quench hardenability requirements.

Typical Uses. AISI grades 5160, 5160H, 51B60, and
51B60H are used for applications involving relatively small
cross-sectional areas that are subject to severe service
conditions, particularly rod and wire for the fastener and
spring fields.

AISI 5160: Simitar Stasis (U.S. and/or Foreign). UNS
G51600; ASTM A322, A331, A505, A519; SAB J404, J412,
J770

AISI 5160H: Similar Steels (U.S. and/or Foreign). UNS
H51600; ASTM A304; SAE J1268

AISI 51860: Similar Steels (U.S. and/or Foreign). UNS
G51601; ASTM A322, A331, A519; SAE J404, J412, J770

AISI 51B60H: Similar Steels (U.S. and/or Foreign). UNS
H51601; ASTM A304; SAE J1268

AISI 5160, 51B60: Approximate Critical Points

Transformation
point

AISI 5160
°C DF

" Temperature{a) M

AISI 5IB60
°C T

Ac, 710 1310 725 1335
Acs ......765 1410 770 1420
Ar., . ... 715 1320 730 1345
Ar, 675 1250 675 1250
M, .....255 490 255 490
(a) On heating or cooling at 28 °C (50 °F) per hour

Physical Properties

AISI 5160, 5160H, 51B60, 51B60H: Thermal Treatment
Temperatures
Quenching medium: oil

Temperature range
Treatment 9C

Forging...........................ÿ < * .1205 max 2200 max
AnnealLngfa) 790-345 1450-1550
Normalizingÿ) . 845-900 1550-1650
Austenitiring 830-355 1525-1575
Tempering ........(c) 1c)

(a) Maximum hardness of 223 HB, (b) Hardness of approximately 286 HB.
(c) To desired hardness

Machining Data

For machining data on AISI grades 5160, 5160H, 51B60, and
51B60H, refer to the preceding machining tables for AISI-
grades 4150 and 4150H.
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Mechanical Properties
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AIS1 5160: Effect of Tempering Temperature
on Tensile Properties. Normalized at 855 °c
(1575 °F); reheated to 830 °C (1525 °F); quenched in
oil. Specimens were treated in 13.5-mm (0.530-in.)
diam and machined to 12.8-mm (0.505-in.) diam for
testing. Tests were conducted using specimens
machined to English units. As-quenched hardness of
682 HB; elongation measured in50 mm (2 in.), (flef 4)

300 400 MO 600
Tempering temperature, DC

Tempering temperature, F

600 800 10DD 1200

1400

£ 30

Tensile strength.

Yield strength

Hardness

i i
Reduction inarea

Elongation

AISI 51B6Q: Effect of Tempering Temperature
on Tensile Properties. Normalized at 870 °c
(1600 °F); oil quenched from 845 °C (1550 °F);
tempered at 56 °C (100 °F) intervals. Specimens were
treated in 13.7-mm (0.540-in.) diam and machined to
12.8-mm (0.505-in.) diam for testing. Tests were
conducted using specimens machined to English units.
Elongation was measured in 50 mm (2 in.). (Ref 2}

300 400 500 EDO
Tempering temperature, "C



180/Alloy Steels

Mechanical Properties (continued)

AISI 5160H: End-Quench Hardenability Limits and Hardenability Band. Heat treating temperatures recommended by
SAE; normalize at 870 X <1600 °F), for forged or rolled specimens only; austenitize at 845 °C (1550 °F). (Ref 1)

1
Distance from
quenched end. 14s in.

1
1.
3
4 .
5 .
6 .
7 .
8 .
9 .

10 .
11 .
12 .
13 .
14 .
15 .
16 .
18 .

20 .
22 .
24 .
26 .
28 .
30 .
32 .

Hardness, HRC
max min

...65

...65

...64

...64

...63

...62

...61

...60

...59

...58

...56

...54

...52

...48

...47

. 46

...45

.. .44

...43

...43

...42

60
60
60
59
58
58
52
47
42
.39
37
36
35
35
34
34
33
32
31
30
29
28
28
27

Diameters of rounds With same as-Quenched hardness f Location in round Quench

a.e
1.1 2.0 2.9 3.8 48 5.B G.7
OL7 1.2 1.6 2 0 2.4 2.9 3.2 3 6 3.9

1 Surface
, V* radius Irom center

Center

Mild
water
qiench

O.B 1.8 2.5 3.0 3.4 3.8
0.5 1.0 1.6 20 2.4 2.8 3.2 3.6 40
0.2 06 1.0 1.4 1.7 2 0 2.4 2.B 3.1

; Surface
34 radius Irom center

Center

' 0 2 4 G S 10 12 14 IS 16 20 22 24 2S Z! JD 32

Distance tram quenched end the in.

AISI 5160, 5160H, 51B60, 51B60H: Mass Effect on Mechanical Properties (Ref 4)

Tensile Yield
Size round strength strength Elongation(a), Reductioa Hardness,

Condition or treatment mm in. MPa ksi MPa ksi in area, It HB

Annealed (heated to 815 °C or 1495 °F;
furnace cooled 11 DC or 20 °F per hour
to 480 *C or 900 aF; cooled inair) 25 1 724 105 275 40 17.2 30.6 197

Normalized (heated to 855 ®C or 1575 CF;
cooled in air) 0.5 1025 149 650 94 18.2 50.7 285

25 1 958 139 530 77 17.5 44.8 269
50 2 924 134 510 74 16.0 39.0 262

100 4 924 134 48a 70 14.8 34.2 255
Oil quenched from 830 dC (1525 DF);

tempered at 540 aC (1000 °F) 13 0.5 1170 170 1070 155 14.2 45.1 341
25 1 1145 1GC 1005 146 14.5 45.7 341

. 50 2 I960 154 703 102 17.8 51.2 293
100 4 965 140 703 102 18.5 52.0 285

Oil quenched from 830 °C (1525 °F);
i tempered at 595 aC (1100 T) 13 0.5 1050 152 924 134 16.6 50.6 302

25 1 1000 145 869 126 18.0 53.6 302
i 50 2 931 135 635 92 20.0 54.6 277

100 4 889 129 615 89 21.2 57.0 262
Oil quenched frum 830 °C (1525 °F);

tempered at 650 °C (1200 °F) 13 0.5 917 133 793 115 19.8 55.5 269
25 1 889 129 765 111 20.7 55.6 262
50 2 779 113 580 84 21.8 57.5 248

100 4 827 120 540 78 • 22.8 60.8 241

- AISI 5160, 5160H, 51B60, 51B60H: Effect of the Mass on
Hardness at Selected Points (Ref 4)

As-quenched hardness
Size round after quenching in oil at:
m™ in. Surface Va radius Center

~13 0 5.....................63 HRC 62 HRC 62 HRC
25 1......................62 HRC 61 HRC 60 HRC
so 2 53 HRC 46 HRC 43 HRC

: 100 4.......................40 HRC 32 HRC 29 HRC

AISI 5160, 5160H, 51B60, 51B60H: Hardness and
Machinabitity (Ref 7)

Average
Hardness macHinabiiity

Condition range, HB rating(a)

Spheroidized annealed and
cold drawn 179-217 55

(a) Based on AISI 1212 steel as lOOCt average roachinability
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Mechanical Properties (continued)

AISI 51B60H: End-Quench Hardeliability Limits and HardenahilityBand.Heal treating temperatures recommended try
SAE: normalize at 870 °C (1600 °F), for forged or rolled specimens only; austenitize at 845 °C (1550 T). {Ref 1)

[ OlametErs of rounds with same as-quenched hardness Location in round QuenchDistance from Hardness, HRC
quenched end, Its in. max min

1 60
2 60
3 60
4 60
5 60
6 59
7 58
8 57
9 54

10 50
11 44
12 ....65 41
13 ....65 40
14 ....64 39
15 .. ..64 38
16 ....63 37
18 ....61 36
20 ....59 34
22 ....57 33
24 . 31
26 ....53 30
28 ....51 28
30 ....49 27
32 25

3.0
1.1
0.7 3.5 3.9

Surface
?r* radius from center

Centsr

Mild
water

quench

0.8 1.8 2.5 3.0 3.4 3.8
0.5 1.0 1.6 2.0 Z4 2.0 3.2 3.6 4.0
0.2 0.6 1.0 1.4 1.7 2.0 2.4 2.0 3.1

Surface
radius from center

Center

10 12 14 16 19 20 22

Distance from quenched arid Via in,

AISI 5160, 5160H, 51B60, 51B6QH: Tensile Properties (Ref 5)

Tensile Vield Izod impact
strength strength Elongation(a), Redaction Hardness, energy

Condition or treatment MPs kai MPa ksi % in area, 5 HB J ft - lb

Normalized at 855 °C (1575 °F) 958 139 530 77 17.5 45 269 11 8
Annealed at 815 °C (1495 "F) . ...724 105 275 40 17.2 31 197 10 7
(a) Id 50 mm (2 in )

AISI 6118,61!8H

AISI 6118, 5118H: Chemical Composition
AISI
grade Mn

Chemical composition, %
P max S max Si Cr

6118 0,16-0.21
611SH ..........0.15-0.21

0.50-0.70
0.40-C.80

0.035
0.035

0.040
0.040

0.15-0.30
0.15-0 30

0.50-0.70
0.40-0.80

Characteristics and Typical Uses. AISI 6118 and 6118H
are carburizing grades of chromium-vanadium, alloy steels
with a low case hardenahility and low-to-medium core hard¬
enahility. They are used for small parts that are not subject
to heavy loading. AISI 6118 and 6118H are available as hot
rolled and cold finished bar, rod, and wire, and as bar subject
to end-quench hardenahility requirements.

AISI 6118: Similar Steels (U.S. and/or Foreign). UNS
G61180; ASTM A322; SAE J404, J770; (W. Ger.) DTN 1.7511

AISI 6118H: Similar Steels (U.S. and/or foreign). UNS
H61180; ASTM A304; SAE J1268; (W. Ger.) DIN 1.7511

0.10-0.15
0,10-0.15

PhysicalProperties

AISI 6118, 61I8H: Thermal
Treatment Temperatures
Quenching medium: oil

AISI 6118, 6118H:
Approximate Critical Points
Transformation Temperaturefa)
point °C °F

Ac, 760 I4G0
Aq3 850 1560
Ara .. 775 1430
Ar, 690 1270
(a) On heating or cooling at 28 °C
(60 T) per hour

Treatment
Temperature
lC T

Forging......1530 max 2250 mux
Normalizing.....(a) (a)
Carburizing . ... 900 1650
Tempering .....165 325
(a) At least as high as the carburizing
temperature, follcared by air cooling



I82/Alloy Steels

Mechanical Properties

AISI 6118, 6118H: End-Quench Hardenability Limits and Hardenability Band. Heat treating temperatures recom-
mended by SAE: normalize at 925 "C (1700 CF), for forged or rolled specimens only; austenitize at 925 °C (1700 °F), (Ref 1)

pDiarneters of rounds with same as-quenchEd hardness location in round QuenchDistance from
quenched end, Vis in.

1.
2 .
3 .
4 .

5 .
6 .
7 .
8 .
9 .

10 .
11 .
12 .
13 .
14 .
15 .
16 .
18 .
20 .
22 .
24 .

Hardness, HRC
m«T mm

.46 39

.44 36
28
24

.30 22
20 50

27
.26 4b

.26 8 4H

.25 X

.25 at

35
.24 C

T5

. 24 <0 30
23

25.23
.22 20,
.22

.21

.20

3.3
1.1
0.7

4 .8 5.a
2.4 2.B 3.6 3.9

Surface
ÿ4 radius from center

Center

Mild
water

quench

O.B 1.8 2.5 3.0 3.4 3.8
0.5 1.0 1.6 2.0 2.4 2.8 3.2 3.6 4.0
0.2 0.6 1.0 1.4 1.7 ZO 2.4 2.8 3.1

Surlace
ÿ4 radius from center

Center

*V
10 u u 16 rt 20

Distance from quenched end Vis in.

AISI 6118, 6118H: Hardness and Machinability (Ref 7)

Condition
Hardness
range, HB

Average
machinability

ratingta)

Hot rolled and cold drawn 179-217
(a) Based on AISI 1212 steel-as 100% average machinability

60

Machining Data

For machining data on AISI grades 6118 and 6118H, refer to
the preceding machining tables for AISI grade A2317.

AISI 6150, 6150H

AISI 6150, 6150H: Chemical Composition
AISI
grade Mn

Chemical composition, %
f max S max SI Cr V mi"

6150 .0.48-0.53
6150H 0.47-0.54

0.70-0.90
0.60-1.00

0.035
0.035

0.040
0.040

ft.15-0.30
0.15-0.30

0.80-1.10
0.75-1.20

0.15
0.15

Characteristics. AISI grades 6150 and 6150H are directly
hardenable, chromium-vanadium alloy Bteels with medium
hardenability. These steela are available as hot rolled and
cold finished bar, rod, and wire; bar subject to end-quench
hardenability requirements; and bar that meet aircraft
quality requirements.

Typical Uses. AISI 6150 and 6150H steels are used for:
cold formed flat springs up to 3.2-mm (0.125-in.) thick; flat
springs 3.2 mm {0.125 in.) and over that are hot formed, oil
quenched, and tempered at 390 to 480 °C (725 to 900 °F) to
a hardness of 44 to 48 or 48 to 52 HRC; and coil springs aver
12.7-mm (0.500-in.) diam with the same treatment. Other
applications include valve springs, piston rods, pump parts,
and spline shafts.

AISi 6150: Similar Steels (U.S. and/or Foreign). UNS
G61500; AMS 6448, 6450, 6455, 7301; ASTM A231, A322,

A331, A505; MIL SPEC MIL-S-8503; SAE J404, J412, J770;
<W. Ger.) DIN 1.8159; (Fr.) AFNOR 50 CV 4; (ItaL) UNI 50
CrV 4; (Jap.) JIS SUP 10; (Swed.) SS14 2230; (U.K.) B.S. 735
A 50, En. 47

AISI 6150H; Similar Steels (U.S. and/or Foreign). UNS
H61500; ASTM A304; SAE J1268; (W. Ger.) DIN 1.8159; (Fr.)

AFNOR 50 CV 4; (Ital.) UNI 50 CrV 4; (Jap.) JIS SUP 10;
(Swed.) SS14 2230; (U.K.) B.S. En. 47, 735 A 50

AISI 6150, 5150H: Approximate Critical Points
Transformation
point

Temperature{a)

°C °F
Transformation
point

Temperature(a)
°C °F

Ac,...............750 1380 Ar,
Ac, ...............790 1450 M. . .
At, 745 1370
(a) On heating or cooling at 28 °C (50 °F) per hour

...695

. ..285
1280
545
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Physical Properties
AISI 6150, 6150H: Average Coefficients of Linear Thermal Expansion (Ref 6)

100 "€ (212 *F)

Condition ÿun/m-K
or treatment (/rin./in.-T)

Material A(b>

Annealed 12.2
(6.78)

Hardened, tempered at
205 X (400 °F) 12.0

(6.67)

Material B(c)

Annealed. 12.4
(6.89)

Material C(d)

Annealed 12.4
(6.89)

Hardened, tempered at
425 X (800 T) 11.8

(6.56)
Hardened, tempered at

650 X (1200 "F) 12.3
(6.84)

Coefficient for temperatures from 20 X (68 TKa) to:
200 X (390 "Fl 300 X (570 *F) 400 'C (750 T) 500 X (930 T) 600 X (1110 'F)

pjn/m-K fim/m-K pm/m-R pm/m-K pm/m-K
(/tin./in.'T) (>rin./in. "F) (/(in./in.- °F) (ÿdn./ia.-°F) (/lin./'m.•°F)

12.7
(7.06)

12.5
(6.95)

12.6
(7.01)

12.8
(7.12)

12.4
(6.89)

12.7
(7.06)

13.3
(7.39)

12.9
(7.17)

13.3
(7.39)

13.4
(7.45)

13.1
(7.26)

13.4
(7.46)

13.7
(7.62)

13.0
(7.23)

13.8
(7.67)

13.9
(7.73)

13,6
(7.56)

13.9
(7.73)

14.1
(784)

133
(739)

142
(7.90)

142
(790)

13.9
(7.73)

143
(795)

14.4
(8.01)

13.7
(7.62)

14.5
(8.06)

14.5
(8.06)

14.1
(7.84)

14.7
(8.17)

AISI 6150, 6150H: Thermal Treatment Temperatures
Quenching medium: oil

Temperature range
Treatment °C *F

Forging ..........1205 may 2200 max
Annealing!a) ...............................845-900 1550-1650
Norraalizingfb) ..............................870-925 1600-1700
Auetenjtiring 855-885 1575-1625
Tempering (c) (c)

(a) Maximum hardness of 202 HB. (b) Hardness of approximately 302 HB.
Ic) To desired hardness

Machining Data

For machining data on AISI grades 6150 and 6150H, refer to
the preceding machining tables for AISI grades 4150 and
4150H.

MechcmicaS Properties

AISI 6150H: End-Quench Kardenability Limits and Hardenability Band. Heat treating temperatures recommended by
SAE: normalize at 900 °C (1650 °f), lor torgerf or rolled specimens only; austenitize at 870 °C (1600 °F). (Ref 1)

Distance from Hardness, HBC
quenched end, Wo in. max nun

1 ....65 59
2 . . . ..65 58
3 ....64 57
4 ....64 56
5 ....63 55
6 . ...63 53
7 62 50
8 61 47
9 ....61 43

10 ....60 41
11 ....59 39
12 ....58 38
13 ....57 37
14 ....55 35
15 ....54 35
16 ....52 35
18 ....50 34
20 ....48 32
22 ....47 31
24 . 30
26 29
28.... ....44 27
30 ....43 26

Diameters of rounds with same as-quenched hardness
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GO

55

o
(r bO
_L

>A 45
T5

40
X

35

3D

25

3.8
1.1 2.0 2.9 3.0 4.0 5.8 6,7
0.7 1.2 1.6 2.0 2.4 2.8 3.2 3.6 3.9—»•-- i i —i-----1-~r~ " • f J v. l_ "

0.0 1.8 2.5 3.0 3.4 3.8
0.5 1.0 1.6 2.0 2.4 2.8 3.2 3.6 4.0
0.2 0,6 1,0 1.4 1.7 2.0 2.4 2.8 3.1

Location in rouncT.
Surface

3* radius fom center
Cerder

Surface
V* radius frtm center

Center

Quench

Mild
water

quench|

Mild
oil

quench

10 12 14 15 IB 20 22 24 25 20 3D 32

Distance from quenched end Vis fn.
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Mechanical Properties (continued)

Hardness

Tensile strength

flerkjctinn in area

Elongation

AISI 6150: Effect of Tempering Temperature
on Tensile Properties. Normalized at S70 °c
(1600 °F); reheated to 845 X (1550 °F); quenched
in agitated oil. Specimens were treated in 14.4-mm
(0.565-in.) diam and machined to 12.8-mm
(0.505-in.) diam for testing. Tests were conducted
using specimens machined to English units.
As-quenched hardness of 627 HB; elongation
measured in 50 mm (2 in.). (Kef 4)

TenrtfMrrniG'temperature, DF

Tempering temperature, °C

AISI 6150, 6150H: Mass Effect on Mechanical Properties (Ref 4)

Tensile Yield
Size round strength strength Elongation(a), Reduction Hardness,

Condition or treatment mm in. MPa ksi MPa kai ÿ in area, % HB

Annealed (heated to 815 aC or 1500 aF;
furnace cooled 11 or 20 JF per horn*
to 670 X or 1240 °F; cooled in air) 1 670 97 415 60 23.0 48.4 197

Normalized (heated to 870 X or 1600 "F;
cooled inair) 13 0.5 072 141 640 93 206 63.0 285

25 1 938 136 615 89 21 8 61.0 269
50 2 896 130 515 75 20.7 56.5 262

100 4 883 128 460 67 18.2 49.6 255
Oil quenched from 845 X (1550 °F);

tempered at 540 °C (1000 °F) 13 0.5 1240 180 1225 178 14.6 49.4 363
25 1 1200 174 1160 168 14.5 48.2 352
50 2 1145 166 1000 145 14.5 46.7 331

100 4 1050 152 876 127 16.0 48.7 302
Oil quenched from 845 °C [1550 °F);

tempered at 595 "C (1100 =F) ... 13 0.5 1105 160 1090 158 16.4 52,3 321
25 1 1090 158 1035 150 16.0 53.2 311
50 2 1020 148 910 132 17.7 55.2 293

102 4 896 130 745 108 19.0 55.4 262
Oil quenched from 845 X (1550 °F);

tempered at 650 X (1200 aF) 13 0.5 1015 147 979 142 17.8 53.9 293
25 1 972 141 896 130 18.7 56.3 293
50 2 924 134 800 116 19.5 57.4 269

10O 4 841 122 650 94 21.0 59.7 241
(a) In 50 mm (2 im)
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: i Mechanical Properties (continued)

AISI 6150, 6150H: Effect of the Mass on Hardness at
Selected Points (Ref 4)

As-quenched hardness
Size round after quenching in oil at:
nun in. Surface Vs radius

13 0.5 61 HRC 60 HRC
25 1 60 HRC 58 HRC
50 2 54 HRC 47 HRC

100 4 42 HRC 36 HRC

AISI 6150, 6150H: Hardness and Machinability (Ref 7)

Condition
Hardness
range, HB

Center

Average
machinability

rating(n)

60 HRC
57 HRC
44 HRC
35 HRC

Annealed and cold drawn..............i83-241
(a) Based on AISI 1212 Bteel as 100% average machinability

55

AISI 6150, 6150H: Tensile Properties (Ref 5)

Condition
or treatment

Tensile
strength

MPa ksi

Yield
strength

MPa ksi
Elongationla),

<S>
Reduction
in area, %

HardnesB,
HB

Izod impact
energy

J ft -lb

Normalized at 870 °C
(1600 Ti 938 136 615 89

Annealed at 815 °C
(1500 °Fl 670 97 415 60

(a) In 50 mm (2 in.)

21,8

23.0

61

48

269

197

35

27

26

20

AISI 81B45, 81B45H

AISI 81B45, 81B45H: Chemical Composition
AISI
grade Mn P mas

Chemical composition, %
S mat Si Ni Cr Mo

81B45. .
81B45H

.........043-0.48 0.75-1.00 0.035.........0.42-0.49 0.70-1.05 0.035
0.040
0.040

Characteristics and Typical Uses. AISI grades 81B45
and 81B45H are directly hardneable, nickel-chromium-
molvbdeiiuHi alloy steels, which contain boron to improve
hardenability. These steels are used primarily for gears
and other parts requiring fairly high hardness, as well
as strength and toughness. They are available as hot rolled
and cold finished bar, seamless mechanical tubing, bar sub¬
ject to end-quench hardenability requirements, and aircraft
quality stock.

AISI 81B45: Similar Steels (U.S. and/or Foreign). UNS
G81451; ASTM A322, A519; SAE J404, J412, J770

Physical Properties

AISI 81B45, 81B45H: Thermal Treatment Temperatures
Anneal or normalize for optimum machinability; quenching medium: oil
or water

Treatment
Temperature range
"C 'F

Forging—..................................1205 mat 2200 max
Annealingfa)..815-870 1500-1600
NonnalizinBfbi 845-900 1550-1650
Austenitrang 830-855 1525-1575
Tempering (c) (c)

(a) Maximum hardness of 192 HB. (b) Hardness of approximately 285 HB.
(cl To desired hardness

0.15-0.30
0.15-0.30

0.20-0.40
0.15-0.45

0.35-0.55
0.30-0.60

0.08-015
O.OS-0 15

0.0005-0.003
G.0005-0.003

AISI 81B45H: Similar Steels (U.S. and'or Foreign). UNS
H81451; ASTM A304; SAE J1268

AISI 81B45, 81B45H: Approximate Critical Points
Transformation i'emperature(a) Transformation Temperature(a)
point "C °F point "C °F

-.710 1310 . .655 1215
Ac, ..790 1450 M ..315 600
Ar3 . .720 1325
(a'. On heating or cooling at 28 °C (50 :F) per hour

Machining Data

For machiningdata on AISI grades SIB45 and 81B45H, refer
to the preceding machining tables for AISIgrades 1340 and
1340H.

Mechanical Properties

AISI 81B45, 81B45H; Hardness and Machinability (Ref 7)

Condition
Hardness
range, HB

Average
machinability

ratitig(a)

Annealed and cold drawn.. I79-22S
(a) Based on AISI 1212 steel as 100% average machinability

65
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Mechanical Properties (continued)

AISI 81B45H: End-Quench Hardenability Limits and Hardenability Band. Heat treating temperatures recommended
by SAE: normalize at 870 °C (1600 °f), for forged or rented specimens only; austenitize at 845 °C (1550 °F). (Ref 1)

Distance From Hardness, HRC
quenched end, Vis in. TI>flT mm

1 56
2 56
3 63 56
4 63 56
5 . 55
6 63 54
7 62 53
8 62 51
9 61 48

10 60 44
11 60 41
12 59 39
13 58 38
14 37
15 57 36
16 . 56 35
18 55 34
20 53 32
22 52 31
24 50 30
26 49 29
28 47 28
30 . 45 28
32 43 27

: DiarnGteri of rounds with same aÿquenched nardnEss LotstFort in round Quench

3.8
1.1 2.0 2.9 3.8 4.B 5.8 6.7
0,7 1.2 1.6 2,0 2.4 2.8 3-2 3.6 3.9

;
Surface

V4 radius from center
Canter

Mild
water

quench

0.8 18 2.5 3,0 3.4 3.8
0.5 1.0 1.6 2.0 2A 2.8 3.2 3.6 4.0
0.2 0.6 1.0 1.4 1.7 2.0 2.4 2.8 3.1

Surfaco
Hradius from center

Center

Mild

quench

10 12 14 16 18 20 22 24' 26 28 30 32

Distance frorn quenched end Vie in.

Hardness

ÿTensile strength

Yield strength

Reduction in araa

'Elongation

550 AISI 81B45: Effect of Tempering Tem¬
perature on Tensile Properties. Normalized
at 870 °C (1600 °F); oil quenched from 845 "C

;tws
(1550 °F); tempered at 56 "C (100 °F) intervals.
Specimens were treated in 13.7-mm (0.540-in.)

diam and machined to 12.8-mm (0.505-in.) diam
lor testing. Tests were conducted using specimens

o machined to English units. Elongation was mea¬
sured in 50 mm (2 in.). (Ref 2)

Tempering temperature,

Tempering temperature, °C
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A8SI 8615

AISI 8615: Chemical Composition
AISI
grade Mn

Chemical composition, %
P may S max Si Ni Cr Mo

8615 ...........0.13-0.16 0.70-0.90 0.035 (J.040 €.15-0.30 0.40-0.70 0.40-0.60 0.15-0.25

Characteristics and Typical Uses. AISI grade 8615 is a
nickel-chromium-molybdenum, carburizing, alloy steel with
medium case and core hardenability. This steel is available
as hot rolledbar and aircraft quality stock. Uses of AISI 8615
include automotive gears and shafts, knuckle pins, piston
pins, pump shafts, and spline shafts.

AISI 8615: Similar Steels (U.S. and/or Foreign). UNS
G86150; AMS 5333; ASTM A322, A505; MIL SPEC MIL-
S-866; SAE J404, J770

AISI 8615: Approximate
Critical Points
Transformation Temperatureia)
point *C "F

Ac, 740 1360
Ac3 845 1550
Ar3 790 1455
At, 685 1265
(a) On heating or cooling at 28 °C
{50 °F) per hour

PhysicalProperties

AISI 8615:Thermal
Treatment Temperatures
Quenching medium: oil

Temperature range
Treatment *C °F

Forging......1230 max 2250 max
Normalizing.....(a) (a)
Carbuimng ...900-925 1650-1700
Reheating .....845-870 1550-1600
Tempering: ...120-175 250-350
(a) At least ashirh as the earburizing
temperature, Mowed by air cooling

Mechanical Properties

r 1300

1100

50Q
60

20

I

Ten's! e strer gth

-

xC eld po nt

-

" Hare ness

/Reductiori i j area

— _
/

ÿ.ElDnt stion

175

ISO

125 3

100 300

260

0.175 0.2D 0.225

Carbon, %

0.275

AISI 8600 and 8700 Series Steels:
Average Core Properties. Test specimens were
25-mm (1-in.) bar pseudocarburized at 900lo925 °C
[1650 to 1700 °F); furnace cooled; reheatedat 845 °C
(1550 °F); oil quenched; tempered at 150 X (300 °F).
Elongation was measured in 50 mm (2 in.),insmall
sizes, the 8700 steels show properties similar to those
of the 8600 steels of equivalent carbon content;
however, because of increased molybdenumcontent
the 8700 series will maintain these values (a

somewhat heavier section sizes. (Ret 10)

AISI 8615: Tensile Properties
Test specimens were 25-mm (1-in.l bar; tests were conducted using specimens machined to English units

Treatment

Tensile
strength

MPa ksi

Yield
strength

MFh ksi
Elongation(a),

%
Reduction
in area, %

Pseudocarburized at 900-925 °C
(1650-1700 °F); box cooled;
reheated at 840 °C (1550 °F);
oil quenched; tempered at
150 °C (300 °F)

(a) In 50 mm (2 in.)
.693 100 500 72.5 20 58
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Mechanical Properties (continued)

AISI 8615: Hardness and Machinability (Ref 7)

Average
Hardness macbinability

Condition range, HB roting(a)

Hot rolled and cold drawn..............Z79-235 70
(a) Baaed on AISI 1212 steel as lOO4# average mnchinability

Machining Data

For machiningdata onAISIgrade 8615, refer to the preceding
machining tables for AISI grade A2317.

i
J

AISI 8617, 8617H

j
AISI 8617, 8617H: Chemical Composition_
AISI Chemical composition, %
grade C Mn P mas S max Si Ni Cr Mo

8617 ...................................0,15-0,20 0.70-0.90 0.035 0.040 0.15-0.30 0.40-0.70 0.40-0.60 0.15-0.25
8617H .................................0.14-0.20 0.65-0.95 0.035 0.040 0.15-0.30 0 35-0.75 0.35-0.65 0.15-0.25

Characteristics and Typical Uses. AISI grades 8617 and
8617H are nickei-chronnum-molybdenum alloy steels
with intermediate case hardenability and medium core
hardenability.

These steels are available as hot rolled and cold finished
bar, rod, and wire; bar subject to end-quench hardenability
requirements; and aircraft quality stock. Uses of AISI 8617
and 8617H include automotive and tractor gears, pistonpins,
ball studs, universal crosses, and roller bearings.

AISI 8617, 8617H:
Approximate Critical Points
Transformation Tcmpcroturc(n)
point *C

Act ................745 1370
Ac3 ................B45 1550
At3 ................775 1430
Aii 580 ÿ260

(a) On heating ar cooling at 28 DC
{50 per hour

Physical Properties

AISI 8617, 8617H: Thermal
Treatment Temperatures
Quenching medium: oil

Temperature range
Treatment *C °F

Forging......1230 max 2250 max
Annealing.....855-900 1575-1650
Normalizing... 900-940 1650-1725
Carburizing ......925 1700
Hardening. ....800-855 1475-1575

Machining Data

For machining data on AISI
grades 8617 and 8617H, refer
to the preceding machining
tables for AISI grade A2317.

AISI 8617; Similar Steels (U.S. and/or Foreign). UNS
G86170; ASTM A322, A331, A505; AMS 6272; SAE J404,
J770; (W. Ger.) DIN 1.6523; (Fr.) AFNOR 20 NGD 2, 22 NCD
2; (Ital.) UNI 20 NiCrMo 2; (Jap.) JIS SNCM21H,SNCM 21;
(U.K.) B.S. 805 H 20, 805 M 20

AISI 8617H: Similar Steels (U.S. and/or Foreign). UNS
H86170; ASTM A304; SAE J1268; (W. Ger.) DIN 1.6523; (Fr.)
AFNOR 20 NCD 2, 22 NCD 2; (Ital.) UNI20 NiCrMo; (Jap.)
JIS SNCM 21 H, SNCM 21; (U.K.) B.S. 805 H 20, 805 M 20

AISI 8617, 8617H: As-Quenched Core Hardness
After quenching in oil at 925 °C (1700 °F)

Size round As-quenched core hardness, HB, at:
mm in. 14 radius V4 radius Center

25 1.......302 265 258
50 2 ...235 215 207
75 3 212 195 192

Mechanical Properties

AISI 8617, 8617H: Permis¬
sible Compressive Stresses
Taken from gears having a case
depth of 1.1 to 1.5 mm (0.045 to
0.060 in.) and a maximum case
hardness of 60 HRC

Compressive
Data stress
point MPa ksi

Mean 1379 200
Mnximnm .......1517 220

Mechanical Properties

AISI 8617, 8617H: Approximate Core Mechanical Properties
Heat treatment of test specimens: (I) normalized al 925 °C (1709 °F) in32-mm (1.25-in.) rounds; (2) machined
to 25- or 13.7-mm ( 1- or 0.540-in.) rounds; (3) pseudocarburized at 925 °C (1700 *F) for 8 h; (4) box cooled fo
roam temperature; (S) reheated to temperatures given inthe table and ail quenched; (6) tempered at 150 "C
(300 T); (7) tested in 12.8-mni (0.505-in.) rounds; tests were conducted using test specimens machined to
English units

Reheat Tensile Yield
temperature strength strength(a) Elongation(b), Reduction Hardness,

°C "F MPa ksi MPa ksi % in area, % HB

(« (e)............883 128 650 94 19 54 255
855 1575...........834 121 625 91 19 52 248
800 1475...........786 114 530 77 22 54 233
855, 800(d) 1575, 1475(d).. .820 119 550 80 23 56 243
(a) 0.25 offset. (b) In 50 mm (2 in.), (c) Quenched from step 3. Id) Double oil quench
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Mechanical Properties {continued)

AISI 8617H: End-Quench Hardenability Limits and Hardenability Band. Heat treating temperatures recommended
by SAE: normalize at 325 °C (1700 °D, for forged or rolled specimens only; austenilize at 925 X (1700 °F). (Ref 1)

Distortnp from
quenched end. Vie in-

1
2 ...
3 , .,
4 ...
5 ...
6 ...
7 ...
8 .. .
9

10 ...
11...
12 ...
13 ...

14 ...
15 ...
16 ...
18 ...
20 . .,

Hardness, HHC
min

46
44
41
38
34
31
28
27
26
25
24
23
23
22
22
21
21
20

39
33
27
24
20

DiametBra of rounds with same as-quenched hardness Location in round Quench

3.0
1.) 2.0 2.9 3.B
0,7 1.2 1.6 2,0

4.8 5.0 6.7
2.4 2,0 3.2 3.6 3.9

0.0 T.S 2.5 3.0 3.4 3.8
0.5 1.0 1.6 2.0 2.4 2.B 3.2 3fi 4,0
0.2 0.6 1,0 1.4 1,7 2.0 2,4 2.B 3,1

Surface
M radius frcm renter

Center

Surface
radius from center

Center

Mild
wat&r

quench

Mild
ait

quench

10 12 14 16 IB 20 22 24 26 26 30 32

Distance from quenched end Vis in.

AISI 8617, 8617H: Hardness and Machinability (Ref 7)

Condition
Hardness
range. HB

Average
machinability

rating(a)

Hot rolled and cold drawn 179-235
(a) Based on AISI 1212 steel as 100% average machinability

70

For additional data on mechanical properties of AISI grades
8617 and 8617H, refer to the figure on AISI 8600 and 8700
series steels: average core properties, which is included in
AISI 8615.

AISI 8620, 8620H

AISI 8620, 8620H: Chemical Composition
AISI
grade C

8620 0.18-0.23
862QH 0.19-0.25

Md P max
Chemical composition, %

S max Si Ni Cr Mo

0.70-0.90
0.60-0.95

0.035
0.035

0.040
0.040

0.15-0.30
0.15-0.30

0.40-0.70
0.35-0.75

0.40-0.60
0,35-0.65

0.15-0.25
0.15-0.25

Characteristics and Typical Uses. AISI grades 8620 and
8620Hare carburizing, nickel-chromium-molybdenum, alloy
steels, characteristically used in moderate section sizes
which require medium hardenability, strength, and shock
resistance. The hardening treatment is selected through
evaluation of the properties required, in both the case and
core, for particular applications of parts.

AISI 8620 and 8620H are used for differential ring gears,
cam.shafts, piston pins, transmission gears, steering worm
gears, spline shafts, high-strength fasteners, carburized
chain,chain pins, and applications requiringmedium strength,
tough core properties, and hard, wear-resistant case proper¬
ties. AISI grade 8620 may be satisfactorily welded by any
commercial process; however, the use of shiclded arc, carbon-
molybdenum electrodes is recommended.

Grades 8620 and 8620H are available as hot rolled and
cold finished bar, rod, and wire; bar subject to end-quench
hardenability requirements; and aircraft quality stock.

AISI 8620: Similar Steels (U.S. and/or Foreign). UNS
G86200; AMS 6274, 6276, 6277; ASTM A322, A331, A505,
A513; ML SPEC MIL-S-16974; SAE J404, J770; (W. Ger.)
DIN 1.6523; (Fr.) AFNOR 20 NCD 2, 22 NCD 2; (Ital.)
UNI20 NiCrMo 2; (Jap.) JIS SNCM 21 H,SNCM 21; (U.K.)
B.S. 805 H 20, 805 M 20

AISI 8620H: Similar Steels (U.S. and/or Foreign). UNS
H86200; ASTM A304; SAEJI268; (W. Ger.)DIN 1.6523; (Fr.)
AFNOR 20 NCD 2, 22 NCD 2; (Ital.) UNI 20 NiCrMo 2;
(Jap.) JIS SNCM 21 H, SNCM 21; (U.K.) B.S. 805 H 20,
805 M 20

AISI 8620, 8620H: Approximate Critical Points
Transformation Temperature(a) Transformation
point aC point

Ac, 730 1350 Ai,
Ac, 830 1525 M.
Ar, 770 1415
(a) On besting or cooling at 28 °C (50 °P) per hour

Temperatnre(a)
°C "F

.660

.395
1220
745
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Physical Properties Machining Data

AISI 8620, 8620H: Thermal Treatment Temperatures
Quenching medium: oil

Temperature range
Treatment X °F

Forging............. 1230 max 2250 max
Annealing 855-885 1575-1625
Normalizing ............870-955 1600-1750
Carburizing 900-925 1650-1700
Reheating .........800-835 1475-1535
Tempering....................................(a) (a)

(a) To desired hardness

Formachiningtables on AISI grades 8620and 862GH, refer to
the preceding machiningtables for AISI grade A2317.

Mechanical Properties

AISI 8620, 8620H: Effect of the Mass on Core Properties in Response to Heat Treatment (Ref 13)
Test locations: 25-mm (1-in.) rounds at canter, 50-rtim (2-in.) rounds at V4 radius; tests were conducted using test specimens machined to English units

Tensile Yield Eiongs- Izod impact
Size round strength strength tion(a). Reduction Hardness, energy

Treatment or condition mm in. MPa ksi MPa ksi % inarea, % HB J ft* lb

Annealed (heated to 870 X
or 1600 °F; furnace cooled
at 17 X.or 30 °F per hour
to 620 X or 1150 °F:
air cooled)........................13 0.5 530 77 385 56 31 62 149 115 83

Normalized (.heated to
915 X or 1675 T; air

• cooled) ..........................13 0.5 635 92 360 52 26 60 183 98 73
Quenched from carburizing

box (carburized at 925 X
or 1700 for 8 h;oil
quenched; tempered at
150 X or 300 °F)

Cooled in carburizing box,
reheated and quenched
(carburized at 925 X or
1700 DF for 8 h; cooled to
room temperature inbox;
reheated to 845 X or
1550 °F; oil quenched;
tempered at 150 X or

13 0.5 1325 192 1035 150 12 49 388 37 27
25 1 931 135 758 110 16 40 321
50 2 745 108 560 81 25 58 277 ... ...

300 X! 13 0.5 1296 188 1035 150 11 52 388 35 26
25 1 958 139 814 118 19 48 321 ... ...
50 2 675 98 490 71 21 54 269 ... ...

Cooled in carburizing box.
reheated and quenched
twice (carburized at
925 X or 1700 T for 8 h;
coaled to room temper¬
ature inbox; reheated
to 845 X or 1550 °F; oil
quenched; reheated again
to 800 X or 1475 T; oil
quenched; tempered at
150 °C ur 300 T) ..........;.....13 0.5 917 133 570 83 20 57 269 76 56

(a) In50 mm (2 in.)

AISI 8620, 8620H: Low-Temperature Impact Properties (Ref 17)
(blenched from 900 °C (1650 T>

I-Charpy impact (V-notch) energy at temperature oft-1
Tempering -185 X -130 X -73 X -18 X 38 °C Transition
temperature Hardness, (-300 *F> (-200 "F) (-100 "F) (0 °F) (100 °F) temperaturefa)
X X HRC J ft - lb J ft lb J ft 'lb J ft lb J ft -lb X X

150 300.....................IS 15 11 22 16 31 23 47 35 17 35
425 800......................36 11 8 18 13 27 20 47 35 61 45 -29 -20
540 1000......................29 34 25 45 33 88 65 103 76 103 76 -101 -150
650 1200.....................21 14 10 115 85 145 107 156 115 159 117 -126 -195
(a) 50% brittle
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Mechanical Properties (continued)

AISI 8620, 8620H: Core Properties of Specimens Treated for Maximum Case Hardness and Core Toughness (Ref 4)

Specimens were treated in 14.4-mm (0.565-in.) rounds and machined la 12.8-mm (0.505-in.) rounds for testing; tests were conducted using test specimens
machinedto English units

['....... 1 "-Core properties ----—--—-— |
Ca9e Case Tensile Yield Elonga-

dcpth, hardness, strength, strength, taon(a), Reduction Hardness,
Treatment mm (in.) HRC MPs (ksi MPa (km) % inarea, % HB

Recommended practice (or maximum case hardness
Direct quenched from pot: carbu-

I rized at 925 °C (1700 °F)

for 8 h, quenched inagitated
oil; tempered at 150 °C
(300 °F) . .-..............................1.4 (0.056) 63 1324 (192.0) 1036 (150.3) 12.5 49.4 388

Single quenched and tempered (for
good case and core properties):
carburizedat 925 °C (1700 °F)
far 8 h_ pot cooled: reheated
to 845 5C (1550 °F); quenched
in agitated oil; tempered at

; 150 °C (30O °F) .........................1.9(0.075) 64 1300(188.5) 1033 (149.8) 11.5 51.6 388
Double quenched and tempered

(for mprimum refinement of ease
and core): carburized at 925 °C
(1700 "F7 for 8 h; pot cooled;
reheated to 845 "C (1550 "F);

; quenched in agitated oil;
reheated to 800 "C (1475 °F);
quenched inagitated oil;
tempered at 150 °C (300 °F) .............1.8 (0.070) 64 917 (133.0) 572 (83.0) 20.0 56.8 269

Recommended practice for maximum core toughness
Direct quenched from pot1 carbu¬

rized at 925 °C (1700 °F)
for 8 ht quenched in agitated
oil; tempered at 230 °C
(450 °Fi................................1.3 (0.050) 58 1250 (181.3) 926 (134.3) 12.8 50.6 52

Single quenched and tempered (for
good case and core properties);

} carburized at 925 °C
; (1700 T1) for 8 h; pot cooled;

reheated to 845 °C (1550 °F);
quenched in agitated oil;
tempered at 230 X (450 <F) .............1.9 (0.076) 61 1X57 (167,8) 833 (120.8) 14.3 53.2 341

•; Double quenched and tempered (for
i maximizm refinement of case
j and core): carburized at 925 aC

(1700 *F) for 8 h; pot cooled;
reheated to 845 "C (1550 T);
quenched in agitated oil;
reheated to 800 GC (1475 «F);

; quenched in agitated oil;
tempered at 230 °C {460 °F) .............1.8(0.070) 61 898 (130.3) 533 (77.3) 22,5 51.7 262

(a) In 50 mm (2 in,)

AISI 8620, 8620H: Approximate Core Mechanical Properties (Ref 2)

Heat treatment of lest specimens: (I) normalized at 925 °C (170C T) in 32-mm (1.25-in.) rounds; (2) machined to 25- or 13.7-mm(1-or 0.540-in.)
rounds; <3) pseudocarburized at 925 "C (1700 °F) (or 8 h; (4) tiox cooled to room temperature; (5) reheated to temperatures given in Hie table and
oil quenched; (A) tempered at 150 X (300 T); (7) tested in 12.8-mm (0.505-in.) rounds; tests were conducted using test specimens machined to
English units

Reheat Tensile Yield
temperature strength Btrength(a) Elongation(b), Reduction Hardness,

°C T MPa ksi MPo ksi % in area, % HB

Heat treated in 25-mm 1-in.) rounds
775 1425 953 131 710 103 16.0 52 277
800 1475 958 139 765 111 16.0 54 293
845 1550..............................1050 152 855 124 17.0 55 321
(c) (c) ...............................1075 156 876 127 14.0 50 321

Heat treated in 13.7-mm (0.540-in.) rounds
775 1425 938 136 772 112 15.0 49 285
800 1475..............................1040 151 848 123 15.5 50 321
845 1550..............................1095 159 910 132 16.5 56 331
(e) (c) U10 161 924 134 15.0 53 331

(a) 0.2% offset, fb) In50 mm (2 in.), (c) Quenched from step 3
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Mechanical Properties (continued)

AISI 8620H: End-Quench Hardenability Limits and Hardenability Band. Heat treating temperatures recommended
hy SAE: normalize at 925 °C (1700 °F), for forged or rolled specimens only; austenitlze at 925 flC (1700 °F). (Ref 1)

Distance from Hardness, HKC Diameters of rounds with same as-ouonched hardness Location in rpund jQuench
quenched end, V-io in, max min

1 48 41
2 47 37
3 .....-14 32
4 41 27
5 37 23
ft 34 21 SO

7 32
8 30 4S

9 29 (j

10 28 X 40

11...27 3

12 26 e

13 25 s 30
14 25
15 24 IS

16 24 2D
18 23
20 23
22 23
24 23
26 23
28 22
-30 22
32 .. 22

3.8
*.1
0.7

2rO 2.9
1.2 1.6

3.8
2,0

4.8
2,4 3.6 3,9

Surface
% radius from center

Center

J Mild
water

quench

0.8 1.8 2,5 3.0 3,4 3.8
ÿ 5 1.0 1.6 2.0 2 4 2.8 3.2 3.6 4,0

0.2 O.G 1.0 1.4 1.7 2.0 2.4 2.8 3,1

Surface
radius from center

Center

I 10 T2 14 16 18 20 22

Distance from quenched end Vie in.

AISI 8620, 8620H: Mass Effect on Mechanical Properties (Ref 4)

Tensile Yield
Size round strength strength Elongation(a), Reduction Hardness,

Condition or treatment mm in. MPa ksi MPa ksi in area, % HB

Annealed (heated to 870 CC or 1600 °F;
furnace cooled 17 C or 30 °F per hoar to
620 "C or 1150 -"Ft cooled in air) ...25 1 540 78 385 56 31.3 62.1 149

Normalized (heated to 915 "C or 1675 °F;
cooled in air) 13 0.5 660 96 370 54 26.3 62.5 197

-25 1 635 92 3G0 52 26.3 59.7 183
50 2 600 87 360 52 27.8 62.1 179

100 4 565 82 360 52 28.5 62.3 163
Mock carburized at 925 °C (1700 °F) for 8 h.

reheated to 845 'C (1550 *F); quenched in
oil; tempered at 150 "C (300 °F7 . 13 0.5 1380 200 1085 157 13.2 49.4 388

25 1 876 127 580 84 20.8 52.7 255
50 2 807 117 505 73 23.0 57.8 235

100 4 675 98 400 58 24.3 57.6 207
Mock carburized at 925 9C (1700 °F1 for 8 h;

reheated to 845 "C (1550 CF); quenched in
oil; tempered at 230 °C (450 °F) ...13 0.5 1225 178 965 140 14.6 53.9 352 !

25 1 355 124 560 81 19.5 54.2 248
50 2 786 114 495 72 22.0 59.0 229

. 100 4 675 98 385 56 25.5 57.8 201
(a) In 50 mm (2 in )

AISI 8620, 8620H: Effect of the Mass on Hardness at
Selected Points (Ref 4)

As-quenched hardness
Size round after quenching inoil at:
mm in. Surface Viz radius Center

~13 0.5.....................43 HRC 43 HRC 43 HRC
25 1 29 HRC 27 HRC 25 HRC
50 2 23 HRC 22 HRC 97 HRB

100 4 .......................22 HRC 95 HRB 93 HRB

AISI 8620, 8620H: Hardness and Machinabiiity (Ref 7)

Condition
Hardness
range, HB

Average
machinabiiity

rating(a>

Hot rolled and cold drawn 179-235
(a) Based on AISI 1212 steel as 100% average machinabiiity

65
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AISI 8620, 8620H: Tensile Properties (Ref 5)

Condition or treatment

Tensile
strength

Yield
strength Elongation(a), Reduction Hardness,

Izod impact

MPa ksi MPa ksi % in area, % H£ J ft lb

. 635 92 360 52 26.3 60 183 100 74
650 94 385 56 31.3 62 143 115 83

Normalized at 915 °C (1675 "F) .

(o) In 50 mm (2 in.)

For additional data on mechanical properties of AISI grades 8620 and 8620H, refer to the
figure on AISI 8600 and 8700 series steels: average core properties, which is included inAISI
8615.

AISI 8622, 8622H

AISI 8622, 8622H: Chemical Composition
AISI
grade Mn P max

Chemical composition, %
S mas Si Ni Cr Mo

8622 ..........0,20-0.25
8622H ........0.19-0.25

0.70-0.90
0.60-0.95

0.035
0.035

0.040
0.040

0.15-0.30
0.15-0.30

0.40-0.70
0.35-0.75

040-0.60
035-0.65

0.15-0.25
0.15-0.25

Characteristics. AISI grades 8622 and 8622H are triple-
alloy, carburizing steels with intermediate case and core
hardenability. They are used where medium case hardness
and good core properties are desired. Inthe AISI 8600 carbu¬
rizinggrades, minimum hardness increases with greater car¬
boncontent— a factor that must be considered when making
a grade selection.

Typical Uses. High-strength fasteners, carburized chain
and chain pins, and other severe-duty parts are the primary
applications of rods and wires produced from these steels.
Grades 8622 and 8622H are available as hot rolled and cold
finished bar, rod, and wire, and bar subject to end-quench
hardenahility requirements.

AISI 8622: Similar Steels
(U.S. and/or Foreign). UNS
G86220; ASTM A322, A331;
SAE J404, J770; (W. Ger.)
DIN 1.6543; (U.K.) B.S. 805
A 20

AISI 8622H: Similar Steels
(U.S. and/or Foreign). UNS
H86220; ASTM A304; SAE
J1268; (W. Ger.) DIN 1.6543;
(U.K.) B.S. 805 A 20

PhysicalProperties

AISI 8622,8622H: Thermal
Treatment Temperatures
Quenching medium: oil

Temperature range
Treatment nF

(a)
(b>

1650-1700'
1550-1600
250-300

Forging......1230 max 2250 max
Cycle ri?

annealing.,

___
(a.)

Normalizing.....(b)
Carburizing ... 900-925
Reheating-1 , , ,, 845-870
Tempering .... 120-150
(a) Heat at least as high as the carbu¬
rizing temperature; hold for unifor¬
mity; cool rapidly to 540 to 675 GC
(1000to 1250°F); hold for 1to 3 h;air
cool to obtaina structure suitable for
machining and fmish. (b) At least as
high as the caibuiizing temperature,
followed by air cooling

AISI 8622,8622H:
Permissible
Compressive Stresses
Taken from gears having a case
depth of 1.1to 1.5 mm (0.045
to 0.060 in.) and minimum case
hardness of 60 HRC

Mechanical Properties

AIS! 8622, 8622H: Approximate Core Mechanical Properties (Ref 2)
Heat treatment of test specimens: (1) normalized at 925 "C (1700 °F) in 32-itun (1.25-in.) rounds; (2) machined
to 25- or 13.7-mm (1- or 0.540-in.) rounds; (3) pseudocarbmized at 925 °C(17O0 °F) for 8 h; (4) box cooled to
room temperature; (5) reheated to temperatures given in the table and oil quenched; (6) tempered at 150 °C
(300 °F); (7) tested in 12.8-mm (0.505-in.) rounds; tests were conducted using test specimens machined to
English units

Reheat Tensile Yield
temperature strength strength(a) Elongation(b), Reduction Hardness,
°C °F MPo ksi MPa ksi & in area, % HB

Heat treated in 25-mm (I-in.) rounds
775 1425...........1176 170.5 654 94.8 12.1 24.9 352
820 1510...........1204 174.6 805 116.8 14.8 44.5 363
865 1590...........1250 181.3 900 130.6 13.6 46 0 388
(c) <c)............1314 190.6 928 134.6 12.8 42.5 388

Heat treated in 13.7-mm (0.540-in.) rounds
775 1425...........1198 173.7 693 100.5 11.3 24.6 352
820 1510...........1451 210 5 1041 151.0 13.0 41.9 415
865 1590...........1510 219.0 1093 158.5 13.3 47.3 429
CO (c)............1524 221.1 1149 166.6 13.5 47.7 429

(a) 0.255 offset, (b) In 50 mm (2 in.), (c) Quenched from step 3

Data
point

Compressive
stress

MPa ksi

Mean
Maximum .

1379
.1517

200
220
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Mechanical Properties (continued)

AISi 8622H: End-Quench Hardenability Limits and Hardenability Band. Heat treating temperatures recommended
by SAE: normalize at 925 °C (1700 =F), for forged or rolled specimens only; austenitize at 925 °C (1700 °f). (Ref 1)

Distance Cram
quenched end, Vit in.

1.
2 .
3 .
4 .
5 .
6 .
7 .
8 .
9 .

10 .
11 .
12 .
13 .
14 .
15 .

16 .

IB .
20 .
22 .
24 .
26 .
28 .

30 .
32 .

Hardness,HRC

. . .50

...49

...47

...44

...40

...37

...34

...32

...31

. . .30

. .29

...28

. . .27

. . .26

. .26
.25

...25

...24

...24

...24

...24

...24

. ..24

. ..24

43
39
34
30
26
24
22
20

diameters of rounds with same as-quenched hardness

3.8
1.1 2.G
0.7 1.2

2.9 3.8 4,8 5.8 6.7
1.6 2.0 2.4 2.8 3.2 3.6 3,9

0.8 1.8 2 5 3.0 3.4 3.B
0.5 1.0 1.6 2 0 2.4 2 8 3.2 3.6 4.0
0.2 0.6 1.0 1.4 1.7 2.0 2.4 2.S 3.1

Location in round Quench

Surface
44 radius from center

Center

Surface
% radius from canter

Center

Mild
watHr

quench

Mild
oil

quench

10 12 14 16 16 2D 22 24 26 28 30 32

Distance front quenched end Vie in.

AISI 8622, 8622H: Hardness and Machinability (Ref 7)

Condition
Hardness
range, HR

Average
machinability

rating(a)

Hot rolled and cold drawn 179-235
(a) Based on AISI 1212 steel aa 100% average machinability

65

Machining Data

For machining data on AISI grades 8622 and 8622H, refer to
the preceding machining tables for AISI grade A2317.

For additional data on mechanical properties of AISI gTades
8622 and 8622H, refer to the figure on AISI 8600 and 8700
series steels: average core properties, which i3 included in
AISI 8615.

AISI 8625, 8625H

AISI 6625, 8625H; Chemical Composition
AISI
grade Mn

Chemical composition, %
P max S max Si Ni Cr Mo

8625 . . .
8625K .

0.23-0.28
0.22-0.28

0.70-0.90
0.65-0.95

0.035
0.035

0.040
0.040

0.15-0.30
0.15-0.30

0.40-0.70
0.35-0.75

0.40-0.60
0.35-0.65

0.15-0.25
0 15-0 25

Characteristics and Typical Uses. AISI grades 8625 and
8625H are triple-alloy, carburizing steels with intermediate
case hardenability and high core hardenability. Uses of these
steels are similar to those described for AISI grades 8620 and
8622, and include applications where higher case and core
hardenability are desirable.

AISI 8625 and 8625H are available as hot rolled and cold
finished bar, rod, and wire; bar subject to end-quench hard¬
enability requirements; and aircraft quality bar.

AISI 8625, 8625H;
Approximate Critical Points
Transformation Temperatureia)

point «C "F

AISI 8625; Similar Steels
(U.S. and/or Foreign). UNS
G86250; ASTM A322, A331;
MIL SPEC MIL-S-16974;
SAE J404, J770

AISI 8625H: Similar Steels
(U.S. and/or Foreign). UNS
H86250; ASTM A304; SAE
J1268

Ac, ...730 1350
AC3 1485
Ar3 .. .755 1390
At, . . .660 1220

...375 710
(a) On heating or cooling at 28 °C
(60 T) per hour
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Mechanical Properties

AIS! 8625H: End-Quench Hardenability Limits and Hardenability Band. Heat treating temperatures recommended
by SAE: normalize at 900 °C (1650 °F), tor forged or rolled specimens only; austenitize at 870 °C (1600 °F). (Ref 1)

| Diameters ol round*with ggjgjghgd herdnessDistance from
quenched end, Vie in.

1.
2 .
3 .
4 .
5 .
6 .
7 .
8 .
9 .

10 .
11.
12 .
13 .
14 .
15 .
16 .
18 .
20 .
22 .
24 .
26 .
28 .
30 .
32 .

Hardness, HRC Location in round CLrendi

max min

45
.51 41
.48 36

32
.43 29
.40 27 55

25
.35 23 5U

.33 22 o 45

.32 21 cr

.31 20 49

.30 8

.29 TJ 35

.28 I

.28 3(1

.27 15

.27

.26 28

.26

.26

.26

.25

.25

.25

3 8
1,1
0.7

—I—
2.0 2.9
1.2 1.6

5.B 07
2.8 12 3.6 3.9

Surface
4* radius from center

Canter

wild

quench

0.8 1.6 2.6 3.0 3.4 3.8
0.5 1.0 1.6 2.0 2.4 2.8 32 3.6 4.0
0.2 0.6 1.0 1.4 1,7 2.0 24 2B 3.1

Srrlace
% radlu3 from cerrtst

Cenler

Distorted frrxr quonchod end Vie in.

AIS! 8625, 8625H: Hardness and Macfiinability (Ref 7)

Condition
Hardneati
range, HB

Average
machinability

ratlag(a)

Annealed and cold drawn 17&-223
(a) Based on AISI 1212 steel as 100% average machinability

60

For additional data on mechanical properties of AISI grades
8625 and 8625H, refer to the figure on AISI 8600 and 8700
series steels: average core properties, which is included in
AISI 8615.

Physical Properties Machining Data

AISI 8625, 8625H: Thermal Treatment Temperatures
Quenching medium: oil

Temperature range
Treatment °C °F

Forging 1230 max 2250 max
Cycle annealing...(a! (a)
Normalizing (b) (b)
Carburizing.............900-925 1650-1700
Reheating 845-870 1550-1600
Tempering ..120-175 250-350
(a) Heat at least as high as the carburizing temperature; hold for uniformity;
cool rapidly to 540 to 675 °C (1000to 1250 °F); holdfor 1to 3 h;aiT cool to obtain
a structure suitable for machining and finish, (b) At least as high as the car¬
burizing temperature, followed by air cooling

For machiningdata onAISI grades 8625 and 8625H, refer to
the preceding machining tables for AISI grade A2317.
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AISI 8627, 8627H

AISI 8627, 8627H: Chemical Composition
AISI
grade

8627 0.25-0.30
8627H...................0.24-0.30

Mn P max
Chemical composition, Tfe

S max Si Ni Cr Mo

0.70-0.90
0.60-0.95

0.035
0.035

0.045
0.045

0.15-0.30
0.15-0.30

0.40-0.70
0.35-0.75

0.40-0.60
0.35-0.65

0.15-0.25
0.15-0.25

Characteristics and Typical Uses. AISI grades 8627 and
8627H are triple-alloy, carburizing steels with intermediate
case hardenability and high core hardenability. These steels
are used for parts requiring good core properties after heat
treatment.

Grades 8627 and 8627H are available as hot rolled and
cold finished bar, rod, and wire, and bar subject to end-
quench hardenability requirements.

AISI 8627: Similar Steels (U.S. and/or Foreign),
G86270; ASTM A322, A331; SAE J404, J770

UNS

AISI 8627H: Similar Steels (U.S. and/or Foreign). UNS
H86270; ASTM A304, SAE J1268

Machining Data

For machining data on AISIgrades 8627 and 8627H, refer to
the preceding machining tables for AISI grade A2317.

Mechanical Properties

AISI 8627H: End-Quench Hardenability Limits and Hardenability Band. Heat treating temperatures recommended
by SAE: normalize at 900 °C (1S50 °F), for forged or rolled specimens only; austenitize at 870 °C (1600 "F). (Ref 1)

f Diameters cf rounds with same as-qusr>ched hardness Location in round QuenchDistance from Hardness, HRC
quenched end, Via in. max min

I 54 47
2 52 43.....50 ' 38
4 48 35
5 45 32
6 43 29
7 40 27
8 38 26
9 - 36 24

10 . 34 24
11 33 23
12 32 22
13 . 31 21
14 30 21
15 30 20
IS 29 20
18 28
20 28
22 28 ...
24 ...
26 27 ...
28 27
30 27
32 27

3.8
1.1
0.7

2.9
1.6

3.0 4.8
2.0 2 4

6.7
3.2
~~r~

3.9

=E=

Surface
% radius from center

Center

Mild
water

quench

0.8 1.8 2 5 3.0 3.4 3.8
0.5 1.0 1.6 2.0 2.4 2.8 3.2 3.6 4.0
0.2 0.6 1.0 T.4 1.7 2.0 2.4 2.8 3.1

Surface
% radius irom center

Center

Distance from quenched erd Via En.

AISI 8627, 8627H: Hardness and Machinability {Ref 7) For additional data on mechanical properties of AISI grades
-Avera e

— 8627 and 8627H, refer to the figure on AISI 8600 and 8700
HardnesB macWnabnity series steels: average core properties, which is included in

Condition range, HB ratingfa) AISi 8615.
Annealed and cold drawn, . .............179-223 60
(a) Baaed on AISI 1212 steel as 100% average machinability
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AISE 8630, 8630H, 86B30H

AESI 8630, 8630H, 86B30H: Chemical Composition
A1SI
grade Mn

Chemical composition,
P max S max Si Ni Cr Mo

8630..................................0.28-0.33 0.70-0.90 0.035 0.040 0.15-0.30 0.40-0.70 (J40-0.60 0 15-0 25
8630H................................0.27-0.33 0.65-0.95 0.035 0.040 0.15-0.30 0.35-0.75 0,35-0.65 0.15-0.26
86B30H(a)...........................0.27-0.33 0.65-0.95 0,036 0.040 0.15-0.30 0.35-0.75 0,36-0.65 0.15-0.25
(a) Contains 0.0005 to 0.003% boron

Characteristics and Typical uses. Aisi grades 8630,
8630H, and 86B30H are directly hardenable, triple-alloy
steels with low hardenability; although the addition of boron
improves hardenability of grade 86B30H. These steels have
good mechanical properties when normalized in light sec¬
tions. They are air hardening after welding.

AISI grades 8630, 863OH, and 86B30H are available as hot
rolled and cold finished bar, rod, and wire; mechanical seam¬
less tubing; and aircraft quality stock. Applications include
connecting rods, engine bolts and studs, shapes, and tubing.

AISI 8630: Similar Steels (U.S. and/or Foreign). UNS
G86300; AMS 6280, 6281, 6355, 6530, 6550; ASTM A322,
A331, A505, A519; MIL SPEC MIL-S-16974; SAE J404. J412,
J770; (W. Ger.) DIN 1.6545; (Ital.) UNI 30 NiCrMo 2 KB

Physical Properties

AISI 8630H: Similar Steels (U.S. and/or Foreign). UNS
H86300; ASTM A304; SAE J1268; (W. Ger.) DIN 1.6545;
(Ital.) UNI 30 NiCrMo 2 KB

AISI 86B30H: Similar Steels (U.S. and/or Foreign). UNS
H86301; ASTM A304; SAE J1268

AISI 8630, 8630H, 36B3QH; Approximate Critical Points
Transformation Tcmpcrature(a) Transformation Temperature(a)
point °c point X

735 1355 660
Ac3 795 1460 M. 360
At3 745 1370
(al On heating or cooling at 28 °C (50 'F) per hour

AISI 8630, 8630H, 86830H: Thermal Treatment
Temperatures
Anneal or normalize (or optimum machinability; quenching medium:
oil or water

Treatment
Temperature range
X T

Forging 1230 mux 2250 max
Annealing(a)................................815-870 1500-1600
Normalizing(b) 870-925 1600-1700
Austenitizing . 855-885 1575-1625
Tempering ....(c) (c)

(a) Maximum hardness of 179 HB. (b) Hardness of approximately 225 HB.
(e) To desired hardness

AISI 8630, 8630H, 86B30H: Average Coefficients of Linear
Thermal Expansion (Ref 9)

Temperature range Coefficient
X °F /or. in ÿ K /rin. in. ÿ 3F

21-100 70-212 ........11.2 6.2
21-200 70-390 12.2 6.8 _
21-300 70-570...........13.0 7.2
21-400 70-750 .. .........13.5 7.5
21-500 70-930 ...14.0 7.8
21-600 70-1110 14.4 8.0
21-700 70-1290 14.9 8,3

Mechanical Properties

AISI 8630, 8630H, 86B30H: Tensile and Fatigue Properties (Ref 17)

Tensile yield Elonga-
Temperature strength Btrength(a) tionfbl, Reduction
X °F MPa ksi MPa ksi % in area, %

Normalized
25 77..........620 90 550 80 16 58

-79 -110..........717 104 635 92 18 57
-195 -315---------1035 150 924 134 12 28

Oil quenched from 845 °C (1550 °F); tempered at 455 X (850 °F)

25 77..........979 142 841 122 16 60
-79 -110.........1060 154 876 127 17 57

-195 -315.........1325 192 1145 166 12 50
(a) 0.2% offset, (b) In 50 mm (2 in.)

Hardness,
HV

Modulus
of elasticity

GPa 10° psi

Endurance limit
Unnotcbed Notched
MPa ksi MPa ksi

217 187 27.1 315 46
252 199 28.9 400 58 ... ...
289 220 31.9 640 93 ... ...
302 205 29.8 485 70 205 30
332 214 31.1 550 80 ...
376 223 32.3 862 (25 240 35
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Mechanical Properties (continued)

AISI 863CH: End-Quench Hardenahility Limits and Hardenabitity Band. Heat treating temperatures recommended
by SAE: normalize at 900 °C (1650 °F), for forged or rolled specimens only: austenitize at 870 °C (1600 7). (Ref 1).

Distance from Hardness, HJLC 1 D

quenched end, Vu in. max nun

1 . 56 49
2 55 46
3 54 43
4 52 39
5 50 35
6 47 32 SO

7 44 29
5b8 43 28

9 39 27 SO
10 37 26
11 35 25 OC 46
12 34 24
13 33 23 ID 40

14 33 22
3b15 32 22 T

16 31 21 30
18 30 21
20 .. 20 25
22 . 29 20
24 29 ... 20

26 29 ...
28 29 ...
30 29 ...
32 29 ...

Diametersof rounds with same as-quenched hardness Location in round Quench

3.8
1.1 2.0 2.9 3.3 4.8 5.8 6,7
0.7 1.2 1.6 2.0 2.4 2.0 3.2 3.6 3.9

Surface
¥< radius from

Carrier

Mild
water

quench

0.8 1.8 2.5 3.0 3,4 3-8
0.5 T.O 1.6 2.0 2.4 2.8 3.2 3.6 4.0
0.2 0.6 i.O 1,4 1.7 2,0 2.4 2.8 3-1

Surface
Vt, radius torn center

Canter

2 4 G 6 10 12 t4 1G 15 20 22 24 26 20 3D 22

Distance from qusnched end Vie in,

Diameter of section, in.

2

Hardness

120 ,
Tensile strenqt

• 800

Yield poinl

Uod impact energy

Reduction in area

Elongation

250

ZOO

AISI 8630; Effect of Mass on Tensile
Properties. Water quenched tram 645 °C
(1550 7); tempered at 540 °C (1000 7). On sizes
25 mm (1 in.) and larger, properties are those at
half-radius on samples cut longitudinally. Elongation
was measured in 50 mm (2 in.). (Ref 14)

Z5 50
Diameter of sectian. r
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Mechanical Properties (continued)

AISI 8630H: End-Quench Hardenability Limits and Hardenability Band. Heat treating temperatures recommended
by SAE: normalize at 900 °C (1650 =F), far forged or rolled specimens only; austenitize at 870 X (1600 °F). (Ret 1).

|Diamgttrs of •rounds with same es-cjuinched haitJnen Location fn roundDistance from Hardness, HRC
quenched end, Via in. man inIn

1 56 49
2 46
3 43
4 39
5 50 35
6 32
7 44 29
B 28
9 39 27 L>

10 26 rr

11 25 Ul"

12 34 24 to

13 23
14 33 22 X

15 32 22
16 . 31 21
18 30 21
20 30 20
22 29 20
24 ...
26 29 ...
28 29 ...
30 29 ...
32 . ...

38
1.1 2.0 2.9
0.7 1.2 1.6

3.3
2.0

4.8 5.8
2.4 Z0

6.7
3.2 3.6 3.9

Surface
% radius from center

Center

Mild
water
quench

0 8 1.8 2.5 3.0 3.4 3.8
0.5 1.0 1.6 2.0 2.4 2.8 3.2 3.6 4.0
0.2 0.6 1.0 1.4 T.7 2.0 2.4 2.8 3.1

Surface
radius from center

Canter

Distance from quenched end Vi& tn,

AISI 8630, 8630H, 86B30H: Mass Effect on Mechanical Properties
Tensile Yield

Size round strength strength EIonga1ion<a}t Reduction Hardness,
Condition or treatment mm in. MPa ligi MPa ksi % in area, % HB

Annealed (heated to 845 °C or 1550 aF;
furnace cooled XI °C or 20 DF per hour

i to 625 °C or 1155 DF; cooled in air) 25 1 565 S2 370 54 23.0 58,9 156
V Normalized (heated to 870 °C or 1600 °F;

cooled inair) .......13 0.5 655 95 425 62 25.2 60.2 201
25 1 650 94 425 62 23.5 53.5 187
50 2 640 93 425 62 262 69.2 187

j J on 4 635 92 385 56 245 57.3 187
Water quenched from 845 °C (1550 DF);

tempered at 4B0 °C (900 DF) 13 0.5 1050 152 1035 150 16.4 59.4 302
25 1 1015 147 910 132 162 56.5 293

i 50 2 895 130 738 107 19.2 63.7 269
i 100 £ 780 113 595 86 21.2 64.7 235

Water quenched from S45 DC (1550 DF);
tempered at 540 °C (1000 °F) , .. 13 0.5 958 139 910 132 18.9 58.1 285

25 1 931 135 850 123 18.7 59.6 269
50 2 827 120 689 100 21.2 65.6 - - 235

100 4 738 107 565 82 23.0 63.0 217
i Water quenched from 845 °C (1550 °F);

tempered at 595 C (.1100 °F) 13 0.5 924 134 910 132 192 61.0 269
25 1 814 118 695 101 18.7 58.2 241
50 2 765 111 615 89 22.5 68.6 223

100 4 660 93 495 72 25.6 68.1 197
(a) In 50 mm (2 in.)

AISI 8630, 8630H, 86B30H: Effect of the Mass on Hardness
at Selected Points

As-quenched hardness
Size round after quenching in water at:

mm in. Surface W radius Center

~~13 0.5...................52 HRC <9 HRC 47 HRC
25 1....................52 HRC 48 IIRC 43 HRC
50 2 ....................51 HRC 31 HRC 30 HRC

100 4 ....................47 HRC 25 HRC 22 HRC

AISI 8630, 8630H, 86B30H: Hardness and
Machinability (Ref 7)

Condition
Hardness
range, HB

Average
zxmchin&bility

roting(a)

Annealed and cold drawn____...........1751-229
(a) Based on AISI 1212 steel as 100% average mflchinability

70
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Mechanical Properties (continued)

AISI 8630: Effect of Tempering Temperature on Tensile
Properties After Quenching in Oil. Normalized at 870 °c (1boo °f):
reheated to 845 °C (1550 °F); quenched in oil. Test specimens were
25-mm { t -in.) sections, 13.5-mm (0.530-in.) diam when treated and
machined to 12.8-mm (0.505-in.) for testing. Tests were conducted using
specimens machined to English units. As quenched hardness of 534 HB;
elongation measured in 50 mm (2 in.). (Ret 14)

Tempering temperature, °F

200 400 600 800 1000 I2Q0

1300

175

£ HOC
T50

900

700

•500
130

IZDd rmpact energy

Reduction rn area

500 700100 300
Tempering temperature, UC

AISI 8630: Effect of Tempering Temperature on Tensile
Properties After Quenching in Water. Normalized at B70 °c
(1600 °F); reheated to 845 °C (1550 °F); quenched in water. Test
specimens were 13-mm (0.5-in.) sections, 13.5-mm (0.530-in.) diam
when treated and machined to 12.8-mm (0.505-in.) for testing. Tests
were conducted using specimens machined to English units. As-quenched
hardness of 534 H8; elongation measured in 50 mm (2 in.). [Ref 14)

Tempering temperature, °F
4Q0 GOO 800 1300 1200

MW

240
Tensile strength

ÿ= ZOO

ÿ T 25Q

£ 1000 f- 400 "

750 300 x

500
150

20G

1QQ

110
Izod impact energy

Reductinn in area

300 500400

Tempering temperature, °C

AISI 8630, 8630H, 86B30H: Low-Temperature Impact Properties (Ref 17)
Quenched from 855 °C (1575 °F)

I—~-—— Charpy inpact (V-notch) energy at temperature nf:-»
Tempering -185 "C -1313 *C -73 °C -18*C 38 °C Transition
temperature Hardness, (-300"F1 (-200 "F) (-100 °F) (0 "F) (100 °F) temperature(a)
°C *F HRC J ft- lb J ft Tb J ft lb J ft-tb J ft lb X °F

425 800......................41 9 7 16 12 23 17 34 25 42 31 -18 0
540 10OO......................34 15 11 27 20 58 43 72 53 73 54 -105 -155
650 1200......................27 24 18 38 28 100 74 108 80 111 82 -110 -165
(a) 50% brittle

AISI 8630, 8630H, 86B3QH: Tensile Properties (Ref 5)___
Ttnifile Yield Izod impact
strength strength Elongation(a), Reduction Hardness, energy

Condition or treatment MPa kai MPa kst % in area, % HB J ft -lb

Normalized at 870 *C (1600 T)....................650 94 425 62 23 5 54 187 95 70
Annealed at 845 °C (1550 °P)......................565 82 370 54 29.0 59 156 95 70
(a) In 50 mm (2 in.)
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Machining Data

For machiningdata on AIS1grades 8630, 8630H, and 86B30H, refer to the precedingmachin¬
ing tables for AISI grades 1330 and 1330H.

AISI 8637, 8637H

AISI 8637, 8637H: Chemical Composition
AISI Chemical composition, '

! grade C Ma P max S max Si

' 8637 ...........0.35-0.40 0.75-1.00 0.035 0.010 0.15-0.30
8637H .........0.34-0.41 0.70-1.05 0.035 0.040 0.15-0.30

Characteristics and Typical Uses. AISI grades 8637 and
8637H are triple-alloy, directly hardenable steels with me¬
dium hardenability. High-strength fasteners and similar
severe-duty, cold formed parts are the primary uses of rod
and wire produced from these steels. Electric-furnace grade
E8637 is produced as aircraft quality, lulled, fine-grain steel.

AISI 8637 and 8637H steels are available as hot rolled and
| cold finished bar, rod, andwire; seamless mechanical tubing;

and bar subject to end-quench hardenability requirements.

AISI 8637: Similar Steels (U.S. and/or Foreign). UNS
G86370; ASTM A322, A331, A519: SAE J404, J412, J770

AISI 8637H: Similar Steels (U.S. and/or Foreign). UNS
H86370; ASTM A304; SAE J1268

Ni Cr Mo

0.40-0.70
0.35-0.75

0.40-0 60
0.35-0.65

0.15-0.25
0.15-0.25

AISI 8637, 8637H:
Approximate Critical Points
Transformation Temperature(a)
point *C °F

Ac, ...............730 1350
Acj...............790 1450
Ar3 730 1345
Arj 665 1225
M. 340 640
(a) On heating or cooling at 28 °C
(50 °F) per hour

PhysicalProperties

AISI 8637, 8637H: Thermal
Treatment Temperatures
Quenching medium: oil

Temperature range
Treatment "C T

Forging......1230 max 2250 max
Annealing.....815-870 1500-1600
Normalizing.....870 1600
Auateni-

tizing .......iOO-845 1475-1550
Tempering .......(a) (a)

(a) To desired hardness

Mechanical Properties

AISI 8637H: End-Quench Hardenability Limits and Hardenability Band. Heat treating temperatures recommended
by SAE: normalize at 870 °C (1600 °F), for forged or rolled specimens only; austenitize at 845 °C (1550 "D. (Ref 1)

Distance from Hardness, HBC
quenched end, Vib in. max min

1 . 59 52
2 51
3 58 50
4 57 48
5 56 45
6 55 42
7 . 54 39
8 36
9 34

10 49 32
11 47 31
12 46 30
13 44 29
14 43 26
15 .41 27
16 40 26
18 39 25
20 . 25
22 36 24
24 ....36 24
26 24
28 ....35 24
30 .. ..35 23
32 23

Diameters of rounds with same as-quenched hardness -Location in round Quench
3,0

1.1 2.0 2.fi 3.B <1.B 5.8 6.7
0 7 1.2 1.6 2.0 2.4 2.8 3.2 3.6 3.8

0.8 1.8 2.5 3.Q 3.4 3.8
0.5 1.0 1.6 2.0 2.4 2.B 3.2 3.6 4 0
0.2 Q.6 1.0 1.4 1.7 2.0 2.4 2.B 3.1

Surface
¥* radius from center

Carrier

Surface
% radius from center

Center

Mild
rater

quanch

Mild
oil

quench

HJ 12 14 16 18 20 22 24 28 28 3? 32

Distance from quenched and Vis in,
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Machining DataMechanical Properties (continued)

AISI 8537, 8637H: Hardness and Machinability (Ref 7)

Average
Hardness machinability

Condition range,HB ratJng(a)

Annealed and cold drawn...............179-229 65
(a) Based on AISI 1212 steel as 100% average machinability

AIS! 8640, 8640H

AISI 8640, 8640H: Chemical Composition
AISI
grade C

8640 ...........0.38-0.43 0.75-1.00 0.035 0.040 0.15-0.30
8640H .........0.37-0.44 0.70-1.05 0.035 0.040 0.15-0.30

Characteristics. AISI 8640 and 8640H are nickel-chro-
miurn-molybdenum alloy steels with medium hardenability
characteristics. These grades are available as hot rolled and
cold finished bar, rod, and wire; seamless mechanical tubing;
hot and cold rolled sheet and strip; bar subject to end-quench
hardenability requirements; and aircraft quality stock.

Typical Uses. AISI 8640 and 8640H steels are used for
medium and large parts requiring a high degree of strength
and toughness; for average size automotive parts, such as
steering knuckles, axle shafts, and propeller shafts; and for
aircraft parts. Electric furnace grade E8640 is produced as

Physical Properties

AISI 8640, 8640K: Thermal Treatment Temperatures
Quenching medium: oil

Temperature range
Treatment X *F

Forging 1205 max 2200 mtut
Annealingla) 790-845 1450-1550
Normalizingfb) 845-900 1550-1650
Austenitizing 830-855 1525-1575
Tempering (c) (c)

(a) Maximum hardness of 197 HB. (b) Hardness of approximately 302 HB.
(c) To desired hardness

Mechanical Properties

AISI 8640, 8S40H: low-Temperature Impact Properties (Ref 17)
Quenched trom 845 "C (1550

For machining data on AISI grades 86o7 and 8637H, refer to
the preceding machining tables for AISI grades 1330 and
1330H.

Cr Mo

0.40-0.70 0.40-0.60 0.15-0.25
0.35-0.75 0.35-0.65 0.15-0.25

AISI 8640H: Similar Steels (U.S. and/or Foreign). UNS
H86400; ASTM A304; SAE J1268; (W. Ger.) DIN 1.6546;
(Ital.) UNI 40 NiCrMo 2 KB; (U.K.) B.S. Type 7

AISI 8640, 8640H; Approximate Critical Points
Transformation Temperature!a) Transformation Temperature(a)
point °C "F point X °F

Ac, ...............730 1350 Ar, 665 1230
Ac3...............780 1435 M, 320 olO
At3 725 1340
(a) On heating or cooling at 28 X (50 JKi per hour

Machining Data

For machining data on AISI grades 8640 and 8640H,
refer to the preceding machining tables for AISI grades 1340
and 1340H.

Chemical composition, %
Mb P max S max Si Ni

aircraft quality, killed, fine-grain steels, which are utilized
in manufacturing cap, socket, and recessed-head aircraft
screws, and similar severe-duty cold formed parts.

AISI 8640: Similar Steels (U.S. and/or Foreign). UNS
G86400; ASTM A322, A331, A505, A519; MIL SPEC MIL-S-
16974; SAE J404, J412, J770; (W. Ger.) DIN 1.6546; (Ital.)
UNI 40 NiCrMo 2 KB; (U.K.) B.S. Type 7

I-Charpy impact (V-notch) energy at temperature of:-1
Tempering -185 °C -130 °C -73 X -I8X 38 X Transition
temperature Hardness, (-300 *F) (-200 °F> (-100 =F> (0 °F) (100 "F) temperatureÿ)
•c_ °F _HRC J ft lb J ft- lb J ft lb J ft -lb J ft lb X "F

425 800......................46 7 5 14 10 19 14 27 20 31 23
540 1000......................38 15 11 20 15 33 24 54 40 54 40 -79 -110
650 1200......................30 24 18 30 22 66 49 85 63 89 66 -96 -140
(a) 50% brittle
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ftlSl 8640: Effect of the Mass on Tensile Properties After
Tempering at 540 "COOOO °F). Normalized at 870 °C (1600 T) in
oversize rounds; oil quenched from 845 °C (1550 °F) in sizes indicated;
tempered at 540 °C (1000 °F). Specimens were tested in 12.B-mm
(0.505-in.) rounds. Tests from har 38 mm (1.5 in.) and larger were tzkerr
at hair-radius position. Tests were conducted using specimens machined to
English units. Elongation was measured in 50 mm (2 in.). (Ref 2)

A1SI 8640: Effect of the Mass on Tensile Properties After
Tempering at 650 °C (1200 °F). Normalized at 9)0 °C (1600 °F) in
oversize rounds; oil quenched from 845 °C (1550 °F) in sizes indicated;
tempered at S50 X (1200 °F). Specimens were tested in 12.8-mm
(0.505-in.) rounds. Tests from bar 38 mm (1.5 in.) and larger were taken
at half-radius position. Tests were conducted using specimens machined to
English units. Elongation was measured in 50 mm (2 in). (Ref 2)

Diameter, in.

3 4

Tensile strength

Yield strength

Hardness

Recfuction in area

25

Elongation

Diameter, in.
3 4

75 100

Diameter, mm

350

250

900

700

600

500
60

r 1 T-

s / - Tons le rtrenfjtti

-

. Y eld sirangth

V—
\ !

/Hate ncss

Redu tion in area

r K-

140

120

1QO

200

75 100

Diameter, mm

750

AISI 8640, 8640H: Tensile Properties (Ref 15)

Condition or treatment

Tensile Yield
Sire round strength strength E1ongation{a), Reduction Hardness,

mm in. MPa ksi MPa ksi % in arcs, % HB

25 1 945 137 931 135 9 43 277

25 1 1165 169 1000 !45 17 44 342
50 2 1035 150 910 132 20 45 310
75 3 945 137 814 118 22 46 283

100 4 880 129 752 109 23 45 270

25 1 972 141 827 120 16 52 280
50 2 848 123 717 104 19 52 221
75 3 793 115 655 95 21 52 211

100 4 772 112 635 92 22 53 219

Cold drawn ,

Oil quenched from 845 °C (1550 *F);
tempered at 540 °C (1000 eF)

Oil quenched from 845 °C (1550 3F);
tempered at 650 (1200 °F)

(a) In 50 mm (2 in.)

AISi 8640, 864GH: Hardness and Machinability (Ref 7)

Condition
Hardness
range, HB

Average
machinability

rating(a)

Annealed and cold drawn...............184-229
(a) Based on AISI 1212 steel as 100% average machinability

65
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Mechanical Properties (continued)

AISI 8640H: End-Quench Hardenability Limits and Hardenability Band. Heat treating temperatures recommended
by SAE: normalize at 870 °C (1600 °F), for forged or rolled specimens only; austenrtize at 845 "C (1550 °F). (Ret 1)

Distance from Hardness, HHC
quenched end, Vib in. max mis

1 60 53
2 60 53
3 60 52
4 59 51
5 59 49
6 46
7 57 42
8 39
9 36

10 .. 52 34
11 50 32
12 49 31
13 47 30
14 45 29
15 .. 44 28
16 42 28
18 41 26
20 39 26
22 38 25
24 38 25
26 . 37 24
28 37 24
30 37 24
32 37 24

Dianwmrc uf rounds with same as-quenGhed hardness Location in round Quench

3.a
1.7 2.0 2.9 3.8 4.B 5.8 6.7
0.7 12 1.6 2,0 2.4 2.8 3 2 3,6 3.9

0.8 1.8 2.5 3.0 3.4 3.8
0.5 10 1.6 2.0 2.4 2.8 3.2 3.6 4.0
0.2 0.6 1.0 1.4 1.7 2.0 2.4 2-8 3.1

Surface
% radius from center

Center

Mild
water
quench

Surface
ÿ V4 radius, from center

Center

4 8 B 10 12 14 T6 IB 20 22 24 26 28 30 32

Distance from quarched end Vie in.

Tempering temperature, °F

800
2000 rr

Hardness

* 1400
Yield strength T&risile: strength

Reduction in area

ÿElongation

550

— 460 na

— 350 x

AISI 8640: Effect of Tempering Temperature
on Tensile Properties. Oil quenched at 875 °c
(1550 °F) in 13-mm (0.5-in.) sections. Elongation
was measured in 50 mm (2 in.); yield strength at
0.2% offset. (Ref t4)

200 300 400 SOU E0D 700

Tempering temperature, °C
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AISI 8642, 8642H

AISI 8642, 8642H: Chemical Composition
AISI
grade Mn P '.mi

Chemical composition, %
S max Si Ni Cr Mo

8642 . .
8642H

. 0.40-6.45

. 0.39-0.46
0.75-1.00
0.70-1.05

0.035
0.035

0.040
0.040

0.15-0.30
0.15-0.30

AISI 8S42H: Similar Steels (U.S. and/or Foreign).
H86420; ASTM A304; SAE J126S

UNS

0.40-0.70
0.35-0.75

0.40-0.60
0.35-0.65

0.15-0.25
0.15-0.25

Characteristics and Typical Uses. AISI grades 8642 and
8642H are directly hardenable, triple-alloy steels with
medium hardenability. Other characteristics and uses of
these steels are similar to those described for AISI grades
8640 and 8640H.

AISI 8642 and 8642H steels are available as hot rolled and
cold finished bar, rod, and wire; seamless mechanical tubing;
bar subject to end-quench hardenability requirements; and,
on a limited basis, hot and cold rolled sheet and strip.

AISI 8642: Similar Steels (U.S. and/or Foreign). UNS
G86420; ASTM A322, A331, A505, A519; SAE J404, J412,
J770

AISI 8642, 8642H:
Approximate Critical Points
Transformation Temperaturc(a)
point "C °F

Acl 730 1350
Ac3 780 1435
Ar3 715 1320
ArT 665 1230
(al On heating or cooling at 28 °C
(50 DF) per hour

PhysicalProperties

AISI 8642.8642H: Thermal
Treatment Temperatures
Quenching medium: oil

Temperature range
Treatment "C °F

Forging......1205 max 2200 max
Annealing.....845-870 1550-1600
Atiateni-

tizmg .......815-855 1500-1575
Tempering .......(a) (a)

(a> To desired hardness

Machining Data

For machining data on AISI grades 8642 and 8642H, refer to
the preceding machining tables for AISI grades 1340 and
1340H.

Mechanical Properties

AISI 8642H: End-Quench Hardenability Limits and Hardenability Band. Heal treating temperatures recommended
toy SAE: normalize at 870 °C (1800 *F), for forged or rolled specimens only; austenitize at 845 CC {1550 DR. (Ref 1)

j Diameters of rounds with same as-quenched hardness Location in round OuenchjDistance from Hardness, HRC
quenched end. Via in. TT.AY n.ii)

1 . 62 55
2 62 54
3 62 53
i 61 52
5 61 50

! 6 60 48
7 59 45
8 42
9 39

10 37 o
X11 54 34

12 33
J-

13 50 32 <y

14 49 31 -o

15 ....48 30 X

16 . 46 29
18 44 28
20 42 2B
22 41 27
24 27
26 26
28 ....39 26
30 ...39 26
32 26

3.8
1.1
0.7

2.9
1.6

4 8
2.1

5.B 6.7
2.8 3.2 3.6 3.9

Surface
% radius torn center

Career

Mild
water
quencfi

0.8 1.8 2.5 3.0 3 4 3.8
0.5 1.0 1.6 2.0 2.4 2.8 3.2 3.6 4.0
0.2 0.6 l.D 1.4 1.7 2.0 2,4 2.0 3.1

Surface
radius from cente?

Center

Distance from quenched end Vis in.

AISI 8642, 8642H: Hardness and Machinability (Ref 7)

Average
Hardness maehinabillty

Condition range, HB rating(a)

Annealed and cold drawn. . 184-229 65
(a) Based on AISI 1212 steel as 1009t average machinability



206/Alioy Steels

Mechanical Properties (continued)

AISI 8642, 8642H: Mass Effect on Mechanical Properties

Size round
Condition or treatment

Tensile
strength

MPa ksi

Yield
Strength

MPa ksi
Elongation(a),

%
Reduction
in area, %

Hardness,
HB

Oil quenched from 845 aC (1550 F),
tempered at 540 °C (1000 °F)

Oil quenched from 845 °C (1550 °F1;
tempered at 595 °C (1100 °F)

Oil quenched from 845 "C (1550 °F);
tempered at 650 °C (1200 "F>

(a) In 50 mm <2 in.)

1 1240 180 1110 161 15.0 46,1 363
50 2 1125 163 986 143 16.8 49.5 331
75 3 1040 151 889 129 18.2 52.0 306 .

100 4 972 141 814 118 19.2 54.0 .285

25 I 1095 159 945 137 17.2 50.5 321
50 2 1040 151 834 121 18.2 52.0 306
75 3 951 138 786 114 19.7 54.6 277

100 4 896 130 731 106 20.6 56.3 262

25 1 972 141 814 118 19.2 54.6 385 '
50 2 903 131 738 107 20.4 56.0 269
75 a 955 124 685 99 21.5 57.5 248

100 4 307 117 625 91 22.0 59.0 235

AISI 8645/ 8645H, 86B45, 86B45H

AISI 8645, 8645H, 86B45, 86B45H: Chemical Composition
AISI
grade

:8645............0.43-0.48
ÿ8645H • 0.42-0.49

86B45 (a) ......0.43-0.48
86B45H(a)..0.42-0.49
(a) Can be expected to contain 0.0005 to 0.003% boron

Chemical composition, %
Mil P max S max Si Ni Cr Mo

0.75-1.00 0.035 0040 0.15-0.30 0.40-0.70 0.40-0.60 0.15-0.25
0.70-1.05 0.035 0.040 0.15-0.30 0.35-0.75 0.35-0.65 0.15-0.25
0 75-1 no 0.035 0040 0.15-0.30 0.40-0.70 0.40-0.60 0.15-0.25
0.70-1.05 0.035 0.040 0.15-0.30 0.35-0.75 0.35-0.65 0.15-0.25

Characteristics. AISI grades 8645, 8645H, 86B45, and
86B45H are directly hardenable, nickel-chromium-molyb-
denum alloy steels with medium hardenability.The addition
of boron to AISI 86B45 and 86B45H increases maximum
hardenability.

Typical Uses. AISI 8645, 8645H, 86B45, and 86B45H
steels are used for springs and parts such as gears, which
require fairly high hardness, as well as strength and tough¬
ness. These steels are available as hot rolled and cold fin¬
ished bar, rod, and wire; seamless mechanical tubing; bar
subject to end-quench hardenability requirements; and, on a
limited basis, hot and cold rolled sheet and strip.

AISI 8645; Similar Steels (U.S. and/or Foreign), uns
G86450;ASTM A322, A331, A505, A519; MIL SPEC MIL-S-
16974; SAE J404, J412, J770

AISI 8645H: Similar Steels (U.S. and/or Foreign). UNS
H86450; ASTM A304; SAE J1268

AISI 86B45: Similar Steels (U.S. and/or Foreign). UNS
G86451; ASTM A519; SAE J404, J412, J770

AISI 86B45H: Similar Steels (U.S. and/or Foreign). UNS
H86451; ASTM A304; SAE J1268

AISI 8645, 8645H, 86845, 86B45H: Approximate
Critical Points

I.......— Temperaturela)-1
Transformation AISI 8645, 8645H AISI 86B45, 86B45H
point °C "F "C "F

Ac, .......................730 1350 720 1330
Ac, 775 1430 770 1420
Ar, 710 1310 695 1280
At, 665 1230 650 1200
M. 300 575
(a) On heating or cooling at 28 *C (50 °F) per hour

Physical Properties

AISI 8645, 8645H, 86B45, 86B45H; Thermal Treatment
Temperatures
Quenching medium: oil

Temperature range
Treatment °C DF

Forging...... ........1205 max 2200 max
Annealingÿ)................................790-845 1450-1550
Norm&liring{b) .. 845-900 1550-1650
Austenitizing................................ 830-855 1525-1575
Tempering............ (c) (c)

(a) Maximum hardness of 207 KB. (b) Hardness of approximately 277 HB.
(c) To desired hardnesa



Alloy Steels/207

Mechanical Properties

AISI 8645H: End-Quench Hardenability Limits and Hardenability Band. Heat treating temperatures recommended
hy SAE: normalize at 870 °C (1600 °F), for forged or rolled specimens only; austenitize at 845 °C (1550 f). (Ref 1)

Distance from Hardness, HRC
quenched end, Vis in. max min

1 63 56
2 ....63 56
3 ...63 65
4 54
5 ....62 52
6 61 50
7 ...61 48
8 ....60 45
9 . ....59 41

10 ....58 39
11 ....56 37 tr

12 ....55 35 X

13 ....54 34 iS
14 ....52 33 ÿD

15 ....51 32 X
16 ....49 31
18 . ..47 30
20 ....45 29
22 ...43 28
24 28
26 ....42 27
28 . .41 27
30 ....41 27
32 ...41 27

j Digmatprj of rounds with same as-quenched hardness Location in rounc Quench

3.8
1.1
0.7

2.0
1.2

2.9
1.6

3.8 4.0
2.0 2.4

5.8 6.7
2.8 3.2 3.6 3.9

Surface
Va radius from center

Center

Mild
water

quench

65

60

0.8
0.5
0.2

1.8
1.0
0.6

2.5
1.6
1.0

3.0 3.4
2.0 2-4
1.4 1.7

3.8
2.8 3.2 3.6 4.0
2.0 2.4 2.8 3.1

Surface
y* radius from certer

Center

Mild
oil

quench

55

B0

45

40

k
35

30

35
0 10 12 14 16 18 20 22 24 26 H 3D 32

Distance from quenched end Vis in.

1800

1600

1000

0 30

Tempering temperature, °F

8co icon

Yield strength

Tensile strength

Reduction in area

Elongation
i i

550

I

S

AISI 86B45: Effect of Tempering
Temperature on Tensile Properties.
Normalized at 670 °C (1600 *f); oil qiitnched from
845 *C (1550 °F); tempered at 55 °C (IOO °F)
intervals. Specimens were treated in 13,7-mm
(0.540-in.) diam and machined lo 12.8 mm
(0.505-in.) diam for testing. Tests were conducted
using specimens machined to English units.
Elongation was measured in 50 mm (2 In.). (Ref 2)

zoo 30D 400 500 SOD

Tempering temperature, °C



208/Alloy Steels

AES! 8650H: End-Quench Hardenability Limits and Hardenability Band. Heat treating temperatures recommended by
SAE; normalize at 870 °C (18G0 °F), for forged or rolled specimens only; austenitize at 845 °C (1550 °F). (fief 1)

Distance from Hardness, HRC
quenched end, /is in. max rmn

1 65 59
o 65 58
3 65 57
4 64 57
5 64 56
6 ..63 54
7 63 53
8 62 50
9 61 47

10 . 60 44
11 60 41
12 59 39
13 . 58 37
14 58 36
15 57 35
16 56 34
18 55 33
20 53 32
22 52 31
24 50 31
26 49 30
28 47 30
30 46 29
32 45 29

DiametBrs of rounds with same as-cuenchsd hardness Location in round Quench

B5

GO

o SS
ii
I

50
a.
-D 45
T

40

35

30

3.8
IT 2.0
0.7 1.2

4.8 5.0
2.4 2.Q

6.7
3.2 3.6 3.9

Surface
radius from center

Cenler

0.8 1.8 2.5 3.0 3.4 3.8
0.5 1.0 1.6 2.0 2.4 2.8 3.2 3.8 4.0
0.2 0.6 1.0 1.4 1.7 2.0 2.4 2.6 3.1

s

Surface
V4 radiu? from canter

Center

MiEd
water

quench

Mild
oil

quench

8 10 12 14 16 18 20 22 24 26 28 30 32

Distance from quenched and Vie in.

AISI 86B45; Effect of Mass on Tensile Properties After
Tempering at 540 °C (1000 °F). Normalized at 870 °C [1600 °F) in
oversize rounds; oil quenched horn 845 °C (1550 °F) in sizes indicated;
tempered at 540 "C (1000 °F). Test specimens were 12.8-mm (0.505-in.)
rounds. Tests from bar 38 mm (1.5 in.) and larger were taKen at
half-radius position. Tests-were conducted using specimens machined
to English units. Elongation was measured in 50 mm [2 in.). (Ret 2)

AISI 86B45; Effect of Mass on Tensile Properties After
Tempering at 650 °C (1200 °F). Normalized at 870 °C (1600 °F) in
oversize rounds; oil quenched from 845 X (1550 °F) in sizes indicated;.
tempered at 650 °C (1200 °F). Test specimens were 12.8-mm (0.505-in,)
rounds. Tests from bar 38 mm [1.5 in.) and larger were taken at
half-radius position. Tests were conducted using specimens machined
to English units. Elongation was measured in 50 mm (2 in.). (Ref 2)

Tersde

- 550

Yield sUenutli

Reduction inarea

Diameter, mm

300

Diameter,

Tensile strength

Yield strength

Hardness

F|eduction in area /

Elongation

Diameter, mm
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Mechanical Properties (continued)

AISI 8645, 8645H, 86B45, 86B45H: Hardness
and Machinability (Ref 7)

Average
Hardness machinability

Condition range, HB rating*a)

Annealed and cold drawn. 184-235 65

(a) Based on AISI 1212 steel as lOQSt average machinability

Machining Data

For machiningdata on AISI grades 8645, B645H, 86B45, and
86B45H, refer to the preceding machining tables for AISI
grades 1340 and 1340H.

AIS! 8650, S650H, 86B50

AISI 8650, 8650H, 86B50: Chemical Composition
AISI Chemical composition, 55
grade C Mn P mas S max Si Ni Cr Mo

8650..................................0.48-0.53 0.75-1.00 0.035 0.045 0.15-0.30 0.40-0.70 0.4W6C 0.15-0.25
8650H ................................0.47-0.54 0.70-1.05 0.035 0.045 0.15-0.35 0.35-0.75 O.350B5 0.15-0.25
S6B50.................................0.47-0.54 0.70-1.05 0.035 0.045 0.15-0.35 0.35-0.75 0.35-9 S5 0.15-0.25
(a) Can be expected to contain 0.0005 to 0.003*51 boron

!

Characteristics. AISI grades 8650, 8650H, and 86B50 are
directly hardenable, triple-alloy steels with medium hard-
enability. The addition of boron to AISI 86B50 enhances

• hardenability of that grade.
1 Typical Uses. AISI 8650, 8650H, and 86B50 steels are

available on a limited basis as hot and cold rolled strip and
i sheet; hot rolled and cold finished bar, rod, and wire; and bar
i subject to end-quench hardenability requirements. Primary
i uses include springs, hand tools, and automotive axle shafts.

AISI 8650: Similar Steels (U.S. and/or Foreign). UNS
G86500; ASTM A322, A505, A519; SAE J404, J4I2, J770

AISI 8650H: Similar Steels (U.S. and/or Foreign). UNS
H86500; ASTM A304; SAE J1268

AISI 86B50: Similar Steels (U.S. and/or Foreign). UNS
G86G01

Machining Data

For machiningdata onAISI grades 8650, 8650H,and 86B50,
refer to the preceding machining tables for AISI grades 4150
and 415OH.

Mechanical Properties

AISI 8650, 8650H, B6B50: Tensile Properties (Ref 5)

Tensile Yield Ltod impact
strength strength Elongation(a), Reduction Hardness, energy

Condition or treatment MPa ksi MPa ksi % In area, % HB *J ft lb

Normalized at 870 CC (1600 °F) ....................1025 149 690 100 14.0 45 302 ~14 10
"

| Annealed at 795 (1465 °F) .................... ..-715 104 385 56 22.5 46 212 29 22
| (a) In 50 mm (2 in.)

AISI 8650, 8650H, 66B50: Approximate Critical Points
Transformation Temperature(a) Transformation Temperature(s)
point °C **F point °C °F-

Ar. ................730 1350 Ar, 655 1210
Ac3 ................770 1420 M,.................285 545
Ara 700 1295
la) On heatingor cooling at 28 °C (50 °F) per hour

Physical Properties

AISi 8650, 8650H, .86B50: Thermal Treatment Temperatures
Quenching medium: ail

Temperature range
Treatment *C °F

Forging................ 1175 max 2150 max
Annealing(a) 790-345 1450-1550
NormalizingCb) 845-900 1550-1650
Austenitizing 830-655 1525-1575
Tempering fc 1 (c)

(a) Maximum hardness of 212 HB. (b) Hardness of appmximately 355 HB.
(c! To desired hardness

'
1
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Tampering temperature, F

HJQ 800 1000 1Z00

1750

1500

1250

750 U
110 1

£ 30-

0
"85

C.'r,-
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-

V
N

_

ÿ Har Jness

Yi elrf pc' K
\ k

j Tensile sirerrgth" \
s.1 \

/| "

i
1

/ 1
Impa:t ener

! "

i_
n«dvctiort in 8r i.

i

500 AISI 8650: Effect of Tempering Tempera¬
ture on Tensile Properties. Normalized at
870 °C (1600 T); reheated to 800 °C (1475 °F);
quenched In agitated oil. Specimens were 13-mm
(0.5-in.) sections treated in 13.5-mm (0.530-in.)
riiam and machined to 12 0-mm (0.505-in.) diam
for testing. Tests were conducted using speci¬
mens machined to English units. As-quenched
hardness of 638 HB; elongation measured in
50 mm (2 in.). (Ref 14)

—1 300

300 400 SOU GOO 7DD
Tempering temperatures, °C

AISI 8550, 8650H, 86B50: Mass Effect on Mechanical Properties (Ref 4)

Tensile Yield
Size round strength strength ElongationU), Reduction Hardness,

Condition or treatment mm in. MPa ksi MPa kgi % ill area, % HB

Annealed (heated to 795 aC or 1465 aF;
furnace cooled 11"C or 20 T per hour
to 460 ®C or 860 °F; cooled in air) 25 1 1255 182 1076 156 22.5 46.4 212

Normalised [heated to 870 °C or 1600 'F;
cooled in air)... 0.5 1255 182 903 131 10.3 25.3 383

25 1 1020 148 689 100 14.0 40.4 302
50 2 993 144 660 96 15.5 44.8 293

100 4 958 139 640 93 15.0 40.5 285
Oil quenched from 800 "C 11475 rF);

tempered at 540 aC (1000 T) , ..13 0.5 1225 178 1165 169 14.6 48.2 363
25 1 1185 172 1105 160 14.5 49.1 352
50 2 1140 165 1020 148 17.0 55.6 331

100 4 986 143 779 113 18.7 54.9 285
Oil quenched from 800 °C (1475 °F);

tempered at 595 °C (1100 °F) . . . . 13 0.5 1060 154 1040 151 17 8 54.9 321
25 1 1060 154 986 143 17.7 57.3 311
50 2 1000 145 903 131 20.0 61.0 293

100 4 869 126 675 98 22.0 61.2 255
Oil quenched from 800 °C (147S °F);

tempered at 650 "C (120O °F) . .13 0.5 1020 148 945 137 18.5 54.8 293
25 1 972 141 910 132 19.5 59.8 285
50 2 931 135 834 121 21.2 62.3 277

100 4 841 122 650 94 22.5 59.8 241
(a) In 50 mm (2 in.)
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Mechanical Properties (continued)

AISI 8650, 8650H, 86B50: Effect of the Mass on Hardness at AISI 8650, 8650H, 86B50: Hardness and
; Selected Points (Ref 4) Machinability (Ref 7)

As-quenched hardness
1 Size round after quenching in oil at Hardness

mm in. Surface Vii radius Center Condition range, KB

13 0.5 .....................CI HRC 61 HRC 61 HRC Annealed and cold drawn 187-248

* .......................58 fill'.-' 58 f IjtC 57 HRC (a; Baaed on AISI 1212 steel as 100% average machinability
50 2 53 HRC 53 HRC 52 HRC

! 100 4 42 HRC 33 HRC 38 HRC

Average
machinability

rating(a)

60

AISI 8650: Effect of Mass on Tensile Properties after
Tempering at 650 °C (1200 °F). Oil quenched at 800 °C
(1475 °F); tempered at 550 °C (1200 °F). Impact energy tests used
izod specimens. Elongation was measured in 50 mm (2 in.). (Ref 14)

AISI 8650: Effect of Mass on Tensile Properties after
Tempering at 540 °C (1000 °F). Oil quenched at BOO °C
(1475 °F); tempered at 540 °C (1000 °F). Impact energy tests used
izod specimens. Elongation was measured in 50 mm (2 in.). (Ref 14)

itoo

600
110

Diameter of section, in.
1 2 3
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i

_

!
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-

1

i
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1
j

1 ÿ
Elorgatinn
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I
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120 $
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*75 £

1500
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1 2 3
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50
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Diameter of section, mm
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1
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-
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Mechanical Properties (continued)

AIS1 8650H: End-Quench Hardenabiiity Limitsand Hardenability Band. Heat treating temperatures recommended by
SAE: normalize at 870 °C <1600 °F), lor forged or rolled specimens only; austenitize at 845 "C (1550 °F). CRef 1)

Distance from Hardness, HRC
quenched end, Vie in. max min

1... . 65 59
2 . 65 58
3 65 57
4 64 57
5 . 64 56
6 63 54
7 63 53
8 50
9 47

10 44
11 41
12.... 59 39
13 58 37
14 58 36
15 57 35
16 . 56 34
18 55 33
20 53 32
22 52 31
24 50 31
26 .. ....49 30
28 30
30 29
32 29

| Diameters of "ounds with same as-CfUenched harcness Location in round Quench

3.8
1.T
D.7

2.0
1.2

2.9
1.6

3.8 4.8
2,0 2.4

5.8 6.7
2,3 3.2 3.6 3.9

Surface
z/a radius from earner

Center

MrJd
water

quench

65

0.8
0.5
0.2

1.0
1.D
0 5

2.5
T.6
1.0

3.0 3.4
2.0 2.4
1,4 1.7

3.8
2.8 32 3.6 4.0
2,0 2.4 2.8 3.1

Surface
V4 radius from canter

Canter

Mild
oil

quench

55

50

45

40

35

30

25

\

4 6 8 10 12 14 16 18 20 22 24 26 2B 30 32

Distance from quenched end Vie in.

AISI 8655, 8655H

AtSI 8655, 8655H: Chemical Composition
AISI
grade Mn

Chemical composition, %
P max S mm Si Ni Cr Mo

8655 ...........0.51-0.59
8655H .........0.50-0.60

0.75-1.00
0.70-1.05

0.035
0.035

0.050
0050

0.15-0.30
0.15-0.30

Characteristics and Typical Uses. AISI 8655 and 8655H
are directly hardenable, triple-alloy steels with highharden¬
ability. Primary uses of these grades are springs and hand
tools.

AISI 8655 and 8655H are available as hot and cold rolled
sheet and strip; hot rolled and cold finished bar; seamless
mechanical tubing; and bar subject to end-quench harden¬
ability requirements.

AISI 8655: Similar Steels {U.S. and/or Foreign). UN'S
G86550; ASTM A322, A331, A505; SAE J404, J412, J770

AISI 8655H: Similar Steels (U.S. and/or Foreign).
H86550; ASTM A304; SAE J1268

LfNS

0.40-0.70
0.35-0.75

0.40-0.60
0.35-0.65

0.15-0.25
0.15-0.25

AISI 8655, 8655H:
Approximate Critical Points
Transformation Temperature(aI
point "C "F

ACl 730 1345

Ac3 . 765 1410

At3 690 1270
At, 660 1220
M, 270 515
(a) On heating or cooling at 28 °C
(50 °F) per hour

Physical Properties

AISI 8655, 8655H: Thermal
Treatment Temperatures
Quenching medium: oif

Temperature range
Treatment °C

Forging......1175 man
Annealing.....815-870
Austeni-

tizing .......800-845
Tempering (a)

(a) To desired hardness

2150 max
1500-1600

1475-1550
(a)

Mechanical Properties

Machining Data

For machiningdata on AISI grades 8655 and 8655H, refer to
the preceding machining tables for AISI grades 4150 and
415QH.

AISI 8655, 8655H; Hardness and Machinability (Ref 7)

Condition
Hardness
range, HB

Average
machinability

rating!a)

Annealed and cold drawn 187-248
(a) Baaed on AISI 1212 steel as 100% average roachinability

55
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Mechanical Properties (continued)

AISI 8655H: End-Quench Hardenability Limits and Hardenability Band. Heat treating temperatures recommended
by SAE: normalize at 870 °C (1600 T), for forged or railed specimens only; austenitize at 845 °C (1550 °D. (Ret 1)

Distance from Hardness, HHC

1 quenched end, Ms in. max mm

1 1 ... 60
2 59
3 ... ••• 59
4 58
5 57
6 56 6b

7 ... 55
608 ... 54

9 ... ... 52 o 55
1 10 ....65 49 U-

; 11 46 50
12 ....64 43
13 ....64 41 ÿg 4b

ÿÿ 14 40 I
4015 39

1 16 .. ..62 38 35
IS 37
20 35 30
22 59 34

1 24 .. ..58 34
i 26 .. ..57 33

28 ...56 33
30.... ....55 32
32 32

| Diameters of rounds with same as-quenched hardness Location in round Quench

38 Surface M'l°
1.1 2.0 2.9 3.8 4.8 5.8 6.7 14 radius from cenlBi water

0.7 1.2 1.6 2.0 2.4 2.B 3.2 3.6 3.9 Carrier quench

I.' '. .~1.-
08 1.8 2.5 3.0 3.4 3.8 Surface
0.5 1.0 1.6 2.0 2.4 2.B 3.2 3.6 4.0 -u radius Irom centtr
0.2 0.6 1.0 14 1.7 2.0 24 2.8 3.1 center

6 10 12 14 16 18 20 22 24 28

Distance from quenched end Vie in.

30 32

AISI 8660, 8660H

AISI 8660, 8660H: Chemical Composition
AISI
grade Ml)

Chemical composition,
P max S max Si Ni Cr Mo

8660
8660H

0.55-0.65
0.55-0.65

0.75-1.00
0.70-1.05

0.035
0.035

0.040
0.040

0.15-0 30
0.15-0.30

0.40-0.70
0.35-0.75

0.40-0.60
0.35-0.65

0.15-0.25
0.15-0.25

Characteristics and Typical Uses. AISI 8660 and 8660H AISI 8660, 8660H:
are directly hardenable,mckel-chromiurn-molybdenum alloy Approximate Critical Points
steels with good hardenability and surface qualities. These Transformation Temperatureta)
grades are used in a variety of parts, including springs and point °C °F
hand tools. t-rr:-tt—

AISI 8660 and 8660H steels are available as hot rolled and Ac! !!"""'!"!!!ÿ768 1410
cold finished bar, rod, and wire; seamless mechanical tubing; Ara 690 1270
forging stock; bar subject to cnd-quench hardenability re- 665 1230

quirements; and hot and cold rolled sheet and strip. ÿ 250 485
(a) On heating or cooling at 28 5C

AISI 8660: Similar Steels (U.S. and/or Foreign). UNS
(5° T) per hour

G86600; ASTM A322, A332, A505, A519, A711; SAE J404,
J412, J770

AISI 8660H: Similar Steels (U.S. and/or Foreign). UNS
H86600; ASTM A304; SAE J1268

PhysicalProperties

AISI 8660, B660H: Thermal
Treatment Temperatures
Quenching medium: oil

Temperature range
Treatment °C "F

Ferging ... , , ,1175 max 2150 max
Annealing

(a) . .......790-845 1450-1550
Normalizing

(b)
..........845-900 1550-1650

Austeni-
tizing

_______
830-855 1525-1575

Tempering .......(c) (c)

(aj Maximumhardnessof229 IIR(b)
Hardness of approximately 321 HB.
(c) To desired nardness

Machining Data

For machiningdata on AISI grades 8660 and 8660H, refer to
the preceding machining tables for AISI grades 4150 and
4150H.

Mechanical Properties

AISI 8660, 8660H: Hardness and Machinability CRef 7)

Average
Hardness machiliability

Condition range, HB rating(a)

Spheroidized annealed and
oold drawn..........................179-217 55

(aJ Based on AISI 1212 steel as 100<£ average machinahility
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Mechanical Properties (continued)

AISI 8660H: End-Quench Hardenability Limits and Hardenability Band. Heat treating temperatures recommended
by SAE: normalize at 870 °C (1600 °F), for forged or railed specimens only; austenitize at 845 °C (1550 °F). (Ref 1)

Distance from
quenched end, Vi« in.

1 . . .
2 ...
3 ...
4 .. .
5 . , .

7 ....
8 . ...
9 ....

10 ....
11 ....
12 ....
13 ....
14 ....
15 ....
16 ....
18 ....
20 ....
22 ....
24 ....
26 . .
28 . . . .
30 ....
32 ....

Hardness, IPRC
max mill

.65
64

.64

.63

.62
62
.61
.60
.60

60
60
60
60
60
59
58
57
55
53
50
47
45
44
43
42
40
39
38
37
36
36
35
36

Diametersof rounds with same as-quenched hardness

6D

50

45

3.8
1.1
0.7

3.8
2.0

5.8
2.8 3.6 39

0.8 1.8 2.5 3.0 3.4 3.8
0.5 1.0 1.6 2.0 2.4 2.8 3.2 3.6 4.0
0.2 0.6 1.0 1.4 1,7 2.0 2.4 2.8 3.1

Location in round Quench

Surface ? Mild
¥* radius from c«nter water

Center quench

Surface
V« radius from center

Center

Mild
oil

quench

6 S !0 12 14 16 Ifl m 22 24 25 28 30 32

Distance from quenched end, VT6 in,

1800

Tempering temperature, DF
400 BOO 800 TOW 12G0

14)0

2
-s
04

1200

Tensile strengthYield strength

Hardness

I I I
FtedLfction in area

Elongation

- 175 ™ _

1000

500

400 -

200 300 400 bUO 600 70D
Tempering temperature. cC

AISI 8660: Effect of Tempering Tem¬
perature on Tensile Properties. Normalized
at e70 °C (1600 °F); oil quenched from 845 °C
(1550 °F); tempered at 56 *C{100 °F) intervals,
Specimens were treated in 13.7-mm (0.540-in.)
diam and machined to 12.0-mm (0.505-in.) diam
for testing. Tests were conducted using specimens
machined to English units. Elongation was measured
in 50 mm (2 in.). (Ret 2)
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AIS1 8660, 8660H: Low-Temperature Impact Properties (Ref 17)
Quenched from 800 X (1475 °F)

Charpy impact (V-notch) energy at temperature of:
Tempering -185 X -130 X -73 X -18 X 38 X Transition
temperature Hardness, (-300 "F) (-200 -F) (-100 "F) (0 °F) (100 "F") temperature(a)
X *F HRC J ft -lb J ft lb J ft lb J ft lb J ft-lb X °F

425 800 47 5 4 8 6 14 10 18 13 22 16 ...
540 1000 41 14 10 16 12 20 15 27 20 41 30 -25 -10
650 1200 30 22 16 24 18 34 25 73 54 81 60 -70 -90

(a) 50% brittle

AISI 8720, 8720H

AISI 8720, 8720H: Chemical Composition
AISI
grade Mn P max

Chemical composition, %
S max Si Ni Cr Mo

8720 0.18-0.23
8720H 0.17-0.23

0.70-0.90
(].fifl-0.95

0.035
0.035

0.010
0.040

0.15-0.30
0.15-0.30

0.40-0.70
0.35-0.75

0.400.60
0.3E.G.65

0.20-0.30
0.20-0.30

Characteristics. AISI grades 8720 and 8720H are carfau-
rizing, triple-alloy steels with medium to high case hardenÿ

ability and medium core hardenability. These steels have
characteristics similar to AISI grade 8620, but are suitable
for larger parts because of greater hardenability.

Typical Uses. AISI grades 8720 and 8720H are available
as hot rolled and cold finished bar, rod, and wire; seamless
mechanical tubing; bar subject to end-quench hardenability
requirements; and hot and cold rolled sheet and strip. Typi¬
cal uses include differential pinions, gears, steering worms,
wear-resistant pump parts, and spline shafts.

AISi 8720; Similar Steels (U.S. and/or Foreign). UNS
G87200; ASTM A322, A331, A505, A519; SAE J404, J770;
(W. Ger.) DIN 1.6543; (U.K.) B.S. 805 A 20

AISI 8720H; Similar Steels (U.S. and/or Foreign). UNS
H87200; ASTM A304; SAE J1268; (W. Ger.) DIN 1.6543;
(U.K.) B.S. 805 A 20

Physical Properties

AISI 8720, 8720H: Thermal Treatment Temperatures
Quenching medium: oil

Temperature range
Treatment °C *F

Forging........................> ............1230 max 2250 max
Cycle anneaiingia) ...........................855-885 1575-1625
NormaIizing(b) 900-955 1650-1750
Carburizing 900-925 1650-1700
Reheating.............................845-870 1550-1600
Tempering. ............................120-175 250-350
(a) Heat at least as high as the carburizing temperature; hold for uniformity;
cool rapidly to 540 to 675 "C (1000 to 1250 F)\ air or furnace cool to obtain a
structure auitable For machiningand finish, (b)Temperatureshould be at least
as high as the carburizing temperature, followed by air cooling

AISI 8720, 8720H: Approximate Critical Points
Transformation Temperature(a) Transformation
point X F point

Ac, ...............730 1350 At,
Ac,...............830 1530 M.
Ar3 770 1420
(a) On heating or coaling at 28 "C (50 °F) por hour

Temperature(a)
X T

660
395

1220
740

Machining Data

For machining data on AISI grades 8720 and 8720H, refer to
the preceding machining tables for AISI grade A2317.

Mechanical Properties

AISI 8720, 8720H: Hardness and Machinability (Ref 7)

Average
Hardness machinability

Condition range, HB ratingla)

Hot rolled and cold drawn ..............179-235 65
(a) Based on AISI 1212 steel as lOOÿfc average machinability

For additional data on mechanical properties of AISI grades
8720 and 8720H, refer to the figure on AISI 8600 and 8700
series steels: average core properties, which is included in
AISI 8615.
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Mechanical Properties (continued)

AISI 872QH: End-Quench Hardenability Limits and Hardenability Band. Heat treating temperatures recommended
by SAE: normalize at 925 X (1700 °F), for forged or rolled specimens only; austenitize at 925 X (1700 °F). (Kef 1)

Distance from Hardness, HRC 1 D

quenched end, Vib in, max nun

1 ....48 41
2 ....47 38
3 ....45 35
4 ....42 30
5 . ....38 26
6 ....35 24 51)

7 ... .33 22
8 ....31 21 4b

9 ....30 20 u
40

10 ....29 I

U ....28 i/r 35
12 ....27 c

73

13 ...26 30

14
15 ...,25 2b

16 ....25 70
18 ..... .24
20 ... .24 ...
22 ... .23
24 ...23
26 ...23
28
30 ....22
32 ...22

Diameters of rounds with same as-qiiEnchod hardness

3.B
1.1 2.0 2,9 3.0 4.B 5.8 6.7
0.7 1,2 1.6 2.D 2.4 2.8 3.2 3,6 3.9

0 8 1.8 2.5 3 D 3.4 3.8
0.5 1.0 1.6 2.0 2.4 2.8 3.2 3.6 4.0
0.2 0.6 1.0 1.4 1.7 2.0 2.4 2.8 3.1

Location in round Quench

Surface
% radius from cantor

Center

Surface
y* radius from canter

Center

Mild
water

quench

Mild
oil

quench

4 6 A 10 17 14 16 18 28 22 24 26 28 20 32

Distance From quenched end Vis in,

AISI 8740, 8740H

AISI 8740, 8740H: Chemical Composition
AISI Chemical composition, #
grade C Mn P max S max Si Ni Cr Mo

6740 ...........0.38-0.43 0.75-1.00 0.035 0.040 0.15-0.30 0.40-0.70 0.40-0.60 0.20-0.30
8740H .........0.37-0.44 0.70-1.05 0.035 0.040 0.15-0.30 0.35-0.75 0.35-0.65 0.20-0.30

Characteristics. AISI grades 8740 and 8740H are di¬
rectly hardenable, nickel-chromium-molybdenum alloy
steels with medium hardenability. These steels are mod¬
erately machinable. They canbe hardened inoil inmoderate
sections, and thus can be heat treated with less distortion
than types requiring water quenching.

AISI 8740 and 3740H steels are available as hot rolledand
cold finished bar, rod, and wire; bar subject to end-quench
hardenability requirements; seamless mechanical tubing;
hot and cold rolled sheet and strip; and aircraft quality stock.

Typical Uses. AISI 8740 and 8740H steels are used in
cam shafts, wrist pins, clutch fingers, and other automotive
parts where high-strength and core property requirements
are not as severe as in the higher alloy steels. Additional
applications include torsion bar, springs, high-strength fas¬
teners, and other cold headed parts.

AISI 8740: Similar Steels
(U.S. and/or Foreign). UNS
G87400; AMS 6322, 6323,
6325, 6327, 6358; ASTM
A322, A331, A505, A519;
MIL SPEC MIL-S-6049; SAE
J404, J412, J770; (W. Ger.)

DIN 1.6546; (Ital.) UNI 40
NiCrMo 2 KB; (U.K.) B.S.
Type 7

AISI 8740H: Similar Steels
(U.S. and/or Foreign). UNS
H87400; ASTM A304; SAE
J1268; (W. Ger.) DIN 1.6546;
(Ital.) UNI40 NiCrMo 2 KB;
(U.K.) B.S. Type 7

Machining Data
For machining data on AISI grades 8740 and 8740H, refer to the preceding machining tables
for AISI grades 1340 and 1340H.

AISI 8740, 8740H:
Approximate Critical Points
Transformation Temperature(a)
point °C °F

Ac,....730 1345
Acj 780 1435
Ar3 720 1330
At, 660 1220
M, 320 605
(a) On heating or cooling at 28 °C
(50 *F) per hour

Physical Properties

AISI 8740, 8740H: Thermal
Treatment Temperatures
Quenching medium: oil

Temperature range
Treatment 'F

Forging ......1206 max 22QO max
Annealing.....S15-870 1500-1600
Austeni-

tizing .......830-855 1525-1575
Tempering .......(a) (a)

(a) To desired hardness
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Mechanical Properties

AiSI 8740H: End-Quench Hardenahility Limits and Hardenability Sand. Heat treating temperatures recommended
by SAE: normalize at 870 °C (<600 °F}, for forged or rolled specimens only; austertitize at 845 °C (1550 °F). (Ref 1)

| Diameters of rounds with same as-quenched hardnessDistance from
quenched end, Vta in,

1.
2 .
3 .
4 .
5 .
6 .
7 .
8 .
9 .

10 .

11 .
12 .
13 .
14 .
15 .
16 .
18 .
20 .
22 .
24 ,

26 .
28 .
30 ,

32 .

Hardness. HRC
max min

Location in round Quench

..60

..60..60

..60

..59

..58

..57

..56

..55

..53

.,52

..50
, .49
,.43
..46
..45
..43
.,42
.41
..40
..39
..39
..38
..38

53
53
52
51
49
46
43
40
37
35
34
32
31
31
30
29
28
28
27
27
27
27
26
26

3.8
1.1
0.7

2.9
1,6

3.6 4.8
2,0 2.4

5.8 6.7
2.8 3.2 3.S 3.9

Surface
4a radius from center

Center

Wild
water

quench

0.8 1.8 2.5 3.0 3.4 3.8
0.5 1.0 1,5 2.0 2A 2.8 3 2 3.6 4.0
0.2 0.6 1.0 1.4 1.7 2.0 2.4 2.B 3.1

Surface
% radius from center

Center

Distance from quenched end Vie in.

Tempering temperature, 'F

2400 n

.Haronass

£ 1503
ÿ•Tensile strength

Yield point

Reduction

Elongation

500

x

400 |

AiSI 874-0: Effect of Tempering
Temperature on Tensile Properties.
Normalized at B7G °C ( 16O0 °F); reheated to
830 °C (1525 °f)\ quenched in agitated oil.
Specimens were treated in 14.4-mm (0.565-in.)
diam and machined to 12.8-mm (0.505-in.)

diam for testing. Tests were conducted using
specimens machined to English units. As-
quenched hardness of 601 HB; elongation
measured in 50 mm (2 in.). (Ref 4)

200 303 400 500 SOS 700

Tempering temperature, °C
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Mechanical Properties (continued)

AISI 8740, 8740H: Tensile Properties (Ref 5)

Tensile Yield Izod impact
strength strength Elongation(a), Reduction Hardness, energy

Condition or treatment MPa ksi MPa ksi % in area, % HB J ft lb

Normalized at 870 CC (1600 °F) 930 135 560 80 16 0 48 269 18 13
Annealed ai 815 °C ( 150(1 "F) ........695 101 415 60 22.2 46 201 41 30
(a) In 50 mm (2 in,)

)

AISI 8740, 8740H: Mass Effect on Mechanical Properties (Ref 4)

Tensile Yield
Size round strength strength Eluugatiou(a), Reduction Bardue

Condition or treatment mm in. MPa ksi MPa ksi % in area, % HB

Annealed (heated to 815 °C or 1500 °F;
furnace cooled 11"C or 20 F per hour to
595 °C or 1100 "F; cooled in air) . .. 25 1 696 101 415 60 22.2 46.4 201

Normalized (heated to 870 CC or 1600 °F;
cooled in air) 13 0.5 938 136 620 90 16.0 47.1 269

25 1 931 135 605 88 16.0 47.9 269
50 2 910 132 605 88 16.7 50.1 262

100 4 910 132 600 87 15.5 46.1 255
Od quenched from 830 "C (1525 °F);

tempered at 540 *C (1000 °F) 13 0.5 1235 179 1140 165 13.5 47.4 352
25 1 1225 178 1130 164 16.0 53.0 352
50 2 1180 171 1060 154 15.7 52.8 331

100 4 958 139 745 108 18.0 55.6 277
Oil quenched from 830 °C (1525 aF),
'tempered at 595 CC (1100 °F) ............., 13 0.5 1060 154 965 140 17.4 55.1 311

-T-. : 25 1 1025 149 924 134 18.2 59.9 302
60 2 979 142 841 122 18.5 62.0 277

loo 4 855 124 670 97 20.5 59-8 248
Oil quenched from 830 "C (1525 F(;

tempered at 650 °C (1200 °F) . 13 0.5 965 140 876 127 19.9 60.7 285
25 1 952 138 848 123 20.0 50.7 285
50 2 876 127 731 106 21.5 65.4 255

100 4 800 116 605 68 22.7 S2.9 229
(a) In 50mm (2 in.)

AISI 8740, 8740H: Effect of the Mass on Hardness at
iSelected Points (Ref 4)

As-quenched hardness.
Size round after quenching in oil at

trim in. Surface Vi radius Center

~13 0.5...................57 HRC 56 HRC 55 HRC
25 1....................56 HRC 55 HRC 54 HRC
50 2 ....................52 HRC 49 HRC 45 HRC

100 4 ....................42 HRC 37 HRC 36 HRC

AISI 8740, 8740H: Hardness and Machinability (Ref 7)

Average
Hardness machinability

Condition range, HB rating(a)

Annealed and cold drawn 184-235 65
(a) Baaed on AISI 1212 steel as 100% average machinability

AISI 8822, 8822H

AISI 8822, 8822H: Chemical Composition
AISI Chemical composition, 9i
grade C Mo P max 3 max Si Ni Cr Mo

8822 0.20-0.25 0.75-1.00 0.035
8822H 0.19-0.25 0.70-1.05 0 035

Characteristics. AISI grades 8822 and 8822H are car-
burizing, nickel-chromium-molybdenum alloy steels with
medium to high case hardenability and high core hard-

0.040 0.15-0.30 0.40-0.70 0.40-0.60 0.30-0.40
0.040 0.15-0.30 0.35-0.75 0.35-0.65 0.30-0.40

enability. Core hardenability depends on the carbon content
of these basic steels, as well as the alloy content. Good case
properties can be obtained by oil quenching.
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Typical Uses, AISI 8822 and 8822H steels are used
specifically for heavy-duty, bevel-drive pinions and gears,
and large roller bearings. These grades are available as hot
rolled and cold finished bar, rod, and wire; seamless mechani¬
cal tubing; and bar subject to end-quench hardenability
requirements.

AISI 8822: Similar Steels (U.S. and/or Foreign). UNS
G88220; ASTM A322, A331, A519; SAE J404, J770; (W. Ger.l
DIN 1.6543; (U.K.) B.S. 805 A 20

AISI 8822H: Similar Steels (U.S. and/or Foreign). UNS
H88220; ASTM A304; SAE J1268; (W. Ger.) DIN 1.6543;
(U.K.) B.S. 805 A 20

AISI 8822, 8822H: Approximate Critical Points_
Transformation Temperaturefa) Transformation Temperatiire(a)
point *C "F point °C aF

Ac, . ...............720 1330 Ar, 645 1195
Ac, ................840 1540 M. 385 725
Ar3 785 1445
(a) On heating or cooling at 28 PC (50 DF) per hour

Physical Properties

AISI 8822, 8822H: Thermal Treatment Temperatures
Quenching medium: oil

Tctipf.Tiil.urr range
Treatment *C °F

Forging 1230mar 2250 max
Cycle annealing (a'< (a)
Normalizing fbi (b)
Carburizing 900-S25 1650-1700
Reheating 445-870 1550-1600
Tempering 120-175 250-350
!a) Heat at least as high as the carburizing temperature; hold for uniformity;
cool rapidly to 540 to 675 U(1000 to 1250 "KJ; air or furnace cool to obtain a
structure suitable for machining and finish, (b) At lent as high as the carbu¬
rizing temperature, followed by air cooling

Machining Data

For machining data on AISI grades 8822 and 8822H, refer to
the preceding machining tables for AISI grade A2317.

Mechanical Properties

AISI 8822H: End-Quench HardenabilityLimits and Hardenability Sand. Heat treating temperatures recommended by
SA£: normalize atS25 °C (1700 °F), lor forged or rolled specimens only; austenitize at 925 *C (1700 aF). (Ref 1)

ÿDiameters of rounds with same as-quenched hardness Location in round QuenchDistance from Hardness,HRC
quenched end, Vie in. max min

1 50 43
2 49 42
3 39
4 46 33
5 43 29
6 40 27
7 . 37 25
8 35 24
9 34 24

10 33 23
11. 32 23
12 22
13 31 22
14 . ...30 22
15 30 21
16 29 21
IS ....29 20
20 ...- ....28
22 ....27
24 ....27
26 ....27
28
30 ....27
32 ....27 ...

3.B
1.1
0.7

d.8
2.4

6,7

3.2 3.6 3.9

Surface
Y* radius from csr.ler

Canter

Mild
waTEr

quench

0.8 1.8 2.5 3.0 3.4 3.B
0.5 1.0 1.6 2.0 2.4 2.8 3.2 3.6 4.0
0.2 0.6 1.0 1.4 1.7 2.0 2.4 2.8 3.1

Distance from quenched end Via in.

AISI 8822, 8822H: Hardness and Machinability (Ref 7)

Condition
Hardness
range, HB

Average
machinability

rating(a)

Hat rolled and cold drawn.............. 179-223
(a) Based on AISI 1212 steel as 100<fr average machinability

55
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Mechanical Properties (continued)

AI5I 8822, 8822H: Approximate Core Mechanical Properties (Ref 2)

Heat treatment of test specimens: (1) normalized at 925 °C (1700 °F) in 32-mm (1.25-in.) rounds; (2) machined
to 25- or 13.7-mm (1- or 0.54O-in.} rounds; (3) pseudocarburized at 925 °C (1700 °F}for 9 h; (4) box cooled to
roomtemperature; (S) reheated to temperatures given in the table and oil quenched; (A) tempered at 150 °C
(300 °F); (7) tested in 12.6-mm (0.505-in.) rounds; tests were conducted using test specimens machined to
English units

Reheat Tensile Yield
temperature strength strengthta) Elongation(b), Reduction Hardness,
C CF MPa ksi MPa ksi % in area, % HH

Heat treated in 25-mm (1-in.) rounds
"775 1425................1176 170.5 654 94.8 12.1 24.9 352

820 1510................1204 174.6 805 116 8 14.8 44.5 353
865 1590................1250 1813 900 130 6" 13 6 46.0 388
(c) (c).................1314 190.6 928 134.6 12.8 42.5 368

Heat treated in 13.7-mm (0.540-in.) rounds
775 1425................1198 173.7 693 100.5 11.3 24.6 352
820 1510................1451 210.5 1041 151.0 13.0 41.9 415
865 1590................1510 219.0 1093 158.5 13.3 47.3 429
(c) (c).................1524 221.1 1149 166.6 13.5 47.7 429

(a) 0.294 offset, (b) In50 mm (2 in.). )c> Quenched from step 3

AISI 8822, 8822H:
Permissible Compressive
Stresses
Taken from gears with a case depth
of 1.1 to 1.5 mm (0.045 to
0.060 in.) and a minimum case
hardness of 60 HRC

Compressive
Data stress
point MPa ksi

Mean...
Maximum

. 1448

. 1655
210
240

AISI 9255

AISI 9255: Chemical Composition
AISI
grade

-ÿ-Chemical composition, %
Mn P max S max Si

9255 ..............0.51-0.59 0.704195 0.035 0.040 1.80-2,20

Characteristics and Typical Uses. AISI grade 9255 is a
directly hardenable, silicon alloy steel with the capacity for
medium hardenability. This steel is widely used for springs
subject to shock loads and moderately elevated temperature.
AISI 9255 steel is available as hot rolled and cold finished
bar, rod, and wire, and seamless mechanical tubing.

AISI 9255: Similar Steels (U.S. and/or Foreign). uns
G92550; ASTM A322, A519; SAE J404, J412, J770; (W. Ger.)
DIN 1.0904; !Fr.) AFNOR 55 S 7; Utal.) UNI55 Si 8; (Swed.)
SSU 2085**; (U.K.) B.S. 250 A 53

Machining Data

AISI 9255: Approximate Critical Points
Transformation
paint

Temperature(a) Transformation
<F point

.760 1400 ArL ..

.815 1500 M. . . .

.750 1380

Temperatore(a)
°C *F

-a

Ac3
Arj
(a) On heating or cooling at 28 UC (50 UF) per hour

.715

.305
1320
565

Physical Properties

AISI 9255: Thermal Treatment Temperature
Temperature range

Treatment °C °F

Forging ..........1205 max 2200 max
Normalizing 870-925 1600-1700
Auatenitizing 815-900 1500-1650
Tempering (a) (a)

{a) To desired hardness

For machining data on AISI grade 9255, refer to the pre¬
ceding machining tables for AISI grades 4150 and 4150H.

Mechanical Properties

AISI 9255: Tensile Properties (Ref 5)

Tensile Yield lzod impact

Condition or treatment
strength strength Elongation!a), Reduction Hardness, energy

MPa ksi MPa ksi % in area, % HB J ft lb

Normalized at 900 °C (1650 aF) .... .....930 135 580 34 19.7 43 69 14 10
Annealed at 845 'C (1550 DF) .. .....770 112 490 71 21.7 41 229 9 7
(a) In 50 mm (2 in.)
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ZIOC Ti¬

lemparingtemperature, F

400 600 800 1000

Tensile strength

Yielb point
200 r

Hardness ÿ

Reduction in area

Elongation

BSD

I

450 I

350

200 300 400 500 600 70fl

Tempering temperature, °C

AISI 9255; Effect of Tempering Tempera¬
ture on Tensile Properties. Normalized at
900 °C (1650 °f); reheated to 885 °C{1625 °F);
quenched in agitated oil. Specimens were treated in
25-mm (I-in.) diam and machined to '2-8-mm
(0.505-in.) diam for testing. Tests were conducted
using specimens machined to English units. As-
quenched hardness of 653 HB; efonp'ion measured
in 50 mm (2 in.). (Ret 4)

AISi 9255: Mass Effect on Mechanical Properties

Size raund
Condition or treatment

Tensile
strength

MPa ksi

Yield
strength

MPa ksi
Elongatlon(a), Reduction Hardness,

ÿ inarea, 5* HB

Annealed Cheated to 845 °C or 1550 °F;
furnace cooled 11°C or 20 °F per hour to
660 °C or 1220 DF; cooled in air)

Normalized (heated to 900 DC or 1650 DF;
cooled in air)

Oil quenched from 885 cC (1625 QF>;
tempered at 540 °C (1000 T)

Oil quenched from 885 °C (1625 CF);
tempered at 595 DC (1100

Oil quenched from. 885 °C (1625 °F);
tempered at 650 DC (1200 T)

(a) In 50 mm (2 in.)

25 1 779 113 485 70 21.7 41.1 229

13 0.5 951 138 585 85 20.0 15.5 277
25

'

1 931 135 580 84 19.7 43.4 269
50 2 931 135 565 82 19.5 39.5 269

100 4 917 133 550 80 18.7 36.1 269

13 0.5 1170 170 1007 146 14.9 19.0 331
25 1 1130 164 924 134 16.7 36.3 321
50 2 1070 155 703 102 18.U 45.6 302

100 4 1025 149 650 94 19.2 43.7 293

13 0.5 1070 155 910 132 18.1 45.3 302
25 1 1035 150 814 118 19.2 44.8 293
50 2 1005 146 635 92 20.0 46.7 293

100 4 945 137 570 83 21 46.0 277

IS 0.5 1000 145 648 123 21 50.4 285
25 1 951 138 ÿ 731 106 21.2 48.2 277
50 2 951 138 600 87 21 50.7 277

100 4 910 132 565 82 21.7 48.3 262

AISI 9255: Effect of the Mass on Hardness at Selected Points
As-quenched hardness

Size round after quenching in oil at:
mm in. Surface Mr radius Center

13 0.5....................61 HRC. 59 HRC 58 HRC
25 1.....................57 HRC, 55 HRC 48 HRC
50 2 .....................52 HRC 37 HRC 33 HRC

I0O 4 ....................35.5 HRC 31.5 HRC 27.5 HRC

AISI 9255: Hardness and Machinability (Ref 7)

Condition
Hardness
range, HB

Average
machinability

rating(a)

Spheroidized annealed and
cold drawn........ 179-229

(a) Based on AISI 1212 steel as 1009c average machinflbility
40
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AtSI 9260, 9260H

AISI 9260, 9260H: Chemical Composition
AISI
grade

Chemical composition, %
Mn P max S max Si

9260 0.56-0.64
9260H 0.55-0.65

0.75-1.00
0.65-1.10

0.035
0.035

0.040
0.040

AISI 9260, 9260H: Approximate Critical Points
Transformation
point

Temperature(a)
°C °F

Transformation Temperatare(a)
point °C "F

1.80-2.20
1.70-2.20

Ac!

Ar3

. 745

. 815. 750

1370
1500
1380

At, 715
M, 270

1315
515

Characteristics and Typical Uses. AISI grades 9260 and
9260H are directly hardenable, ailicon alloy steels with
medium haxdeliability. These steels are used in springs for
heavy duty service and are available as hot rolled and cold
Finished bar, rod, and wire; seamless mechanical tubing; bar
subject to end-quench hardenability requirements; and hot
and cold rolled strip and sheet.

AISI 9260: Similar Steels (U.S. and/or Foreign). UNS
G92600; ASTM A29, A59, A322, A331, A505, A519; SAE
J404, J412, J770; (W. Ger.) DIN 1.0909; (Fr.) AFNOR 60 SC
7, 61 SC 7; (U.K.) B.S. 250 A 58

AISi 9260H: Similar Steels (U.S. and/or Foreign). UNS
H92600;ASTM A304; SAE J1268; (W. Ger.) DIN 1.0909; (Fr.)
AFNOR 60 S 7, 61 Sc 7; (U.K.) B.S. 250 A 58

(a) On heatingor cooliDg at 28 °C (50 °F) per hour

Physical Properties

AISI 9260, 9260H: Thermal Treatment Temperatures
Quenching medium: oil

Temperature range
Treatment °C 'F

Forging............1205 max 2200 mev

Annealing (a) 815-870 1500-1600
Normalizing(b)................................870-925 1600-1700
Austenitizing 855-885 1575-1625
Tempering (c) (a)

(a) Maximum hardness of 229 HB (bl Hardness of approximately 302 HB.
(e) To desired hardness

Mechanical Properties

AISI 9260H: End-Quench Hardenability Limits and Hardenability Band. Heat treating temperatures recommended by SAE:
by SAE: normalize at 900 *C (1650 T), for forged or rolled specimens only; austenitize at 870 X (1600 °f). (Ref 1)

Distance from
quenched end, Vie in.

Hardness, HRC

I — 60
2 . 60
3 65 57
4 64 53
5 63 46
6...:'.' 62 41
7 ......60 38
8 58 36
9 55 3610

62 351149, 34
12 47 34
13 45 33
14 43 33
15 42 32
16 40 32
18 38 31
20 37 31
22 36 30
24 36 30
26 35 29
28 .........35 29
30 .,35 28
32 34 28

|Diameters of rounds with sarne as-CjUenched nardness Location in round Quench

3.8
1.T
0.7

2.0
1.2

2.9
1.6

3.B 4.S
2,0 2.4

5.8 6.7
2.8 3.2 3.6 3.9

Surface
Mradius from center

Center

Mild
water

quench

85

50

55

50

0.B
0.5
0.2

1,8

1.0
0.6

2.5
1.6
1.0

3.0 3.4
2.0 2.4
1.4 1.7

2.9 3? 3.6 4.0
2.0 2.4 2.8 3.1

Surface
•Vi radius from center

Center

Mild
oil

quench

\ \\ \
\

ÿ5 \
v

40

55

ao

75

t

i
L
r

B 9 10 12 14 IB IB 20 22 24 26 26 30 32

Defence from quenched end Vis in.
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Mechanical Properties (continued)

Tempering temperature, F

600 800 100D 120D

Tensile strength

Yield strength
V-- 1200

Hardness

Reduction in area

a 25

Elongation

AISI 9260: Effect of Tempering Tempera¬
ture on Tensile Properties. Normalized at
900 "C (1650 *F); oil quenched from 870 °C
(f6C0 "f); tempered at 56 °C (100 °Fl internals.
Specimens were treated in 13.7-mm (0.540-in.)
diam and machined to 12.8-mm (0.505-in.) diam
for testing. Tests were conducted using speci¬
mens machined to English units. Elongation was
measured in 50 mm (2 in.). (Ref 2)

500

400

3DQ 40D SOD B00 700

Tempering temperature, °C

AISI 9260, 9260H: Hardness and Machinability

Condition
Hardness
range, HB

Average
machinability

rating(a)

Spberoidized annealed and
cold drawn........184-235 40

(ai Baaed on AISI 1212 steel as 100% average machinability

Machining Dates

For machining data on. AISI grades 9260 and 9260H, refer to
the preceding machining tables for AISI 4150 and 4150H.

AISI 19310, I9310H

AISI E9310, E9310H: Chemical Composition
AISI
grade Mn P max

Chemical composition, %
S max Si Nj Cr Mo

E9310
E9310H

........0.08-0.13........0.07-0.13
0.45-0.65
0.40-0.70

0.025 0.025
0.050

0.20-0.35
0.15-0.30

3.00-3.50
2.95-3-55

1.00-1.40
1.001.45

0.08-0.15
0.08-0.15

Characteristics and Typical Uses. AISI grades E9310 and
E9310H are electric-furnace, carburizing, nickel-chroinium-
molybdenum, alloy steels with high case and core harden-
ability. They are typically used for aircraft and heavy-duty

truck gears. AISI E9310 and E9310H steels are available as
hot rolled and cold finished bar, rod, and wire; seamless
mechanical tubing; bar subject to end-quench hardenability
requirements; forging stock; and aircraft quality bar.
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AISI E9310: Similar Steels (U.S. and/or Foreign). UNS
G93106;AMS 6260 F,6265 B;ASTM A322, A519, A711; SAE
J404, J770

AISI E3310H: Similar Steels (U.S. and/or Foreign). UNS
H93100; ASTM A304; SAE J1268

AISI E9310, E9310H: Approximate Critical Points
Transformation Temperature(a) Transformation Temperature(a)
point °C °F point °C °F

A«!...............715 1320 Ar! 580 1080
Ac3 ...............820 1510 M, 365 685
Ar3 665 1230
(a) On heating or cuoling at 28 °C 150 "Ft per hour

Physical Properties Machining Data

AISI E9310, E9310H:
Thermal Treatment
Temperatures
Quenching medium: nil

Temperature range
Treatment °C °F

Forging
Normalizing
Carburizing
Reheating. .
Tempering .

For machining data on AISI
grades E9310 and E9310H,
refer to the preceding ma¬
chiningtablesfor AISI A2317.

1230 max 2250 max
. 900-955 1650-1750
. 870-925 1600-1700
. 790-830 1450-1525
. 120-165 250-325

Mechanical Properties

AISI E9310, E9310H: Core Properties of Specimens Treated for Maximum Case Hardness and Core Toughness (Ref 4)

Specimens were treated in 14.4-mm(0.565-in.) rounds and machined to 12.8-mm (0.505-in.) rounds tor testing; tests were conducted using test specimens
machined to English units

Treatment

Case
depth,

mm (in.)

Cose
hardness,

HRC

Tensile
strength,
MPa (ksi)

Yield
strength,
MPa (ksi)

- Core properties
Elonga-
tion(a),

%
Reduction
in area, %

Hardness
HB

Recommended practice for maximum case hardness
Direct quenched from pot: carbu-

rized at 925 °C (1700 °F)

for 8 h; quenched in agitated
nil; tempered at 150 °C (300 °F).........0.99 (0.039) 59.5

Single quenched and tempered
(for good case and core proper¬
ties): carburized at 925 °C
(1700 °F) for 8 h; pot cooled;
reheated to 790 °C (1450 °F);
quenched in agitated oil;
tempered at 150 "C (300 "F) ............1.2 (0.047) 62.0

Double quenched and tempered (for

maximum refinement of case and
core): carburized at 925 *C
(1700 "F) for 8 h; pot cooled;
reheated to 800 °C (1475 °F);
quenched in agitated oil;
reheated to 775 "C (1425 "F);
quenched in agitated oil;
tempered at ISO °C (300 "Fl ............1.4 (0.055) 60.5

Recommended practice for maximum core toughness
Direct quenched from pot: carbu¬

rized at 925 °C (1700 °F) for
8 h; quenched in agitated oil;
tempered at 230 DC (450 T) ............0.99 (0.039) 54.5

Single quenched and tempered (for
good case and core properties):
carburized at 925 °C (1700 "F)
for 8 h; pot cooled; reheated to
790 °C (1450 °F); quenched in
agitated oil; tempered at 230 CC
(450 'F) ...........1.2 (0.047) 59.5

Double quenched and tempered
(for maximum refinement of
case and core): carburized at 925 °C
(1700 CF; for B h; pot cooled;
reheated to 800 °C (1475 °F);
quenched in agitated oil; m
heated to 775 "C (1425 °F);
quenched in agitated oil; tempered
at 230 °C (450 °F) 1.4 (0.055) 58.0

(a) In 50 mm (2 in.)

1238 (179.5) 993 (144.0) 15.3

1193 (173,0) 931 (135.0) 15.5

59.1

60.0

375

363

1203 (174.5) 958 (139.0) 15.3

1227 (178.0) 1010 (146.5) 15.0

1158 (168.0) 948 (137.5) 15.5

62.1

59.7

60.0

363

363

341

1169 (169.5) 951 (138.0) 14.8 61.8 352
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AISI E9310H: End-Quench Hardenability Limits and Hardenability Band. Heat heating temperatures recommended
by SAE: normalize at 925 °C (1700 °F), for forged or rolled specimens only; ausfenitize at 845 °C (1550 °R. (Ref 1)

Distance from Hardness, HRC
quenched end, V» in. man min

1 . . ...43 36
Z ....43 35
3 ....43 35
4 ....42 34
5 . ...42 32
6 ...42 31
7 ....42 30
8 29
9 . . .40 28

to .. 40 27
11 . . 39 27
12 26
13 ...37 26
14 ....36 26
15 26
ie ....35 26
18 26
20 ....35 25
22 ...34 25
24 ....34 25
26...... ...,34 25
28 . ... .34 25
30 24
32 ...33 24

Diameters of rounds with same as-quenched hardness Locstior-in round Qucoci:

38
1.1
0,7

2.D
1,2

2.9
1.6

3.8 4.0
2,0 2.4

6.7
3.2 3.6 3.9

Surtace
radius from center

Cemer

Mild
water

quench

0.8 1.8 2.B 3.0 3.4 3.8
0.5 1-0 1.6 2.0 2.4 2,0 3,2 3,6 4,0

0,2 0.6 1.0 1.4 1.7 2.0 2,4 2.8 3.1

Suface
radiushm center

Carter

5 B 10 12 14 16 18 20 22 24 25 28 30 32

Distance from quenched end Vi& in.

AIS! E9310, E9310H: Mass Effect on Mechanical Properties (Ref 4)

Tensile Yield
Size round strength strength Eiongation(a), Reduction Hardness,

Condition or treatment mm in. MPa ksi MPa ksi 54 in area, HB

Annealed (heated to 845 C or 1550 °F;
furnare cooled 17 *C or 30 F per hour
to 405 °C or 760 °F; cooled in air) 25 1 820 119 450 65 17.3 42.1 241

Normalized (heated to 890 °C or 1630 °F;
cooled in air) 13 0.5 917 133 605 88 20.0 63.7 285

25 1 910 132 570 83 18.8 58.1 269
50 2 903 131 565 82 19.5 60.5 262

100 4 862 125 565 82 19.5 61.7 255
Mock carburized at 925 °C (1700 *F) for

8 h; reheated to 790 °C (1450 °F);
quenched in oil; tempered at
150 *C (300 °F) . . . 13 0.5 1234 179 986 143 15.7 58.9 363

25 1 1096 159 848 123 15.5 57.5 321
50 2 iooo 145 745 108 18.5 66.7 293

100 4 938 136 655 95 19.0 52.3 277
Mock carburized at 925 °C (1700 !F) for

8 h, reheated to 790 °C (1450
quenched in oil; tempered at
230 °C (450 °F) 0.5 1227 178 979 142 15.0 50.3 363

25 1 1089 158 848 123 16.0 El.7 321
50 2 993 144 731 106 17.8 38.1- 293

100 4 910 132 660 96 20.5 67.0 269
(a) in 50 mm (2 in.)

AISI E9310, E9310H: Effect of the Mass on Hardness
at Selected Points (Ref 4)

As-quenched hardness
Size round after quenching in oil at

mm in. Surface Vb radius Center

13 0.5...................40 HRC 40IIRC 38 HRC
25 1....................40 HRC 38 HRC 37 HRC
50 2 ....................38 HRC 35 HRC 32 HRC

100 4 ....................31 HRC 30 HRC 29 HRC

AISI E9310H: Hardness and Machinability
Average

Hardness machinability
Condition range,HB ratlngtal

Annealed and cold drawn............ .. 184-229 50
(a) Baaed on AISI 1212 steel as 100% average machinability
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Mechanical Properties (continued)

AISi E9310, E9310H: Tensile Properties (Ref 5)

Tensile Yield Izod impact
strength strength Elongationÿa), Reduction Hardness, energy

Condition or treatment MPa ksi MPa ksi in area, % HE J ft lb

Normalized at 890 "C (1630 DF) 910 132 570 83 18.6 58 269 U9 88
Annealed at 845 DC (1550 °F)..... ..........820 119 440 64 17.3 42 241 79 58
(a) In50 mm (2 in.)

AISI E9310, E9310H: Approximate Core Mechanical Properties (Ref 2)

Heat treatment of test specimens: (1) normalized at 325 °C (1700 °F) in 32-mm (1.25-in.) rounds; (2) machined
to 25- or 13.7-mm0- or 0.543-in.l rounds; (3) pseudocarburized at 925 *C (1700 °f) for B h; (4) bo* cooled to
room temperature; (5) reheated to temperatures given inthe table and oil quenched; (6) tempered at 150 °C
(300 °F); (7) tested in 12.8-mm (0.505-in.) rounds; tests were conducted using test specimens machined to
English units

Reheat Tensile Yield
temperature strength strength)a) Elongationfb), Reduction Hardness,
°C °F MPa ksi MPa kai % in area, % HB

Heat treated in25-mm (1-in.) rounds
775 1425................1000 145 814 118 15.5 54 302
800 1475................1076 156 917 133 15,5 54 331
830 1525................1179 171 1020 148 15.5 54 352
(c) (c).................1200 174 1034 150 15.0 53 363

Heat treated in 13.7-mm (0.540-in.) rounds
775 1425................1069 155 896 130 15.6 52 331
800 1475................1131 164 965 140 16.0 53 341
B30 1525................1200 171 1055 153 16.0 53 363
(e) (c).................1289 187 1117 162 15.0 51 375
(a) 0.2% offset (b) In 50 mm (2 in.), (c) Quenched from step 3

AISI E9310, E9310H:
Permissible Compressive
Stresses
Taken from gears with case depth
of 1.1 to 1.5 mm (0.045 to
0.060 in.) and a minimum case
hardness of 60 HRC

Data
point

Compressive
stress

MPa ksi

Mean...
Maximum .

.1725

.2000
250
290

AISI 94B15, 94B15H:

AISI 94B15, 94B15H: Chemical Composition
AISI
grade Mn Pmax

Chemical composition, %
S max Si Ni Cr Mo

94B15 0.13-0.18
94B15H...............0.12-0.18

0.75-1.00
0.70-1.05

0.035
0.035

0.040
0.040

0.15-0.30
0.15-0.30

0.30-0.60
0.25-0.65

0.30-0.50
0.25-0.55

0.08-0.15
0.08-0.15

0.0005-0.003
0.0005-0.003

Characteristics and Typical Uses. AISI grades 945B15 and
945B15Hare carburizing, nickel-chromium-molybdenum alloy
steels with intermediate ease and high core hardenability.
These steels are available as aircraft quality stock, seamless
mechanical tubing, and bar subject to end-quench hard¬
enability requirements.

AISI 94B15: Similar Steels (U.S. and/or Foreign).
G94151; AMS 6275 A; ASTM A519; SAE J404, J770

AISI 94B15H: Similar Steels (U.S. and/or Foreign).
H94151; ASTM A304; SAE J1268

Physical Properties

UNS

UNS

AISI 94B15, 94B15H; Thermal Treatment Temperatures
Quenching medium: oil

Temperature range
Treatment °C *F

Forging ....1230 max 2250 max
Normalizing (a) (a)

Carburizing.......900-925 1650-1700
Tempering . .................................120-150 250-300
(a) At least as high as the carburizing temperature, followed by air cooling

Machining Data

For machining data on AISI grades 94B15 and 94B15H, refer to the preceding machining
tables for AISI grade A2317.
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Mechanical Properties

AISI 94B15H: End-Quench Hardenability Limits and Hardenability Band. Heat treating temperatures recommended
by SAE: normalize at 925 °C <1700 °F), for forged or rolled specimens only; austenitize at 925 X (1700 °F). (Ref 1)

|Diametors of rounds with same as-quenched hardngssDistance from
quenched end, in-

Hardness, HRC

1 38
2 45 38
3 44 37
4 44 36
5 32
6 42 28
7 40 25
8 38 23
9 . 36 21 u

10 34 20 T

11 33 ... 3

12 ... "O

13 30 ...
14 29 ...
15 28 ...
16
18 26
20 25
22 24 ...
24 23
26 23 ...
28 22 ...
30 ...
32 22

1.1 2.0 2.9 3.8 4.8 5.8 6.7
0.7 1.2 1.6 2.0 2.4 2.8 3,2 3,6 3.9

Location in round Quench

Sur'ace
radius from center

Center

Mild
water

quench

O.B 1.8 2,5 3.0 3.4 3.B
0.5 1.0 1.6 2.0 2.4 2.B 3,2 3,6 4.0
0.2 0.6 1.0 1.4 1.7 2.0 2.4 2.8 3.1

Surface
'ÿ4 radius from centar

Center

0 2 4 6 6 TO 12 14 16 18 20 22 24 26 JH 30 32

Distance tram quenched end Vis in.

AISI 94B15, 94B15H: Hardness and Machinability (Ref 7)

Condition
Hardness
range, HB

Average
machinability

rating(a)

Hot rolled and cold drawn 163-202
(aj Based on AISI 1212 ateel as 100% average machinability

70

A83I94B17, 94B17H

AISi 94B17, 94B17H: Chemical Composition
AISI
grade Mn P max

Chemical composition, %
S max Si Ni Cr Mo

94B17 (J.15-0.20
94B17H...............0.14-0.20

0.75-1.00
0.70-1.05

0.035
0.035

0.040
0.040

0.15-0.30
0.15-0.30

0.30-0.60
0.25-0.65

0.30-0.50
0.25-0.55

0.08-0.15
0.08-0,15

0.0005-0.003
0.0005-0.003

Characteristics and Typical Uses. AISI grades 94BI7 and
94B17H are carburizing, triple-alloy steels with intermedi¬
ate case and high core hardenability. The addition of boron
improves machinability. These relatively low-carbon steels
were designed as substitutes for the higher carbon, higher
alloy steels in manufacturing fasteners and cold headed
parts that are quenched and tempered after forming. Parts
made from these steels are used in moderate temperature
environments.

AISI 94B17 and 94B17H steels are available as hot rolled
and cold finished bar, rod, and wire; seamless mechanical
tubing; aircraft quality stock: and bar subject to end-quench
hardenability requirements.

AISI 94B17: Similar Steels
(U.S. and/or Foreign). UNS
G94171; AMS 6275; ASTM
A322, A331, A519; SAE J404,
J770

AISI 94B17H: Similar Steels
(U.S. arid/or Foreign). UNS
H94171; ASTM A304; SAE
J1268

AISI 94B17, 94B17H:
Approximate Critical Points
Transformation Temperature(a)
point °C 'F

AC! ................705 1300
Ac3 840 1540
Ar3 770 1420
Ar, 640 1180
M, .415 780
(a) On heating or cooling at 28 °C
(50 °F) per hour
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Mechonicctl Properties

AISI 94B17H: End-Quench Hardenability Limits and Hardenabiiity Band. Heat treating temperatures recommended
tjy SAE: normalize at 925 °C (1700 °F), tor forged or rolled specimens only; austenitize at 925 °C (1700 °F). (Ret 1)

Diameters of roundswith same as-quenched hardness Location in round QuenchDistance from
quenched end, tie in.

Hardness,
max

HRC
mtn

1 46 39
2 39
3 ...45 38
4 45 37
5 34
6 ... 43 29
7 42 26
8 24
9 23 o

10 38 21 X

11 36 20 lA

12 34 c
ÿO

13
14 32
15 ...
16 30
18 . ....28
20 27
22 ....26
24 ....25
26 .. ...24
28 .. ... .24
30 ..... .23
32

3.a

Q.7
4.a
2.4

5.8 6.7
2.B 3.2 3.6 3.9

Surface
radius from center

Center

Mild
water

quench

0.8 7.8 2.5 3.0 3.4 38
0.5 1.0 1.6 2.0 2.4 2.8 3.2 3.6 4.0
0.2 0.6 l.U 1.4 1.7 20 2.4 2.8 3.1

Surface
radius from center

Center

tQ 12 14 16 Ifl 2D 22 24

Distance from quenched and Vie in.

AISI 94B17, 94B17H: Approximate Core Mechanical Properties (Ref 2)

Heattreatment of test specimens: (I) normalized at 925 °C (1700 °F) in 32-mni (1.25-in.) rounds; 12) machined
to 25- or 13.7-mm (1- or 0.540-in.) rounds; (3) pseudocarhurized at 925 °C (17O0 °F) for 8 h; (4) box cooled to
room temperature; (5) reheated to temperatures given in the table and oil quenched; (6) tempered at 150 "C
(300 *F); (7) tested in 12.8-mm (0.505-in.) rounds; tests were conducted using test specimens machined to
English units

Reheat Ifensile Yield
temperature strength strengthia) Elongation(b), Reduction Hardness,

°C °F MPa ksi MPa ksi in area, % Hit

Heat treated in 25-mm (1-in.) rounds
765 1410.................959 139.1 481 69.8 14.0 27.0 293
810 1490................1048 152.0 695 100.8 14.3 47.7 321
865 1590................1235 179.1 889 129.0 15.0 55.3 363
(c) (c).................1301 188.7 987 143.1 15.2 56.0 388

Heat treated in 13.7-mm (0.540-in.) rounds

765 1410.................936 135.8 509 73.8 13.3 28.1 285
810 1490................1131 164.0 776 112.5 13.0 44.1 341
865 1590................1253 181.8 920 133.5 14.0 57.7 375
(c) (d>.................1331 193.1 997 144.6 15.0 55.1 388

(a) 0.2% offset, (b) In 50 mm (2 in_). (c) Quenched from step 3

Physical Properties

AISI 94B17, 94B17H:
Thermal Treatment
Temperatures
Quenching medium: oil

Temperature range
Treatment °C 'F

Forging ......1230 max 2250 max
Normalizing......(a) (a)
Carburizing ... 900-925 1650-1700
Tempering.....120-175 250-350
(a) At least as high as the carburizing
temperature, followed by air cooling

AISI 94B17, 94B17H: Hardness and Machinability (Ref 7)

Condition
Hardness
range, HB

Average
machinability

rating(a)

Hat rolled and cold drawn .........:.., . 163-202
(a) Based an AISI 1212 steel as 100% average machinability

70

Machining Data

For machiningdata onAISI grades 94B17 and 94B17H, refer
to the preceding machining tables for AISI grade A2317.
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A1SI 94B30, 94B30H

AISi 94B30, 94B30H: Chemical Composition
AISI
grade Hn P max

Chemical compogition, <5
S ma* Si Ni Cr Mo

94B30 ...............0.28-0.33
94B30H 0.27-0.33

0.75-1.00
0.70-1.05

0.035
0.035

0.040
0.040

0.15-0,30
0.15-0.30

0.30-0.60
0.25-0.65

0.30-0.50
0.25-0.55

0.08-0.15
D-t'8-0.15

0.0005-0.003
0.0005-0.003

Characteristics. AISI grades 94B30 and 94B30H are di¬
rectly hardenable, triple-alloy steels with medium hard-
enability in the 0.30 to 0.37% mean classification of carbon
content. The boron addition improves depth of hardening.

Typical Uses. AISI 94B30 and 94B30H steels can be sub¬
stituted for higher carbon, higher alloy steels inmanufactur¬
ing connecting rods, axle shafts, bolts, studs, screws, and
other cold headed parts that are quenched and tempered
after forming. They are not recommended, however, for
parts in high-temperature environments. Grade 94B30 and
94B30H steels are available as hot rolled and cold finished
bar, rod, and wire; seamless mechanical tubing; and bar
subject to end-quench hardenability requirements.

AISI 94B30: Similar Steels (U.S. and/or Foreign). UNS
G94301; ASTM A322, A331, A519; SAE J404, J412, J770

AISI 94B30H: Similar Steels (U.S. and/or Foreign). UNS
H94301; ASTM A304; SAE J1268

AISI 94B30, 94B30H: Approximate Critical Points
Transformation
point.

TemperatureCa)
„C op

Transformation
point

Temperature(a)
aC "F

Ar,
JUL..

.655

.370
1210
695

Ac, 720 1330
Ac3 805 1485
At3 ...........,

____
750 1380

(al On heating or cooling at 28 "C (50 °F) per hour

Physical Properties

AISI 94B30, 94B30H: Thermal Treatment Temperatures
Quenching medium: oil

Temperature range
Treatment °C °F

Forging.....................................1230max 2250 max
Annealing(o) 815-870 1500-1600
Normalizingfb) 870-925 1600-1700
Auatenitizing 855-885 1575-1625
Tempering.....................................(c) (c)

(a) Maximum hardness of 174 Hit. (b) Hardness of approximately 217 HB.
(c) To desired hardness

Mechanical Properties

AISI 94B30, 94B30H: Hardness and Wachinability (Ref 7)

Average
Hardness machmabilily

Condition range, HB rating(a)

Annealed and cold drawn...............170-223
(a) Based on AISI 1212 steel as 100% average mud-inability

70

AISI 94B30: Effect of TemperingTemperature on Tensile
Properties. Normalized at 900 °C(1650 °F)i oil quenched Irom
870 °C (1600 °F); tempereti at 56 X (100 T) intervals. Specimens
were treated in 13.7-mm (0.540-in.) diarr. andmachined to 12.8-mm
(0,505-in.) diam (or testing. Tests were conducled using specimens
machined to English units. Elongation was measured in SO mm (2 in.).
(Ref 2)

Tempor ing t emperaturc,
c f

BUD IODD

Machining Data

3D0 *
YielrJ suangth

ilre*i]Th

ÿ Reaction in area

400 500
Tempering temperature, "C

Formachiningdata on AISI grades 94B30 and 94B30H, refer
to the preceding machining tables for AISI grades 1330 and
133OH.
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Mechanical Properties (continued)

AISI 94B30H: End-Quench Hardenability Limits and Hardenability Band. Heat treating temperatures
recommended by SAE: normalize at 900 °C (1650 °F), for forged or rolled specimens only; austenitize at 670 °C (1600 °F|. (Ref 1)

Distance from Hardness, HRC
quenched end, Vie in. max min

1 ....56 49
2 .56 49
3 48
4 48
6 47
6...46
7 ....53 44
8 ...53 42
9 ....52 39

10 ....52 37
11 34
12 32
13 30
14 ....49 29
15 ....48 28
16 . . ..46 27
18 44 25
20 ....42 24
22 . ...40 23
24 —38 23
26 . —37 22
28 .. .35 21
30 .,,,34 21
32 ....34 20

Diameter; of rounds with seme as-quenchEd hardness

O
CL
I

1.1 2.0 2.9 3.S 4.8 5.8 6.7
0.7 1.2 1.6 3.0 2,4 2.8 3.2 3.6 3.0

0.8 1.8 25 3.0 3.4 3.8
0.5 1.0 1.6 2.0 2.4 2.8 3.2 3.6 4.0
0.2 0.6 1.0 1.4 1.7 2.0 2.4 2.8 3.1

Location in round Quench

Surface
Vd radius from center

Center

Surface
Va radius from cerrtar

Center

Mild
water

quench

6 8 10 12 14 TG 18 20 22 24 26 28 30 22

Distance from quenched end Via in.

AISI 94B40

AISI 94B40: Chemical Composition
AISI
grade Mn P mai

Chemical composition, %
S max Si Ni Cr Mo B

94B40. ...0.38-0.43 0.75-1.00 0.035 Q.04Q 0.15-0.30 0.30-0.60 0.30-0.50 0 08-0.15 0.0005-0.003

Characteristics. AISI grade 94B40 is a directly harden-
able,nickel-chromium-molybdenumalloy steel with medium
hardenability in the 0.40 to 0.42% mean classification of
carbon content. The boron addition improves depth of hard¬
ening for this grade.

Typical Uses. AISI 94B40 steel is substituted for higher
carbon, higher alloy steels inmanufacturing parts that are
quenchedandtemperedafter forming. It is not recommended,
however, for applications inhigh-temperature environments.
This grade is available as hot rolledand cold finished bar and
seamless mechanical tubing.

Machining Data

For machining data on AISI 94B40, refer to the preceding
machining tables for AISI grades 1340 and 1340H.

AISI 94B40: Similar Steels
(U.S. and/or Foreign). UNS
G94401; ASTM A322, A519;
SAE J778

AISI 94B40: Approximate
Critical Points
Transformation Temperature!®)
point CC °F

Ac, 725 1335
Aca 790 1455
Ar3 730 1350
Ar, 660 1220
M, 265 510
(a) On heating or cooling at 28 "C
(50 °F) per hour

Physical Properties

AISI 94B40: Thermal Treatment Temperatures
Quenching medium: oil

Temperature range
Treatment aC °F

Forging ..............1230 max 2250 max
Annealingta).............-..................815-870 1500-1600
Nonnalizing(b> 845-900 1550-1650
AustenUizing 830-855 1525-1575
Tempering . (c) (cl

(a) Maximum hardness of 192 HB. (b) Hardne&s of approximately 255 HB. (c)
To desired hardness
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Mechanical Properties

Tempering temperature,

5D0 80Q 10QQ

\

|1300

\ \
ÿTensile strength

InN
\ Yield strength

N:
N

~i—i—r
Reduction fn arcaÿ

Elongations

250

225

200

AISI 94B40: Effect of Tempering Tem¬
perature on Tensile Properties, normalized at
870 °C (1600 °F); ail quenched from B45°C
(1550 "Fl; tempered at 56 X (100 T) Inlervals.
Specimens were treated in 13.7-irm (0,540-in.) diam
and machined to 12.8-mm (0.505-in.) lor testing.
Tests were conducted using specimens machined to
English units. Elongation was measured in 50 mm
(2 in.}. (Ref 2)

S-,550

175 1

460

son 4(10 son
Tempering temperature,

1

AISi 9840

AISI 9840: Chemical Composition
AISI
grade Mn

Chemical composition. %
P max S max Si Ni Cr Mo

9840 0.38-0.43 0.70-0.90 0.035 0.G4O 0.15-0.30 0.85-1.15 0.70-0,90 0.20-0.30

Characteristics and Typical Uses. AISI grade 9840 is a
medium-carbon, constructional, alloy steel. Ithas character¬
istics similar to AISI grade 4340 and can he nitrided to
improve wear and galling resistance or fatigue properties.
This steel does not age harden. Core properties of AISI 9840
are limited to those which, preceding nitriding, are produced
by conventional quenching and tempering. Case hardness
lower than the nickel-aluminum steels may be developed,
depending on prior heat treatment and nitriding cycle.

AISI 9840 steel is available as aircraft quality stock; forg¬
ingstock; hot rolled and cold finished bar, rod, and wire; and
seamless mechanical tubing.

AISI 9840: Similar Steels (U.S. and/or Foreign). UNS
G98400; AMS 6342 C; ASTM A274, A322, A519; SAE J778;
(W. Ger.) DIN 1.6511; (Ital.) UNI 38 NiCrMo 4; (U.K.) B.S.
816 M 40

AISI 9840: Approximate Critical Paints
Transformation Temperature(a) Transformation
point °C °F point

Ac, 725 1340 Ar,
Ac3................780 1435 M, .
Ar3 700 1290
(a) On heatingor cooling at 26 °C (50 °F) per hour

Temperatureta)

°C °F

.675

.300
1250
575
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Physical Properties

AIS1 9840: Thermal Treatment Temperatures
Quenching medium: oit

Temperature range
Treatment °C DF

Forging...................................1205 mas 2200 max
Annealingta) .790-645 1450-1550
Normaliziiig(b)....645-900 1550-1650
Auatenitiring................................830-855 1525-1575
Tempering . (c) (c)

(a) Maximum hardness of 207 HB. (b) Hardness of approximately 341 HE.
(c) To desired hardness

Machining Data

For machining data on AISI grade 9840, refer to the pre¬
ceding machining tables for AISI grades 4340 and 4340H.

Mechanical Properties

Tempering ternper irtUt e, aF

m 1000

Haredness

Tensile strength

Yield strength

Reduction in area

Elongation

350

250

AISI 9840: Effect of Tempering
Temperature on Tensile Properties.
Normalized at 870 °C (1600 °F); oil quenched hum
845 *C (1550 °F); tempered at 56 °C (100 °F)

intervals. Specimens were treated in 13.7-mm
(0.540-in.) diam and machined to 12.8-mm
(0.505 in.) tor testing. Tests were conducted
using specimens machined to English units.
Elongation was measured in 50 mm (2 in.).
(Ref 2)

200 390 <00 SOD B0C 700

Tempering temperature, °C
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Mechanical Properties (continued)

AISI 9840: Effect of Mass on Tensile Properties After
Tempering at 540 °C (1000 °F). Normalized at 870 °C (1500 °F) in

oversize rounds; oil quenched from 848 °C (1S50 °F) in sizes indicated;

tempered at 540 °C (1000 °F). Specimens were tested in 12.8-mm
(0.505-in.) rounds. Tests from bar 38-mm (t.5-in.) diam and larger were
taken at half-radius position. Tests were conducted using specimens

machined to English units. Elongation was measured in 50 mm (2 in.).

(Ref 2)

Diameter, in.

11D0

ado
60

1 1
-

.Tfinsi fi Strer gth

- Y eld str ength -

ÿHart ness

-

R educticÿca

/Eongatifjn

J 1 1

160

150 -s

75 ICQ
Diameter, mm

150

AISI 9840: Case Depth and Hardness After Nitriding (Ref 16)

Specimens which had been quenched and tempered at 540 °C (1000 °F)

were nitrided at 525 °C (975 °F) for 40 h with 20 to 30% ammonia
dissociation

Nitride
case depth

mm in.

Nitrided case
hardness,

HR15N

Core
hardness,

HRC

AISI 9840; Effect of Mass on Tensile Properties After
Tempering at 650 °C (1200 °F). Normalized at 870 °C (1600 °F) in
oversize rounds; oil quenched from 845 °C (1550 °F)in sizes indicated;
tempered at 650 "C (1200 °f). Specimens were tested in 12.8-mm
(0.505-in.) rounds. Tests from har 38-mm (1,5-in.) diam and larger were
taken at half-radius position. Tests were conducted using specimens ma¬
chined to English units. Elongation was measured in 50 mm (2 in.).
(Ref 2)

Diameter, in.

3 4

Tensile strength

Yiald strength

Hardness

Reduction in area

Elongation

250 £

75 100

Diameter, mm

0.635-0.762 O.025-O.O3O 88 35

AISI 9340: Tensile Properties After Quenching in Oil (Ref 16)

Specimens were 25-mm (1-in.) round; tests were conducted using test specimens machined te English units

Tempering Tensile Yield
temperature strength strength Elongation(a), Reduction Hardness,
°C °F MPa ksi MPa k«i % in area, % HB

540 1000 ........1240 180 1105 160 15 54 361
595 1100 ......1105 160 965 140 16 56 321
660 1260 965 140 825 120 19 60 280

(a) In 50 mm (2 in.)

_.J
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High-Strength Steels: Carbon and Low-Alloy
High-strengthcarbon and high-strength, low-alloy (HSLA)

steels provide higher as-rolled tensile properties with higher
minimum yield strengths (240 to 825 MPa or 35 to 120 ksi)

thanthe regular carbon steels. Another advantageover regu¬
lar carbon and structural steels is higher fatigue strength,

With appropriate design considerations, high-strength
steels may be used in three ways to achieve durable and
economical end products:
® In reduced thicknesses to lower weight without impairing

strength
« In the same thickness to give greater strength and/or

fatigue resistance at no increase in weight
® Combinations of these to give a stronger yet lighter weight

part or product
High-strength steels can be welded using conventional

welding processes. However, minor adjustments to standard
welding practices may be necessary. Formabilityandmachin-
abOity of these steels is less than that of comparable low-

carbonand structural steels. Up to 25% morepower and up to
30% lower machining speeds may be needed to form these
steels. Whenconsidering applicationsofhigh-strengthsteels,
it is best to consult a steel producer. High-strength steels are
available in hot and cold rolled strip and sheet, galvanized
strip, and sheet, plate, and bar.

Applications of high-strength steels include heavy-duty
highway and off-road vehicles, construction arid farm ma¬
chinery, industrial equipment, storage tanks, mine and rail¬
roadcars,bargesand dredges,snowmobiles,lawnmowers, and
passenger car components. Bridges, power transmission
towers, light poles, and building beams andpanels are addi¬
tional uses of these steels.

The choice of a specific high-strength steel depends on a
number of application requirements including thickness
reduction, corrosion resistance, formability, and weldability.
For many applications, the most important factor inthe steel
selection process is favorable strength-to-weight ratio.

ASSS Designation System

The American Iron and Steel Institute (AISI), the Ameri¬
can Society for Testing and Materials (ASTMt, and the Soci¬
ety of Automotive Engineers (SAE) have designation systems
for the high-strength steels. The AISI system governs sheet
and strip; ASTM and SAE designations cover sheet, strip,
plate, shapes, and bar.

The AISI designation system (Ref 1) for high-strength
sheet steel has three basic components: (a) the minimum
yield strength in ksi, (b) a chemical composition classifi¬
cation, and (c ) a classification for the deoxidation practice.

Yield Strength iscategorized in 5-ksi increments from 35 to
60 ksi, 10-ksi increments from 60 to 80 ksi, and 20-ksi incre¬
ments from80 to 140 ksi. Inmany oftheASTM specifications
the grade number indicates the yield strength.

Chemical composition of steels is designated by the follow¬
ingletter classifications: S, for structural quality; X, for low-
alloy; W, for weathering; and D, for dual phase.

S indicates that the steel isstructural quality.These steels
have compositions containing carbon and manganese; car¬
bon, manganese, and phosphorus; carbon, manganese, and
nitrogen; or carbon, manganese, nitrogen, and phosphorus.
Includedinthis category are stress-relief annealed (recovery-
annealed) steels, except those of low-alloy (X) composition.

X describes the low-alloy steel grades. Compositions of
these steels include niobium, chromium, copper, molybden¬
um, nickel, silicon, titanium, vanadium, and zirconium, sin¬
gly or incombination.

W describes a weathering-steel composition containing
silicon, phosphorus, copper, nickel, and chromium invarious
combinations. The weathering-steels have an atmospheric
corrosion resistance that is four times greater than that of
conventional low-carbon steel (copper content not exceeding
0.02%), These low-alloy steels are grouped separately to
make them more accessible to users interested in weather¬
ing characteristics.

D designates dual phase grades which have martensite or
transformation products dispersed in a ferrite matrix. These
specially processed steels develop unusually high work-
hardening characteristics. For example, an 80D grade at¬
tains 550-MPa (80-ksi) yield strength after a 5% strain in
forming. Thus, in processing the steel, the yield strengthhas
been increased by approximately 205 MPa (30 ksi).

Deoxidation practice is also designated by a letter classi¬
fication: E, for killed-plus-sulfide inclusion control; K, for
killed; and O, for nonkilled or semikilled. In the killed-plus-
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sulfide inclusion control practice (F), special mill practices
reduce or modify the inclusions for improved fonnability.

As a general rule, deoxidation practice is related to form-
ability. The formabiiity ranking (excellent to good to fair) for
a steel of any given strength level and any chemical compo¬
sition level is F>K>0.

Product Descriptors
Structural quality grade (S) steels are typically strength¬

ened by various additions of carbon, manganese, nitrogen,
and/orphosphorus,usuallywithout theadditionofother alloy¬
ing elements. The strength levels above 380 MPa (55 ksi)

are obtained with variations in the hot rolling, cold rolling,
and/or annealing cycles. Recovery annealing isoften used for
structural quality cold rolled sheet.

Structural quality grades containing nitrogen have a
pronounced strain-aging effect and are frequently specified
by users for this characteristic. For instance, sheets contain¬
ing nitrogen typically gain about 105 to 140 MPa (15 to
20 ksi) inyield strength after being strained 10% and aged at
roomtemperature (20 °C or 68 °F) for a week. The addition of
heat, as in paint-hake cycles, accelerates this mechanism.
However, this hardening effect occurs only where sufficient
strain is induced during forming.

Steel grades of structural quality, high-strength sheet are
readily weldable with conventional equipment used in join¬
ing low-carbon sheet steel. For certain grades, some welding
practice modifications are required. Although the formabiiity
of these steels is reasonably good, they generally do not form
as easily as most low-carbonsteels; nor do they form as easily
a9 most microalloyed sheet steels of the same strength level.

Low-alloy grade (X) steels include steels microalloyedwith
various combinations of niobium, chromium, copper, molyb¬
denum, nickel, silicon, titanium, vanadium, and/or zirco¬
nium.Their Strengthisobtained through the additionofsmall
quantities of these alloying elements. Therefore, the low-
alloy grade steels usually provide higher production and
service performance.

The inclusion-control, low-alloy grades (XF) are frequently
referred to as "improved or better forming" steels, because
the sulfide present is reduced involume to allow more severe
forming. The low-alloy grades exhibit good weldability using
conventional equipment, but some welding practice adjust¬
ments may be required.

Weathering grade (W) steels contain phosphorus, copper,
nickel, and chromium invarious combinations. They provide
atmospheric corrosion resistance that is at least four times
that of conventional low-carbon steels without copper (copper
not exceeding 0.02%).

Weathering sheet steels and structural shapes have been
used instructural applications which allow the development
of stable oxide surface layers. Their use is not appropriate,
however, in conditions subject to continuous wetting, which
prevents stable oxide formation, or where strong electro¬
lytescan form, such as inthe presence ofchlorides or sulfates.
Because of these limitations, weathering steels offer no ad¬
vantage inhighway vehicle use.

In general, surface appearance of theBe steels after
weathering is pleasing and maintenance cost is low. Fre¬
quently, painting or other surface protection is not required.

The weathering grades are readily weldable, but may re¬
quire special welding practices. Changes in welding mate¬
rials and procedures may be necessary to match base metal
properties and help retain weathering characteristics in the
welding zone-

Dual phase grade (Dl steels have martensite or other hard
transformation products dispersed in a ferrite matrix. High
work-hardening characteristics and very good ductility are
the basis for defining minimum yield strength levels after
5% strain. As-received yield strength levels will typically be
140 to 205 MPa (20 to 30 ksi) less than the yield strength
designation.

In certain applications, the use of dual phase steels may
permit production of more intricately shaped parts than can
be made satisfactorily with other high-strength grades. The
work-hardening effect indual phase steels occurs only where
sufficient strain is induced during manufacture of the part.
Weldability of these products is similar to that of low-alloy
grades.

Applicable Public Specifications. Typical astmandsae
designations for high-strength steels in the various product
descriptors are given in the table on High-Strength Steels;
ASTM and SAE Specifications.The Canadian Standards
Association uses the G40.21 classification on the high-
strength, low-alloy steels.

Fabricating and Processing
Fabricating and processing procedures for HSLA and

high-strength carbon steels are similar to those for the
structural and low-carbon steels. The following discusses the
slight procedural differences required for HSLA and high-
strength carbon steels.

Cold Forming. Any conventional equipment used for cold
forming operations, such as a press brake, can be used with
HSLA and high-strength carbon steels. In general, these
steels are stiffer than carbon steels and require greater force
to produce a permanent set. However, thinner sections are
often used; therefore forming pressures are slightly greater.
Liberal bend radii and increased die clearances are required,
along with provision for more springback.

Shearing and Punching. Greater force is required for
punching HSLA and high-strength carbon steels of the
same thickness as carbon steel, because of the difference
instrength. For example, a 345-MPa (50-ksi) minimumyield
point HSLA steel would requireabout 25% greater force than
is needed for the ASTM A36 steel or a low-carbon steel with
copper. Also, a greater hold-down pressure may be needed in
shearing HSLA and high-carbon steels because they have
greater shear strengths than the structural carbon grades. It
is often necessary to provide larger clearances when shear¬
ing HSLA and high-carbon steels.

Drilling and Reaming. Speeds slightly slower than those
used for carbon steels produce the best results when drilling
and reaming HSLA steels. However, the same feeds should
be used.

Sawing and Milling. Speeds about 30% less than those
used for structural carbon steel produce the best tool life for
high-strengthsteels. Further benefits can be gained from the
use of a coolant.

Gas Cutting. The same practices used with structural
carbon steel should be followed; however, when HSLA steels
are being cut, the gas cut edge may harden to some degree.
The amount of hardening will depend on the thickness and
grade of the steel. It is not usually necessary to postheat the
cut edge.
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Stress Relieving. When necessary to stress relieve HSLA
andhigh-strengthcarbon steels after cold formingor welding
to relieve residual stresses, the temperature should be about

' : 620 °C (1150 °F). Allow about 1h for each 25 mm (1 in.) of
maximum sheet or plate thickness.

Weldability. The HSLA and high-strength carbon steels
are readily weldable by all conventional fusion welding pro¬
cesses, as well as by all resistance welding processes, insheet
and strip thicknesses. The principle concern in developing
weldingprocedures for these grades isalloy content or section
Bize. As alloy content or section size of iron-base materials
increases, these grades become more susceptible to hydrogen

; ; embrittlement or underbead cracking, necessitating the use
of low-hydrogen processes or adequate preheats. Sources
of hydrogen that must be avoided, other than welding elec¬
trodes, include all organic materials, such as oil or grease.
Gust scale, which holds moisture, and adverse atmospheric
conditions should be avoided.

lOUghness. HSLA steels have better note!)toughness and
less susceptibility to brittle fracture than high-strength
carbon and structural low-carbon steels. Generally, all
materials approach brittleness as the temperature is lowered.

Fatigue Limit. HSLA steels have a higherendurance limit
than that of carbon steels of the same size and shape. The
axial tension-compression endurance limit of samples with
as-rolled mill surfaces is approximately 45% of the ultimate
strength.

Modulus Of elasticity in tension is 195 to 206 GPa (28 000 to
30000 ksi). The modulus of elasticity of HSLA and high-
strength carbon steels is similar to that of other carbon and
alloy steels.

Shear modulus or modulus of rigidity is about 83 GPa
(12 000 ksi). Shear modulus, too, is similar for the HSLA and
high-strength carbon steels and for other carbon and alloy
steels.

SAE Recommended Practice — SAE J410c (Ref 6)

The SAE numbering system for the high-strength, low-
alloy steels uses a 900 number. The last two digits of the
number represent the minimum yield point. Steeis contain¬
ing strengthening elements, such as niobium, vanadium, or
nitrogen, added singly or in combination, are designated by
the suffix X. These steels are usually made semikilled. Fully
killedsteel made to fine-grain practice may be specified with
the additional suffix K. An example is SAE 950XK. Grades
945 and 950, which have more than one composition, are
designated by the suffix A or other letters.

Description of Grades

Grade 942X is a niobium- or vanadium-treated, carbon-
manganese, high-strength steel similar to 945X and
945C, except for somewhat improved welding and forming
properties.

Grade 945A is a high-strength, low-alloy steel with excel¬
lent welding characteristics, both arc and resistance, and the
best formability, weldability, and low-temperature notch
toughness of the high-strength steels. It is generally used in
sheet, strip, and light plate thickness.

Grade 945C is a carbon-manganese high strength steel
J with satisfactory arc welding properties, if adequate pre¬

cautions are observed. It is similar to grade 950C, except that
lower carbon and manganese improve arc welding character¬
istics, formability, and low-temperature notch toughness at
some sacrifice in strength.

Grade 945X is a niombium- or vanadium-treated carbon-
. I manganese, high-strength steel similar to 945C, except for

: somewhat improved welding and forming properties.

Grade 950A is a high-strength, low-alloy steel with good
weldability, both arc and resistance, good low-temperature
notchtoughness, and good formability. It isgenerally used in
sheet, strip, and light plate thickness.

Grade 950B is a high-strength, low-alloy steel with satis¬
factory arc welding properties and fairly good low-
temperature notch toughness and formability.

Grade 950C is a carbon-manganese, high-strength steel
which can be arc welded with special precautions, but is
unsuitable for resistance welding. The formability and
toughness are fair. ""

Grade 9500 is a high-strength, low-alloy steel -with good
weldability, both arc and resistance, and fairly good foT-
mability. Where low-temperature properties are important,
the effect of phosphorus in conjunction with other elements
present should be considered.

Grade 950X is a niobium- or vanadium-treated, carbon-
manganese, high-strength steel similar to 950C, except for
somewhat improved welding and forming properties.

Grades 955X, 360X, 965X, 970X, and 980X are steels
similar to 945X and 950X,but with higher strength obtained
by increased amounts of strengthening elements such as
carbon or manganese, or by the addition of nitrogen up to
about 0.015%. This increased strength is accompanied by
reduced formability and, usually, decreased weldability.
Toughness will vary considerably with composition and mill
practice.
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Structural Quality (S) Steels: ASTM Recommended Practice for Mechanical Properties
Tensile Yield

ASTM strength strength Elongation(a), Fnrmability
designation Grade MPa k-i MPa ksi % rating(h)

Sheet and strip
A570 A 310 45 170 25 27(c)

B 340 49 205 30 25(c)

C 360 52 230 33 23(c) 9
D 380 55 275 40 21(c) 7
E 400 58 290 42 19(c)

A611 A 290 42 170 25 26
B 310 45 205 30 24
C 330 48 230 33 22 9
D 360 52 275 40 20 8
E 565 82 550 80(d) — 1

A446 A 310 45 230 33 20 9
B 360 52 255 37 18 7
C 380 55 275 40 1G 7
D 450 65 345 50 12 4
E 565 82 550 80(d) — 1
F 480 70 345 50 12

Plate, bar, and shapes
A440 Co) 485 7D 345 50 18(0

!g> 460 67 315 46 21
(a) In50 mm(2 in.), (b) Formability is ratedfrom 10 to 1for best to worst, respectively. A ratingof 10 represents AISI 1010 low-carbnn,commercial quality, sheet
steel (Kef 6), (c) Thickness of 5.84 to 2.47 mm (0.2299 to 0.0972 in.), (d) Because there is no halt in the gage or drop in the beam, the yield strength, which
approaches the tensile strength, should be UkeD as the stress at 0 5*r elongation, (e) Thickness of 19 mm (0.75 in.) and under. (0 Elongation in200 mm (8 in.).
(g) Thickness of 19 to 38 mm 10.75 to 1.5 in.)

High-Strength Steels: ASTM and SAE Specifications
Quality descriptor
and abbreviation Form Specification

Structural
quality (S).-v

Low-alloy (X) .

WeatheriDg .fW)..

...- Sheet:and strip
Plate, bar, shapes

, ...Sheet and atrip
Plate, bar, shapes

.•.Sheet and atrip
Plate, bar, shapes

Dual phase (D)

ASTM A570, A611, A446
ASTM A440

ASTM A607, A715; SAE J4l0c
ASTM A242, A441, Af>72, A588.

A656, A709 grade 50; SAE J410c
ASTM A606 type 4
ASTM A242 type 2, A588

grade D, A709 grades 50W
and 100W

None

Structural Quality (S) Steels: ASTM Recommended Practice
for Chemical Composition
ASTM Chemical composition, %
designation Grade C max Mn P max S max Cu(a)

A570 ...A,B.C 0.25 0.25-0.60 0.04 0.04 0.20
D,E 0.25 0,60-0.90 0.04 0.04 0.20

A611 A,B,C,E 0.20 0.60 max 0.04 0.04 0.20
D 0.20 0.90 max 0.04 0.04 0.20

A446 A, E 0.20 0.04 0.04 0.20
B 0.20 0.10 0.04 0.20
C 0.25 0.10 0.04 0.20
D 0.40 0.20 0.04 0.20
F 0,50 0.04 0.04 0.20

A440 (b) 0.28 1.1-1.6 0.04 0.05 0.20
(a) Minimum content when a copper steel is specified, (b) Contains a maximum
of 0.30% silicon

Low-Alloy Sheet, Strip, and Plate: Recommended Inside
Bend Radius (Ref 3)
t is material thickness

Recommended inside bend radius
for material thickness of:

Grade Up to 4.57 mm (0.180 in.) 4.57-5.82 mm (0.180-0.229 in.)

Low-alloy, killed or semikilled (XK) steels
45 1.54 21
50 2r 2.5C
55 2C 2.5C
SO 2.5f 3f
55 3r 3.5c
70 3.5C 4f
Low-alloy, improved formability (XF) steels
50 0.5C It
60 .....lC 1.5C
70 lC 1.5c
SO- 1C l.5c

Low-Alloy Sheet, Strip, and Plate: Recommended inside
Bend Radius (Ref 2)
C is material thickness

Recommended inside bend radius
for material thickness of:

Up to 3.18 mm 3.18-6.4 mm 3.4-13 mm

Grade (0.125 in.) 'I).(25-0.25 in.) (0.25-0.50 in-)

Low-alloy, DonkiUed (XO) steels
45 1C 1.5( 2C
50 ................1.5C 2t 2.5C
55 2c 2.5C 3f
60 2.5C 3c 3.5C
65 3C 3.5C 4t
70 3.5C 4C 4.5C
80 4C 4.5C 5C

Low-alloy, Improved formability (XF) steels
45 1C It I.dC
50 1C It 2c
60 1.5C 2c 2.5c
70................2t 2.5C 3C
80 2.6c 3C 3.5C
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Low-Alloy (X) Steels: ASTM Recommended Practice for Chemical Composition
ASTM Grade Chemical composition, %
designation or type C Mm P max S max Si max Nb min V mill Other

A607 0.22 1.35 0.04 0.05 (a) (a) ...
Grade 50 0.23 1.35 0.04 0.05 (a) (a! ...
Grade 55 0.25 1.35 0.04 0.05 (a) (a)

Grade 60 0.26 150 0.04 0.05 ... (a) (a) ...
~s Grade 65 0.26 1.50 0.04 0.05 (a) (a) 0.012 N

• Grade 70 0.26 1.65 0.04 0.05 (a) (a) 0.012 N
A715 .....Type 1(b) 0.15- 1.65 0.025 0.035 0.01 ... ... 0.05 Ti

lire2(b) 0.15 1.65 0.025 0.035 0.60 ... 0,02 0.005 N
1Vpe 3(b) 0.15 1.65 0.025 0.035 0.60 0.005 0.03 0.02 N

ÿ ÿ» Type 4(b) 0.15 1.65 0.025 0.035 0.90 0.005-0.06 0.05 Zr,
O.O0 Cr,

: O.Ol Ti,
0.0025 B

Type 5(c) 0.15 1.65 0.025 0.035 0.30 0.03 ... 0.2O Mo.... Type 6(d) 0.15 1.65 0.026 0.035 0.90 0.005-0.10 ...
Type 7(d) 0.15 1,65 0.025 0.035 ... (e) (e) 0.02 N

A242 .....Type l 0.15 1.00 0.15 0.05 ... ... ... 0.20 Cu
Type 2 0.20 1.35 0.04 0.05 ... 0.2O Cu

A441 .. 0.22 0.85-1.25 0.04 0.05 0,30 ... 0.02 0.20 Cu
A572 0.21 1.35 0.04 0.05 0.30 ...

Grade 46 0.22 1.35 0.04 0.05 0.30 ...
Grade 50 0.23 1.35 0.04 0.05 0.30 ...
Grade 55 0.25 1.35 0.04 0.05 0.30 ... ...
Grade 60 0.26 1.35 0.04 0.05 0.30 ... ...

, Grade 65(0 0.23 1.65 0.O4 0.1)5 0.30 ... ... ...
i Grade 65(g) 0.26 1.35 0.04 0.05 0.30 ...

A588. .. .....Grade A 0.10-0.19 0.90-1.25 0.04 0.05 D.15-0.30 ... 0.02-0.10 0.04-0.65 Cr.
0.25-0.40 Cu

Grade B 0.20 0.75-1.25 0.04 0.05 0.15-0.30 ... 0.01-0.10 0.25-0.50 Ni,
0.40-0.70 Cr,
0.20-0.40 Cu

Grade C 0.15 0.80-1.35 0.04 0.05 0.15-0.30 ... 0.01-0.10 0.25-0.50 Ni,
0.30-0.50 Cr,
0.20-0.50 Cu

Grade D 0.10-0.20 0.75-1.25 0.04 0.05 0,50-0.90 0.04 0.50-0.90 Cr.
0.30 max Cu,
0.05-0.15 Zr

Grade E 0.15 1.20 0.04 0.05 0.15-0.30 0.04 0.75-1.25 Ni.
0.10-0.25 Ma,
0.50-0.80 Cu,

j 0.05-0.15 Zr
ÿ Grade F 0.10-0.20 0.50-1.00 0.04 0.05 0.30 ... 0.05 0.40-1.10 Ni,

0.30 max Cr,
0.10-0.20 Mo,
0.30-100 Cu

Grade G 0.20 1.20 0.04 0.05 0.25-0.70 ... 0.02-0.10 0.80 max Ni,
0.50-1.00 Cr,
O.10 max Mo,
0.30-0.50 Cu,
0.O7 max Ti

Grade H 0.20 1.25 0.035 0.04 0.25-0.75 ... 0.30-0.60 Ni.
1.00-0.25 Cr.
0.15 max Mo,
0.20-0.35 Cu,
0.005-0.03 Ti

: Grade J 0.30 0.60-1.00 0.04 0.05 0.30-0.50 0.50-0.70 Ni,
O.30 min Cu,

.! 0.03-0.05 Ti
A656 O.Ifi 1.60 0.04 0.05 0.60 0.05-0.15 0.02 Al,

0.005-0.03 Ni
: Grade 2 0.15 0.90 0.04 0.05 0.10 ... O.Ol Al.
! 0.05-0.50 Ti

J A709 ... .Grade 50 0.23 1.35 0.04 0.05 . ...
(a} Chemical composition includes either 0,005% niobium or 0.01% vanadium, (b) AISI grades 70 and 80. (c) AISI grade 80. {d) AISI grades 50, 60, 70, and 80,
(e) Chemical composition includes 0,005% of either niobium or vanadium, if) Thickness of 13 to 32 mm (0.50 to 1,25 in.), (g) Thickness of ISmm (0.5 in.)

i

Weathering, Low-Alloy Steels: ASTM Recommended Practice for Chemical Composition
ASTM Grade Chemical composition, %
designation or type C Mn P max S max Cu

A606............Type 4 0.22 1.25 0.05
A242............Type 2 0.20 1.35 0.04 0.05 0.20 min
A388 fa).........Grade D 0.10-0.20 0.75-1.25 0.04 0.05 0.20-0.50
A709............Grade 50W 0.20 1.35 0.04 0-05 0.20 lain

Grade 100W 0.10-0.21 0.40-1.50 0.035 0.05 0.20 min
(a) Chemical composition also contains 0.50 to 0.90% silicon, 0.50 to 0.90% chromium, 0.05 to 0.15% zirconium, and
0.04% niobium
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Low-Alloy (X) Steels: ASTM Recommended Practice for Mechanical Properties

ASTM
designation

Grade
or type

Tensile
strength

MPa ksi

Yield
strength

MPa ksi
Elongation,

In 50 mm (2 in.)
min %
In200 mm (8 in.)

Formability
rating(a)

Sheet and strip
A607 Grade 45 415 60 310 45 25 (hot rolled) 7(XO), 8(XK)

22 (cold rolled)
Grade 50 450 65 345 50 22 (hot rolled) 6<X0), 7(XK)

20 (cold rolled)
Grade 55 485 70 380 55 20 (hot rolled) ...

18 (cold rolled)
Grade 60 515 75 415 60 18 (hot rolled) 5(XK)

16 (cold rolled)
Grade 65 550 80 450 65 16 (hat rolled)

15 (cold rolled)
Grade 70 585 85 465 70 14 (hot rolledl

14 (cold rolled)

AT15 Grade 50 415 60 345 50 24 19 7(XK), 8(XF)
Grade 60 485 70 415 60 22 18 6(XF)
Grade 70 550 80 465 70 20 17 5(XF)
Grade 80 620 90 550 80 18 16 5(XF)

Plate, bar, and shapes
A242 .. . fb) 485 70 345 50 18 21

(c) 460 67 315 46 18 21
A441 ...(b) 485 70 345 50 18 ...

(c) 460 67 315 46 18 21
A572 Grade 42 415 60 290 42 24 20

Grade 45 415 60 310 45 22 19 ...
Grade 50 450 65 345 50 21 18
Grade 55 485 70 380 55 20 17
Grade 60 515 75 415 60 18 16
Grade 65 550 80 450 65 17 15

A586 .....id) 485 70 345 50 21 18
A656 655 95 550 90 12 ...
A709 Grade 50 450 65 345 50 21 18
(a) Formability is rated
The letters XO indicate

from 10 to 1 for best to worst, respective
low-alloy ncnkilled, XK indicates low-a

ly. A rating of 10 represents AISI 1010 low-carbon, commercial quality, sheet steel (Kef 6).
flay killed, XF indicates low-alloy improved formability, (b) Thickness of 19 mm (0.75 in.)

(c) Thickness of 19 to 38 mm (0.75 to 1.5 in.) (d) Thickness of up to 100 mm (4 in.)

Weathering, Low-Alloy Steels: ASTM Recommended Practice for Mechanical Properties
" Tensile Yield
ASTM Grade strength strength Elongation, min % Formability
designation or condition MPa ksi MPa ksi In 50 nun (2 in.) In200 mm (8 in.) rating(a)

Sheet and strip

A606.............Hat rolled, annealed 450 65 310 45 22 5
Cold rolled 450 65 310 45 22 — 5

Plate, bar, and shapes
A242............(b) 495 70 345 50 21 18
A709.......:... ..Grade 50W 495 70 345 50 22 18

Grade 100W 690 100 620 DO 17
(a) Formability is rated from 10 to 1for beat to worst, respectively. A rating of 10 represents AISI 1010 low-carbon, commercial quality, sheet steel (Ref 6).
(b) Thickness of up to 19 mm 10.75 in.)

Low-Alloy, Improved Formability (XF) Sheet, Strip, and
Plate: Recommended Inside Bend Radius (Ref 4)
f is material thickness

Grade

Up to 6.4 mm
(0225 in.)

Longitudinal Thanaverse

6.4-13 mm
(0.25-0.60 in.)

Longitudinal Transverse

50 .
60 ,
70 .
80 . ------0.5t

It
Lot......1.52

It
1.52
2f
22

It
1.52
22
22

1.52
22
2.52
2.52

SAE Designations: Chemical Composition
Chemical compositions include 0.05% maximum sulfur and 0.90% maxi¬
mum silicon

Weathering Kilted (WK), Low-Alloy Sheet, Strip, and Plate:
Recommended Inside Bend Radius (Ref 5)
t is material thickness

Grade

50

Up to 1.6 mm
(O.063 in.)

1.6-6.4 ram
(0.063-0.25 in.)

22

6.4-13 mm
(0.25-0.50 in.)

32

Chemical composition, Chemical composition,
SAE max % SAE max Tr.
grade C Ma P grade C Mn P

942X. . . .... .0.21 1.35 0.04 95OD. . . . ....0.15 1.00 0.15
945A ..... .. .0.15 1.00 0.04 950X. ... . . . .0.23 1.35 0.04
945C... . . . .0.23 1.40 0.04 955X ...... .0.25 1.35 0.04
945X. . ... 0.22 1.35 0.04 960X ... .0.26 1.45 0.04
950A. . . . .. .0.15 1.30 0.04 965X. .. . ...0.26 1.45 0.04
950B.... . .0.22 1.30 0.04 970X. . ......0.26 1.65 0.04
950C . . . . .0.25 1.60 0.04 980X. . . . ....0.26 1.65 0.04
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SAE Designations: Tensile Properties -
Determined in accordance with ASTM A370; all values given are minimums

Tensile Yield Elongation, min %
SAE strength strengthla) In 50 mm In200 mm

grade Product form MPs ksi MPa ksi (2 in.) (Bin.)

942X .........Plate, shapes, and bar to
100 mm (4 in.) incl 415 60 290 42 24 20

945A, C .. .........Sheet and strip 415 60 310 45 22 ...
Plate, shapes, and bar to

13 mm (0.5 in.) incl 450 65 310 45 22 18
13-38 mm (0.5-1.5 in.) incl 425 62 290 42 24 19
38-76 mm (1.5-3.0 in.) incl 425 62 276 40 24 19

1 945X 415 60 310 45 25
Plate, shapes, and bar to

38 mm (1.5 in.) incl 415 60 310 45 22 19
950A, B, C, D .........Sheet and strip 485 70 345 50 22 ...

Plate, shapes, and bar to
13 mm (0.5 in.) 485 70 345 50 22 18
13-38 mm (0.5-1.5 in.) incl 460 67 310 45 24 19
38-76 mm (1.5-3.0 in.) incl 435 63 290 42 24 19

95OX 450 65 345 50 22 ...
Plate, shapes, and bar to

-• 38 mm (1.5 in.) incl 450 65 345 50 ... 18
1 955X 485 70 380 55 20 ...
1 Plate, shapea, and bar to

38 mm (1.5 in.) incl 485 70 380 55 17
960X 515 75 415 60 18

: Plate, shapes, and bar to
38 mm (1.5 in.) inc) 515 75 415 60 16

i 965X .........Sheet and strip 550 80 450 65 16 ...
Plate, shapes, and bar to

19 mm (0.75 in.) incl 550 80 450 65 15
i 970X 585 85 485 70 14

i Plate, shapes, and bar to
19 mm (0.75 in.) incl 585 65 485 70 ... 14

980X 655 95 550 80 12
Plate to ID mm (0.38 in.) incl 655 95 550 80 -ÿ 10 -ft

(a) 0.2% offset

SAE High-Strength, Low-Alloy Steel Plate, Shapes, and Bar: 180° Bend Test Requirements
Ratio of bend diameter to material thickness of;

i To 10 mm 10-13 mm 13-19 mm 19-25 mm 25-38 mm 38-50 mm 50-100 mm
1 SAE (0.38 in.) (0.38-0.50 in.) (0.5041.75 in.) (0.75-1.0 in.) (1.0-1.5 in.) (1.5-2 in.) (2-4 in.)

grade' incl incl incl incl incl incl incl

942X 1 1 1 1.5 2 2.5 3
945A 1 1 2 2 2 3 3

! 945C ..........1 1 2 2 2 3 3
i 945X 1 1 1 1.5 2 2.5 ...

950A I 1 2 2 2 3 3(a)
950B 1 1 2 2 2 3 3(a)

950C 1 1 2 2 2 3 3(a)

' D50D 1 1 2 2 2 3 3(a)
; 950X 1 1 1 1.5 2.5 3

955X . 1 1.5 1.5 2 3 3.5(b)
960X 1.6 2 2 2.5 3 ...
965X 2 2.6 3
970X.
980X.
(a) Thickness of 50-75 mm (2-3 in.) inclusive, (b) Applicable to webs of structural shapes

SAE High-Strength, low-Alloy Steels: Approximate Order of
Increasing Excellence

SAE High-Strength, Low-Alloy Steel Sheet, Strip,and Plate:
Suggested Minimum Inside Radii for Coid Bending

Weldability Forraability Toughness Ratio of bend radius to material thickness of:
SAE To 4.57 mm 4.60-6.35 mm 6.38-12.7 mm

970X
980X
970X

980X
970X

grade (0.180 in.) (0.181-0.250 in.) (0,251-0.500 in.)

965X 905X 965X 942X 1 2
960X 960X 960X 945A, C ... 1 2 2.5

955X, 950C, 942X 955X 955X 945X ..1 1 2
945C 950C 945C, 950C, 942X 950A, B, C, D 1 2 3

950B, 950X 950D 945X, 950X 960X 1.5 2.5 2.5
945X 950B, 950X, 942X 950D B55X 2 3 3
950D 945C, 945X 950B 960X 2.5 3.5 3.5
950A 950A 950A 965X 3 4 4
945A 945A 945A 970X 3.5 4.5 4.5

980X 3.5 4.5 4.5(a)

(a) Availablie to 9.53 mm (0.375 in.) inclusive
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Stainless and Heat-Resisting Steels

Stainless and heat-resisting alloys possess unusual resis¬
tance to attack from corrosive media at atmospheric and ele¬
vated temperatures. These steels have widely differing char¬
acteristics,and frequently, special qualifications which make
them particularlywellsuited for specific uses.Thus, stainless
and heat-resisting alloys are produced to cover a wide range
of mechanical and physical properties for particular applica¬
tions. The most familiar standard types are listedinthe table
on chemical compositions of stainless and heat-resisting
steels.

Heat-resisting steels contain at least 4% chromium; stain-
leas steels are basically low-carbon alloy steels containing at
least 11% chromium. The chromium addition in these steels
provides resistance to corrosion and scaling at elevated tem¬
peratures. Carbon contents are normally held at 0.20% or
less, except in some steel types which require higher hard-
enability for applications such as bearings and fine cutlery.
To maintain stainless qualities in these steels, however, the
increasedcarboncontent requires increasedchromium. Other
elements, such as nickel, molybdenum, niobium (columbi-
um), titanium, aluminum, sulfur, copper, and selenium are
addedto produce types with special properties.

The "stainlessness" of all stainless steels is attribut¬
able to the chromium addition. Chromium contributes to
the formation of a thin, passive, surface film, probably oxide,
that protects against corrosive attack. If the passive film
ispenetrated inan oxidizing atmosphere, itwill re-form and
continue to protect against corrosion. Under certain reduc¬
ing atmospheres, when the passive surface deteriorates and
cannot re-form, the stainless steel exhibits poor corrosion
resistance.

Stainlesssteels are selectedfor the qualitiesof highstrength,
excellent workability, abrasion and erosion resistance, mag¬
netic properties, attractive appearance, and ease of cleaning
and sterilizingthe smooth, dense surfaces.

Four general classes of stainless steels havebeendeveloped
to provide such varied properties. The four classes are;

the austenitic types of the chromium-nickel-manganese 200
series and the chromium-nickel 300 series; the straight-
chromium, hardenable 400-series, martensitic types; the
straight-chromium, nonhardenable, 40D-series ferritic types;
and the precipitation-hardening, chromium-nickel alloys
with additional elements that are hardenable by solution
treating and aging.

The austenitic types have highductility, low yieldstrength,
and high tensile strength which permit deep drawing and
forming. These steels are readily welded by most of the
conventional fusion and resistance welding processes, and
by brazing. Through cold working they may be work hard¬
ened to high levels, hut not as high as can be obtained by

heat treating the hardenable types of the 40O series. The
austenitic types are nonmagnetic as annealed,and depending
on the composition, may become slightly magnetic when cold
worked. They have desirable properties at cryogenic tem¬
peratures, and surpass the strength of any 400 series type at
temperatures above 540 °C (1000 °F).

The austenitic stainless steels provide the best corrosion
resistance of all the stainless steels. However, they are sub¬
ject to chromium-carbide formation under certain circum¬
stances, which usually results in intergranular corrosion.
The fully annealed steel is free from this weakness, but if, in
fabrication or use, the alloy is heated within the range of
425 to 815 °C (800 to 1500 °F), or cooled slowly through this
range after heating to a higher temperature, toe carbides in
the steel tend to accumulate at the grain boundaries, and
form continuous paths for corrosion. When such heating is
done, it should be followed by a corrective anneal.

With extra low carbon types, or types 321or 347 which are
stabilized by titanium or niobium (columbium) respectively,
annealing is not usually requiredfor corrosionresistance,but
may be necessary to relievestrains induced bysevere forming
operations.

The martensitic steels of the 400 series can be heat treated
to a wide range of useful hardness and strength levels. These
steels contain chromium as the major alloying element.
Chromium and carbon contents are balanced so that the
soft austenitic phase which develops at high temperatures
transforms to the hard martensitic phase during cooling to
room temperature.

The martensitic steels are magnetic at all temperatures
and are selected for resistance to wear and abrasion. These
types are generally not as corrosion resistant as the ferritic
and austenitic types. They have fair cold forming character¬
istics and can be welded, but usually require annealing after
forming or welding to prevent cracking, then hardening to
develop high strength and optimum corrosion resistance.

During heating at the hardening temperature of the mar¬
tensitic steels, the chromium carbides are dissolved and the
carbon is uniformly distributed throughout the metallic
structure. If the quench is sufficiently rapid, the carbon
does not recombine with chromium, which is then present in
sufficient amounts to provide optimum corrosion resistance.

The ferritic types of the 400 series are normally used for
their corrosion resistance and resistance to scaling at ele¬
vated temperatures, rather than for high-strength purposes.
They are characterized by a chromium-to-carbon balance
which suppresses the development of austenite at high tem¬
peratures. Because little or no austenite is present, these
grades do not transform to martensite uponcooling, but re¬
main ferritic throughout their normal operating range. For
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all practical purposes, the ferritic steels are nonhardenable
by the usual method of heating and quenching.

The nonhardenable grades can be formed and welded,
and can be buffed to a high luster resembling chromium
plate. They work harden to a moderate extent, normally
to a maximumhardness level of 25 HRC and are magnetic in
all conditions.

Precipitation-hardening stainless steels are divided into
three types: austenitic, semiaustenitic, and martensitic or
maraging.The difference inthe types is the metallurgicalmi-
crostructure that exists after heat treatment. There is no ma¬
jor distinction based on the precipitate formed.

The austenitic precipitation-hardening grades retain the
austenitic structure at room temperature and at all times
during and after heat treatment. Because there is no mar¬
tensitic transformation, the austenitic grades havethe lowest
strength of the precipitation-hardening stainless steels at
room temperature.

The semiaustenitic grades have compositions lower in
nickel and higher in carbon than the straight austenitic
grades. The initial high-temperature anneal or solution
treatment produces an austenitic solid-solution microstruc-
ture similar to that of the austenitic grades. The semi¬
austenitic grades then receive a conditioning treatment at
925 to 1035 °C (1700 to 1900 DF) which precipitates a portion
of the carbon as a complex high-alloy carbide, alters the ma¬
trix composition, and raisesthe M,temperature. Transforma¬
tion to martensite occurs when cooled to room temperature or
by subzero cooling to — 75 DC (— 100 °F). The transformed
martensite is then further tempered or aged to develop its
final properties.

The martensitic precipitation-hardening stainless steels
have their alloy content reduced or adjusted so that the
M, temperature is high enough to transform the elevated
temperature(austenite phase to martensite on coolingto room
temperature. The final properties are then developed by one
final low-temperature heat treatment.

The martensitic structure will not stretch form as well as
austenite, and the lower chromium content may somewhat
reduce corrosion resistance. The martensitic grades may not
be as useful at elevated temperatures as the semiaustenitic
grades because they have a tendency to overage or soften by
the formation of reverted or retained austenite, or overage
simply by particle gTowth.
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ChemicalCompositions of Standard Stainless and HeatResistingSteels
Compositions are maximum unless otherwise slated

Type UNS |-Chemical composition, %-
No. No. C Mn P S Si Cr Ni Mo

201 S20100...........0.15 5.50-7.50 0.060 0.030 1.00 16.00-18.00 3.50-5.50
202 S20200 ...........0.15 7.50-10.00 0.060 0.030 1.00 17.00-19.00 4.00-6.00
205 S20500 ........0.12-0.25 14.00-15.50 0.060 0.030 1.00 16.50-18.00 1.00-1.75
301 S30100 ...........0.15 2.00 0.045 0.030 1.00 16.00-18.00 6.00-8.00
302 S30200 ...........0.15 2.00 0.045 0.030 1.00 17.00-1B.00 8.00-10.00
302B S30215 ...........0.15 2.00 0.045 0.030 2.00-3.00 17.00-19.00 8.00-10.00
303 S30300 ...........0.15 2.00 0.20 0.15 min 1.00 17.00-19.00 8.00-10.00 0.60(a)
303Se S30323...........0.15 2,00 0.20 0.060 l.OO 17.00-19.00 8.00-10.00
304 S30400 ...........0.08 2.00 0.045 0.030 1.00 18.00-20.00 8.00-10.50
304L S30403 ...........0.03 2.00 0.045 0.030 1.00 18.00-20.00 8.00-12.00

S30430 ...........0.08 2.00 0.045 0.030 1.00 17.00-19.00 8.00-10.00
304N S30451...........0.08 2.00 0.045 0.030 l.OO 18.00-20.00 8.00-I0.5O
305 S3050Q...........0.12 2.00 0.045 0.030 1.00 17.00-19.00 10.50-13.00
308 S30800 ...........0.08 2.00 0.045 0.030 1.00 19.00-21.00 10.00-12.00
309 S3U9Q0 ...........0.20 2.00 0.045 0.030 1.00 22.00-24.00 12.00-15.00
309S S3O908 ...........0.08 2.00 0.045 0.030 1.00 22.00-24.00 12.00-15.00
310 531000...........0.25 2.00 0.045 0.030 1.50 24.00-26.00 19.00-22.00
310$ S31008...........0.08 2.00 0.045 0.030 1.50 24.00-26.00 19.00-22.00
314 S31400...........0.25 2.00 0.045 0.030 1.50-3.00 23.00-26.00 19.00-22.00
316 S31600...........0.08 2.00 0.045 0.030 l.DG 16,00-18.00 10.00-14.00 2.00-3.00
316F S31620...........0.08 2.00 0.20 0.10 min 1.00 16.00-18.00 10.00-14.00 1.75-2.50
316L S31603 ...........0.03 2.00 0.045 0.030 1.00 16.00-18.00 10.00-14.00 2.00-3.00
316N S31651...........0.08 2.00 0.045 0.030 1.00 16.00-18.00 10.00-14.00 2.00-3,00
317 S31700 ...........0.08 2.00 0.045 0.030 1.00 18.00-20.00 11.00-15.00 3.00-4.00
317L S31703 ...........0.03 2.00 0.045 0.030 1.00 IB.00-20.00 11.00-15 00 3.00-4.00
321 S32100 ...........0.08 2.00 0.045 0.030 1.00 17.00-19.00 9.00-12.00
329 S32900 ...........0.10 2.00 0.040 0.030 1.00 25.00-30.00 3.00-6.00 1.00-2.00
330 N0833D..........0,08 2.00 0.040 0.030 0.75-1.50 17.00-20.00 34.00-37.00 4

347 S3470Q...........0.08 2.00 0.045 0.030 1.00 17,00-19.00 9.00-13.00
348 S34800 ...........0.08 2.00 0.045 G.030 1.00 17.00-19.00 9.00-13.00

384 S38400...........0.08 2.00 0.045 0.030 1.00 15.00-17.00 17.00-19.00
403 S40300 ...........0.15 1.00 0.040 0 030 0.50 11.50-13.00
405 S40500 ...........0.08 1.00 0.040 0.030 1.00 11.50-14.50
409 S40900 ...........0.08 1.00 0.045 0.045 1.00 10.50-11.75
410 S41000 ...........0.15 1.00 0.040 0.030 1.00 11.50-13.50
414 S41400 ...........0.15 l.OO 0.040 0.030 l.OO 11.50-13,50 1.25-2.50
416 S41600 ...........0.15 1.25 0.060 0,15 min 1.00 12.00-14.00 0.60(a)
416Se S41623...........0.15 1.25 0.060 0.060 1.00 12.00-14.00
420 S42000 .........>0.15 1.00 0.040 0.030 1.00 12.00-14.00
420F S4202Q .........>0.15 1.25 0.060 0.15 min l.OO 12.00-14.00 0.60(a)
422 S42200 ........0.20-0.25 l.OO 0.025 0.O25 0.75 11.00-13.00 0.50-1.00 0.75-1.25

429 S42900...........0.12 1.00 0.040 0.030 1.00 14.QO-16.0Q
430 S43000...........0.12 1.00 0.040 0.030 1.00 16.00-18.00
430F S4302O ...........0.12 1.25 0.060 0.15 min 1.00 16.00-18.00 0.60(a)
430FSe S43023...........0.12 1.25 0.060 0.060 1.00 16.00-18.00
431 S431G0...........0.20 1.00 0.040 0.030 1.00 15.00-17.00 1.25-2.5U
434 S43400...........0.12 1.00 0.040 0.030 1.00 16.00-18.00 0.75-1.25
436 S43600 ...........0.12 1.00 0.040 0.030 1.00 16.00-18.00 0.75-1.25

44QA S44O02 ........0.60-0.75 1.00 0.040 0.030 1.00 16.00-18.00 0,75
440B S440Q3 ........0.75-0.95 1.00 0.040 0.030 1.00 16.00-18.00 0.75
440C S44004 ........0.95-1 20 1.00 0.040 0.030 1.00 16.00-18.00 0.75
442 344200...........0.20 1.00 0 040 0.030 1.00 18.00-23.00
446 S44600...........0.20 1.50 0 040 0.030 1.00 23.00-27.00
501 S50100.........>0.10 1.00 0.040 0.030 1.00 4.00-6.00 0.40-0.65
502 S5020G ...........0.10 1.00 0.040 0.030 1.00 400-6.00 0.40-0.65
503 S5O300...........0.15 l.OO 0.040 0.040 l.OO 600-8.00 0.45-0.65
504 S50400...........0.15 1.00 0.040 0.040 1.00 8.00-10.0(1 0.90-1.10

S13800...........0.05 0.10 0.01 0.008 0.10 12.25-13.25 7.50-8.50 2.00-2.50

S15500...........0.07 l.OO 0.040 0.030 1.00 14.00-15.50 3.50-5.50

SI7400...........0.07 1.00 0.040 0.030 1.00 15.50-17.50 3.OO-5.00

S1770O ...........0.09 1.0U 0.040 0.040 1.00 16.00-18.00 6.50-7.75
(a) May be added at manufacturer's option

Other elements

N 0.25
N 0425

N 0.32-0.40

Se 0.15 min

Oil 3.00-4.00
N 0.10-0.16

N 0.10-0.16

Ti 5 X C mm

Cb + Ta 10 x C min
Cb 4- Ta 10 x C min;

Ta 0.10 macs; Co 0.20 max

A1 0.10-0.30
Ti 6 * C min; 0.75 max

Se 0 15 min

V0.15-0.3fl
W 0.75-1.25

Se 0.15 min

Cb + Ta 5 x C miD,
9.70 max

N 0.25

AJ 0.90-1.35
fj 0.O1O

Cu 2.5O-4-.50
Cb + Ta 0.15-0.45

Cu3.00-5.00
Cb + Ta 0.15-0.45

A1 0.75-1.50

C f,c iu
s

•p
r/ii

A

frv -i V 0.! -b!ji
t .

J :ÿ>
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AISI Type 201

AISI Type 201: Chemical Composition
Element Composition, %

Carbon 0.150 max
Manganese........,........ ,. „ 5.5-7.5
Phosphorus 0.060 mas
Sulfur........................ ............0.030 max
Silicon 1.0 max
Chromium.......... ......16-18
Nickel..... 3.5-5.5
Nitrogen. .....................0.250 max

Characteristics. AISItype 201isan austenitic chromium-
nickel-manganese stainless steel that was developed to con¬
serve nickel. This steel serves as a satisfactory alternate for
AISI type 301. With few exceptions, fabrication and corrosion
resistance of the two grades are similar (see AISI type 301).

Type 201 stainless steel resists corrosion attack over rela¬
tively longperiods of exposure inboth industrial and marine
atmospheres. Depending upon the severity of the corrodent,
annealing may be required in order to avoid intergranular
corrosion after exposure to temperatures in the 480 to 815 °C
(900 to 1500 T) range.

Forming methods for type 201 stainless steel include
drawing, bending, stretch bending, roll forming, end form¬

ing, and press-brake forming. Severe deep drawing is not
recommended, particularly when two or more successive
draws are required. Because of the work-hardening rate,
type 201 sometimes shows severe springbuck or causes
excessive tool wear.

When machining this stainless steel, heavy feeds, low
surface speeds, rigid machine setups, and sharp tools are
needed. The machinability ratingof type 201 is about 45% of
AISI 1212 steel. Type 201 steel may be welded by the con¬
ventional fusion and resistance welding processes. An¬
nealingafter weldingmay be necessary, depending on service
conditions. To minimize oxidation, the temperature limit for
continuous service of this stainless steel is about 845 °C
(1550 °F); for intermittent service the limit is about 790 °C
(1450 °F).

Typical Uses. Applications of AISI type 201 include rail¬
road, rapid transit, and subway cars; truck trailers; automo¬
tive trim; architectural applications such as window frames
and doors; and shallow drawn cooking ware, such as pans
and lids.

AISI Type 201: Similar Steels (U.S. and/or Foreign), uns
S20100; ASME SA412; ASTM A412, A429, AG66; FED QQ-
S-766; SAE J405 (30201)

Physical Properties

AISI Type 201: Selected Physical Properties (Ref 1)

Melting range .............................. 1400-1455 °C (2550-2650 °F)

Density ............................... ..........7.83 g/'cm3 (0.283 lb/in.3)
Specific heat at 0-100 QC (32-212 CF)...........500 J/kg-K! (0.12 Btu/lb<°F)

Electrical resistivity at 20 °C (68 aF) ...........................68-5 lift - ai

Magnetic permeability, when His 200 Oe,
in the annealed condition..................................... 1.02 max

AISI Type 201: Average Coefficients of Linear Thermal
Expansion (Ref 1)

Temperature range Coefficient
°C "F ftm/m-K #iin./in.-°F

0-100 32-212 15.7 8.7
0-315 32-600......... 17.5 9.7
0-540 32-1000 18.4 10.2
0-650 32-1200.............18.9 10.5
0-870 32-1600 20.3 11.3

AISI Type 201: Thermal Conductivity (Ref 1)

Temperature
•C °F

100
500

212.
930.

16.3. 21.5
9.4

12.4

AISI Type 201: Thermal
Treatment Temperatures

Temperature range
Treatment *C T

Forging,
start .......1150-1230 2100-2250

Forging,
finish ......925 min 1700 min

Annealing

(a)
.........1010-1120 1850-2050

Hardening

(b)
(a) Water quench or rapidly air cool.
(b) Hardenable by cold work only

Mechanical Properties

AISI Type 201:Modulus of Elasticity (Ref 1)

197 GPa. .28.6 x 106 psi

Thermal conductivity
W/m-K Bhi/ft-h-T
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Mechanics! Properties (continued)

A1SI Type 201:Tensile Properties (Ref 1)

Tensile
strength

Yield
strength(a) ElongationCb),

Condition MPa ksi MPa ksi % Hardness

Annealed(c) ......76(1 110 380 55 52 87 HRB
25% hard 860 125 515 75 25 25 HRC
50% hard 1035 150 760 110 12 32 HRC
75% hard 1205 175 930 135 12 37 HRC
Fully hard 1275 185 965 140 8 41 HRC
Extra bard 1550 225 1480 215 1 43 HHC
(a) 0.25: offset, lb) In50 mm (2 in), (c) taxi impact energy for this condition is 163 J (120 ft -lb)

A1SI Type 201:Izod Impact
Energy (Ref 8}

Test specimens were in the

Test
temperature
°C 'F

Energy
absorbed
J ft -lb

21
-185

70,.
-300..

165
100

120
75

AISI Type 201: Short-Time Elevated Temperature Properties (Ref 8)

Test Tensile Yield
temperature strength Ktrengtb(a)
"C °F MPa km MPa ksi

21 70 809 117.3 365 53.0
95 200......673 97.6 268 38.9

205 400 561 81.4 208 30.1
315 600 545 79.0 189 274
425 800 527 76.5 181 26.2
540 1000 479 69.5 161 23.4
650 1200 328 47.6 141 20.5
760 1400................................1B8 27.2 125 18.2
870 1600 130 18-9 97 14.0
(a) 0.2% offset, (b) In 50 mm (2 in.)

Elongation(b),
%

56.5
62.5
46.5
44.0
45.5
33.0
28.5
27.5
55.0

AISI Type 201: Stress-Rupture Properties (Ref 8)

Tesl i-Stress for rupture in;-

temperature 100 h 1000 h
°C "F MPa ksi MPa ksi

650 1200...........200 29,0 150 22
730 1350...........103 15.0 689 100
815 1500............51 7.4 30 4

(a) Extrapolated data, (b) In 50 mm (2 in.)

10 (HHI h(a)

MPa ksi
Elongatinnlb), %

100 h 1000 h

114
46

16.5
6,6

14
16
35

14
22
42

AISI Type 201: Stress-Strain Diagram (Ref 1)

Strain,inJin.

0 0 002 Q.0D4 0G0G O.Oflft (1.01n 0.012 0.014
~i—r—i—r
Longitudinal tension

36% cnld work

IS% eofd work

10% cold work

W-
t

0.002 O.flM Q.OOG

Sirain

tl.DflB D.QlO 0.312 0.014

mm/ififfi

12DD

lb)

Strain, in./in.

0.302 0.DD4 0.006 0.G08 Q.OlD 0.01? D.QT4

Transverse tension

3B%cold v<ork

18% culdrork

10% qtjld work

D.0D2 0.094 0.006 0.008 D0I3 0,013 0.DI4

Strain, rnrWmm
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AISI Type 201: Effect of Cold Work on
Tensile Properties. Elongation was measured in
50 mm (2 in.). {Ret 7)

ZD 30 40
Cald reduction,

Machining Data (Ref 2)

AISI Type 201:Turning (Cutoff and Form Tools)_
[-Feed per revolution for-1

cutoff tool width of:
Speed, 1.5 mm 3 nun 6 mm
m/min (0.062 in.) (0.125 in.) (0.25 in.)

Tool material (ft/min) mm (in.) mm (in.) mm (in.)

Annealed, with hardness of 135 to 185 HB
M2 and M3 high speed

steel .........................26 0.033 0.041 0.050
(85) (0.0013) (0.0016) (0.002)

C-2 carbide.....................84 0.033 0.041 0.050
(275) (0.0013) (0.0016) (0.002)

Cold drawn, with hardness of 225 to 275 HB
M2 and M3 high speed

steel 20 0.025 0.038 0.050
(65) (0.0010) (0.0015) (0.002)

C-2 carbide.....................69 0.025 0.038 0.050
(226) (Q.D01Q) (0.0015) (0.002)

I

12 mm

(0.5 in.)
mm (in.)

-Feed per revolution for-1
form tool width of:

18 mm 25 mm 35 mm 50 mm
(0.75 in.) (1in.) (1.5 in.) (2 in.)
mm (in.) mm (in.) mm (in.) mm (in.)

0.050
(0.002)
0.050

(0.002)

0.050
(0 002)
0.050

(0.002)

0.041
(0.0016)
0.041

(0.0016)

0.046
(0.0018)
0.046

(0.0018)

0.036
(0.0014)

0.036
(0.0014)

0.038
(0.0015)
0.038

(0.0015)

0.030
(0.0012)
0.030

(0.0012)

0.030
(0.0012)

0.030
(0.0012)

0.025
(0.001)
0.025

(0.001)

0.025
(0.001)
0.025

(0.001)
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Machining Data {Ref 2) (continued)

AISI Type 201: Turning (Single Point and Box Tools)

Depth of cut
mm in.

ÿ High speed steel -

a/i
Speed

nin ft/min
Feed

mm/rev in./rev

\-Uhcoated carbide"--1
Speed, brazed Speed, inserted Feed
m/min ft/min m/min ft/min mra/rev in,/rev

' Coated carbide -

Speed
m/min ft/min

Feed
mm/rev in./rev

AnneaJed, with hardness of 135 to 185 HB
1 0.040 .. ...34(a) 110(a) 0.18 0.007 105(b) 350(b) 120(b) 400(b) 0.18 0.007 160(c) 525(c) 0.18 0.007
4 0.150.. ...27(a) 90(a) 0.40 0.015 100(b) 325(b) 105(b! 350(b) 0.40 0.015 135(c) 450(c) 0.40 0.015
8 0.300 .. ...21(a) 70(a) 0.50 0.020 76(d) 250(d) 84(d) 275(d) 0.50 0.020 105(e) 350(e) 0.50 0.020

16 0.625 .. .. .17(a) 55(a) 0.75 0.030 60(d) 200(d) 64(d) 210(d) 0.75 0.030 ... ...
Cold drawn, with hardness of 225 to 275 HB

i 0,040 . . ...30(0 100(0 0.18 0.007 100(b) 325(b) 105(b) 350(b) 0.18 0.007 135(c) 450(c) 0.18 U.007
4 0.150 . . ...24(0 80(f) 0.40 0.015 84(b) 275(b) 90(b) 300(b) 0.40 0.015 120(c) 400(c) 0.40 0.015
8 0.300 . . .. . .20(0 65(0 0.50 0.020 54(d) 210(d) 72(d) 235(d) 0.50 0.020 90(e) 300(e) 0.50 0.020

16 0.625 . . .. . .15(0 50(0 0.75 0.030 49(d) 160(d) 55(d) 180(d) 0.75 0.030 ...
(a) Highspeed steel tool material;M2or M3- (b) Carbide toolmaterial:C-3. (c) Carbide toolmaterial:CC-3, (d)Carbide tool material:C-2. (eiCarbide toolmaterial:
CC-2. (ft Any premium high speed Bteel tool material (T15, M33, M41 to M47)

AISI Type 201: Drilling

Tool material

Speed,
m/min
(ft/min)

I-
1.5 mm

(0.062 in.)

mm (in.)

Annealed, with hardness of 135 to 185 HB
M10, M7, and Ml high

speed steel....IS 0-025
(GO) (C.001)

Cold drawn, with hardness of 225 to 275 HB
M10. M7. and Ml high

speed steel 17 0.025
(55) (0.001)

-Feed per revolution for nominal hole diameter of: -
3 mm 6 mm 12 mm 18 mm 25 mm

(0.125 in.) (0.25 in.) [0.5 in.) (0.75 in.) (I in.)
mm (in.) mm (in.) mm (in.) mm (in.) mm (in.)

35 mm
(1.5 In.)
mm (in.)

0.050
(0.002)

0.050
(0.002)

0.102
(0.004)

0.102
(0.004!

0.18
(0.007)

0.18
(0.007)

0.25
(0.010)

0.25
(0.010)

0.30
(0.012)

0.30
(0.012)

0.40
C0.015)

0.40
(0.015)

~1
50 mm
(2 in.)

mm (In.)

0.45
(0.018)

0.45
(0.018)

AISI Type 201: Reaming
Based on 4 flutes for 3- and 6-mm (0.125- and 0.25-in.) reamers, 6 flutes for 12-mm (0.5-ln.) reamers, and 8 flutes for 25-mm (1-in.) and larger reamers

Tool material
Speed

m/mitt ft/min

I-- " ........—--Feed per revolution for reamer diameter of:--—|
3 mm (0.125 in.) 6 mm (0,25 in.) 12 mm (0.5 in.) 25 mm (1in.) - 35 mm (1,5 in.) 50 mm (2 ill.)

mm in, mm in. mm jn. mm in. mm in. mm in.

Annealed, with hardness of 135 to 185 HB
Roughing
Ml, M2, and M7

high speed steel
C-2 carbide

Finishing
Ml, M2, and M7

high speed steel
C-2 carbide

.21

.26

.11

.15

Roughing
Ml,M2, and M7

high speed steel 18
C-2 carbide 23

Finishing
Ml, M2, and M7

high speed steel 11
C-2 carbide 15

70
85

35
50

60
75

35
50

0.075 0.003
0.102 0.004

0.075
0.075

0.003
0003

0.13
0.20

0.075
0.102

0.005
o.ooa

0.003
0.004

0.20
0.30

0.102
0.150

0.008
0.012

0.004
0.006

0.25
0.40

0.15
0.20

Cold drawn, with hardness of 225 to 275 HB

0.075
0.102

0.075
0.075

0.003
0.004

0.003
0.003

0.13
0.20

0.075
0.102

0.005
0.008

0.003
0.004

0.20
0.30

0.102
0.150

0.008
0.012

0.004
0.006

0.25
0.40

0.15
0.20

0.010
0.016

0.006
0.008

0.010
0.016

0.006
0.008

0.30
0.50

0.18
0.23

0.30
0.50

0.18
0.23

0.012
0.020

0.007
0.009

0.012
0.020

0.007
0.009

0.40
0,60

0.20
0.25

0.40
0.60

0.20
0.25

0.015
0.024

0.008
0.010

0.015
0.024

0.008
0.010
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Machining Data (Ref 2) (continued)

AISI Type 201:Surface Grinding With a Horizontal Spindle and Reciprocating Table
Test specimens were annealed or cold drawn, with hardness of 135 to 275 HB

Wheel speed Table speed Downfeed Crossfeed Wheel
Operation m/s ft/min m/min ft/min mm/puss in./pass mm/pass in./pass identification

Roughing...................28-33 5500-6500 15-30 50-100 0.050 0.002 1.25-12.5 0.050-0.500 C46JV
Finishing...................28-33 5500-6500 15-30 50-100 0.013 man 0.0005 max (a) la) C46JV
(a) Maximum Vi of wheel width

AISI Type 201: Cylindrical and Internal Grinding
Test specimens were annealed or cold drawn, with hardness of 135to 275 HB

Wheel speed Work speed
Operation m/s ft/min m/min ft/min

Cylindrical grinding
Soughing ......................28-33 5500-6500 15-30 50-100
Finishing........................28-33 5500-6500 15-30 50-100

Internal grinding
Roughing. .......................25-33 5000-6500 23-60 75-200
Finishing........................25-33 5000-6500 23-60 75-200
(a) Wheel width per revolution of work

Infeed on diameter
mm/pass in./paas Traversda)

Wheel
identification

0.050
0.013 mas

0 013
0.005 max

0.002
0.0005 max

0.0005
0.0002 max

V4

Vk
VP

C54,rv

C54JV

C60KV
C60KV

AIS! Type 201:Face Milling
M2 and M7 high speed steel

Depth of cut Speed Feed/tooth
mm in. m/min ft/min mm in.

Annealed, with hardness of 135 to 185 HB
1 0.040

____
40 130 0.20 0.008

4 0.150 . .....30 100 0.30 0.012
8 0.300........24 80 0.40 0.016

Cold drawn, with hardness of 225 to 275 HB
1 0.040........35 115 0.15 0.006
4 0.150........27 90 0.25 0.010
8 0.300........21 70 0.36 0.014

1-Uncoated C-2 carbide-----1
Speed, brazed Speed, inserted Feed/tooth
m/min ft/min m/min ft/min mm in.

[-Coated CC-2 carbide-1
Speed Feed/tooth

m/min fl/min mm in.

130 430
100 325
70 230

120 400
90 300
60 200

145 475
110 360
85 280

135 440
100 330

76 250

0.20 0.008
0.30 0.012
0.40 0.016

0.18 0.007
0.25 0.010
0.36 0.014

215
145
105

700
475
350

200 650
130 425
100 325

0.20 0.008
0.30 0.012
0.40 0.016

0.18 0.007
0.25 0.010
0.36 0.014

AISI Type 201: Boring
I-High speed steel--p-—-—-Uncontcd carbide----1 |-Coated carbide-\

Depth of cut Speed Feed Speed, brazed Speed, inserted Feed Speed Feed
mm in. m/min ft/min mm/rev in./rev m/min ft/min m/min ft/min mm/rev in./rev m/min ft/min nun/rev in./rev

Annealed, with hardness of 135 to 185 HB
0.25 0.010.....35(a) 115(a) 0.075 0.003 90(h) 300(b) 105(b) 350(b) 0.075 0.003 145(c) 475(c) 0.075 0.003
1-25 0.050.....27(a) 90(a) 0.13 0.005 72(d) 235(d) 84(d) 275(d) 0.13 0.005 115(e) 375(e) 0.13 0.005
2.5 0.100.....21(a) 70(a) 0.30 0.012 66(d) 215(d) 76(d) 250(d) 0.30 0.012 95(e) 315(e) 0.30 0.012

Cold drawn, with hardness of 225 to 275 HB
0225 0.010 .....30(0 100(f) 0.075 0.003 84(b) 275(b) 95(b) 315(b) 0.075 0.003 120(c) 400(c) 0.075 0.003
1.25 0.050 .....24(f) 80(f) 0.13 0.005 65(d) 215(d) 76(d) 250(d) 0.13 0.005 95(e) 315(e) 0.13 0.005
2 5 0.100.....20(f) 65(f) 0.30 0.012 53(d) 175(d) 54(d) 210(d) 0.30 0.012 84(e) 275(e) 0.30 0.012
(a)Highspeedsteel tool material:M2or M3.(b> Carbide tool material:C-3. (c) Carbidetool material:CC-3. (d) Carbide too!material:C-2. le) Carbide tool material:
CC-2. (f) Any premium high speed steel tool material (T15, M33, M41to M47)

AISI Type 201: Planing

Too) material turn
Depth of cut Speed

m/min Ft/min
Feed/atroke
mm in, Tool material mm

Depth of cut
in.

Speed
m/min ft/min

Feed/atroke
nun in.

Annealed, with hardness of 135 to 185 HB
M2 and M3 high

Cold drawn, with hardness of 225 to 275 HB
M2 and M3 high

0.1 0.005 9 30 (a) (a) speed steel ... 0.1 0.005 8 25 la) (a)
2.5 0.100 12 40 1.25 0.050 2.5 O.IUO U 35 0 75 0.030

12 0.500 8 25 1.50 0.060 12 0.500 8 25 1.15 0.045
0.1 0.006 38 125 (a) (a) C-2 carbide 0.1 0.005 38 125 (a) (a)

2.5 0.100 43 140 2.05 0.080 2.5 0.100 43 140 1.50 0.060
(a} Feed is 75% the width of the square nose finishing tool
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Machining Dates (Ref 2) (continued)

AISI Type 201:End Milling (Profiling)

Tool material
Depth of cut
mm in.

Speed
a/mln ft/min

ID mm <0.375 in.)
mm in.

ÿ Feed per tooth for cutter diameter uf;-----1
12 mm (0.5 in.) 18 mm (0.75 in.) 25-50 mm (j-2 in.)
mm in, mm in* ttitd in.

Annealed, with hardness of 135 to 185 KB
M2, M3, and M7 high

Bpeed steel .....0.5 0.020 34 110 0.025 0.001 0.050 0.002 0.102 0.004 0.13 0.005
1.5 0.060 24 80 0.050 0.002 0.075 0.003 0.13 0.005 0.15 0.006

diam/4 diam/4 21 70 0.025 0.001 O.OSO 0.002 0.102 0.004 0.13 0.005
diam/2 diam/2 16 60 0.025 0.001 0.038 0.0015 0.075 0.003 0.1O2 0.004

C-2 carbide . . 0.5 0,020 110 360 0.013 0.0005 0.025 0.001 0.050 0.002 0.1O2 0.004
l.fi 0.060 92 270 0.025 0.001 0.050 0.002 0.075 0003 0.13 0.003

diam/4 diam/4 72 235 0.025 0.001 0.038 0.0015 0.063 0.0025 0.102 0.004
; diam/2 diam/2 67 220 0.013 0.0005 0.025 0.001 0.050 0.002 0.075 0.003

Cold drawn, with hardness of 22S to 275 HB
M2, M3, and M7 high

speed steel
!

0.5 0.020 29 95 0.025 0.001 0.050 0.002 0.1O2 0.004 0.13 0.005
1.5 0.060 21 70 0.050 0.002 0.075 0.003 0.13 0.005 0.15 0.006

diam/4 diam/4 16 60 0.025 0.001 C.050 0.002 0.102 0.004" 0.13 0.005
diam/2 diam/2 15 50 0.025 0.001 0.038 0.0015 0.075 0.003 0.1O2 0.004

C-2 carbide 0.5 0.020 100 325 0.013 0.0005 0.025 0.001 0.050 0.002 0.O75 0.003
1.5 0.060 75 . 245 0.025 0.001 0.050 0.002 0.075 0.003 0.102 0.004

: diam/4 diam/4 64 210 0.025 0.001 0.038 0.0015 0.063 0.0025 0.075 0.003. diam/2 diam/2 60 200 0.013 0.0005 0.025 0.001 0.050 0.002 0.063 0.0025

AISI Type 202

AISI Type 202: Chemical Composition
Element Composition, %

Carbon....... 0.150 max
. Manganese ..................7.5-10.0
Phosphorus................0.060 max
Sulfur................. 0.030 max
Silicon . „ 1,0 msx
Chrotnium......................... 17.0-19.0
Nickel............„.....,... „ 4-6
Nitrogen.....................0.250 max

Characteristics. AISI type 202 is an austenitic, chromium-
nickel-manganese steel which was developed to conserve
nickel. This steel, an alternate for type 302, was designed
for applications where good forming characteristics are im¬
portant. Type 202 is essentially nonmagnetic when annealed
and becomes slightly magnetic when cold worked.

This grade work hardensrapidly. Itcan be cold worked by
drawing, bending, roll forming, and stamping, and has
good deep drawing properties as well. Type 202 may be
welded by the conventional fusion and resistance welding

processes. Annealing after welding may be necessary to
avoid intergranular corrosion.

For machining, rigid machine setups and sharp tools are
required; dull tools ride over the surface causing work hard¬
ening and difficult cutting. The machinability ratingof AISI
type 202 is 45% compared to 100% for AISI 1212.

This stainless steel resists'corrosion inmoderate corrosive
environments; most organic and strongly oxidizing acids;
industrial and marine atmospheres; and solutions used in
chemical, textile, petroleum, dairy, and foodstuff industries.
Type 202 resists scaling in continuous exposure to 845 °C
(1550 °F) maximum and intermittent exposure to 815 °C
(1500 °F) maximum.

Typical Uses. Applications of AISI type 202 include kit¬
chen utensils such as pots and pans, washing machine tubs,
wash-fountain bowls, door hardware, dairy equipment, sink
drains, bowls, countertops, andarchitecturaltrim.

AISI Type 202: Similar Steels (U.S. and/or Foreign). UNS
S20200; ASTM A314, A412, A429, A473, A666; FED QQ-S-
763, QQ-S-766, STD-66; SAE J405 (30202)

Machining Data
For machining data on AISI type 202, refer to the preceding machining tables for AISI
type 201.
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Physical Properties

AISI Type 202: Selected Physical Properties (Ref 1)

Melting range 1400-1455 °C (2550-2650 °F)

Density .......................................7.81g/on3 (0.282 lb/in.3)
Specific heat at 0-100 *C (32-212 °F)...........500 J/kgÿ K (0.12 Btu/lb ÿ °P)

Electrical resistivity at 20 °C (68 *F) 72 nO • m
Magnetic permeability, when H 13

200 Oe. in the annealed condition.........1.02 maz

AISI Type 202: Thermal Treatment Temperatures

Treatment
Temperature range

CC T

Forging, start..................................1160-1230 2100-2250
Forging, finish.................................925 min 1700 min
Annealing(aJ 1010-1120 1850 2050
Hardening(bi .
(a) Water quench or rapidly air cool, (b) Hardenabie by cold work only

AISI Type 202: Average Coefficients of Linear Thermal
Expansion (Ref 1)

Temperature range Coefficient
°C °F (im,m K #tm./in.-

0-100 32-212 17.5 9.7
0-315 32-600 18.4 10.2
0-540 32-1000 19.3 10.7
0-650 32-1200 19.8 U.O
0-760 32-1400 20.3 11.3

AISI Type 202: Thermal Conductivity (Ref 1)

Temperature
„c °F

Thermal conductivity
W/m-K Btu/ft'h'F

100
500

212.
930.

. 16.3
21.6

9.4
12.5

Mechanical Properties

AISI Type 202: Stress-Rupture Properties (Ref 7)

Test |-Stress for rupture in: -

temperature 100 h 1000 h
"C T MPa ksi MPa ksi

540 1000.........340 49 285 41
595 1100.........270 39 220 32
650 1200.........200 29 160 24
705 1300.........145 21 97 14
760 1400..........97 14 60 8.5
815 1500..........55 8 30 4.5
(a) Frtrapolated data

10 000 h(a)
MPa ksi

120
69

17.
10

AISI Type 202: Modulus of Elasticity (Ref 1)

197 GPa ....28.6 x 106 psi

AISI Type 202: Tensile Properties (Ref 1)

Product form Condition

Bar Annealed
Wire, bar, sheet, atrip.....Annealed
Sheet, strip 25ft hard
Sheet, strip 50ft hard
(a) In50 mm (2 in.)

Tensile
strength

MPa ksi

515 75
655 95
860 125

1030 150

Yield
strength

MPa ksi
Elongation(a),

ft

275 40
310 45
515 75
760 110

40
40
12
10

AISI Type 202: Elevated-Temperature Tensile Properties (Ref 7}

Tensile Yield
Test temperature strength strength(n) Elongation(h),

"F MPa ksi MPa ksi ft

205 400 596 86 235 34 45
315 600 560 81 205 30 45
425 800 540 78 195 28 45
540 1000 495 72 170 25 36
550 1200 370 54 150 22 28
760 1400 215 31 130 19 31
870 1600 125 18 105 15 48
(a> 0.2ft offset, (b) In 50 mm (2 in.)
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AISl Type 202: Effect of Cold Reduction on
Tensile Properties. Elongation was measured in
SO mm (2 in.); yield strength at 0.2% cffset (Ref 7)

10 2D 30 40 50

Ccild reduction, %

AlSf Type 301:Chemical Composition
Element Composition, %

Carbon
Manganese„

Phosphorus.
Sulfur. .....
Silicon
Chromium.
Nickel

.0.150 max

. < 2.0 max

.0.045 max

. 0.030 max

. . 1.0 max

. . .16-18

. ...W

Characteristics. AISI type 301is anaustenitic, chromium-
nickel steel which can attain high tensile strength and duc¬
tility throughmoderate or severe coldworking. This grade is
most often used in the cold rolled or cold drawn condition in
the form of sheet, strip, and wire. It is essentially non¬
magnetic when annealed, and becomes magnetic when cold
worked.

The high strengths of type 301in the six available condi¬
tions or tempers, excellent resistance to atmospheric corro¬
sion, and bright, attractive surface make this grade a good
choice for decorative structural applications.

AISI type 301 also exhibits resistance to atmospheric
corrosion, various chemicals used to deice roads, and food¬
stuffs and juices. However, the corrosion properties are not
as good aB those of the 18-8 chromium-nickel steels. Best

resistance to corrosion is obtained in the annealed or cold
worked condition. Intergranular corrosion may occur if,
during fabrication or service, the material is heated in the
range of 480 to 870 °C (900 to 1600 °F) and not subsequently
annealed. Type 301 steel resists scaling incontinuous expo¬
sure to 900 °C (1650 DF) maximum, and intermittent expo¬
sure to 790 °C (1450 "F! maximum.

Because of a high rate of work hardening, type 301 re¬
quires heavy feeds, low surface speeds, rigidmachine setups,
and sharp tools. Speeds used for machining this stainless
steel are about 45% of those used for AISI grade 1212.

Type 301 may be welded using most common welding
methods. For methods requiring filler metal, type 308 elec¬
trodes are recommended. Depending on welding techniques,
carbide precipitation can occur; therefore a post welding
treatment at 980 °C (1800 °F), or above, is recommended.

Typical Uses. Applications ofAISI type 301 include auto¬
mobile wheel covers, transportation equipment, aircraft and
missile structures, roof drainage products, kitchen utensils,
storm door frames, and tableware.

AISI Type 301: Similar Steels (U.S. and/or Foreign). UNS
S30100; AMS 5517, 5518, 5519; ASTM A167, A177, A554,
A666; FED QQ-S-766; MIL SPEC MIL-S-5059; SAE J405
(30301); (W. Ger.) DIN 1.4310; (Fr.) AFNORZ 12 CN 17.08;
(Ital.) UNI X 12 CrNi 17 07; (Jap.) JIS SUS 301
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Physical Properties Machining Data

A1S! Type 301: Thermal
Treatment Temperatures

Temperature range
Treatment *C °F

Forging,
start ......1150-1260 2100-2300

Forging,
fmigh ......,925 min 1700 min

AnneaJing

(a)
........1010-1120 1850-2050

Hardening

(b)
-

(a) Water quenched, (b) Hardenable
by coid work only

AISI Type 301: Electrical
Resistivity (Ref 8)

Temperature Specific electrical
"C *F reaistanee, nil• m

20 68 72
100 212 78
200 390 - - 86
400 750 100
600 1110 Ill
800 1470 121
900 1650 126

AISI Type 301:Selected Physical Properties (Ref 8)

Melting range 1400-1420 °C (2550-2590 «F)

Density ..............................7.92-8,08 g/cm3 (0.286-0,292 !b/in.3)
Specific heat at 0-100 °C

(32-212 °F) ................................500 J/kg K (0.12 Btu/lb DF)

Magnetic permeability, when His
200 Qe, in the annealed condition .....1.02 max

AISI Type 301:Average Coefficients of Linear Thermal
Expansion (Ref 81
Temperature range Coefficient

°C °F /itn/mK nin./in.-"F
20-100 68-212 16.6 9.2
20-300 38-570 17,6 9.8
20-500 68-930...........18.5 10-3
20-700 68-1290 19.4 10.8
20-870 68-1600 19.3 11.0

AISI Type 301: Thermal Conductivity (Ref 8)

Temperature
*C °F

For machining data on AISI
type 301, refer to the pre¬
ceding machining tables for
AISI type 201.

Thermal conductivity
W/m K Btu/ft h °F

100
500

212.
930.

. 16.3

. 21.5
9.4

12.4

Mechanical Properties

AfSI Type 301: Tensile Properties at Low Temperatures (Ref 8}

Test Tensile Yield
temperature strength strength(a)
ÿC" *F MPa k.-ri MPa ksi

Annealed
26 78 725 105 275 40
0 32 1070 155 295 43

-40 -40 1240 180 330 48
-62 -80 1345 195 345 50

-195 -320 1895 275 515 75
50% hard

26 78 1035 150 655 95
0 32 1170 170 675 98

-40 -40 ..................1295 188 696 101
-62 -80 ..................1415 205 724 105

-195 -320 ..................2000 290 800 116
75% hard

26 78 ..................1310 190 1180 171
-73 -100..................1545 224 1060 154

-195 -320 ..................2000 290 1330 193
-255 -425 2185 317

Fullhard
26 78..................1415 205 1330 193

-195 -320..................2080 302 1480 215
-255 -425..................2345 340 1725 250
(a) 0.2% offset, (b) In 50 mm [2 in.)

Elongation(b),
%

Reduction
in area, %

60
53
42
40
30

54
46
33
37
25

17
19
20
14

6
20
15

70
64
63
62
57

68
65
60
62
50

AISI Type 301: Modulus of
Elasticity (Ref 7)

Stressed Modulus of elasticity
in; GPa 10s psi

Tension 193
Torsion 77.2

28.0
11.2

AISI Type 301:Endurance
Limit (Ref 4)

Condition
Stress

MPa kai

Full hard temper . 550 80
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AISI Type 301:Tensile and Compressive Properties (Ref 0)

I-— Longitudinal -1 [.........—-— Transverse-
Yield strength(a) Modulus of elasticity Yield strengthla) Modulus of elasticity

Temper Condition MPa kst GPa 10" psi MPa kai GPa 10® pai

Tensile properties
Annealed . . .As rolled 250 36 214 31.0 250 36 211 30.6
25% hard . . .As rolled 550 80 193 260 580 84 197 28.6

Stress relieved 530 77 198 26.7 545 79 186 27.0
50% hard ...... B41 122 185 26.6 848 123 194 28.1

Stress relieved 883 128 192 27.9 896 130 197 28.6
75% hard 979 142 178 25.8 1000 145 190 27.5

Stress relieved 1070 155 188 27.3 1070 155 199 28.8
Full hard , ,As rolled 1105 160 174 25.2 1125 163 196 2S.4

Stress relieved 1205 175 196 28.4 1250 181 210 30.5

Compressive properties
Annealed 4s rolled 260 38 211 30.6 260 38 209 30.3
25% hard . . As rolled 345 50 194 28.2 625 91 194 28.2

Stress relieved 505 73 199 28 8 580 84 210 30.5
50% hard 620 90 190 27.5 979 142 190 27.5

Stress relieved 765 111 201 29.2 993 144 205 29.8
75% hard 639 100 163 26.5 1170 170 192 27.9

Stress relieved 917 133 190 27.5 1215 176 203 29.5
Full hard ...As rolled 793 115 170 24.6 1315 191 203 29.4

Stress relieved 1165 169 191 27.7 1440 209 204 29.6
(a) 0.2% offset

AISI Type 301: Tensile Properties at Elevated Temperatures (Ref 8)

Tensile Yield
Temperature strength strength Elongation(a)
°C "F Condition MPa MPa kai %

Room temperature 724 105.0 276 40.0 55
25% hard 889 129.0 503 73.0 43.5
50% hard 1138 165.0 772 112.0 28.5

205 400 552 80.0 152 22.0 46
25% hard 625 90.6 424 61.5 23
50% hard 876 127.0 731 106.0 9

315 600 .....Annealed 485 70.4 134 19.4 40
25% hard 594 86.2 412 59.8 20
50% hard 846 122.7 656 95.2 6.5

425 800 .....Annealed 463 67.2 134 19.5 39
25% hard 806 116.9 377 54.7 17.5
50% hard 134 19.5 590 85.5 7

540 1000 401 58.2 126 18.3 34
25% hard 447 64.9 353 51 2 16.5
50% hard 538 78.0 464 67 3 7

550 1200. 282 40.9 106 15.4 36
25% hard 352 51.0 276 40.0 20
60% hard 396 57.5 331 48.0 10

760 1400 204 29.6 99 14 4 30
25% hard 248 36.0 186 27.0 17
50% hard 241 35.0 214 31.0 10

870 1600 109 15.8 66 9.5 29
25%. hard 134 19.4 106 15.4 15
50% hard 113 16.4 96 13.9 12.5

(a) In50 mm (2 in.)

AISI Type 301: Tensile Properties at Room Temperature (Ref 8)

Tensile Yield
strength strength(a) ElongationCb),

Condition MPa kai MPa kai % Hardness

Annealed 725 105 275 40 55 85 KRB
25% hard 860 125 515 75 25 25 HRC
50% hard 1035 150 760 110 15 30 HRC
75% hard 1205 175 930 135 10 35 HRC
Eiill horn 1275 135 965 140 8 40 HRC
Extra hard 225 1480 216 1 43 HRC
(a) 0.2% offset, (b) In 50 mm (2 in.)
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Mechanical Properties (continued) Machining Data

AfSI Type 301:Tensile Strength and Modulus of Elasticity
after Cold Work {Ref 3)

Tensile
streogth(a)

MPa ksi

For machining data on AISI type 301, refer to the preceding
machining tables for AISI type 201.

Modulus of elasticity at:
Room temperature -195 °C (-320 °F)

GPa 10" psi GPa 10s psi

1303 189
1593 231
(a) At room temperature

.175

.178
25.4
25.8

197
192

28.6
27.8

AISI Type 301:Effect of Cold Work on Tensile Properties.
Elongation was measured in 50 mm [2 in.). (Rel 7)

A
A

Elongclinn

Hardness

Tensile slrernth

Yield srength

" 1000

-t 50

2D 30 4D
Cold reduction. %

AISI Type 301:Effect of Test Temperature an Tensile
Properties of Annealed Material. Elongation was measured in
50 mm (2 in.). (Ref 3)

Temperature, °F
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AISI Type 301:Effect of Test Temperature on Tensile and
Yield Strengths of Cold Worked Material. — tensile strength;----yield strength (Ref 3)

Temperalure, V

750r
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hard
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-150 -103 -50

Temperature,°C

AISI Type 301: Effect of Test Temperature on Elongation and
Reduction in Area of Cold Worked Material. Elongation was
measured in 50 mm (2 in.). (Ref 3)

-400 -300
Temperature, 4F
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AISI Type 301: Impact Properties, impact tests:

— Irod, ---— V-notch, ---Keyhole notch (Ref 3)
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AISI Type 302

AtSi Type 302: Chemical Composition
Element Composition, %

Carbon..... , 0.15G max
Manganese...... 2.0 max
Phosphorus. ........-...................0.045 max
Sulfur................................„ ......0.030 max
Silicon . * 1.0 max
Chromium........... .............17-19
Nickel 8-10

Characteristics. AISI type 302 is the original, general
purpose, austenitic. chromium-nickel stainless steel. The cor¬
rosion resistance of this grade is superior to that of type 301.
Type 302 is used most often in the annealed condition. It can
be cold worked to high tensile strengths, but with slightly
lower ductility than type 301. Inthe annealed condition, type
302 is austenitic, nonmagnetic, extremely tough and ductile,
and has excellent corrosion resistance. The steel becomes
slightly magnetic when cold worked.

Type 302 is readily fabricated by cold working and re¬
sponds well to drawing, bending, forming, spinning, roll
forming, stamping, and upsetting. Because of toughness
and high work-hardening characteristics, type 302 requires
rigid machine setups and sharp tools. Better chip action and
finish are obtained when the material is in a moderately
cold worked, rather than in an annealed condition. Heavy
feeds and an adequate supply of coolant are advised. The
machinability ratingof type 302 is about 45% of that for AISI
1212 steel.

Electrodes recommended for gas or arc welding are type
308 or type 347. Welds are usually as tough and ductile as the
base metal. Because areas adjacent to the weld are subject to
temperatures within the carbide precipitation range, an¬
nealing followed by rapid cooling is advised after welding.

In the annealed condition, type 302 is resistant to atmo¬
spheric corrosion, all foodstuffs, sterilizing solutions, most
organic chemicals and dyestuffs, and a wide variety of
chemicals. This stainless steel has good resistance to many
acidic environments, especially nitric acid, but has poor
resistance to halogen acids. Type 302 resists scaling in con¬
tinuous exposure to 900 °C (1650 °F), and, for intermittent
exposure, to 815 °C (1500 DF).

Typical Uses. Applications of AISI type 302 include food
serving andhandling equipment, food processingmachinery,
dairy equipment, hospital equipment, household appliances
and many types of kitchen ware, exterior architectural trim,
fishing tackle, camera parts, jewelry, aircraft cowling, fur¬
nace parts, steam and oil piping, nitric acid vessels, springs,
screens, and wire rope.

AISI Type 302: Similar Steels (U.S. and/or Foreign). UNS
S30200; AMS 5515, 5516, 5636, 5637, 5688; ASME SA240,
SA479; ASTM A167, A240, A276, A313, A314, A368, A473,
A478, A479, A492, A493, A511, A554, A666; FED QQ-S-763,
QQ-S-766, QQ W-423; MIL SPEC MIL-S-862; SAE J230,
J405 (30302)

Physical Properties

AISI Type 302: Selected Physical Properties

Melting range ...............................1400-1420 °C (2550-2590 «F)

Density ........................................7.86 g/tm1(0.284 lb/in.3)
Specific heat at 0-100 °C (32-212 "Ft...........500 J/kg • K (0.12 Btu/lb-"F)

Magnetic permeahility, when H ia
200 Oe, in the annealed condition 1.02 max

AISI Type 302: Average Coefficients of Linear
Thermal Expansion
Temperature range Coefficient

°C °F fim/m-K pin./in. ÿ

0-100 32-212 17.3 9.6
0-315 32-600 17.8 9.9
0-540 32-1000 18 4 10.2
0-650 32-1200........18.7 10.4

AISI Type 302: Thermal
Treatment Temperatures

Temperature range
Treatment °C "F

Forging,
start .......1150-1260 2100-2300

Forging,
finish ......925 min 1700 min

Annealing

(a)
.........1010-1120 1850-2050

Hardening

(b)
-

(a) Water quenched- (b) Hardenable
by cold work only

AISI Type 302:
Electrical Resistivity
Temperature Electrical
•C *F resistivity, afl m

20 68 72
100 212..........78
200 390 86
400 750 100
600 1110 Ill
800 1470 121
900 1650 126

Machining Data

AISI Type 302: Thermal Conductivity
Temperature
X "F

100
500

212.
930.

Thermal conductivity
W/m K Btu/ft h °F

16.3
21.5

9.4
12.4

For machining data on AISI type 302, refer to the preceding
machining tables for AISI type 201.



J

u. .T ii
Stainless/Heat-SSesisf ing/259

Mechanical Properties
ÿ ? if

AISI Type 302: Stress-Rupture and Creep Properties (Ref 7)

Test r----------— Stress for rupture ill:
temperature 1000 h 10 000 h(a)

°C °F MPa ksi MPa ksi

480 900..................338 49.0 262 38.0
540 1000..................241 35.0 183 26 5
595 1100..................152 22.0 117 17 0
650 1200 97 14.0 69 10.0
705 1300...................59 8.5 41 6.0
760 1400 41 6.0 26 3.7
815 1.500 26 3.7 19 2.7
870 1600 19 2.7
(a) Extrapolated data

100 000 h(a)
MPa ksi

Stress for secoDdary creep rate of(a):
1% in 10 000 h 1% in 100 COO h
MPa ksi MPa ksi

145 21.0 138 20.0 83 12.0
90 13.0 90 13.0 52 7.5
48 7.0 57 8.3 30 4.3
28 4.0 34 5.0 17 2.5
17 2.5 21 3.0 10 1.5
10 1.5 17 2.4 8 1.2

AISI Type 302: Tensile Properties at Room Temperature (Ret 7)_
Tensile Yield

Condition and strength strength(a) Elongationfb), Reduction
product form MPa ksi MPa kei % in area, 51 Hardness

Annealed atrip.............620 90 275 40 55 80 HRB
25% hard strip(c) ..........860 125 515 75 12 — 25 HRC
Annealed bar..............585 85 240 35 60 70 80 HRB
(a) 0.2% offset, (b) In50 mm (2 in.), (c) Minimum properties. Standard practice is to produce to either minimum tensile
strength, minimum yield strength, or minimum hardness, but not to combinations of these properties

AISI Type 302: Tensile Properties at Subzero and Elevated Temperatures (Ref 7)

Test Tenaile Yield
temperature strength strength(a) ElongationCb), Reduction
°C °F MPa ksi MPa ksi % in Hrea, %

-195 - 320 1620 235 385 56 40 59
-60 -80 1110 161 345 50 57 70
-40 -40 1000 145 330 48 60 73

O 32 840 122 275 40 66 75
21 70 85 255 37 57 70

205 400 495 72 160 23 51 73
315 600 68 135 19.5 45 71
425 800 440 64 115 16.5 40 69
540 1000 385 56 97 14 36 66
650 1200 305 44 86 12.5 34 56
760 1400 ..........200 29 76 11 36 46
870 1600 16 ... 40 40

(a) 0,2% offset, (b) In 50 mm (2 in,)

AISI Type 302: Tensile Strength and Modulus of Elasticity
After Cold Work (Ref 3)

AISI Type 302: Modulus of
Elasticity (Re# 7)

Stressed
in:

Modulus
GPa 10s psi

Tension
Torsion.

193. 77.2
28.0
11.2

AIS! Type 302: Impact
Properties (Ref 4)

Cold rolled
to tensile

strength of:
MPa kei

Izod impact
energy

J ft'-lb
703 102.. . . ... 163 120
986 143... .. 110 80

1140 165.. . . ... 68 50
1345 195.... .... 34 25
1550 225 ... ....23 17

AISI Type 302:
Limit {Ref 4)

Endurance

Treatment
Endurance limit

MPa ksi

Pull hard
temper . .. .......485-550 70-80

Tensile
strength

MPa ksi

Modulus of elasticity:
Room temperature -195 °C (-320 °F)

GPa 10s psi GPa ksi

1115 162. .181 26.2 188 27.2

AiSI Type 302.- Effect of Cold Reduction on Tensile
Properties (Ref 8)

Tensile Yield
Cold strength strength(n) Elongation(b),
reduction, % MPa ksi MPa ksi %

0.................640 93 250 36 67.0
10.................807 117 635 92 43.3
20 .................848 123 731 106 31.0
30 .................945 137 827 120 19.5
40 ................1050 152 917 133 14.0
50 ................1165 169 1005 146 10.5
60 ................1250 181 1110 161 7.0
(a) 0.2% offset, (b) In 50 mm {2 in.)

AISI Type 302: Impact Properties of Weld Metal (Ref 3)

Cbarpy keyhole notch impact
Test energy for weld metal condition of:

temperature As welded Annealed
"C T J ft lb J ft- lb

Room temperature ..................43-46 32-34 50-54 37-40
-76 -105.....................35-38 26-28 42-47 31-35
-195 -320.....................12-14 9-10 34-38 25-28
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Mechanical Properties (continued)

A1SI Type 302-. Effect of Cold Reduction on Tensile
Properties. Elongation was measured in 50 mm (2 in.); yield
strength at 0.2% offset. (Ref 7)

Cn looO

4-ÿ

d. w 20 3D 4D 50

Gold reduction, %

Tensile strenqth

150 3

d strength

Reducupr irt area

Elongation

AISI Type 302: Effect of Test Temperature on Tensile
Properties Of Annealed Material. Elongation was measured in
50 mm (2 in.). (Ref 3)

Temperature, "r
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AISI Type 302: Fatigue Strength of Annealed Material.
- specimen unbroken; ----stress raised; O tested at room
temperature; 9 tested at -40 X (-40 °F> (Ref 3)
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AISI Type 302: Effect of Cold Work on Fatigue Strength.
specimen unbroken; ----stress raised; O tested at room

temperature; •tested at -40 °C (-40 'F1 (Ref 3)
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AISI Type 302; Impact Properties, impact tests; — izod;---V-notch; ---keyhole notch (Ref 3)
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AISI Type 302: Tensile and Yield Strengths at Various Test
Temperatures After Cold Work. — tensile strength; —- yield
strength (Ref 3)

Temperature, DF
-3D0 -2QQ -TOO 0

-Cold rolled 40%

: 1750

Half hard

Full hard

Full hardN
raited 40% Kzlt furri

Temperature,

-50 fl

150

50

'

i

Elongation, cole1 rglied40%-

AISI Type 302: Effect of Test Temperature on
Elongation and Reduction in Area of Cold Worked
Material. Elongation was measured in 50 mm (2 in.). (Ref 3)

Elongation, half hord

Temperature.

-2D0 -100 0

Reductionin area,

Sensiiized

Temperature, °C

AISI Type 302: Effect of Sensitization and Carbon
Content on Impact Properties. Test specimens were in the
annealed condition; carbon content of 0.14%; sensitization at
550 °C (1200 °F) for 2 h. Impact energy tests used keyhole notch
specimens. (Ref 3)

Temperature. eF

i
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AISI Type 302B

A1S1 Type 302B: Chemical Composition
Element Composition,

Carbon ............ 0.150 max
Manganese.......,.................*.......................2,0 max
Phosphorus 0.045 max
Sulfur . .........0.030 max
Silicon..................* - ,ÿ ......2-3
Chromium...... 17-19
Nickel ................................8-10

Characteristics. AISI type 302B ia an austenitic, chromi¬
um-nickel steel. The resistance to scaling of this stainless
ateel is superior to that of type 302. AISI type 302B is essen¬
tially nonmagnetic when annealed, and becomes slightly
magnetic when cold worked.

This steel can be deep drawn, stamped, headed, and upset
without difficulty. Because the steel work hardens, severe

forming operations should be followed by an anneal. Type
302B requires rigid machine setups and sharp tools. Better
chip action and finish are obtained with material in a mod¬
erately cold worked condition than inan annealed condition.
This grade is machined at speeds about 40% of those used for
free-machining AISI grade 1212.

Type 302B can be satisfactorily brazed and welded by all
methods. Electrodes recommended for gas or arc welding are
type 308 or 347.

Typical Uses. AISI type 302B is used exclusively for
parts which are exposed to high temperatures.

AISI Type 302B: Similar Steels (U.S. and/or Foreign). UNS
S30215; ASTM A167, A276, A314, A473, A580; SAE J405
(30302B)

Physical Properties

AISI Type 302B: Selected Physical Properties (Ref 6)

Melting range ...............................1370-1400 °C (2500-2550 °F)

Density ..........................................3,0 g/cm3 (0.29 lb/in.3}
Specific heat At O-IOOÿC (32-212 °F)...........500 J/kg-K (0.12 Btu/lb °F)

Electrical resistivity at 20 °C (38 ..............72 nfl-m

AISI Type 302B: Thermal Conductivity (Ref 6)

Temperature
"C "T

Thermal conductivity
W/m ÿ K htu/ft • hÿ "F

100
500

212.
930.

. 15.9
21.6

9.2
12.5

AISI Type 302B-. Average Coefficients of Linear Thermal
Expansion (Ref 6)

Temperature range Coefficient
"C °F (im/m'K pin./in. ÿ

0-100 32-212 16.2 9.0
0-315 32-600 18.0 10.0
0-540 32-1000.............19.4 10.8
0-650 32-1200 20.2 11.2

AISI Type 302B: Thermal Treatment Temperatures
Temperature range

Treatment "C °F

Forging, start 1120-1230 2050-2250
Forging, finish.........925 min 1700 min
Annealing(a) ..................................1010-1120 1850-2050
Hardeningtb) •••
(a) Water quenched, (b) Hardenable by cold work only

Mechanical Properties

AISI Type 3028; Representative Tensile Properties (Ref 6)

Test specimens were in the annealed condition
Teneile Yield

Product strength strength!a) Elongationfb), Reduction Hardness,
form MJ*a kai MPa kai % in area, % HRB

Sheet 95 275 40 55 85
Strip 95 275 40 55 ... 85
Plate 90 275 40 50 65 85
Bar 90 275 40 50 65 85
(a) 0.2% offset, (b) In 50 ram (2 in.)

AISi 302B; Selected Mechanical Properties (Ref 6)

Modulus of elasti.ity, in tension (Ref 6).............195 GPa (28 x 106 psi)
Iiod impact propi rties, in the annealed

condition (Rt . I 95-120 J (70-90 ft ÿ lb)
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Machining Data (Ref 2)

AISI Type 302B: Turning (Single Point and Box Tools)__
I-High speed steel-\ ;—-----— Uncoated carbide-] j-Coated carbide I

Depth of cut Speed Feed Speed, bra2ed Speed, inserted Feed Speed Feed
mm in. m min ft/min mm/rev in./rev m/min ft/min m/min ft/min mm/rev in./rev m/min ft/min mm/rev in./rev

Annealed, with hardness of 135 to 185 HB
1 0.040 29(a) 95(a) 0.18 0007 100(b) 325(b) 115(b) 375a) 0.18 0.007 150(c) 500(c) 0.18 0.007
4 0.150 , 23(a) 75(a) 0.40 0.015 90(b) 300(b) 100(b) 325(b) 0.40 0.015 130(c) 425(c) 0.40 0.015
8 0.300 ...18(a) 60(a) 0.50 0.020 69(d) 250(d) 76(d) 250(d) " 0.50 0.020 100(e) 325(c) 0.50 0.020

16 0.625 ..14(a) 45(a) 0.75 0.030 53(d) 200(d) 60(d) 200(d) 0.75 0.C30 ... ...
Cold drawn, with hardness of 225 to 276 HB
1 0.040 .. ...24(f) 80(f) 0.18 0.007 90(b) 300(b) 100(h) 325a) 0.18 0.007 130(c) 425(c) 0.18 0.007
4 0.150 ... ..20(f) 65(f) 0.40 0.015 76(b) 250(b) 84(b) 275a) 0.40 0.015 105(c) 360(c) 0.40 0.015
8 0.300 ..15(f) 50(f) 0.50 0.020 58(d) 190(d) 66(d) 215(d) 0.50 0.020 84(e) 275(e) 0.50 0.020

16 0.625 .. ..12(f) 40(f) 0.75 0.030 43(d) 140(d) 50(d) 165(d) 0.75 0.030 ... ... ... ...
(a) Highspeed steel tool material: M2or M3. (b) Carbide tool material: C-3. (c) Carbide tool material:CC-3. (d) Carbide tool material:C-2. (e) Any premiumhigh
speed steel tool material (T15, M33, M41to M47)

AISI Type 302B: Turning (Cutoff and Form Tools)

I-Feed per revolution-1
for cutoff tool width of:

Speed, 1.5 mm 3 mm 6 mm
m/min (0.062 in.) (0.125 in.) (0.25 in.)

Tool material (ft/min) mm (in.) mm (in.) mm (in.)

Annealed, with hardness of 135 to 185 HB
M2 and M3 high speed steel.....23 0.038 0.046 0.053

(75) (0.0015) (0.0018) (0.0021)
C-2 carbide....................76 0.038 0.046 0.053

(250) (0.0015) (0.0018) (0.0021)

Cold drawn, with hardness of 225 to 275 HB
M2 and M3 high speed steel.....17 0.025 0.038 0.050

(55) (0.001) (0.0015) (0.0020)
C-2 carbide.....................53 0.025 (J.038 0.050

(175) (0.001) (0.0015) (0.0020)

I

12 nun
(0.5 in.)
mm (in.)

-Feed per revolution for —-—------—ÿ

form tool width of:
18 mm 25 mm 35 mm 50 mm

(0.75 in.) (1 in.) (1.5 in.) (2 in.)

mm (in.) mm (in.) tnm (in.) mm (in.)

0.050
(0.002)

0.050
(0.002)

0,050
(0.002)
0.050
(0.002)

0.046
(0.0018)
0.046

(0.0018)

0.046
(0.0018)
0.046

(0.0018)

0.038
(0.0015)
0.038

(00015)

0.038
(0.0015)

0.038
(0.0015)

0.033
(0.1)1)13)
O.C33

(0.0013)

0.030
(0.0312)

0.030
(0.0012)

0.028
(0.0011)
0.028

(0.0011)

0.025
(0.001)
(0.001)
(0.001)

AISI Type 302B. Face Milling ___

_____
._

I-High speedateel(a)-1 j-Uncoated C-2 carbide-1 j-Canted CC-Z carbide I
Depth of cut Speed Feed/tooth Speed, brazed Speed, inserted Feed/tooth Speed Feed/tooth
mm in. m/min ft/min mm in. m/min Ft/min m/min ft/min mm in. m/tnizi ft/min mm in-

Annealed, with hardness of 135 to 185 HB
1 0.040........35 115 0,20 0.008 120 400 135 440 0.20 0.008 200 G50 0.20 0.008
4 0.150........27 90 0.30 0.012 90 3D0 100 330 0.30 0 012 130 425 0.30 D.012
8 0.300........21 70 0.40 0.016 60 200 76 250 0.40 0.016 100 326 0.40 0.016

Cold drawn, with hardness of 225 to 275 HB
1 0.040........30 100 0.15 0.006 88 290 105 350 0.15 0.007 160 525 0.15 0.007
4 0.150........23 75 0.25 0.010 75 245 90 300 0.25 0.010 120 400 0.25 0.010
8 0.300........17 55 0.36 0.014 58 190 72 235 0.36 0.014 90 300 0.36 0.014
(a) High speed steel tool material: for hardness of 135 to 185 HB,M2 or M7; for hardness of 225 to 275 HB, use anv premium high speed steel (T15, M33, M41
to M47)

AISI Type 302B: Boring
r—'—— High speed steel-1 |-Uncoated carbide —-------—| |-Coated carbide.— I

Depth of cut Speed Feed Speed, brazed Speed, inserted Feed Speed Feed
mm in. m/min ft/min mm/rev in./rev m/min ft/min m/min ft/min mm/rev in./rev m/min ft/min am/rev in./rev

Annealed, with hardness of 135 to 185 HB
0.25 0.01 .....29(a) 95(a) 0.075 0.003 84(b) 275(b) 100(b) 325(b) 0.075 0.003 135(c) 1.7/c) 3.075 0.003
1.25 0.05 .....23(a) 75(a) 0.13 0.005 69(d) 225(d) 79(d) 260(d) 0.13 0.005 105(e) 3(K/eJ 0.13 0.005
2.50 0.10 .....18(a) 60(a) 0.30 0.012 58(d) 190(d) 69(d) 225(d) 0.30 0.012 90(e) 3We> 0.30 0.012

Cold drawn, with hardness of 225 to 275 HB
0.25 0.01

_____
24(f) 80(f) 0.075 0.003 75(b) 245(b) 85(b) 280(bt 0.075 0.003 115(c) 37-Vcl 0,075 0.003

125 0.05 .....20(f) 65(f) 0.13 0.005 58(d) 190(d) 69(d) 225(d) 0.13 0.005 90(e) W«1 0-13 0.005
2.50 0.10 .....15(f) 50(f) 0.30 0.012 53(d) 175(d) 60(d) 200(d) 0.30 0.012 76(e) 2S0teJ 0.30 0.012
(a) Highspeedsteeltoo! material:M2of MS. (b) Carbide tool material:C-3. (:)Carbide tool material:CC-3. (d) Carbide toolmaterial:C-2. 'c>Carbidetool material:
CC-2. (f) Any premium high speed ateel tool material (T15, M33, M41to M47)
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Machining Data (Ref 2) (continued)

AIS1 Type 302B: End Milling (Profiling)
- Feed per tooth for cutter diameter of: ÿ

12 mm (0.5 in.) 18 mm (0.75 in.)
mm in. mm in,Tool material

Depth of cut
mm in,

Speed
m/min ft/min

10 mm (0.375 in.)

mm in.
25-50 mm (1-2 in.)

mm in.

Annealed, with hardness of 135 to 185 FTR
M2, M3, and M7 high

0.5 0.020 30 100 0.025 0.001 0.050 0.002 0.102 0.004 0.13 0.0050
1.5 0.060 23 75 0.050 0.002 0.075 0.003 0.130 0.005 0.15 0.0060

diam/4 diam/4 20 65 0.025 0.001 0.050 0.002 0.102 0.004 0.13 G.0050
diam/2 diam/2 17 55 0.025 0.001 0.025 0.001 0.075 0.003 0.102 0.0040

05 0.020 105 340 0.013 0.0005 0.025 0.001 0.050 0.002 0.102 0.0040
1.5 0.060 79 260 0.025 0.001 0.050 0.002 0.075 0.003 0.13 0.0050

diam/4 diam/4 69 225 0.025 0.001 O.038 0.0015 0.063 0.0025 0.102 0.0040
diam/2 diam/2 64 210 0.013 G.00U5 0.025 0.001 0.050 0.002 0.075 0.0030

Cold drawn, with hardness of 225 to 275 IIB
M2, M3t and M7 high

speed steel 0.5
1.5

diam/4
diam/2

C-2 carbide 0.5
1.5

diam/4
diam/2

0.020
0.060

diam/4
diam/2
0.020
0.060

diam/4
diam/2

27 90 0.025 0.001 C.0H0 0.002 0.102 0.004 0.13 0.0050
20 65 0.050 0.002 0.075 0.003 0.13 0.005 0.15 0.0060
17 55 0.025 0.001 0.050 0.002 0.102 0.004 0.13 0.0050
15 50 0.025 0.001 0.025 0.001 0.075 0.003 0.102 0.0040
90 300 0 013 0.0005 0.025 0.001 0.050 0.002 0.075 0.0030
70 230 0.025 0.001 0.050 0.002 0.075 0.003 0.102 0.0040
60 200 0.025 0.001 0.038 0.0015 0.063 0.0025 0.075 0.0030
55 180 0013 0.0005 0.025 0.001 0.050 0.002 0.063 0.0025

AtSI Type 302B: Drilling

Tool material

ÿ Feed per revolution for nominalhole diameter of: —-—--------—[
Speed, 1.5 mm 3 mm g mm 12 mm 18 mm 25 mm 35 mm 50 mm
m/min (0.062 in.) (0.125 in.) (0125 in.) (0.5 in.) (0.75 in.) (1 in.) (1.5 in.) (2 in.)

dft/min) mm (in.) mm (in.) mm (in.) mm (in.) mm (in.) mm (in.) mm (in.) mm (in.)

Annealed, with hardness nf l35 to 185 HB
M10, M7 and

Ml high speed steel........ 17 0.025
A-:: (55) (0.001)

Cold drawn, with hardness of 225 to 275 HB
M10, M7 and

Ml high speed steel...........15 0.025
(50) (0.001)

0.05
(0.002)

0.05
(0.002)

0.102
(0.004)

0.102
(0.0041

0.18
(0.007)

0.18
(0.007)

0.25
(0.010)

0.25
(0.010)

0.30
(0.012)

0.30
(0.012)

0.40
(0.015)

0.40
(0.015)

0.45
(0.018)

0.45
(0.018)

AISI Type 302B: Cylindrical and Internal Grinding
Test specimens were annealed or cold drawn, with hardness or 135 to 275 H8

Wheel speed Work speed
Operation ra/s ft/min m/min ft/min

Cylindrical grinding
Roughing........................28-33 5500-6500 15-30 50-100
Finishing........................28-33 5500-6500 15-30 50-100

Internal grinding
Roughing........................25-33 5000-6500 23-60 75-200
Finishing........................25-33 5000-6500 23-60 75-200
(a) Wheel width per revolution of work

fnfeed on diameter
mm/pass in./pase Traverse(a)

Wheel
identification

0.050
0.013 max

0.013
0.005 max

0.002
0.0005 max

0.0005
0.0002 max

Mi
Vis

V3
Ve

(J54.IV

C54JV

C60KV
C60KV

AtSI Type 302B.- Planing
Depth of cut Speed Feed/stroke Depth of cut Speed Feeil/stroke

Tool material mm in. m/min ft/min mm in. Tool material mm in. m/mln ft/min mm in.

Annealed, with hardness of 135 to 185 HB Cold drawn, with hardness of 22!5 to 275 HB
M2 and M3 high M2 and M3 high

speed steel ...... 0.1 0,005 8 25 (a) (a) apeed steel ...... 0.1 0.005 6 20 (a) (a)
2.5 0.100 11 35 1.25 0.050 2.5 0.100 9 36 0.75 0.030

C-2 carbide
12 0.500 8 25 1.50 0.060 12 0.500 6 20 1.15 0.045
0.1 0.005 38 125 (a) (a) C-2 carbide . 0.1 0.005 34 110 (a) (a)
2.5 0.100 43 140 1.50 0.060 2.5 0.100 37 120 1.50 0.060

(a) Feed is 75% the width of the square nose finishing tool
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AISI Type 3G2B: Reaming
Based on 4 flutes lor 3- and 6-mm <0.125- and 0.25-in.) reamers, 6 flutes far 12-mm (0.5-in.) reamers, and a flutes for 25-mmU-in.hnd larger reamers

I-Feed per revolution for reamer diameter c>f: —----——--
Tool Speed 3 mm (0.125 in.) 6 mm (0.25 in.) 12 mm (0.5 in.) 25 mm (1 in.) 35 mm (1J in.) 50 nun (2 in.)
materia] m/min ft/min nun in. mm in. mm in. mm in. mm in. mm in.

Roughing
Ml, M2, and

Ml high speed
steel 21

C-2 carbide _ 26
Finishing
Ml, M2, and

M7 high speed
steel 11

C-2 carbide 15

Roughing
Ml, M2, and

M7 high speed
Steel..........18

C-2 carbide 23

Finishing
Ml, M2, and

M7 high speed
steel 11

C-Z carbide 15

Annealed, with hardness of 135 to 185 HB

70
85

35
50

60
75

35
50

0.075
0.102

0.075
0.075

0.075
0.102

0.075
0.075

0.003
0.004

0.003
0.003

0.13
0.20

0.075
0.102

0.005
0.008

0.003
0.004

0.20
0.30

0.102
0.15

0.008
0.012

0.004
0.006

0.25
0.40

0.15
0.20

Cold drawn, with hardness of 225 to 275 HB

0.003
0.004

0.003
0.003

0.13
0.20

0.076
0.102

0.005
0.008

0.003
0.004

0.20
0.30

0.J02
0.15

0.008
0.012

0.004
0.006

0.25
0.40

0.15
0.20

0.010
0.016

0.006
0.008

0.010
0.016

0.006
0.008

0.30
0.50

0.18
0.23

0.30
0.50

0.18
0.23

0.012
0.020

0007
0.009

0.012
0.020

0.007
0.009

0.40
O.60

0.20
0.25

0.40
0.60

0.20
0.25

0.015
0.024

0.008
0,010

0.015
0.024

0.008
0.010

AISI TypB 302B: Surface Grinding with a Horizontal Spindle and Reciprocating Table
Test specimens were annealed or cold drawn, with hardness of 135 to 275 HB

Operation
Wheel speed

m/s ft/min
Table speed

m/min ft/min
Downfeed

mm/pass in./pass
Crossfeed

mm/pass in. pass
Wheel

identification

Roughing...................23-33 5500-6500 15-30 50-100 0.050 0.002 1.25-12.5 0.050-0.500 C46JV
Finishing...................28-33 5500-6500 15-30 50-100 0.013 mar 0.0005 max (a) (a) C46JV
(a) Maximum V4 of wheel width

A1S8 Types 303, 303$e

AISI Types 303, 303Se: Chemical Composition
Composition, 61

Element Type 303 Type 303Se

Carbon . 0.15 0.15
Manganese 2.00 ' 2.00
Phosphorus 0.20 0.20
Sulfur 0,15 0.00
Silicon 1.00 1.00
Chromium 17-19 17-19
Nickel 8-10 8-10
Molybdenum(a) 0.60
Selenium --- 0.15
(a) Optioua]

Characteristics. AISI types 303 and 303Se are austen-
itic, chromium-nickel steels with elements added to improve
machining and nonseizing characteristics. These grades are
the most readily machinable of all the chromium-nickel
grades and are suitable for use inautomatic screw machines.
Bothtypes are also widely usedto minimize seizingor galling.

Iftypes 303 or 303Se are exposed inthe temperature range
425 to 815 °G (800 to 1500 °F) during fabrication or use, a

corrective treatment, consisting ofheatingto at least 1040 °C
(1900 UF) andwater quenching,shouldbeused. The safe scaling
temperature for continuous exposure is 900 "C (1650 °F), and
for intermittent exposure, about 815 °C (1500 °F).

Type 303 stainless steel will withstand only moderate cold
working;itisnotadaptable to severe cold-finishingoperations.
However, type 303Se is preferred where free-machining
grades are required for parts that involve some cold forming
operations. Welding of either grade is not recommended be¬
cause of the-highsulfur or selenium content.

Inmachining, these grades require a rigid machine setup
and positive cutting action to prevent work hardening of the
surface. They machine up to about 80% as well asAISI grade
1212screw stock.

The corrosion resistance of these grades has been sacrificed
somewhat in order to obtain ease of machining. Although
satisfactory for many of the milder corrodants, atmospheric
service, most foodstuffs, and most organic chemicals, types
303 and 303Se are inferior to their non-free-machining coun¬
terparts inresistingsevere corrodants such as reducingacids
and chlorides. Finished machined parts should be passi-
vated for optimum corrosion resistance. The correct proce¬
dures must be followed when passivationisspecified.
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Typical Uses. Applications of AISI types 303 and 303Se
includescrew machineproducts,bar and fountain accessories,
machined shafts, fishline guides, homogenizers, and valves
and accessories for chemical handlingequipment.

AISI Type 303; Similar Steels (U.S. and/or Foreign). UNS
S30300; AMS 5640 (1); ASME SA194, SA320; ASTM A194,
A314, A320, A473, A581, A582; MILSPEC M1L-S-862; SAE

J405 (30303); (W. Ger.) DIN 1.4305; (Pr.) AFNOR Z 10 CNF
18.09; (Ital.) UNIX 10 CrNiS 18 09; (Jap.) SUS 303; (Swed.)
SS14 2346; (U.K.) B.S. 303 S 21

AISI Type 303Se; Similar Steels (U.S. and/or Foreign). UNS
S30323;AMS 5640 (type 2), 5641,5738;ASME SA194.SA320;
ASTM A194,A194 (8 F),A314,A320,A473,A581,A582;MIL
SPEC MIL-S-862;SAE J405 (30303Se)

Physical Properties

AISI Types 303, 303Se: Selected Physical Properties (Ret 6)

Melting range 1400-1420 °C (2550-2590 "F)

Density 8.0 g/cm3 (0,29 Ib/in.3)
Specific heat at 0-100 °C (22-212 °F)...........500 J/kg-K (0.12 Btu/lb-T,
Electrical resistivity at 20 =C (6B °F) 72 nfi-m
Magnetic permeability, when His 200 Oe. in

the annealed condition ........1.02 mat

AISI Types 303, 303Se: Average Coefficients of Linear
Thermal Expansion (Ref 6)

Temperature range Coefficient
°C °F pm/m-K pin./in.-"F

0-100 32-212 ...........17.3 9.6
0-315 32-800 17.8 9.9
0-540 32-1000 18.4 10,2

0-650 32-1200 18.7 10.4

AISI Types 303, 303Se: Thermal Treatment Temperatures
Temperature range

Treatment "C °F

Forging, start.....1150-1290 210G-2350
Forging, finish..................................925 min 1700 min
Annealing(a).......................ÿ............1065 1950
Full annealingfb) 1010-1120 1850-2050
(a) Water quench for maximumresistance to corrosion, (b) Cool rapidly to room
temperature

AISI Types 303, 303Se; Thermal Conductivity (Ref 6)

Temperature
range

°C "F
Thermal conductivity
W/m-K Btu/ft ÿ h• °F

100
500

212.
930.

, 16.3
21.5

9.4
12.4

Mechanical Properties

AISI Types 303, 303Se: Tensile Properties at Elevated Temperature (Ref 9)

Test specimens were annealed and tested in short-time tensile tests

Test Tensile Yield
temperature strength strength(a) ElongationCb), Reduction Stress(c)
°C °F MPa ksi MPs ksi % in area, % MPa ksi

21 70.............620 90 240 35 50 55
425 800.............420 61 240 35 35 51
540 1000.............380 55 235 34 34 55 115 17
650 1200.............310 45 205 30 30 54 50 7
760 1400.............205 30 145 21 31 45 5 2
870 1600.............140 20 70 10 34 43
(a) 0.2% offset, (b) In 50 mm (2 in.), (c) For 1% creep in 10000 h

AISI Types 303, 303Se: Tensile Properties at Room Temperature (Ref 7)
Test specimens wtre bar

Tensile Yield
strength strength(a) Elongationfb), Reduction Hardness,

Condition MPa ksi MPa ksi % in area, % HB

Anncalpd 620 90 240 35 50 55 160
Cold drawn 690 100 415 60 40 53 228
(a) 0.2% oSaet. (b) In 5C ram (2 in.)

AISI Types 303, 303Se:
Modulus of Elasticity (Ref 7)

Stressed Modulus
in; GPa 10° psi

Tension..........193 28.0
Torsion 77.2 11.2

AISI Type 303: Endurance
Limit (Ref 4)

Endurance limit
Condition MPa ksi

25% hard 330 ST"
Annealed............240 35
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Mechanical Properties (continued)

AISI Type 303: Effect of Test Temperature on Tensile
Properties of Cold Worked Material. Test specimens were
reduced by cold drawing 10%. Elongation was measured In 50 mm
(2 in.}. (Ref 3)

.400
iTMrr

Temperature, F

Tensile strength
i l

Yield strength

Reduction in gjea

I_J_J

Elongation

-15D -lOO -50
Terrperolure, °C

AISI Type 303: Izod Impact Properties. Test specimens were
in the annealed condition. {Hal 3)

Temperature, F

-230 -100 0

! 6
T50 £

-100 -50 0
Temperature.ÿ

AISI Type 303: Effect of Test Temperature on Tensile
Properties of Annealed Material. Eiongatmwas measured in
50 mm (2 in.). (Ref 3}

Temperature.
3 F

1500

200
70

-ion -50

Temperature, 'C

r I " T 1

k"
ensile strength

lN
v,

— ..
-

V
i

I \' !
i
ÿ K

Y»eld x rength.
,s

-

i
"

"I--Reduction id areav

>
in

:
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Mechanical Properties (continued)

Hardness

"Tensile
5Uenqth

Yield strengm

v~
I I

Reduction Inarea

tJangaticm

AISI Types 303, 303Se: Effect of Cold
Reduction on Tensile Properties.— as cold
drawn; ----as cold drawn and stress relieved (or

4 It at 400 "C (750 °F). Elongation was measured in
4 x diam o( test specimen; yield strength at 0.2%.
(Ret 7}

•J7

2D AO

Reduction area, %

Machining Data (Ref 2)

AISI Types 303, 303Se: Face Milling
M2 and M7 high speed steel

Depth of cut Speed Feed/tooth
mm in. m/min ft/min mm in.

I-Uncoatcd C-2 carbide-1
Speed, brazed Speed, inserted Feed/tooth
m/min ft/min m/min ft/nun mm in.

- Coated CC-2 carbide -
Speed

a/mm ft/min
Feed/tooth
mm in-

Annealed, with hardness of 135 to 185 HB
1 0.040 ... 0.008 150 500 170 550 0.20 0.008 250 825 0.20 0.008

4 0.150........40 130 0 30 0.012 115 375 125 415 0.30 0.012 170 550 0.30 0.012
8 0.300 ........30 100 0 40 0.016 81 265 100 325 0.40 0.016 130 426 0.40 0.016

Cold drawn, with hardness of 225 to 275 HB
1 0 040 . .....46 150 0.15 0.006 130 430 145 475 0.18 0007 215 700 0.18 0.007
4 0.150 ...

_____
37 120 0.25 0.010 100 325 110 360 0.25 0.010 145 475 0.25 0.010

8 0.300 27 90 0.36 0.014 70 230 85 280 0.36 0.014 115 375 036 0.014

AISI Types 303, 303Se: Planing
Depth of cut Speed Feed/stroke Depth of cut Speed Feed/stroke

Tool material mm in. m/min ft/min mm u>. Tool material mm in. m/min ft/min mm in.

Annealed, with hardness of 135 to 185 HB Cold drawn, with hardness of 225 to 275 HB
M2 and M3 high M2 and M3 high

speed steel . . 0.1 0.005 11 35 (a) (a! speed steel .. 0.1 0.005 9 30 (a) (a)

2.5 0.100 14 45 1.25 0.050 2.5 0.100 12 40 .75 0.030
12 0.500 9 30 1.50 0.060 12 0.500 8 25 1.15 0.045

C-2 carbide . . 0.1 0.005 46 150 (a) (a) C-2 carbide . 0.1 0.005 38 125 (a) (a)

2.5 0.100 49 160 2.05 G.080 2.5 0.100 43 140 1.50 0.060
(a) Feed is 75% the width oF the square nose finishing tool
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Machining Data (Ref 2} (continued)

AISI Types 303, 303Se: Turning (Single Point and Box Tools)___

_____
_____

I---- High speed stcel(a)-] j—~---Uncoated C-2 carbide tools-' 1 I Coated CC-2 carbide-\
Depth of cut Speed Feed Speed, braced Speed, inserted Feed Speed Feed
mm in. m/min ft/min mm/rev in./rev m/min ft/min m/min ft/min mm/rev in./rev m/min ft/min mm/rev in./rev

Annealed, with hardness of 135 to 165 HB
1 0.040 40 130 0.18 0.007 150 500 170 550 0.18 0.0(17 215 700 0.18 0.007
4 0.150 32 105 0.40 0.015 130 425 145 475 0.40 0,015 185 600 0.40 0.015
8 0.300 24 80 0.50 0020 100 325 115 370 0.75 0.030 145 475 0.50 0.020

16 0.625. 20 65 0.75 0.030 176 250 85 280 1.00 0.040 ... ...
Cold drawn, with hardness of 225 to 275 HB
1 0.040 37 120 0.18 0.007 120 400 145 475 0.18 0.00" 185 600 0.18 0.007
4 0.150 .....30 100 U.40 0.015 110 365 125 410 0.40 0.015 160 525 0.40 0.015

) 8 0.300 24 80 0.50 0.020 84 275 100 320 0.75 0.030 90 300 0.50 0.020
16 0.625 18 60 0.75 0.030 69 225 73 240 1.00 0.040 ...

i (a) High speed steel tool material: for hardness of 135 to 185 HB, use M2 or M3; for hardness of 225 to 275 HB, rist- any premium high speed steel (TI5, M33,
Milto M47)

AISI Types 303, 303Se: Turning [Cutoff and Form Tools)

f~--Feed per revolution for-1
cutoff tool width of;

1.5 mm 3 mm 6 nun
Speed, (0.062 in.) (0.125 in.) (0.25 in.)

Tool material m/min mm (in.) mm(in.) mm (in.)

Annealed, with hardness of 135 to 185 HB
M2 and M3 high

speed steel ...................30 0.038 0.050 0.061
(100) (0.0015) (0.002) (0.0024)

C-6 carbide....................100 0.038 0.050 0.061
(325) (0.0015) (0.002) (0.0024)

Cold drawn, with hardness of 225 to 275 HB
M2 and M3 high

speed steel ...................43 0.050 0.063 0.075
(140) (0.0021 (0.0025) (0.003)

C-6 carbide....................215 0.050 0.063 0.075
(375) (0.002) (0.0025) (0.003)

r -Feed per revolution for-]
form tool width of:

12 mm 18 mm 25 mm 35 mm 50 mm
(0.5 in.) (0.75 in.) U in.) (1.5 in.) (2 in.)
mm (in.) mm (in.) mm (in.) mm (in.) mm (in.)

0.063
(0.0025)

0.063
(0.0025)

0.063
(0.0025)

0.063
(0.0025)

0.050
(0.0021

0.050
(0.002)

0.056
(0.00221

0.056
(0.0022:

0.046
(0.0018)

0.046
(0.0018)

0.050
(0.002)

0.050
(0.002)

0.038
(0.0015)

0.03R
(0.0015)

0.046
(O.OOIS)

0.046
(0.0018)

0.025
(0.001)
0.025

(0.001)

0.038
(0.0015)

0.038
(0.0015)

AISI Types 303, 303Se: Boring
r—~—~ High speed steelfa) ——-—i ]———---Uncoated C-2 carbide--—--~—) Coated CC-2 carbide |

Depth of cut Speed Feed Speed, braced Speed, inserted Feed Speed Feed
mm in. m/min ft/min mm/rev in./rev m/min ft/min m/min ft/min nun/rev in./rev ra/rnin ft/min mm/rev in./rev

Annealed, with hardness of 135 to 185 HB
0.25 0.010

_____
41 135 Q.G75 0.003 120 400 145 475 0.075 0.003 185 600 0.075 0.003

1.25 0.050.....32 105 0.13 0.005 100 325 115 375 0.13 O.OOh 150 490 0.13 0.005
2.5 0.100.....26 85 0.30 0.012 84 275 100 335 0.30 0.012 130 425 0.30 0.012

Cold drawn, with hardness of 225 to 275 HB
0.25 0.010.....37 120 0.075 0.003 115 375 130 425 0.075 0,003 160 525 0.075 0.003
1.25 0.050.....29 95 0.13 0.005 84 275 100 335 0.13 0.005 130 420 0.13 0.005
2.5 0.100.....24 80 0.30 0.012 76 250 87 285 0.30 0.012 115 370 0.30 0.012
(a) High speed steel tool material: for hardness of 135 to 185 HB,M2 or M3 high speed steel; for hardness of 225 to 275 HB, use any premium high speed steel
(TI5, M33, M41 to M47)

AISI Types 303, 303Se: Drilling

Tool material

Speed,
m/min
(ft/min)

r—----
1.5 mm

(0.062 in.)

mm (in.)

3 mm
(0.125 in.)
ram (in.)

" Feed per revolution for nominal holi1diameter of;

6 mm 12 mm 18 mm 25 ram
(0.25 in.) (0.5 in.) (0.75 in.) <1 in.)

mm (in.) mm (in.) mm (in.) 131111

35
(1.5 in.)
mm (in.)

-1
50 mm
(2 in.)

mm (in.)

• Annealed, with hardness of 135 to 185 HB
j M10, M7 and

Ml high speed steel 37 0.025
(120) (0.001)

Cold drawn, with hardness of 225 to 275 HB
j M10, M7 and

' Ml high speed steel .... .. 30
(100)

0.025
(0.001)

0.075
(0.003)

0.075
(0.003)

0.15
(0.006)

0.16
(0.006)

0.25
(0.010)

0.25
(0.010)

0.36
(0.014)

0.36
(0.014)

0.45
(0.017)

0.45
(0.017)

0.55
(0.021)

0.55
(0.O21)

0.65
(0,025)

0.65
(0.025)
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Machining Data (Ref 2) (continued)

AISi Types 303, 303Se: Reaming (Ref 2)

Based on 4 flutes for 3- and 6-mm (0.125- and 0.25-in.) reamers, S flutes for 12-mm (0.5-in.) reamers, and 8 flutes for 25-mm (1-in.) and larger reamers

Tool material

- Feedper revolution for reamer diameter of: ÿ

Speed 3 mm (0.125 in.) S mm (0.25 in.) 12 mm (0,5 in.) 25 mm (1in.) 35 mm (1.5 in.)

m/mih ft/min mm in. mm in. mm in. mm in. mm in.
50 mm (2 in.)

mm in.

Annealed, with hardness of 135 to 185 HB
Roughing
M1.M2, and

M7 high speed
steel 27

C-2 carbide...34

Finishing

Ml,M2, and
M7 high Bpeed
steel 15

C-2 carbide 20

Roughing
Ml, M2, and

M7 high speed
steel 26

C-2 carbide 30

Finishing
Ml,M2. and

M7 high speed
steel 12

C-2.carbide 18

90
110

50
65

85
100

40
60

0.075
0.102

0.075
0.102

0.003
0.004

0.003
0.004

0.16
0.20

0.102
0.16

0006
0.008

0004
0 006

0.23
0.30

0.15
0.20

0.009
0.012

0.006
0.008

028
0.40

0.20
0.25

Cold drawn, with hardness of 225 to 275 HE

0.075
0.102

0.075
0.102

0.003
0.004

0.003
0.004

0.15
0.20

0.102
0.15

0.006
0.008

0.004
0.006

0.23
0.30

0.15
0.20

0.009
0.012

0.006
0.008

0.28
0.40

0.20
0.25

0.011
0.016

0.0O8
0.010

0.011
0.016

0.008
0.010

0.40
0.50

0.23
0.28

0.40
0.60

0.23
0.28

0.015
0.020

0.009
0.011

0.015
0.020

0009
0 011

0.45 0.018
0.60 0.024

0.25 0010
0.30 0.012

0.46 0.018
0.60 0.024

0.25 0.010
0.30 0.012

AISI Types 303, 303Se: End Milling (Profiling)

Tool material

1-Feed per tooth for cutter diameter of:
Depth of cut Speed 10 mm (0.375 in.) 12 mm (0.5 in.) 18 mm (0.75 in.)
mm in. m/rain ft/min mm in. mm in. mm in.

25-50 mm (1-2 in.)
mm in.

Annealed, with hardness of 136 to 185 HB
M2. M3, and M7 high

0 5 0.020 53 175 0.025 0.001 0.050 0.002 0.102 0.004 0.13 0.005
1.5 0.060 41 135 0.050 0.002 0.075 0.003 0.13 0.005 0.15 0.006

diam/4 djam/4 37 120 0.025 0.001 0.050 0.002 0.102 0.004 0.13 0.005
diam/2 diam/2 30 100 0.025 0.001 0.038 0.0015 0.075 0.003 0.102 0.004

,0 5 0.020 140 455 0.025 0.001 0.038 0.0015 0.102 0.004 0.13 0.005
1.5 0.060 105 350 0.038 0.0015 0.050 0.002 0.13 0.005 0.15 0.006

diam/4 diam/4 90 295 0.038 0.0015 0.050 0.002 0.102 0.004 0.13 0.005
diam/2 Hiam/? 84 275 0 025 0.001 0.038 0.0015 0.075 0.003 0.102 0.004

Cold drawn, with hardness of 225 to 275 HB
M2, M3, and M7 high

speed steel 0.5 0.020 44 145 0.025 0.001 0.050 0.002 0.102 0.004 0.13 0.005
1.5 0.060 34 110 0.060 0.002 0.076 0.003 0.13 0.005 0.15 0.006

diam/4 diam/4 29 95 0.025 0.001 0.050 0.002 0.102 0.004 0.13 0.005
diam/2 diam/2 26 85 0.025 0.001 0.025 0.001 0.075 0.003 0.102 0.004

C-2 carbide. 0.5 0.020 130 420 0025 0.001 0.038 0.0015 0.102 0.004 0.13 0.005
1.5 0.060 100 326 0038 0.0015 0.050 0.002 0.13 0.005 0.15 0.006

diam/4 diam/4 85 280 0,038 0.0015 0.050 0.002 0.102 0.004 0.13 0.005
diam/2 diam/2 79 260 0.025 0.001 0.038 0.0015 0.13 0.003 0.102 0.004

AISI Types 303, 303Se: Cylindrical and Internal Grinding
last specimens were annealed or cold drawn, with hardness of 135 to 275 HB

Wheel speed Work speed lnfeed on diameter Wheel
Operation m/s ft/min m/min ft/min mm/pass in./pass Traverse(a) identification

Cylindrical grinding
Roughing........................28-33 5500-6500 15-30 50-100 0.050 0.002 Vi C54JV
Finishing....................... .28-33 5500-6500 15-30 50-100 0.013 me* 0 0005 max it C54JV

Internalgrinding
Roughing........................25-33 5000-6500 23-60 75-200 0.013 0.0005 <4 C60KV
Finishing........................25-33 5000-6500 23-60 75-200 0.005 max 0.0002 max Vt C60KV
(aj Wheel width per revolution of work
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Machining Data (Ref 2) (continued)

AISi Types 303, 303Se: Surface Grinding with a Horizontal Spindle and Reciprocating Table
Test specimens were annealed or cold drawn, with hardness of 135 to 275 HB

Wheel speed Table speed Dawnfeed Crossfeed Wheel
Operation m,'s ft/min m/min ft/min mm/pass in./pass mm/pass In./pus identification

Roughing...................28-33 5500-6500 15-30 50-100 0.050 0.002 1.25-12.5 0.050 5 500 C46JV
Finishing...................28-33 5500-6500 15-30 50-100 0.013 max 0.0005 max (a) (a) C46JV
(a) Maximum V, of wheel width

AISI Type 303MA

AISI Type 303MA: Chemical Composition
Element Composition, %

Carbon 0.15
Manganese 2.0
Phosphorus 0.04
Sulfur 0.11-0.16
Silicon 1.0
Chromium 17-19
Nickel . 8-10
Molybdenum..........0.40-0.60
Aluminum 0.60-1.00

Characteristics. AISI type 303MA (U.S. Patent No.
2 900 250) is a free-machining, chromium-nickel steel which
offers several advantages over AISI type 303 and 303Se
steels. Type 303MA stainless steel machines fasLer with bet¬
ter tool life and improved finish. A lower sulfur content and
the addition of aluminum overcome many problems of corro¬
sion resistance and longitudinal splitting normally associ¬
ated with free-machining steels. This alloy is better than
types 303 and 303Se in food handling, soft-drink dispensing,
and chemical industry applications which require added cor¬
rosion resistance.

AISI grade 303MA has good deformingproperties for ap¬
plications such as swaging, staking, extruding, and thread
rolling. This steel is not recommended for severe deep draw¬
ing or severe cold heading operations.

Maximum temperature for resistance to scaling of type
303MA is about 900 °C (1650 °P) in continuous service, and
815 °C (1500 CF) in intermittent service. Type 303MA can be
welded using all the common welding processes. Type 308
welding wire is recommended as filler metal.

Because type 303MA work hardens rapidly, rigid machine
setups andpositive cutting action are neededto avoid harden¬
ing of the surface. Machinability is about 85% of that for
AISI 1212.

This alloy is satisfactory for atmospheric service, food¬
stuffs, and most organic chemicals. Service trials are recom¬
mended before using under the most severe corrosive
conditions.

Typical Uses. Applications of AISI type 303MA include
screw machine products, fasteners, bushings, hose and cable
connectors, valve parts, gears, and pulleys.

AISI 303MA: Similar Steels (U.S. and/or Foreign).
S30345; ASTM A581 (XM-2), A582 (XM-2)

UNS

Physital Properties

AISI Type 303MA-. Selected Physical Properties (Ref 7)

Density .......................,,. ,.............7,81 g/cm3 (0.282 lh/in.3)

Specific heat at 0-100 *C (32-212 CF)...........500 J/kg-K (0.12 Btu/!b-°F)
Electrical resistivity, in the annealed condition 80.5 nflam
Electrical resistivity, in the cold drawn condition................83.0 nH- m
Magnetic permeability, when His 200 Qe,

in the annealed condition ....................1.02 max

AISI Type 303MA: Thermal Treatment Temperatures
Temperature range

Treatment "C T

Forging, start 1150-1260 2100-2300
Forging, finish 925 1700 min
AnnealingU) 1040-1065 1900-1950
Hardeningfb)
(a) Ifproduct is tc be used in a severely corrosive service, siror water quench.
Quench rapidly through 480 to 870 *C (900 to 1600 CF). (b) Hirdenabiehy cold
work only

AISI Type 303MA: Average Coefficients of Linear Thermal
Expansion (Ref 7)
Temperature range Coefficient

ÿC °F pju/m-K pm./in.'T

21-315 70-600 16.4 9J
21-540 70-1000 18.5 10.3
21-650 70-1200 19.1 10.6

AISI Type 303MA; Thermal Conductivity (Ref 7)

Temperature Thermal conductivity
°C °F W/m-K Btu/ft• hÿ "F

100 212 16.3 9.4
500 930 . 21.5 12.4
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Mechanical Properties

AISI Type 303MA: Modulus
of Elasticity (Ref 7}

AISI Type 303MA: Tensile Properties at Room Temperature (Ref 7)

Test specimens were bar

Stressed Modulus Tensile Yield I

in; GPa 10® psi strength strength(a) Elongabonfb), Reduction HardnesB,......190 27.6 Condition MPa ksi MPs kei % in area, % HB

Annealed 620 90 275 40 50 SO 160

Cold drawn 600 100 415 60 40 55 228

AISI Type 303MA: Izod
V-Notch Impact Properties

Test
temperature Energy
•C °F J ft -lb

-195
21

-320 .
70 .

. 150

. 115
no
55

(a) 0.2% offset, (b) In 50 mm (2 in.)

Hardntis

strength

Strength

eduction in area

Elongation

Reduction tn arna. *

AISI Type 303MA: Effect of Cold Reduction on
Tensile Properties.— as cold drawn; — as cold
drawn and stress relieved at 400 "C (750 °f) for 4 h.
Ductility curves are averages for cold drawn and cold
drawn plus stress relieved conditions. Elongation was
measured in 4 x diam of test specimen; yield strength at
0.2% offset (Ref 7)

Machining Data
For machiningdata on AISI type 303MA, refer to the preceding machining tables for AISI
type 303 and 303Se.
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AiSI Type 304: Chemical Composition

__
Composition,

Element max %

Carbon.......................................................0.08
Manganese . 2-0
Phosphorus, .............. 0.045
Sulfur...... 0.030
Silicon - .........* - 1-0
Chromium..... 18-20
Nickel ...................-.....- 8.0-10.5

Characteristics. AISI type 304 is an austenitic, chromi¬
um-nickel, stainless steel characterized by a comparatively
low carbon content andhigher chromium andnickelcontents
than those ofAISI types 301and 302. Therefore, it isparticu¬
larly well suited where welded construction is required and
where the finished product must resist most severe forms of
corrosion.

In light sections, type 304 can be welded with a small
amount of carbide precipitationor loss of corrosion resistance
resulting. Postweld annealing is not necessary in most cases.
The homogeneous structure, high ductility, and excellent
strength of this stainless steel provide good performance in
deep drawing,cold forming, spinning, rollforming, and bend¬
ing. It is nonmagnetic in the annealed condition, and be¬
comes slightly magnetic when cold worked.

In the fully annealed condition, type 304 is highly resis¬
tant to ordinary rustingand corrosive action, and is immune
to foodstuffs, sterilizing solutions, most organic chemicals

and dyestuffs, and a variety of inorganic acids. It resisi
nitric acid well, sulfuric acids moderately, and halogen acio
poorly. This grade also has good scaling resistance up t
870 °C (1600 °F) in continuous service, and up to 790 °<
(1450 °F) in intermittent service.

Inmachining, rigid machine setups, heavy feeds, and slov
spindle speeds are most suitable. The machinability ratingo
type 304 is about 60% of that of AISI grade 1212.

Typical Uses. Applications of AISI type 304 stainless
steel include screw machine products,bar andfountain acces¬
sories, machinedshafts, dairy equipment, homogenizers, and
valves and accessories for chemical handling equipment.

AISI Type 304: Similar Steels (U.S. and/or Foreign). UNS
S30400; AMS 5501, 5513, 5560, 5565, 5566, 5567, 5639,
5697; ASME SA182, SA194 (8), SA213, SA240, SA249,
SA312, SA320 (B8), SA358, SA376, SA403, SA409, SA430,
SA479, SA68B; ASTM A167, A182, A193, A194, A213, A240,
A249, A269, A270, A271, A276, A312, A3 13, A314, A320,
A368, A376, A409, A430, A473, A478, A479, A492, A493,
A511, A554, A580, A632, A651, A666, A688; FED QQ-W-
423, QQ-S-763, QQ-S-766, STD-66; MILSPEC MIL-F-20138,
MIL-S-862, MIL-S-5059, MIL-S-23195,MLL-S-23196, MIL-T-
684-5, MIL-T-8504. MIL-T-8506;SAE J405 (30304); (W. Ger.)
DIN 1.4301; (Fr.) AFNOR Z 6 CN 18.09;(Ital.) UNIX 5 CrNi
18 10; (Jap.) SUS 304; (Swed.) SS14 2332; (U.K.) B.S. 304 S
15, 302 S 17, 304 S 16, 304 S 18, 304 S 25, 304 S 40, En.
58 E

Physko! Properties

AISI Type 304: Selected Physical Properties (Ref 1, 6)

Melting range ,..............................1400-1455 "D (2550-2650 °F)

Density ..............-..........- .-..............8-0 g/ctn3 (0.29 lb/in.3)

Specific heat at 0-100 °C (32-212 3F)...........502 J/kg- K <0.12 Btu/lb*°F)

Electrical resistivity at 20 *C (68 *F) 72 nfi« m

Electrical resistivity at 650 *0 <1200 *F) ... 116 nfi-m
Magnetic permeability, when His

200 Oe, in the annealed condition . 1.02 max

AISI Type 304: Thermal Treatment Temperatures
Temperature range

Treatment *C "F

Forging, start..............................1150-1260 2100-2300
Forging, finish..............................925 tnin 1700 mill
Annealingia) 1010-1120 1850-2050
Stress relieving 205-425 400-800
Hardeningfb) ...
(a) Cool rapidly in air or water quench, (b) Hardenable by cold work only

AISI Type 304: Average Coefficients of Linear Thermal
Expansion (Ref 1,6)
Temperature range Coefficient

°C °F iimfm-V. jiin./in. °F

0-100 32-212 ...........17.3 9.6
0-315 32-600 17.8 9,9
0-540 32-1000 18.4 10.2
0-650 32-1200 18.7 10.4

AISI Type 304: Thermal Conductivity (Ref 1, 6)

Temperature
°C °F

Thermal conductivity
W/'m •K Btu/fth-'F

100
500

212.
930.

16.3
.21.5

9.4
12.4

Machining Data

For machining data on AISI type 304, refer to the preceding machining tables for
AISI type 301.
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Mechanical Properties

For data on sheet formability and corrosion rates in boiling organic acids, refer to the me¬
chanical properties section of ASTM XM-27,

AISI Type 304: Tensile Properties at Room Temperature (Ret 6)

___
Size round TensiJe strength Yield strengthfa) Elongationfb), Reduction

Condition mm in. MPs ksi MPa ksi % in area, % Hardness

Sheet and strip
Annealed...............••• 580 84 290 42 55 — 80 HRB

Wirefc)

Annealed................1.6 0.062 725 105 240 35 55
Annealed...............13 0.50 620 . 90 240 35 60 55 83 HRB
Soft tempered ...........1.6 0.062 B60 125 620 90 40
Soft tempered ..........13 0.50 690 100 415 60 45 65 95 HRB
Hard tempered ..........1.6 0.062 1105 160 860 125 20
Hard tempered .........13 0.50 965 140 725 105 25 55 33 HRC
Spring tempered.........1.6 C.062 1795 260
Spring tempered.........6.4 0.25 1240 130
Spring tempered.........7.80 0.307 1170 170

Plate
Annealed...............••• 565 82 240 35 60 70 149 HB

Bar
Annealed...............••• 585 85 235 34 60 70 149 HB
Annealed and cold

drawn................25 1.0 690 100 415 60 45 — 212 HB
Cold drawn, high

tensile ...............22.2 0.875 860 125 655 95 25 — 277 HB
Cold drawn, high

tenaile ...............38 1.5 760 110 515 75 60 — 240 HB
(a)0.2% offset, fb) In50 mm(2 in.),except for wire. Forwire 3.18-mm (0.125-in.) diam and larger,gage length is 4 X diam of test specimen: for smaller diameters,
the gage length is 254 mm (10.0 in.), fc) Tensile and yield strengths are slightly higher when instraightened form, spring temper up to 10% less

. '

AISI Type 304: Tensile Properties at Elevated Temperatures (Ref 7)

Test specimens were 16-mrii (0.625-in.) diam bar annealed and cold worked to hardness of 95 HRB

Test Tensile Yield
temperature strength strengthfa) Elongationflb), Reduction
°C °F MPa ksi MPa ksi % in area, %

21 70 669 97.0 410 59.5 66.5 B1.5
205 400 483 70.0 331 48.0 36.5 72.5
425 800 ... 472 68.5 290 42.0 35.5 620
540 1000 62.0 265 38.5 34.5 68.0
650 1200 324 47.0 214 31.0 35.0 54.5
760 1400 207 30.0 162 23.6 44.5 630
870 16Q0 119 17.2 112 16.3 58.5 61.5
980 180U 68 9.9 66 9.6 75.5 89.5
(a) 0.2% offset, (b) In 4 x diam of test specimen

AISI Type 304: Tensile Properties at Subzero and Elevated Temperatures (Ref 7)

TeBt Tenaile Yield
temperature strength strengthfa) Elongation(h), Reduction
"C °F MPa ksi MPa ksi % in area, %

-195 -320 1620 235 386 56 40 59
-62 -80 1110 161 345 50 57 70
-40 -40 1000 145 385 48 60 73

0 32 840 122 345 40 65 76
21 70 585 80 330 37 57 70

205 400 495 72 275 23 51 73
315 600 470 68 255 19.5 45 71
425 300 440 64 160 16.5 40 89
540 1000 385 56 135 14 36 66
650 1200 44 115 12.5 34 58
760 1400 29 76 11 36 46
870 1600 16 ... ... 40 40

AISI Type 304: Modulus
of Elasticity
Stressed Modulus

GPa 10s psi

Tension , , .. *.....193
Torsion....77

28.0
11.2

AISI Type 304: Izod V Notch
Impact Energy (Ref 3)

Test
temperature Energy
•C "F J ft lb

-195 -320........150 110
21 70........150 110

AISI Type 304: Endurance
Limits After Cold Work
(Ref 4)_

Stress
Condition MPa ksi

50% hard temper .....483 70.0
75% hard temper .....638 92.5

fa) 0.2% offset, fb) in 50 mm (2 in.}
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AISI Type 304: Stress-Rupture and Creep Properties (Ref 7)

Test 1-Stress for rupture in:
temperature 1000 h 10000h(a)

'C °F MPa ksi MPa kgi

480ÿ 900...................338 490 262 381)

540 1000................... 241 35.0 183 26.5
595 1100...................152 22.0 117 17.0
650 1200....................97 14.0 69 10.0
705 1300 59 8.5 41 6.0
760 1400....................41 6.0 26 3.7
815 1500 26 3.7 19 2.7
870 1G00 19 2.7
(a) Extrapolated data

100000 h(a)

MPa ksi

Stress for secondary creep rate ofta):
1%in10000 h 1%, in 100000 h
MPa ksi MPa km

145
90
48
28
17
10

21.0
13.0
7.0
4.0
2.5
1.5

138 20.0 83 12.0
90 13.0 52 7.5
57 8.3 30 4.3
34 6.0 17 2.5
21 3.0 10 1.5
17 2.4 8 1.2

AISI Type 304: Charpy Impact Properties for Weld Metals (Ref 3)

Charpy keyhole notch impact energy at test temperature of:
Room temperature -76 °C (-105°F) -195 *C (-320 °F)

Condition J ft • lb J ft-lb J ft ÿ lb

Type 394 electrode
As welded...................................43-50 32-37 33-38 24-28 24-31 18-23
Annealed....................................56-66 41-49 53-57 39-42 43-5? 32ÿ2

Type 308 electrode
As welded...................................42-45 31-33 28-34 21-25 19-27 14-20
Annealed 49-52 36-38 41 30 41ÿ12 30-31

AISI Type 304: Effect of Cold Reduction on Tensile Properties (Ref 8)

Cold Tensile strength Yield strength(a) Elongationfb),
reduction, MPa kai MPa ksi %

U .....595 8<h3 225 32.7 54.5
10 675 97.9 483 70.0 36.5
20 780 113.2 663 96.2 24.0
30 .904 131.1 817 118.5 15.5
40 1005 145,7 931 135.0 12.0
50 1091 158.3 1000 145.0 9.0
60.. 1158 168.0 1047 151.8 6.0
(a) 0.2% offaet. (b) In 50 mm (2 in.)

. -40U -300

Temperature.

-200 -1C0 0
I 1 1 l(

r Annealed

[

Jf I i
i

I
'

AUiocal"d

\ÿold dr wr- -

Id drawn -- f.] J

1

SO |

-?0D -ISO -100 -so
Teinperature, °C

AISI Type 304: impsct Properties.— izod
impact energy: specimens were annealed or cold drawn
to tensile strength of 1450 MPa (210 ksi);---Charpy
keyhole impact energy: specimens were annealed or
cold drawn to 937 MPa (135.9 ksi). (Ref 3)

i
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Mechanical Properties (continued)

AISI Type 304: Effect of Test Temperature on Tensile
Properties of Annealed Material. Elongation was measured
in 50 mm (2 In.). (Ret 3)

Temperature. F
-3IJ0 -200 -100

-TSO -ma -50
Temperature. °C

1 r -

k
KK1"ensile strflnq h

s
\

X -\|
s

sss. -

' -- £i«ld st ength

~

—
Reduction in areaÿ

f'

v Elonjdtiots

250

AISI Type 304: Effect of Sensitization and Carbon
Content on Impact Properties. Test specimens were in the
annealed condition; carbon content of 0.07%; sensitization at
650 °C (1200 "F) for 2 It. Impact energy tests used keyhole notch
specimens. (Ref 3}

-200

Temperature.
a F

- TOO 0

-100 -50

Temperature,°C

ÿ T t

'1neaied

"1--1 J

-
' " '\ >en5i 1 iZf d "

/ l

00 S

70 S.
E

Tensile strength

Yield strength

•Reduction >n area

Elongation

Cold reduction, %,

ill,_1_;_1_. f
3.5 0.6 7A 6,0 4.3

Diameter, mm

AISI Type 304: Effect of Cold Reduction on Tensile
Properties. Annealed at 1065 °C (1950 'F); water quenched.
Specimens were 9.53-mm (0.375-in.) rounds, unstraightened and
untempered, Tests were conducted using specimens machined to
English units. Elongation was measured in 50 mm (2 in.); yield
strength at 0.2% offset. (Ref 10)

OraimtltM, in.
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AISI Type 304: Effect of Test Temperature on Tensile
Properties of Cold Worked Material. Test specimens were
cold drawn to 1450 MPs (210 ksi) or. cold rolled 60%. Elongation
was measured in 50 mm (2 in.) (Ret 3)

Temperature, F

-200 -100

Tensile sirer-glh. cold drawn

Tensile sirengtrt, told rolled

i

Yield strennTn, cold drawn

I I I l
,, Reduction inarea, co'd drawn

t
Elongation, cold rolled

t fungat ionr COlfl drawn

-150 -TOO -50
Temperature, °C

AISI Type 304: Reciprocating Beam Fatigue Strength of Cold
Worked Material- Material tested was 18-6 stainless steel, cold
worked to 1450 MPa (210 ksi). Unnotched specimens were tested at
25 °C or 77 CF (O) and at —195 °C or -320 °F (A). Notched specimens
were tested at 25 °C or 77 "F (®i, at — 195 °C or -320 T (A); and at
-255 °C or -425 °F (S). (Ret 3)

rosop

AISS Type 3041

AISI Type 304L: Chemical Composition
Composition,

Element max %

Carbon. .._................,........... 0.030
Manganese............................................... 2.0
Phosphorus..............................* 0.045
Sulfiir. ........ ......., 0.030
Silicon ..... . 1.0
Chromium, ............. ......18-20
Nickel . 8-12

Characteristics. AISI type 304L is a very low-carbon, aus-
tenitic, chromium-nickel steel. This grade has general corro¬
sion resistance similar to that of type 304 but superior re¬
sistance to intergranular corrosion after welding or stress
relieving. Type 304L is recommended for use in parts
that are fabricated by brazing or welding and cannot be
subsequently annealed. When filler metal is required, type
308L is suggested.

Type 304L stainless steel is essentially nonmagnetic when
annealed, and becomes slightly magnetic when cold worked.
This grade is very ductile and can be easily cold worked by
the common cold forming methods. Because itwork hardens
rapidly, in-process annealing may be necessary to restore
ductility and lower hardness.

Inmost severe corrodants or when operatingtemperatures
exceed about 425 °C (800 °F), type 304L may not be satis¬
factory; one of the stabilized types 321 or 317 should be
considered. The maximum temperature for scaling resistance
in continuous exposure is about 900 °C (1650 °F), and for
intermittent exposure about 815 °C (1500 °F).

In machining, better results are obtained if the type 304
material is ina moderately cold worked condition than in an
annealed condition. Machinability of type 304L is about 60%
of that for free-machining AISI grade 1212.



278/Stainless/Heat-Resisfing

AiSI Type 304L: Similar Steels (U.S. and/or Foreign). UNS
S30403; AMS 5511, 5647; ASME SA182, SA213, SA240,
SA249, SA312, SA403, SA479, SA688; ASTM A167, A 182,
A213, A240, A249, A?76, A312, A314, A403, A473, A478,
A479,A511, A554, A580, A632, A688; FED QQ-S-763, QQ-S-
766;MILSPEC MIL-S-862,MIL-S-23195, MIL-S-23196;SAE
J405 (30304L); (W. Ger.) DIN1.4306;(Ital.) UNIX 2 CrNi 18
11,X 3 CrNi 18 11, X 2 CrNi 18 11KG, X 2 CrNi 18 11KW;
(Jap.) JIS SUS 304 L, SCS 19; (Swed.) SS14 2352; (U.K.) B.S.
304 S 12, 304 S 14, 304 S 22, S 536

Typical Uses. Applications of AISI type 304L include ar¬
chitectural trim, beer barrels, brewing equipment, chemical
handling equipment, household appliances, textile drying
equipment, oil refinery tubes, steam piping, cookware, nu¬
clear reactor component vessels, vacuum pump parts, dairy
equipment, and winery tanks.

Physical Properties

AISI Type 304L: Thermal Treatment Temperatures

Treatment
Temperature range

Forging, start..............................1150-1260 2100-2300
Forging, finish „ .925 min 1700 min
Anneaiing(a) 1010-1120 1850-2050
Hardening(b) . .. * - •

(a)Thin sections such as atrip may be air cooled; however, large forginga should
be water quenched to minimize exposure in the carbide precipitation region.
Cb) Hardenable by cold work only

For additional data on physical properties of AISI type 304L,
refer to the preceding tables for AISI type 304.

Machining Data

For machiningdata on AISI type 304L, refer to the preceding
machining tables for AISI type 201.

Mechanical Properties

AISI Type 304L: Effect of Cold Reduction on Tensile
Properties (Ret B) _

Tensile Yield
Cold strength strength(a) Elongation(b),
reduction, % MPa ksi MPa ksi %

0 ................210 io5 565 82X)
~

38
5 ................441 63.3 674 97.8 43

10................503 73.0 727 105.5 35
20 ................669 97.0 840 121.9 24
30 ................836 121.3 951 137.9 15
50 ...............1056 153.5 1172 170.0 4.8
(a) 0.2% offset, (b) In 50 mm (2 in.)

The following tables given for AISI type 304 are also appli¬
cable for AISI grade 304L: Tensile Properties at Subzero and
ElevatedTemperatures, Tensile Properties at ElevatedTem¬
peratures, and Stress-Rupture and Creep Properties.

-«J0 -300

Temperaturc,
a F

-200 -ion 0

J. 175

I150

1 1 1 —r 1 I

c larpy Y-notch

f
Ch« PY hole

I
I

1
- 250 -200 -150 -100 -50

Temperature. °C

AISI Type 304L: Charpy Impact
Properties (Ref 3)
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Mechanical Properties (continued)

AISI Type 304L: Effect of Test Temperature on Tensile
Properties of Annealed Material. Elongation was measured in
50 mm (2 in.). (Ret 3)

TemacraTure.
-4DQ -3QD -?0n -100

Tensile strength

TOD S?

Yreld sirerqah

Reduction in atca.

EJnngaxiCn

\ .. I
-Z5D -20ÿ -ISO -1DQ -50

Temperature, *C

AISI Type 304L: Effect of Sensitization and Carbon Content on
Impact Properties. Test specimens were in tiie annealed condition;
carton content of 0.03% maiimum; sensitization at G50 °C (1200 °F) for
2 h. Impact energy tests used keyhole notch specimens. (Ref 3)

Temperature, "f

-200 -100—r—r 1 "

Sensitized. I
M-

Mnrtealed

AISI Type 304L: Effect of Cold Reduction on Tensile
Properties. Annealed to 1065 X (1950 °F); water quenched. Specimens
were 9.53-mm (0.375-in.) rounds, unstraightened and untempered. Tests
were conducted using specimens machined to English units. Elongation
was measured in 50 mm (2 in.); yield strength at 0.2% offset. (Ref 10)

Diameter, in.

0.337 0291 0.237

Hardness. HHB

Tensile strength

\

» 1000
Yield strength

HjrcJneas. HHC

Recfuction in area
uu

tlongat ian

2C 40 60

Cold reduction,%

CO
cr
X

90 3

B0

8.6 7.4 6.0

diameter, mm

-100 -SO

Temperature, °C
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2DDO

Temperature, 'I1

-200 - 100

T00Q
3D

" \

s

ÿ

1 1 l 1 5

\
\

vf~
ÿTert;ilE 5tr ena'.h

\ i
i

\ "

~

Yield sirensth

I !
! I

-

angel;on

/ L

-ISO -1O0

Temperaftife, "C

AISI Type 304L: Effect of Test Temperature
on Tensile Properties of Cold Worked
Material. Test specimens were full hard. Elongation
was measured in 50 mm (2 in.). (Ref 3}

AISI Types 304N, 304HN

AIS! Types 304N, 304HN: Chemical Composition
Composition, %

Element_Type 304N

__
Type 3MIIN

Carbon. .* -.........0.08 0,08
Manganese.............................,, 2.00 2.00
Phosphorus 0.045 0.045
Sulfur 0.030 0.030
Silicon .................1.00 1.00
Chromium ............18-20 18-20
Nickel 8-10.5 8-10.5
Nitrogen......... 0.10-0.18 0.1G-0.30

Characteristics. AISI types 304N and 304HN are essen¬
tially high-nitrogen versions of type 304. Through solid-
solution strengthening, the nitrogen provides higher yield
strength and tensile strength in annealed types 304N and
304HN than inconventional type 304, yet does not adversely
affect ductility, corrosion resistance, or nonmagnetic proper¬
ties. In some cases, solid-solution strengthening eliminates
the need for cold working to increase strength.

The characteristics of corrosion resistance and suscepti¬
bility to carbide precipitation for these stainless steels are
similar to those for conventional type 304. Scale resistance
in continuous exposure is 870 °C (1600 "Fj maximum.

Types 304N and 304HN are readily fabricated by cold
working, and can be heavily cold worked without inter¬

mediate annealing. Because of the higher initial strength of
these stainless steels, more power input is required than for
other stainless steels.

Machinability of types 304N and 304HN is about the same
as for types 302 and 304; however, because of their higher
strength, more power input is required. Heavy positive feeds
should be used to avoid work hardening of Hie surface.

These steels can be satisfactorily brazed and welded using
common methods. Grain-boundary carbide precipitation may
occur in the heat-affected zone of the steels. The practice of
annealing will restore corrosion resistance to the weldmcnt.

Typical Uses. Applications of AISI types 304N and
304HN include: aircraft and aerospace components; marine
shafting and hardware; pump parts, unfired boilers, and
pressure vessels; seamless and welded tubing for boilers,
superheaters, and heat exchangers; forged fittings, pipe
flanges, and valves; and parts for high-temperature service.

AISI Type 304N: Similar Steels (U.S. and/or Foreign). UNS
S30450; ASME SA182, SA213, SA240, SA249, SA312,
SA358, SA376, SA430, SA479; ASTM A182, A213, A240,
A249, A276, A312, A358, A376, A403, A430, A479

AISI Type 304HN: Similar Steels (U.S. and/or Foreign). UNS
S30452; ASME S240 (XM-21); ASTM A240 (XM-21), A276
(XM-21)
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Physical Properties

1 i
AISI Types 304N, 304HN: Selected Physical
Properties (Ret 9)

Melting range
Density

Specific heat at 0-100 °C (32-212 "F).

Average coefficient of linear thermal
expansion at 0-650 °C (32-1200 °Fj .......18.9 pm/m-K (10.5 pin./in. '"F)

ElecLrical resistivity at 20 *C (68 °F) 72 nil- tn

. 1400-1455 °C (2550-2650 °F>......8.0 g/cm1 (0.29 lb/in.3)

.500 J/kg-K (0.12 Btu/lb-°F)

AISI Types 304N, 304HN: Thermal Treatment Temperatures
Temperature range

Treatment °C T

Forging, start 1150-1260 2100-2300
Forging, finish ..925 mm 1700 min
Anncaling(a) 1010-1120 1850-2050
Hardeningtb) •••
(a) Water quench, (b) Hardenable by cold work only

Mechanical Properties

AISI Types 3Q4N, 304HN: Effect of Cold Work on Tensile
Properties (Ref 9}

AISI Types 3Q4N, 304HN: Tensile Properties at Elevated
Temperatures (Ref 9)

Cold Tensile strength Yield strength(a) El<mgation!b), Test
redaction, MPa ksi MPa ksi % temperature Tensile strength Yield strength(a)

. . 760 110 450 65
*C °F MPa ksi MPo ksi

(c) 48
15 . . .1035 150 825 120 25 150 300 41 615 89
20 ...1105 160 930 135 18 370 700 215 31 570 83
30 .. .1240 ISO 1105 160 13 595 HOC 185 27 475 69
40 ...1345 195 1205 175 11 705 13O0 165 24 365 53
45 ...1380 200 1240 180 9 (a) 0.2% offset
60 .. .1460 215 1275 185 7
75 .. .1515 220 1310 190 6
(a) 0,2ÿ offset, (b) In50 hud (2 in.), (c) As annealed

AISI Types 304N, 304HN: Tensile Properties at Room Temperature
Test specimens were in the annealed condition

Form

Tensile
strength

MPa ksi

Yield
strength(a)

MPa ksi
Glongatiou(b),

%
Reduction
tn area, % Hardness

Type 304N (Ref 6)

Sheet
Bar

Type 304HN (Ref 9)

Bar .- .

620
620

725

90
90

105

330
290

415

48
42

60
(a) 0.2% offset, (b) In 50 mm (2 in.)

AISS Type 305

Maehining Data

For machining data on AISI
types 304Nand 304HN, refer
to the preceding machining

50 85 HKB tables for AISI type 201.
55 65 ISO HB

50 75 94 HRB

AISI Type 305; Chemical Composition
Composition,

Element max %

Carbon.................................O.l2
Manganese .......... .................... 2.0
Phosphorus............ ........... 0.045
Sulfur...................................0.030
Silicon.................... 1.0
Chromium.....................................................17-19
Nickel 10.5-13.0

Characteristics. AISI type 305 is an austenitic, chromi¬
um-nickel steel with higher nickel content than types 302
and 304. This higher nickel content lowers the tendency tc
work harden, so that a greater amount of deformation is

possible before process annealing is necessary. Type 305 is
used for free-spinning, deep-drawing, and severe cold head¬
ing operations where the ability to take large initial reduc¬
tions, and larger reductions between annealing, isdesirable.

This stainless steel may not be suitable for recessed-head
and other extremely difficult cold headingjobs, unless the
wire is heated as it is fed into the machine. Heating to tem¬
peratures between 95 and 260 °C (200 and 500 °F) lowers the
strength of the wire and results inbetter heading character¬
istics and improved tool life.

Type 305 produces a very ductile, stringy chip and usually
requires chip curlers. The machinability rating of this grade
is about 45% of that for free-machining AISI 1212. Type 305
is readily brazed and can be welded usingthe common fusion
and resistance welding processes.
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The corrosion and scaling resistance of type 305 is similar
to that of types 302 and 304. This steel is susceptible to car¬
bide precipitation when heated or cooled in the range of 425
to 900 "C 1800 to 1650 °F); therefore, a corrective anneal,
water quenching from at least 1040 9C (1900 °F), should be
used.

Typical Uses. Applications of AISI type 305 include all
types of cold headed fasteners; spun parts, such as tank

covers, coffee urn tops, and lids; and deep drawn kitchen
utensils and appliances.

AISI Type 305: Similar Steels (U.S. and/or Foreign). UNS
S30500; AMS 5514, 5685, 5686; ASME SA193, SA194,
SA240; ASTM A167, A240, A249, A276, A313, A314, A368,
A473, A478, A492, A493, A511, A554, A580; FED QQ-S-763,
QQ-W-423; SAE J405 (30305); fW. Ger.) DIN 1.4303; (Ital.)
UNIX 8 CrNi 19 10; (Jap.) JIS SUS 305, SUS 305 J1

Physical Properties

AISI Type 305: Thermal Treatment Temperatures
Temperature range

Treatment °F

Forging, start 1150-1260 2100-2300
Forging, finish......„ 925 min 1700 min
Annealing(a) 1010-1120 1850-2050
Haidening(b)
(a) Thin sections, such as strip, may be air cooled, but larger sections should be
water quenched to minimize exposure in the carbide precipitation region.
(b) Hardenable by cold work only

AISI Type 305: Selected Physical Properties (Ret 6)

Melting range 1400-1456 °C (2550-2650 °F)

Density..........................T ÿ ..............8.0 g/cm3 (0,29 lb/in,3)
Specific heat at 0-100 *C (32-212 °F)...........500 J/kg - K (0.12 Btu/lb •

Electrical resistivity at 20 DC (68 °F) ..............72 nflÿ m

AISI Type 305: Average Coefficients of Linear Thermal
Expansion (Ref 6)

Temperature range Coefficient
°C °F gm/m ' K jiin./in.-°F

0-100 32-212 17.3 9.6
0-315 32-600...... 17.8 9.9
0-540 32-1000 18.4 10.2
0-650 32-1200 18.7 10.4

AISI Type 305: Thermal Conductivity (Ref 6)

Temperature Thermal conductivity
°C "F W/tn-K Btu/ft-h T

100 212 16.3 9.4
500 930 ........21.5 12.4

Machining Data
For machining data on AISI type 305, refer to the preceding machining tables for AISI
type 201.

Mechanical Properties

AISI Type 305: Tensile Properties (Ref 6) AISI Type 305: Modulus of
Elasticity (Ref 6)

Product strength strength(a) Elongalion(b), Reduction Hardness, Stressed Modulus
form Condition MPa ksi MPa kai % in area, % HRB in: GPa 10s psi

Sheet . 585 85 260 38 50 80 Tension .....193 28.0
Strip 5B5 85 260 38 50 80 Torsion 86 12.5
Wire 585 85 325 47 60 78

Soft tempered 690 100 370 54 58 82
Plate 585 85 240 35 55
(a) 0.2% offset, (b) In 50 mm (2 in.), except for wire. For wire 3.18-mm (0.125-in.) diam and larger, gage length is
4 x diam; for smaller diameters, the gage length is 254 mm (10.0 in.)

AISI Type 305: Effect of Cold Reduction on Tensile
Properties (Ref 8)

Tensile Vield
Cold strength strength(a) Elongationfb),
reduction, % MPa ksi MP, ksi %

0 ................588 85.3 233 33.8 62.3
10 ................643 93.3 480 69.6 45,5
20 ................734 106.4 618 89.6 30.3
30 ...............876 127.0 777 112.7 17.5
40 ................998 144.7 896 129.9 11.0
50 ...............1062 154.0 944 136.9 7.5
60 ...............1131 164.0 1008 146.2 7.3
(a) 0.2% offset (b) In50 mm (2 in.)
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MechcanicuS Properties (continued)

Harcfness

Tensile strength

£ 800
strength

Reductran in area

tJongation

30 S
AISl Type 305: Effect of Cold Reduction on
Tensile Properties at Room Temperature.
Reduction in area by cold drawing. Elongation was
measured in 50 mm (2 in.); yield sfangtii at 0.2%
offset. (Ref 7)

2u 20 40 50
Reduction in area, %

AISI Type 308

AISl Type 308; Chemical Composition
Element Composition, mas %

Carbon....... 0,08
Manganese . . „ 2.0
Phosphorus............... .......0.045
Solfur 0.030
Silicon . 1,0
Chromium. . 19-21
Nickel . 10-12

Characteristics. AISI type 308 isahigh-chromium,high-
nickel modification of the standard 18-8 austenitic stainless
steel. The higher alloy content of this grade provides in¬
creased corrosion and heat resistance, and compensates for
loss of alloying elements through oxidation during welding.
Consequently, type 308 is used extensively in the form of
welding rod.

Because this stainless steel produces tough, ductile,
corrosion-resistant welds, it is used to join the austenitic
chromium-nickel and nonhardenable straight chromium
stainless steels. However, because of higher thermal expan¬
sion, type 308 is not recommended for joining the straight
chromium grades if the weldment will be subject to extreme

temperature cycling. A low-carbon modification of this grade
is sometimes used to weld type 304L.

Typical Uses. Applications of AISI type 308 include
welding rod, industrial furnaces, and equipment for handling
sulfite liquor at elevated temperatures.

AISI Type 308; Similar Steels (U.S. and/or Foreign). UNS
S30800; ASTM A167, A276, A314, A473. A.580; SAE J405
(30308); (W. Ger.) DIN 1.4303; (Ital.) UNIX 8 CrNi 19 10;
(Jap.) JIS SUS 305, SUS 305 J1

Physical Properties

AISI Type 308: Thermal Treatment Temperatures
Temperature range

Treatment "C °F

Forging, start 1095-1206 2000-2200
Forging, finish. ..........................,..925min 1700 min
Annealing 1010-1120 1850-2050
Hardening(a) •••
(a) Ilardenable by cold work only
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Physical Properties (continued)

AISI Type 308: Average Coefficients of Linear Thermal
Expansion (Ref 6)

Temperature range Coefficient
"C °F fim/m K /iin./in. °F

0-100 32-212 17.3 9.6
0-315 32-600.. 17.8 9.9
0-540 32-1000 18.4 10.2
0-650 32-1200.....18.7 10.4

AISI Type 308: Electrical Resistivity (Ref 6)

Temperature
°C T

20
650

68.
1200.

Electrical
resistivity,

nil- m

72.....116

AISI Type 308: Selected Physical Properties (Ref 6)

Melting range ...............................1400-1455 °C (2550-2650 °F)

Density ,.,,......................................8.0 g/cm3 (0.29 lb/in.3}
Specific heat at 0-100 "C (32-212 CF)...........500 J/kg- K (0.12 Btu/lbT)

AISI Type 308: Thermal Conductivity (Ref 6)

Temperature
°C "F

Thermal conductivity
W/m K Btu/ft-h °F

100
500

212.
930.

15.2
21.6

8.8
12.5

Mechanical Properties

AISI Type 308: Tensile Properties of Annealed Material (Ref 4)

Tensile Yield
strength strengtb(a) Elongation(b),

Form MPa ksi MPa ksi %

Sheet and strip ...........585 85 240 35 50
Plate 585 85 205 30 55
Bar......................585 .... 85 205 30 55
Wire. 0.051-0.51 mm

(0,002-0.020 in.)

diam.................655-895.,;.- 95-130 240-485 35-70 30-55
Wire, 0.53-3.18 mm

(0.021-0.125 in.)

diam.................620-795 90-115 275-450 40-65 25-55
Wire, 3.20-9.53 mm

(0.126-0.375 in.)

diam.................585-725 85-105 345-485 50-70 25-55
(a) 0.27c offset (b) In 50 mm (2 in.)

AISI Type 308: Tensile Properties of Cold Drawn Wire (Ref 4)

Tensile Yield
Diameter strength strength(a)

mm in. MPa ksi MPa ksi

2591 hard
0.051-0.51 0.002-0.020 ........S95-1L40 130-165 655-895 95-130
0.53-3.18 0.021-0.125 ........760-895 110-130 550-825 80-120
3 20-9-53 0.126-0.375 ........760-895 110-130 515-655 75-95

5091 hard
0.051-0.51 0.002-0.020 .......1L4O-1380 165-200 895-1105 130-160
0.53-3.18 0.021-0.125 ........895-1105 130-160 760-1035 110-150
3.20-9.53 0.126-0.375 ........895-1035 130-150 725-860 105-125

75% hard
0.051-0.51 0.002-0 020

_______
1380-1550 200-225 U0S-1380 160-200

0.53-3.18 0.021-0.125 .......1105-1310 160-190 1035-1240 150-180
3.20-9.53 0.126-0.375 .......1035-1170 150-170 860-1070 125-155

Full hard
0.051-0.51 0.002-0 020 .......1550-1725 225-250 1450-1655 210-240
0.53-3.18 0.021-0,125 .......1310-1655 190-240 1240-1550 180-225
3.20-9.53 0.126-0.375 -------1310-1516 190-220 1070-1275 155-185
(a) 0.2% offset, (b) In 50 mm (2 in.)

Reduction
in area, % Hardness

60
65

80 HKB
150 HB
150 HB

83-93 HRB

Elongation(b),
%

Hardness,
HRC

15-20
15-25
15-25

11-18
11-18
11-18

5-10
6-12
6-12

1-2
2-5
2-5

23-28

29-32

33-37

38-43

AISI Type 308: Selected
Mechanical Properties

Modulus of
elasticity(a.) 195 GPa

(28 x 1U« p31)
[zod impact energy.......135-165 J

(100-120 ft -lb)

Charpy V-notch
impact energy, min 135J

(100 ft -lb)

(a) Stressed in tension

Machining Data

For machining data on AISI
type 308, refer to the pre¬
ceding machining tablca for
AISI type 201.
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Mechanical Properties (continued)
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AISI Type 308: Effect of Cold Work on Tensile
Properties. Elongation measured in 50 mm (2 in.):
yield strength at 0.2% offset (Rel 4)

AISI Types 309, 309S, 309S(Cb)

AISI Types 309, 309S, 30SS(Cb): Chemical Composition
Composition,

max %
Type Types 3U9S,

Element 309 309S(Cb)

Carbon 0.20 0.08
Manganese 2.0 2.0
Phosphorus....0.045 0.045
Sulfur ..............0.030 0.030
Silicon . 1.0 1.0
Chromium 22-24 22-24
Nickel 12-15 12-15
Colombium and tantalum ••• (a)

(a) For type 3Q9S(Cbl only, the minimum content is ten times the carbon
content

Characteristics. AISI types 309, 309S, and 309S(Cb) are
austenitic, chromium-nickel steels with high heat-resisting
characteristics. They are essentially nonmagnetic when an¬
nealed and become slightly magnetic when cold worked.

These alloys have high resistance to hot petroleum prod¬
ucts and sulfite liquors inpaper and paper pulp mills. They

are also useful in handling nitric acid, nitric-sulfuric acid
mixtures, and acetic, citric, and lactic acids, For improved
service in boiling nitric acid, type 309S(Cb) is preferred.

Type 309, 309S, and 309S(Cb) steels can be deep drawn,
stamped, headed, and upset without difficulty. Because they
work harden, severe forming operations should be followed
by an anneal. The scaling resistance for type 309 in con¬
tinuous service is up to 1095 DC (2000 °F), and up to 1010 °C
(1850 °F) where intermittent heating and cooling are en¬
countered.

The type 309 alloys require rigidmachinesetups and sharp
tools. Better chip action and finish are obtained withmateri¬
al in a moderately cold worked condition than in the an¬
nealed state. These grades are machinedat speeds about 40%
of those for free-machining AISI 1212 steel.

Type 309 can be satisfactorily welded or brazed by all
methods. Where the process uses filler metal,type 309 or 310
may be used. The use of type 309S or 309S(Cb) stainless
steels allows welding without subsequent annealing to avoid
carbide precipitation.
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Typical Uses. Applications of AISI types 309, 309S, and
309S(Cb) include various furnace parts,welding rod, aircraft
and jet engine parts, heat exchangers, and chemical process¬
ing equipment.

AISI Type 309: Similar Steels (U.S. and/or Foreign). UNS
S30900; ASME SA249,SA312, SA358, SA403,SA4G9; ASTM
A167, A249, A276, A312, A314, A358, A403, A409, A473,
ASH, A554, A580; FED QQ-S-763; QQ-S-766; MIL SPEC

MIL-S-862; SAE J405 (30309); (W. Ger.) DIN 1.4828; (Itai.)
UNI X 16 CrNi 23 14

AISI Type 309S: Similar Steels (U.S. and/or Foreign). UNS
S30908; AMS 5523, 5574, 5650; ASME SA240; ASTM A167,
A240, A276, A314, A473, A511, A554, A580; SAE J405
(30309S); (W. Ger.) DIN 1.4833; (Fr.) AFNOR Z 15 CN 24.13;
(Ital.) UNI X 6 CrNi 23 14

AISI Type 309S(Cb): Similar Steels (U.S. and/or For¬
eign). UNS S30940; ASTM A554

Physical Properties

AISI Types 309, 309S, 309S(Cb): Thermal Treatment
Temperatures

Temperature range
Treatment °C 6F

Forging, start 1120-1230 2050-2250
Forging, finish....980 min 1800 min
Annealing!a) ................................1040-1120 1900-2050
Hardeningib) ... ÿÿÿ

(a) Water quench or cool rapidly to prevent carbide precipitation. <b) Hard-
enable by cold work only

AISI Types 309, 309S, 309S(Cb): Thermal Conductivity
Temperature
"C °F

100
500

212.
930.

.15.6

.18.7
9.0

10.8

AISI Types 309, 309S, 3G9S(Cb): Selected
Physical Properties

Melting range...........................- - . . 1400-1455 °C (2550-2650 ®F)

Density 8.0 g/cm3 (0.29 lb/in.3)
Specific heat at 0-100 eC (32-212 °F)...........500 J/kg>K (0.12 Blu/lbcF>
Electrical resistivity at 20 aC (69 °F) . . 78 nil-m

AISI Types 309, 309S, 309S(Cb): Average Coefficients of
Linear Thermal Expansion
Temperature range

°C °F
Coefficient

(iin./ii

Thermal conductivity
W/m-K Btu/ft ÿ h ÿ °F

0-100 32-212 .......14.9 8.3
0-315 32-600 16.7 9.3
0-540 32-1000 17.3 9.6
0-650 32-1200 18.0 10.0
0-980 32-1800 20.7 11.5

Mechanical Properties

AISI Types 309, 309S, 309S(Cb): Representative Tensile Properties (Ref 6)

Tensile Yield
strength strength(a) ElongationCb), Reduction

Product form MPa ksi MPa ksi % in area, % Hardness

Annealed
Sheet ......................620 90 310 45 45 ••• 85 HRB
Strip......................620 90 310 45 45 — 85 HRB
Plate......................655 95 275 40 45 — 170 HB
Bar.......................655 95 275 40 45 65 83 HRB

Soft temper
Wire, 1.57-mm

(0.062-in.) diam..........860 125 620 90 30
Wire, 12.7-mm

(0.500-in.) diam..........725 105 620 90 35 60 85 HRB
(a) 0.2% offset, (b) In 50 mm (2 in.), except for wire. For wire 3.18-mm (0.125-m.) diam and larger, gage length 4 x
diam; for smaller diameters, the gage length is 254 mm (10.0 in.)

AISI Types 309, 30SS,
309S(Cb): Modulus
of Elasticity (Ref 7)

Stressed
in:

Modulus
GPa 10* psi

Tension 200 29,0
Torsion 77 11.2

AISI Type 309: Impact
Properties (Ref 4)

Impact
test

Energy
J ft lb

Hod 120-165 90-120

AISI Types 309, 309S, 309S(Cb): Stress-Rupture and Creep Properties (Ref 9)

Test |-Stress for rupture in:-1 Stress causing 1% elongation in;
temperature 1000 h 10000 h 100000 h lOOOOh 100000 h
•C °F MPa ksi MPa ksi MPa ksi MPa ksi MPa ksi

540 1000................................110 1G.0
595 1100................................83 12.0 48 7.0
650 1200..............141 20.5 103 15.0 78 11.3 48 7.0 31 4.5
705 1300...............81 11.7 48 7.0 26 3.7 31 4.5 17 2.5
760 1400...............52 7.5 31 4.6 21 3.0 15 22 10 1.5
815 1500...............34 5.0 28 4.0 10 1.5 7 1.0 3 0.5
870 1600. ............22 3.2 10 1.5 6 0.9
980 1800................7 l.o 6 0.8 3 06
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Mechanical Properties (continued) Machining Date

AISI Types 309, 309S, 309S(Cb): Tensile Properties at Elevated Temperatures (Ref 9)

Test Tensile Yield
temperatare strength strength's) Elongatiantb), Reduction
"C "F MPa ksi MPa ksi % in area, %

21 70....................620 90 290 42 50 77
150 300....................560 81 255 37 47 77
205 -too....................550 80 240 35 46 75
260 500....................530 77 220 32 45 75
315 600....................515 75 205 30 44 73
370 700....................510 74 195 28 43 72
425 800....................495 72 185 27 40 67
480 900....................475 69 170 25 30 66
540 1000....................455 66 165 24 36 56
595 1100....................405 59 160 23 35 54
650 1200....................380 55 150 22 35 50
705 1300...................305 44 145 21 37 41
760 14O0....................250 36 140 20 40 40
815 1500....................185 27 130 19 46 37
870 1600....................145 21 125 18 50 46
925 1700 105 15 — — 59 47
980 180G 76 II — — 65 66
(a) 0.2% offset, fb) In 50 mm (2 in.)

For machining data on AISI
types 309, 309S, and 309S
(Cb), refer to the preceding
machining tables for AISI
type 302B.

Diameter, i

0.337 0.291 0.J68

Hardne«. RRB

Tensiie strength

riefd strength _
150 »

Hardness. HflC

-Reduction in area
£ -_I

Elongation

zq <a go

Cold reduction. %

_I_I ( i I 1_L
B.6 7.4 60

Diameter, mm

AISI Types 309, 309S, 309S(Cb): Effect of Cold
Reduction on Tensile Properties. Annealed at
1065 °C (1950 °F); water quenched. Specimens wre
9.53-mm (0.375-in.) round, unstraightened and unlempered.
Elongation was measured in 50 mm (2 in.); yield strength at
0.2% offset. (Ref 10)
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AISI Types 310, 31OS

AISI Types 310, 310S: Chemical Composition
Composition, max %

Element__
___

Type 310_Type 310S

Carbon., , ...............................,.- 0-25 0.08
Manganese......... ....2-0 2.0
Phosphorus............................- .,0,045 0.045
Sulfur 0.030 0.030
Silicon . 1.5 1.5
Chromium .....24-26 24-26
Nickel 19-22 19-22

Characteristics. AISI types 310 and 310S are austenitic,
chromium-nicke! steels with high strength and excellent
corrosion resistance. They are used in applications which
involve sulfur-bearing gases at elevated temperature. Ma¬
rine exposures produce little or no evidence of stress corro¬
sion for annealed or cold rolled types 310 and 310S up to 90%
of their yield strength.

These alloys have excellent resistance to oxidizing acids
and most common corrosive agents. They also have good
resistance to molten salts such as tempering, neutral, cya-
niding, and high-speed salts. Although not resistant to mol¬
ten aluminum or molten magnesium,types 310 and 310S are
somewhat resistant to molten lead.

Type 310 stainless steel has excellent resistance to scaling
in continuous service up to 1150 "C (2100 °F) and up to
1095 °C (2000 °F) if used inintermittent heating and cooling.

Types 310 and 310S can be deep drawn, stamped, headed,
and upset without difficulty. Because these steels work
harden, severe forming operations should be followed by an
anneal. Close clearances inblanking and punching are nec¬
essary to minimize burring. Higher press power and lower

speeds are requiredfor formingthese steels than for ordinary
carbon steels.

These stainless steels work harden rapidly and are tough
to machine. The machinahility ratingfor types 310 and 310S
are about 55% of that for free-machining AISI 1212, and can
be somewhat improved by usingmoderately cold drawn bars.

Type 310 can be satisfactorily welded and brazed by the
common methods. It does not air harden on cooling and the
weld is very tough. Ifcarbide precipitationwill be a problem,
type 310S is suggested when the welded assembly cannot
be heated to 1040 "C (1900 °F) and water quenched after
welding.

Typical Uses. Applications of AISI types 310 and 310S
include welding rod, furnace parts, oil refining equipment,
heat exchangers, oil burner parts, chemical plant equipment,
annealing boxes, aircraft and jet engine parts, tube hangers,
and soot-blowing tubing.

AISI Type 310: Similar Steels (U.S. and/or Foreign). UNS
S31000; AMS 5694, 5695; ASME SA182, SA213, SA249,
SA312, SA358, SA403, SA409; ASTM A167, A182, A213,
A249, A276, A312, A314, A358, A403, A409, A473, A511,
A632; FED QQ-S-763, QQ-S-766, QQ-W-423, STD-66; MIL
SPEC MIL-S-862; SAE J405 (30310); (W, Ger.) DIN 1.4841;
(Fr.) AFNOR Z 12 CNS 25.20; (Ital.) UNIX 16 CrNiSi 25 20,
X 22 CrNi 25 20; (Jap.) JIS SUS Y 310; (U.K.) B.S. 310 S 24

AISI Type 31OS: Similar Steels (U.S. and/or Foreign). UNS
S31008; AMS 5521, 5572, 5577, 5651; ASME SA240, SA479;
ASTM A167, A240, A276, A314, A473, A479, A511, A554,
A580; SAE J405 (30310S)

Physical Properties

AISI Types 310, 31OS: Selected Physical Properties (Ref 6)

Melting range...............................1400-1455 "C (2550-2650 gF)

Density..... 8.0 g/cta3 (0.29 lb/in.3)
Specific heat at 0-100 flC (32-212 °F)...........500 J/kgK (0.12 Blu/Ib-°F)

Electrical resistivity at 20 °C (68 DF) ......... 78 nR-m

AISI Types 310, 31OS: Average Coefficients of Linear
Thermal Expansion (Ref 6)

Temperature range Coefficient

* °F fim/mÿ K /hn./in. ÿ

0-100 S2-212 15.8 8.8
0-315 32-GOO 16.2 9.0
0-540 32-1000 16.9 9.4
0-650 32-1200 ................17.S 9.7
0-980 32-1800 19.1 10.6

AISI Types 310, 31OS: Thermal Treatment Temperatures
Temperature range

Treatment "C flF

Forging, start ......1095-1230 2000-2250
Forging, finish 955 min 1750 mill
AnnealingtaJ ..............................1040-1150 1900-2100
Hardening(b) .. ,... .........ÿ"

(a] To prevent carbide precipitation, water quetich or cool rapidly, (b) Harden-
ahle by cold work only

Machining Data

For machining data on AISI types 310 and 310S, refer to the
precedingmachining tables for AISI type 302B.

AISI Types 310, 31OS: Thermal Conductivity (Ref 6)

Temperature
„c nF

100 212
500 930

Thermal conductivity
W/m-K Btu/ft-h-'F

14.2 8.2
18.7 10.8
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Mechanical Properties

AISI Types 310, 310S: Representative Tensile Properties (Ref 6)

Tensile Yield
strength Btrength(a) Elongation(b), Reduction

Product form MPa kai MPa kni % in area, % Hardness

Annealed
Sheet .....................620 90 310 45 45 ••• 85 HRB
Strip......................620 90 310 45 45 — 85 HRB
Plate......................655 95 275 40 45 170 HE
Bar.......................655 95 275 40 45 65 160 HB

Soft tempered

Wire, 1.6-imn
(0.062-in.) diam..........860 125 620 90 30

Wire, 12.7-mm
(0.500-m.) diam..........725 105 485 70 35 60 85 HRB

(a) 0.2% offset, (b) In 50 mm (2 in.), except for wire. For wire 3.18-tnm (0.125-in.) diam and larger, gage length is 4 x
diam; for smaller diameters, the gage length is 254 mm UO.0 in.)

AISI Types 310, 31OS:
Modulus of Elasticity (Ref 7)

Stressed
in:

Modulus
GPa I06 psi

Tension .
Torsion, .

.200

. .77
29.0
11.2

AISi Types 310, 31GS.Izod
Impact Energy_

Energy
Temperature J ft-Ib

Room
temperature 120 90

AISI Types 310, 310S: Tensile Properties at Elevated Temperature (Ref 9)

Test Tensile Yield
temperature strength strength(a) Elongationfbl, Reduction
°C T MPa ksi MPa ksi % in area, %

21 70 625 91 290 42 47 70
150 300 600 87 240 35 39 70
205 400 85 230 33 38 69
260 500 570 83 220 32 37 69
315 600 565 82 205 30 37 69
370 700 560 81 200 29 37 67
425 800 525 76 185 27 36 63
480 900 515 75 1B0 26 34 61
540 1000 495 72 165 24 33 55
595 1100 450 65 150 22 33 50
650 1200 385 56 145 21 35 45
705 1300 340 49 140 20 36 40
760 1400 285 41 130 19 37 39
815 1500 235 34 125 18 40 38
870 1600 185 27 110 16 45 37
925 17UU 215 31 ... 50 40
980 1800 90 13 ... ... 57 40
(a) 0 2% offset, (b) In 50 mm (2 in.)

AISI Types 310, 31OS: Stress-Rupture Properties and Creep Strength for Annealed Bar (Ref 9)

Test :--—---Stress for rupture in:-1 Stress for 1% elongation in:
temperature 1006 h lOOODh 100000 h lOOOOh 100000 h
°C °F MPa ksi MPa ksi MPa ksi MPa ksi MPa ksi

540 1000...........220 32 170 25 125 18 140 20 90 13
595 1100...........160 23 110 16 33 12 105 15 55 8
650 1200...........110 16 69 10 55 8 55 8 40 6
705 1300...........69 10 40 6 35 5 35 5 30 4
760 1400...........50 7 30 4 20 3 15 2 15 2
815 1500...........35 5 15 2 7 1 7 1
870 1600...........20 3 7 1
9B0 1800...........7 1 ......

Temperature. Df

-iSD -m -so

Temperature,

AISI Type 310: Charpy K Impact Properties.
Specimens were in the annealed condition. (Ref 3)
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AtSI Types 310, 310S: Effect of Cold Reduction on
Tensile Properties. Elongation was measured in 50 mm
(2 in.); yield strength at 0 2% (Re) 7)

300
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—

IOS

TO ZD 3D 40

ÿ.Cold reduction, 96

AISI Type 310: Effect of Test Temperature on Tensile
Properties of Annealed Material. Elongation was measured
in 50 mm (2 in.). (Ref 3)
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//

ÿCoid ratled 40%

Colt rolled 60*'

-T50 -IM -50

Temperature. cC

AISI Type 310: Effect of Test Temperature on
Elongation and Reduction in Area of Cold Worked
Material.— elongation; — reduction in area. Specimens
were cold rolled 40 or 60%, or cold drawn to 655 MPa (95 ksi).

Elongation was measured in 50 mm (2 in.). (Ref 3)
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Tetnpcraniic. f
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-

250

-200 -150 -100 -50 0

Temperature. "C

AISI Type 310: Effect of Test Temperature on
Yield and Tensile Strengths of Cold Worked
Material.— yield Strength; ----tensile strength.
Specimens were cold rolled 40 or 60%, or cold drawn
to 655 MPa (95 tesi). (Ref 3}

AISI Type 314

AISI Type 314: Chemical Composition
Element Composition* max %

Carbon 0.25
Manganese 2.0
Phosphorus „ „.......0,045

Sulfur 0.030
Silicon......................„...... 1.5-3.0
Chromium....23-26
Nickel . 19-22

Characteristics. AISI type 314 is an austenitic, chromi¬
um-nickel steel with the highest heat-resisting properties of
any of the chromium-nickel steels. This steel is used when
maximum resistance to carburization is desired. Type 314 is
essentially nonmagnetic when annealed or cold worked.

Because of toughness and high work-hardening character¬
istics, type 314 requires rigid machine setups and sharp
tools. Better chip action and finish are obtained with mate¬
rial in a moderately cold worked condition than in the an¬
nealed condition. Ingeneral, this steel is machined at speeds
about 40% of those used for free-machining AISI 1212 steel.

Typical Uses. Applications of AISI type 314 include fur¬
nace parts, aircraft andjet engine parts, oil burner parts,and
chemical processing equipment.

AISI Type 314: Similar Steels (U.S. and/or Foreign). UNS
S31400; AMS 5522, 5652; ASTM A276, A314, A473, A580;
SAE J405 (30314); (W. Ger.) DIN 1.4841; (Fr.) AFNOR Z 12
CNS 25.20; (Ital.) UNIX 16 CrNiSi 25 20, X 22CrNi 25 20;
(Jap.) JIS SUS Y 310; (U.K.) B.S. 310 S 24

Physical Properties

AISI Type 314: Selected Physical Properties (Ref 6)

Density 7.8 g/cma <0,28 lb/in.a)
Specific heat at 0-100 °C

(32-212 °F] 500 J/kg-K (0.12 Btu/lb-T)
Electrical resistivity at

20 °C (68 °F) 77 nil m

AISI Type 314: Thermal Conductivity (Ref 6)

Temperature
•C aF

Thermal conductivity
W/m-K Btu/ft h-°F

100
500

212.
930.

. 17.5

. 21.1
la.i
12.2
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Physical Properties (continued)

A1SI Type 314: Average Coefficients of Linear Thermal
Expansion (Ref 6)

Temperature range
"C °F

0-315
0-815

Coefficient
(un/m-K jiin./in. •

32-600 . . 15.1
32-1500 . -17.6

8.4
9.8

AISI Type 314: Thermal Treatment Temperatures
Temperature range

Treatment *C "F

Forging, start.......... 1040-1120 1900-2050
Forging, finish 925 min 1700 min
AnneaUng(a) 1150 2100
Hardenicgib) •••
Ca) Cool rapidly. (b) Hardenable by cold work only

Mechanical Properties

AISI Type 314: Representative Tensile Properties (Ref 4, 6)

Test specimens were in the annealed condition

Tensile
Product i-Diameter-1
form mm in.

Sheet.. •••
Plate
Bar
Wire .................0.051-0.508 0.002-0.020

0.533-3.175 0.021-0.125
3.200-9.525 0.126-0.375

(a) 0.2% offset, (b) In50 mm (2 in.)

Yield
strength strength(a) Elongationtb), Reduction

MPa ksi MPa ksi % in area, % Hardness

689 too 345 50 40 85 HRB
68S 100 345 50 45 60 180 HB
689 100 345 50 45 60 180 HB

S55-89S 95-130 275-515 40-75 35-55 ... ...
620-758 90-11U 240-415 35-60 25-55 ... ...
585-724 85-105 240-275 35-40 25-55 ...

Machining Data
For machining data on AISI type 314, refer to the preceding machining tables for

AISI type 302B.

AISI Type 316

AISI Type 31B: Chemical Composition
Element Composition, mas %

Carbon . * ,,.,0,080
Manganese 2.0
Phosphorus . ...0.045
Sulfur. - 0.030
Silicon . 1.0
Chromium.................................16-18
Nickel . . ...10-14
Molybdenum...........................2.0-3.0

Characteristics. AISI type 316 is a molybdenum-bearing,
chromium-nickel, stainless and heat-resistant steel. This
grade has superior corrosion resistance over other chromium-
nickel steels when exposed to many types of chemical corrod¬
ents, as well as marine atmospheres. In addition, type 316
offers higher creep, stress-to-rupture, and tensile strengths
than any other stainless steel. However, after welding it is
susceptible to intergranular corrosion unless the inter-
granular carbides are dissolved by annealing at 1040 to
1150 °C (1900 to 2100 °F), followed by a water quenching.

Type 316 is less susceptible to pitting or pinhole corrosion
than other grades of stainless steel when exposed to hot and

cold dilute solutions of sulfuric and hydrochloric acids; acetic,
formic, andtartaric acids; acid sulfates; and alkaline chlorides.

In the annealed condition, type 316 exhibits excellent
ductility and inay be readily cold worked using methods
such as roll forming, deep drawing, bending, and upsetting.
Annealing is necessary to restore ductility andto lower hard¬
ness for subsequent forming operations. Severely formed
parts should he annealed to remove stress.

For machining, type 316 requires rigid setups and sharp
tools. Better chip action and Finish are obtained with ma¬
terial in a moderately cold worked condition rather than in
the annealed condition. Heavy feeds and an adequate supply
of coolant are also recommended. The machinability of this
grade is about 55% of that for AISI 1212.

Type 316 steel can be welded by most of the common fusion
and resistance welding methods. The suitable filler wire is
type 316.

Typical Uses. Applications ofAISI type 316 include chemi¬
cal storage and transportation tanks; food processing equip¬
ment and cooking kettles; digesters and evaporators for the
paper industry; textile dyeing equipment; nuclear fuel clad¬
ding and heat exchangers; and oil refining equipment.
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A!SI Type 316: Similar Steels (U.S. and/or Foreign): UNS
S31600; AMS 5524, 5573, 5648, 5690, 5G91; ASME SA182,
SA193, SA194, SA213, SA240, SA249, SA312, SA320,
SA358, SA376, SA403, SA409, SA430, SA479, SA688; ASTM
A167, A182, A193, A194, A213, A240, A249, A269, A276,
A312, A313, A314, A320, A358, A368, A376, A403, A409,

A430, A473, A478, A479; FED QQ-S-763.QQ-S-766, QQ-W-
423; MIL SPEC MIL-S-862, MIL-S-5059;SAE J405 (30316);
(W. Ger.) DIN 1.4401; (Fr.) AFNOR Z 6 CND 17.11; (Ital.)
UNIX 5 CrNiMo 17 12; (Jap.) JIS SUS 316, SUH 309, SUS Y
316; (Swed.) SS14 2347; (U.K.) B.S. 316 S 16, 316 S 18, 316 S
25, 316 S 26, 316 S 30, 316 S 40, 316 S 41, En. 58 H

Physical Properties

AISIType 316: Thermal Treatment Temperatures
Temperature range

Treatment *F

Forging, start................................1150-1260 2100-2300
Forging, finish 925 min 1700 min
Annealingta) ................................1010-1120 1850-2050
Rardening(b) •••
(a) Follow with rapid quenching. Thin sections, such as sheet or strip may be
air cooled. Forgings should! be water quenched, (b) Hardenable by cold work
only

AISI Type 316: Thermal Conductivity (Ref 6)

Temperature
•C °F

Thermal conductivity
W/m-K Btu/ft-h*°F

100
500

212.
930.

16.3
21.5

9.4
12.4

AISI Type 316: Selected Physical Properties (Ref 6)
Melting range 13704400 "C (2500-2550 °F)

Density &0 g/cm3 (0.29 lb/in.3)
Specific heat at 0-100 °C

(32-212 °F) 5QO Jftg-K (0.12 Btu/tb°F)

Electrical resistivity at
20 "C {68 °F) 74 nfl m

AISI Type 316: Average Coefficients of linear Thermal
Expansion (Ref 6)

Temperature range Coefficient
°C T' p- rri ÿ K pin,/in.•°K

0-100 32-212 ..........16.0 8.9
0-315 32-600 16.2 9.0
0-540 32-1000 17.5 9.7
0-650 32-1200.... 15.5 10.3
0-815 32-1500 . 20.O 11.1

Mechanical Properfles

AISI Type 316: Representative Tensile Properties (Ref 6)

Condition

Tensile
strength

MPs ksi

Yield
atrength(a)

MFa ksi
Elongation(b). Reduction

in area, % HardneBB

Endurance
limit

MPa ksi

Sheet
Annealed 580
Strip
Annealed 580
Wire, 1.6-tnm(0.062-in.) diam
Annealed 620
Soft tempered 689
Spring tempered 1585
Wire, 1.3.mm (0.50-in.l diam
Annealed 550
Soft tempered 620
Spring tempered 1105
Wire
Spring tempered 1034
Plate
Annealed 565
Bar
Annealed 550
Annealed and

cold drawn .. 620

84

84

90
100
230

80
90

160

150

82

80

90

290

290

240
515

240
415

250

240

415

42

42

35
75

35
60

36

35

50

50

50

55
50

60
50

55

60

45

70
65

79 BIBB

79 HRB

78 HRB
83 HRB

(a) 0.2% offset. (b) In50 mm (2 in.;, except for wire. For wire, gage length is 4 x diam for 3.18-tnin (0
length is 254 mm (10 in.)

70

65
,125-in.) diam

149 HB

149 HB

190 HB
and larger; for

270

270

270

260

275
smaller diameters.

39

39

39

38

40
the gage

AISI Type 316: Modulus of
Elasticity (Ref 7)

Stressed
in;

Modulus
GPa 10a psi

Tension ..........133
Torsion .....77

28.0
11.2

AISI Type 316:
Endurance Limit

Condition
Stress

MPa ksi

Annealed. .270 39

AISI Type 316: Impact Properties (Ref 4)

Impact test J
hod . 95-163
Charpy keyhole notch 110
Charpy V-noteh. .. 105

176

Energy
ft- lb

70-120
80
78

130
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Mechanical Properties (continued)

AISI Type 316: Tensile Properties at Elevated Temperatures (Ref 7)

Test Ten»Ue Yield
temperature strength strengthfa) Elongation(b),
t *F MPs ksi MPs kri %

205 400 580 81 240 35 51
315 600 540 78 215 31 48
425 800 525 76 195 28 47
540 10OC 485 70 165 24 44
650 1200 395 57 145 21 40
760 1400 240 35 125 18 37
870 1600 165 24 110 16 39
(a) 0.2% offset, (b) In 50 mm (2 in.)

Reduction
in area, %

76
72
66
60
53
46
44

For data on corrosionratesin
boiling organic acids or boil¬
ing, dilute sulfuric acid solu¬
tions, refer to the mechanical
properties section of ASTM
XM-27.

AISI Type 316: Stress-Rupture and Creep Properties (Ref 7)

Test
temperature
«C »F

1000 h
MPa ksi

Stress for rupture in:
10 000 h(a)
MPa ksi

100 000 h(a)
MPa ksi

Stress for secondary creep rate of(a):
1% in 10 000 h 1% in 10O 000 h
MPa ksi MPa ksi

595 1100. .. ...245 36 195 28 170 25 124 18.0 79 11.5
650 1200 165 24 115 17 97 14 83 12.0 48 7.0
705 1300... . ..110 16 69 10 50 7 52 7.5 28 4.0
760 1400 69 10 40 6 30 4 31 4.5 IS 2.2
815 1500 . . . ... 40 6 30 4 15 2 21 3.0 ...
870 1600 30 4 ... ... ... ...
(a) Extrapolated data

Machining Data

For machining data on AISI
type 316, refer to the pre¬
ceding machining tables for
AISI type 302B.

AISI Type 316: Effect of Test Temperature on Tensile
Properties of Annealed Material. Elongation was measured in
50 mm (2 in.). (Ref 4)

USD
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AISI Type 316: Effect of Test Temperature on Tensile
Properties of Cold Worked Material, specimens were cold drawn
to 25% reduction; elongation was measured in 5Q mm (2 in.). (Ref 4)
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A1SI Type 318: Effect of Gold Work on Tensile Properties
Annealed at 1065 °C (1950 °F); water quenched. Specimens were
9.53-mm (0.375-in.) round, unstraightened and untempered. Tests were
conducted using specimens machined to English units. Elongation was
measured in 50 mm (2 in.); yield strength at 0.2% offset. (Ref 10)

1
Diameter, tn

Hardness, HRB

Tensite strength

Yield itrcrhgth

3D £
Hardness, HRC

i

Reduction in area

Elongation

20 40
Cold reduction, %

I ÿ I
8.6 7.4 6.0

DiairnrlEi, mm

AISI Type 316: Rupture Strength of Annealed Steef (Ref 8)

Temperature. "F

1200 U0Q

10000 Is —I j
I li \ lOQOh

£ 125

KW OQO h

JemperalijTc. "C

1000
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A1SI Type 316: Effect of Sigmatizing on Impact Properties.
Signalized at 730 to 900 °C (1350 to 1650 °F); carbon content ol 0.02%,

Impact energy test used Charpy Keyhole notch specimens. (Ref 4)

Temperature, " F

-ZDC -T50 -100 -50 0 *50

Tcrmpcrfiiure, °C

AISi Type 316: Effect of Sensitization on Impact Properties
oi Annealed Steel. Sensitized at 650 "C (1200 °F) for 2 h; maximum
carbon content of 0.03%. Impact energy tests usedCharpy Keyhole notch
specimens. (Ref 4)

Temperature. "F

>

a.
E

-100 D

Temperate. 9f1

AISI Type 316: Creep Strength of Annealed Steel (Ref 3)
Temperature, °F

1G0O
175

ISO

125

100

w

Q

ÿ 1*in10 000 h

1fcin 100000 h

600 700500 BOO
Temperature, DC

AISI Type 316L

AISI Type 3161: Chemical Composition
Element Composition, m,ax %

. . 0.030
2.0

Sulfur.....................

Chromium .
Nickel..........., ....
Molybdenum...... .... .

Characteristics. AISI type 316L is a very low-carbon,
austenitic, chromium-nickel, stainless steel. This grade has
general corrosion resistance similar to type 316, but superior
resistance to intergranular corrosion following welding or
stress relieving. It is recommended for parts that are fab¬

ricated by welding and cannot be subsequently annealed.
Parts made from type 316L are generally limited to service at
temperatures up to 425 "C (800 °F).

Type 316L is essentially nonmagnetic when annealed, and
becomes slightly magnetic when cold worked. It can be
deep drawn, stamped, headed, and upset without difficulty.
Because this steel work hardens, severe forming operations
should be followed by an anneal.

The type 316L alloy machines with a tough and stringy
chip. Rigidly supported tools with as heavy a cut as possible
should be used to prevent glazing. Machinability for this
grade is about 55% of that for free-machining AISI 1212,but
can be improved by usinga moderately coldworked material.

Type 316L can be satisfactorily brazed and welded by all
methods, except oxyacetylene gas. When a filler metal is re¬
quired, types 316L and 317L are satisfactory.
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Typical Uses. Applications of AISI type 316L include
pulp handling equipment; processing equipment for produc¬
ing photographic chemicals, inks, rayon, rubber, textile
bleaches, and dyestuifs; and high-temperature equipment.

AISI Type 316L; Similar Steels (U.S. and/or Foreign). UNS
S31603; AMS 5507, 5653; ASME SA182, SA213, SA240,

SA249, SA312, SA403, SA479, SA688; ASTM A167, A18I
A213, A240, A249, A269, A276, A312, A314, A403, A471
A478, A479, A511, A554, A580, A632, A688; FED QQ-S-763
QQ-S-766; MIL SPEC MIL-S-862; SAE J405 (30316L); (W
Ger.) DIN 1.4404;(Fr.) AFNOR Z 2 C.VD 17.12; (Ital.l UNII
2 CrNiMo 17 12; (Jap.) JIS SUS 316 L.SUH 310; (Swed.) SSi
2348; (U.K.} B.S. 316 S 12, 316 S 14,316 S 22, 316 S 24, 316 5
29, 316 S 30, 316 S 31, 316 S 37, 316 S 82, S. 537

Mechemkal Properties Physical Properties

AISI Type 3161: Charpy Impact Properties of Weld Joints (Ret 3)

Test specimens were in the as-welded condition

Test temperature
°C °F J

30 85 .. . 43
-195 -320 22
-260 -440 26
-260(a) -440(a) 34
(a) Data for Charpy V-notch

Impact energy at keyhole notch location of:
In weld Heat-affected zone Unaffected zone

ft lb J ft 'lb J ft-lb

32
16
19
25

95
88
81
94

70
65
60
69

103
96
95

148

76
71
70

109

AISI Type 316L: Representative Tensile Properties (Ref 6)

Tensile Yield
strength strength(H)

Product form MPa ksi MPs ksi

Annealed
Sheet 560 81 290 42
Strip .....560 81 290 42
Plate 560 81 235 34
Bar 515 75 205 30

Annealed and cold drawn
Bar 585 85 380 55
(a) 0,2?' offset, (b) Elongation in 50 mm (2 in.)

Elongation(b),
•k Hardness

50
50
55
60

45

79HRB
79 HRB

146 HB
149 HB

190 HB

AISI Type 316L: Thermal
Treatment Temperatures

Temperature rang<
Treatment °C T

Forging,
start......1150-1260 2100-230C

Forging,
finish.......925 min 1700 min

Annealing
fa) .........1010-1120 1850-2050

Hardening
(b) -

(a! Con) rapidly in air or water
quench, lb) Hardenableby cold work
only

For additional data on physi¬
cal properties of AISI type
316L, refer to the preceding
tables for AISI type 316.

AISI Type 316L: Modulus of
Elasticity (Ref 7)

Stressed

Tension 19S
Torsion. . 77

26,0
11.2

AISI Type 316L: Izod impact Properties

Modulns
of elasticity

GPa I08 psi

Test temperature
•C °F

-195
21

-320 .
70.

Impact energy
J ft lb

150
150

110
110

Machining Data
For machiningdata on AISI type 316L, refer to the precedingmachiningtables for
AISI type 302B.
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Mechanical Properties (continued)

Hardness. HRB

Tensile strength

ÿReduction in area

ÿElongation

Diameter, in.

Cold reduction, %

6.6 7.4 6.0
Diameter, mm

AISI Type 31GL: Effect of Cold Reduction on
Tensile Properties. Annealed at ioes °c
(1950 °F); water quenched. Specimens were
9.53-mm (0.375-in.) rounds, unstraigtitened and
untempered, Tests were conducted using specimens
machined to English units. Elongation was measured
in 50 mm (2 h.}; yield strength at 0.2% offset.
(Re! 10)

—1 70
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AISI Type 316F

AiSI Type 316F: Chemical Composition
Element Composition, max %

Carbon ......0.08
Manganese . 2.00
Phosphorus 0.20
Sulfur .. 0.10
Silicon . 1.00
Chromium 16-18
Nickel 10-14
Molybdenum 1.75-2.00

Characteristics. AISI type 316F is an austenitic, chro¬
mium-nickel, stainless and heat-resisting steel. It is similar

to type 316 with elements added to improve machining and
nonseizurc characteristics.

Type 316F is nonmagnetic when annealed, but slightly
magnetic when cold worked. Welding, cold working, and ma¬
chining characteristics are similar to those of type 316. One
exception is that type 316F has a machinability rating ap¬
proaching65% ofthat for free-machining AISI 1212; type 316
has a 55% machinability rating.

Typical Uses. AISI type 316F is suitable for use in auto¬
matic screw machines. Other applications are similar to those
given for AISI types 316 and 316L.

AISI Type 316F: Similar Steels (U.S. and/or Foreign).
S31620; AMS 5649

UNS

Physical Properties

AISI Type 316F-. Thermal Treatment Temperatures
Temperature range

Treatment °C °F

Forging, start 1205 2200
Forging, finish 925 min 1700 mm
Annealingial 1095 2000
Hardeningib) —
(a) Air cool rapidly or water quench, (b) Hardenable by cold work only

AISI Type 316F: Selected Physical Properties (Ref 6)

Melting range 1370-1400 °C (2500-2550 *F)

Density 8 0 g/cm3 (0.29 lb/in.3)
Specific heat at 0-100 "C

(32-212 "F) 485 J/kg-K (0.116 Btu/lb 'F)

Thermal conductivity at
100 °C (212 °F) ..........................14.4 W/m-K (8.3 Btu/ft -h-'F)

Electrical resistivity at
20 "C (68 °F) 74 nfl-m

AISI Type 316F; Average Coefficients of Linear Thermal
Expansion (Ref 6)

Temperature range Coefficient
"C °F nm/m-K gin./in.-cF

0-100 32-212 16-6 9.2
0-315 32-600 17.5 9.7
0-540 32-1000....18.2 10.1

Machining Dafa

For machiningdata on AISI type 316F, refer to the preceding
machining tables for AISI type 302B.

i Mechanical Properties

| AiSI Type 316F; Representative Tensile Properties (Ref 6)
Test specimens were in the annealed condition

Tensile Yield
Product strength strength(a) Elongation(b),
form MPa k.-i MPa ksi % Hardness

Sheet 65 260 38 60 85 HRB
Bar 82 240 35 57 143 HB
(a) 0.2% offset, (b) In 50 mm (2 in.)
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AISI Type 316N

AISI Type 316N: Chemical Composition
Composition,

Element max %

Carbon 0.08
Manganese 2.00
Phosphorus 0.045
Sulfur 0.030
Silicon 1.00
Chromium 16-18
Nickel 10-14
Molybdenum 2-3
Ntrogen .'.0.10-0.16

Characteristics. AISI type 316N is a nonhardenable,aus-
tenitic, chromium-nickel-molybdenum-nitrogen stainless
steel. This grade has higher strength than conventional type
316 yet Tetains ductility, as well as good corrosion and heat
resistance. It is nonmagnetic in the annealed condition, but
may become slightly magnetic when cold worked.

The higher nitrogen content of type 316N provides im¬
proved resistance in environments that promote pittingand
crevice corrosioninstainless steels. However,nitrogenhas no
apparent effect in nonpitting acid environments.

Type 316Ncanbereadily cold formed by heading, drawing,
hending, and upsetting. Type 316 or 316N electrodes should
be used when welding this steel. For maximum corrosion
resistance, assemblies should be annealed after welding.

Typical Uses. Applications of AISI type 316N include
screw machine products, food processing equipment, photo¬
graphic developing equipment, pulp handbng equipment,
and accessories for chemical handling equipment.

AISI Type 316N: Similar Steels (U.S. and/or Foreign). UNS
S31651; ASME SA182, SA213, SA240, SA249, SA312,
SA358, SA376, SA403, SA430, SA479; ASTM A182, A213,
A240, A249, A276, A312, A358, A376, A403, A430, A479

Physical Properties

AISI Type 316N: Thermal Treatment Temperatures
Temperature range

Treatment °C °F

Forging, start. .. . 1040-1150 1900-2100
Furging, finish........... 925 min 1700 min
Annealing*a)........1010-1120 1850-2050
AnnealingCb).....1095 2000
(aj For fall annealing; follow with water quench, (b) For maximum corrosion
resistaijue, follow with water quench

AISI Type 316N: Thermal Conductivity (Ref 10)

Temperature
•V 'F

Thermal conductivity
W/m-K Btu/ft•h•°F

95
540

200.
1000.

. 16.1

. 21.5
9.3

12.4

AISI Type 316N: Selected Physical Properties (Ref 10)

Melting range 1370-1400 "C (2500-2550 °F1
Density.........7.92 g/cma (0.286 lb/in'.3)
Specific heat at 0-100 Y) (32-212 "F)...........500 J/kg - K (0.12 Btu/lb-*F>
Electrical resistivity at 20 °C (68 "Ft 72 nil• m

AISI Type 316N: Average Coefficients of Linear Thermal
Expansion (Ref 10)

Temperature range Coefficient
°C °F gm/m-K /lin./in. "F

0-100 32-212 16.0 8.9
0-315 32-600 16.2 9.0
0-540 32-1000 17.5 9.7
0-650 32-1200 18.5 10.3

Mechanical Properties

AISI Type 316N: Modulus of
Elasticity (Ref 10)

Stressed
in:

Modulus
GPa 10® psi

Tension .........196 28.5

AISI Type 316N: Charpy
Impact Energy (Ref 10)

Specimen
dimeter Energy

J ft lb

13 0.5 80 59

AISI Type 316N: Representative Tensile Properties (Ref 6)

Test specimens were in the annealed condition
Tensile Yield

Product strength strength(a)
form MPa ksi MPa ksi

Sheet 620 90 330 48
Bar ....620 90 290 42
(a) 0.296 offset, (b) In50 mm (2 in.)

Machining Data
For machiningdata on AISI type 316N, refer to the preceding
machiningtables for AISI type 302B.

Elongfltion(b),

48
55

Hardness

85 KRB
180 HE
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AISI 316N: Effect of ColdReduction
on Tensile Properties. Elongation was
measured in 50 mm (2 in.). (Ret 10)Hardness

Yield strength

Elongation

Cold reduction, %

AISi Type 317

A1S1 Type 317: Chemical Composition
Element Composition, max %

Carbon................... 0,080
Manganese .. . 2.0
Phosphorus........0.045
Sulfur 0.030
Silicon......................... ..... 1.0
Chromium. ....... .......18-20
Nickel................. .. .......11-15
Molybdenum .........3.0-4.0

Characteristics. AISItype 317 is a molybdenum-bearing,
austenitic, chromium-nickel steel which exhibits excellent
corrosionresistance.The steelwas developed for useinsulfite
pulp mills to resist the corrosion of sulfurous acid compounds
more effectively. Type 317 also resists pitting in phosphoric
and acetic acids.

Inthe annealed condition, this stainless steel has excellent
intergranular corrosionresistance. However,ifexposedto the
temperature range 425 to 900 °C (800 to 1650 °F),' a subse¬
quent anneal at 1040 cC (1900 °F) minimum, followed by

water quenching, is suggested. Type 317 has a safe scaling
temperature for continuous service of 870 °C or 1600 °F.

This grade can be cold worked by deep drawing/stamp¬
ing, heading, and upsetting without difficulty. Severe cold
forming operations should be followed by an anneal. Type
317 steel machines with a tough and stringy chip. As heavy a
cut as possible should be used to avoid glazing. The machin-
ability rating of this grade is about 55% of that for free-
machiningAISI 1212.Moderatecoldworking usually improves
machinability.

Typical Uses. Applications ofAISI type 317 includepaper
pulp handling equipment; process equipment for producing
photographicchemicals, inks,rayon,rubber, textile bleaches,
and dyestuffs; and high-temperature equipment.

AISI Type 317: Similar Steels (U.S. and/or Foreign). UNS
S31700; ASME SA240,SA249, SA312, SA403, SA409; ASTM
A167, A240, A249, A269, A27C, A312, A3 14, A403, A409,
A473, A478, A511, A554, A580, A632; FED QQ-S-763; MIL
SPEC MIL-S-862; SAE J405 (30317); (W. Ger.) DIN 1.4449;
(Ital.) UNIX 5 CrNiMo 18 15; (Jap.) JTS SUS 317
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Physical Properties

AISI Type 317: Thermal Treatment Temperatures
Temperature range

Treatment DC °F

Forging, start 1150-1260 2100-2300
Forging, finish.............ÿ .,.......925 mm 1700 min
AnneaJing{a) .............1010-1120 1850-2050
Hardening*b) .
(a) Water quench, (b) Hardenable by cold work only

AISi Type 317: Average Coefficients of Linear Thermal
Expansion (Ref 6) ___________
Temperature range Coefficient
"C °F fim/m-K fiin./in. -T

0-100 32-212.... 16.0 8.9
0-315 32-600...........16,2 9.0
0-540 32-1000 17.5 9.7
0-650 32-1200 18.5 10.3
0-815 32-1500 20.0 11.1

AISI Type 317: Selected Physical Properties (Ref 6)

Melting range 1370-1400 "C (2300-2550 °F)

Density .......*.................-..............ÿ - fl.O g/cmÿ (0.29 lb/in.3)
Specific heat at 0-100 °C (32-212 °F)...........502 J/Tig-K (0.12 Btu/lb °F)

Electrical resistivity at 20 °C (68 GF) ........... 74 nH'm

AISI Type 317: Thermal Conductivity (Ref 6)

Temperature
•C "F

Thermal conductivity
W/m-K Btu/ft-h-'F

100
500

212.
930.

. 16.3

. 21.5
9.4

12.4

Mechanical Properties

AISI Type 317: Tensile and Creep Properties at Elevated
Temperatures
Test specimens were 25-mm (1-in.} diem bar, water quenched from
1120 °C(2050 T)

Test Stress for Stress for 1%
temperature short-time tests elongation in 10 000 h
*C °F MPs ksi MPs Usi

21 70...........585 85
540 1000.................505 73 172 25.0
595 1100.................485 70 125 18.2
650 1200.................460 67 88 12.7
705 1300..............450 65 54 7.9
760 1400.........--r.......350 51 31 4.5
815 1500.................275 40 19 2.8

AISI Type 317: Charpy Impact Properties of Weld
Metal (Ref 3) ______

Charpy keyhole notch impact energy for
test temperature of:

21 °C (70 °F) -76 °C (-105 °F) -195 "C (-320 'F)

Condition J ft - lb J ft - lb J ft - lb
2.0% ferrite
As welded .....28-31 21-23 22-23 16-17
Annealed........28 21 22-23 16-17

5.5%. ferrite
As welded.....14-20 10-15 9-11 7-8
Annealed......14-16 10-12 7-9 5-7

12-19
15-23

9-14
11-17

AISI Type 317: Representative Tensile Properties (Ref 6)

Test specimens were in the annealed condition

Tensile Yield
Product strength strength(a)
form MPa ksi MPs ksi

Sheet 620 90 275 40
Strip... 620 90 275 40
Plate 585 85 275 40
Bar 585 85 275 40
(a) 0.2% offset, (b) In50 mm (2 in.)

Elongationfb),
%

45
45
50
50

Hardness

AISI Type 317: Modulus of
Elasticity (Ref 6)

Stressed Modulus
in: GPa L08 psi

Teamen.........195 28
85 HKB
85 HEB

160 HB
160 HB

Machining Data

For machining data on AISI typo 317, refer to the preceding machining tables for AISI
type 302B.
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A?Si Type 317L

AISI Type 317L: Chemical Composition
Element Composition, max %

CarboD 0.030
Manganese . 2.0
Phosphorus . 0.045
Sulfur ;.......... 0.030
Silicon 1.0
Chromium .18-20
Nickel...... ......11-15
Molybdenum 3.0-4.0

Characteristics. AISI type 317L is a molybdenum-
! bearing, austenitic, chromium-nickel steel similar to type
i 316L, but containing a higher alloy content. This stainless
steel exhibits superior corrosion resistance inspecial applica¬
tions where a minimum amount of contamination resulting
from reaction between the material and the vessel is desired.

1 Type 317L was developed primarily to resist the attack of
sulfurous acid compounds. Because it withstands corrosion,

uses of this steel have expanded; it is now found in many
other industrial applications, as well. The low carbon content
of this grade provides immunity to intergranularcorrosion in
applications where parts with heavy cross sections cannot be
annealed after welding, or where low-temperature stress re¬
lieving treatments are desired.

The safe scaling temperature for type 317L incontinuous
service is 925 °C (1700 °F). The maximum temperature for
intermittent service is 815 °C (1500 °F).

Typical Uses. Applications of AISI type 317L include
handling of sulfur, pulp liquor, acid dyestuffs, and acety-
lating and nitrating mixtures; bleaching solutions; flue gas-
ses from fossil fuel plants;and sulfurous, acetic, formic, citric,
and tartaric acids.

AISI Type 317L: Similar Steels (U.S. and/or Foreign). UNS
S31703; ASME SA240; ASTM A167, A240; CW, Ger.) DIN
1.4438; (Ft.] AFNOR Z 2 CND 19.15;(Swed.)SSi42367; (U.K.)
B.S, 317 S 12

Machining Data

For machining data on AISI type 317L, refer to the preceding machiningtables for
AISI type 302B.

Tensile ilrenglh.

Yield strength

•Elongation

20 30

Cold work, %

AISI Type 317: Effect of ColdWork on
Mechanical Properties. Elongation was measured
in 50 mm (2 in.); yield strength at 0.2% offset. (Ref 4)
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Physical Properties

AISI Type 317L: Thermal Treatment Temperatures
Temperature range

Treatment "C °F

Forging, start. , . 1150-1260 2100-2300
Forging, finish..................- - — - .......925 min 1700 tnin
Annealingia) 1040-1095 1900-2000
Haxdeniiigfb) ... -
(a) Water quench, (b) Harcfenable by cold work only

AISI Type 317L: Thermal Conductivity (Ref 11)

Temperature Thermal conductivity
°C "F W/m-K Btu/fth°F

100 212 16.3 <14
500 930 21.5 12.4

AISI Type 317L: Average Coefficients ot Linear Thermal
Expansion (Ref 11)_ '_
Temperature range Coefficient

°C °F pin/m-K pin./in.-°F

0-100 32-212 14.4 8.0
0-315 32-600 16.2 9.0
0-540 32-1000 17.5 9.7
0-650 32-1200........... 18.5 10.3
0-815 32-1500 20.0 11.1

AISI Type 317L; Selected Physical Properties (Ref 11)

Meltingpoint.................................1425-1430 °C (2595-2605 °F)

Density 8.0 g/cm3 (0.29 lb/in.3)

Specific heat at 0-100 °C (32-212 °F)..........486 J/kg-K <0.116 Btu/lb-T)

Electrical resistivity at 20 °C (68 *F) 74 nll-ni

Mechanical Properties

AiSI Type 3171: Representative Tensile Properties (Ref 6)

Test specimens were in ttie annealed condition

Tensile Yield
Product strength strength(a) EloDgation(h), Hardness,
form MFa ksi MPa ksi % HUB

Sheet ...595 86 260 38 55 85
Plate ... 585 85 240 35 55 80
Tubing .. . 595 86 345 50 55 ...
(a) 0.2*5: offset. (bTTn 50 mm (2 in.)

AISI Type 317L: Tensile Strength at Elevated Temperature
and Creep Properties (Ref 11)

Strength for
TcBt abort-time elevated Stress for creep rate

temperature temperature of 1% in 10 000 h
•C *F MPo kai MPa ksi

540 1000.................505 73 172 25.0-
595 1100.................485 70 125 18.2
650 1200.................460 67 88 12.7
705 1300 450 65 54 7.8
760 1400 350 51 31 4.5
815 1500 275 40 19 2.8

AISI Type 321

AISI Type 321: Chemical Composition
Element Composition, max %

Carbon. .. ..0,080

Manganese . 2.0
Phosphorus.. . 0.045
Sulfur....................................................,0.030
Silicon . . 1.0
Chromium......... .......17-19
Nickel 9-12
Titanium . (a)

(a) Five times the minimum carbon content

Characteristics. AISI type 321 is a titanium-bearing,
austenitic, chromium-nickel, stainless steel. This grade is
stabilized against carbide precipitation and designed for
operation within the temperature range where carbide pre¬
cipitation develops. Inthis type of steel, the carbon combines
preferentially with titanium to form a harmless titanium
carbide, and leaves the chromium insolution to maintain full
corrosion resistance.

Type 321 withstands all ordinary rusting and resists all
foodstuffs, sterilizing solutions, and most of the organic and

inorganic chemicals and dyestuffs. It has good resistance
to nitric acid, but poor resistance to halogen acids. This
stainless steel has excellent scale resistance up to 900 °C
(1650 °F). For intermittent service, the temperature should
not exceed 815 °C (1500 °F).

Type 321 is extremely tough and ductile, and responds to
deep drawing, bending, forming, and upsetting. After cold
working, it is slightly magnetic. In machining, the steel
requires a powerful machine, heavy feeds, and slow spindle
speeds. The maehinability ratingof type 321 is about 45% of
that for free-machining AISI 1212.

This steel can be welded with allelectric welding processes.
If a filler metal is required, type 347 is suggested. Type 321
should not be used because most, if not all, titanium is lost
in welding. .

Typical Uses. Applications of AISI type 321 include fur¬
nace parts; aircraft collector rings and exhaust manifolds;
expansion joints; and high-temperature chemical handling
equipment.
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A!S! Type 321: Similar Steels (U.S. and/or Foreign). UNS
S32100; AMS 5510, 5557, 5559, 5570, 5576, 5645, 5689;
ASME SA182, SA193,SA194, SA213, SA240, SA249, SA312,
SA320, SA358, SA376, SA403,SA409, SA430, SA479; ASTM
A167, A182, A193, A194, A213, A240, A249, A269, A271,
A276, A312, A314, A320, A358, A376, A403, A409, A430,
A473, A479, A493. A511; FED QQ-S-763, QQ S-766, QQ-W-

423; MILSPEC MIDS-862; SAE J405 (30321); <W. Ger.) DIN
1.4541; (Fr.) AFNOR Z 6 CNT 18.10; (Ital.)UNI X 6 CrNiTi
18 11, X 6 CrNiTi 18 11 KG, X 6 CrNiTi 18 11KW, X 6
CrNiTi 18 11KT,ICL472 T; (Jap.) JIS SUS321; (Swed.) SS15
2337; (U.K.) B.S. CDS-20, 321S 12,321 S 18, 321S 22, 321
S 27, 321 S 40, 321 S 49, 321 S 50, 321S 59,321 S 87, En. 58
B, En. 58 C

Physical Properties

AISI Type 321: Thermal Treatment Temperatures
Temperature range

Treatment ®C BF

Forging, start 3150-1260 2100-2300
Forging, finish ...........925 min 1700 min
Annealing(a) ................................955-1120 1750-2050
Stabilizingÿ) 845-900 1550-1650
Hardeningfc).....•"
(a) Follow with rapid air cooling or water quenching, (b) Recommended for
added protectionagainst intergranular corrosion for severe service conditions.
particularly above 425 DC (800 Follow with rapid air cooling or water
quenching, (c) Hardenable by cold work only

AISI Type 321:Average Coefficients of Linear Thermal
Expansion (Ref 6)

Temperature range Coefficient
"C °F fimim • K film/in.-

0-100 32-212 16.7
~

9.3
0-315 32-600 11.1 9 5
0-540 32-1000 18.5 10.3
0-S50 32-1200 IS,3 10.7
0-815 32-1500 20.2 11.2

20-925 68-1700 20.5 11.4

AISI Type 321: Thermal Conductivity (Ref 6)

Temperature
°C °F

Thermal conductivity
W/m-K Btu/ftb'F

100
500

212.
930.

16.1
22.1

9.3
12.8

AISI Type 321: Selected Physical Properties (Ref 6)

Melting range 1400-1425 °C 12550-2600 °F)

Density 8.0 g/cm3 (0.29 lb/in.3)

Specific heat at 0-100 °C (32-212 °F>...........500J/krK (0.12 Btu/lh-°F)

Electrical resistivity at 20 °C (68 °F) ............72 nfi • m

Meehcmlcal Properties

AISI Type 321: Representative Tensile Properties (Ref 6)

Tensile strength Yield strength(a) Elongation(b), Reduction
Product form MPa ksi MPa ksi % in area, % Hardness

Annealed
Sheet 620 90 240 35 45 80 HRE
Strip. . . 620 90 240 35 45 ... 80HRB
Plate 585 85 240 35 35 ... 160 HE
Bar 585 85 240 35 55 65 150 HB
Annealed and cold drawn
Bar, 25-mm

(1.0-in.) diam 95 415 60 40 60 185 HB
Soft, tempered
Wire, 1.6-mm

(0.062-in.) diajn. 115 585 85 30 ...
Wire, 13-mm

(0.50-in.l diam 655 95 450 65 40 60 89 HEB
(a) 0.2ft offset, (b) In 50 mm {2 in.)t except for wire. For wire 3.18-mm (0.125-in.) diam and larger, gage length is
4 x diam; for smaller diameters, the gage length is 254 mm (10,0 in,}

: AISI Type 321: Tensile Properties at Elevated Temperatures (Ref 7)
Test specimens were T6.0-mm (0.625-in.J diam rod, annealed at 1040 "C (1900 °f) for V* ft; water quenched;
hardness of 75 HRB

I ——--Test temperature Tensile strength Yield strength(a) ElongationOt), Reduction
i "C "F MPa ksi MPa ksi % in area, %

21 70 569 82.5 207 30.0 71.0 79.5
., 205 400 421 61.0 145 21.0 48.0 76.0

1 425 800 400 58.0 121 17.5 42.5 71.5
! 540 1000 379 55.0 124 18.0 42.0 70.5

650 1200 44.0 117 17.0 37.0 57.5
760 1400 210 30.5 114 16.5 44.5 53.0
870 1600 117 17.0 93 13.5 57.0 82.0

; 980 1800 63 9.1 50 7.3 78.0 96.0
. (a) 0.2% offset, (b) Gage length is 4 "X diam of teat specimen

AISI Type 321; Modulus of
Elasticity (Ref 7)

Stressed Modulus
in: GPa 10s pai

Tension .....". . 193 28.0
Torsion 77 H-2

AISI Type 321;Impact
Properties of Annealed
Material (Ref 4)

Impact Energy
energy test J ft -lb

Izod 120-150 90-110
Charpy keyhole

notch ....95 70
Charpy

V-notch 165 120

AISI Type 321:
Endurance Limit

Stress
Condition MPa ksi

Annealed...270 39

i
i
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Mechanical Properties (continued)

AlSt Type 321: Stress-Rupture and Creep Properties (Ref 7)

Test I-Stress for rapture in:-1 Stress for secondary creep rate of(aJ:

temperature 1000 h 10000 h(a> 100 000 hla) 1% In 10 000 h 1% in 100 000 h
°c *F MPa ksi MPa ksi MPa kai MPa ksi MPa ksi

480 900 340 49 0 295 43.0 ... ... ... I
540 1000 290 42.0 235 34.0 ... ... ... ...
595 1100 200 29.0 145 21.0 105 15.0 115 16.5 80 11.5
650 1200 .. 130 18.5 85 12.0 50 7.5 65 9.5 45 6.5
705 1300 75 11.0 40 6.0 30 4.0 35 5.0 25 3.5
760 1400 6.5 25 3.5 17 2.5 17 2.5 15 2.0
815 1500 30 4.0 15 2.0 10 1.5 10 1.5 1
(a) Extrapolated data

AlSt Type 321: Tensile Properties of Cold Drawn Wire (Ref 4)

Specimen diameter
mm in.

Tensile strength
MPa ksi

Yield strength
MPa ksi

Elongation!a),
%

25% hard
0.05-0.51 0.002-0.020 ..........1105-1380
0.53-3.18 0.021-0.125 ...........895-1105
3.20-9.53 0.126-0.375 825-965

50% hard
0.05-0.51 0.002-0.020..........1380-1585
0.53-3.18 0.021-0.125 ..........1105-1380
3.20-9.53 0.126-0.375 ..........1035-1170

75% hard
0.05-0.51 0.002-0.020 ..........1585-1880
0.53-3.18 0.021-0.125 ..........1380-1585
3.20-9.53 0.126-0.375 ..........1170-1380

Fullhard
0.05-0.51 0.002-0.020 ..........1860-2345
0.53-3.18 0.021-0.125 ..........1620-1895
3.20-9.53 0.126-0.375 ..........1380-1655
(a) la 50 mm (2 in.)

160-200
130160
120-140

200-230
160-200
150-170

230-270
200-230
170 200

270-340
235-275
200-240

825-1170
690-895
620-760

1205-1480
895-1170
825-965

1310-1515
1170-1380
965 1170

1585-1795
1450-1690
1170-1450

120-170
100-130
90-110

175-215
130-170
120-140

190-220
170-200
140-170

230-260
210-245
170-210

15-20
15-25
20-30

11-18
11-18
10-18

5-10
6-12
5-10

1-2
2-5
2-5

AISi Type 321: Tensile Properties at Elevated Temperatures After Annealing and
Cold Work (Ref 7)
Test specimens were 16-mm (0.625-in.) diam rod; annealed and cold worked to hardness of 96 HRB

Test
temperature

Tensile
strength

MPa ksi

Yield
strength(a)

MPa ksi
Eiongation(b),

%
Reduction
inarea, %

21 70 . 685 95.0 465 67.5 48.0 73,0
205 400 493 71.5 390 56.5 27.5 74.0
425 300 476 69.0 390 56.5 23.5 63.0
540 1000 448 65.0 365 53.0 22.0 66.0
650 1200 390 56.5 331 48.0 23.0 55.0
760 1400 296 43.0 279 40.5 18.0 32.5
870 1600 . ,169 24.5 162 23.5 50.5 75.5
980 1800 69 10.0 63 9.2 102.0 93.5
(a) 0.2% offset, (b) Gage length is 4 x diam

AISI Type 321: Impact Properties of Weld Metal
Base metal type 321; filler metal type 347

Charpy keyhole notch
impact energy at temperature of;

20°C(B8T) -76 "C (-105 'F) -195 °C {-320 TO
Condition J ft - lb J ft' lb J ft lb

As welded 43
Annealed. ..... 39-43

32
29-32

33-37
38-19

24-27
28-35

24-35
31-37

18-26
23-27

Machining Data

For machining data on AISI type 321, refer to the preceding
machining tables for AISI type 201.



Staira!ess/Hesf-Resis£!ng/3©y

Yield strength

Elongation

AISI Type 321:Effect of Test Temperature on Tensile
Properties of Annealed Material. Elongation was measured in
SO mm (2 in.). (Ret 3)

Cold reduction,%

AISI Type 321:Effect of Cold Reduction on Tensile
Properties. Elongation was measured in 50 mm (2 in.); yield strength
at 0.2% offset. (Ret 10)

AiSf Type 321:Impact Properties, impact energy tests; — izod;----Charpy V-notch { Ref 4)
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AISI Type 329

AiSI Type 329: Chemical Composition
Element Composition, max %

Carbon 0.10
Manganese ............2.00
Phosphorus 0.04
Sulfur.....0.03
Silicon...........,, ÿ . *............. ....l.OO
Chromium............. ......-.............25-30
Nickel . ,,...............................3.0-6.0
Molybdenum . 1.0-2.0

forces in this condition. This stainless steel is essentially
nonmagnetic as age hardened. The annealed material has
excellent resistance in nitric acid, mixtures of nitric acid
and hydrofluoric acids, phosphoric acid, and the stronger or¬
ganic acids.

The safe scalingtemperature for continuous service of type
329 is 870 °C (1600 °F}. The maximum temperature for con¬
tinuous service is 1040 °C (1900 °F). Machinability of type
329 is about 40% of that for free-machining type AISI 1212.
Welding is not recommended for this grade.

Characteristics. AISI type 329 is a molybdenum-bearing,
chromium-nickel, stainless steel. It is a two-phase alloy con¬
sisting of a ferrite matrix with pools of austenite. This steel
has an annealed yield strength more than twice that
available from the conventional austenitic stainless steels.
It also has high resistance to stress corrosion cracking and
pitting, as well as good general corrosion resistance to many
environments.

Type 329 can be age hardened, but because it becomes
brittle when hardened, should be restricted to compressive

Physical Properties

AISI Type 329: Thermal Treatment Temperatures
Temperature range

Treatment °C ®F

Forging, starQjÿ-*.............................1040-1095 1900-2000
Forging;finish................................925 min 17OO mm
Annealingla) .................................955-980 1750-1800
Hardening(b)................. . 730 1350
Temperingÿ) —
(a) Foroptimum ductility and impact strength, water quench sections 150 mm
(6 in.) and emfiller; because of the danger of cracking, larger sizes should be air
cooled, (b) Hold for 12h;slow cool inair or furnace, (c) Not recommended

Typical Uses. Applications of AISI type 329 include heat
exchangers inpulp mills,nitric acid plants, and various uses
in the food-processing and power-generating industries, as
well as valves, valve fittings, andpump parts where there are
extremely corrosive conditions, or where resistance to wear
and galling is desired.

AISI Type 329: Similar Steels (U.S. and/or Foreign). UNS
S32900; ASME SA268; ASTM A268, A511

AISI Type 329: Selected Physical Properties (Ref 6)

Density 7-8 B/em3 (0.28 lb/in.3)

Specific heat at 0-100 'C (32-212 T)...........400 J/kg K (0.11 Btu/lb °F)

Average coefficient of linear thermal
expansion at 20-815 °C (68-1500 *F).......14.4 nm/m ÿ K (S.u pin./in. • °F)

Electrical resistivity at 20 °C (68 °F1 75 nfl-m

Machining Data
For machining data on AISI type 329, refer to the preceding
machining tables for AISI type 302B.

Mechanical Properties

AISI Type 329: Representative Tensile Properties (Ref 6)
Test specimens were in the annealed condition

Tensile Yield
Product strength strength(a) Elongation(b), Reduction Hardness, Charpy impact energy
form MPa km MPa ksi % in area, % HB J ft - lb
Strip 105 550 80 25 50 230 54 40
Baric) 105 550 80 25 50 230 54 40
(a) 0.2% offset, (b) In 50 mm (2 in.), (c) Diameter of 25 to 75 mm (1to 3 in.)
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AISI type 330

AISI Type 330: Chemical Composition
Element Composition, %

Carbon ............-...........-.........-..........-,,0.08 max
Manganese..........................ÿ ..2.00 max
Phosphorus.................................................0,04 max
Sulfur....... ......0.03 max
Silicon.....................................................0.75-1.50
Chromium ................ 17-20
Nickel ........................................ .34-37

Characteristics. AISI type 330 is an austenitic, chro¬
mium-nickel, stainless steel especially suited for application
in temperatures from 815 °C (1500 °F) to about 1175 "C
(2150 *F). This alloy will withstand prolonged heatingin air
upto 1140 °C (1900 °F) without excessive scaling, Inreducing
or neutral atmospheres, type 330 has been used at tempera¬
tures up to 1175 °C (2150 °F).

This steel is resistant to carburizing and carbonitriding
atmospheres in the 870 to 955 °C (1600 to 1750 °F) range.

Although it resists sensitization to a greater degTee than
standard 18-8 types, some degree of carbide precipitation
may occur in the 480 to 815 °C (900 to 1500 'F) range.

Inthe annealedcondition, type 330 may be cold formed. No
special precautions are necessary, except that, because the
alloy work hardens, it may require in-process annealing.

Type 330 may be fusion welded by the usual methods. For
shielded-metal-arc welding, special electrodes containing
higher carbon than the base metal are recommended to
produce welds free from cracks. The machinability of this
steel is about 40% of that for AISI 1212. Rigid machine set¬
ups and sharp tools are required for machining type 330
stainless steel.

Typical Uses. Applications of AISI type S30 include an¬
nealing fixtures, carburizing boxes, and furnace parts.

AISI Type 330: Similar Steels (U.S. and/or Foreign). UNS
N08330; AMS 5592, 5716; ASTM B511, B512, B535, B53G,
B546; SAE J405 (30330), J4I2 (30330)

Physical Properties

AISI Type 330: Thermal Treatment Temperatures
Temperature range

Treatment "C flF

Forging, start..................................1150-1205 2100-2200
Forging, finish 980 min 1800 min
Annealingta) II20-1230 2050-2250
Hardening(b) ..... . . "•

(a) Wg.ter or air quench, lb) Hardenable by cold work only

AISI Type 330: Thermal Conductivity (Ref 7)

Temperature Thermal conductivity
°C °F W/m-K Btu/fi b-T

24 75............ 12.5 7.2
100 212 16.3 9.4
425 800 19.4 11.2
500 930.....21.6 12.5
870 1600 28.5 16.5

AISI Type 330: Average Coefficients of LinearThermal
Expansion (Ref 3, 7)

Temperature range Coefficient
"C °F ;irn ::r K ÿin./in.*DF

-185-2] -300-70 ... 10.4 5.8
-130-21 -200-70 11.1 6.5
-73-21 -100-70 33,0 7.2
-18-21 0-70 13.7 7.6

0-100 32-212..........14.4 8.0
0-315 32-600 16.0 6.9
0-840- 32-1000 16.7 9.3 LK-
0-650 32-1200 17.3 S.6
0-870 32-1600 180 10.0

AISI Type 330: Selected Physical Properties (fief 7)

Meltingrange...............................1400-1425=C (2550-2600 °F)

rienaity 8.00 g/nn3 (0.289 lh/in.3)

Specific heat at 0-100 °C (32-212 °F)...........460 J/kg-R (0 11Btu/lb-°F)
Electrical resistivity at 20 °C (68 °F) ...........102 nfl-m
Electrical resistivity at 425 °C (800 °F) .........................114 nil- m

Mechanical Properties

AISI Type 330: Modulus of
, Elasticity (Ref 7)

AISI Type 330: Representative Tensile Properties (Ref 6)

Test specimens were in the annealed condition

Test Tensile Yield
temperature Modulus Product strength strengthta) Elongation(b), Hardness,
"C "F GPa 10* psi form MPa ksi MPa ksi % HRB

21 70 ...197 28.5 Sheet 550 80 2G0 38 40
,315 600 .. .179 26.0 Strip 550 80 260 38 40 ...
540 1000.... ...164 23.8 Plate 620 90 260 38 45 80
760 1400 .. .145 21,0 Bar(c) 585 85 290 42 45 80
870 1600 ...134 19.5 (a) 0 266 offset, (b! In 50 mm (2 in): (c) Specimens were 25- to 75-mm (1- to 3-in.) diain with reduction in area of 65%
980 1800.... .. .124 18.0 and Charpy impact energy of 325 J (240 ft lb)
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Mechanical Properties (continued)

AISI Type 330: Representative Tensile Properties at Elevated Temperatures (Ref 7)

Test Tensile Yield
temperature strength strenglh(a) Elongationib), Reduction
°c <T MPa ksi MPa ksi % inarea, %

21 70 586 85.0 290 42.0 43 68
205 400 ,552 80.0 241 35.0 40 65
315 600 ,524 76.0 217 31.5
425 800 .........490 71.0 193 28.0 ...
540 1000 ...448 65.0 172 25.0 ...
650 1200 393 57.0 155 22.5 28 32
760 1400 276 40.0 138 20.0 22 27
870 1600 152 22.0 90 13.0 30 34
980 1800 . . 76 11.0 50 7.2 53 48

1095 2000 35 5.1 27 3.9 72 50
1150 2100 30 4.4 23 3.4 93 75
(a) 0.2% offset, (b) In 50 mzn (2 in.)

AISI Type 330: Stress-Rupture and Creep Properties (Ref 7)

Stress for second*
Test Stress for rupture in: ary creep rate

temperature 1000 h 10 000 h of 1% in 10 000 h
"C °F MPa ksi MPa ksi MPa ksi

815 1500........ 39 5.70 24 3.50 19 2.80
870 1600. . . .... 26 3.80 17 2.40 14 2.00
925 1700. . . ...19 2.70 11 1.60 9 1.30
980 1800.......12 1.70 7 1.00 6 0.80

1040 1900 8 1.20 5 0 68 3 0.42
1095 2000.... 5 0.78 3 0.45 2 0.27

Machining Data

For machining data on AISI type 330, refer to the preceding
machining tables for AISI type 302B.
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AISI Type 330: Expansion Characteristics
(Ref 3)

+50
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ASSI Types 347, 348

AISI Types 347, 348; Chemical Composition
Composition, max %

Element Type 347 Type 348

Carbon ..O.OBO 0.080
Manganese 2.000 2.000
Phosphorus . 0.045 0.045
Sulfur ...0.030 0.030
Silicon 1.0 1.0
Chromium 17 19
Nickel 9-13
Niobium plus tantalum (a) (a)

Tantalum ....••• 0.1
Cobalt 0.2
(a) Ten times the minimum carbon content

Characteristics. AISI types 347 and 348 are austenitic,
chromium-nickel steels containing niobium and tantalum.
They are recommended for parts fabricated by welding that
cannot be subsequently annealed. These alloys are also used
for parts which are intermittently heated and cooled to tem¬
peratures between 425 and 870 °C (800 and 1600 °F).

The additions of niobium and tantalum produce stabilized
types of stainless steel which eliminate carbide precipita¬
tion, and consequently, intergranular corrosion. Type 348 is
recommendedfor useinapplications that require a restricted
tantalum content, such as those encountered in radioactive
service.

Both types 347 and 348 are nonmagnetic when annealed,
but slightly magnetic when coid worked. In the annealed
condition, types 347 and 348 are sufficiently ductile to permit
cold forming by most commercial methods. Machinability
of these grades is about 45% of that for AISI 1212. A free-
machining grade of type 347 containing selenium has a ma¬
chinability rating of about 65%.

Types 347 and 348 are weldable by any of the electric weld¬
ing processes. Because they are stabilized, these stainless

steels are resistant to carbide precipitationand canbe usedin
the as-welded condition. If a filler metal is required, type 347
is suggested.

The general corrosionresistanceof thesesteels issimilar to
that of type 304. Type 347 may be usedat temperatures up to
about 900 "C (1650 °F) without excessive staling. For inter¬
mittent service, a temperature of about 815 °C (1500 "F)
should not be exceeded.

Typical Uses. Applications of AISI types 347 and 348 in¬
clude aircraft exhaust manifolds, fire walls, pressure ves¬
sels, heavy welded equipment, and elevated-temperature,
chemical handling equipment.

AISI Type 347: Similar Steels (U.S. and/or Foreign). UNS
S34700;AMS 5512, 5556, 5558, 5571, 5575,5646, 5654, 5674,
5680, 5681; ASME SA182, SA193, SA194, SA213, SA240,
SA249, SA312, SA320 (B8C), SA358, SA376.SA403, SA409,
SA430, SA479; ASTM A167, A182, A193, A194, A213, A249,
A269, A271, A276, A312, A314, A320, A358, A376, A403,
A409, A430, A473, A479, A493, A511, A554, A580, A633;
FED QQ-S-763, QQ-S-766, QQ-W-423; MIL SPEC MIL-S-
862, MIL-S-23195, MIL-S-23196; SAE J405 (30347); (W.
Ger.) DIN 1.4550; (Fr.) AFNOE Z 6 CNNb IS.IO; (Ital.) UNI
X 8 CrNiNb 18 11; (Jap.) JIS SUS 347; (Swed.) SSU 2338;
(U.K.) B.S. 347 S 17, En. 58 F, En. 58 G, ANC 3 Grade B""'

AISI Type 348: Similar Steels (U.S. and/or Foreign). UNS
S34800; ASME SA182, SA213. SA240, SA249, SA312,
SA358, SA376, SA403, SA409, SA479; ASTM A167, A182,
A213, A240, A249, A269. A276, A312, A314, A358, A376,
A403, A479, A580, A632; FED QQ-S-766; MIL SPEC MIL-S-
23195, MIL-S-23196; SAE J405 (30348); (W. Ger.) DIN
1.4546; (U.K.) B.S. 347 S 17, 347 S 18, 347 S 40, 2 S. 130, S.
525, S. 527

Physical Properties

AISI Types 347, 348: Thermal Treatment Temperatures
Temperature range

Treatment °C "F

Forging,start 1150-1260 2100-2300
Forging, finish 925 min 1700 mia
Annealing(a) 1010-1120 1850-2050
Stabilizingib) .........845-900 1550-1650
Hardeningtc) —
(a) Water quench or air cnol (b) A second treatment sometimes used when
service temperatures will be in the 425 to 870 °C (800 to 1600 °F) range.
(c) Hardenable by cold work only

AISI Types 347, 348: Selected Physical Properties (Ref 6)

Melting range 1400-1425 °C (2550-2600 aF)
Density 8.0 g/cm3 (0.29 lb/in.3)
Specific heat at 0-100 °C (32-212 *F)...........500 J/kg K (0.12 Bhi/!b-°F)
Electrical resistivity at 20 *C (68 °F) . 79.1 nfl-m

AISI Types 347, 348: Average Coefficients of linear Thermal
Expansion (Ref 6)

Temperature
range Coefficient

°C °F (um/mK nin_/in.• °F

0-100 32-212 17.5 9.6
0-260 32-500 17.5 9.9
0-540 32-1000 ... 18.4 10.2
0-650 32-1200 18,7 10.4

AISI Types 347, 348: Thermal Conductivity (Ref 6)

Temperature
«C T

Therms! conductivity
W/m-K Btu/ft h "F

100
500

212.
930.

. 16.3

.21.5
9.4

12.4
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Mechanical Properties

AISI Types 347, 348: Charpy Keyhole Notch Impact
Properties of Weld and Base Metal (Ref 3)

Energy for temperature of:
Room -76 *C

AISI Types 347, 348: Impact Properties of Annealed
Material (Ref 4)

-195 °c Impact energy test
Energy

ft lb
temperature (-105 °F) <-320 'F)

Condition J ft lb J ft -lb J ft lb

As welded(a) . . . 37-45 27-33 28-39 21-29 22-30 16-22
Stress relieved . . 33-37 24-27 20-22 15-16 12-18 9-13
Stabilized . .26-30 19-22 20-24 15-18 9-27 7-20
Annealed 34-37 25-27 27-41 20-30 31-35 23-26
As weldedfb) 34-38 25-28 24-31 18-23 18-37 13-27
Annealed(b) 38-42 28-31 27-37 20-27 28-31 21-23

(a) 3.599 ferrite. (b) Titanic-type coating;; all other electrodesi had lime-type

Izod.........120-160 90-120
Charpy keyhole notch........- 50 37

80 59
Charpy V-notch . 160 120

coating

AISI Types 347, 348: Tensile Properties of Cold Drawn Wire (Ref 4)

Specimen diameter Tensile strength Yield atrength(a) Elongatianfb;,
nun in. MPa kai MPa kai %

25% hard
15-200.05-0.51 0.002-0.020 .......895-1170 130-170 690-965 100-140

053-3.18 0.021-0.125 .......895-1105 130-160 690-895 100-130 15-25
3.20-9.53 0.126-0.375 .......795-930 115-135 585-725 85-105 15-25

50% hard
0.05-0.51 0.002-0.020 ......1170-1415 170-205 930-1170 135-170 11-18
0.53-3.18 0.021-0.125 ......1105-1380 160-200 895-1170 130-170 11-18
3.20-9.53 0.126-0.375 .......965-1105 140-160 760-895 110-130 10-13

75%. hard
0.05-0.51 0.002-0.020 ......1415-1585 205-230 1275-1450 185-210 5-10
0.53-3.18 0.021-0.125 ......1380-1585 200-230 1170-1380 170-200 6-12
3.20-9.53 0.126-0.375 ......1170-1380 170-200 965-1170 140-170 5-10

Full hard
0.05-0.51 0.002-0.020.......- ......1860-2135 270-310 1585-1795 230-260 1-2
0.53-3.18 0.021-0.125. ......1585-1895 230-275 1450-1690 210-245 2-5
3.20-9.53 0.126-0.375. ...':i.......1310-1515 190-220 1105-1310 160-190 3-6

AISI Types 347, 348:
Modulus of Elasticity (Ref 7)

Stressed Mudulue
GPa 106 psi

Tension .........195 28
Torsion 77 11,2

AISI Types 347, 348:
Endurance Limit {Ref 4)

Stress
Condition MP* kai

75% hard.........,605 86

(a) 0-2% offset (b) In50 mm

AISI Types 347, 348: Representative Tensile Properties (Ref 6)

Tensile Yield
strength strength(a) Elongationfb), Reduction

Product form MPa ksi MPa kai % in area, % Hardness

Annealed
Sheet .....................655 95 275 40 45 ••• 85 HRB
Strip......................655 95 275 40 45 85 HRB
Plate.....................620 90 240 35 50 ••• 160 HB
Bar......................620 90 240 35 50 65 160 HB

Annealed and cold drawn
Baric).....................690 100 450 65 40 60 212 HB

Soft tempered
Wire, 1.6-mm

(0.062-in.) diam..........825 120 620 90 30
Wire, 13-mm

(0.50-in.) diam...........69u 100 485 70 40 60 95 HRB
(a) 0,291! offset, (b) III 50 mm (2 in.), except for wire. For wire 3.13-mm (0.125-in.) diam and larger, gage length is
4 x diam; for smaller diameters, the gage length is 254 mm (10.0 in.), (c) Diameter of 25 mm (1 in.)

AISI Types 347, 348: Stress-Rupture and Creep Properties (Ref 1)

Test j-Stress for rupture in:-1 Stress for secondary creep rote of(a)i

temperature 1000 h 10 000 b 100 000 h(a) 1% in 10 000 h 1% m 10€ 000 h
"C °F MPa ksi MPa ksi MPa ksi MPa ksi MPa ksi

540 1000.... ...340
395 1100 ......240
650 1200 . ...155
705 1300. ......97
760 1400........55
815 1500. . .....30
(a) Extrapolated data

49.0 260 38.0
34.5 185 27.0
22.5 120 17.5
14.0 72 10.5
8.0 40 5.5
4.5 15 2.5

230 33 22
150 21.5 160
90 13 110
50 7.5 60
25 3.5 35
10 1.5 12

32 185 27
23 115 16.5
16 65 9.5
9.5 35 0
5 15 2
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Mechanical Properties (continued) Machining Data

AISI Types 347, 348: Tensile Properties at Elevated Temperatures (Ref 9)

Test specimens were in the annealed condition

Test Tensile
Short-time tensile tests -

Yield Stress for creep rate

temperature strength strcngth(a) Elongationfb), Reduction of l<e in 10 OOO h
*C *F MPa ksi MPa ksi % in area, *3> MPa ksi

21 70 .........620 90 255 37 50 65 ...
95 200 .........580 84 250 36 45 70 ...

150 300 .........540 78 240 35 42 72 ...
205 400 ......525 76 205 30 38 74 ... ...
260 500 .........510 74 195 28 36 71 ... ...
315 600 . . ......435 72 170 25 35 72 ...
370 700 .........470 68 160 23 35 72
425 800 .... 66 150 22 35 70 ...
480 900 .........435 63 145 21 34 69 ...
540 1000 .....405 59 145 21 34 65 115 17
595 1100 .....380 55 140 20 35 67 90 13
650 1200 .....330 48 140 20 36 67 50 7
705 1300........275 40 140 20 36 70 30 4.5
760 1400 .........215 31 130 19 37 70 15 2
815 1500 .....170 25 115 17 40 70 10 1.5
870 1600 .........140 20 105 15 40 70 7 1
925 1700 .....105 15 83 12 45 72 ...
980 1800 83 12 ... ... 50 75 ...

1040 1900 69 10 ... ... 60 77 ... ...

For machining data on AISI
types 347 and 348, refer to
the preceding machining ta¬
bles for AISI type 201.

(a) 0.211 offset, (b) In 50 mm (2 in.)

AISI Type 347: Effect of Test Temperature on Tensile
Properties Of Annealed Material. Elongation was measured in
SO mm (2 in.). (Ref 3)

Terrtperaiure, "f

-400 -300 -200 -100

Tentifo strength

Yield strength

REducTrori jri aFea

Elanggiion

-3GQ -250 -200 -150 -100 -50

Temperature, °C

-J ISO -s

3 125 5

AISI Type 347: Impact Properties, impact energy tests used
Izod, Charpy K, or Cftarpy V specimens as indicated. (Ref 4)

Ternperacure. UF

-2011 -'00
; |T

Annealed, Izod I

_____
i_J 120

AnneBfed, ChArpy K I
L-!I 100

>'A t-ard. Charpy V

hard. Cherpy V

-100 -50

Tempergtu.-e, cC



314/Stainless/Heat-Resisting

AIS! Type 347: Effect of Cold Working on Tensile Properties.
Annealed at 1065 "C (1950 °F); water quenched. Specimens were
9.53-n.m (0.375-in.) round, unstraighlened and untempered. Elongation in
50 mm (2 in.); yield strength at 0.2% offset (Ref 10)

AISI Type 347: Rupture Strength of Annealed Steel (Ref 8)

Temperature, F

1100 1300 1S00

(100 h

100 000 h

555 650 75D
Temperature, *C

AISI Type 347: Effect of Sigmatizing on Impact Properties.
Sigmatized at 730 to 900 °C (1350 to 1650 °F): carbon content of 0.02%.
Impact energy tests used Charpy keyhole notch specimens. (Ret 4)

AISI Type 347: Effect of Sensitization on Impact Properties.
Annealed steel sensitized at 650 °C (1200 °F) for 2 h; 0.03% max carbon;
Charpy keyhole notch specimens. (Ref 4)

Temperature, UF

Temperature, °F

i 95
o
Q.
E

75

T 1 I 1 —1
1

y

Anne -

—
_

/
7-

/Sensitized

1
-too ÿ w

Temperature, JC

SQL
-200 '100 -50

Temperature, 3C

1 T 1
Annealedÿ '__

i -

Sigm tizad ÿ

-

60 $
I
|

50 E

Tensile strength

Yield strength

Hardness, HRC

Cold reduction. %

9,5 06 74 G.D 43
Diameter, mm

Diameter, in,
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A!SI Type 347: Effect of Test Temperature on Tensile
Properties Of Cold Worked Material. Specimens were cold drawn

to 10% reduction. Elongation was measured in 50 mm (2 in.). (Ret 3)

Temperature, °F

-4Q0 -300 -2D0 'Iÿÿ 0 + 100

S» IGQG

20Q
75

8 55

1 1 1

\
\kk" TerKile strength -

\k
\ -

\
s

\
sx|

Yield sireiglh-

-
-

i ;--N
flee uctFon in ires

- | '
Elongotion

1-L.,

100

-3M -250 -200 -150 -100 -50 0 <50

Temperature,0C

AISI Type 347: Creep Strength of Annealed Steel (Ref 8)

Temperature. °F
300 1100 ]]Q0

150

1% in IOC

IX in 10 OOO h

550 850 750
Tempeiaaircr,

AISI Type 384

AISI Type 384: Chemical Composition
Composition,

Element max %

Carbon ..., 0.080
Manganese . . 2.0
Phosphorus...... ......... .....0.045
Sulftir.......ÿ........, ... ......0.030
Silicon...................ÿ . ,. ......1.0
Chromium.....................15-17
Nickel 17-19

Characteristics. AISI type 384 is a chromium-nickel, aus-
tenitic, stainless steel which has a lower cold work-harden¬
ing rate than type 305. It is used when severe cold heading
of cold forming operations are required.

Type 384 resists nitric acid well and sulfuric acid mod¬
erately, but will not resist hydrochloric and other halogen
acids. It is subject to intergranular corrosion if heated
or cooled slowly inthe 425 to 900 °C (800 to 1650 °F) range.
If intergranular corrosion occurs, the steel should have a

corrective anneal by water quenching from at least 1040 °C
(1900 °F). The safe scaling temperature for type 384 in con¬
tinuous service is 870 °C (1600 DF).

This alloy can be readily cold worked by blanking, form¬
ing, extruding, coining, and swaging In the annealed condi¬
tion, type 384 machines with a tough, stringy chip. Machin-
ability of type 384 is about 40% of that for AISI 1212. Cold
headed parts can be machined more easily because of the
hardness developed by cold working.

Type 384 can be brazed or welded usingany of the electric
welding processes. If filler metal is required, type 308 is
suggested. Annealing must follow welding to prevent inter¬
granular corrosion.

Typical Uses. Applications of AISI type 384 include fas¬
teners; cold headed bolts;screws, upset nuts,and instrument
parts; and parts involving severe coining, extrusion, ot

swaging.

AISI Type 384: Similar Steels (U.S. and/or Foreign). TINS
S38400; ASTM A493; SAE J405 (30384)
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Physical Properties

A1SI Type 384: Thermal Treatment Temperatures
Temperature range

Treatment °C °F

Forging,start..................................1150-1230 2100-2250
Forging, finish 925 min 1700 min
Annealing!a) ..........1040-1150 1900-2100
Hardeningfb) —
(a) Water quench, (b) Hardenable by cold work only

A1SI Type 384: Selected Physical Properties (Ref 6)

Melting range 1400-1455 °C (2650 2550 °F)

Density .........8.0 g/cm5 (0.29 lb/in.5)
Specific heat at 0-10Q °C (32-212 T)...........500 J/kg-K (0.12 Btu/lb'cF)

Electrical resistivity at 20 'C (68 °F) 79.1 nll-m

AISI Type 384: Average Coefficients of Linear Thermal
Expansion (Ref 6)

__
Temperature

range Coefficient
"C °F yim/rn K fiin./in. ÿ

0-10(3 32-212 17.3 9.6
0-260 32-500 17.8 9.9
0-540 32-1000 18.4 10.2
0-650 32-1200 18.7 10 4

AISI Type 384: Thermal Conductivity (Ref 6)

Temperature
•C *F

100
500

212.
930.

Thermal conductivity
W/m • K Btu/fth"F

16.3
21.5

9 4
12.4

Mechanical Properties

AISi Type 384: Representative Tensile Properties (Ref 6)

Test specimens were wire

Diameter
treatment in.

Tensile
strength

MPa ksi

Yield
strengthla)

MPa ksi
Elongation(b), Reduction

% in area, % Hardness

Annealed at 1040 °C
(1900 f)................13.0 0.50 515 75 240 35 55 72

I.ightly drafted, as for
cold heading wire.........5.08 0.20 540 78 310 45

(a) 0,2*4 offset, (b) Gage length is"4 x diam for 3.18-mm (0.125-in.) dram and larger; for smaller diameters, the gage length is 254 mm (10,0 in.)

70 HRB

AISI Type 384: Tensile Properties at Elevated Temperatures (Ref 9}

Test Tensile Yield
temperature strength atrength(a) Elongation(b), Reduction Hardness(c),
°C T MPa ksi MPa ksi % in ares, % HB

Room temperature . 510 74 205 30 52.5 74.6 126
120 250 470 68 170 25 49.4 75.4 126
260 500 415 60 145 21 47.3 73.1 126
400 750 ...405 59 150 22 45.8 70.2 126
540 lOOO 385 56 ... ... 43.2 70.2 126
la) 0.2% offset, (b) In 50 mm (2 in.), (c) Before test

Machining Data

For machining data on AISI type 384, refer to the preceding
machining tables for AISI type 201.
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Diameler, in.

0.375 0.33? D.291 0.237 0.150

' Hardnew.HRB j
/ •

1 ; ; I

'/ ] ! Tcmile sir

1
»ngfh

ÿ

/
/

/ y
X'

-

J
/

"

ÿ
Yield sue iDih

,//I "

V(/ Kardnesi, h RC
_

i i
i

j

!
1

ÿ.fteduciiar* in area
' !

j | |
'/'Eterqabuci

j
i I |

20 40 SO
Coltf reduction, %

- 1:1.1
3.6 7.1 6.0

Diameter, mm

220

I
90 9

— 30 9

4.3

AISI Type 384: Effect of Cold Reduction
on Tensile Properties.Annealed at toss °c
(195D Th water quenched. Specimens were
9.53-mm (0.375-in.) round, unstraightened and
untempered. Tests were conducted using
specimens machined to English units. Elongation
was measured in SO mm (2 in.); yield strength at
0.2% offset (Ret 10)

AISI Type 403

AISI Type 403: Chemical Composition
Element Composition, max %

Carbon 0.15
Mangaoese . 1.00
Phosphorus 0.04
Sitifnr. . 0.03
Silicon 0.50
Chromium 11.5-13.0

Characteristics. AISI type 403 is hardenable (marten-
sitic), chromium stainless steel. This selected quality steel is
manufactured for the production of turbine blades and very
highly stressed parts. It is magnetic inall conditions.

The type 403 alloy may be cold worked by practically all
methods of cold forming. Severe forming should be followed
by a stress relief to prevent cracking. The chips formed in
machining are brittle and stringy. For most applications,
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material that has been heat treated to hardnesses of 200 to
240 HB,or annealed and cold drawn, is preferred to material
in the folly annealed condition. Machinability of type 403 is
about 55% of that for free-machining AISI 1212.

This stainless steel can be satisfactorily welded, but is sus¬
ceptible to air hardening and cracking unless the material is
preheated to a minimum temperature of 150 °C (300 °F)

prior to welding. When welding type 403, filler metal type
410 should be used.

Type 403 is adaptable to applications where maximum
resistance to corrosion is not required. It is resistant to the
corrosive action of the atmosphere, fresh water and steam,
and the milder acids and alkalis. This grade has good scaling

resistance up to 675 "C (1250 °F) in continuous service.
Scaling becomes excessive above about 760 °C (1400 T).

Typical Uses. Applications of AISI type 403 include
steam turbine blades and parts; gas turbine blades and jet
engine parts; valve parts; cutlery; fasteners; furnace parts;
and burners operating below 650 °C (1200 °F).

AISI Type 403: Similar Steels (U.S. and/or Foreign). UNS
S40300; AMS 5611, 5612; ASTM A176, A276, A314, A473,
A479, A511, A580; FED QQ-S-763; MIL SPEC MIL-S-862;
SAE J405 (51403); (W. Ger.) DEN 1.4024; (Fr.) AFNOR Z 12
C 13 M; (Jap.) JIS SUS 416, SUS 403; (U.K.) B.S. 420 S 29,
En. 56 B

Physical Properties

AISI Type 403: Thermal Treatment Temperatures
Temperature range

Treatment flC "F

Forging, start 1095-1205 2000 2200
Forging, finish ÿ ,- , 760 min 1400 mm
Full aimealingte) - S15-900 1500-1650
Process annealingCb) ...........................650-760 1200-1400
Hardeningÿ)..................................925-1010 1700-1850
Tempering....,...............................205-760 400-1400
(a) Cool Blowly or furnace cool, (b) Air cool, (c) Air cool or oil quench

AISI Type 403: Thermal Conductivity (Ref 6)

Temperature
°C *F

Thermal conductivity
W/'m K Btu/fth-»F

LOO
500

212
930.

. 24.9

. 28.7
14.4
16.6

AISI Type 403: Selected Physical Properties (Ret 6)

Melting range...............................1480-1530 °C (2700-2790 °F)

Density 7.8 g/cma (0.28 lb/in.3!
Specific heat at 0-100 °C (32-212 °F)...........460 J/kg-K (0.11Btu/lb °F)

Electrical resistivity at 20 °C (68 *F) ..- 57 nilÿ m

AISI Type 403: Average Coefficients of Linear Thermal
Expansion (Ref 6}

Temperature
range Coefficient

°C °F pm/tnÿ K plm/ln.'

0-100 32-212 9 9 5.5
0-315 32-600 11.3 6-3
0-540 32-1000 .. 11-5 6.4
0-650 32-1200 11.7 6.5

Mechanical Properties

AISI Type 403: Representative Tensile Properties (Ref 6)

Product
Tensile
strength

Yield
strengthen) Elongation(b). Reduction Hardness,

form Treatment MPa ksi MPa ksi % in area, % HRB

Sheet .Annealed 485 70 310 45 25 ... 80
Strip Annealed 485 70 310 45 25 ... 80
Wire, 6.4-mm

(0.25-in.)
diam Soa

tempered 655 95 550 80 15 60 92
Bar .Annealed 515 75 275 40 35 70 82

Tempered 765 111 585 85 23 67 97
(a) 0.2% offset, (b) In 50 mm (2 in.), except for wire. For wire 3.18-mm (0«l25-in.) diara and larger, gage length is
4 x diajn; for amaller diameters, the gage length ia 254 mm (10.0 in.)

AISI Type 403: Stress-Rupture and Creep Properties (Ref 10)

Stress for creep
rate of 1% in

10 000 b
Test

temperature
- Stress for rupture in:
1000 h

MPs kni
10 000 h

MPs

425
480
540
595
650
705

800 —
900 234

1000.
1100.
1200.
1300.

131
. 69

34.0
19.0
10.0

179
90
48

ksi MPa kai

... 296 43.0
26.0 200 29.0
13.0 63 9.2
6.9 29 4.2

14 2.0... 7 1.0

AISI Type 403: Izod
Impact Energy
Test specimens were 2S-mm
(1.0-in.) diam

Condition

Annealed 122
Tempered ..........102

90
75

AISI Type 403:
Endurance Limit
Test specimens were 25-mm
(1.0 in.) diam

Stress
Condition MPa ksi

Annealed. .„ 275 40
Tempered ............380 55

AISI Type 403: Modulus of
Elasticity (Ref 10)

Stressed
in:

Modulus
GPa 10s psi

Tension 200
Torsion 76

29
11

Energy
J ft -lb
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Machining Data (Ref 2}

AISI Type 403: Planing
Depth of cut Speed Feed/stroke

Tool material mm in. m/min ft/nun mm in.

Annealed, with hardness of 136 to 175 HB
M2 and M3 high

speed steel ......0.1 0.005 9 30 (a) (a)

2.5 C.100 12 40 1.25 0.050
12 0.500 8 25 1.50 0.060

C-6 carbide........0.1 0.005 46 150 (a) (a)

2.5 0.100 49 160 2.05 0080

Annealed, with hardness of 175 to 225 1IB
M2 and M3 high

speed steel ......0.1 0.005 8 25 (a) (a)

2.5 0.100 11 35 1.25 0.050
12 0.500 8 25 1.50 0.060

C-6 carbide........0.1 0.005 43 140 (a) (a)
2.5 0.100 46 150 2.05 0.080

Quenched and tempered, with hardness of 275 to 325 HB
M2 and M3 high

speed steel ......0.1 0,005 5 15 (a) (a)

2.5 0.100 8 25 0.75 0.030
12 0.500 5 15 1.15 0 045

C-6 carbide........0.1 0.005 38 125 (a) <»)

2.5 0.100 43 140 1.50 CI.06O
(a) Feed is 75% the width of the square nose finishing tool

AISI Type 403: Effect of Tempering Temperature on
Tensile Properties. Heat treated at 980 °c (1300 °F); oil
quenched; tempered (or 3 h at temperature given. Test specimens
were heat treated in 25-mm (1,0-in.) round; tensile specimens were
13-mm (0.505-in.) diam; Izod notched specimens were 1G.0-mm
(0.394-in.) square. Tests were conducted usingspecimens
machined to English units. Impact energy test used Izod specimens.
Elongation was measured in 50 mm (2 in.}; yield strength at 0.2%
offset. (Ref 10)
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AISI Type 403; Turning (Single Point and Box Tools)

r~—— High speed steel-( ;-Uncoated carbide -—---—--—; i-Coatedcarbide-1
Depth of cut Speed Feed Speed, brazed Speed, inserted Feed Speed Feed
mm in. m/min ft/min mm/rev in./rev m/min ft/min m/min ft/min mm/rev in./rev m/min ft/min mm/rev in./rev
Annealed, with hardness of 135 to 175 HB
1 0.040.....47(a) 155(a) 0.18 0.007 145(b) 475(b) 190(b) 620(b) 0.18 0.007 245(c) 800(c) 0.18 0.007
4 0.150.....38(a) 125(a) 0.40 0.015 120(d) 400(d) 145(d) 480(d) 0.40 0.015 190(e) 625(e) 0.40 0.015
8 0.300.....30(a) 100(a) 0.50 0.020 100(d) 320(d) 115(d) 380(d) 0.50 0.030 150(e) 500(e) O.50 0.020

16 0.625 .....24(a) 80(a) 0.75 0.030 73(d) 240(d) 90(d) 300(d) 0.75 0,040

Annealed, with hardness of 175 to 225 HB
1 0.040.....44(a) 145(a) 0.18 0.007 140(h) 460(b) 175(b) 570(b) 0.18 0.007 260(c) 850(c) 0.18 0.007
4 0.150.....35(a) 115(a) 0.40 0.015 115(d) 385(d) 135(d) 450(d) 0.40 0.015 170(e) 550(e) 0.40 0.015
8 0.300.....27(a) 00(a) 0.50 0.020 90(d) 300(d) 105(d) 350(d) 0.75 0.030 135(e) 450(e) 0.50 0.020

16 0.625.....21(a) 70(a) 0.75 0.030 72(d) 235(d) 81(d) 265(d) 1.00 0.040

Quenched and tempered, with hardness of 275 to 325 HB
1 0.040 .....29(f) 95(f) 0.18 0.007 110(b) 360(b) 140(b) 465(b) 0.18 0.007 215(c) 700(c) 0.18 0.007
4 0.150 -----23(f) 75(f) 0.4O 0.015 85(d) 280(d) 110(d) 360(d) 0.40 0,015 135(e) 450(e) 0.40 0.015
8 0.300 .....18(f) 60(f) 0.50 0.020 89(d) 225(d) 85(d) 280(d) 0.50 0.020 115(e) 375(e) 0.50 0.020

Quenched and tempered, with hardness of 375 to 425 HB
1 0.040 .....20(f) 65(f) 0.18 0.007 88(b) 290(b) 100(b) 320(b) 0.18 0.007 145(c) 475(e) 0.18 0.007
4 0.150 .....15(f) 50(f) 0.40 0.015 69(d) 225(d) 76(d) 250(d) 0.40 0.015 9<Ke) 300(e) 0.40 0.015
8 0.300 .....12(f) 40(f) 0.50 0.020 55(d) 180(d) 60(d) 200(d) 0.50 0.020 76(e) 250(e) 0.50 0.020

(a) Highspeed steel tool material:M2orM3. (b) Carbide tool material: C-7.(c) Carbide tool material: CC-7. Id)Carhidetool material:C-6. (e) Carbide tool material:
CC-6. (f) Any premium high speed a(eel tool material (Tlo, M33, M41 to M47)
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Machining Data (Ref 2) (continued)

AISI Type 403: Turning (Cutoff and Form Tools) _ ___
I-Feed per revolution for-| | Feed per revolution for

cutoff tool width of: form tool width of:
Speed, 1.5 3 (5 mm 12 mm 18 mm 25 mm 35 mm 50 mm

m/min (0.062 in.) (0.125 in.) (0.25 in.) (0.5 in.) (0.75 in.) (1 in.) (1.5 in.) (2 in.)

Tool materiel (ft/min) mm (in.) mm (in.) mm (in.) mm (in.) mm (in.) mm (in.) mm (in.) mm (in.)

Annealed, with hardness of 135 to 175 HB
M2 and M3 high speed

steel .. 29 0.038 0.050 0.063 0.050 0.046 0.038 0.030 0.025
(95) (0.0015) (0.002) (0.0025) (0.0021 (0.0018) (0.0015) (0.0012) (0.001)

C-6 carbide 100 0.038 0.050 0.063 0.050 0.046 0,038 0.030 0.025
(325) (0.0015) (0.002) 10.0025) (0.002) (0.0018) (O.OOlo) (0.0012) (0.001)

Annealed, with hardness of 175 to 225 HB

M2 and M3 high speed
0.025steel 26 0.038 0.050 0.063 0.050 0.046 0.038 0.030

(85) (0.0015) (0.002) (0.0025) (0.002) (0.0018) (0.0015) (0.0012) (0.001)

C-6 carbide 90 0.038 0.050 0.063 0.050 0.046 0.038 0.030 0.025
(300) (0.0015) (0.002) (0,0025) (0.002) (00018) (0.0015) (0.0012) (0.001)

Quenched and tempered, with hardness of 275 to 325 HB
Any premium high speed steel

0.025 0.023 0.020(T15, M33, M41-M47) 17 0.025 0.030 0.038 0.038 0.030
(55) (0.001) (0.0012) (0.0015) (0.0015) (0.0012) (0.001) (0.0009) (0.0008)

C-6 carbide..... 56 0.025 0.030 0.038 0.038 0.030 0.025 0.023 0.020
(185) (0,001) (0.0012) (0.0015) (0.0015) (0.0012) (0,001) (0.0009) (0.0008)

Quenched and tempered, with hardness of 375 to 125 HB
Any premium high speed steel

0.023 0.020 0.018(T115, M33, M41-M47) 12 0.020 0.025 0.030 0.030 0.025
(40) (0.0008) (0.001) (0.0012) (0.0012) (0.001) (0.0009) (0.0008) (0.0007)

C-6 carbide . 63 0.020 0.025 0.030 0.030 0.025 0.023 0.020 0.018
(175) (0.0008) (0.001) (0.0012) (0.0012) (0.001) (0.0009) (0.0008) (0.0007)

AISI Type 403: Boring____
j——-High speed steel-1 i-Uncouted carbide-—--- ] |-Coated carbide [

Depth of cut

_____
Speed Feed Speed, brozed Speed, inserted Feed Speed Feed

mm !,,. ro/min ft/min mm/rev in./rev m/min ft/min m/min ft/min mm/rev in./rev m/min ft/min mm/rev tn./rev

Annealed, with hardness of 135 to 175 HB
0.25 0.010 .....47(a) 155(a) 0.075 0.003 145(b) 470(b) 170(b) 550(h) 0.075 0.003 210(c) 685(c) 0.075 0.003
1.25 0.050

_____
38(a) 125(a) 0.13 0.006 115(d) 370(d) 135(d) 435(d) 0.13 0.005 170(e) 550(e) 0.13 0.005

2.50 0.100 .....30(a) 100(a) 0.30 0.012 87(f) 285(f) 100(f) 335(f) 0.30 0.012 135(g) 440(g) 0.30 0.012

Annealed, with hardness of 175 to 225 HB
0.25 0.010 .....44(a) 145(a) 0.075 0.003 130(d) 425(d) 150(d) 500(d) 0.075 0.003 230(e) 750(e) 0.075 0.003
1.25 0.050.....35(a) 115(a) 0.13 0.005 105(f) 340(f) 120(f) 400(f) 0.13 0.005 185(g) 600(g) 0.13 0.005
2.50 0.100 .....27(a) 90(a) 0.30 0.012 81(0 265(f) 95(D 315(0 0.30 0.012 115(g) 375(g) 0.30 0.012

Quenched and tempered, with hardness of 275 to 325 [IB

0.25 0.010.....29(h) 95(h) 0.075 0.003 105(d) 345(d) 125(d) 405(d) 0.075 0.003 190(e) 625(e) 0.075 0.003
1.25- 0.050 .....23(h) 75(h) 0.13 O.OD5 84(0 275(f) 100(f) 325(f) 0.13 0.005 150(g) 500(g) 0.13 0.005
2.50 0.100 .....18(h) 60(h) 0.30 0.012 66(f) 215(f) 76(f) 250(f) 0.30 0.012 100(g) 325(g) 0.30 0.012

Quenched and tempered, with hardness of 375 to 425 HB
0.25 0.010.....20(h) 65(h) 0.075 0.003 72(d) 235(d) 84(d) 280(d) 0.075 0.003 120(e) 400(e) 0.075 0.003
1.25 0.050.....15(h) 50(h) 0.13 0.005 58(f) 190(f) 69(f) 225(f) 0.13 0.005 100(g) 325(g) 0.13 0.005
2.50 0.100.....12(h) 40(h) 0.30 0.012 46(f) 150(f) 53(C) 175(f) 0.30 0.012 60(g) 200(g) 0.30 0.012
(a)High speed steel tool material:M2orM3.(b) Carbide tool material: C-8. (c) Carbide tool material: CC-8. (d)Carbide tool material:C-7. (e) Carbide toolmaterial:
CC-7. (f) Carbide tool material: C-6. (g) Carbide tool material: CC-6. (h) Any premium high speed steel tool material (T15: M33, M41 to M4T)



Sfain!ess/Heesf-Reslstireg/321

AISI Type 403: End Milling (Profiling)

Tool material

I-Feed per tooth for cutter diameter oft -
Depth of cut Speed 10 mm (0-375 in.) 12 mm (0.5 in.) 18 mm (0.75 in.)
mm in. m/min ft/min mm in. mm in. mm in.

25-50 mm (1-2 in.)

mm in.

Annealed, with hardness of 135 to 175 HB

speed ateel ...0,5 0.020 44 145 0.025 0.001 0.050 0.002 0.10 0.004 0.13 0.005
1.5 0.060 34 110 0.050 0.002 0.075 0.003 0.13 0 005 0.15 0.006

diam/4 diam/4 29 95 0.038 0.0015 0.050 0.002 0.102 0.004 0.13 0.005
J diam/2 diam/2 26 85 0.025 0.001 0.038 0.0015 0.075 0.003 0.102 0.004

C-5 carbide 0.5 0.020 140 455 0.013 0.0005 0.025 0.001 0.075 0 003 0.13 0.006
1.5 0.060 105 350 0.025 0.001 0.050 0.002 0.102 0.004 0.15 0.006

diam/4 diam/4 90 295 0.025 0.001 0.038 0.0015 0.063 0.0025 0.102 0.004
i diam/2 diam/2 84 275 0.013 0.0005 0.025 0.001 0.050 0.002 0.075 0.003

Annealed, with hardness of 175 to 225 HB
M2, M3. and M7 high

1 speed steel .0.5 0.020 40 130 0.025 0.001 0.050 0.002 0.075 0.003 0.102 0.004
1.5 0.060 30 100 0.050 0002 0.075 0.003 0.102 0.004 0.13 0.005

! diam/4 diam/4 27 90 0.025 0.001 0.050 0.002 0.075 0.003 0.102 0.004
diam/2 diam/2 23 75 0.025 0.001 0.025 0.001 0 050 0.002 0.075 0.003

C-5 carbide ...0.5 0.020 120 390 0.013 0.0005 0.025 0.001 0.075 0.003 0.13 0.005
1.5 0.060 90 300 0.025 0.001 0.050 0.002 0.102 0,004 0.15 0.006

diam/4 diam/4 78 255 0.025 0.001 0.038 0.0015 0 075 0.003 0.102 0.004
diam/2 diam/2 72 235 0.013 0.0005 0.025 0.001 0.050 0.002 0.075 0.003

Quenched and tempered, with hardness of 275 to 325 FIB

M2. M3: and M7 high
speed steel

1
...0.5 0.020 24 80 0,018 0.0007 0.025 0.001 0.050 0.002 0.075 0.003

1.6 0.060 18 60 0.025 0.001 0.050 0.002 0.075 0.003 0.102 0.004
diam/4 diam/4 IS 50 0.018 0.0007 0.025 0.001 0.050 O.OD2 0.075 0.003
diam/2 diam/2 14 45 0.013 0.0005 0.018 0.0007 0.038 0.0015 0.038 0.0015

C-5 carbide. . 0.5 0.020 90 300 0.013 0.0005 0.025 0.001 0.075 0.003 0.13 0.005
1,5 0.080 70 230 0.025 0.001 0.050 0.002 0.102 0.004 0.15 0.006

diam/4 diam/4 60 200 0.02E 0.001 0.038 0.0015 0.075 0.003 0.102 0.004
diam/2 diam/2 55 180 0.013 0.0005 0.025 0.001 0.050 0.002 0.075 0.003

Quenched and tempered, with hardness of 375 to 425 HB
Any premium liigh

speed steel tool
material (T15,
M33, M41-M47) 0.5 0.020 20 65 0.013 0.0005 0.018 0.0007 0.025 0.001 0.050 0.002

1.S 0.060 17 55 0.013 0.0005 0.025 0 001 0.050 0:002 0.075 0.003
diam/4 diam/4 15 50 0.013 0.0005 0.013 0.0005 0.038 0.0015 0.063 0.0025
diam/2 diam/2 12 40 0.025 0:001 0.050 0.002

C "5 carbide 0.5 0.020 76 250 0.013 0.0005 0.025 0.001 0.050 0.002 0.075 0.003
1.5 0.060 58 190 0.025 0.001 0.050 0.002 0.075 0.003 0.102 0.004

diam/4 diam/4 50 165 0.025 0.001 0.038 0.0015 0.063 0.0025 0.075 0.003
diam/2 diam/2 46 150 0.013 0.0005 0.025 0.001 0.050 0.002 0.063 : 0.0025

AISI Type 403: Face Milling

Depthof cut
mm in,

- Highspeed steel -
Speed

m/min ft/min
Feed/tooth

l-Uncoated carbide --
Speed, brazed Speed, inserted Feed/tooth
m/min ft'rain m/min ft/min mm in.

' Coated carbide -
Speed

m/min ft/min
Feed/tooth
mm in.

Annealed, with hardness of 135 to 175 HB
1 0.040. 49(a) 160(a) 0.20 0.008 150(b) 500(b) 165(b) 540(b) 0.20 0.008 245(c) 80(Kc) 0.20 0.008
4 0.150.. 38(a) 125(a) 0.30 0.012 120(b) 390(b) 145(b) 480(b) 0.30 0.012 160(c) 525'cl 0.30 0.012
8 0.300.......30(a) 100(a) 0.40 0.016 66(d) 215(d) 79(d) 260(d) 0.40 0.016 100(e) 325(e) 0.40 0.016

Annealed, with hardness of 175 to 225 HB
1 0.040 .......44(a) 145(a) 0.20 0.008 145(b) 480(b) 155(h) 510(b) 0.20 o.oos 235(c) 765(0 0.20 0.008
4 0.150 . 35(a) 115(a) 0.30 0.012 110(b) 365(b) 115(b) 380(b) 0.30 0.012 150(c) SOOic) 0.30 0.012
8 0.300.......27(a) 90(a) 0.40 0.016 73(d) 240(d) 90(d) 295(d) 0.40 0,016 115(c) 375(e) 0.40 0.016

Quenched and tempered, with hardness of 275 to 325 HB
1 0.040.......30(f) 100(f) 0.15 0.006 115(b) 370(b) 115(b) 410(b) 0.15 0.006 190(c) 625(c) 0.13 0.005
4 0.150.......23(f) 75(f) 0.23 0.009 85(b) 280(b) 85(b) 310(b) 0.20 0.008 120(c) 400(c) 0.18 0.007
8 0.300.......18(f) 60(f) 0.30 0.012 59(d) 195(d) 73(d) 240(d) 0.25 0.010 95(e) 315(ei 0.23 0.009

Quenched and tempered, with hardness of 275 to 325 HB
1 0.040 18(f) 60(f) 0.10 0.004 55(h) 180(b) 60(b) 200(b) 0.10 0.004 90(c) 3DCKCJ 0.075 0.003
4 0.15U . . ...14(f) 45(0 0.15 0.006 4Kb) 135(b) 46b) 150b) 0.15 0.006 60(c) 20(Hc) 0.13 0.005
8 0.300 ....11(f) 35(f) 0.20 0.008 29(d) 95(d) 35(d) 116(d) 0.20 O.OOS 46(e) 150(e) 0.18 0.007

(a)Highspeed steel tool material:M2or M7,(b) Carbide tool material:C-6. lc) Carbide tool materialCC-6. (d) Carbidetool material: C-5, (eJ Carbide tool material;
CC-5. (f) Any premium high speed steel tool material (T15, M33, M41to M47)
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Machining Data (Ref 2) (continued)

AISI Type 403: Drilling

Tool material

Speed,
m/min
(ft/min)

1,5 mm
(0.0G2 in.)

mm (irt.)

3 mm
(0.125 in.)

mm (in.)

Feed per revolution for nominal hole diameter of:
6 mm 12 mm 18 mm 25 mm

(0.25 in.) <0.5 in.) <0.75 in.) (1 in.)

mm (in.) mm (in.) mm (in.) mm (in.)

35 rum
(1.5 in.)
mm (Iq.)

50 mm

<2 in.)

mm (in.)

Annealed, with hardness of 135 to 175 HB
M10, M7, and high

speed steel ...................17 0.025
(55) (0.001)
23

(75) (•••)

(...)
0.075

(0.003)

(...)
0.15

(0.006)

(...)
0.25

(0.010)

(...)
0.33

(0.013)

(...)

0.40
(0.016)

(...,
0.55

(0.021)

(-.)
0.65

(0.025)

Annealed, with hardness of 175 to 225 HB
M10, M7, and Ml high

speed steel 20 0.025
(65) (0.001)

0.075
(0.003)

0.15
(0.006)

0.25
(0.010)

0.33
(0.013)

0.40
(0.016)

0.55
(0.021)

0.65
(0.025)

Quenched and tempered, with hardness of 275 to 325 HB
M10, M7, and Ml high

speed steel ....... ....17
(55) (—)

0.075
(0.003)

0.102
(0.004)

0.18
(0.007)

0.25
(0.010)

0.30
(0.012)

0.40
(0.015)

0.45
(0.018)

Quenched and tempered, with hardness of 375 to 425 HB
Any premium high

coated steel (T15,
M33, M41-M47) 14

(45) (ÿÿÿ)
0.025

(0.001)
0.050

(0.002)
0.102

(0.004)
0.102

(0.004)
0.102

(0.004)
0.102

(0.004)
0.102
(0.004)

AISI Type 403: Cylindrical and Internal Grinding
Wheel speed Work speed Infeed on diameter

Operation m/s ft/min m/min ft/min mm/pass in./pass

Annealed, with hardness of 135to 275 HB
Cylindrical grinding —
Roughing.............................28-33 5500-6500 15-30 50-100 0.050 0.002
Finishing....................;r........28-33 5500-6500 15-30 50-100 0.013 max 0.0005 max

Internal grinding
Roughing.............................25-33 5000-6500 23-60 75-200 0.013 0 0005
Finishing.............................25-33 5000-6500 23-60 75-200 0.005 mar 0.0002 max

Quenched and tempered, with hardness greater than 275 HB
Cylindrical grinding
Roughing.............................28-33 5500-6500 15-30 50-100 0.050 0.002
Finishing.............................28-33 5500-6500 15-30 50-100 0-013 mar 0.0005 mar

Internal grinding
Roughing.............................25-33 5000-6500 15-46 50-150 0.013 0.0005
Finishing.............................25-33 5000-6500 15-46 50-150 0.005 max 0.0002 max
(a) Wheel width per revolution of work

Traverse(a)

Va

V5
1,-6

V.
Va

Ve

Wheel
identification

A60JV
A60JV

A60KV
A60KV

A60IV
A60IV

A60JV
A60JV

AISI Type 403: Surface Grinding with a Horizontal Spindle and Reciprocating Table
Wheel speed Table speed Downfeed Croasfeed Wheel

Operation m/s ft/min m/min ft/min mm/pass in./pass mm/pass in./pass identification

Annealed, with hardness of 135 to 275 HB
Roughing...................28-33 5500-6500 15-30 50-100 0 050 0.002 1.25-12.5 0.050-0.500 A46IV
Finishing...................28-33 5500-6500 15-3(1 50-100 0.013 max 0,0005 max (a) (a) A46IV

Quenched or tempered, with hardness greater than 275 HB
Roughing...................2W3 5500-6500 15-30 50-100 0.025 0.001 0.65-6.5 0.025-0.250 A45HV
Finishing...................28-33 5500-6500 15-30 50-100 0.008 max 0.0003 max (b) (b) A4SHV
(a) Maximum V, of wheel width, (b) Maximum Vto of wheel width
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Machining Dafa (Ref 2) (continued)

AIS! Type 403: Reaming
Based on 4 Mutes tor 3- and 6-mm (0.125- and 0.250-in.) reamers, 6 flutes for 12-mm (0.5-in.) reamers, and 9 flutes for25-mm (1-inland larger reamers

Tool materia]

I-Feed per revolution for reamer diameter of:-j
Speed 3 mm (0.125 in.) 6 mm (0.25 in.) 12 mm (0.6 in.) 25 mm (1 in.) 35 mm (1.5 ia.) 50 mm (2 in.)

a/mln ft/min mm in. mm in. mm in. mm in. mm in. mm in.

Annealed, with hardness of 135 to 175 HB

5 :

Roughing
Ml,M2, and

M7 high apeed
steel 24

C-2 carbide 29

Finishing
Ml, M2, and

M7 high speed
steel . 12

C-2 carbide 18

Roughing
Ml, M2. and

M7 high speed
steel 23

C-2 carbide 27

Finishing
Ml, M2, and

M7 high speed
steel 12

C-2 carbide 18

Roughing
Ml,M2, and

M7 high speed
steel 18

C-2 carbide ..23

Finishing
Ml;M2, and

M7 high speed
steel ;11

C-2 carbide 15

Roughing
Any premium

high speed steel
(T15, M33, M41-
M47) 14

C-2 carbide 18

Finishing
Any premium

high speed steel
(T15, M33, M41-
M47) 9

C-2 carbide 12

80
95

40
60

75
90

40
60

60
75

35
50

45
00

30
40

0.075
n.102

0.102
0.102

0.075
0.102

0.102
0.102

0.003
0,004

0.004
0.004

0.102 0.004
oj2o o.ooa

0.102
0.15

0.004
0.006

0.13
0.30

0.15
0.20

0.005
0.012

0006
0.008

0.20
0.40

0.20
0.25

Annealed, with hardness of 175 to 225 HB

0,003
0.004

0.004
0.004

0.102 0.004
0.20 0.008

0.102
0.13

0.004
0.005

0.13
0.30

0.15
0.15

0.005
0.012

0.006
0.006

0.20
0 40

0.20
0.20

0.008
0.016

0.008
0.010

0.008
0.016

0.008
0.008

Quenched and tempered, with hardness of 275 to 325 HB

0.075
0.102

0.075
0.075

0.003
0.004

0.003
0.003

0.102 0.004
0.16 O.OOG

0.075
0.102

0.003
0.004

0.15
0.23

0.102
0,13

0.005
0.009

0.004 .

0 005

0.20
0 40

0.15
0.15

0.008
0.015

0.006
0.006

Quenched and tempered, with hardness of 375 to 425 HB

0.050
0.075

0.075
0.075

0.002
0.003

0.003
0.003

0.102 0.004
0.13 0.005

0.075
0.102

0.003
0.004

0.13
0.15

0.102
0.13

0.005
0.006

0004
0.005

0.20
0.20

0.15
0.15

0.008
0.008

D.006
0.006

0.25
0.50

0.23
0.26

0.25
050

0.23
0.23

0.25
0.45

0.18
0.18

0.25
0.25

0.18
0.18

0.010
0.020

o.oog
o.ou

O.OM
0.020

0.008
O.OK

0.010
0.018

0.007
0.007

0.010
0.010

0.007
0.007

0.30 0.012
0.60 0 024

0.25 0.010
0.30 0.012

0.30 0.012
0.60 0.024

0.25 0.010
0.25 0.010

0.30 0.Q12
0.50 0.020

0.20
0.20

0.008
0.008

0.30 0.012
0.30 0.012

0.20 0.008
0.20 0.GO8
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AISI Type 405

AISI Type 405: Chemical Composition
Element Composition, %

Carbon.....................................................0.08 max
Manganese............................1.00 max
Phosphorus - 0.04 max
Sulfur....... .0.03 max
Silicon .ÿ............ - . .1.00 max
Chromium.............................. 11.5-14,5
Aluminum .................... 0.10-0.30

Characteristics. AISI type 405 is a nonhardening, 12%
chromium stainless steel. A small addition of aluminum
restricts the formation of austenite at high temperatures so
that hardening does not occur upon quenching. This charac¬
teristic mates type 405 especially suited for welding. The
welds are ductile, and there is no need for controlled cooling
rates. This grade may be welded usingchromium-nickel 18-8
types or type 430 filler metals. When maximum corrosion
resistance is required, a post-weld annealing is recom¬

mended. Inthis instance, stabilized electrodes should be used
to avoid grain-boundary carbide precipitation.

Type 405 provides good corrosion resistance and oxidation
resistance up to about 650 DC (1200 °F) in applications not
requiring the high strength of hardenable grades. It is re¬
sistant to the corrosive action of the atmosphere, fresh water,
and various alkalis and mild acids,

Inthe annealed condition, type 405 may be easily formed,
drawn, spun, bent, and roll formed. It is machined at speeds
about 55% of those used for free-machining AISI 1212.

Typical Uses. Applications of AISI type 405 include
welded structures that cannot be annealed after welding, an¬
nealing boxes, quenching racks, vessel linings,and precision
rolled profiles for steam turbine parts.

AISI Type 405: Similar Steels (U.S. and/or Foreign). UNS
S40500; ASME SA240, SA268, SA479; ASTM A176, A240,
A268, A276, A314,A473, A479, A511, A580; FED QQ-S-763;
MIL SPEC MIL-S-862; SAE J405 (51405); (W. Ger.) DIN
1.4002; (Fr.) AFNOR Z 6 CA 13; (Ital.) UNI X 6 CrAl 13;
(Jap.) JIS SUS 405; (U.K.) B.S. 405 S 17

Physical Properties

AISI Type 405: Thermal Treatment Temperatures
Temperature range

Treatment °C °F

Forging, start...................'V - .,,- - .....1095-1205 2000-2200
Forging, finish .........760 min 1400 min
Annealing (a)........650-760 1200-1400
Hardening........................ (b) Cb)

[a) Cool in air. (b) Does not harden appreciably with heat treatment

AISI Type 405: Selected Physical Properties (Ref 6)

Melting range 1480-1530 °C (2700-2790 °F)

Density 7.8 g/cm3 (0.28 lb/in.3)
Specific heat at 0-100 "C (32-212 T)...........430 J/kg-K (0.11 Btu/lb-°F)

Thermal conductivity at
100 *C (212 °F) ..........................27.0 W/m-K (15.6 Btu/ft h-T)

Electrical resistivity at 20 °C (68 °F) ...........60 nf!-m

AISI Type 405: Average Coefficients of Linear Thermal
Expansion (Ref 6)

Temperature range Coefficient
°C °F pm/m-K /im./in.-°F

0-100 32-212 10.8 6.0
0-315 32-600 11.5 6.4
0-540 32-1000 12.1 8.7
0-815 32-1500 13.5 7.5

Mechanical Properties

AISI Type 405: Representative Tensile Properties (Ref 6)

Tensile Yield
Product strength gtrength(a) Elongation(b), Reduction
form Condition MPa ksi MPa ksi % in area, % Hardness

Sheet .......................Annealed 448 65 276 40 25 -• - 75 HRB
Wire(c)......................Soft tempered 621 90 517 75 15 SO
Plate........................Annealed 448 65 276 40 30 ••• 150 HB
Bar.........................Annealed 483 70 276 40 30 60 150 HB

Annealed and
cold drawn(d) 586 85 483 70 20 60 185 HB

(a) 0.2% offset. (b)ln50 mm(2 in.),except for wire. For wire 3.iB-mm (0.125-in.) diem and larger,gage length ii4 x iiarri; for smaller diameters, the gage length
is 254 mm (10.0 in.), (c) Diameter ot6.4 mm (0.25 in.), (d) Diameter of 25 mm (1 in.)
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Mechanical Properties (continued) Machining Data (Ref 2)

AISI Type 405: Typical Short-Time Elevated-Temperature
Tensile Properties (Ref 12)

Test Tensile Yield Elonga-
temperature strength strength(a) tion(b),
°C °F MPa ksi MPa , ksi %

Room
temperature ............. 469 68.0 276 40.0 30

95 200..............400 58.0 200 29.0 28
205 400..............372 54.0 165 24.0 22
315 600..............352 51.0 152 22.0 21
425 800..............321 46.5 138 20.0 22
540 1000. .. ...........252 36.5 117 17.0 28
650 1200..............159 23.fl 93 13.E 34
760 1400..............59 8.5 31 4.6 C8
870 16C0..............29 4.2 15 2.2 80
(a) 0.2% offset, (b) In 50 mm (2 in.)

AISI Type 405: Planing
Test specimens were in the annealed condition, with hardness of 135 to
185 HB

Depth of cut
Tool material mm in.

Speed
m/min ft/min

Feed/stroke
mm in.

M2 and M3 high
speed steel 0.1 0.005 9 30 (a) (a)

2.5 0.KKI 12 40 1.25 0.050
12.0 0.500 8 25 1.50 0.060

C-6 carbide ... 0.1 0.005 46 150 (a) (a)
2.5 0.100 49 160 1.50 0.060

(a) Feed is 75% the width of the square nose finishing tool

AISI Type 405; Selected Mechanical Properties (Ref 7)

Modulus of elasticityT in tension ...................200 GPa (29 x 106 pBi)
Izod impact properties at 20 °C (70 °F).......................41 J (30 ft lb)

AISI Type 405: Face Milling
Test specimens were in the annealed condition, with hardness of 135 to 185 HB

M2 uuid M7 high speed steel p--Uncoatcd carbide--------—3 1-Coated carbide-1-f
Depth of cut Speed Feed/tooth Speed, brazed Speed, inserted Feed/tooth Speed Feed/tooth
mm in. m/min ft/min mm in. m/min ft/min m/min ft/min mm in. m/min ft/min mm in.

1 0.040........58 190 0.20 G.0O8 l<0(a) 565(a) 190(a) 620(a) 0.20 0.008 280(b) 925(b} 0.20 0.008
4 0.150........44 145 0.30 0.012 130(a) 425(a) 145(a) 470(a) 0.30 0.Q12 185(b) 600(b) 0.30 0.012
8 0.300........35 115 0.40 0.016 90(c) 300(c) 110(c) 365(c) 0.40 0.016 145(d) 475(d) 0 40 0.016
(a) Carbide tool material: C-6. (b) Carbide tool material: CC-6. (c) Carbide tool material: C-5. (d) Carbide too) material: CC-5

AISI Type 405: Turning (Single Point and Box Tools)

Test specimens were in the annealed condition, with hardness of 135 to 185 HB

M2 and M3 high speed ateel j—-—-———---Uncoated carbide ÿ —;-1 j—-—— Coated carbide----—|
Depthof cut Speed Feod Speed, brazed Speed, inserted Feed Speed Feed
mm in. m/min ft/min mm/rev in./rcv m/min ft/min m/min ft/min mm/rev in./rev m/min ft/min mm/rev in./rev

1 0.040.......46 150 0.18 0.007 175(a) 575(a) 200(a) 650(a) 0.18 Q.007 260(h) 850(b) 0.18 0.007
4 0.150.......37 120 0.40 0.015 135(c) 450(c) 150(c) 500(c) 0.40 0.015 200(d) 650(d) 0.40 0.015
8 0.300.......29 95 0.50 0.020 105(e) 350(c) 120(c) 400(c) 0.75 0.030 160(d) 525(d) 0.50 0.020

16 0.625.......23 75 0.75 0.030 84(c) 275(c) 95(c) 310(c) 1.00 0-040
(a) Carbide tool material: C-7. (b) Carbide tool material: CC-7. (c) Carbide tool material: C-6. (d) Carbide tool material: CC-6

; AISI Type 405: Turning (Cutoff and Form Tools)
Test specimens were in the annealed condition, with hardness of 135 to 185 HB

Toot material

I-Feed per revolution ----| j--for cutoff too! width of:
Speed, 1.5 mm 3 mm 6 mm 12 mm
m/min (0.062 in.) (0.125 in.) (0.25 in.) (0.5 in.)
(ft/min) mm (In.) mm (in.) mm (in.) mm (in.)

-Feed per revolution-1
for form tool width of:

18 mm 25 turn 35 mm 50 mm
(0.75 in.) (1 in.) (1.5 in.) (2 in.)
mm (in.) mm (in.) mm (In.) mm (in.)

M2 and M3 high
0.028 0.038 0.050 0.050 0.046 0.038 0.030 0.025

(90) (0.0011) (0.0015) (0.002) (0.002) (0.0018) (0.0015) (0.0012) (0.001)
0.028 0.038 0.050 0.050 0.046 0.038 0.030 0.025

(300) (0.0011) (0.0015) (0.002) (0.002) (0.0018) (0.0015) (0.0012) (0.001)
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Machining Data (Ref 2) (continued)

AIS1 Type 405: End Milling (Profiling)
Test specimens were in the annealed condition, with hardness of 135 to 185 HB

Tool material
Depth of cat Speed

m/min ft/min
10 mm (0.375 in.)

mm in.

• Feed per tooth for cutter diameter of: -
12mm (0.5 in.) 18 mm (0.75 in.)
mm in. mm in.

25-50 mm (1-2 in.)
mm in.

M2, M3, and M7 high
apeed steel

C-5 carbide.

..0.5 0.02(1 44 145 0.025 0.001 0.060 0.002 0.102 0.004 0.13 0.005
1.5 0.060 34 110 0.050 0.002 0.075 0.003 0.130 0.005 0.15 0.006

diam/4 diam/4 29 96 0.025 0.001 0.050 0.002 0.102 0.004 0.13 0.005
diam/2 diam/2 26 85 0.025 0.001 0.038 0.0016 0.075 0.Q03 0.102 0.004

0.5 0.020 140 455 0.013 0.0005 0.025 0.001 0.075 0.003 0.13 0.005
1.5 0.060 105 350 0.025 0.001 0050 0.002 0.102 0.004 0.15 0.006

diam/4 diam/4 90 295 0.025 0.001 0.038 0.0015 0.075 0.003 0.102 0.004
diam/2 diam/2 84 275 0.018 0.0007 0.025 0.001 0.050 0.002 0.075 0.003

AISI Type 405: Boring
Test specimens were in the annealed condition, with hardness of 135 to 185 HB

Depth of cut
M2 and M3 high speed steel

Speed Feed
r

Speed, brazed
- Uncoated carbide"

Speed, inserted
Coated carbide -

Feed Speed Feed
mm in. m/min ft/min mm/rev in./rev m/min ft/min m/min ft/min mm/rev in./rev m/min ft/min mm/rev in./rev

0.25 0.010.. 46 150 0.075 0.003 150(a) 490(a) 175(a) 575(a) 0.075 0.003 230(b) 750(b) 0.075 0.003
1.25 0.050. . 37 120 0.130 0.005 115(c) 385(c) 140(c) 455(c) 0.130 0005 185(d) 600(d) 0.130 0.005
2.50 0.100.. 95 0.300 0.012 90(e) 300(e) 105(c) 350(e) 0.300 0 012 135(f) 450(f) 0.300 0.012

(a) Carbide tool material: C-8. (b) Carbide tool material: CC-8. (c) Carbide tool material: C-7. (d) Carbide tool material: CC-7. (e) Carbide tool material: C-6.
(F) Carbide tool material: CC-6

AISI Type 405: Drilling
Test specimens were in the annealed condition, with hardness of 135 to 185 KB

Tool material

I-Feed per revolution for nominal hole diameter of:-1
Speed, 1.5 mm 3 mm 6 mm 12 mm 18 mm 25 mm 35 mm 50 mm
m/min (0.062 in.) (0.125 in.) (0.25 in.) (0,5 in.) (0.75 in.) (1 in.) (15 in.) (2 in.)
(ft/min) mm (in.) mm (in.) mm (in.) mm (in.) mm (in.) mm (in.) mm (in.) mm(in.)

M10, M7, and
Ml high speed. . 20

(65)
0.025

(0.001)
0.050

(O.OG2)
0.102

(0.004)
0.18

(0.007)
0.25

(0.010)
0.30

(0.012)
0.38

(0.015)
0.45

(0.018)

AISI Type 405: Reaming
Test specimens were in the annealed condition, with hardness of 135 to 165 HB,- based on 4 flutes for 3- and 6-mm (0.125- and 0.25-in.) reamers, 6 Ilutes
for 12-mm (0.5-in.) reamers, and 8 flutes for 25-mm (1-in.) and larger reamers

Tool material m/n

Roughing
Ml, M2, and

M7 high speed
steel '.

____
23

C-2 carbide...27

Finishing
Ml, M2, and

M7 high speed
steel 11

C-2 carbide 16

Speed
in ft/min

I-Feed per revolution for reamer diameter of:-1

3 mm (0.125 in.) 6 mm (0-25 in.) 12 mm (0.5 in.) 25 mm (1 in.) 35 mm (1.5 in.) 50 mm (2 in.)
mm in. mm in. mm in. mm in. mm in. mm in.

75
90

35
50

0.075
0.102

0.102
0.102

0.003
0.004

0.004
0.004

0.102
0.20

0.102
0.15

0.004
0.008

0.004
0.006

0.13
0.30

0.15
0.20

0.005
0.012

0.006
0.008

0.20
0.40

0.20
0.25

0.008
0.016

0.008
0.010

0.25
050

0.23
0.28

0.010
0.020

0.009
0.011

0.30
0.60

0.25
0.30

0.012
0.024

0.010
0.012
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AISI Type 405: Cylindrical and Internal Grinding
Test specimens wore in the annealed condition, with hardness of 135 to 185 HB

Wheel speed Work speed
Operation m/s ft/min m/min ft/rain

Cylindrical grinding
Houghing.............................23-33 5500-6500 15-30 50-100
Finishing.............................28-33 5500-6500 15-30 50-100

Internalgrinding
Roughing.............................25-33 5000-6500 23-60 75-200
Finishing.............................25-33 5000-6500 23-60 75-200
(a) Wheel width per revolution of work

In/eed on diameter
tnm/pass in./pass Traveroeiftl

Wheel
identification

0.050
0.013 max

0.013
0.005 max

0.002
0.0005 max

0.0005
D.0UO2 max

14
W

w
Vf,

A60JV
A60JV

A60KV
A60KV

AISI Type 405: Surface Grinding With a Horizontal Spindle and ReciprocatingTable

Test specimens were in the annealed condition, with hardness of 135 to 185 HB
Wheel speed Table speed Downfeed Cro9sfeed Wheel

Operation m/s ft/min m/tnin ft/min mm/pass - in./pass nun/pass in./pass identification

Roughing...................28-33 5500-6500 15-30 50-100 0.050 0.002 1.25-12.5 0.050-0.500 A46TV
Finishing...................28-33 5500-6500 15-30 50-100 0.013 max 0.0005 max (a) (a) A46IV
tat Maximum V< of wheel width

AISS Type 409

AISI Type 409: Chemical Composition
Blemeut

CarboD -......................* 0.080 max
1 Manganese ..*......*...........1.000 max

Phosphorus..................,.....*.......................0.045 max
Sulfur . 0.045 max
Silicon ............1.000 max
Chromium.................... ..........10.50-11.75

j Titanium . (a)

(a) Composition ranges from six times the carbon content to 0.75ft

i

Characteristics. AISI type 409 is a general-purpose, con-
: struction, chromium stainless steel. It is primarily intended

for automotive exhaust systems, as well as structural and
other applications, where appearance is secondary to me¬
chanical and corrosion-resistant properties.

1 Ingeneral, the corrosion resistance of type 409 isabout the
same as that of type 410. Type 409 tolerates products such as
neutral salts (other than chlorides), dilute alkaline or ammo-
niacal solutions, and cold dilute acidic solutions. This steel
also exhibits superior resistance to the acid-corrosive condi¬
tions inautomotive exhaust systems and demonstrates negli¬
gible general corrosion from exposure to fresh water.

Type 409 stainless steel starts to exhibit destructive scal¬
ing in air at approximately 705 °C (1300 °F). This tempera¬

ture is considered the general maximum-service tempera¬
ture for continuous service in air.

This alloy has good fabricating characteristics and can be
stamped and formed without difficulty. Punchand die radii
for type 409 steel should be as generous as conditions permit:
These radii should be approximately five to eight times the.
metal thickness for the die and a minimum of four times the
metal thickness for the punch. Die clearance for stamping
should be a minimum of 30 to 40% of the metal thickness.

Type 409 has welding characteristics similar to other fer-
ritic stainless steels and is easily welded by the standard
welding procedures recommended for stainless steels. This
alloy does not air-harden and is not prone to cracking dur¬
ing cooling; consequently, preheating and postheating are
not necessary.

Typical Uses. Applications of AISI type 409 include auto¬
motive exhaust systems, cold water storage tanks, trans¬
former cases, culverts, shipping containers, andfarm equip¬
ment.

AISI Type 409: Similar Steels CU.S. and/or Foreign). UNS
S40900; ASME SA268; ASTM A176, A268, A651; SAE J405
(51409); <W. Ger.) DIN 1.4512; (Jap.) JIS SUH 409; (U.K.)
B.S. 409 S 17

Composition, %

Physical Properties

AISI Type 409: Thermal Conductivity (Ref 8)
" Temperature

»C °F
Thermal conductivity
W/m-K Btu/ft-h °F

95
540

200.
1000.

. 24.9

. 28.6
14.4
16.5

AISI Type 409: Selected Physical Properties (Ref 8)

Melting range 1425-1510 °C 12600-2750 °F)

Density 7.64 g/cm1(0.276 lb/in.®)
Specific heat at 0-100 'C (32-212 *FJ...........460 J/ig-K (Oil Btu/]b • °F]

Electrical resistivity at 20 °C (68 °F) 60 nfl•m
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Physical Properties (continued)

AtSI Type 409: Thermal Treatment Temperatures
Temperature range

Treatment °C °F

Annealingta) ...................................870-900 1600-1650
Hardening!.!)) —
(a) Air cool, (b) Not hardenable by heat treatment

AlSt Type 409: Average Coefficients of Linear Thermal
Expansion (Ref 8)

Temperature range Coefficient
°C °F (ira/mK /iin./in.*F

20-100 68-212 11.7 6.5
20-260 68-500 11.9 6.6
20-480 68-900 12.4 6.9
20-650 68-1200 12.9 7.2
20-815 68-1500 13.5 7.5

Mechanical Properties

AISI Type 409; Representative Tensile Properties {Ref 6}
Test specimens were in the annealed condition

Tensile Yield
Product strength atrength(a) Elongation!b), Hardness,
form MPa ksi MPa ksi % HHP

Sheet, strip,
plate, and
bar ........450 65 240

(a) 0.2% offset, (b) In50 mm (2 in.)
35 25 75

AISI Type 409; Tensile Properties at Elevated
Temperatures (Ref 8)

Test Tensile Yield
temperature strength strength(a)
aC *F MPa ksi MPa iisi

27 80............448 65.0 238 34.5
93 200..............406 58.9 207 30.0

205 400..............365 53.0 172 25.0
315 600..............334 48.5 172 25.0
425 800..............326 47.3 165 24.0
540 1000..............254 36.9 136 19.7
650 1200..............148 21.4 92 13.4
760 1400...............61 8.8 39 5.7
B7Q 1600...............30 4.3 19 2.7
(a) 0.2% offset, (b) In50 mm (2 in.)

Elonga-
tion(h),

%

32.5
29.5
25.5
22.5
21.0
24.0
44.0
67.5
75.5

MachiningData
For machining data on AISI type 409, refer to the preceding machining tables for AISI
type 405.

AISI Types 410 and 410S

AISI Types 410 and 41OS; Chemical Composition
Composition, %

Element Type 410 Type 410S

Carbon 0.15 mas 0.OS mas
Manganese 1.00 mas 1.00 max
Phosphorus . .0.04 max 0.04 max
Sulfur 0.03 max 0.03 max
Silicon 1.00 max 1.00 max
Chromium 11.5-13.5 11.5-13.5

Characteristics. AISI type 410 is the basic, hardenable,
martensitic, stainless alloy. It can be heat treated to a wide
range of mechanical properties. In both the annealed and
heat treated conditions, type 410 provides good corrosion
resistance to many industrial and domestic environments, as
well as potable and mine waters. Type 410S is a low-carbon
modification of type 410.

The safe temperature for continuous service of type 410
is 650 °C (1200 °F). This steel will discolor slightly at about

230 °C (450 °F), but does not scale until the temperature
exceeds 650 °C (1200 °F).

Inthe annealed condition, type 410 can be blanked, drawn,
formed, and cold headed. When type 410 is machined in the
dead soft condition, it is tough and draggy and the chips tend
to buildup inthe tool. Better finishes are obtained inthe cold
drawn or heat treated condition. The machinability rating of
type 410 is about 55% of that for AISI 1212.

Type 410 can be welded satisfactorily. When filler metal
is used, it should be of similar analysis. Parts should be
preheated to a minimum temperature of 205 °C (400 °F)
before welding to prevent cracking. Because type 410 air
hardens, it should be annealed immediately after welding
to ensure uniform ductility.

Typical Uses. Applications of AISI types 410 and 410S
include steam turbine buckets, blades, bucket covers, gas
turbine compressor blades, nuclear reactor control rod me¬
chanisms, valves, fasteners, shafting, pump parts, petro¬
chemical equipment, and machine parts.
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AIS! Type 410: Similar Steels (U.S. and/or Foreign). UNS JIS SUS 410; (Swed.) SS14 2302; (U.K.) B.S. 410 S 21, En. 56
S41000; AMS 5504, 5505, 5591, 5613, 5776, 5821; ASME A, ANC 1Grade A
SA194 (6), SA240, SA268, SA479; ASTM A176, A193, A194,
A240, A276, A314, A473, A479, A493, A511, A580; FED
QQ-S-763, QQ-W-423; MIL SPEC MIL-S-862; SAE J405 AlSf Type 41OS: Similar Steels (U.S. and/or Foreign). UNS
(51410), J412 (51410); (W. Ger.) DIN 1.4006; (Fr.) AFNOR Z S41008; ASME SA240; ASTM A176, A24D, A473; (W. Ger.)
10 C 13, Z 10 C 14, Z 12 C 13; (Ital.) UNIX 12 Cr 13; (Jap.) DIN 1.4001; (Jap.) JIS SUS 410 S; (U.K)B.S. 403 S 17

Physical Properties

AISI Types 410, 41GS: Thermal Treatment Temperatures
Temperature

Treatment °C °F

Forging, start 1095-1205 2000-2200
Forging, finish 815 min 1500 torn

Full annealingtal 815-900 1500-1650
Process annealingtb) 650-760 1200-1400
Hardeningÿ) 925-1010 1700-1850
Temperingtd) 205-760 400-1400
(a) Holdfor 1hper 25 mm (1 in.)of thickness; slow cool to 595 °C (1100 °F);air
cool, (b) Hold at temperature to achieve uniform heat distribution; air cool.
(c) Hold at temperature 15 to 30 min; quench in oil. (d) Tempering tempera¬
ture depends on hardness, strength, toughness, or corrosion resistance desired

AISI Types 410, 41OS: Thermal Conductivity (Ref 7)

Temperature
•C °F

Thermal conductivity
f/n'K Btu/fth °F

100
500

212.
930.

24.9
28.7

14.4
16.6

AISI Types 410, 410S; Average Coefficients of Linear
Thermal Expansion (Ref 7)
Temperature range Coefficient
•C °F pm/m-K pin./in.-'F

0-100 32-212 9.9 55
0-315 32-600 11.0 6.1
0-540 32-1000. U.5 6.4
0-650 32-1200............. 11.7 6.5

AISI Types 410,41OS: Selected Physical
Properties (Ref 7)

Melting range 1480-1530 °C (2700-2790 "F1
Density.......................................... W g/cm3 (0.2S lb/in.3)
Specific heat at 0-100 °C (32-212 °F)...........AGO J/kg-K {0.11 Btu/lb-'F)
Electrical resistivity at 20 X {68 ..........57 nfi• m

Electrical resistivity at 650 "C (1200 DF) .... 108nfi m

Mechanical Properties Machining Data

AISI Types 410, 41OS; Tensile Properties at Elevated Temperatures (Ref 7)
Test specimens were 16-mm (0.625-in.) fliam bar; heated to 980 °C (1800 °f) (or Vj h; oil quenched; tempered
for 2 h at 28 °C (50 °F) above test temperature

Test Tensile Yield
temperature strength strength(a) E]ongation(bj, Reduction Hardness(c),
X °F MPa ksi MPa ksi % in area, % HRC

21 70.........1525 221 1225 177.5 14.5 63.5 45
205 400.........1475 214 1005 146 II 51 43
315 600.........1470 213 961 139.5 18 57 43
425 800.........1340 194 920 133.5 18.5 59 43.5
480 900.........1150 166.5 835 121 14 57
540 1000..........605 87.5 565 82 21.5 81.5
595 1100..........440 64 395 57.5 25.5 87
650 1200..........300 43.5 270 39.5 29.5 96.5
705 13O0..........195 28.5 165 24 34 91.5
(a) 0.2% odiiet. (b) In50 mm (2 in.), (c) Before testing

For machining data on AISI
types 410 and 41OS, refer to
the preceding machining ta¬
bles for AISI type 403.

AISI Types 410, 410S: Tensile Properties at Elevated Temperatures after Tempering
at 605 DC (1125 °F) (Ref 7)
Test specimens were 16-mm (0.625-in.) diam bar; heated to 980 °C (1800 °F) for Vi h; oil quenched; tempered
at 650 °C (1200 °F) for 2 h; air cooled; hardness of 24.5 HRC
Teat temperature Tensile strength Yield strengthfa) Elongationfb), Reduction
"C °F MPa ksi MPa ksi % in area, %

21 70 ..................834 121 721 104.5 21.5 68.5
205 400 ..................741 107.5 650 94.5 18 69
315 600 ..................696 101 615 89.5 16 70
425 800 ..................635 92 570 83 17 68
480 900 ..................585 84.5 525 76.5 18.5 73.5
540 1000 .................495 72 470 68 22.5 81-5
595 1100 ..................405 58.5 385 55.5 25.5 88
650 1200 ..................305 44 280 40.5 29 90
(a) 0.2% offset, (b) In 50 mm (2 in.)
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Mechanical Properties (continued)

Teinper ing te'rnpcraturer °F
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AISI Type 410: Effect of Tempering Temperature
OH Impact Properties. Impact energy tests used Izod,
Charpy V-notch, or Charpy keyhole as indicated. Heat
treatment of test specimens: heated to and held at 955 °C
(1750 T) for 1hi oil quenched, tempered for 4 h at
temperature given; air coaled. [Ref 3)

AISI Types 410, 410S: Tensile Properties at Elevated Temperatures after Tempering
at 540 °C(1000 °F) (Ref 7)
Test specimens were t6-mm (0.625-in.) diam bar; heated to 980 °C (1800 °f) for Vi h; oil quenched; tempered at
540 °C U000 °F) for 2 h; air cooled; hardness of 35.5 HRC

Test Tensile Yield
temperature _7": strength strength(a) Elongatjon(b), Reduction
*C "F V?: MPa ksi MPa ksi % in area, %

21 70............-4t......1085 157.5 1005 145.5 13 69.5
205 400.............#......1050 152 027 134.5 11 69.5
315 600...................1006 145.5 S38 121.5 10.5 65.5
425 800.....................896 130 758 110 12 70
540 1000.....................700 101.5 645 93.5 16 77.5
650 1200.....................275 40 260 38 35 91
760 1400 105 15 90 13 54 96
870 1600 96 14 66 9.5 81 77
(a) 0.2% offset, (b) In 50 nun (2 in.)

AISI Types 410, 41OS: Tensile Properties at Elevated Temperatures after Tempering
at 605 °C (1125 °F) (Ref 7)
Test specimens were 16-mm (0.625-in.) diam bar; heated to 380 °C (1800 °F) for Vx h; oil quenched; tempered at
605 X (1125 °F) for 2 ii; air cooled; hardness of 28.5 HRC

TeBt Tensile Yield
temperature strength Btrength(a) Elongahonfb), Reduction
"C 'F MPa ksi MPa ksi % ill area, 'k

21 70 924 134 807 117 20 68.5
205 400 118.5 727 105.5 17.5 70.5
315 500 112 689 100 16.5 67.5
425 800 105 650 94.5 17 65.5
480 900 91 585 35 18.5 74.5
540 1000 . 560 81 525 76 22 82
595 1100 450 65 415 60 25 87
(a) 0.2% offset, (b) In50 mm (2 in.)
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, AISI Types 410, 41OS: Stress-Rupture and Creep Properties (Ref 7)

StreSB for secondary
creep rate of(a}:

Test 1 " " Stress for rupture in: I 1% in 156 in
ÿ temperature 100 h 1000 b 10000 h(a) lOOOOh 100000 h- "C «F MPa ksi MPa ksi MPa ksi MPa ksi MPa ksi

•180 900 ... 265 38.5 ... 110 16.0
; 540 1000 234 34.0 159 23.0 110 16.0 76 11.0 41 6.0
I 595 1100 134 19.5 86 12.5 57 8.3 34 5.0 21 3.0
1 650 1200 74 10.7 46 6.6 28 4.0 21 3.0 10 1.5

705 1300 39 5.7 23 3.3 ... ... ...
fa) Extrapolated data

-Hardness

"ensile strength

, Yield strength

Impact energv

.Reduction in area

ElcngaimnJ

Vis Id 4tr*nsth

3do 400 500 m Too aon
Tempering temperature °C

AISI Type 410: Effect of Tempering Temperature on Tensile
Properties. Heated to and held at 980 °C (T800 °F) lit Vi tl; Oil
quenched; tempered 1 to A h. Impact energy test used Itod specimens.
Elongation was measured in 50 mm (2 in,); yield strength at 0.2% offset.
(Ref 7)

AISI Type 410: Effect of Elevated Temperature on Tensile
Properties. Hardened at 980 °C (1800 *F) lor V4 h; oil quesehed;
tempered for 2 h at 28 °C (50 °F) above test temperature. Specimens were
16-mm (0.625-in.) round bar. Tests were conducted using specimens
machined to English units. Elongation was measured in 50 mm (2 in.};
yield strength at 0.2% offset. (Ref 7)

°F
HOP 1300

- -2&C i

—list)

Tempering temperature,

700 300

ja W

Tennle strength
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AISI Type 414

AISI Type 414: Chemical Composition
Element Composition, %

Carbon .............* ..*...........* ..........• ÿ 0.15 max
Manganese -1.00 max
Phosphorus . -0.04 max
Sulfur.................-............-..............- . ......0.03 max
Silicon ...............1.00 max
Chromium..................................................11.5-13.5
Nickel 1.25-2.5

Characteristics, AISI type 414 is a hardenable (marten-
sitic), nickel-bearing, chromium steel. This grade canbe heat
treated to higher tensile and impact strength than type 410.
It will resist corrosion from mild atmospheres, fresh water,
steam, ammonia, many petroleum products and organic
materials, and several mild acid environments.

Type 414 is rarely considered for high-temperature ser¬
vice. Itwill discolor at about 230 °C (450 UF), but scale does
not form until the temperature exceeds 650 °C (1200 °F).

This stainless steel can be moderately cold formed in the
subcritical annealed condition. For cold heading operations,
the material can be supplied inthe cycle annealed, minimum
hardness condition. In the annealed condition, type 414 will
tend to tear and drag due to the tendency of the chip to build
up on the tool. The machinability rating of this steel is about
45% of that for free-machining AISI 1212.

Type 414 can be welded satisfactorily, but the weld air
hardens and requires careful handling to prevent cracking.
Recommended treatments include heating to 205 °C (400 °F)
minimum prior to welding, and annealing immediately after
welding. Electrodes of composition similar to type 410 should
be used.

Typical Uses. Applications of AISI type 414 include
beater bars, fasteners, gage parts, mild springs, mining
equipment, scissors, scraper knives, shafts, spindles, and
valve seats.

AISI Type 414; Similar Steels (U.S. and/or Foreign). UNS
S41400; AMS 5615; ASTM A276, A314, A473, A511, A580;
FED QQ-S-763; SAE J405 (51414)

Physical Properties

AISI Type 414: Selected Physical Properties (Ref 7)

Density ......................................ÿ 7.8 g/cm3 (0-28 lb/in.3]
Specific heat at 0-100 °C (32-212 °F>...........460 J/kg K (0.11 Btu/lb'°F;
Electrical resistivity at 20 *C (68 qF) 72 nfl>m

AISI Type 414: Thermal-Treatment Temperatures

Treatment
Temperature range

°C T

Forging, start ............................1150-1205 2100-2200
Forging, finish 900 min 1650 min
Subcritical annealing!a) .....................650-705 1200-1300
Cycle annealing (b) fb)
Hardeningfc)...............................980-1040 1800-1900 100
Temperingÿ) 205-705 400-1300 500
(a) Hold at temperature 4 to 8 h; air cool, (b) Heat to 760 "C (1400 "F): hold
20 h: cool to below 315 'C (600 °F); reheat to 675 'C (1250 °F); hold 20h; air
cool, (c) Hold 15 to 30 min; ail or air quench, depending on section thickness.
(d) Temperature depends upon hardness, strength, toughness, or corrosion
resistance required

AISI Type 414: Average Coefficients of Linear Thermal
Expansion (Ref 7)

Temperature range Coefficient
*C 'F (im/m-K /tin./in.

0-100 32-212 10.4 5.8
0-315 32-600 .....11.0 6.1
0-540 32-1000 12.1 6.7
0-650 32-1200 12.4 6.9

AISI Type 414: Thermal Conductivity (Ref 7)

Temperature Thermal conductivity

W/ra K Btu/ft'h DF

212.
930 .

. 24.9
, 28,7

14.4
16.6

Mechanical Properties

AISI Type 414: Tensile Properties at Elevated Temperatures (Ref 7)

Test specimens were 16-mm (0.625-in.) diam bar; heated to 980 °C (1800 °F) for '/i h; oil quenched; tempered at
2fl °C (50 T) above test temperature

Teat temperature Tensile strength Yield atrengtli(a) Elongatiouth), Reduction Hardness(c),
"C *F MPa kai MPa kai % in area, % HRC

21 70........1795 260 1013 147 15 49 48
205 40G........1500 217.5 1017 147.5 14.5 45.5 45.5
315 600........ 1430 207.5 960 139.5 18 55.5 44.5
425 800........1385 201 985 142.5 16.5 55.B 47.5
480 900........1195 173.5 885 128 14.5 55 44.5
540 1000.........620 90 560 81.5 21 75.5 36.5
595 1100.........445 64.5 395 57.5 24.5 84 33
650 1200.........275 40 230 33.5 33.5 91 32
705 1300.........185 27 145 21 42.5 93.5 29
(a) 0 2% offset, (b) In50 mm (2 in.), (c) Before testing

AISI Type 414: Izod Impact
Properties (Ref 7)

Energy
Condition J ft lb

Annealed..........70-110 50-80
Hardened and

tempered........30-80 20-60

AISI Type 414: Modulus
of Elasticity (Ref 7)

Modulus
GPa 10s psi

Stressed
in:

Tension 200 29
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A1SI Type 414: Effect of Tempering
Temperature on Tensile Properties, impact
energy test used Izod specimens. Elongation was
measured in 50 mm (2 in.); yield strength at 0.2%
offset. <Ref 8)

; AiSI Type 414: Representative Tensile Properties (Ref 6)

Tensile Yield
strength strength(a) Elongationfbh Reduction

• Product form Treatment MPa ksi MPa ksi ÿ in area, % Hardness
!
_

:------' " ___
„
___________

.Sheet .......................Annealed 825 120 725 105 15 — 98 HRB
Strip.......................Annealed 825 120 725 105 15 98 HRB
Wire, 6,4-mm

(0.25-uj I diam.............Soft tempered 930 135 705 115 10 55 29 HRC
Plate........................Annealed 795 115 620 90 20 60 235 HB
(Bar .........................Annealed and

cold drawn 795 116 620 90 20 60 235 HB
895 130 795 115 15 58 270 HB

(a) 0,2% offset. (b)In50 mm(2 in.), except for wire. For wire 3,18-mm fO-125-in.l diam andlarger,gage length is 4 x diam; for smaller diameters, the gage length
is 254 mm (10.0 in.)

AISI Type 414: Tensile Properties at Elevated Temperatures After Tempering at 850 °C (1200 °F) (Ref 7)
"est specimens were 16-mm (0.625-in.) diam bar; heated to 980 °C (1800 °F) for Vi h; oil quenched; tempered at 650 °C (1200 °F) for 2 h; air cooled;
lardness of 30.5 HRC

Test temperature Tensile strength Yield Btrengtn(a) Elongationib), Reduction
•C °F MPu ksi MPa ksi % in area, %

.21 70 145.5 800 116 19 58
-105 400 131 721 104.5 17 60.5
315 600 879 127.5 680 98.5 15.5 55
425 800 118.5 630 91.5 15.5 55.5
;80 900 102 595 86 17 68
40 1000. 79.5 495 71.5 21.5 79
95 1100 61 385 55.5 25.5 85.5

650 1200 41.5 250 36.5 29 90.5
(a) 0.2% offset, (b) In50 mm (2 in.)
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Machining Data (Ref 2)

AISI Type 414: Turning (Single Point and Box Tools)

I-High speed steel-*— ]-Uncoated carbide — -f i-Coaled carbide-1
Depth of cut Speed Feed Speed, brazed Speed, inserted Feed Speed Feed
mm in. m/min ft/min mm/rev in./rev m/min ft/min m/min ft/min mm/rev in,/rev m/min ft/min mm/rev ill./rev

Annealed, with hardness of 225 to 275 KB
1 O.040.. . . .. 30(a) 100(a) 0.18 0.007 105(b) 350(b) 135(b) 450(b) 0.18 0,007 175(c) 575(c) 0.18 0.007
4 0.150. .. ... 23(a) 75(a) 0.40 0.015 84(d) 275(d) 105(d) 350(d) 0.40 0.015 135(e) 450(e) 0.40 0.015
8 0.300 . . . 18(a) 60(a) 0.50 0.020 67(d) 220(d) 84(d) 275(d) 0.75 0.030 105(e) 350(e) 0.50 0.020

16 0.625... ... 14(a) 45(a) 0.75 0.030 52(d) 170(d) 69(d) 225(d) 1.00 0.040 ... ... ...
Quenched and tempered, with hardness of 275 to 325 HB
1 0.040 . .. 23(f) 75(0 0.18 0.007 88(b) 290(h) 115(b) 375(b) 0.18 0.007 120(c) 400(c) 0.18 0.007
4 0.150 ... 18(0 60(0 0.40 0.015 69(d) 225(d) 90(c) 295(c) 0.40 0.015 90(e) 300(e) 0.40 0.015
8 0.300 . . 14(f) 45(0 0.50 0.020 55(d) 180(d) 70(c) 230(c) 0.50 0.020 76(e) 250(e) 0.50 0.020

Quenched and tempered. with hardnesB of 375 to 425 HB
1 0.04Q... . . . 18(0 60(0 0.18 0 007 84(b) 275(b) 90(b) 300(b) 0.18 0.007 120(c) 400(c) 0.18 0.007
4 0.150 14(0 45(0 0.4(1 0015 60(d) 200(d) 72(d) 235(d) 0.40 0.015 90(e) 300(e) 0.40 0.015
8 0.300 11(f) 35(0 0.50 0020 49(d) 160(d) 56(d) 185(d) 0.50 0.020 76(e) 250(e) 0.50 0.020

(a)Highspeed steel tool material: M2 or M3. (b)Carbide toolmaterial: C-7. (c) Carbide toolmaterial:CC-7. id]Carbidetool material: C-fi. (e] Carbide tool material:
Ct%6. (0 Any premium high apeed steel tool material (T15, M33, M41 to M47>

AISI Type 414: Turning (Cutoff and Form Tools)

Tool material

Speed,
m/min
(ft/min)

1-Feed per revolution for-1 ]-
for cutoff tool width of:

1,5 mill 3 mm 6 mm 12 mm IS mm

(0.062 in.) (0.125 in.) (0.25 in.) (0.5 in.) (0.75 in.)
mm (in.) mm (in.) mm (in.) mm (in.) mm (in.)

Feed per revolution for-[
form tool width of:

m 25 mm 35 mm 50 mm
(1 in.) (1.5 in.) (2 in.)

mm (in.) mm (in.) mm (in.)

Annealed, with hardness of 225 to 275 HB
M2 and M3 high

speed steel .....................18 0.033 0.046
(60) (0.0013) (0.0018)

C-6 carbide.................:'i...69 0,033 0.046_
(225) (0,0013) (0.0018)

Quenched and tempered, with hardness of 275 to 325 HB
Any premium high

speed ateel (T15,
M33, M41-M47)...............15 0.025 0.030

(50) (0.001) (0.0012)
C-6 carbide 52 0.025 0.030

(170) (0.001) (0.0012)

Quenched and tempered, with hardness of 375 to 425 HB
Any premium high

speed steel (T15,
M33, M41-M47)...............12 0.020 0.025

(40) (0.008) (0.001)
C-6 carbide 34 0.020 0.025

(110) (0.008) (0.001)

0.058
(0.0023)
0.058

(0.0023)

0.038
(0.0015)
0.038

(0.0015)

0.030
(0.0012)
0.030
(0.0012)

0.046
(0.0018)

0.046
(0.0018)

0.038
(0.0015)
0.038

(0.0016)

0.030
(0.0012)
0.030

(0.0012)

0.041
(0.0016)
0.041

(0.0016)

0.030
(0.0012)
0.030

(0.0012)

0.025
(0.0010)
0.025

(0.0010)

0.033
(0.0013)
0.033

(0.0013)

0.025
(0.001)
0.025

(0.001)

0.023
(0.0009)
0.023

(0.0009)

0.025
(0.001)
0.025

(0.001)

0.023
(0.009)

0.023
(0.009)

0.020
(0.008)
0.020
(0.008)

0.020
(0.0008)
0.020

(0.0008)

0.020
(0.0008)
0.020

(0.0008)

0,018
(0.0007)
0.018

(0.0007)

AISI Type 414: Face Milling
I-High speed steel-1 i-—————- Uncoated carbide-1 r~—"Coated carbide-1

Depth of cut Speed Feed/tooth Speed, brazed Speed, inserted Feed/tooth Speed Feed/tooth
mm in, m/min ft/min mm in. m/min ft/mio m/min ft/min mm in. m/min ft/min mm in.

Annealed, with hardness of 225 to 275 HB

1 0.C40.......37(a) 120(a) 0.15 0.006 140(b) 465(b) 155(b) 510(b) 0.18 0.007 230(c) 750(c) 0.18 0.007
4 0.150.......27(a) 90(a) 0.25 0.010 105(b) 350(b) 115(b) 385(b) 0.25 0.010 150(c) 500(c) 0.25 0.010
8 0.300 .......21(a) 70(a) 0.36 0.014 75(d) 245(d) 90(d) 300(d) 0.36 0.014 120(e) 400(e) 0.36 0.014

Quenched and tempered, with hardness of 275 to 325 HB
1 0.040.......29(0 95(0 0.15 0.006 120(b) 400(b) 135(b) 440(b) 0.15 0.006 200(c) 650(c) 0.13 0.006
4 0.150.......21(0 70(0 0.23 0.009 90(b) 300(b) 100(b) 330(b) 0.20 0.008 130(c) 425(c) 0.18 0.007
8 0.300.......17(0 55(f) 0.30 0.012 64(d) 210(d) 70(d) 225(d) 0.25 0.010 100(e) 325(e) 0.23 0.009

Quenched and tempered, with hardness of 375 to 425 HB
1 0.040.......18(0 60(0 0.10 0.004 60(b) 200(b) 67(b) 220(b) 0.10 0.004 100(c) 325(c) 0.075 0.003
4 0.150.......14(0 45(0 0.15 0.006 46(b) 150(b) 52(b) 170(b) 0.15 0.006 69(c) 225(c) 0.13 0.005
8 0.300.....-.11(0 35(0 0.20 0.008 32(b) 105(b) 40(b) 13(b) 0.20 0.008 5Z(c) 170(c) 0.18 0.007
(a) Highspeedsteel tool material:M2or M7 (b) Carbide toolmaterial:C-6. tc) Carbide tool material:CC-6.(d)Carbide tool material:C-5. (e) Carbide tool material:
CC-5. (f) Any premium high speed steel tool material (T15, M33, M41 to M47)
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i AISI Type 414: End Milling (Profiling)

\-Feed per tooth for cutter diameter of: —---1
Depth of cat Speed 10 mm (0.375 in.) 12 mm (0.5 in.) 18 mm (0.75 in.) 25-SO mm (1-2 in.)

! Tool material mm in. m/min ft/min mm in. mm in. mm in. mm In.

1 Annealed, with hardness of 225 to 275 HB
M2. M3, and M7 high

apeed steel 0.5 0.020 30 100 0.025 0.001 0.050 o.ooz 0 075 0.003 0.102 0.004
1.5 0.060 23 75 0.050 0.002 0.075 0.003 0.102 0 004 0.15 0.005

diam/4 diam/4 20 65 0.025 0.001 0.050 0.002 0.075 0.003 0.102 0.004
diam/2 diam/2 17 55 0.025 0.001 0.025 0.001 0.050 0.002 0.075 0.003

C-5 carbide ..0.5 0.020 100 325 0.013 0.0005 0.025 0.001 0.075 0.003 0.13 0.005
1.5 0 060 75 245 0.025 0.001 0.050 0.002 0.102 0.004 0.15 0.006

diam/4 diam/4 64 210 0.025 0,001 0.038 0.0015 0.075 0.003 0.102 0.004
diam/2 diam/2 60 200 0.013 0.0005 0.025 0.001 0.050 0.002 0.075 0.003

Quenched and tempered, with hardness of 275 to 325 HB
M2, M3, and M7 high

speed ateel 0.5 0.020 23 75 0.018 0 0007 0.026 0.001 0.050 0.002 0.075 0.003
1.5 O.G60 18 60 0.025 0.001 0.050 0.002 0,075 0.003 0.102 0.004

diam/4 diam/4 15 50 0.018 0.0007 0.025 0.001 0.050 0.002 0.075 0.003
diam/2 diam/2 14 45 0.013 0.0005 0.018 0.0007 0.038 0.0015 0063 0.0025

C-5 carbide .. .....0.5 0.020 88 290 0.013 0.0005 G.025 0.001 0.075 0.003 0.13 0.005
1.5 0.060 69 225 0.025 O.ODl 0.050 0.002 0.102 0.004 11.15 0.006

diam/4 diam/4 59 195 0.025 0.001 0.038 0.0015 0.075 0.003 0.102 0.004
diam/2 diam/2 53 175 0.013 0.0005 0.025 0.0(11 0.050 0.002 0.075 0.003

Quenched and tempered, wilh hardness of 375 to 425 HB
Any premium

high speed steel
(T15, M33, M41-
M47) .....0.5 0.020 60 60 0.013 0,0005 0.018 0.0007 0.025 0.001 0.050 0.002

1.5 0060 50 50 0.013 0.0005 0.025 0.001 0.05(1 0.002 0.075 0.003
diam/4 diam/4 40 40 0.013 0.0005 0.013 0.0005 0.038 0.0015 0.C63 0.0025
diam/2 diam/2 35 35 ... ... 0.025 0.0(11 0.05O 0.002

C-5 carbide .....0.5 0.020 275 275 0.013 0.0005 0.025 0.001 0.050 0.002 0.075 0.003
1.5 0.060 175 175 0.025 0.001 0.050 0.002 0.075 0.003 0.102 0.004

diam/4 diam/4 145 145 0.025 0.001 0.038 0.0015 0.063 0.0025 0.089 0.0035
diam/2 diam/2 135 135 0.013 0.0005 0.025 0.001 0.050 0.002 0.075 0.003

AISI Type 414: Boring
I-----High speed steel-1 \-Uncoated carbide-! y-Coated carbide-1

Depth"of cut Speed Feed Speed, brazed Speed, inserted Feed Speed Feed
mm in. m/min ft/min mm/rev in./rev m/min ft/min m/min ft/min mm/rev in./rev m/min ft/min mm/rev in./rev
Annealed, with hardness of 225 to 275 HR

0.25 0.010.....30(a) 100(a) 0.075 0.003 105(b) 345(b) 125(b) 405(bl 0.075 0.003 150(c) 500(c) 0.075 0.003
1.25 0.050 .....24(a) 80(a) 0.13 0.005 84(d) 275(d) 100(d) 325(d) 0.13 0.005 120(e) 400(e) 0,13 0.005
2.5 0.100.....18(a) 60(a) 0.30 0.012 64(d) 210(d) 76(d) 250(d) 0.30 0.012 100(e) 325(e) MO 0.012

Quenched and tempered, with hardness of 275 to 325 HB
0.25 0.010.....23(f) 75(0 0.075 0.003 8Kb) 265(b) 95(h) 315(b) 0.075 0.003 135(c) 450(c) 0375 0.003
1.25 O.05O.....18(0 60(0 0.13 0.005 64(d) 210(d) 76(d) 250(d) 0.13 0.005 105(e) 350(e) 0.13 0.005
2.5 0.100 .....15(f) 50(f) 0.30 0.012 52(d) 170(d) 60(d) 200(d) 0.30 0.012 76(e) 250(e) 0.30 0.012

Quenched and tempered, with hardness of 375 to 425 HB
0.25 0.010.....20(f) 65(f) 0.075 0.003 64(h) 210(b) 76(b) 250(b) 0.075 0.003 105(c) 350(c) 0.075 0.003
1.25 0.050 .....15(f) 50(f) 0.13 0.005 52(d) 170(d) 60(d) 200(d) 0.13 0.005 84(e) 275(e) 0.13 0.005
2.5 0.100.....11(f) 35(f) 0.30 0.012 41(d) 135(d) 49(d) 160(d) 0.30 0.012 64(e) 210(e) 030 0.012
(a) Highspeedsteel toe! materia]:M2orM3 (h) Carbide toolmaterial:C-7 (e) Carbide tool material;CC-7. (d) Carbide tool material:C-6. (e) Car-bidetooImaterial:
CC-6. (f) Any premium high speed steel tool material (T15, M33. M41 to M47)

, AISI Type 414: Surface Grinding with a Horizontal Spindle and Reciprocating Table
Test specimens were annealed or cold drawn, with hardness of 135to 275 HB

Wheel speed Table speed Downfeed
Operation m/a ft/min m/min ft/min mm/pass in./paae

Annealed, with hardness of 135 to 275 HB
Roughing...................28-33 5500-6500 16-3U 50-100 0.050 0.002
Finishing...................28-33 5500-6500 15-30 50-100 0.013 max 0.0005 max

Quenched and tempered, with hardness greater than 275 HB
Roughing...................28-33 5500-6500 15-30 50-100 0.025 0.001
Finishing...................28-33 5500-6500 15-30 50-100 0.008 max 0.0003 max
(a) Maximum Vi of wheel width, (b) Maximum Wo of wheel width

Crossfeed Wheel
mm/pass in./'pass Identification

1.25-12.5 0.060-0.500
(a) (a)

0.65-6.5 0.025-0.250
(b) (b)

A46IV
A46TV

A46HV
A46HV

i
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I

Machining Data (Ref 2) (continued)

AISI Type 414: Reaming
Based on 4 flutes for 3- and 6-mm (0.125- and 0.25-in.) reamers, 6 flutes for 12-mm [0.5-in.) reamers, and 8 flutes for 25-mm (1-in.) and larger reamers

I---Feed per revolution for reamer diameter of:-1
Speed 3 mm (0.125 in.) 6 mm (0.25 in.) 12 mm (0,5 in.) 25 mm (1in.) .15 mm (1.5 in.) 50 mm (2 in.)

Tool material m/min ft/min mm in. mm in. mm in. mm in. mm in. mm in.

Annealed, with hardness of 225 to 275 HB
Roughing
Ml. M2. and

M7 high speed
steel ....20

C-2 carbide...........24

Finishing
Ml, M2t and

M7 high speed
steel.....11

C-2 carbide 15

Roughing
Ml, M2, and

M7 high speed
ateel 15

C-2 carbide...20

Finishing
Ml, M2, and

M7 high speed
steel 11

C-2 carbide. . 15

Roughing
Any premium

high speed steel
(T15, M33, M41-
M47)...... . 9

C-2 carbide 14

Finishing
Any premium

high speed steel
<T15, M33, M41-
M47) 9

C-2 carbide 12

AISI Type 414: Planing
Depth of cut Speed Feed/stroke

Tool material mm in, m/min ft/min nun in.

Annealed, with hardness of 325 to 275 HB

M2 and M3 high
speed steel . 0.1 0.005 8 25 (a) (a)

2.5 0.100 11 35 0.75 0.030
12 0.500 8 25 1.15 0.045

C'6 carbide . 0.1 0.006 38 125 (a) (a)

2.5 0.100 43 140 1.50 0.060

Quenched and tempered, with hardness of 275 to 325 HB
M2 and M3 high

speed steel . 0.1 0.005 5 20 (a) (a)

2.5 0.100 8 25 0.75 0.030
12 0.500 5 15 1.15 0.045

C-6 carbide...... 0.1 0.005 27 90 (a) (a)

2.5 0.100 30 100 1.50 0.060
(a) Feed is 75% the width of the square nose finishing tool

65
80

0.075 0.003
0.102 0.004

0.102
0.20

0.004
0.008

0.13
0.30

0.005
0.012

0.20
0.40

0.008
0.016

0.25
0.50

0.010
0.020

0.30
0.60

0.012
0.024

35
50

0.102
0.102

0.004
0.004

0.102
0.13

0.004
0.005

0.15
0.15

0.006
0.006

0.20
0.20

O.OCI8
0.008

Quenched and tempered,with hardness of 275 to 325 HB

0.23
0.23

0.009
0.009

0.25
0.25

0,010
0.010

50
65

0.075
0.102

0.003
0.004

0.102
0.15

0.004
0.006

0.13
0.23

0.005
0.009

0.20
0.40

0.008
0.015

0.25
0.45

0.010
0.018

0.30
0.50

0 012
0020

35
50

0.075
0.075

0.003
0.003

0.075
0.102

0.003
0.004

0.102
0.13

0.004
0.005

0 15
0.15

0.006
0.006

Quenched and tempered, with hardness of 375 to 425 HB

0.18
0.18

0.007
0.007

0.20
0.20

0.008
0.008

30
45

0.050
0.075

0.002
0.003

0.102
0.13

0.004
0.005

0.13
0.15

0.005
0.006

0.20
0.20

0.008
0.008

0.25
0.25

0.010
0.010

0.30
0.30

0.012
0.012

30
40

0.075
0.075

0.003
0.003

0.075
0.102

0.0G3
0.004

0.102
0.13

0.004
0.005

0.15
0.15

0.006
0.006

0.18
0.18

0.007
0.007

0.20
0.20

0.008
0.008
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AISI Type 414: Drilling

Tool materia]

I-Feed per revolution for nominal hole diameter of:-1
Speed, 1.5 mm 3 mm 6 mm 12 mm 13 mm 25 mm 35 mm 50 mm

m/min (0.062 in.) (0.125 in.) (0.25 in.) (0.5 in.) (0.75 in.) (1 in.) (1.5 in.) (2 in.)
(ft/min) mm (in.) mm (in.) mm (in.) nun (in.) mm (in.) mm (in.) mm (in.) mm (in.)

Annealed, with hardness of 225 to 275 HB
M10, M7, and Ml high

speed steel :.. 17 0.025
(55) (0.001)

0.075
(0.003)

Quenched and tempered, with hardness of 275 to 325 HB
M10, M7, and Mlhigh

speed steel 15 ••• 0.075
(50) (•••) (0.003)

0.130
(0.005)

0.102
(0.004)

0.18
(0.007)

0.18
(0.007)

0.25
(0.010)

0.23
(0.009)

0 30
(0.012)

0.28
(0.011)

0,40
(0,015)

133
(0.013)

0.45
(0.018)

0.40
(0015)

AISI Type 414: Cylindrical and Internal Grinding
Whee! speed Work speed Infeed on diameter Wheel

Operation m/'s ft/min m/min ft/min mm/pass in./pass Travcrscls) identification

Annealed, with hardnessof 135 to 275 HB
Cylindrical grinding
Roughing......................28-33 5500-6500 15-30 50-100 0.050 0.002 Vt A60JV
Finishing......................28-33 5500-6600 15-30 50-100 0.013 max 0.0005 max Vi A60JV

Internal grinding
Roughing......................25-33 5000-6500 23-60 75-200 0.013 0.0005 W A60KV
Finishing. .....................25-33 5000-6500 23-60 75-200 0.005 max 0.0002 max Ys A60KV

Quenched and tempered, with hardness greater than 275 HB
Cylindrical grinding
Roughing......................28-33 5500-6500 15-30 50-100 C.050 0.002 V« A60IV
Finishing......................28-33 5500-6500 15-30 50-100 0.013 max 0.0005 max Ms A60IV

Internalgrinding
Roughing......................25-33 5000-6500 15-46 50-150 0.033 0.0005 Vi A60JV
Finishing......................25-33 5000-6500 15-46 50-150 0.005 max 0.0002 max Vs A60JV
(a) Wheel width per revolution of work

AISI Types 416,416Se

Type 416 is satisfactory for only a limitedamount of cold
working; therefore machining is used most often for fabri¬
cating parts from this grade. Cold upsetting, flaring, or
swaging may result in splitting. Although type 416 is forge-
able, it is not recommended for parts requiring upsetting
operations. Forginggrade type 416 is recommended for most
forging operations.

Types 416 and 416Se are not recommendedin applications
that involve welding. When welding is attempted, carefully
controlled practices are required. Electrodes of types 410,
308, or 310 may he used, depending upon the type of weld
zone desired.

Types 416 and 416Se have a general maehiriability rating
of about 90% based on free-machining AISI 1212. These
grades are resistant to the corrosive actionof the atmosphere,
fresh water, various alkalis, and mild acids. They have good
oxidation resistance up to 650 °C (1200 °F) in continuous
service. Scaling becomes excessive about 760 "C (1400 °F) in
intermittent service.

AISI Types 416, 416Se: Chemical Composition
Composition* %

Element Type 414 Type 414Se

Carbon......................................0,15 mas 0.15 max
Manganese,.............................. ... 1.25 mas 1.25 max
Phosphorus..................................0.06 max 0.06 max
Sulfur.......................................0.15 max 0.06 max
Silicon......................................1.00 max 1.00 max
Chromium 12-14 max 12-14 max
Molybdenum(a)........0,60 max
Selenium .........•- • 0.15 mill
(a) Optional

Characteristics. AISI types 416 and 416Se are corrosion-
resistant chromium steels with added elements to improve

) machining and nonseizing characteristics. These grades are
the most readily machinable of all the stainless steels and
are suitable for use inautomatic screw machines. Both types
are magnetic inall conditions.
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Typical Uses. Applications of AISI types 416 and 416Se
include nongalling, nonsei2ing,corrosion-resistant parts ma¬
chined on automatic screw machines, such as screws, bolts,
nuts, and studs; rivets; automobile trim; appliance parts;
shafts and pump components; valve parts; and hardware.

AISI Type 416: Similar Steels (U.S. and/or Foreign). UNS
S41600; ASME SA194; ASTM A194, A314, A473, A581,

A582; FED QQ-W-423; MIL SPEC MIL-S-862; SAE J405
(51416); (W. Ger.) DIN 1.4005; (Ital.) UNIX 12 CrS 13; (U.K.)

B.S. 416 S 21

AISI Type 416Se: Similar Steels (U.S. and/or Foreign). UNS
S41623; AMS 5610; ASME SA194; ASTM A194, A314, A473,
A511, A581, A582; MIL SPEC MIL-S-862; SAE J405
(51416Se)

Physical Properties

AISI Types 416, 416Se: Thermal Treatment Temperatures
Temperature range

Treatment flC T

Forging, start................................1150-1205 2100-2200
Forging, finibh......, 815 min 1500 min
Full annealing(a) ...................815-900 1500-1650
Process annealingÿ) ..........................650-760 1200-1400
Hardening(c)....., 925-1010 1700-1850
Temperingd).................................230-730 450-1350
(a) Hold fur 1h per 25 mm (1.0 in,) of thickness; air cool, (b) Hold at tem¬
perature for uniform heat distribution; cool in air. (c) Hold at temperature for
15 to 30 min; quench in air or oil, (d) Temperature depends on the hardness,
Btrength, toughness, or corrosion resistance required. Holdingat 230 to 400 DC
(450 to 750 °F) for 1to 3 hslightly reduces hardness and improves toughness
without affecting corrosion resistance. Tempering between 400 to 565 *C
(750 to 1050 T) ia UBually avoided because of lowered impact toughness and
corrosion resistance

AISI Types 416, 416Se: Thermal Conductivity (Ref 6)

Temperature
°C "F

100
500

212.
930

. 24.9
28.7

14.4
16.6

AiSI Types 416, 41BSe: Selected Physical Properties (Ref 6)

Melting range 1480-1530 "C (2700-2790 °F)

Density..................................,.......7,8 g/cm3 (0.28 lb/in.3)

Specific heat at 0-100 °C (32-212 °F>...........460 J/kg-K (0,11 Btu/Ib'Fl
Electrical resistivity at 20 °C (58 aF) ............................57 nfl-m
Electrical resistivity at 650 "C (1200 T)........................108 nfi ÿ ai

AISI Types 416, 416Se: Average Coefficients of Linear
Thermal Expansion (Ref 6)

Temperature range Coefficient
"C *F fim/m-K pin./in. ÿ

0-100 32-212 9.9 5.5
0-315 32-600 11.0 6.1
0-540 32-1000.... 11.5 6.4
0-650 32-1200 11,7 6.5 -

Thermal conductivity
W/m K Btu/ft h "F

Mechanical Properties

AISI Types 416, 416Se: Effect of Tempering Temperature on Tensile Properties (Ref 7)

Test specimens were 25-mm (1.0-in.) diam bar; ail quenched from 995 °C (1825 °F) and held attempering temperature for 2 h

Test Tensile Yield
temperature strength strength(a) Elongationfb), Reduction Hardness,
°C °F MPa ksi MPa ksi % in area, % HRC

150 300...............1310 190 962 139.5 9 27 39.5
260 500...............1295 187.5 962 139.5 9.6 23.5 39
370 700...............1260 182.5 962 139.5 14 46 39
480 900...............1135 172 983 142.5 16 45 39
540 1000...............1030 157 895 130 13 45 34
595 1100................365 125.5 740 107 17 53 26
650 1200................796 115.5 670 97 17.5 54.5 23.5
705" 1300................741 107.5 60O 87 20 57 20
(a) 0.2% offset, (b) In 50 mm (2 in.)

Izod impact energy
J ft -lb

20.3
20.3
20.3
20.3
27.3
54.4
61.1
75.0

15.0
15.0
15.0
15.0
20.1
40.1
45.1
55.3

AISI Types 416, 416Se: izod Impact Properties and Endurance limits (Ref 6)

Test specimens were 25-mm (1.0-in.) diam bar

Impact energy
Condition J ft - lb
Annealed 95 70
Tempered 34 25
Tempered and cold drawn 27 20

Endurance limit
MPa kai

275
380
365

40
55
53

AISI Types 416, 416Se:
Modulus of Elasticity (Ref 7)

Stressed
in:

Modulus
GPa 10® psi

Tension 200
Torsion 83

29
12
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MschartictaS Properties (continued)
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AISI Type 416: Effect of Tempering
Temperature on Tensile Properties. Heat treated
at 980 X (1800 ef); oil quenched; tempered tor 4 h at
temperature given. Elongation was measured in 50 mm
(2 in.); yield strength at 0.2% offset. (Ref 10)

AISI Types 416, 416Se: Representative Tensile Properties (Ref 6)

Tensile Yield
strength strength(a) E)ongaaon(h), Reduction

, Condition MPa ksi MPa ksi % in area, % Hardness

Wire, 6.4-mm (0.25-in.) diam
Annealed..................515 75 275 40 20 60 82HRB
Tempered and cold

drawn...................G20 90 550 80 10 50 92 HRB
Heat treated...............930 135 725 105 5 40 29KRC
Bar

; Annealed..................515 75 275 40 30 60 82 HRB
Tempered .................760 110 585 85 18 65 97 HRB
Tempered and cold

dxawn(c) ................690 100 585 85 13 50 94 HRB
. fa) 0.2% offset, (bj In 50 mm (2 in.), except for wire. For wire 3.18-mm (0.125-in.) diam and larger, gage length is
i 4 x diam; for smaller diameters, the gage length is 254 mm (10.0 in.), (c) Diameter 0125 mm (1 in.)

AISI Type 416:Creep
Rates (Ref 10)

Creep rate of J% in 10OOO h

Test
temperature Stress
•c °F MPa lcwi

540 1000 ... 63 9.2
595 1100 ... 29 4.2
650 1200 ... 14 2.0
705 1300 .... 7 1.0

Machining Data (Ref 2)

AfSI Types 416, 416Se: Surface Grinding with a Horizontal Spindle and Reciprocating Table
Wheel speed Table speed Downfeed Crossfeed

•Operation m/s ft/min tn/'min ft/mln mm/pa3s in./pass mm/pass in./pass

Annealed or cold drawn, with hardness of 135 to 240 HB
Roughing...................28-33 5500-6500 15-30 50-100 0.050 0.002 1.25-12.5 0.050-0.500

jFinishing...................28-33 5500-6500 15-30 50-100 0.013 max 0.0005 mas (a) (a)

Quenched and tempered, with hardness greater thnn 275 HB
lt«raghiag...................28-33 5500-6500 15-30 50-100 0.025 0.001 0.65-6.5 0.025-0.250
Finishing...................28-33 5500-6500 15-30 50-100 0.013 max 0.0015 mux (b) (b)

:{a) Maximum W of wheel width, (b) Maximum Wo of wheei width

Wheel
identification

A46IV
A46IV

A46HV
A46HV
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Machining Data (Ref 2) (continued)

AISI Types 416, 416Se: Cylindrical and Internal Grinding
Wheel speed Work speed Infeed on diameter Wheel

Operation m/s ft/min m/min ft/min mm/pass in./pass Traverse(a) Identification

Annealed or colddrawn,with hardness of 135 to 240 HB
Cylindrical grinding
Roughing .....28-33 5500-6500 15-30 50-100 0.050 0.002 Vk A60.JV
Finishing .....28-33 5500-6500 15-30 50-100 0.013 mar 0.0005 max Va A6(tJV

Internal grinding
Roughing. . .....25-33 5000-6500 23-60 75-200 0.013 0.0005 Ys A60KV
Finishing .....25-33 5000-6500 23-60 75-200 0.005 max 0.0002 max Vk A60KV

Quenched and tempered, with hardnessgreater than 275 HB
Cylindrical grinding
Roughing .....28-33 5500-6500 15-30 50-100 0.050 0.002 Vk A60FV
Finishing. . . .....28-33 5500-6500 15-30 50-100 0.013 max 0.0005 max Ws A60IV

Internal grinding
Roughing .....25-33 5000-6500 15-46 50-150 0.013 0.0005 W A60JV
Finishing .....25-33 5000-6500 15-46 50-150 0.005 mar 0.0002 max kk AfiflJV
(a) Wheel width per revoluliun uf work

AISI Types 416,416Se: Boring
I-High speed steel-j |-—__---Uncoated carbide-j ;-Coated carbide-\

Depth of cut Speed Feed Speed, brazed Speed, inserted Feed Speed Feed
mm in- m/min ft/min nun/rev in./rev m/min ft/min m/min ft/min mm/rev in./rev m/min ft/min rara/rev in./rev

Annealed, with hardness of 135 to 185 HB

0.25 0.010 60(a) 200(a) 0.075 0.003 155(b) 510(b) 185(b) 600(b) 0.075 0.003 235(c) 775(c) 0.075 0.003
1.25 0.050 49(a) 160(a) 0.13 0.005 125(8) 410(d) 145(d) 475(d) 0.13 0.005 185(e) 615(e) 0.13 0.005
25 0.100 41(a) 135(a) 0.30 0.012 105(0 350(0 30(0 420(0 0.30 0.012 165(g) 545(g) 0.30 0.012

Annealed or cold drawn, with hardneBs of 185 to 240 HB
0.25 0.010L ..53(a) 175(a) 0.075 0.003 135(8) 450(d) 160(d) 525(d) 0.075 0.003 205(e) 675(e) 0.075 0.003
1.25 0.050.....43(a) 140(a) 0.13 0.005 115(f) 375(f) 130(f) 425(0 0.13 0.005 170(g) 550(g) 0.13 0.005
2.5 0.100 37(a) 120(a) 0.30 0.012 100(f) 325(0 115(f) 375(f) 0.30 0.012 145(g) 475(g) 0.30 0.012

ia1ÿ9aV3or with hardness of 275 to 325 HB
0.25 0.010 : . . . . 30(h) 100(h) 0.075 0.003 105(d) 340(d) 120(d) 400(d) 0.075 0,003 150(e) 500(e) 0.075 0.003
1.25 0.050 24(h) 80(h) 0.13 0.005 84(f) 275(0 100(0 325(f) 0.13 0.005 120(g) 400(g) 0.13 0.005
2.5 0.100 20(h) 65(h) 0.30 0.012 76(f) 250(0 8410 275(0 0.30 0.012 115(g) 375(g) 0.30 0.012

Quenched and tempered, with hardness of 375 to 425 HB
0.25 0.010 20(h) 65(h) 0.050 0.002 46(8) 150(d) 56(d) 185(d) 0 050 0.002 84(e) 275(e) 0.050 0.002
1.25 0.050 15(h) 50(h) 0102 0.004 38(f) 125(f) 46(f) 150(0 0.102 0.004 66(g) 21.5(g) 0.102 0.004
2.5 0.100.....12(h) 40(h) 0.20 0.008 25(0 115(f) 41(f) 135(0 0.20 0.008 53(g) 175(g) 0.20 0.008
(a) Highspeed steel tool material: M2or M3. (b) Carbidetool material: C-8. (c) Carbide tool material: CC-S, (d) Carbidetoolmaterial:C-7. (e)Carbide tool material:
CC-7. (0 Carbide tool material: C-6. (g) Carbide tool material: CC-6. (h) Any premium high speed steel tool material (T15> M33, M41to M47)

AISI Types 416, 416Se: Face Milling_
I-High speed steel-] ]-Uncoated carbide-1 i-Coated carbide-1

Depth of cut Speed Feed/tooth Speed, brazed Speed, inserted Feed/tooth Speed Feed/tooth
nun in. m/min ft/min mm in. m/min ft/min m/min ft/min mm in. m/min ft/min mm in.

Annealed, with hardness nf 135 to 185 MB
1 0.040.......70(a) 230(a) 0.20 0.008 190(b) 620(b) 205(b) 675(b) 0,20 0.008 305(c) 1000(c) 0.20 0.008
4 0.150.......53(a) 175(a) 0.30 0.012 135(b) 450(b) 150(b) 500(b) 0.30 0.012 200(c) 650(c) 0.30 0.012
8 0.300.......41(a) 135(a) 0.40 0.016 100(d) 325(d) 120(d) 400(d) 0.40 0.016 160(e) 525(e) 0.40 0.016

Annealed or cold drawn, with hardness of 185 to 240 HB
1 0.040.......53(a) 175(a) 0.20 0.008 170(b) 550(b) 185(b) 610(b) 0.18 0.007 280(c) 915(c) 0.18 0.007
4 0.150.......41(a) 135(a) 0.30 0.012 120(h) 4001b) 145(b) 475(b) 0.25 0.010 185(c) 600(c) 0.26 0.010
8 0.300-------32(a) 105(a) 0.40 0.016 90(d) 300(d) 115(d) 370(d) 0.36 0.014 145(e) 480(e) 0.36 0.014

Quenched and tempered, with hardness of 275 to 375 MB
1 0.040.......32f> 105D 0.15 0.006 120(b) 400(b) 135(b) 440(b) 0.15 0.006 200(c) 650(c) 0.13 0.005
4 0.150.......27f) 90f) 0.23 0.009 90(b) 300(b) 105(b) 350(b) 0.20 0.008 140(c) 455(c) 0.18 0.007
8 0.300.......21f) 70f) 0.30 0.012 69(d) 205(d) 84(d) 275(d) 0.25 0.010 110(e) 355(eJ 0.23 0.009

Quenched and tempered, with hardness of 375 to 425 MB
1 0.040.......18fl 60f) 0.102 0.004 67(b) 220(b) 76(b) 250(b) 0.102 0.004 115(c) 375(c) 0.075 0.003
4 0.150.......14f) 45f) 0.15 0.006 60(b) 200(b) 59(b) 225(b) 0.15 0.006 90(c) 300(cJ 0,13 0.005
8 0.300.......Ill) 35f) 0.20 0.008 43(d) 140(d) 53(d) 175(d) 0.20 0.008 69(e) 325(e) 0.18 0.007
(a) Highspeed steel tool material:M2orM7. (b)Carbide tool material: C-6. (c) Carbide tool material: CC-6. (d) Carbide tool material:C-5.(a) Carbide tool material:
CC-5. (f) Use any premium high speed ateel tool material (T15, M33, M41 to M47)
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A1S1 Types 4iB, 416Se: Reaming
Basad on 4 (lutes for 3- and 6-mm (0.125- and 0.250-in.) reamers, 6 (lutes (or 12-mtn(0.5-in.) reamers, and 8 (lutes for 25-mm(1-lrr.) aid larger reamers

Tool material
Speed

m/min fl/min

I-Feed per revolution for reamer diameter of:-1
3 mm (0.125 in.) 6 mm (0.25 in.) 12 mm (0.5 in.) 25 mm tl in.) 35 mm (l.fi in,) 50 mm (2 in.)

mm in. mm in. mm in, mm in. mm in, mm in-

Roughing
Ml, M2, and

M7 high speed
steel 40

C-2 carbide 46

Finishing
Ml,M2, and

M7 high speed
steel 18

C-2 carbide 21

Roughing
Ml,M2, and

M7 high speed
steel 34

C-2 carbide 38

Finishing

Ml, M2, and
M7 high speed
steel 15

C-2 carbide...........20

Roughing
Ml, M2, and

M7 high speed
steel 20

C-2 carbide 24

Finishing
Ml,M2, and

M7 high speed
Steel 12

C-2 carbide....18

Roughing
Any premium

high speed steel
(T15, M33.
M41-M47) 14

C-2 carbide 18

Finishing
Any premium

high speed steel
CT15. M33.
M41-M47) 9

C-2 carbide 12

Annealed, with hardness of 135 to 185 HE

130
150

60
70

110
125

50
65

65
80

40
80

45
60

30
40

0.075
0.102

0.102
0,102

0.003
0.004

0.004
0.004

0.13
0.20

0.102
0.15

0.005
0.003

0.004
0.006

0.20
0.30

0.15
0 20

0.008
0.012

0 006
0.008

0.25
0.40

0.20
0.25

0.010
0.016

0.008
0.010

Annealed or cold drawn, with hardness of 185 to 240 HB

0.075
0.102

0.102
0.102

0.003
0.004

0.004
0.004

0.13
0.20

0.102
0 15

0.005
0.008

0.004
0.006

0.20
0.30

0.15
0.20

0.008
0.012

0.006
0.008

0.25
0.40

0.20
0.25

0.010
0.016

0.008
0.010

Quenched and tempered, with hardness of 275 to 325 HB

0.075
0.102

0.075
0.102

0.003
0.004

0.003
0.004

0.13
0.15

0.102
0.13

0.005
0,006

0.004
0.005

0-20
0.23

0.15
0,15

0.008
0.009

0.006
0.006

0.25
0 40

0.20
0.20

0.010
0.015

0.008
0.008

Quenched and tempered, with hardness of 375 to 425 HB

0.050
0.075

0.075
0.076

0.002
0.003

0.003
0.003

0.102
0.13

0.102
0.102

0.004
0.005

0.004
0.004

0.13
0.15

0.13
0.13

0.005
0.006

0.005
0.006

0.20
0.20

0.15
0.15

0.008
o.ooa

0.006
0.006

0.30
0.50

0.25
0.28

0.30
0.50

0.20
0.28

0.30
0.45

0.23
0.23

0.25
0.25

0.18
0.18

0.012
0.020

0.010
0.011

0.012
0.020

0.010
0.011

0.012
0.018

0.009
0.009

0.010
0.010

0.007
0.007

0.40
0.60

0.30
0.30

0.40
0.60

0.30
0.30

0.40
0.50

0.25
0.25

0.30
0.30

0.20
0.20

0.015
0.024

0.012
0.012

0.015
0.024

0.012
0.012

0.015
0.020

0.010
0.010

0.012
0.012

0.00B
0.008

AIS1 Types 416, 416Se; Planing
Tool Depth of cut Speed Feed/stroke
material mm hi. m/min ft/min mm in.

Annealed, with hardness of 135 to 185 HB
M2 and M3 high

speed steel ......0.1 0.005 15 50 (a) (a)

2.5 0.100 21 70 1.25 0.050
12 0.500 14 45 1.50 0.060

C-6 carbide........0.1 0.005 69 225 (a) (a!

2.5 0.100 79 260 1.50 0.060

Annealed or cold drawn, with hardness of 185 to 240 HB
M2 and M3 high

speed steel ......0.1 0.005 12 40 (a) (a)
2.5 U.1DD 18 60 0.075 0.030

12 0.500 11 35 1.15 0.045
C-6 carbide........0.1 0.005 60 200 (a) (a)

2.5 0.100 73 240 1.50 0.060
(a) Feed is 75% the width of the square nose finishing tool

Tool
material

Depth of cut
mm in.

Speed
m/min ft/min

Feed/stroke

Quenched and tempered, with hardness of 275 to 325 HB
M2 and M3 high

speed steel 0.1
2.5

12
C-6 carbide 0.1

2.5

0.005 9 30 la) (a)

0.100 12 40 0,075 0.030
0.500 8 25 1.15 0.045
0.005 69 125 (a) (a)
0.100 43 140 1.50 0.060
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A1S1 Types 416, 416Se: Turning {Single Point and Box Tools)_ _
I-High speed steel ——-1 j---Uncoated carbide-1 i--— Coated carbide-\

Depth of cut Speed Feed Speed, brazed Speed, inserted Feed Speed Feed
mm in. m/min ft/min mia/rev in./rev m/min ft/mi3 m/min ft/mm mm/rev tn,/*ev m/imiri ft/min mm/rev in./ rev

AnncnJed, with hardness of 135 to 185 HB
1 0.040 60(a) 200(a) 0.18 0.007 185(b) 600(b) 205(b) 675(b) €.18 0.007 265(c) 875(c) 0.18 0.007
4 0.150 62(a) 170(a) 0.40 0.015 160(d) 520(d) 185(d) 600(d) 0.40 0.015 235(e) 775(e) 0.40 0.015
8 0.300 40(a) 130(a) 0.50 0.020 120(d) 400(d) 140(d) 460(d) 0.75 0.030 185(e) 600(e) 0.50 0.020

16 0.625 30(a) 100(a) 0.75 0.030 90(d) 300(d) 110(d) 360(d) l.OO 0.040 ... ...
Annealed or cold drawn, with hardness of 185 to 240 HB
1 0.040 .....53(a) 175(a) 0.18 0.007 170(b) 550(b) 185(b) 600(b) 0.18 0.007 235(c) 775(c) 0.18 0.007
4 0.150 46(a) 150(a) 0.40 0.015 145(d) 475(d) 160(d) 525(d) 0.40 0.015 205(e) 675(e) 0.40 0.015
8 0.300 37(a) 120(a) 0.50 0.020 115(d) 370(d) 120(d) 400(d) 0.50 0.020 120(e) 400(e) 0.50 0.020

16 0.625

_____
27(a) 90(a) 0.75 0.030 85(d) 280(d) 90(d) 300(d) 0.75 0.030

Quenched and tempered, with hardness of 275 to 325 HB
1 0.040 ...30(f) 100(f) 0.18 0.007 120(b) 400(b) 135(b) 450(b) 0.18 0.007 175(e) 575(c) 0.18 0.007
4 0.150 24(f) 80(0 0.40 0.015 105(d) 350(d) 120(d) 400(d) 040 0.015 1611(e) 525(e) 0.40 0.015
8 0.300.....18(f) 60(0 0.50 0.020 84(d) 275(d) 95(d) 310(d) 0.50 0.020 120(e) 400(e) 0.50 0.020

Quenched and tempered, with hardness of 375 to 425 HB
1 O.OtO 18(f) 60(f) 0.13 0.005 60(b) 200(b) 69(b) 225(b) 0.13 0.005 90(c) 300(c) 0.13 0.005
4 0.150 15(f) 50(f) 0.25 0.010 52(d) 170(d) 58(d) 190(d) 0.25 0.010 76(e) 250(e) 0,25 0.010
8 0.300.....12(f) 40(f) 0.40 0.015 40(d) 130(d) 46(d) 150(d) 0.40 0.015 60(e) 200(e) 0.40 0.015

(a)Highspeed steel tool material:M2or M3.(b) Carbide tool material;C-7. (c) Carbide toolmaterial: CC-7. (d) Carbide toolmaterial:C-6. (e) Carbide tool material:
CC-6. (f) Any premium high 6peed steel tool material (T15, M33, M41 to M47)

AlSt Types 416, 416Se: End Milling (Profiling)

Tool material

I-Feed per tooth for cutler diameter of;

Depth of cut Speed 10 mm 10.375 in.) 12 nun (0.5 In.) 18 mm (0.75 in.)
nun in. m/min ft/min mm in. mm in. nun in.

25-50 mm (1-2 in.)

Annealed, with hardness of 135 to 1S5 HB
M2, M3, and M7 high

speed steel . .....0,5 0.020 55 180 0.025 0.001 0050 0.002 0.102 0.004 0.13 0.005 '

1.5 0.060 43 140 0.050 0.002 0.075 0.003 0.13 0.005 0.15 0.006
diam/4 diam/4 38 125 0.038 0.0015 0.059 0.002 0.102 0.004 0.13 0.005
diam/2 diam/2 34 110 0.025 0.001 0.038 0.0015 0.075 0.003 0.10 0 004

C-5 carbide . . . ,ai» 0.020 160 520 0.013 0.0005 0.050 0.002 0.102 0.004 0.15 0 006
iiB 0.060 120 400 0.025 0.001 0.075 0.003 0.13 0 005 0.18 0.007

digm/4 diam/4 105 350 0.085 0.001 0.050 0.002 0102 0.(104 0.15 0.006
diam/2 diam/2 100 320 0.013 0.0005 0.025 0.001 0 075 (1.003 0.13 0.005

Annealed or cold drawn, with hardness of 185 to 240 HB
M2, M3, and M7 high

speed steel 0.5 0.020 49 160 0.025 0.001 0.050 0.002 0.075 0.003 0.102 0.004
1.5 0.060 37 120 0.050 0.002 0.075 0.003 0.102 0.004 0.13 0.005

diam/4 diam/4 30 100 0.038 0.0015 0.050 0.002 0.075 0.003 0.102 0.004
diam/2 diam/2 29 95 0.025 0.001 0.038 0.0015 0.050 0.002 0.075 0.003

C-5 carbide 05 0.020 140 455 0.013 0.0005 0.025 0.001 0.102 0.004 0.15 0.006
1.5 0.060 105 350 0.025 0001 0.050 0.GO2 0.13 0.005 0.18 0.007

diam/4 diam/4 90 295 0.025 0.001 0038 0.0015 0.1D2 0.004 0.13 0.006
diam/2 diam/2 84 275 0.013 0.0005 0.025 0.001 0.075 0.003 0.102 0.004

Quenched and tempered, with hardness of 275 to 325 HB
M2, M3, and M7 high

speed steel 05 0.020 30 100 0.018 0.0007 0.038 0.0015 0.075 0.003 0.102 0.004
1.5 0060 23 75 0.025 0.001 0.060 0.002 0.102 0.004 0.13 0.005

diam/4 diam/4 20 65 0.018 0.0007 0.038 0.0015 0.075 0.003 0.102 0.004
diam/2 diam/2 17 55 0.013 0.0005 0.025 0.001 0.050 0.002 0.075 0.003

C-5 carbide 0.5 0.020 110 360 0.013 0.0005 0.025 0.001 0.050 0.002 0.102 0,004
1.5 0.060 82 270 0.025 0.001 0.050 0.002 0075 0.003 0.13 0.005

diam/4 diam/4 72 235 0.025 0.001 0.038 0.0015 0.050 0.002 0.102 0.004
diam/2 diam/2 67 220 0.013 0.0005 0.050 0.001 0.075 0.003 0.075 0.003

Quenched and tempered, with hardness of 375 to 425 116

Any premium high
speed steel (T15,
M33, M41-M47), .. . 05 0.020 15 50 0.013 0.0005 0.018 0.0007 0.025 0.001 0.050 0.002

1.5 0.060 11 35 0.013 0.0005 0.025 0.001 0.050 0.002 0.075 0.003
diam/4 diaai/4 9 30 0.013 0.0005 0.013 0.0005 0.038 0.0015 0.063 0.0025

C-5 carbide
diam/2 diam/2 8 25 0.025 0.001 0.050 0.002

0.020 76 250 0.013 0.0005 0.025 0.001 0.050 0.002 0.075 0.003
1.5 0.060 58 190 0.025 0.001 0.050 0.002 0.075 0.003 ÿ 0.102 0.004

diam/4 diam/4 50 165 0.025 0.001 0.038 0.0015 0 063 0.0025 0.075 0.003
diam/2 diani/2 46 150 0.013 0.0005 0.025 0.001 0.050 0.002 013 0.005
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Machining Data (Ref 2) (continued)

AISI Types 416, 416Se: Turning (Cutoff and Form Tools)

Tool material

!-Feed per revolution for-
cutoff tool width of;

Speed, 1.5 mm 3 mm 6 mm
tn/min (0.062 in.) (0.125 in.} (0.25 in.)
(ft/min) nun (in.) mm (in.) mm (in.)

1 r~------Feed per revolution for-1
form tool width of:

12 mm 18 mm 25 mm 35 mm 50 mm

(0.5 in.) (0.75 in.) (1 in.) (1.5 in.) (2 in.)
mm (in.) mm (in.) mm (in.) mm (in.) mm (in.)

Annealed, with hardness of 135 to 185 HB
M2 and M3 high

speed steel ....................43 0.050 0.063 0.075 0.063 0.050 0.046 0.040 0.025
(140) (0.002) (0.0025) (0.003) (0.0025) (0.002) (0.0018] (0.0015) (0.001)

C-6 carbide.....................115 0.050 0.063 0.075 0.063 0.050 0.046 0,040 0.025
(375) (0.002) (0.0025) (0.003) (0.0025) (0.002) (0.0018) (0.0015) (0.001)

Annealed or cold drawn, with hardness of 185 to 240 HB
M2 ant] M3 high

speed steel ....................38 0.038 0.050 0.063 0.063 0.050 0.046 0040 0.025
(125) (0.0015) (0.002) (0.0025) (0.0025) (0.002) (0.0018) (0.0015) (0.001)

C-6 carbide.....................105 0.038 0.050 0.063 0.063 G.050 0.046 0,040 0.025
(340) (0.0015) (0.002) (0.0025) (0.0025) (0.002) (O.OOIB) (0,0015) (0.001)

Quenched and tempered, with hardness of 275 to 325 HB
Any premium

high speed
steel (T15,M33,
M41-M47).....................24 0.025 0.030 0.040 0.040 0.030 0.025 0,020 0.018

(80) (0.001) (0.0012) (0.0015) (0.0015) (0.0012) (0.001) (O.D008) (0.0007)
C-6 carbide......................78 0.025 0.030 0.040 0.040 0 030 0.025 0.020 0.018

(2551 (0.001) (0.0012) (0.0015) (0.0015) (0.0012) (0.001) (0.0008) (0.00071

Quenched and tempered, with hardness of 375 to 425 HB
Any premium -

high speed
steel (T15, M33,
M41-M47).....................12 0.023 0.028 0.036 0.036 0.028 0.023 0.018 0.015

(40) (0.0009) (0.0011) (0.0014) (0.0014) (0.0011) (0.0009) (0,0007) (0.0006)
C-6 carbide......................34 0.023 0.028 0.036 0.036 0.028 0.023 0,018 0.015

(110) (0.0009) (0.0011) (0.0014) (0.0014) (0.0011) (0.0009) (6.0007) (0.0006)

AISI Types 416, 416Se: Drilling

Tool material

p-----—ÿ—--Feed per revolution for nominal hole diameter of:-1
Speed, 1,5 mm 3 mm 6 mm 12 mm 18 mm 25 mm 35mm 50 mm
m/min (0.062 inJ (0.125 in.) (0.25 in.) (0.5 inj {0.75 in.) (1 in.) (1.5 in.) (2 in.)
(ft/min) mm (in.) mm (in.) mm (in.) mm (in.) mm (in.) mm (in.) mm(in.) mm (in.)

Annealed, with hardness of 135 to 185 HB
M10. M7, end

Ml high speed
steel ..........................44 0.025 0.075 0.15 0.25 0.36 0.45 0.55 0.65

(145) (0.001! (0.003) (0006) (0.010) (0.014) (0.017) (0.C21) (0.025)

Annealed or cold drawn, with hardness of 185 to 240 HB
MI0, M7. and

Ml high speed
steel 30 0.025 ... ... ... ...

(100) (0.001) (—) p.., (...) (...) (...) (...) (...)
38 0.075 0.15 0.25 0.36 0.45 0.65 0.65

(125) <—) (0.003) (0.006) (0.010) (0.014) (0.017) (O.021) (0.025)

Quenched and tempered, with hardness of 275 to 325 HB
M10. M7, and

Ml high speed
steel 15 0.025 ... ... ... ...

(50) (0.011) (ÿÿÿ) (...) (..., (..., (...) (..., (...)
21 0.075 0.13 0.18 0.23 026 0,36 0.45

(70) (—) (0.003) (0.005) (0.007) (0.009) (0-011) (0,014) (0.018)

Quenched and tempered, with hardness of 375 to 425 HB
MI0, M7, and

Ml high speed
steel... 14 — 0.050 0.075 0.13 0,18 0.23 0,30 0.40

(45) (•••) (0.002) (0.003) (0.005) (0.007) (0.009) (0.012) (0.015!
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AISI Type 420

AISI Type 420: Chemical Composition
Element Composition, %

Carbon.............-......................................0.15 min
Manganese...................ÿ .. ........1.00 max
Phosphorus . 0,04 max
Sulfur ...........0,03 max
Silicon 100 max
Chromium..............................— . 12-14

Characteristics. AISI type 420 is a high-carbon member
of the hardenable (martensitic), 12% chromium family of
stainless steels. The higher carbon content provides higher
heattreatedhardnessthanischaracteristic of type 410. Inthe
hardened condition, type 420 exhibits high strength and
wear resistance. It develops maximum corrosion resistance
when hardenedand polished. Because much lower resistance
is shown by annealed material and material having its sur¬
face contaminated by foreign particles, it is advisable to
passivate final parts made from type 420 steel.

This stainless steel can be moderately cold worked when in
the fully annealed condition. It is usually machined in the

fully annealed condition at speeds about 50% of those used
for free-machining AISI 1212.

Type 420 should be preheated to 230 °C (450 °F), and im¬
mediately after welding should be annealed for 6 to 8 h at
705 to 760 °C <1300 to 1400 DF) and air cooled. Type 420
electrodes are used when similar properties in the weld and
base metal are required; otherwise types 309 or 310 are used.

This steel has good scaling resistance up to about 650 °C
(1200 °F) in continuous service. Scaling becomes excessive
above 760°C (1400 °F).

Typical Uses. Applications of AISI type 420 include cut¬
lery,hand tools, dental and surgical instruments, valve trim
and parts, shafts, and plastic mold steel.

AISI Type 420: Simitar Steels (U.S. and/or Foreign). UNS
S42000; AMS 5506, 5621; ASTM A276, A314, A473, A580;
FED QQ-S-763, QQ-S-756, QQ-W-423, MIL SPEC MIL-S-
862; SAE J405 (51420); (W. Ger.) 1.4021; (Fr.) AFNOR Z 20
C 13; (ItaUUNI X 20 Cr 13; (Jap.) JIS SUS 420 Jl; (Swed.)
SS„ 2303; (U.K.) B.S. 420 S 37. CDS-18

Physical Properties

AISI Type 420: Selected Physical Properties (Ref 6)

Melting range 1455-1510 °C (2650-2750 *F)

Density ..........................................7.8 g/cm3 (0.28 lb/in.3)
Specific heat at 0-100 "C (32-212 'F)...........460 J/lg'K (0.11 Btu/lb-T)

Thermal conductivity at .y.-
100 "C (212 CF) .........................24.9 W/nvK <14.4 Btu/ft-h-°F)

Electrical resistivity at 20 °C (68 °F) 55 nil-m

AISI Type 420: Average Coefficients of Linear Thermal
Expansion (Ref 6)

Temperature range Coefficient
°C "F pm/m K pin./in. °F

0-100 32-212 103 5.7
0-315 32-600 10.8 6.0
0-540 32-1000 11.7 6.5
0-650 32-1200 12.2 6.8

AISI Type 420: Thermal Treatment Temperatures
Temperature range

Treatment "C °F

Forging, preheat 760-815 1400-1500
Forging, start................................1095-1230 2000-2250
Forging, finish........ 900 min 1650 min
Full annealing(a) . * 84Q-9QO 1550-1650
Process annealing(b) 730-790 1350-1450
Hardeningtc) 101Q-1065 1850-1950
Temperiug((i) * .....150-370 300-700
(a) Cool slowly infurnflce. (b) Furnace cool or cool inair. (c) Soak at tempera¬
ture and quench in warm oil, (d) Temper at 150 to 205 aC (3G0 to 400 aF) for
maximum hardness and corrosion resistance

Mechanical Properties

AISI Type 420: Tensile Properties at Elevated Temperatures
Test specimens were 16.0-mm (0.625-in.) diam bar; austenitizetf at 980 °C or 1800 °F for Zi h; oil quenched;
tempered for 2 ti at 28 X (50 °F) above test temperature

Test Tensile Yield
temperature strength strength!a) Elongatiooib), Reduction Hardness
"C °F MPs ksi MPs ksi % in area, % HRC(c) HRC(d)

~21 70

______
2025 294 1360 197 2.5 — ~~

57
~

205 400 ......1820 264 1085 157.5 11.5 36 51.5 51
315 600 .....1705 247,5 1040 150.5 13.5 34.5 50.5 49
425 800 ......1715 248,5 1155 167.5 12.5 35.5 51.5 52
480 900 ......1415 205 1095 159 9 28.5 52.5 50
540 1000 .......660 96 585 84.5 20.5 73.5 36 35.5
595 1100 .......450 65 380 55 26 83 31 30.5
650 120O .......290 42 240 34.5 31.5 90 26.5 26
705 13OO ,......170 25 115 16.5 38 93.5 23.5 21
(a) 0.2% offset, lb) In 50 mm (2 in.), (c) Before testing. (d) Alter lesling

AISI Type 420: Modulus of
Elasticity (Ref 7)

Stressed
in:

Modulus
GPa 108 pai

Tension 200
Torsion 80.7

29.0
11.7



!

i

AISI Type 420: Tensile Properties at Room Temperature (Ref 6, 7)

Tensile Yield
Product strength strength!a) Elongationfb), Reduction
form Condition MPs ksi MPs ksi 9r in area, S Hardneas
Strip 655 95 345 50 20 ... 92 HRB
Wire

Soft bright
655 95 345 50 20 65 92 HKB

tempered 760 110 585 85 15 55 97 HUB
Bar

Annealed and
655 95 345 50 25 55 195 HB

cold drawn 725 105 585 85 17 50 215 HB
Hardened and

tempered 760-1720 110-250 515-1380 75-200 22-7 60-25 500-205 HB
(a) 0.2% offset, (b) In50 mm{2 in,),except for wire. For wire 3,18-mm (0.125-iD.) diam and larger, gage lengthis 4 x diam; for smaller diameters, the gage length
is 254 mm (10.0 inj
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Tampering temperature, "F
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AISI Type 420: Effect of Tempering
Temperature on Tensile Properties. Heated to
1010 °C (1650 °f); oil quenched; tempered at
temperature indicated for 5 h. Heat treated as 25-mm
(I-in.) diam rod; tensile test specimen! were
12.8-mm (0.505-in.) diam; Izod impact test
specimens were 10.0-mm (0.394-in.) square. Tests
were conducted using specimens machined to
English units. Elongation was measured in 50 mm
(2 in.); yield strength at 0.2% offset. (Ref 10)

75

350 450 550 550 750

Tempering temperature, "C

AISI Type 420: Impact Properties at Room
Temperature (Ref 7)

Energy Hardness,
Condition J ft - lb HB

Annealed. . 1Q0 75 175
Quenched and tempered........9-18 7-13 477

Machining Data

For machining data on AISI type 420, refer to the preceding
machining tables for AISI types 416 and 416Se.
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AISI Types 420F, 420F(Se)

AiSi Types 420F, 420F(Se): Chemical Composition
Composition, %

Element Type 420F Type 420FfSe)

Carbon.............. ..0.15 min 0.15 min
Manganese.............................,....1.00 max 1.Q0 max
Phosphorus ...........0.04 max 0.04 max
Sulfur. .. 0.15 min 0.03 max
Silicon..,.,..........1.00 max 1,00 max
Chromium.,..................................12-14 12-14
Molybdenum!a) 0.60 max 0.60 max
Selenium..,,......... "• 0.15 min
(a) Optional

Characteristics. AISI types 420F and 420F(Se) are hard-
enable (martensitic) stainless steels with elements added to
improve machining and nonseizingcharacteristics. The opti¬
mum corrosion-resisting qualities of these grades are ob¬
tained in the hardened and tempered condition. Both types
are magnetic in all conditions.

Types 420F and 420FTSe) have corrosion resistance similar
to type 416; they will resist corrosion frommild atmospheres,
fresh water, ammonia, many petroleum products, and sev¬
eral mild acid environments.

Types 420F and 420F(Se) are not often used for service at
elevated temperatures, because corrosion resistance of these
alloys isreducedwhen heatedabove 425 "C (800 °F). Appreci¬
able scale will form if temperatures exceed 650 °C (1200 °F).

Therefore, types 420F and 420F(Se) are not recommendedfor
plastic mold cavities where a highmirror-iinish is essential.

These steels will withstand moderate cold work in the
annealed condition, but are not recommended for cold up¬
setting. In the fully annealed condition, the machinability
rating of types 420F and 42QF(Se) is about 55% of that for
free-uiachining AISI 1212. Types 420F and 420F(Se) are not
recommended for welding.

Typical Uses. Applications of AISI types 420F and 420F
(Se) include valve trim, gears, cams, pivots, and dental and
surgical instruments.

AIS! Type 420F: Similar Steels (U.S. and/or Foreign). UNS
S42020; AMS 5620; SAE J405 (51420F)

AISI Type 420F(Se): Similar Steels (U.S. and/or Foreign).
UNS S42023; AMS 5620; ASTM A582, SAE J405
(51420FSe)

Physical Properties

AISI Type 420F: Selected Physical Properties (Ret 6)

Melting range............................... 1455-1510 °C (2650-2750 DF)

Density .,............. 7.8 g/cma (0.28 lb/in.3)
Specific heat at 0-100 °C (32-212 °F)...........460 J/kg-K (0.11 Btu/lb-°F)

Thermal conductivity at 27 aC (80 °F) ......25.1 W/in-K (14.5 Btu/ft-h*flF)
Electrical resistivity at 20 aC (68 T).........55 nfl-m

AISI Type 420F: Average Coefficients of Linear Thermal
Expansion (Ref 6)

Temperature Coefficient
°C °F JUM/ni-K pin./in.-°F

0-100 32-212 10.3 5.7
0-650 32-1200 12.2 6.8

AISI Types 420F, 420F(Se): Thermal Treatment Temperatures
Temperature range

Treatment ®C °F

Forging, preheat................................760-815 1400-1500
Forging, start..........1095-1205 2000-2200
Forging, finish........ 900 min 1650 min
Full annealing(a)...............................845-900 1550-1650
Process snnealing(b}............................730-790 1350-1450
Hardeninglc)..................................1010-1065 1050-1950
Tempering!d)...................................150-370 300-700
(a) Cool slowly in furnace; hardness of 179 HB. (b) Furnace cool or cool
in air; hardness ot 196 HB. (c) Soak at temperature; quench in warm oil, (d)
Temper at 150 to 205 *C (300 to 400 °F) for maximum toughness Tempering
above 425 °C (800 aF) after hardening impairs corrosion resistance

Mechanical Properties

AISI Types 420F,420F(Se): Representative Tensile Properties (Ref 6)

Product Tensile strength Yield strength(a) Elongationfb), Reduction
form Condition MPa kai MPa kai % in area, X Hardness

Bar 655 95 380 55 22 .50 220 HB
Annealed and

cold drawn 760 110 690 100 14 -10 228 HB
Wire

cold drawn 690 100 550 80 15 45 99 HRB
(a) 0.2% offset, (b) I2150 mm (2 in.), except for wire. For wire 3.18-mm (0.125-in.)diam andlarger,gage length is 4 * diem; for smaller diameters, the gage length
is 254 mm (10.0 in.)

MachiningData
For machiningdata on AISI types 420F and 420F(Se), refer to the precedingmachiningtables
for AISI types 416 and 416Se.



Stainless/Heat-Resisting/347

AISI Type 422

AISI Type 422: Chemical Composition
Composition,

Element ft

Carbon........... 0.20-0,25
Manganese....... ....... 1.00 max
Phosphorus............................ .....0.025 max
Sulfur .......0.025 mar
Silicon ........0.075 max
Chromium ........11-13
Nickel 0.50-1.00
Molybdenum ......0.75-1.25
Vanadium....... ...0.15-0.30
Tungsten......................0.75-1,25

Characteristics. AISI type 422 is a hardenable, marten-
sitic, stainless steel designed for use at temperatures up to
650 °C (1200 °F). Ithas excellent creep-rupture properties in
the range of 315 to 650 °C (600 to 1200 ®F) and can be heat
treated to various high-strength levels, depending on the
section, form, and application involved. Type 422 offers high
strength/weight ratios from room temperature to 650 °C
(1200 "F).

Composition of this steel is balanced to provide a micro-
structure that is virtually all tempered martensite after heat
treatment. This structure ensures uniformity of mechanical
properties with a minimum of directionality.

Type 422 is adaptable to applications where maximum
resistance to corrosion is not required. It is resistant to the

corrosive action of the atmosphere, fresh water, steam, and
some of the milder acids and alkalis. ThiB stainless steel has
good resistance to scaling or oxidation for continuous service
at temperatures up to 675 3C (1250 °F).

Chips formed in machining the type 422 alloy are brittle
and stringy with a tendency to gall or build up on the cut¬
ting edges and radii of the tool. Material in the subcritical-
annealed condition is preferred for most machining applica¬
tions. The machinability rating of type 422 is about 40% of
that for free-machining AISI 1212.

Type 422 may be satisfactorily welded by the gas tung¬
sten arc and gas metal-arc welding processes. Type 422 filler
metal should he used to obtain optimum results. Because
type 422 is air-hardening, it should be preheated to a mini¬
mum temperature of 175 °C (350 °F). If the weldinent is not
immediately hardened and tempered, it should be stress re¬
lieved by postheating at 650 to 675 °C (1200 to 1250 °F) and
air cooling.

Typical Uses. Applications of AISI type 422 include com¬
pressor and turbine blades, and wheels, rotors, high-
temperature bolting, valve parts, and structural components
for aircraft and missiles.

AISI Type 422: Similar Steels (U.S. and/or Foreign). UNS
S42200; AMS 5655; ASTM A565; SAE J467: (W. Ger.) DIN
1.4935; (Jap.) JIS SUH 616

Physical Properties

AISI Type 422: Selected Physical Properties (Ref 6)

Melting range...............................1470-1480 °C (2S75-2700 T)

Density....7.8 g/cm3 i0.28 lb/in.3t
Specific heat at 0-100 °C (32-212 °P)...........460 J/kg-K (0.11 Btu/lb-aF)

AISI Type 422: Thermal Conductivity (Ref 6)

Temperature
•C °F

Thermal conductivity
W/m ÿ K Btu/fth'F

100
500

212.
930.

.23.9

.27.3
13.8
15.8

AISI Type 422: Thermal Treatment Temperatures
Temperature range

Treatment °C

Forging, preheat.........................650-760 1200-1400
Forging, start..................................1065-1105 1950-2025
Forging, finish..................................845 min 1550 min
Full aimealingia) ......870-900 1600-1650
Subcritical annealmg(b).........................760-775 1400-1425
Hardeningic)................1040 1900
Tempering(d) .............315-650 600-1200
(a) Hold at temperature IVih per 25 mm (1.0 in.) of cross section; cool slowly
to 705 "C (1300 "F); hold6 h; slow cool ill fiirnace to 540 "C (1000 "F); air cool.
(b) Hold at temperature 6 to 8 h; furnace cool to 650 GC (1200 ®F); air cool,
(c) Oil quench, (a) Temper for at least 2 h; air cool or oil quench. A temperature
of525 x) (980 °F) is used to obtain highest strength; 650 °C (1200 °F) or higher
is used for long-time elevated temperature service

AISI Type 422: Average Coefficients af Linear Thermal
Expansion (Ref 6)

Temperature
range • 1 Coefficient

"C DF /itn/m » K /iiia./in. -
0-100 32-212 11.2 6,2
0-315 32-600..........11.3 6.3
0-540 32-1000 .....U3 6.6
0-650 .32-1200 L2.1 6.7

Machining Data

For machining data on AISI type 422, refer to the preceding machining tables for AISI
type 403.
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Mechanical Properties

AISI Type 422: Stress-Rupture Strength and Creep Rates (Ref 7]
Test specimens were austenitized at 1040 X (1900 °F); oil quenched; tempered at 650 X (1200 °F) for 2 h; air cooled

Test r——-—-- Stress to produce rupture in;—-—-—\ ]-Stress for minimum creep rate of:-1
temperature 10 h 100 h 1000 h 10 000 h 1% in 1000 h 1% in 10 000 h 1% in 100 OOO b
6C °F MPa ksi MPa kei MPa ksi MPa ksi MPa ksi MPa ksi MPa ksi

540 1000. . . ....490 71
595 1100. . . . ...365 53
650 1200. ...... 385 56

435 63 390 57 340 49 360 52 270 39 180 26
320 46 255 37 160 23 235 34 140 20
170 25 120 17 ... ... ...

AISI Type 422: Short-Time Elevated-Temperature Tensile Properties (Ref 10)
Test specimens were austenitized at 1040 X (1900 °F) for 1 h; oil quenched; tempered for 2 h
at temperature indicated

Test Tempering Tensile Yield
temperature temperature strength strength(a) Elongationfb), Reduction in
'C °F °C 'F MPa ksi MPa ksi % area, %

315 600 .........425 800 1585 230 1055 153 16 13
425 800 , . .. 425 800 1490 216 951 138 14 10-24
425 800 .... . . .455 850 1490 216 979 142 19 55
425 800 .... . . . .525 980 1510 219 1080 157 16 52
480 900 ..... . . .525 980 1440 209 1040 151 14 46
540 1000 . . . .525 980 1220 177 903 131 12 43
650 1200 .. . .650 1200 390 57 3.90 57 21 85
(a) 0.2% offset, (b) In 36 mm (1.4 in.)

AISI Type 422: Effect of Tempering Temperature on Room- and Elevated-Temperature
Tensile Properties (Ref 7)
Test specimens were austenitized at 1040 X (1900 °F) for 1 h; oil quenched; tempered for 2 h
at temperature indicated

Test Tempering Tensile Yield
temperature temperature strength strength(a) Elongationfb), Reduction in
°C °F "C T MPa ksi MPa ksi % area, %•

21 70.........315 600 158(J 229 1000 145 16 56
21 70 ........425 800 1635 237 1160 168 16 53
21 70 ........480 900 1675 243 1220 177 16 50
21 70 ........540 1000 1610 233 1005 146 16 54
21 70 ........650 1200 1030 149 862 125 19 52

315 600 ........425 800 1585 230 1055 153 16 13
425 800 ........425 800 1490 216 951 138 14 17
425 800 ........455 850 1490 216 979 142 19 55
540 1000 ........540 1000 1165 169 869 126 16 56
650 1200 ........650 1200 390 57 320 46 21 85
(a) 0.2% offset, (b) In36 mm (1.4 in.)

AISI Type 422: Low- and
Elevated-Temperature,
Charpy V-Notch Impact
Properties (Ref 10)

Test specimens were austenitized at
1040 X (1900 °F) for 1 h; oil
quenched; tempered at 525 X
(980 X) for 2 h;air cooled

Test
temperature Impact energy
°C °F J ft 'lb

-73 -100 4 . 3
6 4

-17 0 .. 5 4
7 5

Room temperature . .... 8 6
10 7

71 160 14 10
15 11

100 212 . 18 13
20 15

125 260 22 16
23 17

140 280 . 28 21
150 300 31 23

37 27
170 340 38 28

39 29
205 400.. 43 32

52 38

AISI Type 422: Effect of Tempering an Room-Temperature
Impact Properties (Ref 10)
Test specimens were austenitized at 1040 X (1900 °F) for 1 h; oil
quenched; tempered for 2 h at temperature indicated

Tempering Charpy V-notch
temperature Hardness, impact energy
•c °F HRC J ft lb

370 700.. ..48 12 9
425 800 9 7
480 909 7 5
525 980 49 8 6
650 1200 20 15
650(a) 1200(a) 26 19
675(a) 1250(a) 33 24
705(a) 1300(a) 76 56
730(a) 1350(a) .. 121 89
760 1490 . 52 38

AISI Type 422: Modulus of Elasticity (Ref 10)

3-Stressed in:-[
Temperature Tension Torsion
°C op GPa 10" psi GPa 10" psi

24 75 199.2 28.9 82.7 12.0
260 500 ........189.6 27.5 79.3 11.5
425 800 24.2 72.4 10.5
595 1100 . 141.4 20.5 62.0 9.0

(a) Double tempered
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AISI Types 430F, 430F(Se)

AISI Types 430F, 430F(Se); Chemical Composition
Composition, %

Element Type 430F Type 430F{Se)

Carbon...................ÿ .................0.12 max 0.12 max
Manganese.....,...........................1.25 max. 1.25 max
Potassium ...........0.06 max 0.06 max
Sulfur......................................0.15 min 0.06 max
Silicon 1.00 max 1.00 max
Chromium 14-18 14-18
MolyhHpruvm(n) O.fifl nux «-ÿ

Selenium 0.15 min
(a) Optional

Characteristics. AISI types 430F and 430F(Se) are free-
machimng modifications of type 430. They are suitable for
the production of parts in automatic screw machines.

These stainless steels will withstand moderate cold work,
but are not recommended for cold upsetting. Parts that are
machinedto shape are the primary applicationsof types 43QF
and 430F(Se). The machinability rating of these steels is
about 80 to 90% of that for AISI 1212. Types 43QF and
430F(Se) are not usually recommended for welding.

These alloys resist corrosion from the atmosphere, fresh
water and steam, foodstuffs, dairy products, nitric acid, and

many petroleum products and organic materials. Their re¬
sistance to chloride stress-corrosion cracking at elevated
temperatures is higher than that of austenitic types 304 or
316. For best resistance, finished parts should be passivated.

The safe scaling temperature for types 430F and 430F(Se)
incontinuous sendee is815 °C (1600 "F), and for intermittent
service up to 870 °C (1600 °F).

Typical Uses. Applications of AISI types 430F and 430F
(Se) include bolts, nuts, studs, aircraft fittings, and valve
parts and hardware that require considerable machining.
These alloys are not usually recommended for vessels con¬
taining gases or liquids under high pressure.

AIS1 Type 430F: Similar Steels (U.S. and/or Foreign). UNS
S43020; ASTM A314, A473, A581, A582; MIL SPEC
MIL-S-862; SAE J405 (51430F); (W. tier,) DIN 1.4104; (Fr.j
AFNOR Z 10 CF 17; (Ital.) UNIX 10 CrS 17; (Jap.) JIS SUS
430 F; (Swed.) SSn 2383

AISI Type 430F{Se): Similar Steels (U.S. and/or Foreign).
UNS S43023; ASTM A314, A473, A581, A582; MIL SPEC
MIL-S-862; SAE J405 (51430F-Se)

Mechanical Properties

AISI Type 430F: Tensile Properties at Room Temperature (Ref 6)

Jest specimens were in the annealed condition

Product form Treatment

Tensile
strength

MPa ksi

Yield
strengthÿ)

MPa ksi Elongation[b), %
Reduction in

area, % Hardness

Wire, 6.4-mm
(0.25-in.) diam.

Bar .
Soft tempered
Annealed
Annealed and

cold drawn(c)

655
550

620

95
80

90

585
380

550

85
55

30

10
25

15

50
60

55

92 HRB
17U HB

190 HB
(a) 0.2% offset, (b) Ln 50 mm(2 in.), except for wire. For wire 3.18-mm (0.125-in.) diamand larger, gage length is 4 x diam; for smaller diameters, the gage length
iB 254 mm {10.0 inJ. (c) Diameter of 25 Trim {1 in.)

AISI Type 430F: Tensile Properties at Elevated Temperatures
Annealed bar were held at temperature for t h and pulled at the rate of
1.3 mm (0.05 in.) per minute

Test
temperature Tensile strength Efongation(a), Reduction
°C °F MPa ksi in area, %

21 70..........531 77 32 74
93 200..........496 72 30 74

205 400..........462 67 27 76
315 600..........441 64 26 75
425 800..........386 56 29 75
535 1000..........248 36 35 84
650 1200..........131 19 61 97
760 1400...........48 7 70 99
(a) In50 mm (2 in.)

Physical Properties

AISI Types 430F, 430F{Se); Thermal Treatment Temperatures
Temperature range

Treatment °C °F

Forging, start 1066-1150 1950-2100
Forging, finish.................................815 min 1500 min
Full annealingfa) ..............................790-815 1450-1500
Process annealingfb).................* .........675-760 1250-1400
Hardeniiigfc) ............ÿ»*

(a) Furnace cool to 595 *C (1100 "F); air cool, (b) Air cool, (c) Not appreciably
hardenable

For additional data on physical propertiesof AISI types 430F
and 430F(Se), refer to the preceding tables foT AISI
type 430.
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Machining Data (Ref 2)

A1SI Types 430F, 430f(Se): Turning (Single Point and Box Tools)
Test specimens were in the annealed condition, with hardness of 135 to 185 HB

M2 and M3 high speed steels ]-Uncoated carbide-] |-Coated carbide -fl
Depth of cut Speed Feed Speed, brazed Speed, inserted Feed Speed Feed
mm in. m/min tt/min mm/'rev in./rev m/min ft/min m/min ft/min mm/rev m./rev m/min ft/min mm/rev ln./rev
1 0.040......64 210 0.18 0.007 185(a) 600(a) 205(a) 675(a) 0.18 0.007 265(b) 875(b) 0.18 0.007
4 0.150......55 180 0.38 0.015 160(c) 525(c) 185(c) 600(c) 0.38 0.015 235(d) 775(d) 0.38 0.015
8 0.300......43 140 0.50 0.020 120(c) 400(c) 140(c) 460(c) 0.75 0.030 185(d) 600(d) 0.50 0.020

16 0.625......34 110 0.75 0.030 90(c) 300(c) 110(c) 36(Xc! 1.00 0.040
(a) Carbide tool material: C-7. (b) Carbide tool materia): CC-7. (c) Carbide tool material: C-6. (d) Carbide tool material: CC-6

AISI Types 430F, 430F(Se); Turning (Cutoff and Form Tools)

Test specimens were in the annealed condition, with hardness of 135 to 185 H8

Tool material

f—-Feed per revolution for-[ \-
cutoff tool width of:

Speed, 1,5 mm 3 mm 6 mm 12 mm

m/min (0.0062 in.) (0.125 in.) (0.25 in.) (0.5 in.)
(ft/min) mm (in.) mm (in.) mm (in.) mm (in.)

-Feed per revolution for-——--1
form tool width of:

18 mm 25 nun 35 mm 50 mm
(0.75 in.) (1 in.) (1.5 in.) (2 in.)
mm (in.) mm (in.) mm (ill.) mm (in.)

M2 and M3 high
speed ateele ...

C-6 carbide .

.46
(150)
. 120
(400)

0.038
(0.0015)
0.038

(0.0015)

0.050
(0.002)
0.050

(0.002)

0.061
(0.0024)
0.061

(0.0024)

0.046
(0.0018)
0.046

(0.0018)

0.041
(0.0016)
0.041

(0.0016)

0.036
(0.0014)
0.036

(0.0014)

0.033
(.0013)
0.033
(.0013)

0.028
(.0011)
0.028
(.0011)

AISI Types 430F, 430F(Se): Face Milling
Test specimens were in the annealed condition, with hardness of 135 to 185 HB

M2 and M7 high speed steels
Depth of cut Speed Feed/tooth
mm in. m/min ft/min ram in.

Speed, brazed
m/min ft/min

Uncoated carbide -

Speed, inserted
m/min ft/min

ÿ Coatedcarbide -
Feed/tooth
mm in.

Speed
m/min ft/min

Feed/tooth
mm in.

1 0 040 ........76 250 0.20 O.OOB 190(a) 625(a) 210(a) 690(a) 0.20 0.008 310(b) 1025(b) 0.20 0.008
4 0,150........58 190 0.30 0.012 145(a) 470(a) 160(a) 420(a) 0.30 0.012 205(b) 675(b) 0.30 0.012
8 0.300........46 150 0.40 0.016 100(c) 325(c) 120(c) 40(Kc) 0.40 0.016 160(d) 525(d) 0.40 0.016
(a) Carbide tool material: C-6. (b) Carbide tool material: CC-6. (c) Carbide tool material: C-5. (d) Carbide tool material: CC-5

AISI Types 430F, 430F(Se): End Milling (Profiling)
Test specimens were in the annealed condition, with hardness of 13S to 185 HB

Tool materia]
Depth of cut
ram in.

Speed
n/'min ft/min

I-Feed per tooth for cutter diameter of:------ —j
10 mm (0.375 in.) 12 mm (0.5 in.) 18 nun (0.75 in.) 25-50 mm (1*2 in.)

mm in. mm in. mm in. mm in.
M2, M3, and M7 high

1steels .

C-5 carbide .

...0.5 0.020 55 ISO 0.026 0.001 0.050 0.002 0.102 0.004 0.13 0.006
1.5 0.060 43 140 0.050 0.002 0.075 0.003 0.13 0.005 0.15 0.006

diam/4 diam/4 38 125 0.025 0.001 0.050 0.002 0.102 0.004 0.13 0.005
diam/2 diam/2 34 110 0.025 0.001 0038 0.0015 0.075 0.003 0.102 0.004
...0.5 0.020 160 520 0.025 0.001 0.038 0.0015 0.102 0.004 0.13 0.005

1.5 0.060 120 400 0.038 0.0015 0.050 0.002 0.13 0.005 0.15 0.006
diam/4 diam/4 105 350 0.038 0.0015 0.050 0.002 0.102 0.004 0.13 0.005
diam/2 diam/2 100 320 0.025 0.001 0.038 0.0015 0.075 0.003 0.102 0.004

AISI Types 430F, 430F(Se): Planing
Test specimens were in the annealed condition, with hardness of
135 to 185 HB

Depth of cut Speed Feed/stroke
Tool material mm in. m/min ft/min mm in.

M2 and M3 high
speed steels . .....0.1 0.005 15 50 (a) (a)

2.5 0.100 21 70 1.25 0.050
12 0.500 14 45 1.50 0060

C-6 carbide ...0.1 0.005 69 225 (a) (a)
2.5 0.100 79 260 2.05 0.080

(a) Feed is 75% the width of the square nose finishing tool
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Machining Data (kef 2) (continued)

AISI Types 430F, 430F(Se): Drilling
Test specimens were in the annealed condition, with hardness ot 135to 185 HB

Tool material

Speed,
m/min
(ft/min)

r
1,5 mm

(0.062 in.)

mm (In.)

3 mm
(0.125 in.)
mm (In.)

- Feed per revolution for nominal bole diameter of: -
6 mm 12 mm IS mm 25 mm

(0.25 in.) (0.5 in.) (0.75 in.) (1 in.)
mm (in.) mm (in.) mm (in.) mm (in.)

35 mm
(1.5 in.)

mm (in.)

——I
50 mm
(2 In.)

mm (in.)

M10, M7, and Ml high
speed Steele ..49

(160)
0.025

(0.001)
0.075

(0 003)
0.15

(0.006)
0.25

(0.010)
0.36

(0,014)
0.45

(0.017)
0.55

(0.021)
0.65

(0.025)

AISI Types 430Fr 430F(Se): Boring
Test specimens were in the annealed condition, with hardness of 135 to 185 HB

M2 and MS high speed steels
Depth of cut Speed Feed
mm in. m/min ft/min mm/rev in./rev

I—-Uncoated carbide---——|

Speed, brazed Speed, inserted Feed
m/min ft/min m/min ft/min mm/rev in./rev

- Coated carbide "

Speed
m/min ft/min

Feed
,/rev in./rev

0.25 0.010......60 205 0.075 0.003 155(a) 515(a) 185(a) 600(a) 0.075 0.003 235(b) 775(b) 0.075 0.003
1.25 0.050......50 165 0.130 0.005 120(c) 400(c) 145(c) 475(c) 0.130 0.005 185(d) 615(d) 0.130 0.005
2.50 0.100......44 145 0.300 0.012 105(e) 350(e) 130(e) 425(e) 0.300 0.012 165(f) 545(f) 0.300 0.012
(a) Carbide tool material: C-8. (b) Carbide tool material: CC-8. (c) Carbide tool material: C-7. (d) Carbide tool material; CC-7. (e) Carbide too) material: C-6
(f) Carbide tool material: CC-6

AISI Types 430F, 430F{Se): Reaming
Test specimens were in the annealed condition,with hardness of (35 to 185 KB; based on 4 flutes for 3- and 6-mtn (0.125- and 0.25-in.) reamers, 6 flutes
for 12-mm (0,5-in.) reamers, and 8 flutes fur 25-mm (1-in.) and larger reamers

I-Feed per revolution for reamer diameter of:---- |
Speed 3 mm (0.125 in.) 6 mm (0.25 in.) 12 mm (0.5 In.) 25 mm (1In.) 35 mm (1.5 in.) 50 mm (2 in.) "

Toot material m/min ft/min mm in. mm in. mm in. mm in. mm in. mm in. ÿ

Roughing
ML, M2. and . J

M7 high speed
steels ..............40 130 0.075 0.003 0.13 0.005 0 20 0.009 0.25 0.010 ' 0.30 0.012 0.40 0.016

C-2 carbide...........46 150 0.102 0.004 0.20 0.008 0.30 0.012 0.40 0.016 0.50 0.20 0.60 0.024

Finishing
Ml, M2, and

M7 high Hpeed
steels ..............18 60 0.102 0.004 0.102 0.004 0.15 0.006 0.20 0.008 0.25 O.fll) 0.30 0.012

C-2 carbide...........21 70 0.102 0.004 0.15 0.006 0.20 0.008 0.25 0.010 0,28 0.Q11 0.30 0.012

AISI Types 430F, 430F(Se): Cylindrical and Internal Grinding
Test specimens were in the annealed condition, with hardness of 135to 135 KB

Wheel speed Work speed
Operation m/e ft/min m/min ft/min

Cylindrical grinding
Roughing, .....................28-33 5500-6500 15-30 50-100
Finishing......................28-33 5500-6500 15-30 50-100

Internal grinding
Roughing......................25-33 5000-6500 23-60 75-200
Finishing......................25-33 5000-6500 23-60 75-200
(a) Wheel width per revolution of work

Infeed on diameter
mm/pass in./pass Traverae(a)

Wheel
identification

0.050
0.013 max

0.013
0.005 max

0.002
0.0005 mar

0.0005
0.0002 max

Vi
Vc

Vi
Ve

ACOJV
A60JV

A60KV
A60KV

J AISI Types 430F, 430F(Se): Surface Grinding with a Horizontal Spindle and Reciprocating Table
Test specimens were in the annealed condition, with hardness of 135 to 185 HB

! Wheel speed Table speed Downfeed Crosafced Wheel
Operation m/s ft/min m/min ft/min mm/pass in./pass mm/pass in./pass identification

Houghing...................28-33 5500-6500 15-30 50-100 0.050 O.OD2 1.25-12.5 0.050-0.500 A46IV
Finishing...................28-33 5500-6500 15-30 50-100 0.013 max 0.000a max (a) (a) A46IV

i (a) Maximum V< of wheel width
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A1SI Types 430Ti, S43035

7

AISI Types 430Ti, S43035: Chemical Composition
Composition, %

Type Type
Element 43(YTi S43035(a)

Carbon. * ........................................0.12 max 0.07 max
Manganese ........1,00 max 1,00 max
Phosphorus ........0.040 max 0.040 max
Sulfur......................-..................0.030 max 0.030 max
Silicon .....................................ÿ .. 1.00 max 1.00 max
Chromium................. 16-18 17-19
Titanium............ (b) (c)

fa) Composition includes 0.15 max aluminum and U.5U max nickel, (b) Mini¬
mum of six times the carbon content, tc) Twelve times the carbon content, up
to 1.10 max

Characteristics. AISI types 430Ti and S43G35 are ferritic
stainless steels specifically designed for ease of welding and
as-welded corrosion resistance to mild environments. The
addition of titanium, or titanium and aluminum, decreases
the amount of martensite which forms at ferritic grain
boundaries during cooling from the welding heat.

All conventional brazing and soldering methods will join
type 430Ti and S43035 steels. The use of soldering fluxes
specifically designed for stainless steels is essentia] to
good solder flow and adhesion. To avoid flux corrosion, the
employment of phosphoric acid-based flux is mandatory, es¬
pecially in plumbing installations where the inside walls of
the tubes cannot be cleaned and where flux residues remain
incontact for weeks or months prior to flushing with water.
The selection of the brazing alloy should be made with the
ultimate product service in mind.

Types 430Ti and S43035 must be welded only with inert-
gas-shielding techniques, such as the gas tungsten-arc or gas

metal-arc processes. If filler metal is added to the weld
deposit, weld wire of the same composition as the base metal
must be used to maintain corrosion resistance in the weld
metal. The weld metal will be free of the martensite nor¬
mally associated with ferritic stainless steels, and the heat-
affected zone will be immune to intergranular attack inmild¬
ly corrosive environments. However, postweld annealing
is desirable with types 430Ti and S43035 to promote maxi¬
mum corrosion resistance.

These steels resist oxidation at temperatures up to 815 °C
(1500 °F) for continuous service, and up to 870 °C (1600 °F)

for intermittent service.
Low yield strengths and work-hardening rates, coupled

with good ductility, are characteristics which allow these
alloys to be drawn into hemispherical tank heads with little
difficulty. Welded tube is easily bent and flared with con¬
ventional tubing tools and techniques. The machinability
rating of types 430Ti and S43035 is about 60% of that for
free-machining AISI 1212.

Typical Uses. Applications of AISI types 430T1 and
S43035 include domestic hot water tanks and water systems,
hot water holding tanks, and weldments where postweld an¬
nealing is difficult.

AISI Type 430Ti: Similar Steels (U.S. and/or Foreign). UNS
S43036; ASTM A268, A554, A651; (W. Ger.) DIN 1.4510'

AISI Type S43035: Similar Steels (U.S. and/or Foreign).
UNS S43035; ASME SA240 (XM-8), SA268 (XM-8), SA479
(XM-8); ASTM A240 (XM-8), A268 (XM-8), A479 (XM-8),
AG51 (XM-8)

Physical Properties

AISI Types 430Ti, S43035; Selected Physical
Properties (Ref 8)

Specific heat at 0-100 *C (32-212 °F)...........460 J/kg-K (0.11 Btu/lb-°F)
Thermal conductivity at 100 °C

(212 °F) 24.2 W/m-K (14.0 Btu/ft h °F)

AISI Types 430TI, S43035: Average Coefficients of Linear
Thermal Expansion (Ref 8)

_____
Temperature range Coefficient

°C °T /tm m K jiin./in.

20-100 68-212 10.1 5.6
20-500 68-930 11.5 6.4
20-800 68-1470 12.4 6.9

AISI Types 430Ti, S43035: Thermal Treatment Temperatures
Temperature range

Treatment °C °F

Forging, start 1040-1095 1900-2000
Forging, finish 760 min 1400 min
Annealings) 790-870 1450-1600
Hardeninglb)
(a) Air cool, (b) Not appreciably hardenable

Machining Data

For machining data on AISI types 430Ti and S43035, refer to the preceding machiningtables
for AISI type 405.
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Mechanical Properties

Tempera lure, F
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AISI Type S43035: Effect of Temperature on
Tensile Properties. Elongation was measured in
50 mm (2 in.). (Ref 8)

AISi Type S43035: Tensile Properties at Room Temperature (Ref 8)
Test specimens were in the annealed condition

Material
, thickness Tensile strength Yield strength(a) Elongation(b), Hardness,

mm in. MPa ksi MPa ksi % HRB

1.6 0.062.............450-515 65-75 275-380 40-55 28-31 78-86
6.35 0.250.............515-585 75-85 345ÿ115 50-60 24-29 78-66
(a) 0.2£ offset, fb) In 50 mm (2 in.)

i
I

AISI Types 430, 434, 435, 436

AISI Types 430, 434, 435, 436: Chemical Composition
Composition, ft

Element Type 430 Type 434 Type 435 Type 436

Carbon, mas ................0.12 0.12 0.12 0.12
Manganese, max.............1,00 1.00 1.00 1.00
Phosphorus, max ............0.04 0.04 0.04 0.04
Sulfur, max .................0.03 0.03 0.03 0.03
Silicon,max.................1.00 1.00 1.00 1.00
Chromium...................4-18 14-18 14-18 14-18
Molybdenum .................— 0.75-1.25 ••• 0.75-1.25
Niobium plus tantalum........••• 0,40-0.50 0.40-0.60

Characteristics. AISItype 430 isanonhardening(ferritic),
straight chromium, stainless steel with superior corrosion

and heat resistance compared to type 410. This steel is mag¬
netic in all conditions. Type 430 must resembles the 18-8
chromium-nickel grades in fabrication and service per¬
formance. Because of excellent corrosion resistance, type 430
is chosen for many appliances, decorative trim, and chemical
handling equipment.

Roping is a problem often encountered when type 430 is
stretch bent or deep drawn; irregularitiesdevelop and appear
on the surface as parallel ridges or ropes. Extra finishing
steps are required to remove these imperfections.

AISI type 434 contains an addition of molybdenum (1.00%
nominal) to produce a grade with increased corrosion resis¬
tance and improvedresistance to pittingattack from various
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de-icing chemicals. However, this grade exhibits slightly
more tendency than type 430 to rope during forming.

AISI type 435 contains an addition ofniobium (0.45% nomi¬
nal) to produce a grade with improved resistance to roping.

AISI type 436 contains the molybdenum addition of type
434 and the niobium addition of type 435. The result is a
stainless steel that exhibits both improved resistance to cor¬
rosion and a minimum roping tendency when compared to
AISI type 430 stainless steel.

The general comments and physical and mechanical prop¬
erties that follow apply to the various modifications aswell as
to type 430. However, some differences do exist and the pro¬
ducer should be consulted when considering use of these
steels.

Type 430 is easily cold formed by methods such as cold
rolling, bending, drawing, pressing, and heading. Type 435
is well suited for the more severe stretch forming and deep
drawing. All four alloys are available in a buffed mirror-
bright finish on both sides. If protected during forming,
the need for final polishing is reduced, and in some cases
eliminated.

Type 430 can be resistance welded, and arc welded using
type 430 electrodes. The high heat of welding may cause
grain coarsening, embrittlement at room temperature, and a
lowered resistance to corrosion. A common practice is to an¬
nealat 760 3C (1400 °F) after welding to restore ductility and
corrosion resistance. Heating to temperatures in the range of
150to 205 °C (300 to 400 °F) prior to heatingis recommended.

The general machinability of type 430 is about 55% based
on free-machining AISI 1212. Types 430, 434, 435, and 436
have good resistance to scaling up to ahout 760 to 815 °C
(1400 to 1500 °F) in continuous service, and up to about
870 °C (1600 °F) in intermittent service.

Typical Uses. Applications of AISI types 430, 434, 435,
and436 include architectural and automotive trim, appliance
parts, bathroom fixtures, oil burner parts, cold headed fas¬
teners, nitrogenfixationequipment, television cones, and ni¬
tric acid storage tanks and tank cars.

AISI Type 430: Similar Steels (U.S. and/or Foreign). UNS
S43000; AMS 5503, 5627; ASME SA182, SA240, SA268,
SA479; ASTM A176, A182, A240, A268, A276, A314, A473,
A479, A493, A511, A554, A580, A651; FEDQQ-S-763, QQ-S-
766, QQ-W-423, STD-66; MIL SPEC MIL-S-862; SAE J405
(51430); (W. Ger.) DIN 1.4016; (Fr.) AFNOR Z 8 C 17; (Ital.J
UNIX 8 Cr 17; (Jap.) JIS SUS 430; (Swed.) SS,< 2320; (U.K.)
B.S. 430 S 15

AISI Type 434: Similar Steels (U.S. and/or Foreign). UNS
S43400; ASTM A651; SAE J405 (51434); (W. Ger.) DIN
1.4113; (Ft.) AFNOR Z 8 CD 17.01; (Itai.) UNIX 8 CrMo 17;
(Jap.) JIS SUS 434; (Swed.) SS,„ 2325; (U.K.) B.S. 434 S 19

AISI Type 435: Similar Steels (U.S. and/or Foreign). None
listed

AISI Type 436: Similar Steels (U.S. and/or Foreign). UNS
S43600; SAE J405 (51436)

Mechanical Properties

AISI Types 430, 434, 435, 436: Stress-Rupture and Creep Rate Properties (Ref 7)

Stress for secondary
creep rate oftaJs

1% in 10000 b 1% in 100000 h
MPs ksi MPa kai

Test " Stress for rupture in:
temperature 1000 h lOOOOb(a)
°C T MPa ksi MPa ksi

480 900 205 30 165 24
500 1000 120 17 90 13
595 1100 60 9 40 6
650 1200 35 5 20 3
705 1300
(a) Extrapolated data

59 8.5
30 4.3
15 2.2
9 1.3

45
22
12

6.5
3.2
1.7

AISI Types 430, 434, 435, 436: Tensile Properties at Elevated Temperatures (Ref 7}

Test specimens were 16-mm (0.63-in.) diam bar

Teat
temperature
°C °F

Tensile
strength

MPa ksi

Yield
strength(a)

MPa ksi
Elongabonlb),

%
Reduction
in area, %

Annealed at 815 °C (1500 °F) and cold worked to 89 HUB
21 70 78.0 441 64 0 32.0 77.0

205 400 66.5 390 56.5 28.0 77.5
425 800 379 55.0 317 460 28.5 78.0
540 1000 272 39.5 234 34.0 30.0 84.5
650 1200 134 19.5 114 16.6 43.5 95.5
760 1400 66 9.5 52 7.5 70 5 98.0
870 1600 34 5.0 28 4.0 95.5 98.5

Annealed
21 70.... 75.0 310 450 32.0 ...

205 400 64.0 265 36.5 30.0 ...
425 800 530 231 33.5 29.0 ...
540 1000 39 0 169 24 5 40.0
S50 1200 19.5 89.6 13.0 56.0 ...
760 1400 9.5 41 6.0 74.0 ...
la) 0.2* oilaet. (b) In50 mm (2 in.)
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AISI Types 430, 434, 435, 436: Representative Tensile Properties (Ref 6)

Tensile Yield
strength etrengthla) Elongatioafb), Reduction

Product furm Condition MPa ftai MPa ksi OS in area.£ Hardness

Sheet

____
_ Annealed 517 75 345 50 25 85 HKB

Strip 517 75 345 50 25 85 HRB
Wire. 6.4 mm

(0.25 in.) diam .. . 483 70 276 40 35 70 82 HRB
Soft tempered 586 85 483 70 15 70 90 HRB

Plate 517 75 276 40 30 160 HB
Bar 517 75 310 45 30 65 155 HB

Annealed and
cold drawn(c) 586 85 483 70 20 65 185 HB

(a) 0,2% offset, (b) In50 mm(2 in,}, except for wire. Forwire 3.18-mm(0.125-in.) diam and larger,gage length is4 x diara;for smaller diameters, the gage length
is 254 mm (10.0 in.), (c) Diameter of 25 mm (1 in.)

AISI Types 430, 434, 435, 436: Selected Physical
Properties (Ref 6)

Melting range 1426-1E10 "C (2600-2750 T)

Density 7.5 g/cm3 (0.28 lb/in.3)

Specific heat at 0-100 X (32-212 °F)...........460 J/kg-K (0.11 Btu/lb-°F)
Electrical resistivity at 20 X (68 °F) .....................______

60 nfl-m

AISI Types 430, 434, 435, 436: Thermal Treatment
Temperatures

Temperature range
Treatment T °F

Forging, start 1040-1120 1900-2050
Forging, finish 815 min 1500 min
Annealing(a) .....................................760-815 1400-1500
Hardening(b)
(a) Air cool. Annealingscale should be removedby picklingm 50%hydrochloric
acid heated to 60 to 65 "C (140 to 150"Fj. Wash and pacaivate. (b) Not appre¬
ciably hardenable

AISI Types 430, 434, 435, 436: Thermal Conductivity
Temperature Thermal conductivity
X *F W/mK Btu/ft ÿ b ÿ °F

100 212 26.1 15.1
500 930 . 26.3 15.2

AISI Types 430, 434, 435, 438: Average Coefficients of
Linear Thermal Expansion (Ref 6)

Temperature range Coefficient
°C °F i-ii:i in K /dn./in. "F

0-100
~

32-212.......... 10.4 5.8
0-315 32-600 11.0 6.1
0-640 32-1000 11.3 6.3
0-650 31-1200 11.9 6.6
0-815 32-1500 12.4 6.9

Machining Data

For machining data on AISI types 430, 434, 435, and 436, refer to the preceding machining
tables for AISI type 405.

Tensile strength

Yicfd strength

Rflrtuexion ir area

Etongniian

Physical Properties
AISI Types 430, 434, 435, 436: Effect of Cold
Reduction on Tensile Properties. Test specimens were
in the annealed condition, 9.53-mm (0.375-in.) round,
unstraightened. Tests were conducted using specimens machined
(o English units. Elongation was measured in 50 mm (2 in.};
yield strength at 0.2% offset. (Ref 7)

Diameter, in,

40
Cold reduction, %

4—_ÿ ÿ

7.4
Diameter,mm
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AISI Type 431

AISI Type 431; Chemical Composition
Element Composition, %

Carbon...................... . O.20 max
Manganese....... . 1.00 ma*

Phosphorus.. ...................ÿ ÿ . 0.40 max
Sulfur.......................0.03 max
Silicon.............,.........v .... ......- 1.00 max
Chromium..... -.........*............- ...15-17
Nickel 1.25-2.50

Characteristics. AISI type 431 is a higher chromium ver¬
sion of the nickel-bearing, hardenable, stainless steel, type
414. It is the most corrosion-resistant grade of the standard,
quench-hardenable, stainless steels. This grade is heat treat¬
able to obtain the characteristics of high hardness and
strength levels combined with excellent toughness.

Type 431 is resistant to the corrosive action of the atmo¬
sphere, various alkalis, and mild acids. It has better resis¬
tance to corrosionfrom marine atmosphere, and is considered
to have better resistance to stress corrosion than other mar-
tensitic stainless steels. This stainless steel also has good
oxidation resistance up to about 815 °C (1500 °F) in con¬
tinuous service. Scalingof type 431 becomes excessive above
temperatures of about 870 °C (1600 aF).

Physical Properties

AISI Type 431: Selected Physical Properties (Ret 7)

Density 7.6 g/cm3 (0.28 lb/in.3)

Specific heat at 0-100 *C (32-212 "F)...........460 J/kg-K (0.11 Btu/lb• °F)

Thermal conductivity at
100 "C (212 °F) .........................20.2 W/m K (11.7 Btu/ft-h-°F)

Electrical resistivity at 20 *C (68 °F) 72 nilÿ m

AISI Type 431: Average Coefficients of Linear Thermal
Expansion (Ref 7)

Temperature range Coefficient
*C °F gim/m-K giin./in. °F

0-100 32-212 10.1 5.6
0-315 32-600 12.1 6.7
0-54D 32-1000 11-9 6.6
0-650 32-1200 12.2 6.8

Mechanical Properties

AISI Type 431: Representative Tensile Properties (Ref 6)

Tensile
Product strength
form Condition MPa ksf

This steel can be moderately cold worked in the siibcritical
annealed condition. For cold heading operations, type 431
material can be supplied in the cyclic-annealed, minimum
hardness condition. In the annealed condition, this steel has
a machinability rating of about 45% of that for AISI 1212.

Type 431 can be welded satisfactorily, but the welds air
harden and require careful handling to prevent cracking.
Treatment recommendations are heating to 205 °C (400 °F)

prior to welding, and annealing immediately after welding.
Electrodes of similar composition should be used with this
grade to ensure similar properties. If less strong but more
ductile welds are required, type 310 electrodes should be
used.

Typical Uses. Applications of AISI type 431 include air¬
craft fittings, beater bars, fasteners, conveyor parts, valve
parts, pump shafts, and marine hardware.

AISI Type 431: Similar Steels (U.S. and/or Foreign). UNS
S43100; AMS 5628; ASTM A276, A314, A473, A493, A579
(63), A580; MIL SPEC MIL-S-862; SAE J405 (51431); (W.
Ger.) DIN 1.4057; (Fr.) AFNOR Z 6 CNU 17.04, Z 15 CN
16.02; (Ital.) UNI X 16 CrNi 16; (Jap.) JIS SUS 431; (U.K.)
B.S. 431 S 29, 5 S. 80

Temperature range
Treatment °C BF

Forging, start....................................1040-1120 1900-2050
Forging, finish. ...................................900 min 1650 min
Subcriticalannealingfa).....................-.......620-665 1150-1225
Cycle annealing ......... (b) (b)
Hardeningfcj « . - -.................................980-1065 1800-1950
TemperingCd) < > - 230-705 450-1300
(a] Soak at temperature 4 to 8 h; air cool {b> Heat to 760 CC (1400 °F); hold
20 h; cool below 315 °C (600 aF); reheat to 675 DC (1250 °F); hold 20 h;air cool.
(c) Hold at temperature 15 to 30 min; oil quench, (d) For maximum corrosion
resistance, temper at 230 to 395 °C (450 to 745 °F) for 1to 3 h. Tempering at
temperatures in the 400 to 565 DC (750 to 1050 °F) range should be avoided
because of low ered impact toughness and corrosion resistance

Yield
strengthla) Elongation(h), Reduction

MPa kai % in area, % Hardness

AISI Type 431: Thermal Treatment Temperatures

Wire .....................Soft tempered 930 135 795 115 10 50 29 HRC
Bar ..............- . ......Annealed 860 125 655 95 20 55 260 HB

Annealed and
cold drawn 896 130 760 110 15 35 270 HB

(a) 0.29c offset, (b) In50 nnn(2 in.),except for wire. For wire 3- 18-mm (0.125-in.) diara and larger, gage length ia 4 x diam; for smaller diameterÿ the gage length
is 264 ram (10.0 in.)
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Tempering temperature.

400 600 800 1000 1200

Hardness

Tensile srrcngihÿj-1400 ,

Yield strength

w 1000

! impact energy

Reduction in area

Elongation

100 200 300 400 5DO 600 700

Tempering temperature. "C

AISI Type 431:Effect of Tempering
Temperature on Tensile Properties. Heated to
1040 °C (1900 T); ail quenched; tempend for 3 li at
temperature given. Specimens were heat treated as
25 mm (1-in.) round; tensile test specimens were
12.8-mm (0.505-in.) diam; Izod notched Impact test
specimens were 10.0-mm (0.394-in.) squire. Tests were
conducted using specimens machined to English units.
Impact energy test used Izod specimens. Elongation was
measured in 50 mm (2 in.); yield strength at 0.2%
offset (Re! 10)

L

AiSi Type 431: Tensile Properties at Elevated Temperatures After Tempering at
650 °C (1200 °F)
Test specimens were 16-mm (0.625-in.) diam bar; austenitized at 980 °C (1800 °F) for '/? h; tempered at 550 °C
(1200 °F) fpr 2 h; air cooled; hardness of 25.5 HRC

Test Tensile Yield
temperature strength streugtMa) Elongationfbt, Reduction
°C °F MPa ksi MPa ksi St in area. %

21 70...................831 lio!i 738 107 20 6ff5
205 400..................727 105.5 650 94 17.5 66
315 600...................685 99 610 88.5 15.5 61.5
425 800...................625 91 570 82.5 15.5 61
480 900....................560 81.5 510 74 17.5 68.5
540 1000...................485 70 470 68 23 77.5
595 1100...................385 56 355 51.5 22 83
650 1200...................295 42,5 270 39.5 25 86
(a) 0.2% offset, (b) In 50 mm (2 in.)

AISI Type 431:Tensile Properties at Elevated Temperatures After Tempering at
Various Temperatures (Ret 7)
Test specimens were 16-mm (0.625-in.) diam bar; austenitized at 980 °C (1800 °F) for V2 ti; oil quenched;
tempered at 28 °C (50 °F) above test temperature lor 2 h

Test Tensile Yield
temperature strength strengthen) Elongationfb), Reduction tlardnessCc),

°F MPa ksi MPa kai % in area, % HRC

21 70 ..........1435 208 1140 165.5 16.5 ~59 45
205 400 ..........1350 196 865 125.5 14 44.5 40 5
315 600..........1365 198 995 144 15 44.5 41.5
425 800 ..........1280 185.5 915 133 17 55 42.5
460 900 ..........1035 150 760 110.5 13.5 53.5 42.5
540 1000 ...........565 82 525 76.5 20.5 75 31.5
595 1100...........415 60.5 360 52.5 23.5 82 28
650 1200 ...........285 41 260 38 26 86.5 24.5
705 1300...........170 25 150 21.5 29 91 23.5
(a) 0.2% offset, (b) in 50 mm (2 in.), (c) Before testing

AISI Type 431: Izod Impact
Properties (Ref 7)

- Energy
Condition J - ft -lb

Annealed
Quenched and

tempered

.70-110 50-80

.30-80 20-60

AISI Type 431: Modulus of
Elasticity (Ref 7)

Stressed Modulus
in: GPa 106 pai

Tension ..200 29

Machining Data

For machining data on AISI
type 431, refer to the pre¬
ceding machining tables for
AISI type 414.
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AISI Type 440A

AISI Type 440A: Chemical Composition
Composition,

Element %

Carbon -.....„...................0.60-0.75
Manganese...............1,00 max
Phosphorus ............0,04 max
Suliiir............................ ..........0.03 max
Silicon ....1.00 max
Chromium....................16-16
Molybdenum................................................0-75 max

Characteristics. AISI type 440A 19 a high-carbon, high-
chromium, stainless steel designed to provide stainless prop¬
erties with excellent hardness. This steel attains a hardness
of 56 HRC and maximum toughness when heat treated.

Generally type 440A has corrosion resistance similar to
type 410. This alloy can be U9ed in the annealed, hardened,
or hardened and tempered condition. Optimum corrosion re¬
sistance is obtained in the as-hardened condition or with a
temper below about 425 °C (800 °F). After heat treatment,
parts must be pickled, polished, or ground to remove all
scale. After pickling, the parts should be baked at 120 to
150 °C (250 to 300 °F) to remove acid brittleness.

Because corrosion resistance, as well as hardness and
strength, are lowered by exposure above about 425 QC
(800 °F), type 440A is not usually employed for high tem¬
perature service. This steel scales appreciably at tempera¬
tures above 760 °C (1400 "F).

When in the fully annealed condition, type 440A can be
moderately cold worked and it machines best in the fully
annealed condition. The machinability ratingof this grade is
about 45% of that for AISI 1212,

Type 440A is seldom welded. However, by preheating
the parts to 150 to 205 QC (300 to 400 °F), then annealing 6
to 8 h at 730 to 760 °C (1350 to 1400 °F) and air cooling,
satisfactory welds can be produced. When required, filler
metal should be of a similar composition to ensure match¬
ing properties.

Typical Uses. Applications of AISI type 440A include
pivot pins, dental and surgical instruments, cutlery, and
valve parts.

AISI Type 440A: Similar Steels (U.S. and/or Foreign). HNS
S44002; AMS 5631; ASTM A276, A314, A473, A511, A580;
FED QQ-S-763; MIL SPEC MIL-S-862; SAE J405 (51440A)

Physical Properties Mechanical Properties

AISI Type 440A: Selected Physical Properties (Ref 6, 8)

Melting range ............................1370-1510 °C (7500-2750 °F)

Density ..............:...........................7.8 g/croa (0-28 lb/In.3)
Specific heat at C-100 °C (32-212 °F)...........460 J/kg- K (0.11 Btu/lb 'F)

Thermal conductivity at
100"C (212 "F) .........................24.2 W/m-K (14.0 Btu/ft-h "F)

Electrical resistivity at 20 °C (68 °F) 60 nfi-m

AISI Type 440A: Average Coefficients of Linear Thermal
Expansion (Ref 6, 8)

Temperalure range
•C °F

Coefficient
pm/mÿ K pin./in. °F

20-200
20-600

88-390 ..
68-1110.

.10.3-11.2

.11.1-12.6
5.7-6.2
6.5-7.0

AISI Type 440A: lzod Impact Properties (Ref 7)

Condition
Energy

J ft lb
Hardness,

HB

Annealed
Quenched and tempered . .,

AISI Type 440A: Thermal Treatment Temperatures
Temperature range

Treatment °C °F

Forging, preheat............. 760-815 1400-15O0
Forging, start 1040-1205 1900-2200
Forging, finish...................................925 min 170O min
Full annealing(a) 845-900 1560-1650
Process annealing(a) 730-790 1350-1450
Hardeninglb) 1010-1065 1850-1950
Hardening, preheat 540-790 1000-1450
Tempering 150-370 300-700
(a) Holdat temperature; furnace cool, (b) Holdat temperature; quenchin warm
oil or air cool. Preheating is recommended

.20
-.7

15
5

215
560

AISI Type 440A: Rockwell C
Hardness (Ref 7)
Oil quenched at 1010 to 1040 °C
(1650 to 1900 °F); tempered
(or Ih

Tempering
temperature Hardness,
•C °F HRC

As quenched 67
150 300 55.5
205 400 54
260 500 52.5
315 600 51.5
370 700 50.6
425 800 50
540 1000 46

AISI Type 440A: Modulus of
Elasticity (Ref 7)

Stressed
in:

Modulus
GPa 10s psi

Tension . .200 29.0



Stainlcss/Heat-Resisting/359

AISI Type 440A: Representative Tensile Properties (Ref 6)

Tensile strength Yield strength(a) Elongationfb), Reduction
Product form Condition MPa hsi MPa ksi inarea,H Hardness

Strip 690 100 415 60 20 ... 95 HUB
Wire, 6.4-mm

(0.25 in.) diam 725 105 415 60 18 55 95 HKB
Soft tempered 795 115 585 85 10 35 99 HRB

Bar .
Annealed and

725 105 415 60 20 45 95 HUB

cold drawn(c) 795 115 620 90 12 20 99 HKB
Hardened and

tempered at
315 "C (600 °F) 1790 260 1650 240 5 20 510 HB

offset, (b) In50 mm (2 in.),except for wire. For wire 3.18-mm (0,125-in.) diam and larger,gage length ie4 x diam; for smaller diameters, the gage length
it 254 mm (10,0 in.), (c) Diameter of 25 mm (1.fl in,)

Machining Data (Ref 2)

AISI Type 440A: Turning (Single Point and Box Tools)

I-High speed steel(a)-[ j-- ------Uncoated carbide —-----1 -— Coated carbide-1
Depth of cut Speed Feed Speed, braced Speed, inserted Feed Speed Feed
mm in. m/min ft/min mm/rev in./rev m mill ft/mm m/min ft/min mm/rev in./rev m/min flnun mm/rev in./rev

Annealed, with hardness of 225 to 275 HB

1 0.040.....24 80 0.18 U.O07 105(b) 350(b) 120(b) 400(b) 0.18 0.00" 160(c) 525(c) 0.18 0.007
4 0.150.....20 65 0.40 0.015 84(d) 275(dl 95(d) 310(d) 0.40 0.015 120(e) 400(e) 0.40 0.015
8 0.300.....15 50 0.50 0.020 69(d) 225(d) 76(d) 250(d) 0.075 0.030 100(e) 325(e) 0.50 0.020

16 0.625.....11 35 0.075 0.030 53(d) 175(d) 60(d) 200(d) 0.102 0.040

Quenched and tempered, with hardness of 275 to 325 HB
1 0.040

_____
20 65 0.18 0.007 37(b) 285(b) 95(b) 315(b) 0.18 0.007 120(c) 400(c) 0.18 0.007

4 0.150.....15 50 0.40 0.15 59(d) 225(d) 75(d) 245(d) 0.40 0.015 100(e) 325(e) 0.40 0.015
8 0.300.....12 40 0.50 0.20 55(d) 18(1(8) 58(d) 190(d) 0.50 0.020 76(e) 250(e) 0.50 0.020

Quenched and tempered, with hardness of 375 to 475 HB
1 0.040.....7 55 0.13 0.005 58(b) 190(b) 67(b) 220(b) 0.13 0.005
4 0.150.....12 40 0.25 U,010 43(d) 140(d) 53(d) 175(d) 0,25 0.010 .
8 0.300.....9 30 0.40 0.015 34(d) 110(d) 41(d) 135(d) 0.40 0.015

Quenched and tempered, with hardness of 48 to 52 HRC
1 0.040.....11 35 0.075 0.003 40(f) 130(f) 46(f) 150(f) 0.13 0.005 — . •••
4 0.150.....8 25 0.18 0.007 30(0 100(0 37(f) 120(f) 0.25 0.010
8 0.300.....6 20 0.25 0.010 24(d) 80(d) 27(d) 90(d) 0.40 0.015

(a) Any premium high speed steel tool material (TIG, M33, M41to M47). (b) Carbide tool material:C-7. (c) Carbide tool material: CC-7. (d)Carbide tool material:
C-6. (e) Carbide tool material: CC-6, (f) Carbide tool material: C-8

AISI Type 440A: Boring
1-High speed steel(a)-i i-Uncoated carbide -----ÿ ;-Coatedcarbide-1

Depth of cut Speed Feed Speed, brazed Speed, inserted Feed Speed Feed
ram in. m/min ft/min mm/rev in./rev m rain ft/min m/min ft/min mm/rev in./rev m/min ft/min mm/rev in./rev

Annealed, with hardness of 225 to 275 HB
0-25 0.010.....24 80 0.075 0.003 90(b) 300(b) 105(b) 350(b) 0.075 0.003 130(c) 45D(c) 0.075 0.003
1.25 0.050 . 20 65 0.13 0.005 72(d) 235(d) 84(d) 275(d) 0.13 0.005 110(e) 360(e) 0.13 0.005
2.5 0.100.....15 50 0.30 0.012 56(d) 185(d) 66(d) 215(d) 0,30 0.012 84(e) 275(e) 0.30 0.012

Quenched and tempered, with hardness of 275 to 325 HB
0.25 0.010 20 65 0.075 0.003 73(b) 240(b) 85(b) 280(b) 0.075 0.003 76(c) 350(c) 0.075 0.003
1.25 0.050 ,15 50 0.13 0.005 58(d) 190(d) 69(d) 225(d) . 0.13 0.005 84(e) 275(e) 0.13 0.005
2.5 0.100 12 40 0.30 0.012 14(d) 145(d) 52(d) 170(d) 0.30 0.012 69(e) 225(e) 0.30 0.012
Quenched and tempered, with hardness of 375 to 425 HB
0.25 O.OIO ,17 55 0.050 0.002 50(b) 165(b) 59(b) 195(b) 0.050 0.002 ... ...
1.25 0.050.....14 45 0.102 0.004 40(d) 130(d) 47(d) 155(d) 0.102 0.004 ... ... ...
2.5 0.100 .... 9 30 0.20 0.008 32(d) 105(d) 38(d) 125(d) 0.20 0.008 ... ... ...
Quenched and tempered, with hardness of 48 to 52 HRC
0.25 0.010.....12 40 0.050 0.002 34(b) 110(b) 40(b) 130(b) 0.050 0.002 ... ... ...
1.25 0.050......9 30 0.102 0.0O4 27(d) 90(d) 32(d) 105(d) 0.102 0.004 ... ... ...
2.5 0.100 , . .6 20 0.15 0.006 21(d) 70(d) 26(d) 85(d) 0.20 0.008 ...
(a) Any premiumhighspeedsteel (T15,M33,M4I to M47). (b) Carbide tool material;C-7. (c) Carbidetool material:CC-7. id) Carbide toolmaterial: C-6. (e) Carbide
tool material: CC-6
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Machining Data (Ref 2) (continued)

AISI Type 440A: Turning (Cutoff and Form Tools)

Tool material

Feed per revolution
for cutoff tool width of:

Speed, 1.5 mm 3 mm 6 mm
m/min (0.062 in.) (0.125 in.) (0.25 in.)
(ft/min) nun (in.) mm (in.) nun (in.)

Feed per revolution for form tool width of:
12 mm 18 mm 25 mm 35 mm 50 mm
(0.5 in.) (0.75 in.) (1 ill.) (1.5 in.) (2 in.)
mm fin.) mm (in.) mm (in.) mm (in.) nun (in.)

Annealed, with hardness of 225 to 275 HB
M2 and M3 high

speed steel ...................17 0.033 0.046 0.033 0.046 0.041 0.033 0.025 0.020
(55) (0.0013) (0.0018; (0.0023) (0.0018) (0.0016) (0.0013) (0.001) (O.OOQ8)

C-6 carbide.................. . . 62 0.033 0.046 0.033 0.046 0.041 0.033 0.025 0.020
(205) (0.0013) (0.0018) (0.0013) (C.0018) (0.0016) (0.0013) (0.001) (0.0008)

Quenched and tempered, with hardness of 275 to 325 HB
Any premium high

high speed steel
(T15, M33, M41-M47) .........15 0.025 0.050 0.038 0.038 0.030 0.025 0.023 0.020

(50) (0 001) (0.002) i0.0015) (0.0015) (0.0012) (0.001) (0 0009) (0.0008)
C-6 carbide.....................52 0.025 0.050 0.038 0.038 0.030 0.025 0.023 0.020

(170) (0.001) (0.002) 10.0015) (0.0015) (0.0012) (0.001) (0.0009) (0.0008)

Quenched and tempered, with hardness of 375 to 425 HB
Any premium high

speed steel (T15,
M33, M41-M47)...............12 0.020 0.025 0.033 0.033 0.025 0.020 0.018 0.015

(40) (0.0008) (0.001) (0.0013) (0.0013) (0.001) (0.0008) (0.0007) (0.0006)
C-6 carbide.....................34 0.020 0.025 0.033 0.033 0.025 0.020 0.018 0.015

(110) (0.0008) (0.001) (0.0013) (0.0013) 10.001) (0.0008) (0.0007) (0.0006)

Quenched and tempered, with hardness of 48 to 52 HRC
Any premium high

speed steel (T15,
M33, M41-M47)...............6 0.018 0.025 0.033 0.028 0.023 0.020 0.015 0.013

(20) (0.0007) (0.001) (D.0013) (0.0011) (0.0009) (0.0008) (0.0006) (0.0005)
C-2 carbide.....................20 0.018 0.025 0.033 0.028 0.023 0.020 0.015 0.013

(65) (0.0007) (0.001) (0.0013) (0.0011) (0.0009) (0.0008) (0.0006) (0.0005)

AISI Type 440A: Cylindrical and Internal Grinding

Operation
Wheel speed

m/a ft/min
Work speed

m/min ft/min
Infeed on diameter

mm/pasa in./pass Traverse(a)
Wheel

identification

Annealed, with hardness of 135 to 275 HB
Cylindrical grinding
Roughing. . 28-33
Finishing 28-33

Internalgrinding•

Roughing..... 25-33
Finishing 25-33

Cylindrical grinding
Roughing........28-33
Finishing. . 28-33

Internalgrinding

Roughing 25-33
Finishing 25-33
(a) Wheel width per revolution of work

5500-6500
5500-6500

5000-6500
5000-6500

15-30
15-30

23-60
23-60

50-100
50-100

75-200
75-200

0.050
0.013 max

0.013
0.GQ5 max

0.002
0.0005 max

0.0005
O.OOQ2 max

Quenched and tempered, with hardness greater than 275 HB

5500-6500
5500-6500

5000-6500
5000-6500

15-30
15-30

15-46
15-46

50-100
30-100

50-100
50-100

0.050
0.013 max

0.013
0.005 max

0.002
0.0005 max

0.0005
0.0002 max

Vh

Va
Vs

Vt
Oh

V.3
Vs

A60JV
A60JV

A60KV
A60KV

A60IV
A60IV

A60JV
A60JV

AISI Type 440A: Surface Grinding with a Horizontal Spindle and Reciprocating Table
Wheel speed Table speed Downfeed

Operation m/a ft/min m/min ft/min mm/peas in./pass

Annealed, with hardness of 135 to 275 HB
Roughing...................28-33 5500-6500 15-30 50-100 0.050 0.002
Finishing...................28-33 5500-6500 15-30 50-100 0.013 max 0.0005 max

Quenched and tempered, with hardness greater than 275 IHi
Roughing...................28-33 5500-6500 15-30 50-100 0.025 0.001
Finishing...................28-33 5500-6500 15-30 50-100 0.008 max 0.0003 max
(a) Maximum Vi of wheel width, (b) Maximum Vic of wheel width

Crossfeed Wheel
mm/pass in./pass identification

1.25-12.5 0.050-0.500
(a) (a)

0.65-6.5 0.025-0.250
(b) (h)

A46TV
A46IV

A46HV
A46HV
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AfSI Type 44GA: Reaming
Based on 4 flutes for 3- and 6-mm (0.125- and 0.25-in.) reamers, 6 flutes lor 12-mm (0.5-in.) reamers, and 8 flutes for 25-mm (1-in.) and larger reamers

Tool material
Speed

ra/min ft/min
3 mm (0.125 in.)

nun in.
6 mm (0.25 in.)

mm in.

Feed per revolution for reamer diameter of: —--------------—|
' 1 12 mm (0.5 in.) 25 mm (1in.) 35 mm (1.5 in.) 50 mm (2 in.)

nun in. mm in. nun in. mm in.

Roughing
Ml,M2, and M7

high speed steel 17
C-2 carbide 21
Finishing
Ml, M2, and M7

high speed steel 11
C-2 carbide 15

Roughing
Ml. M2, and M7

high speed steel 12
C-2 carbide 17
Finishing
Ml, M2, and M7

high speed steel 9
C-2 carbide 12

Roughing
Any premium high

speed steel (T15,
M33, M41-M47) 9

C-2 carbide 14

Finishing
Any premium high

speed steel (T15,
M33, M41-M471. 6

C-2 carbide 11

Roughing
Any premium high

speed steel <T15,
M33, M41-M47) 6

C-2 carbide 11

Finishing
Any- premium high

speed steel (T15,
M33, M41-M47) a

C-2 carbide 9

Roughing
C-2 carbide 6

Finishing
C-2 carbide 6

70

35
50

40
55

30
40

30
45

20
35

20
35

15
30

25

20

Annealed, with hardness of 225 to 275 HB

0.050
0.102

0.075
0.102

0.002
0.004

0.003
0.004

0.075
0.20

0.075
0.13

0.003
0.008

0.003
0.005

0.13
0.30

0.102
0.150

0.005
0.012

0.004
0.006

0.20
0.40

0.15
0.20

0.008
0.016

0.006
0.008

Quenched and tempered, with hardness of 275 to 325 HB

0.050
0 102

0.076
0.075

0.002
0.004

0.003
0.003

0.075
0.15

0.075
0.102

0.003
0.006

0.003
0.004

0.130
0.230

0.102
0.130

0.005
0.009

0.004
0.005

0.20
0.40

0.15
0.15

0.008
0.015

0.006
C.006

Quenched and tempered, with hardness of 375 to 425 HB

0.050
0.075

0.075
0.075

0.002
0.003

0.003
0.003

0.075
0.13

0.075
0.102

0.003
0.00o

0.003
0.004

0.102
0.150

0.102
0.130

0.004
0.006

0.004
0.005

0.18
0.20

0.15
0.15

0,007
0.008

0.006
0.006

Quenched and tempered, with hardness of 48 to 52 HRC

0.050
0.075

0.050
0.050

0.002
0.003

0.002
0.002

0.075
0.102

0.075
0.075

0.003
0.004

0.003
0.003

0.102
0.130

0102
0.102

0.004
0.005

0.004
0.004

0.15
0.15

0.13
0.13

0.006
0.00S

0.005
0,005

Quenched and tempered, with hardness of 52 to 54 HRC

0.050 0.002 0.075 0.0G3 0.102 0.004 0.13 0.005

0.050 0.002 0.050 0.002 0.075 0.003 0.102 0.004

0.25 0.010
0.50 0.020

0.18 0.007
0.23 0.009

0.25 0.010
0.45 0.018

0.18 0.007
0.18 0.007

0.25 0.010
0.25 0.010

0.18 0.007
0.18 0.007

0.20 0.008
020 0.008

0J5 0.006
0.15 0.006

0.15 0,006

0.102 0.004

0.30
0.60

O.20
Q.25

O.30
0.50

O.20
0.20

0.30
0.30

0.20
0.20

0.012
0.024

0.008
0.010

0.012
0.020

0.008
0.008

0.012
0.012

0.008
0.008

0.25 0.010
0.25 "" 0.010"

0.15 0.006
0.15 0.006

0.20 0.008

0.102 0.004

AISI Type 440A; Planing
Tool Depth of cut Speed Feed/stroke Tool Depth of cut Speed Feed/stroke
materia] mm in. m/tuin ft/min nun in. material mm in. tn/min ft/min mm in.

Annealed, with hardness of 225 to 275 HB Quenched and tempered, with hardness of 275 to 325 HB
M2 and M3 high M2 and M3 high

speed steel ..0.1 0.005 6 20 (a) (a) speed steel ..0.1 0.005 6 20 (a) (al
2.5 0.100 8 25 0.75 0.030 2.5 0.100 8 25 0.75 0.030

12 0.500 5 15 1.15 0.045 12 0.500 5 15 1.15 0.045
C-6 carbide ..0.1 0.005 27 90 (a) (a) C-6 carbide ..0.1 0.005 27 90 (a) (a)

2.5 0.100 30 ion • 1.50 0.060 2.5 0.100 30 100 1.50 0.060
.J {a) Feed is 75ÿ the width of the square nose finishing" tool
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AISI Type 440A: End Milling (Profiling)

Tool material
Depth of cut

mm in. .

Speed
m/min ft/min

10 mm (0375 in,)
mm in.

- Feed per tooth for cutter diameter of:
12 mm (0.5 in.) 18 mm (0.75 in.)

mm in. mm in.
25-50 mm (1-2 in.)

mm ir..

Annealed, with hardness of 225 to 275 HB

M2, M3, and M7 high
speed steel ...............0.5 0.020 27 90 0.025 0.001 0.050 0.002 0.075 0.003 0.102 0.004

1.5 0,060 21 70 0.050 0.002 0,075 0.003 0.102 0.004 0.130 0.005
diam/4 diam/4 18 60 0.025 0.001 0.050 0.002 0.075 0.003 0.102 0.004
diam/2 diam/2 15 50 0.025 0.001 0.025 0.001 0.050 0.002 0.075 0.003

C-5 carbide 0,5 0.020 95 310 0.013 0.0005 0.025 0.001 0.075 0.003 0.130 0.005
1.5 0060 72 23o 0.025 0.001 0.050 0.002 0.102 0.004 0.150 0.006

diam/4 diam'4 62 205 0.025 0.001 0.038 0.0015 0.075 0.003 0.102 0.004
diam/2 diam/2 58 190 0.013 0.0005 0.025 0.001 0.050 0.002 0.075 C.003

Quenched and tempered, with hardness of 275 to 325 HB
M2, M3, and M7 high

speed steel 0.5 0.020 21 70 0.018 0.0007 0.025 0.001 0.050 0.002 0.075 0.003
1.5 0.060 17 55 0.025 0.001 0.050 0.002 0.075 0.003 0.102 0.004

diam/4 diam/4 14 45 0.018 0.0007 0.025 0.001 0.050 0.002 0.075 0.003
diam/2 diam/2 12 40 0.013 0.0005 0.018 0.0007 0.038 0.0015 0.063 0.O025

C-5 carbide 0.5 0.020 76 250 0.013 0.0005 0.025 0.001 0.075 0003 0.130 0.005
1,5 0060 58 190 0.025 0.001 0.050 0.002 0.102 0.004 0.150 0.006

diam/4 diam'4 50 165 0.025 0.001 0.038 0.0015 0.075 0,003 0.102 0.004
diam/2 diam/2 46 150 0.013 0.0005 0.025 0.001 0.050 0002 0.075 0.003

Quenched and tempered, with hardness of 375 to 425 HB

Any premium
high speed
steel (T15, M33,
M41-47) 0.5 0.020 18 60 0.013 0.0005 0.018 0.0007 0 025 0.001 0.050 0.002

1.5 0.060 14 45 0.013 0.0005 1)025 0.001 0.050 0.002 0.075 0.003
diam/4 diam/4 1.2 41) 0.013 0.0005 0.013 0.0005 0.038 0.0015 0.063 0.0025
diam/2 diam/2 11 35 ... ... 0.025 0.001 0.050 0.002

C-5 carbide 0.5 0.020 60 200 0.013 0.0005 0.025 0.001 0.025 0.001 0.075 0.003
1.5 0.060 46 150 0.025 0.001 0.050 0.002 0.050 0.002 0.102 0.004

diam/4 diam/4 40 130 0.025 Q.001 0.038 0.0015 0.038 0.0015 0.075 0.003
ÿ' diam/2 diam/2 35 115 0.013 0.0005 0.025 0.001 0.025 0.001 0.063 6.0025

Quenched and tempered, with hardness of 48 to 52 HRC
Any premium

high speed
steel (T15, M33,
M41-M47) 0.5 0.020 12 40 0.013 0.0005 0.013 0.0005 0.013 0.0005 0.025 0.001

1.5 0.060 11 35 0.013 0.0005 0.025 0.001 a.038 O.OD15
diam/4 diam/4 9 30 ... 0.013 0.0005 0.025 0.001
diam/2 diam/2 8 25 ... ...

C-5 carbide 0.5 0.020 24 80 0.013 0.0005 0.013 0.0005 0.025 0.001 0.025 0.001
1.5 0.060 18 60 0013 0.0005 0.050 0.002 0.050 0.002

diam/4 diam/4 15 50 0.038 0.0015 0.038 0.0015
diem/2 diam/2 14 45 ... ... 0.025 0.001 0.025 0.001

AISI Type 440A: Face Milling
I-High speed steel-\ j-tJncoated carbide-[ i-Coated carbide-1

Depth of cut Speed Feed/tooth Speed, hrseed Speed, inserted Feed/tooth Speed Feed/tooth
nun in. m/min ft/min mm in. m/min ft/min m/min ft/min mm in. m/min ft/min mm in.

Annealed, with hardness of 225 to 275 HH

1 0.040........32(a) 105(a) 0.15 0.006 130(b) 430(b) 145(b) 475(b) 0.18 0.007 215(c) 700(c) 0.18 0.007
4 0.150........24(a) 80(a) 0.25 0.010 100(b) 335(b) 110(b) 360(b) 0.25 0.010 140(c) 465(c) 0.25 0.010
8 0.300........18(a) 60(a) 0.36 0.014 70(d) 230(d) 85(d) 280(d) 0.36 0.014 110(e) 365(e) 0.36 0.014

Quenched and tempered, with hardness of 275 to 325 HB
1 0.040 .......24(f) 80(f) 0.L5 0.006 115(b) 370(b) 125(b) 410(b) 0.15 0.006 190(c) 625(c) 0.13 0.005
4 0.150 ........18(f) 60(f) 0.23 0 009 84(b) 275(b) 95(b) 305(b) 0.20 0.008 120(c) 400(c) 0.18 0 007
8 0.300 ........14(0 45(f) 0.30 0.012 58(d) 190(d) 72(d) 235(d) 0.25 0,010 90(e) 300(e) 0.23 0.009

Quenched and tempered, with hardness of 375 to 425 HB
1 0.040 ........18(0 60<f) 0.100 0.004 55(b) 180(b) 60(b) 200(b) 0.102 0.004
4 0.150 ........14(f) 45(f) 0.15 0.006 41(b) 135(b) 46(b) 150(b) 0.15 0,006
8 0.300........11(f) 35(f) 0.20 0.008 29(b) 95(b) 35(b) 115(b) 0.20 0.008

Quenched and tempered, with hardness of 48 to 52 HRC
I 0.040........11(f) 35(f) 0.050 0.002 47(b) 155(b) 58(b) 190(b) 0.050 0.002
4 0.160.........8(f) 25(f) 0.075 0003 38(b) 125(b) 47(b) 155(b) 0.075 0.003
8 0.300.........6(f) 20(f) 0.102 0.004 30(b) 100(b) 37(b) 120(bt 0.102 0.004
(a) Highspeed steel tool material:M2 orM7. (b) Carbide tool material:C-6. (c) Carbide tool material:CC-6. (d) Carbide tool material:C-5. !e) Carbidetool material
CC-5. (f) Any premium high speed Ural material (T15, M33, M41to M47)
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Machining Data (Ref 2) (continued)

AISI Type 440A; Drilling
1 reea per revolution for nominal hole diameter of:-— " 1

Speed, 3 tnirt 6 mm 12 mm 18mm 25 mm 35 mm 50 mm
m/min <0.125 in.) (0.25 in.) (0.5 in.) (0.75 in.) (1 in.) (1.5 in.) (2 in.)

Tool material (ft/min) mm (in.) mm (in.) mm (in.) mm (in.) mm (in.) mm (in.) mm (in.;

Annealed, with hardness of 225 to 275 HB
M1G, M7, andMlhigh speed steel 15 0.0SO 0.102 0.1BO 0.230 0.280 0.33 0.40

(50) (0.002) (0.004) (0.007) (Q.0O9) (0.011) (0,013) (0.015)

Quenched and tempered, with hardness of 275 to 325 HB
M10, M7, and Ml high speed steel.......12 0.025 0.075 0.130 0.150 0.180 0.23 0.25

(40) (0.001) (0.003) (0.005) (0.0061 (0.007) (O.C09) (0.010)

Quenched and tempered, -with hardness of 375 to 425 HB
Any premium high speed steel 8 0.025 0.050 0.102 0.102 0.102 0.102 0.102

(25) (0.001) (0.002) (0.Q04) (0.004) (0.004) (0.004) (0.004)

Quenched and tempered, with hardness of 48 to 52 HRC
Any premium high speed steel .3 0.025 0.050 0.075 0.075 0.102 0.102 0.102

(10) (0.001) (0.(102) (0.003) (0.003) (0.004) (0.004) (0.004)

AISI Type 440B

AIS! Type 440B: Chemical Composition
Element Composition, %

Carbon„ ........„...... .,0.75-0.95
Manganese , .................... . .. 1.00 ma*
Phosphorus.................................................0.04 max
Sulfur. .. 0.03 max
Silicon..................................1.00 max
Chromium. 16-18
Molybdenum........ 0.075 max

Characteristics. AISI type 440B is a high-carbon, high-
chromium steel designed to provide stainless properties with
excellent hardness. This alloy attains a hardness of 58 HRC
with excellent toughness when heat treated. Corrosion re¬
sistance of type 440B is generally similar to type 410.

Type 440B is always used in the hardened and tempered
condition. Optimum corrosion resistance is obtained with a
temper below about 425 °C (800 °F). After heat treatment,
parts must be pickled, polished, or ground to remove all
scale. After pickling, parts should be baked at 120 to 150 °C
(250 to 300 °F) to remove acid brittleness.

Because corrosion resistance is impaired when type 440B
is used in the annealed condition, or hardened and tempered

above 425 °C (800 °F), it is not usually recommended for ele¬
vated temperature applications.

Type 440B can be cold formed, headed, and upset in the
fully annealed condition. For most machining operations,
this steel cuts best in the fully annealed condition. Because
the chips are tough and stringy, chip curlerE and breakers
arc important.The niacldnability ratingof this steel is about
40% of that for AISI 1212.

Type 440B is seldom welded. However, by preheating the
parts to 150 to 205 °C (300 to 400 °F) before welding, then
annealing 6 to 9 hat 730 to 760 °C (1350 to 1400 °F) and air
cooling, satisfactory welds can be produced. When filler met¬
al is required, a composition similar to the base metal should
be used.

Typical Uses. Applications of AISI type 440B include
bearings, cutlery, spatula blades, food processing knives, and
hardened balls. The steel makes fair magnets.

AISI Type 440B: Similar Steels {U.S. and/or Foreign). UNS
S44003; ASTM A276, A314, A473, A580; FED QQ-S-763;
MIL SPEC MIL-S-862; SAE J405 (51440B); (W. Ger.) DIN
1.4112; (Jap.) JIS SUS 440B

Machining Data

ÿÿ For machining data on AISI type 440B, refer to the preceding machining tables for AISI
type 440A.
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Physical Properties

AISI Type 4408: Thermal Treatment Temperatures For additional data on physical properties of AISI type 440B,
-Temperature range refer to the Preceding tables for AISI type 440A.
Treatment ®C DF

Forging, preheat 760-815 1400-1500
Forging, start...............................1040-1175 1900-2150
Forging, finish..................-............925 min 1700 min
Full annealing(a)...............ÿ ,............845-900 1550-1650
Process annealing(a) ..........................730-790 1350-1450
Hardening(b) .../............................1010-1065 1850-1950
Tempering(c).........150-370 300-700
(a) Hold at temperature for uniformheatdistribution; furnace cool, (b) Preheat
to 540 to 7S0 DC {1000 to 1450 °F); hold at temperature; quench in warm oil or
air cool, (c) Oil quench

Mechanical Properties

AISI Type 4408: Representative Tensile Properties (Ref 6)____
Tensile "Yield
strength strength{a) Elongationfb}, Reduction

Condition MPa ksi MPa ksi % in area, % Hardness

Wire, 6.4-nmi (0.25-in.) diam
Annealed.......................... 740 107 425 62 16 40 96 HRB
Soft bright tempered................795 115 620 90 8 25 99 HRB

Bar
Annealed...........................740 107 425 62 18 35 96 HRB
Annealed and

cold drawn(c) .....................825 120 655 95 9 20 23 HRC
Hardened and tempered

at 315 DC (600°F}j................1930 280 1S60 270 3 15 555 HB
(a) 0,2% offset. fbj.ln 50 mm {2 in ), except for wire. For wire 3.18-mm (0125-inJ diam and larger, gage length is
4 x diam; for smaller diameters, the gage length is 254 mm (10.0 in.), {c) Diameter of 25 mm {1 in.)

AISI Type 440B: Impact Properties at Room
Temperature (Ref 7)

Energy
Condition J ft • lb

Annealed........... ..........20 15
Quenched and tempered ...4 3

AISI Type 44GB: Modulus of
Elasticity (Ref 7)

Hardness,
HB

Stressed
in:

Modulus
GPa 10* psi

220
580

Tension .200 29

AISI Type 440B: Rockwell C
Hardness (Ref 7)

Test specimens were 25-mm
(1.0-in.) diam bar; oil quenched
from 1040 °C (1900T); tempered
(or t h

Tempering
temperature Hardness,
°C 'F HRC

As quenched 59
150 300 58
205 400 56
260 500 54
315 600 54
370 700 54
425 800 54
480 900 53.5
540 1000.....51

AISI Type 440C

AISI Type 440C: Chemical Composition
Element Composition, %

Carbon 0.95-1.20
Manganese . ......1.00 max
Phosphorus 0.040 mas
Sulfiir 0 030 max
Silicon 1.00 max
Chromium 16-18
Molybdenum 0.75 max

Characteristics. AISI type 440C is a high-carbon, high-
chromium steel which, with heat treatment, acquires the
highest hardness of any type of corrosion- or heat-resisting

steel. It has optimum corrosion resistance in the hardened
and tempered condition.

Type 440C resists corrosion in normal domestic environ¬
ments and very mild industrial environments, including
many petroleum products and organic materials. This grade
is always used in the hardened and tempered condition. Op¬
timum corrosion resistance is obtained by hardening from
1095 °C (2000 °F) to ensure better carbide solution.

To avoid excessive grain coarsening in this stainless steel,
care should be taken to minimize time at 1095 °C (2000 °F).

For best resistance, the tempering temperature should be
below 425 °C (800 °F). Parts of type 440C must be pickled,
ground, or polished after heat treatment to remove all scale.
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After pickling, parts should be baked at 120 to 150 °C (250 to
300 °F) to remove acid brittleness.

This steel machines best and can be moderately cold
formed or headed when annealed for maximum softness. The
machinability rating of type 440C is about 40% of that for
A1SI 1212.

Satisfactory welds can be produced by preheating to 260 "C
(500 °F), maintaining 260 "C (500 °F) during welding, and
annealing immediately after welding. For filler metal, a
composition similar to the base metal should be used.

Typical Uses. Applications of A1SI type 440C include
bearing balls and races, cutlery, needle valves, ball check
valves, valve seats, pump parts, bushings, and wear-resis¬
tant textile machine components.

AISI Type 440C: Similar Steels (U.S. and/or Foreign). UNS
S44004; AMS 5618, 5630; ASTM A276, A314, A473, A493,
A580; FED QQ-S-763; MIL SPEC MIL-S-862; SAE J405
(51440C); (W. Ger.) DIN 1.4125; (Jap.) JIS SUS 440C

Physical Properties

AISI Type 440C: Thermal Treatment Temperatures
Temperature range

Treatment 'C T

Forging, preheat..............................760-815 1400-1500
Forging, start 1040-1150 1900-2100
ForgiDg, finish 925 nisi 1700
Full annealingta) 845-9C0 1550-1650
Process annealingia) 730-730 1350-1450
Hardcningib) 1010-1065 IS50-1950
Tempering(c) 150-370 300-700
(a) Heldat temperature for uniformheat distribution; furnace cool, (b) Preheat
to 540 to 790 °C (1000 to 1450 *F). Hold at temperature for uniform heat
distribution; quench inworm oilor air cool, (cl Temper aBaoon after quenching
as possible

For additional data on physical properties ofAISI type 440C,
refer to the preceding tables for AISI type 440A.

Mechanical Properties

AISI Type 440C: Representative Tensile Properties (Ref 6)

Tensile Yield
strength strength(a) Elongation(b), Reduction Hardness,

Product form Condition MPa ksi MPa ksi * in area, 5 HRB

Wire, 6.4-mm
(0.25-in.) diam 760 110 450 65 13 30 97

Soft tempered 860 125 690 100 6 20 24
Bar

Annealed and
760 110 450 65 14 25 .97

cold drawn(c) 860 125 690 100 7 20 260
Hardened and

tempered
at 315 °C
(600 T) 1970 285 1900 275 2 10 580

(a>0.2% offset. Or) In50 mm{2 in.), except for wire. For wire 3.18-mm [0.125-iaJ diam and larger,gage length is 4 x diam; for smaller dituneters, the gage length
is 254 mm (10.0 in.), (c) Diameter of 25 mm (1 in.)

AISI Type 440C: Rockwell C
Hardness (Ref 7)

] Test specimens were 25-mm
(1.0-in.) diam bar; oil quenched
frnni 1040 °C (1900T); tempered
for 1 h

; Tempering
temperature Hardness,
'C T HRC

As quenched 60.0
ÿ 150 300.............59.0
; 205 400 57.5
i 260 500 56.0

315 600 55.0
370 700 55.0

• , 425 800 56.0
480 900 57.0
540 1000 52.5
595 1100 43.0

Machining Data

For machining data on AISI type 440C, refer to the preceding machining tables for AISI
type 440A.
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AISS Types 440F and 440F(Se)

AISI Types 440F and 440F(Se): Chemical Composition
Composition, %

Element Type 440F Type 440F(Se)

Carbon................,.ÿ ÿ .............0.95-1.20 0.95-1.20
Manganese.............................1.00 max 1.00 max
Phosphorus .. 0.04 max 0.04 max
Sulfur. . ...0.05 min 0.03 max
Silicon .................................1-00 max 1.00 max
Chromium. . 16-18 16-18
Molybdenum....0.75 max 0.75 max
Selenium. ....... ........0.10 min

Characteristics. AISI types 440F and 440F(Se) are free-
machining versions of type 440C. In addition to being free-
machining, these steels are easy to grind and polish, and
have certain nongalling and nonseizing properties in metal-
to-metal contact. After heat treatment, they exhibit a hard-
nesa of about 60 HRC.

Types 440F and 440F(Sc) are always used in the hardened
and tempered condition. Optimum corrosion resistance is
obtained with a temper below 425 °C (800 °F).

These stainless steels canbemoderately coldworked inthe
fully annealed condition. However, major uses of these steels
are in parts that are machined to shape. Machinability of
types 440F and 440F(Se) is about 46% of that for AISI 1212.
They machine best in the fully annealed condition.

These steels are not recommended for welding, or for ves¬
sels which contain gases or liquids under high pressure.

Typical Uses, Applications of AISI types 440F and
440F(Se) include bearings,nozzles, valve parts,andballs and
seats for oil well pumps.

AiSI Type 440F: Similar Steels (U.S. and/or Foreign}. UNS
S44020; AMS 5632 (1); MIL SPEC MIL-S-862; SAE J405
(51440F)

AISI Type 440F(Se): Similar Steels (U.S. and/or Foreign).
UNS S44023; AMS 5632 (2); MIL SPEC MIL-S-862; SAE
J405 (51440F-Se)

Physical Properties

AISI Types 440F and 440F(Se): Thermal Treatment
Temperatures J;

Temperature range
Treatment . °C °F

Forging, preheat ..760-815 14Q0-150Q
Forging, start 1040-1150 1900-2100
Forging, Finish 925 min 1700 min
Full annealingfa) 845-870 1550-1600
Process annealinglb) 730-760 1350-1400
Hardeningtc) 1010-1065 1850-1950
Tempermgtd) 150-425 300-800
(a) Heatuniformlyand furnace cool very aiowly; hardnessofapproximately 223
HB. tb) Heat uniformly; air cool; hardness of approximately 225 HB. (c) Heat
uniformly; quench in warm oil or cool in air. (d) To remove peak stress but
retain maximum hardness, temper for at least 1h at 150 to 175 °C (300 to
350 °F)

Machining Data

For machining data on AISI types 440F and 440F(Se), refer
to the preceding machining tables for AISI type 440A.

For additional data on physicalproperties of AISI types 440F
and 440F(Se'l, refer to the preceding tables for AISI type
440A.

Mechanical Properties

AISI Types 440F, 440F(Se): Rockwell C
Hardness (Ref 9)

Test specimens were 25-mm (1.0-in.) diair bar; oil
quenched from 1040 °C (1900 °F); tempered Iii

Tempering
temperature Hardness,
'C t HRC

150 300 60
205 400 59
260 500 57
315 600 56
370 700 56
425 800 56
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AiSI Types 442, 443

AISI Types 442, 443: Chemical Composition
1 —---—------

Composition,
I Element Type 442 Type 443

Carbon....................................0,20 max 0.20 max
Manganese...............................1.00 max 1.00 max
PboaphoruB................................0.04 max 0.40 max
Sulfiir. ........................ ............0,03 max 0,03 max

' Silicon...................................1,00 max 1.00 max
Chromium..................................18-23 18-23
Copper......................................0.90-1.25

Characteristics. AISI types 442 and 443 are nonhard-
enable ferritic stainless steels. High-carbon content in these
stainless steels promotescorrosion and heat resistance. They
are used principally for the manufacture of parts that must
resist scaling at high temperatures, but where strength and
toughness are not prime factors. Both types are magnetic in
all conditions.

Type 443 is a modification of type 442 which contains 0.90
to 1.25% copper. This copper addition significantly increases
resistance to sulfuric acid.

Types 442 and 443 may be cold drawn, stamped, or other¬
wise formed into most desired shapes. Their cold workability
is between that of type 430 and type 446, the latter being
more difficult to fabricate. Preheatingto 120to 175 °C (250 to
350 DF) improves formability. Types 442 and 443 are ma¬

chined at speeds about 55% of those used for free-machining
AISI 1212.

To minimize grain coarsening in these alloys, overheating
during welding should be avoided. Parts should be preheated
to 150 to 205 "C (300 to 400 DF), and after welding should be
annealed at 705 to 785 °C (1300 to 1450 °F),then air cooled or
water quenched.

Type 442 has good resistance to scaling up to about 955 °C
(1750 °F) in continuous service, and to about 1040 °C
(1900 DF) for intermittent service. For type 443, the safe
scaling temperature for continuous service is870 "C (1600 °F),
and for intermittent exposure up to 980 °C (1800 °F).

These alloys will resist all ordinary corrosion conditions
including salt spray, all foodstuffs, most organic chemicals,
many fused salts, and molten nonferrous metals. They will
not withstand the halogen acids. Type 443 will resist weak
sulfuric acid solutions better than the 18-8 stainless steels.

Typical Uses. Applications of AISI types 442 and 443 in¬
clude high-temperature parts for resistance to oxidation,
annealing boxes, oil burner parts, nozzles, and heating
elements.

AISI Type 442: Similar Steels (U.S. and/or Foreign). UNS
S44200; ASTM A176; SAE J405 (51442)

AISI Type 443: Similar Steels (U.S. and/or Foreign). UNS
S44300; ASTM A268, A511

AISI Types 442, 443: Average Coefficients of Linear Thermal
Expansion (Ref 7)

Temperature range
•C °F

Coefficient
fun/m ÿ K fiin./in. - "F

20-100 68-212
20-650 68-1200

10.1 5.6
124 6.7

AISI Types 442, 443: Electrical Resistivity (Ref 7)

Physical Properties

AiSI Type 442: Thermal
Treatment Temperatures
(Ref 7) _

Temperature range
Treatment °C *F

Forging,
start .......1040-1065 1900-1850

Forging.
finish .......870 miD 1600 znin

Annealing

(a)
..........705-815 1300-1500

Hardening

(b)
(a) Water ouench or air cool. Sheet or
strip should be held at temperature
3 min for eHeh 2.5 mm or 0,10 in. of
thickness, lb) Hardens moderately by
cold work only

AlSf Type 443: Thermal
Treatment Temperatures
(Ref 9)_

Temperature range
Treatment °C "F

Forging,
preheat .....760-815 1400-1500

Forging,
start .......1040-1120 1900-2050

Forging,
finish .......900 min 1650 mm

Annealing

(a)
.........760-815 1400-1500

Hardening

(b)
•••

(a) Water quench, (b) Hardens mod¬
erately by cold work only

AISI
type

+42 ..
443

Melting range .
Density........ .
Specific heat at 0-106 °C (32-212 °F)

S Electrical
Temperature resistivity,
°C *F nfl-m

. 20 68 64

. 20 63 68

. .. 1425-1510"C (2600-2750 "Ft........7.8 {/'an3 (0.28 lb/in.3)

...460J/kgK (0.11 Btu/lh-'F!

AISI Types 442, 443: Thermal Conductivity (Ref 7)
Temperature Thermal conductivity
•C "F

___
• W/m-K Btu/ft•hÿ "F

100 212 21.6 12.5
500 930 24.6 14.2

AISI Types 442, 443: Selected Physical Properties (Ref 7)
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Mechanical Properties

AISI Types 442, 443: Tensile Properties at Room Temperature (Ref 7)

Test specimens were in ttie annealed condition

__
Tensile Yield

Product strength strength(a) Elongationfb), Reduction
form MPa ksi MPa ksi % inarea, % Hardness

Strip 515 75 310 <15 25 ••• 80 HRB
Bar 515 75 310 45 30 50 160 HB

(a) 0.2% offset, (b) In50 mm (2 in.)

AISI Types 442, 443: Tensile Properties at Elevated Temperatures (Ref 7)

Test specimens were 16,0-mm (0.63-in.) bar; annealed at 815 ®G (1500 °F); cold worked to hardness of 92 HRC

Test Tensile Yield
temperature strength strength(a) ElongationCb), Reduction

°C "F MPa ksi MPa ksi % in area, %

21 70..................545 79.0 427 S2.0 35.5 79.0

205 400..................462 67.0 365 53.0 31.5 78.5

425 800..................379 55.0 307 44.0 31.5 80.0

540 1000..................262 38.0 221 32.0 34.0 84.5
650 1200..................114 16.5 103 35.0 53.5 97.0
760 1400....................52 7.5 48 7.0 91.5 98.5

870 1600...................31 4.5 24 3.5 87.0 98.5

980 1800....................17 2.5 14 2.0 134 0 99.0

(a) 0.2% offset, (b) In 50 mm !2 in.)

AISI Type 443: Short-Time Tensile Tests at Elevated Temperatures (Ref 9)

Test Tensile Yield
temperature strength strength(a) Elongation(b), Reduction
X- "F MPa ksi MPa ksi % in area, %

~il~ 70 ......................621 90 345 50 22 55
425 800.......................414 60 207 30 19 40

430 900......................386 56 186 27 17 43
540 1000 345 50 165 24 18 47
595 1100 303 44 145 21 20 55

650 1200.......................255 37 124 18 23 70

705 1300 179 26 76 11 41 32
760 14O0 110 16 41 6 50 90

815 1500.... 69 10 21 a 61 93

870.. 1600 41 6 14 2 65 96

(a) 0,2% offset, (b) Id 50 mm (2 in.)

AISI Types 442, 443:
Modulus of Elasticity (Ref 7)

Stressed
in:

Modulus
GPa 10s pBi

Tension . .200 29

AISI Types 442, 443: Izod
Impact Properties (Ref 7)

Temperature
*C °F

Energy
J ft-lb

21 70 14 10

Machining Data

For machining data on AISI
types 442 and 443, refer to
the preceding machining
tables for AISI type 405.

Hardness

Terse lie strength

riefd strength

Redtmtinn in area

Elongation

!0 la 30 40 so
CjIJ reduction. %

AISI Type 442: Effect of Cold Reduction on
Tensile Properties. Elongation was measured in
50 mm {2 in.); yield strength at 0.2% offset (Ref 7)



AISI Type 442: Effect of Test Temperature on Tensile
Properties. Test specimens were 15.9-mm (0.625-in.) round
bar in the annealed and cold worked condition, with hardness ol
92 HR8. Elongation was measured in 50 mm (2 in.); yield
strength at 0.2% Dffset. (Ret 7)
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AISI Type 443: Effect of Cold Reduction on Tensile
Properties. Test specimens were in the annealed condition,
9.53-mm (0.375-ii.) round, unstraightened. Tests were conducted
using specimens machined to English units. Elongation was mea¬
sured in 50 mm (2 in.); yield strength at 0.2% offset. (Ref 10)

Diameter, <n,

Hardness
I

Tensile strength

Yield strength

ÿ-"flcduCTtgn iir area

Elongation
/

20 <0 50
Cold reduction, %

.J_I_I_1
_L.

E.6 7,4 6.D

Ciameter, mmj

_J_I

AISI Type 446

AISI Type 446: Chemical Composition
Element Composition, %

Carbon.......................... ........0.20 max
Manganese......1.50 max
Phosphorus................................................0.040 max
Sulfur............... .....0.030 max
Silicon .. 1.00 max
Chromium......:.........23-27
Nickel........0.25 max

Characteristics. AISI type 446 is a high-chromium, non-
hardenable ferritic stainless steel. The chromium content of
this steel, nominally 25%, promotes the besl resistance to
corrosion and scaling of all the standard straight-chromium
grades.

Type 446 is well-suited for service in temperatures up to
1095 °C (2000 °F) for parts requiring excellent resistance to
oxidation, but where strength and toughness are not prime
factors. This grade has good resistance to carburization and



370/Stainless/Heat-Resisting

combustion gases. Type 446 also resists attack from sulfur-
containing gases.

Inthe annealedcondition, type 446 may bedrawn,stamped,
or otherwise formed to most shapes. Because of room
temperature brittleness, preheating to 120 to 175 °C (250

to 350 °F) improves ductility during forming of intricate
shapes. Type 446 ismachined at speeds about 55% of thosefor
free-machining AISI 1212.

To minimize coarse grains, overheating should be avoided
duringwelding. When usingtype 446 electrodes, parts should
be preheated to 150 to 205 DC (300 to 400 °F), and after weld¬
ing,shouldbeannealedat 705 to 785 "C (1300to 1450 °F),then

air cooled. Peening of the weld zone prior to annealing will
improve ductility. Type 310 electrodes may be used for better
ductility.

Typical Uses. Applications ofAISI type 446 include high-
temperature parts for resistance to oxidation, annealing
boxes, heaters, salt bath electrodes, oil burner parts, metal-
to-glass seals, and nozzles.

AISI Type 446: Similar Steels (U.S. and/or Foreign). UNS
44600; ASME SA268; ASTM A176, A268, A276, A314, A473,
A511, A580; FED QQ S-763, QQ-S-766; MIL SPEC MIL-S-
862; SAE J405 (51446)

Physical Properties

AISI Type 446: Thermal Treatment Temperatures
Temperature range

Treatment °C

Forging, start 1040-1120 1900-2050
Forging, finish.........-..................... , 870 mm 1600 min
Ajincaiing(a) ........................,..........730-815 1350-1500
Hardeningtb)
la) Air cool or water quench, lh) Moderately hardenable by cold work

AISI Type 446: Thermal Conductivity (Ref 6)

Temperature
"*C T

100-
.500

Thermal conductivity
W/m-K Btu/ft-h 'F

212 21.6
930......... 24.6

12.5
14.2

AISI Type 446; Average Coefficients of Linear Thermal
Expansion (Ref 6)

Temperature range Coefficient
«C "F pm/m-K pin./ in.- °F

0-100 32-212 . 10.4 5.8
0-315 32-600 10.8 6.0
0-540 32-1000 11.2 6.2
0-650 32-1200 11.5 6.4
0-980 32-1800 12.1 6.7

AISI Type 44G: Selected Physical Properties (Ref 6)

Melting range 1425-1510°C (2600-2750 =F1
Density 7.8 g/cm3 (0.28 lb/in.3)

Specific heat at D-100 °C (32-212 °F)...........460 J/kg-K<0.11 Btu/lb-"F)
Electrical resistivity at 20 °C (68 °F) 64 nfl m

Mechanical Properties

AISI Type 446: Tensile Properties _
.• •: :• . Tensile Yield

strength strength(a) Elongationtb), Reduction
.Product form Treatment MPa ksi MPa ksi % in area, % Hardness, HRB

Sheet ................:..Annealed 550 SO 345 50 20 • • - 83
Strip....................Annealed 550 SO 345 50 20 "• 83
Wire, 6.4-mro

(0.25-in.) diara(c).......Soft tempered 655 95 550 80 15 50 92
Plate....................Annealed 585 85 380 55 25 64
Bar.....................Annealed 550 80 345 50 25 45 S6

Annealed and
cold drawn 585 85 485 70 20 45 90

(a) 0.2% offset, (b) In 50 rnm(2 in.)T except for wire. For wire 3,18-mm (0,125-iiu) rfiam and larger,gaj?e length is 4 x diam; for smaller diameters, the gage length
is 254 mm (10.0 in.), (e) Diameter of 25 mm (1.0 in.)

AISI Type 446: Tensile Properties at Elevated Temperatures
Test specimens were 16-mm (0.63-in.) diam; annealed at815 °C(1500 °F); cold worked to hardness of 36 HRB

Test Tensile Yield
temperature strength strength(a) Elongation(b), Reduction
"C "F MPa ksj MPa ksi "fc in area, %

21 70....................607 88.0 462 67.0 26.0 64.0
20S 400....................527 76.5 403 58.5 24.0 61.5
425 800....................459 66.5 359 52.0 24.0 63.5
540 1000....................338 49.0 269 39.0 32.5 71.5
650 1200... ................128 18.5 107 15.5 48.5 94.0
760 1400.....................66 9.5 52 7.5 66.0 98.0
870 1600......................34 5.0 28 4.0 101.0 98.5
980 1800......................17 2.5 14 2.0 135.0 99.0
(a) ()2lv offset, (b) In 50 mm (2 in.)
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Mechanical Properties (continued}

AISI Type 446: Effect of Test Temperature on Tensiie
Properties. Test specimens were 15.9-mm (0.625-in.) round bar
in the annealed arid cold worhed condition, with hardness o< 96
HRS. Tests were conducted using specimens machined to English
units. Elongation was measured in 50 mm ( 2 in.); yield strength
at 0.2% offset. (Ret 7)

Test temperaiure,. F

1000

5
; 300

Tensile ilrength

ÿYield strength

RiiducTian in area ..

Eleruption

1403—r

7" t

200 400 600

Test tfimperinorv. *C

1000

AISI Type 446: Stress-Rupture and Creep Properties (Ref 10)

Stress for creep
Test Stress for rupture in: rate of lit in

temperature 10(H) h 10 000 fa IO 000 h
°C °F MPs ksi MPs ksi MPs ksi

540 1000.......— — ......41 6.0
595 1100........39 5.6 21 3.0 21 3.0
650 1200........28 4.0 15 2.2 10 1.5
706 1300........19 2.7 11 1.6 5 0.7
760 1400........12 1.8 8 1.1
815 1500.........8 1.2 6 0.8 2 0.3
870 1600.........6 0.8 3 0.5

Machining Data

For machining data on AISI type 446, refer to the preceding
machining tables for AISI type 405.

AISI Types 501,502

AISI Types 501, 502: Chemical Composition

Composition, %
Element "type 501 Type 502

Carbon.................. ...................G.IO min 0.10 max
Manganese -........... 1.00 mex 1.00 max
Phosphorus..................................CL040 niax 0 040 max
Sulfur 0.030 mai 0.030 max
Silicon ..........1,00 max 1,00 max
Chromium............. 4-6 4-6
Molybdenum .....0.40-0.65 0.45-0.65

Characteristics. AISI types 501 and 502 are heat-resist¬
ing, chromium steels used for their heat resistance and good
mechanical properties at moderately elevated temperatures.
When annealed, type 502 has greater ductility and lower
tensile strength than type 501. Both steels are magnetic in
all conditions.

Typical Uses. Applications of AISI types 501 and 502
include high-temperature bolting materials, forgings for
high-temperature and aircraft applications, and plates for
pressure vessels.

AISI Type 501: Similar Steels (U.S. and/or Foreign). UNS
S50100; AMS 5502, 5602; ASME SA194 (3), SA387 (5);
ASTM A193, A194, A314, A387 (5), A473; SAEJ405 (51501);
(W. Ger.) DIN 1.7362

AISI Type 502: Similar Steels (U.S. and/or Foreign). UNS
S50200; AMS 6466, 6467; ASME SA387 (5); ASTM A314,
A387 (5), A473; SAE J405 (51502)
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Physical Properties j

AISI Types 501, 502: Thermal Treatment Temperatures
Temperature range

Treatment °C 'F

Forging, start..........................1150-1205 2100-2200
Full flnneaiing(a).......&3O-07O 1525-1600
Process amiealing(a) 720-745 1325-1375
Hardening{b).......870-925 1600-1700
Temperiug(b)........- -......205-760 400-1400
(a) Cool slowly infurnace or air cool Cb> Data for type 501; type 502 is generally
used in the annealed condition

AISI Types 501, 502: Thermal Conductivity (Ref 6)

Temperature
"C T

Thermal conductivity
W/m-K Btu/ft ÿ hÿ °F

100
500

212
930. . . 36.7

. 33.7
21.2
19.5

AISI Types 501r 502: Selected Physical Properties (Ref 6)

Melting range 1480-1540 DC {2700-2800 *F>
Density ...................(......................7.8 g/cm3 (0.28 lb/in.3)

Specific heat at 0-100 °C (32-212 °F)...........460 J/kg-K (0.11 Btu/lb -nF)

Electrical resistivity at 20 °C (68 °F) 40 nfl-m

AISI Types 501,502: Average Coefficients of Linear Thermal
Expansion (Ref 6)

Temperature range Coefficient
°C °F yxm/m-K fiin./in. *°F

0-100 32-212...........11.2 6.2
0-315 32-600... 12.2 6.8
0-540 32-1000 13.0 7-2
0-650 32-1200 13.1 7.3

Mechanical Properties

AISI Type 501; Representative Tensile Properties (Ref 6)

Tensile Yield
Product form strength strength(a) ElongationCb), Reduction Hardness,
or treatment MPa ksi MPa ksi % in area, % HB

Test specimens in the annealed condition
Plate.......................485 70 205 30 28 65 160
Bar........................485 70 205 30 28 65 160

Bar oil quenched from 900 "C (1650 T)

Tempered at 540 °C
ÿ
.

flOOO T)

____.....1205 175 930 135 15 50 370

Temperedat 595 T?
U1U0BF>..............965 140 760 110 18 55 290

Tempered at 650 aC
(1200 flF>.................795 115 620 90 20 60 240

(a) 0.2% offset, (b) In 50 mm (2 in.)

AISI Type 502: Representative Tensile Properties (Ref 6)
Test specimens were in the annealed condition

Tensile Yield
Product strength atrength(a) Elongation(b), Reduction
form MPa ksi MPa ksi % in area, % Hardness

Sheet.....................480 70 — -ÿ 30 - 75 HRB
Strip..................... 480 70 — 30 ÿÿÿ 75 HRB
Wire......................515 75 205 30 30 ••• 72 HRB
Platetc) ...................450 65 170 25 30 75 150 HB
Baric)....................450 65 170 25 30 75 150 HB
(a) 0.2% offset, (b) In 50 mm (2 in,), except for wire. For wire 3.18-mm (0.125-in.) diam and larger, gage length is
4 X diam; for smaller diameters, the gage length is 254 mm (10.0 in ), (c) Charpy impact energy of61 J (45 ft -lb); Izod
impact energy of 1IS J (85 ft • lb)

Machining Data

For machining data on AISI types 501 and 502, refer to the
preceding machining tables for AISI type 403.
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Mechanical Properties {continued}

AISI Type 446: Effect of Test Temperature on Tensile
Properties. Test specimens were 15.9-mm (0.625-in.) round bar
In the annealed and cold worked condition, with hardness of 96
KRB. Tests were conducted using specimens machined to English

; i units. Elongation was measured in 50 mm [ 2 in.}; yield strength
at 0.2% offset. (Ref 7)

Tcsi temperature. °F
10QQ UNI6DG

Y eld strarwjih

400

01
CL
s

v>

a
Q.

200 40 Q

Test temperature. °C

AISI Type 446: Stress-Rupture and Creep Properties (Ref 10)

Stress for creep
TeBt Stress for rupture in: rate of 1%in

temperature 1000 h 10 000 h 10 000 h
"C °F MPs ksi MPa ksi MPs ksi

540 1000.......••• — ......41 6.0
595 1100........39 5.6 21 3.0 21 3.0
650 1200........26 4.0 15 2.2 10 1.5
705 1300........19 2.7 11 1.6 5 0.7
760 1400........12 1.8 8 1.1
815 1500.........8 1.2 6 0.8 2 0.3
870 1600.........6 0.8 3 0.5

Machining Data

For machining data on AISI type 446, refer to the preceding
machining tables for AISI type 405.

AISI Types 501, 502

AISI Types 501, 502: Chemical Composition
Composition, %

Element Type 501 Type 502

Carbon... .....0.10 mm 0.10 mas
Manganese..................................1.00 man: 1.00 max
Phosphorus..................................0.040 max 0.040 max
Sulftir.......................................0.030 max 0.030 max
Silicon ..............1.00 max LOO max
Chromium . .....4-6 4-6
Molybdenum .,..............................0,40-0.65 0.45-0,65

Characteristics. AISI types 501 and 502 are heat-resist¬
ing, chromium steels used for their heat resistance and good
mechanical properties at moderately elevated temperatures.
When annealed, type 502 has greater ductility and lower
tensile strength than type 501. Both steels are magnetic in
all conditions.

Typical. Uses. Applications of AISI types 501 and 502
include high-temperature bolting materials, forgings for
high-temperature and aircraft applications, and plates for
pressure vessels.

AISI Type 501: Similar Steels (U.S. and/or Foreign). TINS
S50100; AMS 5502, 5602; ASME SA194 (3), SA387 (5);
ASTM A193, A194, A314, A387 (5),A473; SAE J405 (51501);
(W. Ger.) DIN 1.7362

AISI Type 502: Similar Steels (U.S. andfor Foreign). UNS
S50200; AMS 6466, 6467; ASME SA387 (5); ASTM A314,
A387 (5), A473; SAE J405 (51502)

i
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Physical Properties

AISI Types 501, 502: Thermal Treatment Temperatures
Temperature range

Treatment X °F

Forging, Btart.................................1150-1205 2100-2200
Full annealing(a) .......................... .- >830-870 1R25-1600
Process annealing(a) ..........................720-745 1325-1375
HardeningOj).......„ 870-925 1600-1700
Tempermg(b)................................205-760 400-1400
(a) Cool Blowly infurnace ar air cool, (b) Data for type 501; type 502 isgenerally
used in the annealed condition

AISI Types 501, 502: Thermal Conductivity (Ref 6)

Temperature
"C °F

Thermal conductivity
W/m K Bhi/ft h °F

100
500

212....
930 ....

. 36.7

. 33.7
21.2
19.5

AISI Types 501, 502: Selected Physical Properties [Ref 6)

Melting range 1480-1540 °C (2700-2800 *F)

Density..........7.S g/cm3 (0.28 lb/in.3)

Specific heat at 0-100 "C (32-212 °F)..........460 J/kg-K (0.11 Btu/lb-'F)

Electrical resistivity at 20 °C (68 °F) 40 nil- m

AISI Types 501, 502: Average Coefficients of Linear Thermal
Expansion (Ref 6)

Temperature range Coefficient
°C 'F /im/tn K pin./in.*°F

0-100 32 212 11.2 6.2

0-315 32-600...........12.2 6.8
0-540 32-1000 13.0 7.2
0-650 32-1200 13.1 7.3

Mechanical Properties

AISI Type 501:Representative Tensile Properties (Ref 6)

Product form
or treatment

Tensile
strength

MPa ksi

Yield
strength(a)

MPs ksi
Elongationfb),

%
Reduction
in area, %

Hardness,
HB

Test specimens in the annealed condition
Plate 485 70
Bar .485 70

Bar oil quenched from 900 "C (1650 °F)

Tempered at 540 °C

Tempered at 595 DC
U100 *F)

Tempered at 650 °C

205
205

30
30

28
28

65
65

160
160

. .1206 175 930 135 15 50 370.....965 140 760 110 18 55 290

795 115 620 90 20 60 240
(a) 0.2% effect. (b) In 50 mm (2 in.)

AISI Type 502: Representative Tensile Properties (Ref 6)
Test specimens were in ttie annealed condition

Product
form

Tensile
strength

MPa ksi

Yield
strength(a)

MPa ksi
Elongation(b),

%
Reduction
in ares, % Hardness

Sheet 480 70 ... 30 ... 75HRB
Strip 480 70 30 75 HRB
Wire 515 75 205 30 30 ... 72 HRB
Plate(c) 450 65 170 25 30 75 150 HB
Banc) 450 65 170 25 30 75 150 HB
(a) 0.2% offset (b) In 50 mm (2 iru), except for wire. For wire 3.18-mm (0.125-in.) diam and larger, gage length is
4 x diam; for smaller diameters, the gage length is 254 mm [10.0 inJ. (c} Charpy impact energy of 61J (45 ft -lb); Izod
impact energy of 115 J (85 ft lb)

Machining Data

For machining data on AISI types 501 and 502, refer to the
preceding machining tables for AISI type 403.
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AiSI Type 615

AISl Type 615: Chemical Composition
Element Composition, %

Carbon 0.15-0.20
Manganese......... . 0.5Q max
Phosphorus...............................0.040 max
Sulfur.........................0.030 max
Silicon................... .........0.50 max
Chromium......... 12-14
Nickel ... 1.8-2.2
Molybdenum..................0.50 max
Tungsten............ .....................2.5-3.5

Typical Uses. Applications of AISI type 615 include com¬
pressor blades for gas turbines, turbine discs in the lower
temperature stages, rings for jet engines, fasteners, and
valve parts.

AISI Type 615: Similar Steels (U.S. and/or Foreign). UNS
S41800; AMS 5354, 5508, 5615, 5817, 7470; ASTM A565;
SAF, J467 (Greek Ascoloy)

Characteristics. AISI type 615 (S41800, Greek Ascoloy)
is a high-strength modification of the hardenable, raar-
tensitic, 12%chromium, type 410 stainless steel. Additions of
nickel and tungsten account for the unproved properties and
make this alloy more resistant to tempering temperatures,
while retaining both corrosion and oxidation resistance
through the useful temperature range of this steel, up to
565 °C (1050 °F).

Furthermore, this alloy has good resistance to stress cor¬
rosion cracking, and adequate creep resistance and stress-
rupture strength at temperatures through 565 °C (1050 °F).

Type 615 requires higher forming pressures for cold form¬
ing than type 410. Although it does not work harden as
severely as the 18-8 stainless steels, process annealing may
be required. Severely formed parts should be annealed or
stress relieved. Annealed sheet and strip are capable of
passing the bend test requirement of 105° around a diameter
equal to four times the nominal thickness of the material,
with the axis of the bend parallel to the rolling direction.

.The machinability rating of type 615 is about 55% of
that for AISI 1212. Generally, the best machinability is ob¬
tained in the fully annealed condition. Because of its lower
hardeningrate,type 615 machines better than the 18-8 stain¬
less steels.

Because of susceptibility to strain cracking, welding oftype
615 is generally not recommended. When welding type 615,
preheat temperatures of 205 to 315 °C (400 to 600 °F) and
postheat treatments above 540 °C (1000 °F) are essential,
Type 310 filler metal is used to obtain sufficient weld duc¬
tility. Weldments are subsequently hardened and tempered.

Type 615 is readily brazed. Hardening and tempering is
required after copper brazing. When silver brazing, a sub¬
sequent stress relief is required; brazing below 760 °C
(1400 °F) does not require additional heat treating.

Physical Properties

AISI Type 615: Thermal Treatment Temperatures
Temperature range

Treatment °C °F

Forging, start.....1175 2150
Forging, finish. 925 min 170D min
Full annealing...............................790 1450
Process annealing 705 1300
Hardening. 955-980 1750-1300
Tempering 540-575 1000-1250

AISI Type 615: Selected Physical Properties (Ref 7)

Meltingrange ...............................1460-1165 °C (2660-2670 °F)

Density 7.86 g/cm3 (0.284 lb/in.3)
Specific heat at 0-100 °C (32-212 T>...........460 J/kj- K (O.ll Btu/lb-'F)

Electrical resistivity at 20 °C (68 T) .......79 nflm

AISI Type 615: Average Coefficients of Linear Thermal
Expansion (Ref 7)

Temperature range
"C *F

Coefficient
Aim/tn-K pin./in.°F

25-95
25-205
25-315
25425
25-540
25-595

80-200 ..
80400 . .
80-600 ..
80-800 . .
80-1000 .

80-1100 .

. 10.4

. 11.0

. 11.2

. 11.5

. 11.7

. 11.9

5.8
6.1
6.2
6.4
6.5
6.6

Mechanical Properties

AISI Type 615: Creep Properties (Ref 7)
Test specimens were hardened at 955 °C (J750 °F); oil quenched; tempered at 5G5 °C (1050 T) to hardness of
33.5 to 35.5 HRC

} Test Stress fur 0.1% creep ha: Stress for 1% creep in:
temperature 100 h 150 h 100 h 150 h

1 "C °F Ml1a ksi MPa ksi MPa kyi MPa ksi

370 700...................503 73.0 483 70.0 ......689 100.0
425 800...................324 47.0 303 44.0
480 900...................228 33.0 214 31.0 552 80.0 538 78.0
540 1000...................131 19.0 117 17.0 331 48.0 324 47.0
590 1100....................45 6.5 36 5.2 200 29.0 193 28.0
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Mechanical Properties (continued)

AISI Type 515: Charpy Keyhole and Izod V-notch Impact Energy at Various Tempering Temperatures (Ref 7)

Test specimens were hardened at 355 °C (1750 °F); oil quenched; tempered as indicated

Tempering
temperature Hardness,

HRC
Impact energy(a)

J ft lb

Tempering
temperature

°C *F
Hardness,

HRC
Impact energy(a)

J ft - lb

Specimens held 4 h at tempering temperature; air cooled Specimens held 2 h at tempering temperature; air cooled
260 500 .46 26 19 510 950 .... ..••• 22 16
315 600 46 22 16 540 1000 24 18
370 700 46 14 10 565 1050 .... ..ÿÿÿ 27 20
425 800 .47 12 9 590 1100 .... ..••• 28 21
480 900 . .44 14 10 650 1200 .... 41 30
540 1000 39 23 17
590 1100 33 54 40
650 1200 28 104 77
705 1300 .. 27 88 65
(a) For test specimens held 4 hat tempering temperature, impact energy was measured using Izod V-notch; for specimens held 2 h. Charpy keyhole was used

AISI Type 615: Tensile Properties at Elevated Temperature (Ref 7)

Test specimens were hardened at 980 "C (1800 °F); held fur Vi h; oil quenched; tempered at temperature
indicated; held far 2 h; air coaled

Tempering Test Tensile Yield
temperature temperature strength strength(a) Elongation(b), Reduction

°C "F MPa kBi MPa ksi % in area, %

565 1050 425 800 929 134.8 839 121.7 13.3 67.3
540 1000 711 103.1 673 97.6 17.1 71.4
650 1200 319 46.2 303 44.0 29.4 89.6
760 1400 177 25.6 147 21.3 34.6 89.9

650 1200 425 800 817 11B.5 776 112.5 16.0 55.0
540 1000 621 90.0 614 89.0 24.0 72.5
650 1200 355 51.5 348 50.5 30.0 86.0. -

(a) 0.2% offset. Cli) la 50 mm (2 in.)

AISI Type 61§: Stress-Rupture Strength (Ref 7)

Test .lltf. 1——.....-.........——— Stress for rupture In: 1
temperature 10 h 100 h 1000 h 10000 h(a)

°C ' °F MPa ksi MPa ksi MPa ksi MPa ksi

Hardened at 960 °C (1800 °F); held Vi h;oil quenched; tempered at 6!!0°C(1260°F);held IVi h; air cooled

480 900 , ......448 65 379 5510 331 48.0 290 42.0
540 1000

_______
331 48 290 42.0 248 360 210 30.5

590 1100

_______
262 38 216 31.3 172 25.0 128 18.5

650 1200 .......186 27 141 20.5 79 11.5 41 6.0

Hardened at 955 *C (1750 °F>; oil quenched; tempered at 650 "C (1200 °F) to hardness of 27-29 HRC

480 900 386 56.0 345 50.0 . ...
540 1000 338 49 0 241 35.0 ...
590 1100 207 30.0 138 20.0 ...
650 1200 131 19.0 69 10 0 ...

Machining Data

For machining data on AISI
type 615, refer to the pre¬
ceding machining tables for
AISI type 414.

(a) Extrapolated data

AISI Type 615: Typical Tensile Properties at Room Temperature (Ref 7)_
Tempering Tensile Yield strength

temperature strength 0.02% offset 0.2% offset Elongation(a), Reduction Ln
°C *F MPa ksi MPa k« MPs ksi % area, %

Harden at 955 °C (1750 DF); oil quench; temper 4 h
260 500 . . 1440 209 1035 150 1205 175 18 53
315 600 ..1460 212 1105 160 1240 180 17 55
370 700 1495 217 1140 165 1260 183 16 56
425 800 . . 1495 217 1160 168 1275 185 16 57
480 900 1360 197 1090 158 1140 165 17 58
640 10OC 1140 165 945 137 970 141 18 59
590 HOC. 1000 145 825 120 850 123 18 60
650 1200 . 930 135 740 107 745 108 20 61
705 1300 ..860 125 670 97 675 98 22 62

Harden at 980 °C (1800 °F); oil quench; temper 4 h
565 1050 1170 170 1035 150 13.3 64
650 1200 980 142 780 113 19.5 60
(a) In50 mm (2 in.)
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A3SI Type 630

AISI Type 630: Chemical Composition

Element
Composition,

%

Carbou
Manganese
Phosphorus
Sulfur
Silicon
Chromium
Nickel
Copper
Niobium and tantalum .

.0.07 max

. 1.00 max

.0.040 max

.0.030 max

.1.00 max

.15.5-17.5....3-5

....3-5

. 0.15-0.45

Characteristics. AISI type 630 (SI7400) is a precipi¬
tation-hardening stainless steel which is capable of high
strength and hardness levels after a relatively simple heat
treatment procedure. This grade is martensitic and magnetic
in both the solution-treated and precipitation-hardened
conditions.

Type 630 has high resistance to crack propagation. Trans¬
verse properties and corrosion resistance are normally better
than the regular martensitic chromium-type stainless steel.
Because of the single low-temperature, precipitation-
hardening treatment of this grade, 480 to 620 °C (900 to
1150 °F), scaling and distortion are virtually eliminated.
Therefore, the material can be finish machined to close toler¬
ances prior to heat treatment.

Although type 630 can he cold worked, the amount is lim¬
ited by the high initial yield strength. This grade is readily
machined in both the solution-treated and various age-
hardened conditions. In the solution-treated condition, type
630 machines similarly to types 302 and 304. Machinability
will increase as the hardening temperature is increased.

This stainless steel can be welded by all methods with no
preheating required. Properties in the weld comparable to
those of the base metal can he obtained by suitable postweld
heat treatment.

The amount of contraction in hardening solution-treated
material, condition A, to condition H900 is about 0.010 to
0.015 mm per 25 mm (0.0004 to 0.0006 in per 1in.). Condi¬
tion A material, when hardened to condition H1150, will
contract approximately 0.023 to 0.030 mmper 25 mm(0.0009
to 0.0012 in. per 1in.).

Typical Uses. Applications of AISI type 630 include oil
field valve parts, chemical process equipment, aircraft fit¬
tings, fasteners, pump shafts, nuclear reactor components,
gears, paper mill equipment, missile fittings, and jet engine
parts.
AISI Type 630: Similar Steels (U.S. and/or Foreign). UNS
S17400; AMS 5342, 5343, 5344, 5355, 5604, 5622, 5643,
5825; ASME SA564, SA705; ASTM A564, A693, A705; MIL
SPEC MIL-C-24111, MIL-S-81506, MIL-S-81591; SAE J467
(17-4PH)

Physical Properties

AISI Type 630: Selected Physical Properties in the H900
Condition (Ref 6, 12)

Melting range 1405-1440 °C (2560-2625 T)

Density......................................:. 7.81 g/cm3 (0.282 lb/in.3)
Specific heat at 0-100 <C (32-212 °F]...........460 J/kg-K (0.11 Btu/lb-'F)

Electrical resistivity at 20 °C (70 °F) 77 n(l • m

AISI Type 630: Thermal Treatment Temperatures
Temperature range

Treatment °C "E-. r'

Forging, start. .............................1175-1238 2150-2250
Forging, finish.............................1010 rain 1850 min
Solution treating, condition A...............1025-1058 1875-1925
Hardening 480-620 900-1150

AISI Type 630: Average Coefficients of Linear Thermal
Expansion (Ref 6, 12)

Temperature range Coefficient
°C T pra/m-K /rin./in.-

-73-20 -100-70 10.4 5.8
20-95 70-200 .........10.8 6.0
20-205 70-400 10.8 6.0
20-315 70-600 ........11.3 6.3
20-425 70-800 11.7 6.5

AISI Type 630: Thermal Conductivity in theHSOO
Condition (Ref 12)

Temperature Thermal conductivity
°C °F_ W/e-K Btu/fth-°F
150 300 n.8 10.3
260 500 . 19.5 11.3
460 860 .........22.5 13.0
480 900 .22.7 13.1

Mechanical Properties

AISI Type 630: Typical Mechanical Properties in Various Conditions (Ref 9)

Tensile Yield Elonga-
strength atrength(a) tion(b),

Condition MPa kai MPa ksi %

H900 1365 198 1260 183 15
H1025 .1160 168 1115 162 16
H1075 1130 164 1020 148 17
HI150....... 992 144 869 126 20
H1150M ........848 123 600 87 22
(a) 0.2% offset, (b) In 50 mm (2 in.), (c) Cbarpy V-notch

Reduction
in area, %

Hardness,
HB

Impactenergy(c)
J ft lb

52
58
59
60
66

420
352
341
311
377

21
54
61
75

136

16
40
45
55

100
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Mechanical Properties (continued)

AISI Type 330: Stress-Rupture and Creep Properties (Ref 9)

Test (— Stress to produce rupture til: —3
temperature 100 h 1000 h
°C °F Condition MPa ksi MPa ksi

315 600 H900
330 625 H900 1117 162 1082 157

HI075 945 137 924 134
370 700 H9D0 1076 156 1034 150

H107G 869 126 848 123
426 800 H900 965 140 883 128

H1075 745 108 710 103
480 900 H900

ÿ Stress for creep rate of: -
0.1% in 1000 h
MPa ksi

0.01% in 1000 h
MPa ksi

931

724

414

159

135

105

60

23

862

689

296

125

100

43

AISI Type 630: Typical Mechanical Properties in the Longitudinal Direction (Ref 12)

Tensile strength Yield streugth(a) Eiongationlb), Reduction
Condition MPa ksi MPa ksi % in area. %

H900. ...................1380 200 1275 185 14 50
H925.....................1310 190 1205 175 14 54
H1025 ...................1170 170 1135 165 15 56
H1075 ...................1135 165 1035 150 16 58
H1100 ...................1035 150 yoi 135 17 58
H115D ...................1000 145 862 125 19 60
H1150M...................362 125 585 85 22 68

(a) 0.2% offset, (b) In50 mm (2 in.), ict Charpy V-notch

Hardness,
FLB

Impactenergy(c)
J ft !b

420
409
352
341
332
311
277

20
34
47
54
61
6B

136

15
25
35
40
45
50

100

AISI Type 630: Impact Strength at Subzero Temperatures (Ret 12)_
Test ]-Charpy V-notch impact energy for heat treat condition of: |

temperature H925 H1025 H1150 H115QM(a) H1150M(b)

°C °F J ft lb J ft lb J ft lb J ft lb J ft -lb

24 75............41 30 100 75 130 95 140 105 130 95
-12 10..fir:.......22 16 79 38 125 93 ......115 85
-40 -40............12 9 54 40 105 76 ......100 75

79 -110............7.5 5.5 20 15 65 48 ......90 65
-195 -320............4.8 3.5 6.1 4.5 8.8 6.5 38 28 7 5

(a) Test samples from 25-mra U-in.) diaro bar. longitudinal direction, (b) Test samples from 100-mm (4-in.) diain bar,
longitudinal direction

AISI Type 630: Short-Time Tensile Properties at Elevated Temperatures {Ref 12)

Test temperature Tensile strength Yield strength(a) Elongutionfb), Reduction
"C °F Condition MPa ksi MPa ksi % area, %

24 75 .............H900 1400 203 1280 186 11 50
H925 1315 191 1255 182 18 54
H1025 1200 174 1160 168 15 55
H1075 1130 164 1095 159 16 54
HI150 965 140 900 129 17 61

315 600.... H900 1190 173 1035 150 10 31
H925 1135 165 1000 145 12 32
Hi025 1005 146 931 135 12 42
H1075 950 138 910 132 9 38
HI150 855 124 827 120 12 54

370 700..... H900 1165 169 1005 146 8 25
H925 1110 161 980 142 12 33
H1025 979 142 903 131 10 38
H1075 924 134 876 127 9 33
HI150 827 120 786 114 12 52

425 800 H900 1115 162 972 141 10 21
H925 1070 155 958 139 10 34
H1025 945 137 882 128 11 39
H1075 883 128 834 121 10 30
HI150 800 116 772 112 13 43

480 900 H900 1025 149 910 132 10 30
H925 1000 145 883 128 10 35
HI025 869 126 814 118 12 39
H1075 786 114 758 110 11 38
H1150 752 109 717 104 13 51

540 1000 ...H900 820 119 731 106 15 46
H925 800 116 710 103 16 45
HI025 731 106 696 101 15 43
HI075 680 99 650 94 16 55
HI150 660 96 640 93 15 55

(a) 0.2% offset, (b) 1b 50 mm (2 in,)
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Mechanical Properties (continued)

AISI Type 630: Stress-Rupture Strength (Ref 12)

Test Time to Elongation at Reduction
temperature rupture, Strength rupture(a), in area,
°C °F h Condition MPa ksi % %

330 625 100 H925 1125 163 3.0 13.0
H1075 945 137 3.5 4.5
H1150 850 123 5.5 17.5

1000 H925 1105 160 2.5 12.0
H1075 925 134 3.0 14.0
HI150 840 122 4.5 165

370 700 100 H900 1075 156 3.0 7.0
H925 1060 154 3.0 13.5
H1075 869 126 4.0 15.5
H1150 786 114 6.5 19.0

1000 H900 1035 150 2.0 6.0
H925 1040 151 2.5 12.5
H1075 848 123 3.5 15.0
Hi150 765 111 5.5 18.0

425 8O0 100 11900 965 140 4.0 8.0
H925 883 128 3.5 13.5
H1075 745 108 6.0 16.0
H1150 689 100 6.5 25.5

1000 H90O 883 128 4,0 6.0
H925 834 121 4.3 13.0
H1075 710 103 5.5 15.0
HI150 650 94 6.0 20.0

480 900 . 100 H900 655 95 5.0 9.0
H1150 550 SO 9.0 40.0

1000 H900 415 60 12.0 25.0
HI150 490 71 9.0 36.0

(a) In 50 mm (2 in.)

AISI Type 630: Properties and Formabiiity of Sheet and Strip at Room Temperature (Ref 12)

Tensile Yield
strength strength(a) Elongationtb), Hardness, Olsen cup draw

Condition MPa ksi MPa ksi % HRC mm m.

A 156.5 758.4 110.0 C.7 33.0 8.38 0.330
H900 for Ih . 1382 200.5 1253 181.7 10.5 44.5 6.35 0.250
H1150 for 4 h 144.5 915.6 132.8 13.2 32.5 8.38 0.330
Aged at 705 °C

(1300 °F) for 2 h 983.9 142.7 713.6 103.5 9.5 30.0 6.30 0.248
Aged at 760 °C

(1400 T) for 2 h 1024 148.5 906.7 117.0 8.7 32.0 7.85 0.309
H1150M 131.0 748.1 108.5 16.2 27.5 8.31 0.327
la) 0.2% offset, (b) In 50 mm (2 in.)

AISI Type 630: Bend Test Data (Ref 12)
t is stock thickness

Minimum bend radius for bend of:
Longitudinal Transverse

Condition 90° 135° 1ST 90° 135° 180°

A.. 3t 3! 61 41 51 91
HMO 31 3f 51 41 61 91
H925 ...2i 31 51 41 61 91
H1025 31 41 41 61 71
HI075 .. ....2( 31 41 41 41 71
Hi150 ....21 21 41 21 31 81

Machining Data (Ref 2)

AISI Type 630: Surface Grinding With a Horizontal Spindle and Reciprocating Table
Wheel speed Table speed Downfeed

Operation m/s ft/min m/min ft mm mm/pass in./pass

Solution treated, with hardness of 150 to 200 HB
Roughing...................28-33 5500-6500 15-30 50-1OO 0.050 0.002
Finishing...................28-33 5500-6500 15-30 50-100 0.013 max 0.0005 max

Solution treated or hardened, with hardness of 275 to 440 HTt

Roughing...................28-33 5500-6500 15-30 50-100 0.025 0.001
Finishing...................28-33 5500-6500 15-30 50-100 0.013 max 0.0005 max
(a) Maximum V« uf wheel width, (b) Maximum Vio of wheel width

Crossfecd Wheel
mm/pass in./pass identification

1.25-12.5 0.050-0.500
(a) (a)

0.65-6.5 0.025-0.250
03) (h>

A46IV
A46IV

A46HV
A46HV
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AISi Type 630: Reaming
Based on 4 flutes for 3- and S-mm (0.125- and 0.25-in.) reamers, 6 flutes for 12-mm (0.5-inJ reamers, and 8 flutes for 25-mtn (1-in.) and larger reamers

Tool material
Speed

m/min ft/min

I-Feed per revolution for reamer diameter of: ---------1
3 mm (0.123 in.) 6 mm (0.25 in.) 12 mm (0.5 in.) 25 mm (1in.) 35 trim (1.5 in.) 50 mm (2 in.)

711771 in. mm in. mm in. mm in. mm in. mm in.

Solution treated, with hardnes9 of 150 to 200 HB
Roughing
Ml, M2, and M7

high speed steel ......17 55
C-2 carbide 21 70

Finishing
Ml,M2, and M7

high speed steel ......11 35
C-2 carbide 15 50

Roughing
Ml,M2, and M7

high speed steel ......12 40
C-2 carbide 17 55

Finishing
Ml,M2, and M7

high speed steel 9 30
C-2 carbide.............12 40

Roughing
Ml, M2, end M7

high speed steel ......11 35
C-2 carbide ...15 50

Finishing
M1. M2, and M7

high speed steel 5 20
C-2 carbide 11 35

.

Roughing
Any premium high

speed steel (T15,
M33, M41-M47). .•:.....9 30

C-2 carbide 14 45

Finishing
Any-premium high

speed steel (T15,
M33, M41-M47) 5 15

C-2 carbide 11 35

0.075
0.102

0.102
0.102

0.003
0.004

0.004
0.004

0.13
0.20

0.102
0.15

0.005
o.ooa

0.004
0.006

0.20
0.30

0.15
0.20

0.008
0.012

0.006
0.008

0.25
0.40

0.20
0.25

0.010
0.016

0.008
0.010

Solution treated or hardened, with hardness of 275 to 325 HB

0.075
0.102

0.076
0.075

0.003
0.004

0.003
0.003

0.13
0.15

0.075
0.102

0.005
0.006

0.003
0.004

0.20
0.23

0.1O2
0.13

0.008
0.009

0.004
0.005

0.25
0.40

0.15
0.15

0.010
0.015

0.006
0.006

Solution treated or hardened, with hardness of 325 to 375 HB

0.050
0.102

0.075
0.075

0.OO2
0.004

0.003
0.003

0.102
0.15

0.075
0.102

0.004
O.OOB

o.ooa
0 004

0.15
0.20

0.102
0.13

0.006
0.008

0.004
0.005

0.20
0.30

0.15
0.15

Hardened,with hardness of 375 to 440 HB

0.050
0.075

0.050
0.075

0.002
0.003

0.002
0.003

0.075
0.13

0.075
0.102

0.003
0.005

0.003
0.004

0.102
0.15

0.102
0.13

0.004
0.006

0.004
0.005

0.18
0.2O

0.13
0.15

0.008
0.012

0.006
0.006

0.007
0.008

0.005
0.006

0.30
0.50

0.23
0.28

0.30
0.45

0.18
0.18

0.28
0.36

0.18
0.18

0.25
0.25

0.15
018

0.012
0.020

0 009
0.011

0.012
0.018

0.007
0.007

0.011
0.014

0.007
0.007

0.010
0.010

0006
0.007

0.40
0.60

0 25
0.30

0.40
0.50

0.20
0.20

0.30
0.40

0.20
0.20

0.30
0.30

0.18
0.20

0.015
0.024

0.010
0.012

0.015
0.020

0.008
0.008

0.012
0.016

0.008
0.008

0.012
0.012

0.007
0.008

AISI Type 630: Cylindrical and Internal Grinding

Operation
Wheel speed

m/s ft/min
Work speed

m/min ft/min
Infeed on diameter

mm,pass in./pass Traversc(o)
Wheel

identification

Solution treated, with hardness of 150 to 200 HB
Cylindrical grinding
Roughing 28-33
Finishing 28-33
Interna] grinding
Roughing 25-33
Finishing .25-33

Cylindrical grinding
Roughing 28-33
Finishing., 28-33

Internal grinding
Roughing 25-33
Finishing ......25-33
(a) Wheel width per revolution of work

5500-6500
5500-6500

50006500
50006500

21-30
21-30

23-60
23-60

70-100
70-100

75-200
75-200

0.050
0.013 max

0.013
0.005 max

0.002
0.0005 max

0.0005
0.0002 max

Solutiontreated or hardened,with hardness of 275 to 440 HB

55006500
55006500

50006500
5000-6500

21-30
21-30

23-60
2360

70-100
70-100

75-100
75-100

0.050
0.013 max

0.013
0.QO5 max

0 002
0.0005 max

0.0005
0.0002 max

Vk
Ve

Vt
vt

Vk
Vt

VS
Ve

A60JV
A60JY

A60KV
A60KV

Aeorv
A60IV

A60JV
A603V

e
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Machining Data (Ref 8) (continued)

AIS1 Type 630: Turning (Single Point and Sox Tools)

I-High speed steel(a)-] ]-Uncoated carbide ..........—......——[ |-— Coated carbide-—|
DeptJb of cut Speed Feed Speed, brazed Speed, inserted Feed Speed Feed
mm in. m/min ft/min mm/rev in./rev m/min ft/min ra/min ft/min mm/rev in./rev m/roin ft/min mm/rev in./rev

Solution treated, with hardness of 150 to 200 HB
1 0.040 .....29(a) 95(a) 0.18 0.007 105(b) 350(b) 120(b) 400(b) 0.18 0.007 160(c) 525(c) 0.18 0.007
4 0.150 .....24(h) 80(h) 0.40 0.015 90(d) 300(d) 105(d) 350(d) 0.40 0.015 135(e) 450(e) 0.40 0.015
8 0.300 .....18(a) 60(a) 0.50 0.020 73(d) 240(d) 84(d) 275(d) 0.75 0.030 105(e) 350(e) 0.50 0.020

IS 0.625 .....14(a) 45(a) 0.75 0.030 55(d) 180(d) 64(d) 210(d) 1.00 0.040

Solution treated or hardened, with hardness uf 275 to 325 HB
1 0.040.....23(0 75(f) 0.18 0.007 90(b) 300(b) 105(b) 350(b) 0.16 0.007 135(c) 450(c) 0.18 0.007
4 U.150.....18(0 60(f) 0.40 0.015 76(d) 250(d) 90(d) 300(d) 0.40 0.015 120(e) 400(e) 0.40 0.015
8 0.300 .....14(0 45(f) 0.50 0.020 60(d) 200(d) 73(d) 240(d) 0.50 0.020 90(e) 300(e) 0.50 0.020

Solution treated or hardened, with hardness of 325 to 375 lilt
1 0.040 .....21(1) 70(f) 0.18 0.007 88(b) 290(b) 100(b) 325(b) 0.13 0.005
4 0 150.....17(f) 55(f) 0.40 0.015 75(d) 245(d) 84(d) 275(d) 0125 0.010
8 0.300.....12(f) 40(f) 0.50 0.020 60(d) 200(d) 69(d) 225(d) 0.40 0.015

Hardened,with hardness of 325 to 440

2 0.040.....14(rj 45(f) 0.13 0.005 58(b) 100(b) 69(b) 225(h) 0.13 0.005
4 0.150 .....9(0 30(f) 0.25 0.010 49(d) 160(d) 58(d) 190(d) 0.25 0.010
6 0.300 .....8(f) 25(f) 0.40 0.015 - 40(d) 130(d) 47(d) 150(d) 0.40 0.015

(a) Highspeed tool material: M2or M3. (b) Carbide tool material; C-7. (c) Carbide tool material: CC-7. (d) Carbide tool material:C-6. (c) Carbide too! material:
CC-S. (ff Any premium high speed steel tool material 015. M33, M41to M47)

AiSI Type 630: Turning (Cutoff and Form Tools)

Tool material

I-Feed per revolution-
for cutoff tool width of:

Speed, 1.5 mm 3 mm 6 mm
m/min (0.062 in.) (0.125 in.) (0.25 in.)
(ft/min) mm (in.) mm (in.) mm (in.)

I-Feed per revolution-1
for form tool width of:

12 mm 18 mm 25 mm 35 mm 50 mm
(0.5 in.) (0.75 in.) (1 in.) (1.5 in.) (2 in.)
mm (in.) mm (in.) mm (in.) mm (in.) mm (in.)

Solution treated, with hardness of 150 to 200 HB
M2 and M3 high

speed Hteel 18 0.030 0.036
(60) (0.0012) (0.0015)

C-6 carbide 62 0.030 0.038
(205) (0.0012) (0.0015)

Solution treated or hardened, with hardness of 275 to 325 HB
Any premium high

speed steel (T15,
M33, M41-M47) ...17

(55)
C-8 carbide 58

(100)

0.025 0.033
(0.001) (0.0013)

0.025 0.033
(0.001) (0.0013)

Solution treated or hardened, with hardnesB of 325 to 375 HB
Any premium high

speed steel (T15,
M33, M41-M47)...............12 0.020 0.028

(40) (0.0008) (0.0011)
C-6 carbide 52 0.020 0.028

(170) (0.0008) (0.0011)

Hardened, with hardness of 375 to 440 HB
Any premium high

speed steel (T15,
M33, M41-M47)................9 0.015 0.023

(30) (0.0006) (0.0009)
C-6 carbide 34 0.015 0.023

(110) (0.0006) (0.0009)

0.050
(0.002)
0.050

(0.002)

0.046
(0.0018)
0.046

(0.0018)

0.041
(0.0016)

0.041
(0.0016)

0.036
(0.0014)

0.036
(0.0014)

0.050
(0.002)
0.050

(0.002)

0.046
(0.0018!
0.046

(0.00181

0.041
(0.0016)

0.041
(0.0016)

0.036
(0.0014)
0.036

(0.0014)

0.046
(0.0018)
0.046

(0.0018)

0041
(0.0016)

0.041
(0.0016)

0.036
(0.0014)

0.036
(0.0014)

0.030
(0.0012)
0.030

(0.0012)

0.041
(0.0016)
0.041

(0.0016)

0.036
(0.0014)
0.036

(0.0014)

0.030
(0.0012)
0.030

(0.0012)

0.025
(0.001)

0.025
(0.001)

0.033
(0.0013)
D.033

®.0O13)

C.02S
(0 0011)

0.028
(0.0011)

D.023
(0.0009)
0.O2H
(0.0009)

0.018
(0.0007)
0.018
(0.0007)

0.028
(0.0011)
0.028

(0.0011)

0.023
(0.0909)
0.023

(0.0009)

0.018
(0.0007)

(J.018
(0.0007)

0.015
(0.0006)
0.015

(0.0006)
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Machining Data (Ref 8) (continued)

AiSI Type 630: Face Milling

I-High speed steel-1 i-(Jncoated carbide-1 f-Coated carbide-1
Depth of cut Speed Feed/tooth Speed, brazed Speed, inserted Feed/tooth Speed Feed/tooth
mm in. zn/min ft/min mm in. m/min ft/min m/min ft/min mm in. m/mia fl/min mm in.

Solution treated with hardness of 150 to 200 HB
1 0.040.......34(a) 110(a) 0.20 0.008 115(b) 375(b) 120(b) 390(b) 0.20 0.008 175(c) 575(e) 0.20 0.008
4 0.150.......26(a) 85(a) 0.30 0.012 105(b) 350(b) 115(b) 375(b) 0.30 0.012 145(c) 475(c) 0.30 0.012
8 0.300.......20(a) 65(a) 0.40 0.016 72(d) 235(d) 88(d) 290(d) 0.40 0.016 115(e) 375(e) 0 40 0.016

Solution treated or hardened with hardness of 275 to 325 HB
1 0.040.......24(f) 80(f) 0.15 0.006 84(h) 275(b) 380b) 290(b) 0.15 0.006 130(c) 425(c) 0.13 0.005
4 0.150.......18(f) 60(f) 0.23 0.009 76(b) 250(b) 84(b) 275(b) 0.20 0.008 105(c) 350(c) 0.18 0.007
8 0.300.......14(f 45(f) 0.30 0.012 53(d) 175(d) 66(d) 215(d) 0.25 0.010 84(e) 275(e) 0.23 0.009

Solution treated or hardened with hardness of 325 to 375 HB
1 0.040 -------21(f) 75(f) 0.13 0.005 67(b) 220(b) 79(b) 260(b) 0.13 0.005
4 0.150

_______
17(f) 55(f) 0.20 0.008 60(b) 200(b) 67(b) 220(h) 0.18 0.007

8 0.300

_______
12(0 40(0 0.25 0.010 43(d) 140(d) 52(d) 170(d) 0.23 0.009

Hardened with hardness of 375 to 440 HB
1 0.040.......18(f) 60(f) 0)02 0.004 43(b) 140(6) 58(h) 190(b) 0.102 0.004
4 0,150.......14(0 45(0 0.15 0.006 40(b) 130(b) 43(b) 140(b) 0.15 0.006
8 0.300.......11(0. 35(f) 0.20 0.008 27(b) 90(b) 34(b) 110(b) 0.20 0.008
(a) Highspeed steel tool material: M2 or M7. lb) Carbide tool material:C-6. (e)Carbide tool material: CC-6. (d) Carbide tool material:C-5. (e) Carbide toolmaterial:
CC-5. (0 Any premium high speed tool material (T15, M33, M41 to M47)

AISI Type 630: End Milling (Profiling)

Tool material
Depth of cut
mm in.

Speed
m/min ft/min

1---
10 mm (0.375 In.)

- Feed per tooth for cutter diameter ofr ~

12 mm (0,5 In.) 18 mm (0.75 in.) 25-50 mm (1-2 inj

Solution treated, with hardness of 150 to 200 HB
M2, M3, and M7 high

speed steel as 0.020 30 100 0.013 0.0005 0.025 0.001 0.050 0.002 0.075 0.003
J_5 0 060 23 75 0.025 0.001 0.050 0.002 0.075 0.003 0.102 0.004

diam/4 dram/4 20 65 0.018 0.0007 0.025 0.001 0.050 0.002 0.075 0.003
diam/2 diam/2 17 55 0.013 0.0005 0.018 0.0007 0.025 0.001 0.050 0.002

C-2 carbide 0.5 0.020 110 360 0.013 0.0005 0.025 0.001 0.075 0.003 0.13 0.005
15 0,060 82 270 0.025 0.001 0.050 0.002 0.102 0.004 0.15 0.006

diam/4 diam/4 72 235 0.025 0.001 0.038 0.0015 0.075 0.003 0.102 0.004
diam/2 diam/2 67 220 0.013 0.0005 0 025 0.001 0.050 0.002 0.075 0.003

Solution treated or hardened, with hardness of 275 to 325 HB
M2, M3, and M7 high

speed steel...0.020 26 85 0.013 0.0005 0.025 0.001 0.050 0.002 0.075 0.003
1.5 0.060 20 65 0.025 0.001 0.050 0.002 0.075 0.003 0.102 0.004

diam/4 diam/4 17 55 0.018 0.0007 0.025 0.001 O.G50 0.002 0.075 0.003
diam/2 diam/2 15 50 0.013 0.0005 0.016 0.0007 0.025 0.001 0.050 0.002

C-2 carbide 0.5 0.020 82 270 0.013 0.0005 0.025 0.001 0.075 0.003 0.13 0.005
1.5 0.060 64 210 0.025 0.001 0.050 0.002 0.102 0.004 0.15 0.006

diam/4 diam/4 55 180 0.025 0.001 0.038 0.0015 0.075 0.003 0.102 0 004
diam/2 diam/2 50 165 0.013 0.0005 0.025 0.001 0.050 0.002 0.075 0.003

Solution treated or hardened, with hardness of 325 to 375 HB
M2, M3, and M7 high

speed steel .....0.5 0.020 24 80 0.013 0.0005 0.018 0.0007 0.025 0.001 0.050 0.002
1.5 0.060 18 60 0.013 0.0005 0 025 0.001 0.050 0.002 0,075 0.003

diam/4 diam/4 15 50 0.013 0.0005 0,018 0.0007 0.038 0.0015 0.050 0.002
diam/2 diam/2 14 45 0.013 0.0005 0.013 0.0005 0.025 0.001 0.038 0.0015

C-2 carbide

_____
0.5 0.020 79 260 0.013 0.0005 0.025 0.001 0.050 0.002 0.075 0.003
1.5 0.060 60 200 0.025 0.001 0.050 0.002 0.075 0.003 0.102 0.004

diam/4 diam/4 52 170 0.025 0.001 0.038 Q.U015 0.063 0.0025 0.089 0.0035
diam/2 diam/2 50 165 0.01S 0.U0U5 0.025 0.001 0.050 0.002 0.075 0.003

Hardened, with hardness of 375 to 440 HB
Any premium high

speed steel (T15,
M33, M41-M47) . . .0.5 0.020 21 70 0.013 0.0005 0.018 0.0007 Q.025 0.0010 0.050 0.002

15 0.060 17 55 0.013 0.0005 0.025 0.001 0.050 0.002 0.075 0.003
diam/4 diam/4 14 45 0.013 0.0005 0.018 0.0007 0.038 0.0015 0.050 0.002
diam/2 diam/2 12 40 ... 0.013 0.0005 0.018 0.0007 0.025 0.001

C-2 carbide Q.020 34 110 0.013 0.0005 0.025 0.001 0.050 0.002 0.075 0.003
1.5 0.060 26 85 0.025 0.001 0.050 0.002 0.075 0,003 0.102 0.004

diam/4 diam/4 21 70 0.025 0.001 0.038 0.0015 0.063 0.0025 0.089 0.0035
diam/2 diam/2 20 65 0.013 0.0005 0.025 0.001 0.050 0 002 0.075 0.003
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Machining Data (Ref 3) (continued)

AISi Type 630: Boring
f—-— High speed steel-1 p—----------Uccontcd carbide-1 |-Coated carbide-1

Depth of cat Speed Feed Speed, brazed Speed, inserted Feed Speed Feed
mm in. m/tnin ft/min mm/rev in./rev m/min ft/rain m/min ft/min mm/rev in./rev m/min ft/min mm/rev im/rev

Solution treated, with hardness of 150 to 200 HB
0.25 0.010 .....20(a) 95!a) 0 075 0 003 90(b) 295(b) 105(b) 345(b) 0.075 0.003 135(c) 440(c) 0.075 0.003
1.25 0.050 .....23(a) 75(a) 0.13 0.005 72(d) 235(d) 84(d) 275(d) 0.13 0.005 115(e) 375(c) 0.13 0.005
2.5 0.100 .....20(a) 65(a) 0.30 0.012 64(f) 210(f) 75(f) 245(0 0.3D 0.012 95(g) 315(g) 0.30 0.012

Solution treated or hardened, with hardness of 273 to 325 HB
0.25 0.010 .....23(h) 75(h) 0.075 0.003 81(d) 265(d) 95(d) 310(d) 0.075 0.003 120(e) 400(e) 0.075 0.003
1.25 0.050 .....18(h) 60(h) 0.13 0.005 64(f) 210(f) 75(f) 245(f) 0.13 0.005 95(g) 315(0 0.13 0.005
2.5 0.100.....15(h) 50(h) 0.30 0.012 55(1) 180(f) 64(f) 210(f) 0.30 0.012 84(g) 275(0 0.30 0.012

Solution treated or hardened, with hardness of 325 to 375 HB
0.25 0.010 .....21(h) 70(h) 0.075 0.003 72(d) 235(d) B5(d) 280(d) 0.050 0.002
1.25 0.050 .....17(h) 55(h) 0.13 0.005 58(f) 190(f) 69(f) 225(f) 0.102 0.004
2.5 0.100.....14(h) 45(h) 0.30 0.012 49(f) 160(f) 58(0 190(f) 0.200 0.00B

Hardened,with hardness of 375 to 440 HB
0.25 0.0X0 .....14(h) 45(h) 0.050 0.002 50(d) 165(d) 59(d) 195(d) 0.050 0.002
1.25 0.050.....11(h) 35(h) 0.102 0.004 40(1) 130(f) 47(f) 155(f) 0.102 0.004
2.5 0.100.....8(h) 25(h) 0.20 0.008 35(f) 115(f) 41(f) 135(f) 0.200 0.008
(a) Highspeed steel toolmaterial:M2or M3. (b) Carbidetool material:C-8. (c) Carbidetool material:CC-8. (d) Carbide tool material'C-7, (a) Carbide tool material:
CC-7. (0 Carbide tool material: C-6. (g) Carbide tool material: CC-6. (h) Any premium high speed steel tool material (T15, M33, M41to M47)

AISI Type 630 Drilling

Tool material

Speed,
m/min
(ft/min)

1.5 mm 3 mm
(0.062 in.) (0.125 in.)

mm (in.) mm (in.)

- Feed per revolution for nominal bole diameter of:-1
6 mm 12 mm 18 mm 25 mm 35 mm 50 mm

(0.25 in.) (0.5 in.) (0.75 in.) (1in.) (1.5 in.) (2 in.)
mm (in.) mm (in.) mm (in.) mm (in.) mm (in.) mm (in.)

Solution treated, with hardness of 150 to 200 HB
M10. M7, and Ml high

speed steel 15 0.02a
(50) (0.001)

Solution treated or hardened, with hardness of 275 to
M10, M7, and Ml high

speed steel 14
(45) (—)

Solution treated or hardened, with hardness of 325 to

Any premium high
speed steel (T15,
M33, M41-M47) U

(35) (•••>

Hardened, with hardness of 375 to '140 HB
Any premium high

speed steel (TI5,
M33, M41-M47) 8

(25) (ÿÿ•)

0.050
(0.002)

325 HB

0.050
(0.002)

375 HB

0.050
(0.002)

0.025
(0.001)

0 102
(0 004)

0.102
(0.004)

0.102
(0.004)

0.050
(0.002)

0.18
(0 007)

0 18
(0.007)

0.15
(0.006)

0.075
(0.003)

0.20
(0.008)

0.20
(0.008)

0,20
(0.008)

0.102
(0.004)

0.25
(O.oio)

0.25
(0.010)

0.23
(0.009)

0.102
(0.004)

0.30
(0.012)

0.30
(0.012)

0.28
(0.011)

0.102
(0.004)

040
(0,015)

0.40
(0015)

0.30
(0.012)

0.102
(0.004)

AISi Type 630: Planing
Depthof cut Speed Feed/stroke Depth of cut Speed Feed/stroke

Tool material mm in. m/min ft/min mm in. Tool material mm in. m/min ft/min mm ill.

Solution treated, with hardness of 150 to 200 HB Solution treated or hardened, with hardness of 275 to 325 HB
M2 or M3 high M2 or M3 high

speed steel .. 0.1 0.0(15 5 15 (a) (a) speed steel .. 0.1 0.005 5 15 (a) (a)
2.5 0.100 8 25 0.75 0.030 2.5 0.100 6 20 0.50 0.020

12 0.500 5 15 1.15 0.045 12 0.500 5 15 0.75 0.030
C-6 carbide .. 0.1 0.005 38 125 (a) (a) C-6 carbide ..0.1 0.005 34 110 (a) (a)

2.5 0.100 43 140 1.50 0.060 2.5 0.100 38 125 1.50 0.030
(a) Feed is 75ÿc the width of the square nose finishing tool
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AISI Type 631

AISI Type 631: Chemical Composition
Composition,

Element %

Carbon 0.09
Manganese . . 1.00
Phosphorus Q.040
Sulfur 0.040
Silicon .... 0.040
Chromium . 19-18
Nickel 6.50-7.75
Aluminum.......... - .0.75-1.50

Characteristics. AISI type 631 (S17700) is a precipitation-
hardening stainless steel that provides high strength and
hardness, excellent fatigue properties, good corrosion resis¬
tance, and minimumdistortion on heat treatment. It iseasily
formed in the solution-treated (annealed) condition, then
hardened to high-strength levels by 3imple heat treatments.

Inthe heat treated conditions, type 631 has good mechani¬
cal properties at temperatures up to 480 °C (900 °F). Corro¬
sion resistance of this grade in conditions TH1050 and
RH950 is superior to that of the hardenable chromium types,
and in some environments, is similar to types 302 and 304.
Spring wire is producedby severe cold drawing which can be
hardened by a single-step, low-temperature heat treatment.

Type 631 in condition A, mill annealed, can be formed
similarly to type 301stainless steel. Itwork hardens rapidly,
and may require intermediate annealing when deep drawing
or forming intricate parts.

Type 631 is readily welded by many of the arc and re¬
sistance processes applicable to stainless steel. Preheating
and postaimealing practices are not necessary. Inert gas
shielding should he used to avoid oxidation of aluminum
during fusion welding.

Machining characteristics of type 631 are similar to those
of type 302 stainless steel. Normal practice for machining
materials in the hardness range of 275 to 400 HE should be
followed.

Typical Uses. Applications of AISI type 631 include air¬
craft structural parts; flat and round wire springs; and
drawn, bent or formed parts.

AISI Type 631: Similar Steels (U.S. and/cr Foreign). UNS
S17700; AMS 5528, 5529, 5568, 5644, 5673, 5678, 5824;
ASME SA705; ASTM A313, A564, A579 (62), A693, A705;
MIL SPEC MIL-S-25043, MIL-W-46078; SAE J217, J467
(17-7PH); (W. Ger.) DIN 1.4568

Physical Properties

AISI Type 631: Thermal Treatment Temperatures
Temperature range

Treatment °C °F

Forging 1175-1230 2150-2250
Solution treatment, condition A.............1040-1045 1890-1910
Transformation to condition C (a) (a)

Transformation to condition Tib) 760 1400
Transformation to condition Ric)...............950 1750
(a) Cold rolled or cold drawn, fb) Air cool to 16 °C (60 °F). (c) Plus -73 °C
(-100 T)

AISI Type 631: Average Coefficients of Linear Thermal
Expansion (Ref 12)

AISI Type 631: Thermal Conductivity (Ref 12)

Temperature range CoerficieDt
Condition "C °F /j-iiriu K ÿtin./ in. ÿ

A . , .21-93 70-200 15.3 8.5
21-205 70-400 16.2 9.0
21-315 70-600 17.1 9.5
21-425 70-800 17.3 9.6

TH105Q .21-93 70-200 10.1 5.6
21-205 70-400 11.0 6.1
21-315 70-600 11.3 6.3
21-425 70-800 11.9 6.6

RH950 ......21-93 70-200 10.3 5.7
21-205 70-400 11.9 6.6
21-315 70-600 12.2 6.8
21ÿ425 70-800 12.4 6.9

CH900 ......21-93 70-200 11.0 6.1
21-205 70-400 11.2 6.2
21-315 70ÿ00 11.5 6.4
21-425 70-800 11.9 6.6

Temperature Thermal conductivity
Condition "C «F W/m-K Btu/fl-h-°F

TH1050 150 300 17.0 9.8
260 500 18.5 10.7
450 840 21.1 12.2
480 900 21.1 12.2

RH96D(a) 150 300 17.0 S.8
260 500 18.5 10.7
450 840 21.1 12.2
480 900 21.1 12.2

CH900 150 300 16.4 9.5
260 500 18.3 10.6
450 840 21.6 12.5
480 900 21.8 12.6

(a) Estimated values

AISI Type 631: Selected Physical Properties at Various
Heat Treated Conditions (Ref 12)

Melting range .. ............................1405-1440 °C (2560-2625 °¥)

Specific heat at 0-100 <C (32-212 °F)...........460 J/kg- K (0.11Btu/lb-°F)

AISI Type 631:
Density (Ref 12)

Density
Condition g/cm' lb/in.9
A 7.81 0.282
TH1050 .........7.64 0.276
KH950..........7.64 0.276
CH900 ..........7.67 0.277

AISI Type 631: Electrical
Resistivity at Room
Temperature (Ref 12)

Electrical
Condition resistivity, nil m

A 80
TH1D50 82
RH950 83
CH900 83.8
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Mechanical Properties

AIS! Type 631:Representative Tensile Properties (Ref 6}

Tensile Yield
strength etrength(a)

Condition MPs ksi MPa ksi

Sheet
Solution treated ...............895 130 275 40
CH900....................1825 265 1795 260
TH1050 1380 200

Plate and bar

Solution treated ...............895 130 275 40
RH950 1380 200 1205 175
TH1050 1205 175 1070 155
(a) 0.2% offset, (b) In 50 mm (2 in.l

Elongationtb),
%

Reduction
in area, % Hardness

36
2

10
10
12

30
30
34

85 HRB
43 HRC

90 HRB
44 HRC
42 HRC

AfSI Type 631: Properties Acceptable for Material Specification of
Cold Drawn Wire (Ref 12)

I--—-—--- Tensile strength-1
I-Wire diameter-1 Condition C Condition CH900

mm in. MI'a ksi MPa ksi

0.762-1.041 0.030-0.041................1790-2000 260-290 2205-2415 320-350
1.067-1.295 0.042-0.051................1760-1965 255-285 2140-2345 310-340
1.321-1.549 0.052-0.061..............,.1725-1930 250-280 2105-2310 305-335
1.575-1.803 0.062-0.071................1670-1875 242-272 2050-2255 297-327
1.829-2.184 0.072-0.086................1655-1860 240-270 2015-2220 292-322
2.210-2.286 0.087-0.090................1585-1795 230-260 1945-2050 282-312
2.311-2.540 0.091-0.100................1565-1770 227-257 1925-2130 279-309
2.565-2.692 0.101-0.106................1540-1745 223-253 1900-2100 274-304
2.718-3.302 0.107-0.130................1525-1730 221-251 1875-2080 272-302
3.327-3.505 0.131-0.138................1480-1690 215245 1795-2000 260-290
3.531-3 708 0.139 0.146................1470-1675 213-243 1780-1985 258-288
3.743-4.115 0.147-0.162................1455-1660 211-241 1765-1970 255286
4.140-4.572 0.163-0.182................1440-1650 209-239 1750-1960 254-284
4.597-5.25B 0.181-0.207................1430-1635 207-237 1740-1945 252-282
5.283-5.715 0.208-0.225 ...............1400-1605 203-233 1710-1915 248-278
5.740-7.772 0.226-0 306................1365-1570 198-226 1660-1875 242-272
7.798-8.407 0.307-0.331................1325-1530 192-222 1620-1825 235-265

AfSI Type 631: Typical Elevated-Temperature Properties of Sheet and Strip (Ref 12)
Test Tensile Yield

temperature strength strength(a)
°F Condition MPa ksi MPa ksi EIongation(b), %

, 24 75 TH1050 1330 193 1255 1B2 10.0
RH950 1585 230 1495 217 6.0
CH9O0 1B05 262 1695 246 5.0

150 300 TH1050 1235 179 1170 170 8.0
RH95G 1435 206 1325 192 4.5
CH900 1710 248 1614 234 4.0

! 260 500., .........TH1050 1150 167 1105 160 4.5
1

RH950 1345 195 1215 176 4.5
CH90Q 1570 228 1475 214 3.0

315 600 TH1050 1115 162 1070 155 4.0
RH950 1305 189 1165 169 5.0
CH900 1530 222 1405 204 3.0

! 370 700 ........TH1050 1076 156 1005 146 - 4.5
RH950 1250 181 1115 162 7.0

425 800 ........TH1050 986 143 896 130 6.2
RH950 1105 160 945 137 12.0

! CH900 1425 207 1215 176 5.0
; 480 900 .....TH1050 855 124 689 100 10.0

RH950 915 133 786 114 15.0
CH900 1260 183 993 144 6.0

3 (a) 0.2% offset, (b) In 50 mm (2 in.)

|
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Mechanical Properties (continued)

AISI Type 631: Stress-Rupture and Creep-Strength Properties of Sheet and Strip (Ref 12)

___
!

Stress to produce
Test

temperature
"C T Condition

; Stress ro rupture in:-1
100 h 1000 h

MPs ksi MPa ksi

permanent deformation of:
0.1% in 1000 h 022% in 1000 h
MPa ksi MPa ksi

315 600 ..............TH1050 1170 170 1090 158 600 87 724 105
RH950 1295 188 1240 180 725 105 869 126
CH900 1515 220 1490 216 ...

370 700 .TH1050 895 130 840 122 395 57 48 70
RH950 1165 169 100 146 415 60 600 87
CH900 1340 194 1240 180 ... ... ...

425 800 758 110 620 90 275 40 310 45
RH950 779 113 635 92 215 31 250 36
CH900 931 135 305 73 ... ... ...

430 900 TH1050 540 73 360 52 105 15 125 18
RH950 420 61 305 44 83 12 97 14
CH900 365 53 250 36 ... ... ...

AISI Type 631, Condition CH900: Fatigue Properties of
Helical Compression Springs (Ref 12)

Wire diameter Surface Fatigue strength
ram in. condition MPa ksi

1.70 0.067 ...............Cold drawn 585 85
Elcctropolished 725 105

2.16 0.035...............Cold drawn 585 85
2.67 0,105...............Cold drawn 585 85

Shot peened 825 120
Elactropolished,

shot peened S95 130
3.18 0.125 ...............Cold drawn 505 73

Electropolished 585 85

Machining Data

For machining data on AISI type 631, refer to the preceding
tables for AISI type 630.

AISI Type 632

AISI Type 632: Chemical Composition
Composition,

Element %

Carbon........ 0.09 max
Manganese - .. LOO max
Phosphorus...............................................ÿ ÿ .0.04 max
Sulfur........................ ....0.03 max
Silicon . . 1.00 max
Chromium. . 14-16
Nickel 6.50-7.75
Molybdenum ........ . ...........2-3
Aluminum...................................................0.75-1.50

Characteristics. AISI type 632 (S15700) is a semiausten-
itic, precipitation-hardening, stainless steel that provides
high strength and hardness, good corrosion resistance, and
minimumdistortion on heat treatment. It is easily formed in
the annealed condition and develops an effective balance of
properties through simple heat treatments. For applications
requiringexceptionally high strength, cold reduced type 632,
condition CH900, is ideal and can be used where limited
ductility and workability are permissible.

In its heat-treated condition, type 632 stainless steel
provides excellent mechanical properties at temperatures
up to 480 °C (900 °F). Corrosion resistance of this grade is

superior to that of the hardenable chromium types, in some
environments approximating that of type 304. Type 632 has
the greatest resistance to stress corrosion cracking incondi¬
tion CH900. Condition TH1050 is somewhat less resistant
than condition CH900, but appears to be more resistant to
stress cracking than condition RH950.

Type 632 incondition A can be formed comparably to type
301 stainless steel. Itwork hardens rapidly,and may require
intermediate annealingwhen deep drawing or forming intri¬
cate parts.

Type 632 is readily welded by many of the arc and re¬
sistance welding processes applicable to stainless steels.
Preheating and postannealing practices are not necessary.
The major precaution advised is the use of gas shielding to
avoid oxidation of aluminum during fusion welding.

Typical Uses. Applications ofAISItype632includeretain¬
ing rings, springs, diaphragms, aircraft bulkheads, welded
and brazed honeycomb paneling, and other aircraft compo¬
nents that require high strength at elevated temperatures.

AISI Type 632: Similar Steels (U.S. and/or Foreign). UNS
S15700; AMS 5520, 5657, 5812, 5813; ASTM A564, A579,
A693, A705; SAE J467 (PH15-7-Mo); (W. Ger.) DIN 1.4532
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Physical Properties

AISI Type 632: Thermal Treatment Temperatures
Temperature range

Treatment "C *F

Annealing, condition A..........................1050-1080 1925-1975
Aiiatenite conditioning ...........................745-775 1375-1425
Hardening...........................,...,510-565 950-1050

AISI Type 632: Thermal Conductivity
Temperature Thermal conductivity
•c °F W/m-K Btu/fth'F
21 70 ". ... 15.1 8.7
95 200 9.3

205 400 17.6 10.2
315 600 19.2 11.1
425 600 20.8 12.0
480 900 12.5

AISI Type 632: Average Coefficients of Linear Thermal
Expansion (Ref 12)

Temperature range Coefficient
•c °F fimlm ÿ K fim./in.-°F

21-93 70-200 9.0 5.0
21-205 70-400 . 9.7 5.4
21-316 70-600 5.6
21-425 70-800 10.6 5.9
21-480 70-900 10.6 6.0
21-540 70-1000 .11.1 6.1

AISI Type 632: Selected Physical Properties in the RH950
Condition (Ref 12)

Density ......................,.................7.67 &/cm3 (0,277 lb/in.3)
Electrical resistivity at 20 "C (68 °F) ....83 nfl-m

Mechanical Properties

j AISI Type 632: Stress-Rupture and Creep Properties at Elevated Temperatures (Ref 12)

Stress ta produce permanent
Stress to produce rupture in: deformation of.

Test temperature 100 h iOOO h 1% in 10G0 h 29fc in 1000 h
°C °F Condition MPa ksi MPa ksi MPa ksi MPa kai

315 600 RH950 1395 202 1380 200 906.6 131.5 1035 150.1
TH1050 1235 179 1225 178 ... ...

370 70O RH950 1330 193 1315 191 830.8 120.5 979.0 142.0
THI050 1110 161 1040 151 ... ...

425 SCO RH950 1200 174 1180 171 655 95.0 752.9 109.2
TH1050 960 139 945 137 ... ... ...

480 900 RH950 660 125 745 108 248 36.0 279 40.5
TH1050 745 108 675 98 ... ...'

AISI Type 632: Short-Time Properties at Elevated Temperatures (Ref 12)

Test temperature
"C °F Cundition

TensUe strength
MPa ksi

Yield strength(a)
MPa ksi

Elongn-
tionCb),

%
Shear strength
MPa ksi

24 1075 . TH105G 1462 212 1413 205 7.0 986 143
RH950 1634 237 1517 220 5.0 1117 - 162
CH900, Longitudinal 1744 253 1675 243 3.0 ... ...
CH900, Transverse 1800 261 1758 255 3.0 ... .. ...

150 300 TH1050 1379 200 1344 195 4.E 896 130
RH950 1517 220 1379 200 4.0 IOOO ÿ 145
CH900, Longitudinal 1655 240 1551 225 2.0 ... ...
CH900, Transverse 1779 258 1606 233 2.0 ...

315 600 TH1050 1255 182 1886 172 4.5 800 116
HH95U 1379 200 1200 174 5.0 883 128
CH900, Longitudinal 1517 220 1407 204 1.5 ...
CH900, Transverse 1641 238 1455 211 1.5 ...

370 7O0 .......... .TH1050 1207 175 1131 154 6.0 758 110
RH950 1344 195 1138 165 6.0 855 124
CH900, Longitudinal 1434 208 1331 193 1.5 ... ...
CH900, Transverse 1572 228 1379 200 1.5 ... ...

425 800 1124 163 1034 150 9.0 717 104
RH950 1255 182 1034 150 8.0 800 116
CH900, Longitudinal 1372 199 1248 181 1.5 ... ...
CH90D, Transverse 1510 219 1310 190 1.5 ... ...

480 900 TH1050 979 142 876 127 14.0 662 96
RH950 1103 160 896 130 10.0 710 103
OH900, Longitudinal 1269 184 1138 165 2.5 ...
CH900. Transverse 1393 202 1207 175 2.5 ...

540 1000 793 115 724 105 19.0 552 80
RH950 896 130 724 105 14.0 607 88
CH900, Longitudinal 1089 158 903 131 4.0 ... ...
CH900, Transverse 1193 173 986 143 4.0 ...

(a) 0.2% offset, (b) Id 50 mm (2 in.)
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Mechanical Properties (continued) Machining Data

AISI Type 632: Typical Tensile Properties at Room Temperature (Ref 12)

Tensile Yield
strength strength(a) Elongationtb),

Condition MPa ksi MPa ksi % Hardness

A 896 130 379 55 35 88HRB
T 1000 145 621 90 7 23 HRC
Tin050 .. . 1448 210 1379 200 7 24HRC
A1750...... 1034 150 379 55 12 85 HRB
R100 ... 1241 180 862 125 7 40 HRC
RH950 1655 240 1551 225 6 48 HRC
C

__________
1617 220 1310 190 5 45 HRC

CH900 1827 265 1793 260 2 50 HRC
(a) 0.2% offset, ib) In50 mm (2 in.)

For machining data on AISI
type 632, refer to the pre¬
ceding machining tables for
AISI type 630.

AISI Type 633

AISI Type 633: Chemical Composition
Element Composition, %

Carbon......... 0.07-0.11
Manganese.................................................0.50-1.25
Phosphorus.................................................0.04 max
Sulfur......................0.03 max
Silicon ..................0.50 max
Chromium 16-17
Nickel . 4-5
Molybdenum............. 2.50-3.25
Nitrogen .. 0.07-0.13

Characteristics. AISI type 633 (S35000) is a chromium-
nickel molybdenum stainless steel which canbe hardenedby
martensitic transformation and/or precipitation hardening.
Depending on heat treatment, type 633 may have an aus-
tenitic structure for optimal formability, or a martensitic
structure with strengths comparable to martensitic steels.
This alloy contains some delta ferrite, normally about 5 to
10% of the phase.

Type 633 has corrosion resistance superior to other
quench-hardenable, martensitic stainless steels. Material in
the double-aged, or equalized and overtempered condition, is
Buseeptible to intergranular corrosion because of the precipi¬
tation of chromium carbides. When this alloy is hardened by

treatments employing subzero cooling, it is not subject to
intergranular attack.

In the annealed condition, type 633 is austenitic and
has cold forming characteristics similar to the austenitic
stainless steels. It has a high rate of work hardening, and
cold forming will cause martensite formation in proportion
to the amount of deformation. In the hardened condition,
this alloy has sufficient ductility for limited forming or
straightening operations.

Optimalmachinabilityof type 633 is obtained inthe equal¬
ized and overtempered condition. Machining in the annealed
condition is not recommended.

Inert-gas-shielded or shiclded-metal-arc welding of type
633 can be used to produce sound welds with good ductility.
For optimum properties, postweld reannealing at 930 °C
(1710 °F) is required. For fusion welding of type 633, filler
metal of the same composition as the base metal is recom¬
mended. Rod of types 308, 309, or 310 can be used for in¬
creased ductility. Type 633 can be brazed with the common
silver-base or nickel-base brazing alloys.

Typical Uses. Applications of AISI type 633 include gas
turbine compressor blades, discs, rotors, shafts, and similar
parts where high strength at room and intermediate tem¬
peratures is required.

AISI Type 633: Similar Steels (U.S. and/or Foreign). UNS
S35000; A MS 5546, 5548, 5554, 5745, 5774, 5775; ASTM
A579 (61), A693; SAE J467 (AM-350)

Physical Properties

AIS! 633: Thermal Treatment Temperatures
Temperature range

Treatment "C *F

Forging and annealing
Forging, start ................................1175 max 2150 max
Forging, finish 925-980 1700-1800
Annealing 1010-1065 1350-1960

Hardening
Subzero cooling, conditioning 920-945 1685-1735
Subzero cooling, tempering ....................455 or 540 850 or 1000
Double aging 730-760 1350-1400
Double aging, reheat 440-470 825-875
Equalize and overtemper 745-800 1375-1475

540-595 1000-1100

AISI Type 633: Average Coefficients of Linear Thermal
Expansion (Ref 9)

Test specimens were subjero cooled; tempered at 455 °C (S50 Tt
Temperature range Coefficient

aC *F m• K gin./io.-
20-100 68-212 11,3 6.3
20-300 68-570 12.2 6.8
20-400 68-750 12.6 7.0
20-500 68-930 13.0 7.2
20-620 63-1160 13.0 7.2
20-730 68-1350 .......12.1 6.7
20-815 68-I50O........12.6 7.0
20-925 68-1700 13.5 7.5
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Physical Properties (continued)

AISI Type 633: Selected Physical Properties (Ref 9)

Melting range .. . . ...........................1370-1400 °C (2500-2550 °F)

Density in the annealed condition..................8.0 g/cm3 (0.29 lb/in.3)

AISI Type 633: Electrical Resistivity (Ref 9)

Test specimens were subzero cooled; tempered at 455 °C (850 °F)

Temperature Electrical
•C °F resistivity, nfi•

27 80 79
280 540 94
730 1350 115

AISI Type 633: Thermal Conductivity (Ref 9)
Test specimens were subzero cooled; tempered at 455 1(850 f)

Temperature Thermal conductivity
•C °F_W/m-K Btu/fthT
38 100 R5 8.4
93 200 15.4 8.9

150 300 16.2 g.4

205 400 17.0 9.8
260 500 17.3 10.3
315 600 18.7 10.8
370 700...........19.5 11.3
425 800 20.2 11.7
480 900 21.1 12.2

Mechanical Properties

AISI Type 633: Elevated-Temperature Properties (Ref 9) AISI Type 633: Charpy V-Notch Impact Strength (Ref 9)
Test specimens were subzero cooled; tempered at 455 °C (850 °f) Test specimens were subzero cooled and tempered

Test Tensile Yield Test Tempering
temperature strength strength(a) Elongation(b), temperature temperature Impact energy
-c °F MPa ksi MPs ksi % °c "F •c "F J ft-lb

27 80 ... .1400 203 1170 170 13.0 -195 -320 455 850 5 4
205 400

____
1295 188 970 141 8.5 540 1000 8 6

315 600 . ...1305 189 940 136 7.0 -73 -100 850 11 8
370 700

_____
1310 190 880 128 8.0 540 1000 ...

425 800 .....1280 186 860 125 9.5 21 70 850 19 14
580 900 .....1145 166 765 111 9.0 540 1000 34 25
640 1000 730 106 585 85 16.0 100 212 455 850 33 24
(a) 0.21' offset. Cb) In 50 mm (2 in.)

AISI Type 633: Effect of Long-Time Exposure Under Stress at Elevated Temperatures
on Room-Temperature Properties (Ref 9)

Test specimens were subzero cooled; tempeied at 455 °C (850 °F)

Exposure stress Tensile strength Yield strength(a) Elongationfb),
MPa ksi MPa ksi MPa kai It

Exposed at room temperature
••• 1335 201

Exposed at 315 °C {600 *F) for 1000h
410 60 1365 198
620 90 1395 202
970 140 . 1405 204

Exposed at 370 °C (700 "Fl for 1000 h
410 60 1405 204
620 90 1420 206

1030 156 . 1570 228

Exposed at 425 °C (800 °F) for 1000 h
410 60 1515 220
620 90 1475 214
900 130 1515 220

(a) 0.21offset, (b) In 50 mm (2 in.), (c) Broke outside gage marks

1090

1115
1220
1385

1165
1240
1565

1310
1325
1460

158

162
177
201

16S
180
227

190
192
212

12.0

14.0
13.0
12.0

11.0
11.0
5.0

7.0
7.5
4.5(c)

AISI Type 633: Stress-Rupture Properties (Ref 9)

i Test specimens were subzero cooled and tempered

Test Tempering 1 Stress for rupture in: 1
temperature temperature 10 h lOOh 1000 h
•C -F °C •F MPa ksi MPa ksi MPa ksi

425 800 455 850 1295 188 1280 186 1260 183
540 1000 910 132 895 130 875 127

480 900 455 850 965 140 815 118 655 95
540 1000 760 110 710 103 675 98
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Mechanical Properties (continued) Machining Data

AISI Type 633: Typical Tensile Properties at Room Temperature (Ref 9)

Tensile Yield
strength strength(a) EIongation(b),

Treatment MPa kal MPa ksi %

Subzero cooled and
tempered at 455 °C
(850 T).................1365 198 1115 162 15

Subzero cooled and
tempered at 540 °C
(1000 "F) ................1125 163 1035 150 22

Double aged...............1180 171 980 142 12
Annealed..................1105 160 415 60 30
(a) 0.2% offset, (b) In 50 mm (2 in.)

Reduction
in area, % Hardness

For machining data on AISI
type 633, refer to the pre¬
ceding machining table for
AISI type 630.

49

53

48 HRC

38 HRC
40 HRC
95 HRB

AISI Type 634

AISI Type 634: Chemical Composition
Element Composition, %

Carbon.....................................................0.10-0.15
Manganese ..............................0.50-1.25
Phosphorus. ,...............................................0.040 mEix

Sulfur......................................................0.030 max
Silicon ..........0.50 max
Chromium-......15-16
Nickel ..4-5
Molybdenum ................................................2.50-3.25
Nitrogen ...........0.07-0,13

Characteristics. AISI type 634 (S35500) is a chromium-
nickel-molybdenum stainless steel which can be hardened by
martensitic transformation and/or precipitation, hardening.
Inthe annealed condition, the alloy is austenitic and exhibits
properties similar to the austenitic stainless steels. This con¬
dition offers good formability and weldability relative to fer-
ritic or martensitic materials. After fabrication, appropriate
heat treatments are employed to harden the alloy to high
strengths similar to the hardenable martensitic stainless
steels.

Type 634 offers good resistance to atmospheric corro¬
sion and to a number of other mild chemical environments.
Material in the double-aged or equalized and overtempered
condition is susceptible to intergranular corrosion because

of grain-boundary precipitation of carbides. When hardened
by subzero cooling, this alloy is not subject to intergranular
attack.

The machinability rating of type 634 is 30% in the
annealed condition and about 25% in the hardened condi¬
tion when compared to 100% machinability rating of free-
machining AISI 1212.

Type 634maybe welded by the inert-gas-shielded, covered-
electrode, or submerged-arc welding processes. Filler metal
should be of the same composition as the base metal.

In the fully heat treated conditions type 634 can be
limited cold formed, by cold forming operations such as bend¬
ing, dimpling, and straightening. Forming characteristics in
the annealed condition are similar to those of the austenitic
stainless steels. Forming at a temperature of 150 °C (300 °F)
may be used to take advantage of lower strength and lower
work hardening rates at this temperature.

Typical Uses. Applications ofAISI type 634 include struc¬
tural components for high-speed aircraft, jet engine compo¬
nents, and high-strength, cold drawn wire and springs.

AISI Type 634: Similar Steels (U.S. and/or Foreign). UNS
S35500; AMS 5547, 5549, 5594, 5742, 5743, 5744, 5780,
5781; ASTM A564, A579, A693, A705; SAE J467 (AM-355)

Physical Properties Machining Data

AISI Type 634: Average Coefficients of Linear Thermal
Expansion (Ref 7)

I-Coefficient-1
Temperature Subzero cooled

range Hardened and tempered
•C "F pm/m-K /iin./in. ÿ "F pm/mK pin./in. °F

25-100 80-212........17.1 9.5 11.5 6.4
25-200 80 390........18.1 )0.1 11.9 6.6
26-310 80-590 .......18.4 10.2 12.2 6.8
25-400 80-750........18.9 10.5 12.6 7.0
25-500 80-930........19.3 10.7 13.0 7,2
25-600 80-1110.......19.8 U.O 13.0 7.2
25-1000 80-1830.......20.3 113 13.3 7.4

AISI Type 634;
Electrical Resistivity
Test specimens were subzero
cooled and tempered at 455 °C
(850 aF)

Temperature Electrical
*C *F resistivity, oft - m
25 80 75,7

100 212 79.7
245 420...........86.8
390 735 94.8
565 1050 103.6

For machining data on AISI
type 634, refer to the pre¬
ceding machining tables for
AISI type 630.
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Physical Properties (continued)

AlSt Type 634: Thermal Treatment Temperatures
Temperature range

Treatment *C °F

Forging
Forging, preheat 870 1600
Forging, start _

..1175 max 2150 max
Forging, finish......................925-980 1700-1800

Annealing
Annealing 1010-1040 1850-1900

Hardening
Conditioning ....................... . ........900-955 1710-1750
Subzero cooling...........,,. -73 -100
Subzero cooling, tempering ...................455-540 850-1000
Double aging.................... ............730-760 1350-1400
Equalize and overtemper .....................745-800 1375-1475

540-595 1000-1100

AISi Type 634: Thermal Conductivity (Ret 7)

Temperature
"C "F

Thermal conductivity
W/m-K Btu/ft-hT

38
150
260
310
480

100.
300.
500.
700.
900.

. 15.1

. 16.4

. 17.8

. 194
20.7

8.7
9.5

10.3
11.2
12.0

AISI Type 634: Selected Physical Properties (Ref 7)

Melting range 1370-1400 °C (2500-2550 *F)

Density 7.8 g/cm3 (0.28 lb/in.3)

Specific heat at 0-100 °C (32-212 °F)...........502 J/kg-K (0.12 Btu/lb-°F)

Mechanical Properties

AISI Type 634; Room-Temperature Properties of Bar After Exposure to Elevated Temperature {Ref 7)
Test specimens were 9.53-mm (0.375-in.) tfiam

Exposure Exposure Tensile Yield
Specimen temperature time, strength strengtb(a)

nun in. "C T h MPa ksi MPa ksi

Subzero cooled and tempered at 540 "C (1000 ~F)

133(c) 5.25(c)....................— — — 1158 168.0 1103 160
260 500 1000 1169 169.5 1110 161
370 700 1000 1344 195.0 1289 187

102(c) 4.00(c) ....................••• — 1134 164.5 1076 156.0
260 500 100 1124 163.0 1072 155.5
260 500 1000 1127 163.5 1096 159.0
370 700 100 1186 172.0 1141 165.5
370 700 1000 1227 178.0 1207 175.0

25(d) 1.00(d) ....................— — "• 1148 166.5 1100 159.5
455 850 24 1217 176.5 1172 170.0
455 850 100 1269 184.0 1241 180.0
455 850 1000 1376 199.5 1300 188.5

Subzero cooled and tempered at 455 °C (850 °F)

25(d) 1.00(d) ....................••• — 1407 204.0 1207 175.0
455 850 24 1396 202.5 1245 180.5
455 850 100 1413 205.0 1310 190.0
455 850 1000 1441 209.0 13B6 201.0

(a) 0.2% offset, (bi Gage length is 4 x diam of the test specimen, (c) Square, (d) Round

Elongation(b),
%

18
18
15
18
19
18
18
17
19
19
18
17

16
16
15
16

Reduction in
area, %

52
54
47
57
58
58
54
54
57
59
55
49

50
52
50
50

AISI Type 634: Charpy V-Notch Impact Properties (Ref 7)
Test specimens were subzero cooled and tempered

Teat Tempering
temperature temperature Impact energy
"C °F °C °F J ft lb"

-195 -320 455 850 4 3
540 1000 14 10

-73 -100 455 850 14 10
540 1000 34 25

-12 10 455 850 20 15
540 1000 52 38

21 70 455 850 23 17
540 1000 62 46

100 212 455 860 26 19
540 1000 68 50

AISI Type 634: Creep Strength of Sheet (Ref 7)
Test specimens were subzero cooled and tempered at 455 °C (850 °f)

Test
temperature
"C °F

Stress for permanent deformation of:
0.1% in 1000 h 0.2% in 1000 h
MPa km MPa ksi

315 600 848 123 1000 145
370 700 724 105 862 125
425 800 421 61 627 91
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Mechanical Properties (continued)

AISI Type 634: Room-Temperature Tensile Properties of Sheet and Bar After Exposure to Elevated Temperature
Under Stress (Ref 7}

Specimen
mm in.

Exposure
temperature
°C "F

Exposure
stress

MPs ksi

Exposure
time,

h

Tensile
strength

MPa ksi

Yield
strength(a)

MPa ksi
Elongation(b),

%
Reduction in

area, %

Sheet
0.69 0,027

1.27 0.050

Round bar

25 1.0 .

Round bar
25 1.0 .

Subzero cooled and tempered at 455 °C (850 °F)

each cycle

... ... ... 1520 220.5 1286 186.5 8
315 600 689 100 502 1617 234.5 1424 206.5 11
315 600 862 125 517 1620 235.0 1469 213.0 7... ... ... 1458 211.5 1169 169.5 12
315 600 455 66.0 1001 1472 213.5 1186 172.0 12
315 600 683 99.0 1001 1475 214.0 1238 179.5 11
315 600 1024 148.5 1001 1469 213.0 1424 206.5 8
370 700 445 64.5 1003 1496 217.0 1227 178.0 11
370 700 669 97.0 1072 1507 218.5 1300 188.5 12
370 700 1003 145.5 1072 1503 218.0 1496 217.0 6
425 800 427 62.0 1072 1572 228.0 1379 200.0 13
425 800 641 93.0 1016 1548 224.5 1410 204.5 13
425 800 965 140.0 1007 1505 227.0 1624 221.0 9

- • - ... ... 1462 212.0 1155 167.5 21 54
315 600 7101 103.0 1000 1465 212.5 1265 183.5 9 54
370 700 717.0 104.0 1000 1500 217.5 1324 192 0 9 43

Subzero cooled and tempered at 540 °C (1000 °F)

... r a , 1276 185.0 1134 164.5 16 57
370 700 676 98.0 5400 1489 216.0 1382 200.5 15 61
... ... ... ... 1213 176.0 1065 154.5 18 60

370 700 641 93.0 5400 1403 203.5 1096 159.0 16 51... ... ... ... ... 1317 191.0 1213 176.0 9 54
..v ÿ (c) (c) 413 60.0 (c) 1427 207.0 1365 198.0 11 53... ... ... ... 1372 199.0 1255 182.0 7 53

(c) (c) 413 60.0 (c) 1544 224.0 1482 2J5.0 5 50
(c) (c) 827 120.0 (c) 1551 225.0 ... 5 49

(b) In50 mm (2 in ), (c) Cycled daily for 15 days between -73 °C and 425 °C (-100 "F and 800 T); held at 425 °C (800 °F) about 15 h di

AISI Type 634: Stress-Rupture Properties for Flat Rolled Bar Stock (Ref 7)

Test
temperature 10 h

ÿ Stress for rupture in: -

100 b 1000 h
Condition ÿc °F MPa ksi MPa ksi MPa ksi

Subzero cooled
and tempered
at 455 "C
(850 T) 800 1296 188 1276 185 1255 182

480 900 972 141 827 120 676 98
540 1000 607 88 496 72 400 58

Subzero cooled
and tempered
at 540 'C
(1000 °F) 425 800 965 140 951 138 931 135

480 900 758 110 724 105 683 99
540 1000 579 84 490 71 414 60
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ASSI Type 651

AISI Type 651: Chemical Composition
Compo§ition,

Element %

Carbon.....................................,.,. 0,28-0.35
Manganese .............. .......0.75-1.50
Phosphorus..................................................0.040 mas
Sulfur.......................................................0.030 max
Silicon ..............................0,30-0.80
Chromium.................... .. 18-21
Nickel 8-11
Molybdenum ................................. 1.00-1,75

Copper........................................ 0.50 max
Niobium ..0.25-0.60
Titanium 0.10-0.35
Tungsten ........1.00-1.75

Characteristics. AISI type 651 (K63198) is a 19% chro¬
mium, 9% nickel, iron-base, austenitic alloy. This steel con¬
tains relatively small amounts of alloying elements to pro¬
vide an economical, high-strength, heat-resisting alloy. This
grade is not hardenable by heat treatment. Bar and forgings
are often warm formed to higher strength levels than aTe

obtainable in the annealed (solution-treated) condition.
Warm working is suitable for increasing strength up to the
650 to 705 °C (1200 to 1300 °F) service temperature area.

Corrosion resistance is similar to that of the higher carbon,
nonstabitized, austenitic stainless steels. When annealed
and rapidly quenched or otherwise properly heat treated to
avoid sensitization, type 651 exhibits ample corrosion re¬
sistance. Oxidation resistance is good up to 955 °C (1750 ®F)
in continuous service, and up to 780 CC (1450 °F) for inter¬
mittent service.

Type 651 is readily cold formed in the annealed condition
at a hardness of about 88 to 95 HUB. Cold rolled and stress
relievedmaterial is not suitable for severe cold forming. This
alloy work hardens rapidly, and will probably require an¬
nealing at some stage of forming.

The maehinability rating of this alloy is 45% of that for
AISI 1212. Type 651 is most readily machined when cold
drawn 15 to 20% and stress relieved to a hardness of 220 to
240 HB. Warm working followed by stress relieving to a
similar hardness also provides good maehinability.

Type 651 is readily welded using the common welding
processes. Filler metal should be of the same composition as
the base metal. Itis recommended that fusion-welded compo¬
nents be stress relieved at 900 to 980 °C (1650 to 1800 °F). If
the part is to be employed at temperatures within the carbide
precipitationrange, the 900 °C (1650 °F) temperature should
be used.

Typical Uses. Applications ofAISI type 651 include rotor
forgings, buckets, bolts, aircraft exhaust manifolds, collector
rings,jet engine and gas turbine tail cones, and similar heat-
resisting assemblies.

AISI Type 651: Similar Steels (U.S. and/or Foreign). UNS
K63198; AMS 5369, 5526, 5527, 5579, 5720, 5721, 5722;
ASTM A453, A457, A458, A477; SAE J467 (19-9 DL);
MIL SPEC MIL-S-46042

Physical Properties

AISI Type 651:Thermal Treatment Temperatures
Temperature

Treatment *C °F

Forging, start ............1175 2150
Forging, finish............... 650 nin 1200 mill
Warm working...................................650-815 1200-1500

AISI Type 651:Thermal Conductivity (Rel 7)

Temperature Thermal conductivity
"C "F W/mK Btu/ft • h• °F

21 70 13 5 7.8
42d 800 18.5 10.7
650 1200 .21.3 12.3 "•

AISI Type 651: Average Coefficients of Linear Thermal
Expansion (Ref 7) ÿ J
Temperature range Coefficient

°C °F fim/m-K /dm/in. '°F
21-93 70-200 15.3 8.5
21-205 70-400 16.3 9.1
21-3X5 70-600 16.7 9.3
21-425 70-800 17.3 9.6
21-540 7O-1Q00 17.6 9.8
21-815 70-1500 18.0 10.0

AISI Type 651: Selected Physical Properties (Rel 7)

Melting range.............................1420-1435 'C (2590-2615 °F)
Density 7.94 g/«n3 (OJ287 lb/in.3)
Specific heat at 0-100 °C (32-212 °F)...........420 J/kg-KIO.lO Btu/lb-T)

Mechanical Properties

AISI Type 651: Stress-Rupture Strength and Creep Rate (Ref 7)

Test temperature
"C °F

I-StreSB to product rupture in:-
IO h 100 h 1000 h 10000 h

MPa ksi MPa hi MPa ksi MPa ksi

Stress for minimumcreep rate of:
IS) in 100000 h

MPa ksi MPa ksi

j 19- to 7S-mm (0.75 to 3-in.) diain bar, warm worked and stress relieved
425 800 ... ... 524 76.0 228 33.0
540 1000...................503 73.0 441 64.0 386 56.0 331 48.0 276 40.0 131 19.0
650 1200 ...................345 50.0 303 44.0 255 37.0 214 31.0 134 19.5 68 9.8

19- to 70-runi (0.75 to 3-in.) diam bar, solution treated and aged
730 1350...................210 30.5 155 22.5 117 17.0 86 12.5 68.9 10.0 36 5.2
815 1500...................138 20.0 89.6 13.0 59 8.6 39 5.6 38 5.5 ... ...
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Mechanical Properties (continued)

AISI Type 651: Typical Tensile Properties at Room and Elevated Temperatures (Ret 7)

Test specimens were 60-mm (2.4-in.) diarn bar; warm rolled and stress relieved at 730 °C (1350 °F) far 3 h, with hardness of 229 to 241 HB

Test temperature Tensile strength Yield strength(a) Elongationfb), Reduction
*C °T MPa kg! MPa ksi % in area, %

24 75 ...838 121.5 579 84.0 43.0 55.5
150 300 ....703 102.0 517 75.0 30.0 52.5
260 500 707 102.5 496 72.0 27.5 49.5
370 700 672 97.5 455 66.0 31.5 49.5
480 900 ........634 92.0 427 62.0 29.5 48.5
540 1000 88.0 396 57.5 29.5 46.0
650 1200 534 77.5 362 52.5 30.5 47.5
705 1300 459 665 352 51.0 29.0 49.0
760 1400 365 530 317 46.0 30.5 56.5
815 1500 331 480 279 40.5 29.0 62.0
(a) 0.2% offset. (b) In50 mm (2 in.)

AISI Type 651: Stress-Rupture Strength of Cold Rolled Sheet (Ref 7)

Test specimens were 1-mm (0.040-in.) thick

I-Stress to rupture in;-1
Test temperature 10 b 100 h

Treatment °C °F MPa ksi MPa ksi

Cold rolled; heated to 980 °C
(1800 °F); annealed at 6S0 °C
(1200 °F) for 5 mm.........................650 1200 276 40.0 217 31.5

Cold rolled; heated to 900 "C
(1650 °F); annealed at 650 X.. (1200 °F> for 30 min.......................660 1200 259 37.5 193 28.0

AISI Type 651; Charpy V-Notch Impact Properties (Ref 7}

Impact energy at test temperature of:
Hardness, -195 °C (-323 °F) -76 °C (-104 "Fl 24 °C (76 °F)

Treatment HB J ft - lb *1 ft • lb J ft ÿ lb

Hot rolled and stress
relieved at 650 eC
(1200 °F)(a)...................228 — — ••• — 62 46

Annealed at 980 °C
(1800 °F); air cooled...........196 34 25 52 38 72 53

Warm worked and
stress relieved................311 15 11 26 19 37 27

Cold drawn and
stresE relieved................286 18 13 26 19 30 22

(a) Impact energy at 260 °C (500 °F), 72 J (53 ft lb); at 540 X (1000 "F), 71 J (52 ft-lb); at 650 °C (1200 °F), 76 J
(56 ft -lb); at 815 '"C (1500 "F), 81J (60 ft- lb)

AISI Type 651: Typical Properties of Cold Relied Sheet at Room and Elevated
Temperatures (Ref 7)

Test specimens were 0.89- to 1.3-mm (0.035- to 0.050-in.) thick

Test Tensile Yield
temperature strength strength!a) Elongation(b),
°C °F MPa ksi MPa kai %

Annealed at 980 °C (1800 °F); air cooled; hardness of 88 HRB
24 75 ... ......................752 109.0 365 53.0 39.0

150 300.........................600 87.0 317 46.0 30.0
315 600........................583 84.5 296 43.0 25.0
425 800.........................572 83.0 272 39.5 25.0
480 900.........................555 80.5 269 39.0 24.0
650 1200.........................434 63.0 241 35.0 25.0
815 1500.........................234 34.0 172 25.0 47.0

Cuid rolled and stress relieved, with hardness of 35 HHC
24 75.........................965 140.0 772 112.0 19.6

425 800.........................327 120.0 724 105.0 6.5
(a) 0.2% offset. Cb) In 50 mm (2 in.)
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Machining Data (Ref 2)

AISI Type 651: Turning (Cutoff and Form Tools)

Tool material

Speed,
m/min
(ft/min)

l-Feed per revolution for-1 -
cutoff tool width of:

l.S mm 3 mm 6 mm 12 mm
(0.OC2 in.) (0.12S In.) (0.25 in.) (O.S in.)

nun (in.) mm (in.) mm (in.) mm (in.)

-Feed per revolution for---—|
form tool width of

18 mm 23 mm 35 nun 50 mm
(0.75 in.) (lin.) (1.5 in.) (2 in.)
mm (in.) mm (in.) mm (in.) mm (in.)

Solution treated, with hardness of 180 to 230 HB
Any premium high

speed steel (T15,
M33. M41-M47) 3 0.050 0.102 0.13 0.075 0.063 0.050 0.038 0.025

(25) (0.002) (0.004) (0.005) (0.003) (0.0025) (0.002) (0.0015) (0.001)

C-2 carbide .......29 0.050 0.102 0.13 0.075 0.063 0.050 0.038 0.025
(95) (0.002) (0.004) (0.005) (0.003) (0.0025) (0.002) (0.0015) (0.001)

Solution treated and aged, with hardness of 250 to 320 HB
Any premium high

speed steel (T16,
M33, M4I-M47) 6 0.050 0.102 0.13 0.075 0.063 0.050 0.038 0.025

(20) (0.002) (0.004) (0.005) (0.003) C0.0025) (0.002) (0.0015) (0.001)

C-2 carbide 24 G.D50 0.102 0.13 0.075 0.063 0.050 0.038 0.025
(B0) (0.002) (0.004) (0.005) (0.003) (0.0025) (0.002) (0.0015) (0.001)

AISI Type 651: End Milling (Profiling)

1-Feed per tooth for cutter diameter of;---—- —j
Depth of cut Speed 10 mm {0.375 in.) 12 mm (0.5 in.) 18 mm (0.75 in.) 25-50 mm (1-2 In.)

Tooi materia! mm in. m/min ft/min mm in. mm in. mm in. mm m

Solution treated, with hardness of 180 to 230 HE
Any premiumhigh

speed steel (Tin,
M33. M41-M47) 0,5 0.020 12 40 0.025 0.001 0.025 0.001 0.050 0.002 0.050 0.002

1.5 0.060 9 30 0.050 0.002 0.050 0.002 0.075 0.003 0.102 0.004
diam/4 diam/4 8 25 0.038 0.0015 0.038 0.0015 0.050 0.002 0.075 0.003
diam/2 diam/2 6 20 0.025 0.001 0.025 0.001 0.050 0.002 0.063 0.0025

C-2 carbide 0.5 0.020 46 150 0.025 0.001 0.025 0.001 0.050 0.002 0.050 0.002
- 1.5 0.060 34 110 0.025 0.001 0.050 0.002 0.075 0.0C3 0.102 0.004

diam/4 diam/4 29 95 0.025 0.001 0.038 0.0015 0.050 0.002 0.063 0.0025
diam/2 diam/2 27 90 ... ... ... 0.038 0 0015 0.005 0.002

] Solution treated and aged, with hardness of 250 to 320 HB
j Any premium high

speed steel (T15,
M33, M4I-M47) 0.5 0.020 9 30 0.025 0.001 0.025 0.001 0.050 0.002 0,050 0.002

1.5 0.060 8 25 0.050 0.002 0.050 0.002 0.075 0.003 0.102 0.004
diam/4 diam/4 6 20 0.038 0.0015 0.038 0.0015 0.063 0.0025 0.075 0.003
diam/2 diam/2 5 15 0.025 0.001 0.025 0.001 0.050 0.002 0.063 0.0025

C-2 carbide 0.5 0.020 30 100 0.025 0.001 0.025 0.001 0.050 0.002 0.050 0.002
1.5 0.060 23 75 0.025 0.001 0.050 0.002 0.075 0.003 0.075 0.003

diam/4 diam/4 20 65 0.025 0.001 0.038 0.0015 0.050 0.002 0.063 0.0025
diam/2 diam/2 18 60 ... ... 0.038 0.0015 0.050 0.002

| AISI Type 651:Turning (Single Point and Box Tools)- ----—----------—-----—--------—--------------—-----r-High speed steel(a)-j f---Uncoated carbide-1
Depthof cut Speed Feed Speed, brazed Speed, inserted Feed
mm in. m/min ft/min mm/rev in./rev m/min ft/min m/min ft/min mm/rev in./rev

! Solution treated, with hardness of 180 to 230 HB
- 0.8 0.030.....12 45 0.13 0.005 49(h) 160(b) 58(b) 190(b) 0.13 0.005

2.5 0.100.....9 35 0.18 0.007 41(c) 135(c) 49(c) 260(c) 0.18 0.007
5.0 0.200.....— — — 30(c) 100(c) 37(c) 120(c) 0.25 0.010

! Solution treated and aged, with hardness of 250 to 320 HB
J 0.8 0.030.....12 40 0.13 0.005 44(b) 145(b) 52(b) 170(b) 0.13 0.005

2.5 0.100.....9 30 0.18 0.007 37(c) 120(c) 44(c) 145(c) 0.18 0.007
5.0 0.200.....— — — 26(c) 85(c) 30(c) 100(c) 0.25 0.010

I (a) Any premiumhigh speed steel (T15, M33,M41to M47). (b) Carbide tool material:C-3. (c) Carbide tool material:C-2
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Machining Data (Ref 2) (continued)

A1SI Type 651: Reaming
Based on 4 flutes for 3- and6-mm (0.125- and 0.25-in.) reamers, 6 flutes for 12-mm (0.5-in.) reamers, and 8 flutes for 25-mm (1-in.) and larger reamers

Tool material

I-Feed per revolution for reamer diameter of:-1
Speed 3 mm (0.125 in.) 6 mm (0,25 in.) 12 mm (0.5 in.) 25 mm (1 in.) 35 mm (1.5 in.) 50 mm (2 in.)

m/min ft/min mm in, mm in. mm in. mm in. mm in. nun in.

Roughing
Any premium

high speed steel
(T15, M33, M41-
M47) 9

C-2 carbide 21

Finishing
Any premium

high speed steel
(T15, M33, M41-
M47) 6

C-2 carbide 12

Roughing
Any premium

high speed steel
(T15. M33, M41-
M47) 8

C-2 carbide 20

Finishing
Any premium

' high speed steel
(T15, M33, M41-
M47) li

C-2 carbide 9

30
70

25
40

25
55

20
30

Solution treated,with hardness of 180 to 230 HB

0.075
0.050

0.075
0.075

0.003
0.002

0.003
0.003

• 0.16
0.15

0.102
0.102

0.006
0006

0.004
0.004

0 25
0.25

0.15
0.15

0.010
0.010

0.006
0.006

0.30
0.30

0.20
0.20

0.012
0.012

0.008
0.008

Solutiontreated and aged, with hardness of 250 to 320 HB

0.075
0.050

0.075
0.075

0.003
0.002

0.003
0.003

0.15
0.15

0.102
0.102

0.006
0.006

0.004
0.004

0.25
0.25

0.15
0.15

0.010
0.010

0.006
0.006

0.30
0.30

0.20
0.20

0.012
0.012

0.008
0.008

0.36
0.36

0.25
025

0.36
0.36

0.25
0.25

0.014
0.014

0.010
0.010

0.014
0.014

0.010
0.010

0.40
0.40

0.30
0.30

0.016
0.016

0.012
0.012

0.40
0.40

0.30
0.30

0.016
0.016

0.012
0.012

AISI Type 651: Drilling

Tool material

I-Feed per revolution for nominal hole diameter of:-
Speed 3 mm (0.125 in.) 6 mm (0.25 in.) 12 mm (0.5 in.) 18 nun (0.75 in.)

m/min ft/min mm in. mm in. mm in. mm in.
25 mm (l in.)
mm in.

Solution treated, with hardness of 180 to 230 HB
Any premiumhigh

speed steel (T15,
M33, M41-M47).................8 25 0.050 0.002 0.102 0.004 0.16 0 006 0.20 O.OOB 0.25 0.010

Solution treated and aged, with hardness of 250 to 320 HB
Any premium high

speed steel (T15,
M33 M41-M47) ...............6 20 0.050 0.002 0.102 0.004 0.15 0.006 0.20 0.008 0.20 0.008

AISI Type 651: Boring
I-High speed steel(a)-1 \--hncoated carbide-i

Depth of cut Speed Feed Speed, brazed Speed, inserted Feed
mm in. m/min ft/min mm/rev in./rev ra/min ft/min m/min ft/min mm/rev in./rev

Solution treated, with hardness of 180 to 230 HB
0.25 0.010......14 45 0.050 0.002 40(b) 130(b) 47(b) 155(b) 0.050 0.002
1.25 0.050......11 35 0.102 0.004 32(c) 105(c) 38(c) 125(c) 0.102 0.004
2.50 0.100.......5 15 0.15 0.006 21(c) 70(c) 26(c) 85(c) 0.150 0.006

Solution treated and aged, with hardness of 250 to 320 Hfi
0.25 0.010......12 40 0.050 0.002 38(b) 125(b) 44(b) 145(h) 0.050 0.002
1.25 0.050.......9 30 0.102 0.004 30(c) 100(c) 35(c) 115(c) 0.102 0.004
2.50 0.100.......3 10 0.15 0.006 18(c) 60(c) 21(c) 70(c) 0.150 0.006
(a) Any premium high speed steel (T15, M33,M41to M47). (b) Carbide tool material: C-3. (c) Carbide tool material:C-2
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Machining Data (Ref 2) (continued)

AISI Type 651:Surface Grinding with a Horizontal Spindle and Reciprocating Table
Whet*lspeed Tabic Bpeed Downfeed

Operation m/s ft/mm m/min ft/min mm/pass in./pass

Solution treated, with hardness of 180 to 230 HB
Roughing....................15-20 3000-4000 15-30 50-100 0.025 0.001
Finishing....................15-20 3000-4000 15-30 50-100 0.013 max 0,0005 max

Solution treated, with hardness of 250 to 320 HB
Roughing....................15-20 3000-4000 15-30 50-100 0.025 0.001
Finishing..--................15-20 3000-4000 15-30 50-100 0.013 msi 0.0005 max
(a) Maximum Vm of wheel width

Crossfeed
mm/pass in,/pass

Wheel
identification

•0.65-6.5 0,025-0.250
(a) ta)

0.65-6.5 0.025-0.260
(a) (a)

A4SHV
A46HV

A46HV
A46HV

AISI Type 651: Cylindrical and Internal Grinding

Operation
Wheel speed

m/s ft/min
Work speed

m/min ft/min
tnfeed on diameter

mm/pass in-/pass Traversefa)
Wheel

identification

Solution treated, with hardness of ISO to 230 HB
Cylindrical grinding
Roughing 15-20
Finishing. 15-20

Internalgrinding
Roughing 15-20
Finishing ..15-20

Cylindrical grinding
Roughing 15-20
Finishing 15-20

Internalgrinding
Roughing 15-20
Finishitig 15-20
(a) Wheel width per revolution of work

3000-4000
3000-4000

3000-4000
3000-4000

15-46
15-46

15-46
15-46

50-150
50-150

50-150
50-150

0.013 0.0005
0.005 max 0.0002 max

0.013 0.0005
0.005 max 0.0002 max

Solution treated and aged, with hardness of 250 to 320 HB

3000-4000
3000-4000

3000-4000
3000-4000

15-46
15-46

15-46
15-46

50-150
50-150

50-150
50-150

0013 0.0005
0.005 max 0.0002 max

0.013 0.0005
0.005 max 0.0002 max

W
Vfc

V4

46
V'c

V5
Vfc

A60JV
A60JV

A60JV
A60JV

A60JV
A60JV

A60JV
A603V

AISI Type 651: Face Milling
[—-High speed steel(a)-1 |-Uncoated carbide-1

Depth of cut Speed Feed/tooth Speed, brazed Speed, inserted Feed/tooth
mm in- m/min ft/min mm in. m/min ft/min m/min ft/min mm in.

Solution treated, with hardness of 180 to 230 HB
1 0.040.........IB 60 0.13 0.005 24 60 30 100 0.15 0.006
4 0-150..........9 30 0.20 0.008 20 65 24 80 0.20 0.008
S O 300..........5 15 0.25 0.010 14 45 18 60 0,25 0.010
Solution treated and aged, with hardness of 250 to 320 HB
1 0.048.........12 40 0.102 0.004 18 60 21 70 0.15 0.006
4 0.150..........6 20 0.15 0.006 17 55 20 66 0.20 0.008
8 0.300..........5 15 0.20 0.008 11 35 12 40 0.25 0.010
(a) Any premium high speed steel (T15, M33, M41to M47)
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AISI Type 660

AISI Type 660: Chemical Composition
Element Composition, %

Carbon. . „.......ÿ............ 0.08 max
Manganese ........... ......2.00 max
Phosphorus............................- ................- - > • 0.040 max
Sulfur.......... ...............0.030 max
Silicon . 1-00 max
Chromium . .....13.5-16
Copper ............0.25 max
Nkkel 24-27
Titanium................................1.90-2.35
Aluminum.................................0.035 max
Vanadium...................................................0.10-0.50
Boron ..............................................ÿ .......0.001-0,010

Characteristics. AISI type 660 (K66268) is a corrosion-
and heat-resistance, austenitic, iron-nickel-chromium steel
that is age hardenable because of titanium and nickel in the
content.This steel is recommended for applications requiring
high strength and corrosion resistance at temperatures up to
705 °C (1300 °F), and for lower stress applications at higher
temperatures. The type 660 alloy is also used in high-
strength nonmagnetic applications because it remains essen¬
tially nonmagnetic even after severe cold working.

Type 660 has good oxidation resistance for continuous ser¬
vice up to 815 °C (1500 °F), and intermittent service up to
980 °C (1800 °F). In the solution-treated condition, type 660
work hardens at about the same rate as type 310 stainless
steel. Due to the work-hardening effects during cold drawing

and other cold forming operations, intermediate anneals at
980 °C (1800 Ti are required.

Because it is gummy in the soft, solution-treated condition,
type 660 is generally machined after it has been partially or
fully aged. Material cold worked after solution treating also
exhibits good machining characteristics.

Welding of type 660 isperformedpreferably inthe solution-
treated condition. This alloy is susceptible to hot cracking,
particularly in the aged condition. The inert gas and
shielded-metal-arc methods should be used to prevent loss of
titanium and hardenability. Resistance seam and spot welds
canbe made usinghighcurrent and highelectrode pressures.
Flash welding can be performed on nearly all section size3.

Type 660 can be successfully brazed in a pure, dry, hy¬
drogen atmosphere, or in a vacuum. Nickel plating before
brazing is helpful in promoting wetting. Improvements in
ductility are accomplished by solution heat treating at 900 or
1010 "C (1650 or 1800 °F) after the brazing cycle.

Typical Uses. Applications of AISI type 660 include tur¬
bine shafts, housings and castings, afterburner and tail
cone parts, welded assemblies, bolts, nuts, springs, and
various other hardware in jet engines, gas turbines, and
turbo superchargers.

AISI Type 660: Similar Steels {U.S. and/or Foreign). UNS
K66286; AMS 5525, 5731, 5732, 5734, 5735, 5736, 5737,
5804, 5805; ASME SA638; ASTM A453, A638; SAE J467
(A286); (W. Ger.) DIN 1.4980

Physical Properties

AISI Type 660: Thermal Conductivity (Ref 7)

Temperature Thermal conductivity
•C T W/mK Rtu/ft ÿ h-°F

~21 70 12.6 ~i
160 300 .15.1 8.7
425 800 20.2 11.7
600 1110 23.79 13.75
650 1200 24.7 14,3

AISI Type 660: Selected Physical Properties (Ref 7)

Melting range 1370-1425 °C {2500-2600 T)

Density ................ÿ .......................7.92 g/cm3 {0.286 lb/in.3)

Specific heat at 0-100 EC (32-212 °F).........460 J/kg-K <0.11 Bta/ft 'h• °F)

AISI Type 660: Electrical
Resistivity (Ref 7)

Temperature Electrical
°C °F resistivity, nilÿ ra

30 B7 91.0
540 1000 U5.6
650 1200........118.8
730 1350........120.1
815 1500........122.4

AISI Type 660: Average Coefficients of Linear Thermal
Expansion (Ref 7)

I--—-—— Coefficient-j

Temperature Solution treated
range Solution treated and aged

°C 7F fxm/m-K /dn./in. -°F /im/m ÿ K /xin./in. ÿ DF

21-100 70-212 ........16.9 9.4 16.7 9.3
21-500 70-930 ........17.4 9.67 17.6 9.8
21-650 70-1200 .......17.6 9.79
21-750 70-1380 .......17.7 9.81 18.5 10.3
21-900 70-1650 .......19.4 10.8

AISI Type 660: Thermal Treatment Temperatures
Temperature range

Treatment °C ®F

Forging, start .............................1095-1175 2000-2150
Forging, finish..............................925 tnin 1700 min
Solution treatment. , ,......................900 or 1010 1650 or 1800
Hardeningta).............. 720 1325
(a) This alloy can also be cold worked and aged to produce very high strengths
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Mechanics! Properties

AISI Type 660: Short-Time Tensile Properties (Ref 8)

Test I-—-Yield strength(a)-f
temperature Tensile strength 0.02% offset 0.2% offset Reduction
ÿc °F MPa ksi MPa ksi MPa ksi Elongation(a), % in area, %

-195 -320 1441 209.0 889.4 129.0 35.0
-75 -100.. 1224 177.5 ... 810.1 117.6 30.0

20 68 1007 146.0 569 82.5 703.2 102.0 25.0 36.6
205 400 1000 145.0 524 76.0 645 93.5 21.5 52.8
370 700 948.0 137.5 490 71.0 645 93.5 22.0 45.0
425 800 . . . 951.4 138.0 496 72.0 645 93.5 18.5 35.0
540 1000 903.2 131.0 427 62.0 603 87.5 185 31.2
595 1100 122.0 445 64.5 621 90.0 21.0 23.0
650 1200 713.6 103.5 431 62.5 607 83.0 13.0 14 5
705 1300 596 86.5 472 68.5 11.0 9.6
760 1400 441 64.0 307 44.5 ... ... 18.5 23.4
815 1500 252 36.5 213 31.0 ... 68.5 37.5

(a) In 60 mm (2 in.)

AiSI Type 660: Tensile Properties of Cold Drawn and Aged Wire at
Room Temperature (Ref 8)
Test specimens were cold drawn and aged for 16 h at temperature indicated

Aging Tensile Yield
temperature strength strengtb(a) Eloagationfb},
®C °F MPa ksi MPa ksi %

Wire diameter of 5.61 mm (0-221 in.), reduced in area by 22rv from original diameter
None None .. 869 126
425 800................951 138 883 128 19.5
480 900................951 138 869 126 18.0
540 1000................992 144 855 124 21.5
595 1100...............1158 168 1062 154 21.5
650 1200...............1248 181 1124 163 16.0
705 1300... ...........1296 188 1138 165 14.0
760 1400...............1200 J 74 938 136 17.5
Wire diameter of 4.45 mm (0.175 in.), reduced in area by 51% frum original diameter

None None 1124 163
426 ' 800...............1220 177 1179 171 11.0
480 900...............1262 163 1145 166 9.0
540 1000...............1317 191 1179 171 11.0
595 1100...............1393 202 1234 179 9.0
650 1200...............1531 222 1372 199 9.0
705 1300...............1413 205 1186 172 15.0
760 1400...............1131 164 834 121 20.0
Wire diameter of 2.84 mm (0.112 in.), reduced in area by 80% from original diameter
None None 1310 190
425 800...............14B2 215 1351 196 9.5
480 900...............1565 227 1420 206 9.5
540 1000 —
595 1100...............1641 238 1475 214 6.0
650 1200...............1717 249 1589 230 3.0
705 1300...............1269 184 1034 150 _ 13.D
(a) 0.2% offset, (b) Gage length is 4 x diam of the test specimen

Reduction in
area, %

51.0
58.0
58.0
52.5
45.0
35.0
39.0

58,0
60.0
53.5
55.0
48.0
30.0
38.5

40.0
31.0

5.5
12.0
26.5

| AISI Type 660: Stress-Rupture Properties (Ref 7)

Test 1 Stress for rupture in: '1
temperature 1O0 h 1000 h 10000 h(a) Elongation(b), %
»C °F MPa ksi MPa ksi MPa ksi 100 h 1000 h

540 1000 689 100 600 87 525 76 3 3
595 1100 82 490 71 370 54 3 3
650 1200 425 62 315 46 235 34 5 9
705 1300 305 44 205 30 105 15 12 24
730 1350 240 35 150 22 ... 28 35
815 1500 90 13 ... ... ... 65
(a) Extrapolated data. (Is) Gage length ie 4 * diaro of the test specimen

1
!
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AISi Type 660: Creep-Strength Data (Ref 7)

Test ÿ Stress for creep rate of: -
temperature 0.5% in 100 h 1% in 100 h 0.5% in 1000h 1% in 1000 h
°C °F MPa ksi MPa ksi MPa ksi MPa kd

540 1000 51 634 92.0 540 78 586 85.0
595 1100 ....525 76 552 80.0 470 66 483 70.0
650 1200 53 414 60.0 240 35 283 41.0
705 1300 SO 245 35.5 155 22.5

Machining Data

For machining data on AISI
type 660, refer to the pre¬
ceding machining table9 for
AISI type 651.

AISI Type 660: Charpy V-Notch Impact Energy (Ref 8)

Test specimens were 22-mm (0.875-in.) diam bar; solution treated at
980 °C <1800 °F>; oil quenched; heated to 720 °C (1325 °F); held for IE h;
air cooled

Test temperature Impact energy
°C T J ftlb

-195 -320 77.3 57.0
-75 -100 .....92.2 66,0

27 80 86.8 64.0
210 410 59.5
430 810 .. 69.8 51.5
545 1010 61.7 45.5
600 1115 59 7 44.0
655 1215 . 47.5 35.0
675 1250 55.6 41.0
690 1275 50.8 37.5
712 1315 .59.7 44.0
740 1365 81.3 60.0
790 1450 70.5 52.0

AISI Type 661

AiSI Type 661: Chemical Composition
Composition,

Element 9c

Carbon....................- * - ÿ.........................- .....0.08*0.16
Manguae&e.........................< - .....1.00*2.00
Phosphorus,...................................ÿ .- ...........0.040 max
Sulfur................0.030 max
Silicon.............. 1.00 max
Chromium.......................ÿ.....„ 20.00-22.50
Nickel 19.00-21.00
Molybdenum . ........2.50-3.50
Niobium and tantalum........................................0.75-1.25
Tungsten .............2.00-3.00
Nitrogen .............................. 0.20 max
Cobalt 18.50*21.00

Characteristics. AISI type 661(N-155,R30155) is an iron-
base, austenitic alloy containing approximately 20% each of
chromium, nickel, and cobalt, and lesser amounts of molyb¬
denum, tungsten, and niobium. This stainless steel is pri¬
marily a solid-solution strengthened alloy, but, to a limited
extent, does respond to precipitation-aging treatments. Type
661 is used over a wide range of temperatures from subzero
to about the 980 to 1040 °C (1800 to 1900 °F) range.

Maximum corrosion resistance is obtained in the solution-
treated condition. Stress relieving isdetrimental to corrosion
resistance because of the precipitation of carbides. In the
solution-treated condition, the resistance of type 661 to weak
hydrochloric acid and sulfuric acid isbetter than that for the
austenitic stainless steels, whereas resistance to nitric acid is
about equal.

Resistance to salt spray and to all atmospheres encoun¬
tered injet engine and turbo supercharger operations isgood-
Oxidation resistance is good for continuous service up to
1040 °C (1900 °F) and up to 870 °C (1600 °F) in intermittent
service.

The machinability rating for type 661 is about 18% com¬
pared to AISI 1212. Type 661 can be readily cold formed by
operations such as drawing, hydroforming, spinning, bend¬
ing, and roll forming. In the annealed condition, sheet and
strip form without developing an orange-peel surface. Reduc¬
tions between about 2 to 6% should be avoided, ifpossible, to
prevent large grains from developing during subsequent an¬
nealing. This alloy work hardens rapidly and usually re¬
quires annealing at 1175 °C (2150 °F).

Type 661 is welded by the shielded-metal-arc, shielded-
inert-gas, and resistance welding methods. Filler metal
should be the same composition as that of the base metal, or
may be Hastelloy W, the latter being preferred for joining
type 661 to other nickel- or iron-base super alloys.

Typical Uses. Applications of AISI type 661 include tur¬
bine rotors, shafts and blades, exhaust valves, bolts, rivets,
tail pipes and cones, afterburner parts, exhaust manifolds,
nozzles, and combustion chambers.

AISI Type 661: Similar Steels (U.S. and/or Foreign). UNS
R30155; AMS 5376, 5531, 5532, 5585, 5768, 5769, 5794,
5795; ANSI G81.40; ASTM A639, A567; (W. Ger.) DIN
1.4971
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Physical Properties

AlSt Type 6S1:Thermal Treatment Temperatures
Temperature range

Treatment CC aF

Forging, start.......... 1175 max 2150 max
Forging, finish 955 max 1750 max
Solution treatment 1175 2150
Precipitation treatment....................655-900 1200-1650

AISI Type 661:Thermal Conductivity (Ref 7)

Temperature Thermal conductivity
°C °F W/m*K Btu/ft-h=F

~2L 70 12.3 7T
95 200 13.1 7.6

205 400 14.5 8.4
315 600 16.1 9.3
425 800 17.6 10.2
540 10OO 19,2 11.1
650 1200 .......20.8 12.0

AIS! Type 661: Selected Physical Properties (Ref 7)

Melting range 1300-1355 "C 12375-2475 °F)
Density 8.25 g/cm' (0.298 lb/in.3)
Specific heat at 21-100 °C (70-212 JF) ........435 J/kg-K (0.104 Utu/lb°F)

AISI Type 661: Average Coefficients of Linear Thermal
Expansion (Ref 7)

Temperature range Coefficient
"C "F pjn/m-K pm./in.-°F

21-95 70-200 14.0 7.8
21-205 70-400 . 15.3 8.5
21-315 70-600 15.3 8.5
21-540 70-1000 16.4 9.1
21-650 70-12OO.....17.1 9.5
21-760 70-1400. 17.5 9.7
21-870 70-1600 17.8 9.9
21-980 70-1800 18.2 10.1

AISI Type 661: Electrical Resistivity (Ref 7)

Electrical
Temperature resistivity,
*C "F nfl-m

25 77 94.2
200 390 101.7
400 750 109.2
600 1110 115.0
800 1470 118.0

1000 1830 122.7

Mechanical Properties

] AISI Type 661: Tensile Properties of Bar at Room and Subzero Temperatures (Ref 7)
Test specimens were 16-mm (0.63-rn.) diam bar; heated to 1190 °C (2175 °F) lor 1 h; air cooled; heated to 730 "C {1350 °F) for 16 h; air cooled
Test temperature Tensile strength Yield strength(a) Elongation(b), Reduction

°C "F MPs ksi MPa ksi % In area, %

24 75 823.9 119.5 362 52.5 43 40
-18 0 882.5 128.0 393 57.0 42 45
-73 -100..............................968.7 140.5 483 70.1 36 29

, -130 -200 .............................1069 155.0 565 82.0 29 25 -
j -185 -300.............................1131 164.0 710 103.0 22 20

(a) 0.271 ofiast. (b) In 25 mm (1 in.]

i AISI Type 661: Tensile Properties of Bar at Elevated Temperatures (Ref 7)
! Test specimens were 33-mm (1.3-in.) square bar; heated to 1175 °C (2150 "F> tor 1 h; water quenched; heated to 815 °C (1500 f) for 4 h; air cooled

Test Tensile ]-Yield strength-1
temperature strength 0.0276 offset 0.27- offset Elongation(a), Reduction
°C °F MPa ksi MPa ksi MPa kai % in area, %

J 540 1000................................621 90.0 217 31.5 265 38.5 47 48.5
650 1200................................562 81.5 217 31.5 248 36.0 44 46.0
760 1400................................403 58.5 186 27.0 238 34.5 36 36.0

j 870 1600................................248 36.0 193 28.0 224 32.5 44 42.0
(a) Is 50 mm (2 in.)

AISI Type 661: Creep Rates of Bar and Sheet (Ref 7)
Test specimens were solution treated at 1175 °C (2150 Ti; water quenched

Test temperature 19t in 100 h 1%in 1000 h 1% in 10000 h min lOOOOOh(a)
°C °F MPa ksi MPa ksi MPa ksi MPa ksi

650 120O 40.0 234 34.0 200 29.0 152 22.0
705 1300 ... ... ... 121 17.5 97 14.0
730 1350 22.5 128 18.5 96.5 14,0 79.2 11.5
815 1500 14.5 79.3 11.5 62 9.0 45 6.5
90Cl 1650 7.0 34 5.0 24 3.5 17 2.5
(a) Extrapolated data
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Mechanical Properties (continued)

AISI Type 661: Stress-Rupture Properties of Bar (Ref 7)

Test specimens were 33-mm (1.3-in.) square, hot rolled har; heat treated at 1175 °C (2150 °F) for 1 ti; water
quenched; plus 815 °C (1500 °F) (or 4 h; air cooled

Test r-----—---ÿ Stress for rapture in:- 1
temperature 10h 100h LOOO h 10OOO h(e)

X °F MPa ksi MPa ksi MPa ksi MPa ksi

650 1200.....................427 62.0 345 50.0 276 40.0 217 31.5
705 1300.....................324 47.0 259 37.5 200 29.0 148 21.5
760 1400.....................245 35.5 186 27.0 138 20.0 100 14.5
815 1500.....................176 25.5 128 18.5 90 13.0 64 9.3
870 1600.....................128 18.5 88.3 12.8 60 8.7 40 5.8
925 1700......................86.2 12.5 60 8.7 38 5.5 24 3.5
(a) Extrapolated data

AISI Type 661: Stress-Rupture Properties of Sheet (Ref 7)

Test specimens were 1.9-mm (0.075-in.) thick; heat treated to 1175 SC (2150 °F) for 10 min; water quenched

Test r------— Stress for rupture im—---—--1
temperature 10 h 100 h 1000 h 10000 h{a)

X *F MPa ksi MPa ksi MPa ksi MPa ksi

650 1200.....................365 53.0 317 46.0 265 38.5 207 30.0
705 1300.....................307 44.5 245 35.5 186 27.0 138 20.0
760 1400.....................231 33.5 172 25.0 128 18.5 93.1 13.5
815 1500.....................169 24.5 121 17.5 86.2 12.5 63 9.1
870 1600.....................117 17.0 84.8 12.3 59 8.5 40 5.8
925 1700......................82.7 12.0 59 8.5 38 5.5
(a) Extrapolated data

AISI Type 661: Charpy
V-Notch Impact Properties
(Ref 7)
Test specimens were 16-mm
(0.63-in.) diam bar; heat treated at
1190 °C <2175 °F) for 1 h; air
cooled; plus 730 °C (1350 °F) for
16 h; air cooled

Test Impact
temperature energx

"C "F J Rib

-185 -300 22 16
-130 -200 43 32
-73 -100 54 40
-18 0 68 50

24 75 81 60
205 400.........104 77
425 800 108 80
540 1000.........108 80
650 1200 89 66
760 1400 87 64
870 1600 87 64

AISI Type 681: Tensile Properties of Sheet at Room and Elevated Temperatures (Ref 7)

Test specimens were 0.075- tin 3.4-mm (0.030- to 0.135-in.) thick sheet; heated to 1175 °C (2150 °F) for
10 min; water quenched

Tensile Yield
Test temperature strength strength(a) Elongation(b),
X "F MPa ksi MPa ksi '<

Rouiu temperature 820.5 119.0 407 59.0 42.5
425 300 689.5 100.0 272 39.5 42.5
540 1000 676 98.0 248 36.0 42.5
595 1100 655 95.0 269 39.0 40.0
650 1200 600 87.0 255 37.0 37.5
705 1300 514 74,5 259 37.5 31.5
760 1400. 452 65.5 234 34.0 25.5
815 1500.. 348 50.5 210 30.5 38.0
870 1600 .293 42.5 179 26.0 29.5
925 1700 217 31.5 131 19.0 50.0
980 1800...............................162 23.5 93.1 13.5 39.5
(a) 0.2% offset, (b) In 50 mm {2 in.)

Machining Data

For machining data on AISI
type 661, refer to the pre¬
ceding machining tables for
AISI type 651.

Type N08366

Type N06366 Chemical Composition
Element Composition, %

Carbon 0.03 max
Manganese. 1.50 max
Phosphorus 0.030 max
Sulfur. 0.010 max
Silicon ......0.50 max
Chromium 20-22
Nickel ... 23.5-25.5
Molybdenum . .6-7

Characteristics. Alloy type N08366 is an austenitic,
chromium-nickel-molybdenum stainless steel developed for
service in chloride and other pitting and crevice-corrosion
environments, such as sea water. This steel is austenitic in
the fully annealed condition.

Alloy N08366 is resistant to atmospheric corrosion and
similar mild types of corrosion. Incertain strongly oxidizing
acids, such as nitric acid, this steel is less resistant than any
of the standard chromium-nickel types. Type N08366 steel
provides greater resistance to chloride pitting and crevice
corrosion than types 316 or 304.
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The low carbon content (0.03% max) of alloy N08366
provides resistance to intergranular attack because of pre¬
cipitation of carbides from short exposures to the carbide-
precipitation temperatures, such as welding. When held for
longer periods in the 425 to 815 °C (800 to 1500 DF) range, a
molybdenum-containing phase, such as sigma, precipitates.
This phase is the principal precipitate formed on slow cooling
from annealing.

Typical Uses. Applications of type N08366 include heat
exchanger and condenser tubes exposed to sea water.

Type N08366: Similar Steels (U.S. and/or Foreign). UNS
N08366; AL-6X (Allegheny LudlumSteelCorp); 6X (A1Tech
Specialty Steel Corp.)

Physical Properties

Type N08366: Selected Physical Properties (Ref 8)

Melting range .. 1370 °C (2500 'F)

Density....... 8.11 g/cm3 (0.293 lb/in.3)
Electrical resistivity at 20 bC (68 °F) 95 nfl m

Thermal conductivity at 20-I0Q °C
(68-212 *F) ............................13.81W/m-K (7.98 Btu/ft- h-"F)

Type N08366: Thermal Treatment Temperatures
Temperature range

Treatment *C "F

Forging, start 1205-1260 2200-2300
Forging, finish 925-980 1700-1800
Annealing 1095-112C- 2000-2050
Hardening(a) ••-
(a) Nat hardenable by heat treatment

Type N08366: Average Coefficients of Linear Thermal
Expansion (Ref 8)

l Temperature range Coefficient
| °C "F pm/m-K pin./in.- "F

20-100 68-212 1 15.3 B.5
20-500 68-930 16 0 8.9
20-1000 68-1830 18.0 10.0

Mechanical Properties

Type N08366; Effect of Cold Reduction on Tensile Properties of Sheet Material (Ref 8)

Cold Tensile Yield
reduction, strength strength(a) Elongation(b),

* MPa ksi MPa ksi % Hardnesi

Sheet thickness of 1.65 mm (0.065 in.)

Annealed . 641 93.0 291 42.2 48.0 80 HR3
20 894 129.7 795 115.3 14.0 25 HRC
50 162.0 1044 151.4 4.5
60 1200 174.1 1095 158.8 4.0 33 HRC
Sheet thickness of 1.02 mm (0.040 in.)

Annealed 583 84.6 262 38.0 61.0 80HRB
10 94.5 492 71.3 40.0
20 111.6 630 986 21.0 25 HRC
31 917 133.0 824 119.5 11.0
49 1020 148.0 933 135.3 6.0 ...
60 1169 169.6 1036 150.3 3.5 80 HRC
(a) 0.2% offset, (h) In 50 mm (2 in.)

Type N08366; Typical Tensile Properties of Strip (Ref 8)

Tensile Yield Modulus of
strength strength{a] ElongationCb), Reduction in elasticity

Condition MPa ksi MPa ksi % area, % GPa 10® psi

Annealed.............620 90 276 40 45 60 200 29
(a) 0.2% offset. (b) In 50 mm <2 in.)
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AISI Type SI3800

AISI Type SI3800: Chemical Composition
Element Composition, %

Carbon 0.05 max
Manganese.........................- * ., 0,10 max
Phosphorus.......................... ÿ ......0,010 max
Sulfur 0.008 max
Silicon...............»..........* . .....0.10 max
Chromium................................... 12.25-13.25
Nickel * ....7.5-8.5
Aluminum .........................,,.......................0.90-1.35
Molybdenum — . ..........2.0-2.5
Nitrogen................................0.010 ran*

Characteristics. AISI trvpe S13800 is a martensitic, pre¬
cipitation hardening (maraging), stainless steel that com¬
bines high strength and hardness with good corrosion
resistance. This alloy exhibits good ductility andtoughness in
large sections, inboth the transverse and longitudinal direc¬
tions. Compared to other ferrous-base materials, this alloy
offers a high level of useful mechanical properties under
severe environmental conditions.

Type S13800 has good fabricating characteristics aad can
be age-hardened by a single low-temperature treatment.
Cold work prior to aging increases aging, especially in the
lower aging temperatures.

Rusting resistance of type S13800 steel is similar to that
of type 304. Instrongly oxidizing and reducing acids, and in
atmospheric exposures, the general corrosion resistance of
type S13800 approaches that of type .304. The general level
of corrosion resistance of type S13800 steel is greatest in the
fully hardened condition and decreases slightly as the aging
temperature is increased.

Type S13800 can be machined inboth the solution-treated
and various age-hardened conditions. The machinability rat¬
ingof this grade is about 35 to 40% of that for free-machining
AISI 1212.Itcan be satisfactorily welded by all methods. No
preheating is required. For achieving properties in the weld
comparable to those of the base metal, a postrweld solution
heat treatment should be used prior to aging.

Typical Uses. Applications of AISI types S13800 include
valve parts, fittings, cold headed and machined fasteners,
shafts, landinggear parts, pins, lockwashers, aircraft compo¬
nents, and nuclear reactor components.

AISI Type SI3800: Similar Steels (U.S. and/or Foreign).
UNS S138O0; AMS 5629, 5840; ASME SA705 (XM-13);
ASTM A564 (XM-13), A693 (XM-13), A705 (XM-13)

Physical Properties

AISI Type S 13800: Thermal Treatment Temperatures

ÿ Temperature range
Treatment * °C °F

Forging, start..............................1175-1205 2150-2200
Forging, finish..............................955 min 1750 min
Solution treatmentfa) .......................915-935 1685-1715
Hardemngfb) 510-620 950-1150
(a) Referred to as condition A, or as supplied from the mill. Time of solution
treatment depends on section thickness. Air cool or oil quench below 15 DC
(60 °F). (b) Temperature depends on properties desired

AISI Type S13800: Average Coefficients of Linear Thermal
Expansion (Ref 6)

Temperature range Coefficient
°C T ,un/m'K jiiii./m. °F

21-95 70-200 1(1.6 5.9
21-206 70-400 10.8 6.0
21-315 70-600 .. 11.2 6.2
21-425 70-800 11.3 6.3
21-540 70-1000 11.9 6.6

AISI Type S13800: Selected Physical Properties in the
H950 Condition (Ref 6)

Meltingrange ...........................1405 to 1440 °C (2560 to 2625 °F)

Density..........................................7.8 g/cm3 (0.28 lb/in.3)
Specific heat at 0-100 °C (32-212 °F)...........460 J/kg'K (0.11 Btu/lh- °F)

AISI Type S13800:
Electrical Resistivity for
Condition A (Ref 6)

Electrical
Temperature resistivity,
°C °F nil m

~25 77 100.1
100 212 101.9
200 390 104.6
315 GOO 106.1
426 800 108.1
540 1000 109.1
595 1110 109.5

AISI Type S13800: Thermal Conductivity lor
Condition A (Ref 6)_
Temperature
°C °F

Thermal conductivity
W/m-K Btu/fth°F

100 212 14.0
200 390.......15.7
315 600 17.8
425 800 20.4
540 1000 22.3
595 1110 i 22.5

8.1
9.1

10.3
11.8
12.9
13.0

Machining Data

For machining data on AISI Type S13800, refer to the preceding machining table for AISI
type 630.



Sfain5ess/SH!eat-Res!sfing/403

Mechcmkcs! Properties

AISI Type SI3800: Typical Longitudinal Mechanical Properties (Ref 9)

Center or intermediate test location

Tensile Yield Impact Modulus of
strength strengthla) Eloigntionfb), Reduction in Hardness, energyte) elasticity

Condition MPa ksi MPa ksi % area, % HRC J ft lb GPa 108 psi

RH950 . .......1620 235 1480 215 12 45 48 27 20 ...
H950. . - ....... . 1550 225 1450 210 12 50 47 41 30 197 28.6
H1000 1480 215 1415 205 13 55 45 54 40 221 32.0
H1050 1310 190 1240 180 15 55 43 81 60 212 30.8
H110Q 1105 160 1035 150 18 60 36 49 36 197 28.6
HI150 1000 146 725 105 20 63 33 230 33.3
H1150M 895 130 585 85 22 70 28 163 120 172 25.0
(a) 0.2% of&et. (b) In 50 mm (2 m.l. (c) Charpy V-notch

AISI Type SI3800: Typical Transverse Mechanical Properties (Ref 9)

Center or intermediate test location

Tensile Yield
strength strength(a) Elongation(b),

Condition MPa ksi MPa ksi %

H950......................1550 225 1450 210 12
H1000 ....................1490 215 1415 205 13
H105O ....................1310 190 1240 180 15
HI100 ....................1105 160 1035 150 18
HI150 ....................1000 145 725 105 20
H1150M 895 130 585 05 22
(a) 0.2% offset, (b) In 50 mm (2 in.)

Reduction
in area, %

Hardness,
HRC

40
50
55
60
63
70

47
45
43
36
33
28

AISI Type S13800: Typical Cryogenic Charpy V-Notch Energy
in Longitudinal Values (Ref 9)

Test Energy values for aged condition of:
temperature H95G H1000 H1150M
•C °F J ft- lb J ft -lb J ft lb

Room temperature ... 45 33 52 38 163+ 120+
0 32.....31 23 41 30

-54 -65.....18 13 27 20
-73 -100

_____
11 8 22 16 119 88

-115 -175......7 5 16 12 96 71
-140 -220......5 4 9 7
-195 -320......5 4 5 4 41 30

AISI Type SI4800

AISI Type S14800: Chemical Composition
Element Composition, %

Carbon....................ÿ ...................ÿ......0-06
Manganese.....................ÿ . .....1.00
Phosphorus ....0.015
Sulfiir . 0.010
Silicon ..ÿ.............«,.................. .,,.1.00
Chromium..................................13.75-15
Nickel 7.75-8.75
Molybdenum.............. ............2-3
Aluminum .................................................0.75-1.5

Characteristics. AISItype S14800 is a precipitation-hard¬
ening, chromium-nickel, stainless steel with high-strength

properties at both room and elevated temperatures, coupled
with high-fracture toughness. In the precipitation-hardened
conditions, type S14800 is superior incorrosion resistance to
that of the chromium stainless steels. Insome environments,
it approximates the austenitic chromium-nickel types of
stainless steels. This alloy is essentially austenitic in the
solution-treated (annealed) condition, but martensitic in the
age-hardened condition.

Type S14800 condition A, mill annealed at 980 to 1010 °C
(1800 to 1850 °F), can be formed similarly to type 301 stain¬
less steel. Itwork hardens rapidly, and may require interme¬
diate annealing indrawing deep shapes or forming intricate
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Sheets and brazed honeycomb panels of this grade have
been machined successfully using chemical milling.

Typical Uses. Applications of AISI type S148D0 include
pressure tanks, honecomb paneling, and heat shields for air¬
craft and aerospace applications.
AISI Type S14800: Similar Steels (U.S. and/or Foreign).
UNS S14800; AMS 5601, 5603

Physical Properties

AISI Type S14800: Thermal Treatment Temperatures
Temperature range

Treatment DC "F

Solution treatment, condition A..............9B0-1010 1800-1550
Precipitation hardening........- ........,., .510 or 565 950 or 1050
Condition C(a)
Hardening, condition CH900 480 900
(a) Cold rolled at mill

AISI Type SI4800: Density (Ref 12)_
Density

Condition g/em3 lb/in.3
-A . 7-83 0.283
SRH960 . 7.70 0.278

parts. Incondition C, cold rolled at the mill, the material is
extremely hard and strong, and fabrication techniques used
for such materials must be followed.

Welding of type S14800 is most successful when using
the gas tungsten-arc welding process. Shielded-metal-arc
welding can be done using a standard chromium-nickel
grade of stainless steel. Type S14800 is readily brazed.

AISI Type SI4800: Average Coefficients of Linear Thermal
Expansion (Ref 12)

Temperature range Coefficient
°C °F pm/m• K fun./in. °F

21-93 70-200 9.5 5.3
21-205 70-400 10.S 5.9
21-315 70-600 11.2 6.2
21-425 70-800 .......11.3 6.3
21-540 70-1000 11.5 6.4

Machining Data

For machining data on AISI type S14800, refer to the pre¬
ceding machining tables for AISI type 630.

Mechanical Properties

AISI Type S14800: Short-Time Elevated Temperature Properties for Condition SRH950 (Ref 12)

Teat ]-Longitudinal direction-1 i-- Tranverse direction -
temperature Tensile strength Yield strength(a) Elongationfb), Tensile strength Yield strength(a)
°C °F MPs ksi MPa ksi % MPs ksi MPa ksi

-73 -100.............1840 267 1725 250 12 1850 268 1780 258
27 80.............1615 234 1505 218 5 1670 242 1570 228

260 500.............1435 2C8 1255 182 4 1460 212 1315 191
290 550.............1415 205 1240 180 4 1455 211 1330 193
315 600.............1370 199 1215 176 4 1425 207 1280 186
345 650.............1370 199 1205 175 5 1405 204 1255 182
425 800.............1240 180 1055 153 8 1290 187 1095 159
540 1000.............910 132 730 106 IB 930 135 760 110

(a) 0.2% offset, fh) In50 mm (2 in.)

Elongatioofb),
%

8
5
3
3
3
3
6

17

AISI Type S14800: Elevated-Temperature Stability for Condition SRH1050 (Ref 12, 13)
Test specimens were vacuum induction melted; tested in transverse direction; 25-mm (1.0-in.j wide, 6.4-mm (0.025-in.) thick, with an edge notch-root
radius of 0.018 mm (0.0007 in.)

Test Tensile Yield Notch
Exposure temperature strength strength(a) Elongationfb), strength Ratio Ratio
prior to testing «c °F MPa ksi MPa ksi % MPa ksi NS/YS(c) NS/TS(d)

Not exposed .... -79 -110 1620 234.9 1571 227.9 12.0 1706 247.5 1.09 1.05
24 75 1502 217.9 1447 209 8 6.0 1592 230.9 1.10 1.06

345 650 1252 181.6 1046 151.7 5.0 1065 154 4 1.02 0.85
345 °C (650 °n for

1000 h; 275-MPa
(40-ksi) load -79

24
345

-110
75

650

1744 252.9
1617 234.5
1308 189.7

1680 243.7
1553 225.3
1229 178.2

11.0
5.0
4.0

1S79 243.5
1502 217.9
1149 166.7

1.00
0.97
0.94

(a) 0.2% of&et. fb> In 50 mm (2 in ), (c) Notch strength to yield strength, (d) Notch strength to tensile strength

0.96
0.93
0.88
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Mechanical Properties (continued)

AISi Type S14S00: Effect of Cold Reduction on Properties of Material in Conditions C and CH900 (Ref 12)

I-Condition C-1 |-Condition CHSOO-
Tensile Yield Etonga- Tensile Yield Elonga-

Cold strength strengths) tion(b), strength strengtb(a) tionfb),
reduction, % MPa ksi MPa ksi % Hardness MPs ksi MPa kni %

6.3.................903 131 421 61 23.0 90.0 HRB 889 129 490 71 28.5
11.3..................97 141 448 65 16.5 21.5 HRC 896 130 648 94 23.5
22.2................1124 163 538 78 11.0 33.0 HRC 1089 158 931 135 15.5
29.2................1156 168 752 109 10.0 38.0 HRC 1434 208 1420 206 5.0
39.2................1227 178 1034 150 8.0 41.0 HRC 1737 252 1724 250 2-0
49.9................1331 193 1220 177 2.0 43.0 HRC 1910 277 1903 276 1.0
59.7................1441 209 1427 207 1.0 43.5 HRC 1999 290 1999 290 1.0
72.5................1551 225 1031 222 1.0 45.0 HRC 2137 310 2103 305 O

(a) G.2% offset, (b) In 50 mm (2 in.)

Hardness

88.5 HRB
24.6 HRC
39.5 HRC
47.5 HRC
50.5 HRC
53.0 HRC
54.0 HRC
55.5 HRC

AISI Type S14800: Typical Properties in Conditions A, SRH950, and SRH1050 (Ref t2)

Tensile Yield
strength strength(a) Elongatiun(b),

Condition MPa ksi MPs ksi % Hardness

A............................1035 150 450 65 20 100 HRB
SRH950......................1515 220 1310 190 3 45-51 HRC
SRH1050.....................1380 200 1240 180 3 38-45 HRC
(a) 0.2% offset, (b) In 50 mm (2 in.)

AISI Type $15500

AISI Type S 15500: Chemical Composition
Element Composition, %

Carbon 0.07 max
Manganese .......1.00 max
Phosphorus................ 0.040 max
Sulfur 0.030 max
Silicon : ......1.00 max
Chromium 14-15.5
Nickel 3.5-6.5
Copper 2 5-4.5
Niobium and tantalum.........0.15-0.45

Characteristics. AISI type S15500 is a martensitic, pre¬
cipitation hardening (maraging), stainless steel that com¬
bines high strength and hardness with excellent corrosion
resistance. It can be hardenedby a single-step, low tempera¬
ture heat treatment that virtually eliminates scaling and
distortion, plus gives type S15500 good forgeability and good
transverse mechanical properties.

The general corrosion resistance of type S15500 is com¬
parable to that of type 304, in most media. Good resistance

to stress corrosion cracking is obtained by hardening at tem¬
peratures of 550 °C (1025 °F) and higher.

This alloy is generally used in the form ofbar and forgings
which do not require much forming. Itis readily machined in
both the solution-treated and various age-hardened condi¬
tions. Type SI5500 machines similarly to types 302 and 304.
Machinability will improve as the hardening temperature is
increased.

Type S15500 can be welded satisfactorily by all methods.
No preheating is required. Properties inthe weld comparable
to those of the base metal can be obtained by suitable post-
weld heat treatment.

Typical Uses, Applications of AISI type S15500 include
valve parts, fittings and fasteners, shafts, gears, chemical
process equipment, paper mill equipment, aircraft compo¬
nents, and nuclear reactor components.

AISI Type SI5500: Similar Steels (U.S. and/or Foreign),
UNSSI5500; AMS 5658, 5659, 5862; ASMESA705 (XM-12);
ASTM A564 (XM-12), A693 (XM-12), A 705 (XM-12)

Physical Properties

AISI Type SI5500: Selected Physical Properties in the H900
Condition (Ref B)

Solution treated plus 480 t (900 °F) for 1 h; air cool

Melting range ...............................1405-1440 CC (2560-2625 "F)
Density..........................................7.8 g/cm3 (0.28 lb/io.3)
Specific heat 420 J/kg- K (0.10 Btu/)b °F)
Electrical resistivity at 20 °C (68 °F) 77 nfl• m

AISI Type SI5500: Thermal Conductivity
Temperature Thermal conduetivitv
°C "F W/m-K Btu/fth'°F
150 300 17,8 10.3
260 500..........19.5 11.3
460 860 22.5 13.0
480 900 22.7 13.1
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Physical Properties (continued)

A1SI Type S15500; Thermal Treatment Temperatures

Treatment
Temperature range

AiSI Type SI5500: Average Coefficients of Linear Thermal
Expansion (Ref 6)

Forging, start 1175-1205 2150-2200
Forging, finish 1010 min lggo nun
Solution treatroent(a) 1025-1050 1875-1925
Hardeaingib) 480-620 S00-1150
(a) Cool rapidly to room temperature, (b) Temperature depends upon desired
strength and toughness

Temperature range Coefficient
/nn m K /rin./ui.

-73-21 -100-70 10.4
21 93 70-200 10.8
21-205 70-400 10.8
21-315 70-600 11.3
21425 70-800 11.7

5.8
6.0
6.0
6.3
6.5

Mechanical Properties

AiSI Type SI5500: Typical Mechanical Properties in the Transverse Direction, at an Intermediate Location (Ref 10)

Tensile Yield
strength atrength(a) ElongationCb), Reduction Hardness, Impact energy!c)

Condition MPa kai MPa ksi % in area, % HB J ft lb

H900 . 1380 200 1275 185 10 30 420 10 7
H925. . .. .1310 190 1206 175 11 35 409 23 17
H1025 1170 170 1140 165 12 42 352 37 27
H1075 . .. 1140 165 1035 150 13 43 341 41 30
HI100 1035 150 930 135 14 44 332 41 30
H1150 . 1000 145 §60 125 15 45 311 68 50
HU50M 860 125 585 85 18 50 277 136 100
(al 0.2% offset, (b) In 50 mm (2 in.), (c) Chaxpy V-notoh

AISI Type S15S00: Short-Time Tensile Properties at Various Test Temperatures and Conditions (Ref 12)

Test temperature Tensile strength Yield strength',a) Elongation(b), Reduction in
°C Condition MTa kai MPa Itai % area, %

24 -75 1317 191 1213 176 16 59
*y. H1025 1145 166 1110 161 17 64

HI100 1069 155 1034 150 19 67
H1150M 896 130 717 104 23 75

205 400 .. H925 1158 168 1048 152 15 54
H1025 1014 147 958 139 15 58
H1100 952 138 924 134 16 62
H1150M 765 111 689 100 20 64

315 600 . . H925 1096 159 965 140 14 59
HI025 958 139 903 131 14 57
HI100 910 132 1)69 126 14 57
H1150M 717 104 662 96 19 70

425 800 H925 1027 149 1414 126 15 60
H1025 917 133 820 119 15 60
H1100 848 123 780 114 14 60
H1150M 676 98 607 88 17 69

540 1000 H925 758 110 634 92 17 70
HI025 724 105 627 91 18 70
H1100 662 96 607 88 18 71
H1150M 552 80 462 67 20 74

650 1200 400 58 317 46 26 83
HI025 372 54 283 41 28 83

-195 -320 HI025 1558 226 1524 221 15 55
HI100 1448 210 1413 205 18 60
H1I50M 1386 201 1007 146 27 65

-73 -I0O H925 1462 212 1372 199 17 61
H1025 1269 184 1234 179 18 67
H1100 1186 172 1145 166 19 66
H1150M 1041 151 738 107 25 74

(a) D.2% offiet. (b) Gage length is 4 x diam of the teat specimen
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AIS! Type S 15500: Typical Mechanical Properties in the Longitudinal Direction, at an Intermediate Location (Ref t 0)

Tensile Yield
strength strength(a) Elongatinn(b), Reduction Hardness, Impact energyfc)

Condition MPa ksi MPa ksi in area, % HB J ft' lb

H900......................1380 200 1275 185 14 50 420 20 15
H925......................1310 190 1205 175 14 54 409 34 25
HI025 ....................1170 170 1140 165 15 56 352 48 35
HI075 ....................1140 165 1035 150 16 58 341 54 40
H1100 ....................1035 150 930 135 17 58 332 61 45
HI150 ....................1000 145 860 125 19 60 311 68 50
H1150M....................860 125 585 85 22 68 277 136 100
(a) 0.2*fe offset, (b) In 50 mm (2 in.). <c) Charpy V-notch

AISI Type S15500: Charpy V-Notch Impact Properties at Subzero Temperatures
Test

temperature
°C °F

I-Impact energy for heat treat condition of:-
H925 H1025 H1100 H1150M

J ft -lb J ft -lb J ft lb J ft lb

24 75 79 as 114 84 130 96 236 174
-12 10 28 62 46 108 80 233 172
-40 -40 22 IS 31 23 73 54 226 167
-73 -100 ..9 7 12 9 37 27 206 152

-195 -320 . ... 3 2 4.7 3.5 45 33

Machining Data

For machining data on AISI
type S1550O, refer to the pre¬
ceding machining tables for
AISI type 630.

Type S2091®

Type S20910; Chemical Composition
Element Composition, %

Carbon 0.06 max
Manganese .. 4-6
Phosphorus........... O.04 max
Sulfur 0.03 max
Silicon 1.00 max
Chromium. .........20.50-23.50
Nickel 11.50-13.50
Molybdenum ......1.50-3.00
Nitrogen .....................:................. 0.20-0.40
Niobium 0.10-0.30
Vanadium....0.10-0.30

Characteristics. Type S20910 (Nitronic 50) is an austen-
itic stainless steel that has greater corrosion resistance than
that provided by types 316 and 316L, plus approximately
twice the yield strength at room temperature. The steel has
very goodmechanicalproperties at bothelevated and subzero
temperatures.

Type S20910 stainless steel provides adequate corrosion
resistance for many applications inthe 1065 °C (1950 °F) an¬
nealed condition. Invery corrosive media, or where material
is to be usedinthe as-welded condition, the 1120 °C (2050 °F)
annealed condition should be specified to minimize inter-
granular attack. This alloy has excellent resistance to sulfide
stress cracking inall conditions.

The inert-gas-shielded arc welding processes can beused to
weld type S20910. Good weld-joint propertiescan be obtained

without the necessity ofpreheator postweldannealing.Filler
metal, where used, should match the composition of the base
metal for comparable strength and corrosion resistance.
Types 308L and 309 produce sound weld joints.

The machinability of S20910 is approximately 21% of that
for free-machining AISI 1212.Rigidsetups should be used in
holdingthe work andtools. This alloy produces a good surface
finish, but because of the work hardening characteristics,
tools should not be permitted to slide over the surface.

Typical Uses. Materialsof type S20910have applications
in the petroleum, chemical, pulp and paper, textile, food pro¬
cessing, and marine industries. Representative components
using the combination of good corrosion resistance and
high strength are pumps, valves and fittings, fasteners, ca¬
bles, chains, screens and wire cloth, marine hardware, boat
shafting, heat exchanger parts, springs, and photographic
equipment.

Type S20910: Similar Steels (U.S. and/or Foreign). UNS
S20910; .AMS 5764, 5861; ASME SA182 (XM-19), SA240
(XM-19), SA249 (XM-19), SA312 (XM-19), SA403 (XM-19),
SA412 (XM-19), SA479 (XM-19); ASTM A182 (XM-19), A240
(XM-19), A249 (XM-19), A269 (XM-19), A276 (XM-19), A312
(XM-19), A403 (XM-19), A412 (XM-19), A429 (XM-19), A479
(XM-19), A580 (XM-19)
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Physical Properties

Type 520910: Average Coefficients of Linear Thermal
Expansion (Ref 12)

Test specimens were in the annealed condition

Temperature range
•C °F

Coefficient
fun/m K /unin.-

20-95
20-205
20-315
20-425
20-540
20-650
20-760
20-870

70-1000 .

16.2 9.0
16.6 9.2
17.3 9.6
17.8 9.9
18.4 10.2
18.9 10.5
19.4 10.8
20.0 11.1

Type S20910: Selected Physical Properties (Ref 12)

Density ........................................7.89 g/cm3 (0.285 lb/in.3}
Electrical resistivity at

mom temperature........„ . 82 nO -m

Type S20910: Thermal Treatment Temperatures

Treatment
Temperature range
°C T

Forging .- 1175-1230 2150-2250
Annealing{a) ..,.........*.................1065 or 1120 1950 or 2050
Hardening(b) ÿÿÿ

(a) Use 1065 °C (1950 DF) annealed material for greatest strength, and 1120 DC
(2050 aF) annealed material for beet corrosion resistance, (b) Not hardenable
by beat treatment

Type S20910: Thermal Conductivity (Ref 12)

Temperature Thermal conductivity
°C *F W/mK Btu/fth'F
150

"
300 15.6 £10

315 600 17.8 10.3
480 900 20.4 118
650 1200 23.0 13.3
815 1500 25.3 14.6

Mechanical Properties

Type 520910: Typical Tensile Properties of Annealed and High-Strength Bar at Room Temperature (Ref 12)

Test specimens were 25-mm (1-in.) diam annealed Oar and 25- to 50-mm (1- to 2-in.) diam high-strength bar

Tensile Yield
strength strength(a) ElongationCb), Reduction Impact energytc)

Condition wMPa ksi MPs ksi % in area, % Hardness J ft lb

Annealed at 1120 CC .I"

(2050 °F); water
quenched ......£-825 120 415 60 50 70 98 HRB 230 170

Annealed at 1065 'C
(4950 °F); water
quenched 860 125 450 65 45 65 23 HRC 176 130

High strength, typical 1105 160 1000 145 25 55 32 HRC 122 90
High strength,

26 HRCminimum 930 135 725 105 20 50 ...
(a) 0.2% offset, (b) In 50 mm (2 in.) or 4 x diam or the test specimen, (c) Charpy V-notch

Type S20910: Typical Impact Properties of Annealed
Bar (Ref 12)

Test specimens were 25-mm (1-in.) diam bar; annealed at 1120 °C (2050 *F)

Test Charpy V-notch impact energy
temperature Annealed Simulated HAZ(a)
°C "F J ft • lb J ft 'lb

24 75 .............230 170 230 170
-73 -100 .............155 115 155 115
-195 -320 ..............70 50 70 50
(a) Heat treated at 675 °C (1250 'Fl for 1h to simulate the heat-affected tone
of heavy weldments

Type S20910: Typical Subzero Impact Properties of High-
Strength Bar (Ref 12)

(—--Charpy V-notch impact energy-(

Test for bar diameter of;

temperature 25 mm (1in.) 38 mmi (1.5 in.) 50 mm (2 in.)
ÿC *F J ft lb J ft lb J ft lb

27 80 .....171 126 203 150 201 148
-60 -75 .....155 114 178 131 178 131

-130 -200 65 48 84 62 83 61
-195 -320 42 31 56 41 49 36

Type S20910: Typical Tensile Properties of Cold Drawn Wire (Ref 12)
Starting size of test specimens was 6.4-mm (0.25-in.) diam rod; annealed at 1 120 °C (2050 T)

Cold Tensile strength Yield strength(a) Reduction
reduction, % MPs itci MPa ksi Elongatioti(h), % in area, %

15 1140 165 985 143 23 56
30 194 1200 174 15 49
45 216 1350 196 11 45
60 234 1490 216 9 42
75 .1695 246 1615 234 8 39
(a) 0.2% offset. (b> In 50 mm (2 in.) or 4 * diem of the test specimen
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Mechanics! Properties (continued)

Type S20910: Typical Short-Time Elevated Temperature Tensile Properties (Reff 12)

Condition

Bar
diameter

mtn in.

Test
temperature

°C T

Tensile
strength

MPa ksi

Yield
atrength(a)

MPa ksi
Elongationd)), Reduction

it) area, %

Annealed at 1065 °C
(1950 °F> ............., . ..19-32 0.75-1.25 24 75 855 124 538 78 40.5 67.5

95 200 772 112 455 66 40.5 67.5
205 400 703 102 400 58 37.5 67,0
315 600 676 98 372 54 37.5 64.0

i 425 800 648 94 345 50 39.5 63.0
1 540 1000 614 89 331 48 36,5 62.5

650 1200 552 80 303 44 36.5 63.0
730 1350 469 66 290 42 425 71.5

:

! 815 1500 345 50 221 32 595 85.0
Annealed at 1120 °C

(2050 °F) 25-38 1-1.5 24 75 807 117 414 60 45.0 71.0
95 200 738 107 338 50 43.5 70.5

205 400 662 96 262 38 43.5 69.5
:

316 600 634 92 241 35 42.5 67.5
i 425 800 614 89 234 34 43.5 66.0

540 1000 579 84 221 32 41.0 66.5
650 120(1 510 74 214 31 38.0 64.0
730 1350 455 66 214 31 37.0 61.5
815 1500 359 52 207 30 41.0 61.0

High-strength 25-50 1-2 24 75 1034 150 869 126 29.0 64.0
95 200 931 135 772 112 28.0 55.0

205 400 855 124 696 101 27.0 63.5
315 600 807 117 641 93 27.5 61.0

i 425 800 765 111 593 86 28.5 61.0
! 540 1000 710 103 552 80 27.0 60.5
1 595 1100 683 99 531 77 26.0 59.5

(a) 0.2% offset- (b) Gage length is 4 * diam of the teat specimen r

Type S20910: Typical Stress-Rupture Properties of Annealed and High-Strength Bars (Ref 12)

Bar
diameter

Test
temperature 100 h

- Stress to produce rapture in; -
1000 h 10000 h<a)

Condition mm in. °C °F MPa ksi MPa ksi MPa ksi
ÿ Annealed at 1065 °C (1950 °F) 19-32 0.75-1.25 540 1000 625 91 605 88 496 72

595 1100 495 72 425 62 324 47
650 1200 380 55 260 38 152 22
730 1350 145 21 85 12 41.4 6

i 815 1500 70 10 26 3.7 9.0 1.3
- 1 Annealed at 1120 °C (2050 JF) 25-50 1-2 540 1000 ... ...

595 1100 450 65 370 54 296 43.0
650 1200 345 50 285 41 224 32.5

1 730 1350 200 29 105 15 58.6 8.5
! 815 1500 90 13 45 6.5 24.1 3.5

High-strength 25 1 540 1000 675 98 655 95 538 78
595 1100 585 85 455 66 352 51

(a) Estimated

Machining Data (Ref 2)

Type S20910: Surface Grindingwith a Horizontal Spindle and ReciprocatingTable
Wheel speed Table speed Downfeed

Operation m/s ft/min m/min ft/inin mm/pass in./pass

Annealed, with hardness of 210 to 250 HB
Roughing....................28-33 5500-6500 15-30 50-100 0.050 0.002
Finishing....................28-33 5500-6500 15-30 50-100 0.013 max 0.0005 max

Cold drawn, with hardness of 325 to 375 HB
Roughing....................28-33 5500-6500 15-30 50-100 0.025 0.001
Finishing....................28-33 5500-6500 15-30 50-100 0.013 max 0.0005 max
(a) Maximum Viof wheel width, (b) Maximum Vio of wheel width

Crossfeed
mm/pass in./puss

Wheel
identification

1.25-12.5 0.050-0.500 C46JV
(a) (a) C46JV

0.65-6.5 0.025-0.250 C46HV
(b) (bl C46HV
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Machining Data (Ref 2) (continued)

Type S20910: Turning (Single Point and Box Tools)

Depth of cut
mm in.

Speed
m/min ft min

ÿ High speed steel -

Feed
mm/rev in./rev

1-Uncoated carbide-|

Speed, braced Speed, inserted Feed
m/min ft/min m/min ft/min nun/rev in./rev

- Coated carbide ÿ

Speed
m/min ft/min

Feed
mm/rev in./rev

Annealed, with hardness of 210 to 250 HB
1 0.040.....18(a)
4 0.150.....15(a)
8 0.300.....12(a)

16 0.625 ......8(a)

Cold drawn, with hardness of 325 to 375 HB
1 0.040 .....15(f) 50(f) 0.18
4 0.150 .....12(f) 40(f) 0.40
3 0.300......9(f) 30(f) 0.50

60(a) 0.16 0.007 58(b) 190(b) 67(b) 220(b) 0.18 0.007 84(c) 275(c) 0.18 0.007
50(a) 0.40 0.015 49(b) 180(b) 58(b) 190b) 0.40 0.015 76(c) 250(c) 0.40 0.015
40(a) 0.50 0.020 38(d) 125(d) 46(d) 150(d) 0.50 0.020 60(e) 200(e) 0.50 0.020
25(a) 0.75 0.030 29(d) 95(d) 35(d) 115(d) 0.75 0.030 ... ...

0.007
0.015
0.020

46(b) 150(b)
40(b) - 130(b)
30(d) 100(d)

53(b)
46(b)
37(d)

175(b)
150(b)
120(d)

0.18
0.40
0.50

0.007
0.015
0.020

38(c)
30(c)

125(c)
100(c)

0.18
0.40

0.007
0.015

(a) High speed steel toolmateriel:M2orM3. (b) Carbide tool material:C-3. (c) Carbidetool material:CC-3. (d) Carbide tool material:C-2. (e)Carbide tool material:
CC-2. (0 Any premium high speed steel tool material (T15. M33, M41to M47)

Type S20910: Turning (Cutoff and Form Tools)

I-Feed per revolution for-
cutoff tool wddth of:

Speed, 1.5 mm 3 mm 6 mm

m/min (0.062 in.) (0.125 in.) (0.25 in.)

Tool material (ft/min) mm (in.) mm (in.) mm (in.)

Annealed, with hardness of 210 to 250 HB
M2 and M3 high

speed steel ...................14 0.025 0.030 0.038
(45) (0.001) (0.0012) (0.0015)

C-2 carbide.....................46 0.025 0.030 0.038
(150) (0.001) (0.0012) (0.0015)

Cold drawn, with hardness of 325 to 375 HB
Any premium high

speed steel (T15.-M33.
M41-M47)... ...........9 0.020 0.025 0.033

(30) (0.0008) (0.001) (0-0013)
C-2 carbide.....................29 0.020 0.025 0.033

(95) (0.0008) (0.001) (0.0013)

I-Feed per revolution for-j
form tool width of:

12 mm 18 mm 25 mm 35 mm 50 mm

(0.5 in.) (0.75 in.) (1 in.) <1.5 in.) (2 in.)
mm (in.) mm (in.) mm (in.) mm (in.) mm (in.)

0.038
(0.0015)
0.038

(0.0015)

0.033
(0.0013)
0.033

(0.0013)

0.033
(0.0013)
0.033

(0.0013)

0.028
(0.0011)
0.028

(0.0011)

0.030
(0.0012)
0.030

(0.0012)

0.025
•O.OOl)

0.025
(0.001)

0.025
(0.001)
0.026

(0.001)

0.020
(0.0008)
0.020

(0.0008)

0.023
(0.0009)

0.023
(0.0009)

0.018
(0.0007)
0.018

(U.UO07)

Type S20910: Face Milling
l-High speed steel(a)-1 ]-Uncoated C-2 carbide-1 |-Coated CC-2 carbide-1

Depth of cut Speed Feed/tooth Speed, brazed Speed, inserted Feed/tooth Speed Feed/tooth
mm in. m/min ft/min mm 111. m/min ft/min m/min ft/min mm in- m/min ft/min mm in.

Annealed, with hardness of 210 to 250 HB
1 0.040........24 80 0.15 0.006 59 195 73 240 0.18 0.007 105 350 0.18 0.007
4 0.150........18 60 0,25 0.010 52 170 64 210 0.25 0.010 84 275 0.25 0.010
8 0.300........14 45 0.36 0.014 41 135 50 165 0.36 0.014 69 225 0.36 0.014

Cold drawn, with hardness of 325 to 375 HB
1 0.040........20 65 0.13 0.005 47 155 58 190 0.13 0.005 84 275 0.102 0.004
4 0.150........15 50 0.20 0.008 41 135 50 165 0.18 0.007 60 200 0.15 0.006
8 0.300........11 35 0.25 0.010 32 105 40 130 0.23 0.009 46 150 0.20 0.008
(a) High speed steel tool materials: use M2 or M7 for annealed stock and any premium high speed steel (T15, M33, M41to M4T) for cold drawn stock
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Machining Date (Ref 2) (continued)

Type S20910: End Milling (Profiling)

Tool material

p-:-—— Feed per tooth for cutter diameter of: ÿ

Depth of cut Speed 10 mm (0.375 in-) 12 mm (0.5 in.) IS mm (0,75 in-)
mm in. m/mizk ft/inin mm in. mm in. mm m.

25-50 mm (1-2 in,)

Annealed, with hardness of 210 to 250 HB

speed steel .. 0.5 0.020 18 60 0.025 0.001 0.050 0.002 0.075 0 003 0.102 0.004
1.5 0.060 14 45 0.038 0.0015 0.075 0003 0.102 G.004 0.13 0.005

diam/4 diam/4 12 40 0.025 0.001 0.038 0.0015 0.075 0.003 0.102 0.004
diam/2 diam/2 11 35 0.018 0.0007 0.025 0.001 0.050 0.002 0.075 0.003

C-2 carbide 0.5 0.020 67 220 0.013 0.0005 0.025 0.001 0.050 0.002 0.075 0.003
1.5 0.060 52 170 0.025 0.001 0.050 0.002 0.075 0.003 0.102 0.004

diam/4 diam/4 43 140 0.025 0.001 0.038 0.0015 0.038 0.0025 0.075 0.003
diam/2 diam/2 40 130 0.013 0.0005 0.025 0,001 0.050 0.002 0.063 0.0025

Cold drawn, with hardness of 325 to 375 lih
Any premium high

speed steel (T15,
M33,M41
to M47) 0.5 0.020 15 50 0.025 0.001 0.050 0.002 0.075 0.003 0.102 0.004

1.5 0.060 11 35 0.038 0.0015 0.075 0.003 0.102 0.004 0.13 0.005
diam/4 diam/4 9 30 0.025 0.001 0.038 0.0015 0.075 0.003 0.102 C.004
dium/2 diain/2 8 25 0.018 0.0007 0.025 0.001 0.050 0.002 0.075 0.003

C-2 carbide 0.5 0.020 53 175 0.013 0.0005 0.025 0.001 0.050 0.002 0.075 0.003
1.5 0.060 41 135 0.025 0.001 0.050 0.002 0.075 0.003 0.102 0.004

diam/4 diam/4 35 115 0.025 0.001 0.038 0.0015 0.063 0.0025 0.075 0.003
diam/2 diam/2 30 100 0.013 0.0005 0.025 0.001 0.050 0.002 0.063 0.0025

Type S20910: Reaming
Based on 4 1lutes for 3- and 6-mm (0.125- and 0.25-in.) reamers, 6 flutes tor 12-mm (0.5-in.) reamers, and B flutes for 25-mm CI -in.) and larger reamers

Tool material
Speed

m/min ft/min

I-Feed per revolution for reamer diameter of:-\
3 mm (0.125 in.) 6 mm (0.25 in.) 12 mm (0.5 in.) 25 mm (1in.) 35 mm (1.5in.) 50 mm (2 in.)

mm in, mm in, mm in. mm in. mm it, mm in.

Annealed, with hardness of 210 to 250 HB
Roughing

Ml.M2 and M7 high
speed ateel ...........18 60 0.075

C-2 carhide.............23 75 0.102

Finishing
Ml,M2, and M7 high

speed steel ............9 30 0.075
C-2 carbide.............12 40 0.075

0.003
0.004

0.003
0.003

0.13
C.20

0.075
0.102

0.005
0.008

0.003
0.004

0.20
0.30

0.102
0.15

0.008
0.012

0.004
0.006

0.25
0.40

0.15
0.20

Cold drawn, with hardness of 325 to 375 HB
Roughing
Ml,M2, and M7 high

speed steel ...........12 40 0.075
C-2 carbide.............17 55 0.102

Finishing
Ml,M2 and M7 high

speed steel ............6 20 0.075
C-2 carbide.............11 35 0.075

0.003
0.004

0.003
0.003

0.102
0.15

0.075
0.102

0.004
0.006

0.003
0.004

0.13
0.23

0.005
0.009

0.102 0.004
0.13 0.005

0.20
0.40

0.13
0.15

0.010
0.016

0.006
0.008

0.008
0.015

0.005
0.006

0.30
0.50

0.18
0.23

0.25
0.45

0.15
0.18

0.012
0.02C

0.007
0.009

0.010
0.018

0.006
O.0D7

0.40
0.60

0.20
0.25

0.30
0,50

0.18
0.20

0.015
0.024

0.008
0.010

0.012
0.020

0.007
0.008
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Machining Data (Ref 2) (continued)

Type S20910: Drilling

Tool material

I-Feed per revolution for nominal hole diameter of:-1
Speed, 1.5 mm 3 mm 6 mm 12mm 18 mra 25 mm 35 mm 50 mum
m/min (0.062 in.) {0.125 in.) (0.25 In.) (0.5 in.) (U.75 in.) (1 in.) (1.5 in.) (2 in.)
(ft/min) mm (in.) mm (in.) mm (in.) mm (in,) mm (in.) mm (in.) mm (in.) mm (in.)

Annealed, with hardness of 210 io 250 HB
M10, M7,Ml high

speed steel 14 0.025
(45) (0.001)

Cold drawn, with hardness of 325 to 375 HB
Any premium high

speed steel (T15,
M33. M41-M47) 9 0.025

(30) (0.001)

0.050
(0.002)

0.050
(0.002)

0.102
(0.004)

0.102
(0.004)

0.1S
(0.007)

0.18
(0.007)

0.25
(0.010)

0.25
i0.010)

0.30
(0.012)

0.30
(0.012)

0.40
(0.015)

0.40
10.0151

0.45
(0.018)

0.45
(0.018)

Type S20910: Boring
|-High speed steel-] j-Uncoated carbide-1 |-Coated carbide-1

Depth of cut Speed Feed Speed, brazed Speed, inserted Feed Speed Feed
mm in. m/min ft/min mm/rev in./rev m/min ft/min m/min ft/min mm/rev in./rev m/min ft/min mm/rev in./rev

Annealed, with hardness of 210 to 250 HB
0.25 0.010.......20 65(a) 0 075 0.003 50 165(b) 59 195(b) 0.075 0.003 73 240(c) 0.075 0.003
1.25 0.050 .15 50(a) (1 13 0.005 40 130(d) 47 155(d) 0.13 0.005 58 190(e) 0.13 0.005
2.5 0.100 .......12 40(a) 0.30 0.012 35 115(d) 41 135(d) 0.30 0.012 53 175(e) 0.30 0.012

Cold drawn, with hardness of 325 to 375 HB
0.25 0.010.......15 50(0 0.075 0.003 40 130(h) 47 155(b) 0.075 0.003 64 210(c) 0.075 0.003
1.25 0.050 12 40(f) 0.13 0.005 32 105(d) 38 125(d) 0.13 0.005 53 175(e) 0.13 0.005
2.5 0.100

________
9 30(f) 0.30 0.012 29 95(d) 34 110(d) 0.30 0.012 46 150(e) 0.30 0.012

(a) Highspeed steel toolmaterial: M2or M3. Ib) Carbidetool material:C-3. (c) Carbide toolmaterial:CC-3. (d)Carbidetoolmaterial: C-2. (e) Carbide toolmaterial:-
CC-2. (f) Any premium high-speed steel too! material (T15, M33, M41 to M47)

Type S20910: Cylindrical and Internal Grinding
Wheel speed Work speed Infeed on diameter Wheel

Operation m/s ft/min m/min ft/min mm/pass in./pass Traverse(a) identification

Annealed, with hardness of 210 to 250 HB
Cylindrical grinding

Roughing 28-33
Finishing 28-33

Internalgrinding
Roughing 25-33
Finishing 25-33

Cylindrical grinding
Roughing 28-33
Finishing 28-33
Internal grinding
Roughing. ............25-33
Finishing 25-33
(a) Wheel width per revolution of work

5500-6500
5500-6500

15-30
15-30

50-100
50-100

0.050
0.013 max

0.002
0.0005 max

Vz
Vfe

C54JY
C54JV

5000-6500
5000-6500

23-60
23-60

75-200
75-200

0.013
0.005 max

0.0005
0.0002 max

Cold drawn,with hardness of 325 to 375 HB

A
!/fc

C60KV
C80KV

5500-6500
5500-6500

15-30
15-30

50-100
50-100

0.050
0.013 max

0.002
0.0005 max

V* C54IV
C54IV

5000-6500
5000-6500

15-46
15-46

50-150
50-150

0.013
0.005 max

0.0005
0.0002 max

V5
Vfc

C60JV
C60JV
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Type S2 1800

Type S21800: Chemical Composition_
Element Composition, %

Carbon 1 0.10 max
Manganese 7-9
Phosphorus.................. .........0.040 max
Sulfiir - 0.030 max
Silicon...............* ..........3.50-4.50
Chromium .... 16-18
Nickel...6-9
Nitrogen...................-.........0.06-0.18

Characteristics. Type S21800 (Nitronic 60) is a galling-
and wear-resistant, austenitic stainless steel. Corrosion re¬
sistance of this steel is better than that of type 304 in most
media and pitting resistance is superior to that of type
316. Room-temperature yield strength is about twice that of
type 304.

Type S21800 provides excellent high-temperature oxida¬
tion resistance and low-temperature impact resistance. In
quiet seawatcr at ambient temperature, S21800 exhibits
much better crevice-corrosion resistance than type 304 and
slightly better resistance than type 316.

The machinability rating of type S218O0 is 23% of that for
AISI 1212.(The machinability ratingof type304 isabout 45%.)

Type S21800 is readily welded using the inert-gas-shielded
processes. Fusion welds made without filler metal with the
gas tungsten-arc processwill be sound, withwear character¬
istics approximating those of the unwelded base metal.
Heavy weld deposits made with the gas-metal-arc process
will also sound, with tensile strengths slightly above those of
the unwelded base metal. Wear properties of these heavy
weld deposits are slightly less than those of the base metal.
When type S21800 stainless steel is used for weld overlay on
most other stainless steels, sound deposits develop with prop¬
erties about equal to that of an all-weld deposit.

Typical Uses. Applications of type S21830 include valve
stems, seats and trim; nuts and bolts; screening; chain drive
systems; and pins, bushings, and roller bearings.

Type $21800: Similar Steels (U.S. and/or Foreign). UNS
S21800; ASME Code Case 1817; ASTM A193 (grade B8S),
A194 (grade 8S), A276, A479, A580

Physical Properties

Type S21800: Selected Physical Properties (Ref 12)

Density.......... 7.61 g/cm3 {0.275 lb/in.s)
Electrical resistivity at

room temperature..........................98,2 nil- m
Magnetic permeability in

the annealed condition ....... 1.02 max
Magnetic permeability for

cold reduction of 10-40%........... 1.02 max
Magnetic permeability for

cold reduction of 50-7(1%......................................1.05 max

Type S21800: Thermal Treatment Temperatures

Treatment
Temperature range
°C *F

Forging, preheat...... 815 1500
Forging, equalize ..................................1095 2000
Forging, forge .........1175 2150
Annealingfa)...........1065 1950
Hardening(b)

Type S21800: Average Coefficients of Linear Thermal
Expansion (Ref 12)

Temperature range Coefficient
"C °F /ira/m-K /iin./in. -°F

25-95 75-200 .............15.8 8.8
25-205 75-400 ! .15.6 9.2
25-315 75-600 17.3 9.6
25-425 75-800 17.6 9.8
25-540 75-1000 18.0 10.0
25-650 75-1200 18.5 10.3
25-760 75-1400 16,9 10.5
20-870 75-1000 ....19,3 10.7
25-980 75-1800 193 11.0

(a) Follow with rapid cDoling. (b) Not hardenable by heat treatment

Type S21800: Dynamic Coefficients of Friction (Ref 12)

Tested in water at 20 t (68 °F); self-mated

Alloy
Dynamic coefficient of friction for test stress level,N/m

0.8
'

5.6 14.0 28.0 56.0
m3, of:

112.0

S21800
Stellite 6B
S24100

.............0.50 0.35 0.38.............0.30 0.60 0.63
0.45

0.44

0.53

0.44

0.65

0.44

0.58
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Mechanical Properties

Type S21800: Low-Temperature Mechanical Properties (Ref 121
Tensile Yield

Test temperature strength strength(a)
°C "F MPa ksi MPa ksi

—24 75 754 109.3 401 58.1
-18 0 883 128.1 464 67.3
-73 -100 1023 148.4 537 77.9

-130 -200 1156 167.6 603 87.4
-195 -320 1502 217.9 699 101.4
-255 -425 ........................1405 203.8 864 125.3
(a) 0.2% offset. ib) In 25 mm (1 in.), (c) Charpy V-notch

ElongatiouCb),
%

Reduction in
tires. %

Fracture
strength

MPa ksi

Impact
energy(c)
J ft lb

66.4
71.3
70.5
62.4
59.5
23.5

79.0
79.7
80.9
78.4
65.8
26.6

2317
2988
3083
3151

409
1914

336.1
433.4
447.1
457.0
594.0
277.6

313
293
267
230
187

231
216
197
170
138

Type S2180G: Typical Elevated-Temperature Tensile Properties of Annealed Bar (Ref 12)
Test specimens were 19- and 25-mm (0.75- and 1-In.) diam Oar

Test temperature Tensile strength Yield etrength(a) EDongation(b),
°C "F MPa ksi MPa ksi %

Room temperature.......................734 106.5 390 56.5 61.7
95 200.......................640 92.8 306 44.4 63.3

150 300.......................620 69.9 261 37.8 64.4
205 400.......................582 64.4 226 32.8 64.0
260 500.......................566 82.1 223 32.1 61.5
315 600.......................555 80.5 205 29.7 59.6
370 700.......................548 79.5 201 29.2 59.1
425 SOO......................540 78.3 200 29.0 56.5
480 900.......................532 77,1 195 28.3 53.9
540 1000.......................520 75.4 193 28.0 52.2
595 1100.......................494 71.6 198 28.7 48.7
650 1200.......................459 66.6 194 28.1 48.2
705 1300.....................407 59 0 189 27.5 41.4
760 1400.......................343 49 8 174 25.3 47.1
815 1500.......................255 37.0 164 23.8 72.8
870 1600.......................208 30.2 113 16.4 72.8
(a) 0.2% offset. lb) Gage lengthis 4 * diam of the test specimen

.££ \

Reduction in
area, %

Hardness,
HB

71.9
72.4
73.7
73.7
73.0
73.1
72.6
72.1
71.6
70.4
70.0
69.6
50.0
53.9
75.0

200
187

168

155

148

145

144

143

110

Type S21800: Elevated-Temperature Stress-Rupture Strength of Annealed Bar (Ref 12)

Test specimens were 16- to 25-mm (0.63- to 1-in.) diam bar
Test - Stress to produce rupture in;

temperature 100 h 1000 h 10 000 h
"C T MPa ksi MPa ksi MPa ksi

540 1000 495 72 360 52 24 35
595 1100 ....340 49 215 31 10 20
650 1200 29 115 17 69 10
730 1350 97 14 55 8
815 1500 . .. 46 6.7 30 4

Type S21800: Typical Tensile Properties of Cold Drawn Bar(a) at Room Temperature (Ref 12)
Reduction, Hardness, Tensile strength Yield strength(b) Elungation(c), Reduction in
% IIRC MPa ksi MPa ksi % area, %

10 24 827 120 627 91 51 68
20 965 140 772 112 35 65
30 .. 34 1110 161 910 132 26 62
40 1345 195 1055 153 20 57
50 .. . 1495 217 1200 174 15 53
60 1655 240 1345 195 12 48
70 46 1815 263 1495 217 10 40
(a) Test specimens were 11.2-mm (0,442-in.) diam at start, (b) 0.2% offset, (c) Gage length is 4 x djam of the test
specimen

Type 521800: Typical Tensile Properties of Annealed Bar at Room Temperature (Ref 12)
Diameter

uun in. Hardness MPa ksi MPs ksi % area, %

26 1.0 .....95 HRB 710 103 414 60 64 74
44 1.75 ----100 HRB 696 101 386 56 62 33
57 2.25 ... 100 HRB 696 101 . 414 60 60 76
76 3.0 .....97 HRB 779 113 448 65 55 67

105 4.125 .....95 HRC 731 106 386 56 57 67

Type S21800: Modules of
Elasticity (Ref 12)

180 GPa.............26.2 x 106 psi

Machining Data

For machining data on type
S21800, refer to the preced¬
ingmachiningtables for type
S20910.

{a) 0.2% offset, (b) Gage length ia 4 x diam of the test specimen
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Types S21900, $21904
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Types S21900, S219Q4: Chemical Composition
Composition, %

Type Type
Element S21900 S21904

Carbon 0.08 max 0.04 max
Manganese.............. .. 8-10 8-10
Phosphorus .............................0.060 max 0.060 max
Sulfiir......................................ÿ ÿ . , ,0.030 max 0.030 max
Silicon ..................1.00 max 1,00 max
Chromium. . 18-21 18-21
Nickel G-7 5-7
NilrugeD.......... .......0.1G-G.40 0.15-0.40

Characteristics. Types S21900 and S21904 (Nitronic 40)
are nitrogen-strengthened, austenitic stainless steels. Type
S21904 is a low-carbonmodification (0.040%) of type S21900.
These steels have high strength levels, excellent corrosion
resistance, and low magnetic permeability, even after severe
cold working. They are essentially nonmagnetic in both the
annealed and cold worked conditions. They have good ele¬
vated temperature properties and retain high strength and
toughness at subzero temperatures.

Inchemical media and industrial and marine atmospheres,
the resistance of types S21900 and S21904 to attack is be¬
tween that of type 304 and type 316. The low-carbon grade,
S21904, is resistant to intergranular attack, and can usually
be used in the as-welded condition. Stainless steels S21900
and S21904 exhibit good resistance to stress corrosion crack¬

ing in hot chloride solutions and in the sensitized and cold
rolled conditions.

These alloys may be successfully welded by the shielded-
metal-arc and inert-gas-shielded techniques. Filler metal
should be of the same composition as the base metal. Stan¬
dard stainless steel electrode types may be substituted, but
their selection should be based on the properties required.

The machinability rating of types S21900 and S21904 is
about 30% of that for free-machining AISI1212. These steels
may be cold formed, but due to their high yield strength,
forming forces are somewhat higher than those needed for
other austenitic stainless steels, such as type 304.

Typical Uses. Types S21900 and S21904 are primarily
used in aircraft applications, such as ducting and bellows
systems, tail pipes and exhaust systems, clamps, fasteners,
flanges, and hydraulic tubing.

Type S21900: Similar Steels (U.S. and/or Foreign). UNS
321900; AMS 5561; ASTM A269 (XM-10), A276 (XM-10),
A314 (XM-10), A412 (XM-10), A473 (XM-10), A580 (XM-10)

Type S21904: Similar Steels (U.S. and/or Foreign), tins
S21904; AMS 5595, 5656; ASME SA412; ASTM A269
(XM-11),A276 (XM-11), A314 (XM-11), A4I2 (XM-11),A473
(XM-11), A580 (XM-11)

Physical Properties

Types S21900, S21904: Thermal Treatment Temperatures
Temperature range

Treatment aC °F

Forging, preheat + .... 870 1600
Forging, start ..............„........„.......1205 2200
Forging, finish-....925 min 1700 min
Annealing and stress

relievingÿ)..............................1065-1120 1960-2050
Hardening{b) „ .
(a) Follow with rapid air cooling for sheet and striu; uoe water or oil quench for
heavier sections, (b) Hnrdenable by cold work only

Types S21900, S21904: Thermal Conductivity (Ref 12)

Temperature Thermal conductivity
°c °F W/tn-K Btu/ft ÿ h• °F

-180 -290 . 7.8 4.5
-73 -100 10.9 6.3

95 200 13.8 6.0
205 400 ..........16.1 9.3
315 600 10.5
425 800 11.7
540 1000 22.5 13.0
650 1200 24.7 14.3
760 1400 26.8 15.5
870 1600 28.9 16.7

Types S21900, S21904: Average Coefficients of Linear
Thermal Expansion (Ref 12)

Test specimens were in be annealed condition

Temperature range Coefficient
•c °F ,iu:i- in - K /rln./in. -

25-95 80-200 16 7 9.3
25-205 60-400 17.3 9.S
25-315 90-600 18.2 10.1
25-540 80-1000. . ......... 19 1 10.6
25-760 80-1400 20.0 11.1
25-670 80-1600 20.2 11.2
25-980 80-1800 20.5 11.4

Types S21900, S21904: Selected Physical Properties
(Ref 12)

Density........................................7.83 g/cm3 (0.283 lb/in.3)
Electrical resistivity at

room temperature 73 nfl-m
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Mechanical Properties

Types S21900, S21904: Typical Tensile Properties of Cold Drawn Wire (Ref 12)

Tensile Yield
Stress relieving strength strength(a) Elongation(b), Reduction in Hardness, Relaxation, loss
beat treatment MPa ksi MPa ksi % area. % HRC in !oad(e), %

15% Glial cold reduction

None 883 128 745 108 56 70 ...
540 "C (1000 "F) for

2 h; air cool . ... 883 12B 703 102 56 68 21 10.2
620 "C (1150 'F) for

2 h; air cool 862 125 635 92 45 67 20 10.0
705 °C (1300 °F) for

2 h; air cool 841 122 640 93 60 65 20 6.8

30% final cold reduction
None . 1235 179 1115 162 28 57 40
540 °C (1000 °F) for

2 h; air cool 1235 179 1115 162 28 57 39 9.1
620 "C (1150 °F) for

2 h; air cool 1145 166 1025 149 26 54 33 6.8
705 °C (1300 °F) for

2 h; air cool . 1095 159 965 140 40 57 30 7.3
(a) 0.2% offset., lb) Gage length is 4 x diam of the test specimen. tc) Starting condition; compression spring stress at 275 MPa (40 ksi) at room temperature;
exposed at 455 °C (850 °F) for 5 days

Types S21900, S21904: Typical Properties at Cryogenic Temperatures (Ref 12)
Test specimens were 120-mm (4.75-in.) thick slab in the annealed condition; tested in the transverse direction

Test Tensile Yield Cbarpy impact energy
temperature strength strength!a) Elongationibj, Reduction V-notch Keyhole
X„ °F MPa ksi MPa ksi % in area, % J ft lb J ftlb

24 75 710 103 400 58 50 70.0 278 205
-79 -110 . . . 924 134 600 87 59 71.0 198 146 81 60-

-195 -320. 1400 203 1035 150 24.0 88 65 50 37
-255 -425 Irt'V 245 1350 196 15 20.5 72 53 46 34
(a) 0.2% offset. Cb) In 25 mm (1 in.!

Types S21900, S21904: Short-Time Elevated-Temperature Types S21900, S21904: Stress-Rupture Properties of
Tensile Properties of Annealed Sheet and Strip (Ref 12) Annealed Bar and Sheet (Ref 12)

Test Tensile Yield
temperature strength strength(a) Elongation(b),
X 'F MPa ksi MPa ksi %

24 75 . 765 111.0 444 64.4 42.5
95 200 . 693 100.5 353 51.2 41.5

205 400 616 89.4 289 41.9 40.0
315 600 ....... 594 86.1 259 37.5 33.0(e)
425 800 ....... 549 79.6 221 32.0 33.0(e)
480 900 ....... 518 75.1 202 29.3 41.0
540 1000 . . 490 71.1 203 29.4 35.0
595 1100 ...... . 467 67 a 193 28.0 30.0
650 1200 .......416 60.3 184 26,7 26.0
705 1300 354 51.3 185 26.8 24.0

Test
temperature
°C T

Stress to produce rupture in:
100h 1000h

MPa ksi MPa ksi

Bar
650 1200 .
730 1350 .
815 1500 .
Sheet
650
815

1200 .
1500 .

...231 33.5 190 27.5

...145 21.0 93 13.5
70 10.2 42 6.1

...221 32.0 148 21.5
44 6.4 19 2.8

(a) 0.2% offset, (b) In 50 mm (2 in.), (c) Broke on gage mark

Types S21900, S21904: Tensile Properties of Annealed Bar at Room Temperature (Ref 12)

Tensile Yield Elonga-
Section size Test strength strength(a) tion(b), Reduction

mm in. direction MPa ltai MPa ksi % in area, %

152x 152 6x6 ..... .. Longitudinal 685 99 450 65 48 70
Transverse 670 97 370 54 32 47

102x 102 4x4 . .. Longitudinal 675 98 400 58 55 75
64 x 112 2.5 X 4.5.. . .. Longitudinal 690 100 470 68 48 70
25 round 1round . . . TwingifniHinp] 690 100 395 57 53 75

(a) 0.2% offset, (b) In 50 mm (2 in.)
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Types S21900, S21904: Properties of Welded Joints In Sheet and Strip at Elevated
Temperatures (Ref 12)

Tensile Yield Elongation, %
Test temperature strength strength(a) In 50 mm In 13 mm
•C °F MPa ksi MPa ksi (2 in.) (0.5 in.)

24 75 . .. 794 115.2 459 66.6 37.0 36.0
425 800 .......553 80.2 231 33.5 37.5
460 900 536 77.8 227 32.9 33.0
540 1000. 507 73.5 216 31.4 28.5
595 1100...- 461 66.3 199 28.9 24.5 25.0
650 1200 365 52.9 192 27.9 20.0 20.0
705 1300 332 48.2 183 26.6 11.0 12.5

JWaehinirsg Dcafts

For machining data on types
S219O0 and S21904 refer to
the preceding machining
tables for type S20910.

(a) 0.2% offset

Types S21900, S21904; Effect of Cold Reduction and Stress Relieving on Sheet
and Strip (Ref 12)

Stress relieving
heat treatment

Cold
reduction,

%

Tensile
strength

MPs ksi

Yield
strength(a)
MPa ksi

E!ongation(b),
% Hardness

Tested at room temperature
Hone 0 794 115.2 482 69.9 44.5 94 HRB

15 978 141.9 905 131.2 22.5 34 HRC
30 1222 177.2 1099 159.4 12.0 40 HRC

480 °C (900 °F) for 1h . 0 803 116.5 494 71.6 44.0 94 HRB
15 1007 146.0 912 132.3 23.0 34 HRC
30 1278 185.4 122 178.3 11.0 42 HRC

675 *C (1250 °F) for 1h 0 798 115.8 492 71.4 44.0 94 HRB
15 977 141.7 814 118.0 26.0 32 HRC
30 1151 167.0 106 154.2 18.5 39 HRC

Tested at 480 "C (9O0 °F>
None. . . 0 537 77.9 234 33.9 41.5 ...

15 654 94 9 529 76.7 18.0 ...
30 836 121.2 717 104.0 7.0

675 °C (1250 °F> for 1h . 0 538 78.1 239 34.7 42.0
15 631 91.5 490 71.0 21.5
30 774 112.2 669 97.0 13.0 ...

(a) 0.2% offset, (h! In 50 mm (2 in.)

Types S21900, S21904: Tensile Properties of Cold Rolled Sheet at Short-Time Elevated
Temperatures (Ref 12)

Test temperature
Tensile
strength

Yield
strength(a) Eiongationtb),

"C °F MPa ksi MPa ksi %

10% cold reduction
24 75 870 126.2 630 91.4 27.0
95 200 779 113.0 611 88.6 28.0

205 400 696 100.9 500 72.5 25.0
315 600 681 98.7 470 68.1 25.5
425 800 624 90.5 430 62.4 26.5
540 1000 552 80.0 377 54.7 24.0
650 1200 469 68.0 351 50.9 17.0

25% coldreduction
24 75 ......1097 159.1 876 127.0 14.5
95 200 998 144.8 SB) 127.8 12.Q

205 400 931 135.1 836 121.3 5.5
315 600 877 127.2 759 110,1 6.0
425 800 798 115.8 667 96.8 10.5
540 1000 715 103.7 601 87.1 9.0
650 1200 85.8 500 72.5 8.0

60% cold reduction
24 75 ......1407 204.0 1162 168.6 6.0
95 200 ......1321 191.6 1189 172.5 4 5

205 400...............1256 182.2 1122 162.8 3.5
315 600 ......1214 176.1 1045 151.6 4.0

Hardness,
HRC

26

35

43

(a) 0.2% offset, (b) In50 (2 in.)
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Type S24000

Type S24000; Chemical Composition
Element Composition, %

Carbon ...........0.08 max
Manganese ..................................................11-5-14.5
Phosphorus.................................................0,060 max
Sulfur......................................................0.030 max
Silicon ............l.OO max
Chromium................................ 17-19
Nickel 2.50-5.75
Nitrogen 0.20-0.40

Characteristics. Type S24000 (Nitronic 33) is' a low-
nickel, austenitic, stainless steel with a yield strength inthe
annealed condition, approximately twice that of type 304
stainless steel. Resistance of type S24000 to stress-corrosion
cracking is better than that of type 304. The alloy has low
magnetic permeability. After severe cold working, type
S24000 has excellent strength and ductility at cryogenic
temperatures and resistance to wear and galling that is supe¬
rior to the standard austenitic stainless steels.

Type S24000 stainless steel may exhibit stress-corrosion
cracking in hot chloride environments under certain condi¬
tions. It is superior to type 304 at low stress levels and equal
to type 304 at high stress levels. This alloy exhibits excellent

resistance to cracking polythionic acids (H,S»06, where x is
usually 3,4, or 5).These acids can form inpetroleum refinery
units, particularly desulfurizers, during shutdown. Type
S24000 steel is usually not subject to intergranular attack.

The machinability rating of type S24000 is about 30% of
that for AISI 1212. Tools should not be permitted to dwell or
ride on the work surface, which will result inburnishing or
work hardening.

Type S24000 stainless steel can be welded satisfactorily
with most of the fusion welding processes. Filler metal
should be Nitronic 35W, type 308L or 312.

Typical Uses. Applications of type S24000 include heat
exchangers; process vessels, pipe, and tubing; riser pipe for
underground power transmission; and cryogenic tanks,
valves, and piping.

Type S24000: Similar Steels (U.S. and/or Foreign), UNS
S24000; ASME SA240 (XM-29), SA249 (XM-29), SA312
(XM-29), SA688 (XM-29); ASTM A240 (XM-29), A249
(XM-29), A269 (XM-29), A276 (XM-29), A312 (XM-29), A313
(XM-29), A358 (XM-29),A412 (XM-29), A479 (XM-29), A580
(XM-29), A688 (XM-29)

Physical Properties

Type S24OO0: Average Coefficients of Linear Thermal
Expansion (Re) 12)

Temperature range Coefficient
°C "F jon/m-H fdn./tn.-*F

25-93 78-200 .......16.0 8.9
25-205 7ÿ400 16.6 9.2
25-315 78-600 . ...17.5 9.7
25-425 78-800 18.2 10.1
25-540 78-1000 18.7 10.4
25-650 78-1200 19.4 10.8
25-760 78-1400.....20,2 11.2
25-870 78-1600 20.5 11.4
25-980 78-1800 21.1 11.7

Type S240QQ: Thermal Conductivity at Elevated
Temperatures (Ref 12)

Temperature
•C *F

Thermal conductivity
W/m R Btu/ftb "F

100 212 15.9
200 390 17.3
300 570 18.9
400 750 20.4
500 930 22.0
600 1110 23.4
700 1290 24.7
800 1470 26.1

9.2
10.0
10 9
11.8
12.7
13.5
14.3
15.1

Type S24000: Thermal Treatment Temperatures

Treatment
Temperature range
<C °F

Annealing 1040-1095
Hardening!&? .. .... .
(a) Hardeuable by cold work only

1900-2000

Type S24GOO: Electrical
Resistivity (Ref 12)

Electrical
resistivity,

nfl"m
Temperature
DC DF

25 77 74
100 212 80
200 390 87
400 750 100
eoo 1110 Ill
800 1470 119

Type S24000:
Density (Ref 12)

7.75 g/cma.............0.280 lb/in.3

Machining Data

For machining data on type S24000, refer to preceding machining tables for type S20910.
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Mechanical Properties

Type S24000: Typical Mechanical Properties of Annealed
Sheet at Cryogenic Temperatures (Ref 12)

Test Tensile Yield Elonga-
tempenature strength strength(a) tionftj),

ÿC °F MPa ksi MPs ksi %

-18 0.............1007 146.1 588 IfkiT 64.5
-46 -50.............1048 152.0 647 93.9 63.0
-73 -100.............1145 166,0 718 104.1 60.5

-100 -150.............1237 179,4 796 116.5 55.0
-130 -200.............1346 195.1 907 131.5 49.5
-150 -242.............1437 208 4 1009 146.3 42.5
-195 -320.............1607 233.1 1209 175.3 20.0
<a) 0.2% offset, (hi to 50 mm (2 in.]

Type $24000: Short-Time Elevated Temperature
Properties (Ref 12)
Test specimens were 1.3-mm (0.050-in.) thick sheet in the annealed
condition

Test Tensile Yield Elonga-
teraperature strength strength(a) tion(b),

°F MPa ksi MPa kai %

24 75.............807 117 495 72 49
93 200.............731 106 405 59 50

205 400.............640 93 310 45 44
315 600....'.........625 91 270 39 44
426 800.............565 92 250 36 49
540 1000.............510 74 220 32 39
(a) 0.2% ofleet, (b) In50 mm (2 in.)

Type $24000: Typical Properties of Cold Reduced Sheet (Ref 12)

Tensile Yield
Cold strength BtreDgtbCa) EloagationCb),
reduction, % MPa kai MPa ksi % Hardness

0 . 115 470 88 510 95 HUB
10 917 133 724 105 32.0 30 HRC
20 1105 160 965 140 18.0 37 HRC
30 . 184 1150 167 10.0 41 HRC
40 1380 200 1250 181 7.5 42 HRC
50 1450 210 1315 191 6.5 44 HRC
60 222 1370 199 5.0 45 HRC
(a) 0.2# offset. Cb) In 50 mm (2 in.)

Types S24000: Minimum Properties Acceptable for Material Specification (Ref 12)

Tensile Yield
strength strength(s) Elongationfh), Hardness

Product MPa ksi MPa ksi % HRB

Sheet, strip 105 380 55 40 100 max
Plate 100 380 55 40 100 max
Annealed bar up to 200-nun

(8-in.} diam ...690 100 380 55 30 92
(a) 0.2# offset, (b) In5Q mm (2 in.) or 4 x diam of the test specimen

Type S24000: Stress-Rupture Strength (Ref 12)
Test specimens were 1.57-mm (0.062-in.) thick, mill-annealed sheet

r—-------StresB to rupture in:
Test temperature 100 h (000 h 10 000 h(u)
°C °F MPa kai MPa ksi MPa ksi

480 900 ....538(a) 78.0(a) 434 63.0 359 52.0
540 1000 400 58.0 324 47.0 259 37.5
595 1100 49.0 265 38.5 214 31.0
650 1200 36.0 162 23.5 100 14.5
730 1350 ...103 15.0 52 7.6 26 4.0
815 1500 6.8 23(a) 3.3(a) 11 1.6
fa) Extrapolated data
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Type S24100

Type S24100: Chemical Composition
Composition,

Element %

Carbon.. 0.15 max
Manganese .......11-14
Phosphorus 0.060 max
Sulfur . ......0.030 max
Silicon .. 1.00 max
Chromium.....................16.5-19.5
Nickel............ ..................0.50-2,50
Nitrogen 0.20-0.45

Characteristics. Type S24100 (Nitronic 32) isa low-nickel,
austenitic stainless steel that provides approximately twice
the yield strength of type 304, as well as comparable corro¬
sion resistance. The high work hardenability of this steel
permits cold drawing to high-strength levels while maintain¬
inggood ductility. Type S24100 exhibits excellent wear- and
galling-resistance in standard tests for these characteristics.

This stainless steel resists staining and rusting in 5%
sodium chloride (NaCl) fog and high-humidity atmospheres.
Weldmenta in their as-welded condition also resist corrosion
in 5% NaCl fog. The corrosion resistance of type S24100 in
weak acid solutions and pitting media approaches that of

type 304 stainless steel. In more aggressive media, type
S24100 stainless steel is somewhat less corrosion resistant
than type 304.

Type S24100 is comparable to type 302, with respect to
intergranular attack. But because of higher carbon content,
it is not as resistant to intergranular attack as type 304.
Weldments in their as-welded condition exhibit only a
moderate corrosive attack in the sensitized area in boiling
65% nitric acid (HN03). Type S24100 steel may exhibit
stress-corrosion cracking in hot chloride environments under
certain conditions.

This steel is readily welded inall forms. Weld joints in the
as-welded condition have strength equivalent to the un-
welded base metal. Type S24100 has a machinability rating
about 30% of the rating for AISI 1212, Tools should not be
allowed to dwell or ride on the work surface, which results in
burnishing or work-hardening.

Typical Uses. Applications of type S24100 include high-
strength shafting and bolting, clamps for pole line hardware,
concrete reinforcing accessories, abrasion and corrosion-
resistant screens, high-strength nonmagnetic springs, wire
forms, racks, and cages.

Type S24100: Similar Steels (U.S. and/or Foreign). UNS
S24100; ASTM A276 (XM-28),A313 (XM-28), A580 (XM-28)

Physical Properties

Type S24100: Thermal Treatment Temperatures
Temperature range

Treatment °C °F

Forging 1150-1205 2100-2200
Annealingfa) 1040 1900
Hardeningfbi —
(a) Follow with rapid cooling, (b) Hardenable by cold work only

Type S24100: Selected Physicaf Properties (Ref 12)

Density....7.78 g/cm3 (0.281 lb/in.3)
Magnetic permeability, when Hia

200 Oe, in the annealed condition........ 1.008
Magnetic permeability, when H is 200 Oe,

in the 70% cold drawn condition...........1.011

Type S24100: Average Coefficients of Linear Thermal
Expansion (Ref 12)

Temperature range Coefficient
"C °F fxm/mÿ K ftin./in.-T

24-95 75-200 16.2 9.0
24-205 75-400 16.9 9.4
24-315 75-600 17.6 9.8
24-425 75-800..............................18.0 10.0
24-540 75-1000 ...........18.5 10.3
24-650 75-1200 19.3 10.7
24-760 75-1400 19,8 11.0
24-870 75-1600 ...........20.2 11.2
24-980 75-1800 20.9 11.6

Machining Data

For machiningdata on type S24100, refer to the preceding machiningtables for type S20910.
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Mechanised Properties

Type S24100: Typical Tensile Properties at Room Temperature (Ref 12)

Test specimens were in the annealed condition
Bar

diameter,m in.

Tensile
strength

MPs kei

Yield
strength(a)

MPa kti
Elongation(b),

<x
Reduction
in area, %

Hardness,
HRB

Impact energyfc)
J ft lb

25 1...............793 115 415 60 55
(a) 0.2% offset. !b) Gage length is 4 x diem of the test specimen. Cc) Charpy V-notch

70 96 310 230

Type S24100: Typical Short-Time Elevated Temperature Tensile Properties (Ref 12)

Test specimens were 25-mm < 1-in.) diani, mill-annealed bar

Test Tensile Yield
temperature strength strength(s) Elongation(h),
°C T MPa ksi MPa kai %

27 80 ....................814 118 485 70 53
95 200....................717 104 39S 57 52

205 400 650 94 305 44 50
315 600 615 89 270 39 50
425 SOD 570 83 250 36 50
540 1000 525 76 235 34 47
650 1200 455 66 215 31 39
760 1400 345 50 200 29 31
(a) 0.2% offset, (b) Gage length is 4x diam of the test specimen

Reduction
in area, %

70
75
75
75
76
76
67
38

Type S24100: Typical Mechanical Properties of Cold Drawn Wire (Ref 12)
Test specimens were 6.4-mm (0.25-in.) diam rod in the annealed condition

Tensile Yield
Cold strength strength(a) ElongationCb), Reduction
reduction, % MPa ksi MPa ksi % in area, %

0 ........................ 827 120 450 65 55.0 70
10.......................1000 145 758 110 43,0 65
20 .......................1185 172 931 135 28.5 60
30 .......................1310 190 1090 158 18.5 55
40-.......................1450 210 1240 180 12.5 50
50 .......................1640 238 1405 204 10.0 45
60 .......................1825 265 1545 224 9.5 40
(a) 0.2% offset, (bt In 50 mm (2 in.) or 4 x diam of the test specimen

Hardness,
HRC

23.0
27.5
32.0
37.0
40.0
44.0

Type $30430

Type $30430; Chemical Composition
Composition,

Element max %

Carfxra____
...»........... 0,080

Manganese..........., .....2,0
Phosphorus. ................................ ...,, 0.045
Sulfur .....................................0,030

Silicon................................................1,0
Chromium................. ....17-19
Nickel .............. .............8-10
Copper . 3-4

Characteristics. Type S30430 is an austenitic stainless
steel exhibiting a lower rate of work hardening than type

305. It is nonmagnetic in the annealed condition and be¬
comes only very faintly magnetic after severs cold working.

Type S30430 exhibits the same corrosion resistance as
type 304. Because this grade is subject to intergranutar car¬
bide precipitationwhen exposed in. the temperature range of
480 to 870 °C (900 to 1600 °F), it is not recommended for
use in the as-welded or as-forged condition. This steel has a
safe scaling temperature in continuous exposure of 870 °C
(1600 °F).

Typical Uses. Type S30430 is used for severe cold head¬
ing applications such as cold formed nuts and recessed head
fasteners.

Type S30430: Similar Steels (U.S. and/or Foreign).
S30430; ASTM A493 (XM-7)

UNS
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Physical Properties

Type S30430: Thermal Treatment Temperatures
Temperature range

Treatment *C T

Forging, start..............................L15Q-1260 2100-2300
Forging, finish........925 coin 1700 min
Annealiug(a) ..............................1010-1120 1850-2C50
Hardemng(b)
(a) Although small forgings can be air cooled, better corrosion resistance can
be obtained by water quenching; large forgings should be annealed after
forging, (b) Hardenable ay cold work only

Type S30430: Selected Physical Properties (Ref 6)

Melting range ...............................1400-1455 "C (2550-2650 "Fl
Density ......................ÿ ............8.00 g/cma (0.289 lb/in.3)
Specific heat at <M00 °C (32-212 °F)...........500 J/kg- K {0.12 Btu/lb- 4F)
Electrical resistivity at 20 *0 (68 °F) 72 nfl m

Type S30430: Average Coefficients of Linear Thermal
Expansion (Ref 6)

Temperature range Coefficient
°C "F /tm/m-K pin./in.ÿ

0-100 32-212 ........17.3 9.6
0-315 32-600 17.8 9.9
0-650 32-1200 18.7 10.4

Type S30430: Thermal Conductivity (Ref 6)

Temperature
°C °F

Thermal conductivity

W/m K Btu/ft ÿ h- °F

100
500

212.
930.

.16.3

.21.5
9.4

12.4

Mechanical Properties

Type S30430: Tensile Properties (Ref 6)
Test specimens were 2.54- to 25.4-mm (O.t- to 1.0-in.) diam wire

Tensile Yield Charpy impact
strength strength(a) Elongation(b), Reduction energy

Condition MPa ksi MPa km % in area. % Hardness J ft lb

Annealed...................... 505 73 215 31 70 80 70 HRB 325 240
Soft temper. .......................560 81 380 55
(a) 0.2% oflset. (h) In 50 mm :.2 iu )

Type S30430: Modulus of ......n„.
Elasticity (Ref 6)_ Machining Data

Stressed ÿÿModulusÿ For machiningdata on type S30430, refer to the precedingmachiningtables for AISI type 201.

Tension .........193 28.0
Torsion...........86 12.5

Type S44625

Type S44625: Chemical Composition
Element Composition, %

Carbon.............. ....... 0.010 max
Manganese . 0.40 max
Fhoaphorna, .,,» . 0.020 max
Sulfur .....0.020 max
Silicon ...................CJ.40 max
Chromium. ..................................................25-27.5
Nickel...........,.....0.50 max
Molybdenum ..................0.75-1.50
Nitrogen....... 0.015 max
Niobium ..0.05-0.20
Copper............................. 0.20 max
Nickel and copper.......................0.50 max

Characteristics. Type S44625 (XM-27) is a ferritic, chro¬
mium-molybdenum stainless steel with good fabrication
characteristics. This alloy provides good resistance to stress-
corrosion cracking, pitting, and crevice corrosion. It has ex¬
cellent resistance to sodium hydroxide, nitric acid, amines,
ammonium carbamate, and organic acids, such as formic,
oxalic, and acetic. This steel is highly resistant to inter-
granular corrosion and is not sensitised by thermal cycles
experienced in welding operations.

Type S44625 issubject to 475 C (885 °F) embrittlement on
extended exposure to 370 to 570 °C (700 to 1060 °F), and the
strength decreases rapidly above 540 °C (1000 °F).

Inmachiningoperations, the low work-hardening rate and
excellent ductility tend to produce long, stringy chips. Proce-
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dures for machining type 446 ferritic stainless steel should
be followed. The formability arid deep-drawing character¬
istics are similar to carbon steel and slightly better than
those for type 304 stainless steel. The minimum bendradius
for tubing is two times the tube diameter. Roller expansion
into tube sheets presents no difficulties.

Type S44625 may be joined by gas tungsten-arc and
shielded-metal-arc welding. Filler metals which may be used
include type 310 and 312 stainless steels and the nickel-
chromium and nickel-chromium-molybdenum alloys.

, Typical Uses. Specific uses of type S44625 include heat
j exchangers, preheaters, tanks, pressure vessels, piping, heat

recuperators, ducting, tube sheets, reboilers, and thermo¬
couple shields. Other applications include chemical process
plants, oil refineries, food processing plants, and high-
temperature oxidation and sulfidation environments.

Type S44625: Similar Steels (U.S. and/or foreign). IINS
S44625; ASME SA240 (XM-27), SA268 (XM-27), SA479
(XM-27), SA737 (XM-27); ASTM A176 (XM-27), A240 (XM-
27), A268 (XM-27), A276 (XM-27), A314 (XM-27), A479
(XM-27), A731 (XM-27)

Physical Properties

Type S44625: Selected Physical Properties (Ref 8)

Density 7.8 g/cm3 (0.28 lb/in.3)
Specific heat at 0-100 'C (32-212 *F>......... .427 J/kg'K (0.102 Btu/lb-'F)
Electrical resistivity at room temperature 52-57 nil- m
Average coefficient of linear thermal

expansion at 21-100 °C (70-212 °F) .........9.9 ÿm/m-K (5.5 /iin./in. '°F)

Type S44625: Thermal Conductivity (Ref 8)

Temperature
°C T

Thermal conductivity
W/m-K Btu/ft ÿ h• "F

Room temperature 20.33
260 500 16.8

11.75
9.7

Mechanical Properties

Type S44625, AISI Types 304, 316: Corrosion in Boiling Organic Acids (Ref 8)

(-Corrosion rate for boilingorganic acids-—--j
45% formic 88% formic 10% oxalic 20% acetic 99% acetic

Alloy grade ram/yr mil/yr mm/yr mil/yr mm/yr mil/yr mm/yr mil/yr mm/yr mil/yr

Type S44625 ......................................0.06 3 <0 0025 <0.1 0.08 3 0.025 1 0.01 0.5
AISI type 304 .....................................1.2 48 2.44 96.0 1.2 48 0.05 2 0.46 18 0
AISI type 316 .....................................0.30 12 0.23 9.0 1.0 40 0.025 1 0.05 2.0

I Type S44625, Carbon Steel, AISI Type 304: Comparison of Sheet Formability (Ref 8)

Strain-hardening Average Limiting
Olsen cup height exponent, strain ratio, draw ratio,

Alloy grade mm in. a r LDR

! Type S44625 ....................................10.7-114 042-0.45 0.17-0.18
~ ~

1.31-145 2.34
i Carbon steela....................................10.2-314 0.40-0.45 0.22 1.00-1.80 " 2.15-2.50

AISI type 304 ...................................12.7-14.2 0.50-0.56 0.45-0.50 0.90-1.00 2.16

Type S44625: Typical Tensile Properties of Annealed Sheet, Plate, and Tube (Ref 8)

Tensile Yield
strength fltrength(a) ElongationCb), Hardness,

Product form MPa bi MPa ksi % HB

Sheet and plate
Typical 485 70 345 50 30 83
ASTM A240, min.....................450 65 275 40 22 90 max

Tubing
Typical 515 75 415 60 25 88
ASTM A268, min.....................450 65 275 40 20 90 max
(a) 0.2% offset, (b) In 50 mm (2 in.)
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Mechanical Properties (continued) Machining Data

Type S44625: Effect of Extended Exposure on Tensile Properties (Ref 7)

Extended exposure was 10000 h

Thermal exposure Tensile strength Yield strength(a) Elongationib), Hardness,
°C *F MPa ksi MPa ksi % HV

345 650 454 65.9 359 52.0 35 160

370 700 531 77.0 395 57.0 32 176

400 750 . ...617 89.5 598 86.8 3 251
(a) 0.2% oSket. (b) In 50 mm (2 in.)

For machining data on type
S44625, refer to the preced¬
ingmachiningtables for AISI
type 405.

Type S44625; Effect of Cold Work on Tensile Properties of Annealed Strip (Ref 8)

Tensile Yield
Redaction, strength strength(a) Elongation(b), Hardness,
% MPa ksi MPa ksi % HB

0 485 70 345 50 35.0 83

20 655 95 605 86 a.o 97

40 110 745 108 6.0 101
60 ......855 124 800 116 4.0 104

80 905 131 862 125 2.5 104

(a) 0.2% offset, (b) In 50 mm (2 in.)

Type S44625, AISI Type 316: Corrosion in Boiling, Dilute
Sulfuric Acid Solutions (Ref 8)

Nimactivated solution Activated solution
Alloy grade mm/yr mil/yr mm/yr inil/yx

Corrosion rale of 1% H3SO<
Type S44625 0.7 137 541
AISI type 316 21.7 0.66 26

Corrosion rate qf 5% H..SO,
Type S44625 14 76.7 3020
AISI type 316 98 2.72 107

Type S45000

Type S45000: Chemical Composition
Element Composition, %

Carbon..............................0.05 max
Manganese . ..............1.00 max
Phosphorus 0.030 max
Sulfur..............- . ÿ 0.030 max
Silicon......................... • • 1-00 max
Chromium...................... 14-16
Nickel . . 5-7
Molybdenum .............................. 0.50-1.00
Copper.............................. 1.25-1.75
Niobium(a)...... 4 "

(a) Minimum content is eight times the carbon content

Characteristics. Type S45000 (Custom 450) is a marten-
sitic, age-hardeaable stainless steel which exhibits very good
corrosion resistance with moderate strength. This alloy has
a yield strength somewhat greater than 690 MPa (100 ksi) in
the annealed condition, but iseasily fabricated. A single-step
aging treatment develops higher strength with good ductility
and toughness.

Type S45000 will resist atmospheric corrosion, including
salt water atmospheres. It shows excellent resistance to rust¬

ing and pitting in 5 and 20% salt spray at 35 "C (95 °F), and
to oxidation up to 650 °C (1200 °F). The maximum service
temperature for continuous service is 425 °C (800 °F).

The wort-hardening rate of S45000 is relatively low, per¬
mitting a good deal of coid reduction without intermediate
annealing. Deep drawing or stretching operations with sharp
bends which produce localized elongation are to he avoided.
This alloy can be machined using the same practices em¬
ployed with other martensitic stainless steels at comparable
hardness levels.

Type S45000 can be welded using most fusion and resis¬
tance welding methods. Nopreheating is required to prevent
crackingduring welding. Where optimal corrosion resistance
is required, parts should be annealed after welding. Similar
filler metal should be used to maintain optimum weld metai
strength. Brazing temperature should coincide with the
annealing temperature range so that reannealing is not
necessary.

Type $45000: Similar Steels (U.S. and/or Foreign). UNS
S45000; AMS 5763; ASME SA564 (XM-25), SA705 (XM-25);
ASTM A564 (XM-25), A693 (XM-25), A705 (XM-25)
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Physical Properties

Type S45000: Average Coefficients of linear Thermal
Expansion (Ref 9)

I--— Coefficient-]

Temperature range Condition A(a) Condition B(b)

"C °F pm/m-K pin./in. °F pm/m-K pin./in.ÿ'¥

24-95 75-200.......10.6 39 108 6.0
24-150 75-300 .......10.1 5.6 10.4 5.8
24-205 75-400.......10.3 5.7 10.6 5.9
24-260 75-500.......10.4 5.8 11.0 6.1
24-315 75-BOO .......10.6 5.9 11.2 6.2
24-370 75-700.. .....10.8 6.0 11.3 6.3
24-425 75-800.......11,0 6.1 11.5 6.4
24-480 75-900.......11.1 6.2 U.7 6.5
24-540 75-1000 ......11.0 6.1 11.75 fi-53
24-595 75-1100 ......11.2 6.2 11.75 6.53
(al Annealed at 1040 "C (1900 DF); water quenched, (b) Annealed and aged at
480 °C (900 *F) for 4 h; air cooled

Type S45000: Thermal Treatment Temperatures
Tempxerature range

Treatment "C °F

Forging, atart.......... 1150-1175 2100-2150
ForgiDg, finish....................................1040 min 1900
Solution treatment...............................1025-1050 1875-1925
Hardening (aging) .................................4&0-565 900-1059
Overaging- .........620 max 1150 mas

Type S45000: Density (Ref 9) Mach|niog Data
7.8 g/cro3 .............0.28 lb/in.3 por machining data on type

S45000, refer to the preced¬
ingmachiningtables for AIS1
type 630.

Mechanical Properties

Type $45000; Typical Tensile Properties of 25-mm (1.0 in.) Oiam Bar at Room Temperature (Ret 9)

Tensile Yield Notch tensile Elonga-
strength strengtb(a) strengthfb) tion(c), Reduction Hardness, Impact energyld)

Treatment MPa ksi MPa ksi MPa ksi % in area, °i HRC J ft lb

Solution annealed. . 986 143 814 118 1525 221 13.3 48.0 28.0 125, 133, 141 92, 98, 104
972 141 814 118 1515 220 13.5 52.4 ... ...

Aged at 455 X
(850 °F) 1350 196 1280 186 2050 297 14.5 54.6 44.0 24, 27, 31 18, 20, 23

1345 195 1260 183 2050 297 14.7 53.5 ...
Aged at 480 X

(300 *F) 1345 195 1280 186 2050 297 13.9 56.7 42.5 52, 56, 57 38, 41, 42
1350 196 1305 189 2060 299 14.8 54.5 ...

Aged at 510 X
(950 *F) 1290 187 1270 184 1985 288 15.6 58.8 41.5 53, 66, 71 39. 49, 52

1290 187 1270 184 1980 287 15.7 57.7 —
Aged at 540 X

(1000 T) . 1195 173 1165 169 1890 274 16.8 61.7 39.0 68. 71,71 50, 52, 52
1185 172 1165 169 1870 271 17.7 64.6 ... ...

Aged at 565 X
(1050 T) 159 1050 152 1760 255 19.8 64.6 37.0 91,95 67,70

1105 160 1050 152 1760 255 19.5 66.5
Aged at 620 X

(1150 °F) 985 143 640 93 1425 207 22.6 69.0 28.0 122, 130, 141 90, 96. 104
970 141 620 90 1450 210 24.1 69.9 ... ...

(a) 0.2% offset, (b) The stress concentration factor, K„ is 10. (Cl Gage length is 4 x diam of the test specimen, (d) Charpy V-notch

Typs S45000; Effect of Test and Aging Temperatures on Tensile Properties of 25-mm (1-tn.) Diam Bar (Ref 9)

Test Aging Tensile Yield Notch tensile Elonga-
temperature temperature strength strength(a) strength(bl tion(c), Reduction Impact energy(d)
°C T x T MPa ksi MPa ksi MPa ksi % Inarea,I J ft-lb

-195 -320 480 900 1795 260 1715 249 585 85 4.5 7.8 1.4 1
565 1050 1540 223 1415 205 1560 226 22.0 57.7 7 5
620 1150 1510 219 938 136 1715 249 29.8 55.3 49 36

-73 -100 900 1490 216 1425 207 1770 257 15.7 55.5 5.4 4
565 1050 1240 180 1150 167 1950 283 21.1 64.6 56 41
620 1150 1145 166 660 96 1655 240 25.2 66.6 89 66

-18 0 480 900 1415 205 1340 194 2110 306 15.2 56.7 22 16
565 1050 1170 170 1105 160 1840 267 20.6 65.5 87 64
620 1150 1060 154 640 93 1515 220 24.3 69.0 115 85

315 600 480 900 1105 160 951 128 12.0 47.7 54 40
565 1050 1050 152 1005 146 12.4 49.3 68 50
620 1150 917 133 862 125 ... 14.1 53.7 111 82

425 800 480 900 1035 150 903 131 12.4 44.5 57 42
565 1050 966 143 896 130 ... 12.2 44.5 73 54
620 1150 834 121 793 115 13.4 49.1 111 82

565 1050 ., .
____

480 900 580 84 525 7G ... 24.0 74.6 89 66
565 1050 585 85 540 78 26.5 73.7 91 67
620 1150 540 78 485 70 30.0 76.6 113 83

—1
: (a) 0.2 offset (b) The stress concentration factor, KLi is KMc) Gage length is 4 x diam of the test specimen, (d) Charpy V-notch
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Type S45500

Type $45500: Chemical Composition
Element Composition, %

Carbon......................... 0.05 max
Manganese , ......_ .......0.50 max
Phosphorus............ .— ...€.040 max
Sulfur .....0.030 max
Silicon .................. ..0,50 max
Chromium . 11,0-12.5
Nickel ...7.5-9,5
Molybdenum —..........................0.50 max
Niobium ............................. .......0.10-0,50
Copper...... ..........1.5-2.5
Titanium 0.B0-1.4

Characteristics. Type S45500 (Custom 455) is a marten-
sitic, age-hardenable stainless steel that is relatively soft
and easily fonnable in the annealed condition. A single-step,
age-hardening treatment develops high yield strengths with
good ductility and toughness.

This alloy resists staining in normal air atmospheres, and
shows no corrosion in fresh water. It has good resistance to
pitting in5% salt spray at 35 °C (95 °F) and in5% ferric chlo¬

ride at room temperature. In mild chemical environments,
the level of general corrosion resistance is higher than that
of 12% chromium steels (type 410) and approaches that of
17%chromium steels (type 430). Type S45500 hasinherently
good resistance to stress-corrosion cracking. This resistance
improves as aging temperature is increased.

Type S45500 has good scaling resistance up to about
650 °C (1200 °F). It is suggested for use in service tempera¬
tures up to 425 °C (800 °F).

Inthe annealed condition, type S45500 may be cold drawn
and cold rolled without intermediate annealing. Deep draw¬
ing or stretching operations will require intermediate an¬
neals because elongation tends to be localized. Cold heading
and warm forming operations are also easily performed.
Type S45500 can be machined inthe annealed condition, and
welded in the same manner as other stainless steels.

Type S45500; Similar Steels (U.S. and/or Foreign). UNS
S45500; AMS 5578, 5617, 5672, 5860; ASTM A313 (XM-16),
A564 (XM-16), A693 (XM-16), A705 (XM-16)

Physical Properties

Type S45500: Average Coefficients of Linear Thermal
Expansion (Ref 9)

Temperature range Coefficient
°C *F pm/m-K /un./in. °F

22-95 72-200 10.6
22-150 72-300 10.8 6.0
22-205 72-100 11.2 6.2
22-260 72-500 11.7 6.6
22-315 72-600 12.1 6.7

Type S45500: Thermal Treatment Temperatures
Temperature range

Treatment °C °F

Forging, Btart............... ...................1040-1150 1900-2100
Forging, finish..............,.....................815-925 1500-1700
Solution annealing..................T .............815-845 1500-1550
Hardening......... 480-565 900-1050

Type $45500: Thermal Conductivity (Ref 9)

Temperature
•C T

Thermal conductivity
W/m-K Btu/fth-'F

100
200
300
•100
500

212 18.0
320 19.7
570 31.3
750 23.4
930 24.7

10.4
11.4
12.3
13.5
14.3

Type S45500: Electrical
Resistivity (Ref 9)

Electrical
Treatment resistivity,of) • m

Annealed 90
Annealed and

aged at 510 "C
(950 °F) for 4 h;
air cooled. 75

Type S45500: Density (Ref 9)

7.8 g/cm3 0.28 Ib/in.3

Machining Data

For machining data on type S45500, refer to the preceding machining tables for
AISI type 630.
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Mechanical Properties

Type S45500: Typical Mechanical Properties of Bar at Room Temperature (Ref 9)

Size
round

Treatment inir

Annealed at 815 °C
(1500 Ti for h;
water quenched 100

25
Hardened at 480 °C

(900 *F» for 4 h;
air cooled 100

25
Hardened at 510 'C

(950 =Fi for 4 h;
air cooled. 100

25
Hardened at 540 XI

(1000 =F) for 4 h;
air cooled- .,.....................100

25
Hardened at 565 "C

(1050 =F) for 4 h;
air cooled .100

25

Tensile
strength

MPa ksi

Yield
strength(a)
MPa ksi

Notch
tensile

strength(b)
MPa ksi

Elonga-
don(c),

%
Reduction
in area, It

Hardness,
11RC

Impact
energy-id)
J ft lb

965 140
1000 145

1725 250

1585 230
1620 235

1415 205
1450 210

1310 190
1310 190

795 115
795 115

1670 245

1515 220
1550 225

1345 195
1340 200

1205 175
1205 175

1585 230

1795 260

1725 250
2070 300

1725 250
2000 290

1725 250
1795 260

12
14

10

10
12

12
14

14
15

50
60

45

45
50

45
55

50
55

31
31

43
43

45
45

95 70

12 9

11 8
19 14

16 12
27 20

34 25
47 35

i (a) 0.25c offset, (b) The strees concentration factor, K[t is 10. (c) Gage length is 4 x diam of the teat specimen, (d) Charpy V-notch

! Type S4550O: Typical Tensile Properties of Strip at Room Temperature (Ref 9)

Tensile Yield Elonga- Elonga-
ThicknesB strength strength(aj tion(b), tiontc), Reduction Hardness

Treatment mm in. MPa ksi MPa ksi % % inarea, % HRC

! Annealed at 815 "C (1500 °F)
for Vfc cc water quenched ... 4.1 0.16 1105 160 930 135 18 8 54 33

1.3 0.05 1105 160 1035 150 10 6 34
Hardened at 480 °C (900 T)

for 4 h: air cooled ..4.1 0.16 1795 260 1725 230 8 3 25 31
1.3 0.05 1795 260 1725 250 6 3 ... 51

Hardened at 510 °C (950 °F)
for 4 fa; air cooled 4.1 0.16 1725 250 1655 240 10 4 40 48

1.3 0.05 1725 250 1655 240 8 4 ... 47
Hardened at 540 °C (1000 °F)

for 4 h; air cooled 4.1 0.16 1515 220 1450 210 14 6 45 46
1.3 0.05 1515 220 1450 210 12 5 44

(a) 0-2% ofiset. (b) In 25 mm (1 in.), fc) In50 mm {2 in.)

Type S455Q0: Typical Tensile Properties at Elevated Temperature (Ref 9)
Test specimens were hardened at 815 "C (1500 °F) for 'A h; water quenched; aged at 480 X (900 °F) for 4 h;
air cooled

Test Tensile Yield
temperature strength strength(a) EIougation(b), Reduction Hardness(c),
°C °F MPa ksi MPa ksi % inarea, % HRC

Room temperature .........1690 245 1635 237 11 48 49
260 500.............1475 214 1370 199 10 49 49
315 600.............1405 204 1295 188 11 -50 49
370 700.............1345 195 1240 180 12 52 49
425 800 ............1240 180 1145 166 14 50 49

; (a) 0.28c ofiset. (b) Gage leDgth is 4 x diam of the test specimen, (c) After testing
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Ferratium® Alloy 255

Ferralium* Alloy 255: Chemical Composition (Ret 14)

Compositions given are nominal

Element Composition, %

Carbon....,,.................. 0.04 mas
Manganese..... . 0.80
Silicon . . 0.45
Chromium ,..........26
Nickel .......................................... ..5.5
Molybdenum .......3.3
Nitrogen................. . . 0.17
Copper.......... 1.7

Characteristics. Ferralium® alloy 255 is a patented,
ferritic-austenitic stainless steel which combines high-
mechanical strength, ductility, and hardness with resistance
to corrosion and erosion.

Under most service conditions, alloy 255 has excellent
resistance to sulfuric, phosphoric, nitric, and other acids and
salts. It is also highly resistant to acetic, formic, and other
organic acids and compounds. Alloy 255 is generally not
suitable for handling hydrochloric acid and other severely
reducing acids and compounds.

This steel has good resistance to stress-corrosion cracking,
crevice corrosion, and pitting when compared to types 304
and 316 austenitic stainless steels. It is highly resistant to
stress-corrosion cracking in sodium chloride and sea water.

Ferralium® alloy 255 is a duplex alloy with approximately
equal portions of austenite- and ferrite-matrix phases. It
contains primary carbide in the annealed condition
and forms secondary M23Ca carbides when exposed in the
540 to 1095 °C (1000 to 2000 =F) temperature range. Aging
or use of this alloy in the 760 to 870 °C (1400 to 1600 °F)
range should be avoided, because a large amount, of sigma
phase is produced. The presence of sigma phase greatly re¬
duces the ductility of tbis alloy.

Ferralium® alloy 255 can be readily welded using con¬
ventional techniques. It can be machined in either the
solution-treated or hardened condition using the same tech¬
niques as for austenitic stainless steels.

Typical Uses. Applications of Ferralium® alloy 255 include
pumps, agitators, valves, and piping for handling wet phos¬
phoric acid slurries; marine scrubbers, pumps, and mechani¬
cal seals; and equipment for handlinghot organic acids, fatty
acids, and solutions of nitric and hydrofluoric acids.

Physical Properties (Ref 14)

Ferralium® Alloy 255: Heat Treatment. FerraliumAlloy 255
is solution-treated at 1040 to 1120 GC (1900 to 2050 SF) and
rapidly cooled. The alloy can be hardened by a subsequent
heat treatment at 510 °C (950 °F> for 4 h, then air cooled.

Ferralium* Alloy 255: Selected Physical Properties

Density at 20 °C (68 "F1.........................7.81 g/cm3 (0.282 lb/in,1)
Electrical resistivity at 25 °C (77 °F) 0.84 /jj • m
Thermal conductivity at

100 °C (212 T) .........................15.1W/m-K (8.75 Btu/fth-"F)

Ferralium9 Alloy 255; Mean Coefficients of Linear
Thermal Expansion
Temperature range

•C T
Coefficient

nm/m K ;iin. in.

20-93 68-200 11,0

20-205 68-400 11.7
20-315 68-600 12.1
20ÿ425 68-800 12.4
20-540 68-1000 13.0

6.1
6.5
6.7
6.9
7.2

Ferralium® Alloy 255: Average Tensile Properties and Modulus of Elasticity at
Elevated Temperatures
Test specimens were 10.2- to 19-mm (0.400- to 0.75-tn.) thick plate; heat treated at 1120 °C (2050 °F);
cooled rapidly

Tensile Yield Modulus of
Test temperature strength strengthla) Elongationfb), elasticity

°C «F MPa ksi MPa ksi % GPa psi x 10"

Room temperature ...............867.4 125.8 674 97.8 27 210 30.5
95 200 ................786.0 114-0 594 88.1 27 206 29.9

205 400 ................704.0 102.1 515 74.7 27 198 28.7
315 600 ................706.7 102.5 494 71.7 29 189 27.4
425 6O0 ................694.3 100.7 487 70.7 26 179 25.9
540 1000................580 84.1 425 61.7 28 165 24.0

(a) 0.2% offset lb) In 50 mm (2 in.)
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Mechanical Properties (Ref 14) (continued)

Ferralium® Alloy 255: Typical Ctiarpy V-Notch Properties at Room Temperature
Test specimens were 12.7 mm (0.500 in.) thick plate

Aging |---*—*-Impact energy for specimen:-........——..—I
time, A(a) B(b) C(c) D(d)

Condition h J ft - lb J ft 'lb J ft 'lb J ft lb

Solution heat treated
at 1120 °C (2050 aF)............................0 190 140 268 198 126 93 207 153

Aged at 205 °C (400 °F) ..........................1 197 145 289 213 118 87 213 157
10 201 148 256 189 137 101 230 170

100 226 167 236 174 141 104 209 154
Aged at 315 °C (600 °F) ..........................1 218 161 317 234 176 131 199 147

10 219 162 320 236 155 114 190 140
100 191 141 305 225 172 127 178 131

Aged at 425 °C (800 °F) ..........................1 148 109 240 177 169 125 149 110
10 60 44 258 190 41 30 92 68

100 54 40 256 189 38 2B 75 55
Aged at 540 "C (1000 °F) .........................1 114 84 183 135 164 121 123 SI

10 75 55 B7 64 175 129 156 115
100 56 41 142 105 41 30 85 63

(a) Longitudinal specimen with notchperpendicular to platesurface, (b) Longitudinal specimen withnotchparallel to plate surface, (c)Transverse specimen with
notch perpendicular to plate surface, (d) Transverse specimen with notch parallel to plate surface

Mechanical Properties (Ref 14)

Ferraiium® Alloy 255: Average Tensile Properties and Hardness at Room Temperature
Product Thickness Tensile strength Yield strength(a)
form mm in. MPo kai MPo kai

Solution heat treated at 1120 °C (2050 F). cooled rapidly
Sheet ..................................... 0.84-2.1 0.033-0.083 896 130 683 99

3.18 0.125 855 124 648 91
4.75 0.187 869 126 662 96

Plate 6.4 0.250 841 122 641 93
9.53 0.375 841 122 627 91

12.7 0.500 834 121 600 87
19-25 0.75-1.00 800 116 600 87

Solution heat treated; hardened for 4 h at 510 °C (950 "Fj

Sheet .....................................0.84-2.1 0.033-0.083 979 142 772 112
3.18 0.125 903 131 703 102
4.75 0.187 910 132 689 100

Plate.........................................6.4 0.250 855 129 683 99
9.53 0.375 883 128 683 99

12.7 0.500 876 127 641 93
19-25 0.75-1.00 938 136 717 104

(a) 0.2& offset, (b) In 50 mm (2 in.'

Elongntiontbi
% Hardness

25
25
25
27
31
34
31

22
24
24
26
30
31
28

24 HRC
. 21HRC
23 HRC

7 24 HRC
.. 23 HRC

97 HRB
95 HRB

35 HRC

32 HRC

Machining Data

For machining data on Ferraiium6 Alloy 255, refer to the
preceding machining tables for AISI type 301.
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Tool Steels

The classification of tool steels indicates an extra high-
quality product, not exclusively used as tool material. Tool
steels are closely controlled and inspected throughout manu¬
facture, and are made and sold inrelatively small lots.Thus,
they differ from machinery and structural steels, not so much
by final application,but hy the degree of quality control exer¬
cised and quantities involved.

Tool steels may also be considered as a group of special
grades which, after proper heat treatment, will provide the
combination of properties required for cutting tool and die
applications. Sometimes, only one or two tool steel composi¬
tions will be satisfactory for a given application, whereas in
the manufacture of machinery parts, a variety of machin¬
ery steels might be used interchangeably without materially
affecting the service life of the part. Thus, because most
grades have been developed to meet specific requirements,
tool steels are much more specialized than machinery or
structural steels,

An important characteristic of tool steels as a group is that
they generally tend to have excess carbides intheir structure,
making them harder and more wear resistant.

The American Ironand Steel Institute (A1SI) published an
identification and type classification of tool steels in which
the steels are divided into the following major categories,
each with an identifying letter symbol or symbols:

® Water-hardening tool steels, W
e Shock-resisting tool steels, S
® Cold work tool steels:

Oil-hardening types, 0
Medium-alloy, air-hardening types, A
High-carbon, high-chromium types, D

® Special-purpose tool steels:
Low-alloy types, L
Carbon-tungsten types, F
Mold steels, P; PI to P19 inclusive for low carbon types;

P20 to P39 inclusive for other types

® Hot work tool steels:
Chromium-base types, H1-H29 inclusive
Tungsten-base types, H-30-H39 inclusive
Molybdenum-base types, H40-H59 inclusive

® High speed tool steels:
Tungsten-base types, T
Molybdenum-base types, M

End use or common properties is the criterion of com¬
parison for each category, excluding water-hardening steels.
The water-hardening tool steels are essentially carbon steels
and are classified together because of a common manner of
heat treatment.

Within the various groups there may be subdivisions.
Thus,within the coldwork tool steels category there are three
subdivisions identified by the letters 0, A, and D,which are
based on the method of heat treatment, or the similarity of
chemical composition and properties. These subdivisions are
oil-hardening and medium-alloy, air-hardening types, which
are hased on quenching method, and high-carbon, high-
chromium types, which are based on similar properties.

REFERENCES

1. 1981 SAE Handbook, Part 1, Society of Automotive Engineers,
Inc., Warrendale, PA, 1981

2. MachiningData Handbook, 3rd ed., Vol 1and 2, Machinability
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3. G.A. Roberts and R.A. Cary, I'ool Steels, 4th ed., American
Society for Metals, 1980

4. Bethlehem Steel Corp., Bethlehem, PA 18016
5. Carpenter Technology Corp., 101W. Bern St.,Reading, PA 19603
6. Crucible Specialty Metals Div.,P. O. Box 977,Syracuse, NY 13201
7. Jessop Steel Co., wholly owned subsidiary of Athlone Industries,

Inc., Washington, PA 15301
8. Teledyne Vasco, P. 0. Box 151, Latrobc, PA 15650
9. The International Nickel Co., One New York Plaza, New York,

NY 10004
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Water-Hardening Tool Steels (W)

Water-Hardening Tool Steels (W): Chemical Composition
Compositions also include the following elements in maximum percentages of: 0. J5 tungsten, 0.10 molybdenum, 0.20 copper, and 0.20 nickel

Steel
type Mn

Chemical composition, %
P max S max Si Cr

W1 ................................0.60-1.40(a) 0.10-0.40 0.025 0.025 0.10-0.40 0.15 max 0.10 max
W2 ................................0.60-1.40(a) 0.10-0.40 0.030 0.030 0.10-0.40 0.15 max 0.15-0.35
W5 ................................1.05-1.15 0.10-0.40 0.030 0.030 0.10-0.40 0.40-0.60 0.10 max

(a) Various carbon contents are available; most frequently offered in the 0.90 to 1.10% carbon range

Characteristics. The water-hardening tool steels, listed
under the letter symbol W, are essentially carbon steels, and
are amongthe least expensive of tool steels. They must bewa¬
ter quenched to attain the necessary hardness, and except in
very small sizes, will harden with a hard case and a soft core,

They may be used for a wide variety of tools, but their lim¬
itationsmust be recognized, and discussion of the application
with the producer is strongly recommended.

SAE StandardJ438 (Ref 1) lists four grades inwhichwater-
hardening tool steels are usually available:

• Special,grade 1. the highest-quality, water-hardening car¬
bon tool steel, controlled for hardenability and subject to

- the most rigid tests to ensure maximum uniformity inper-
"formance, with a composition held to closest limits
•Extra, grade 2: a high-quality, water-hardening carbon

tool steel, controlled for hardenability and subject to tests
to ensure good service for general application

•Standard,grade3: a good-quality, water -hardening carbon
tool steel recommended for applications where some lati¬
tude with respect to uniformity is permissible

• Commercial, grade 4: a commercial-quality, water hard¬
eningcarbon tool steel, not controlled for hardenability,not
subject to special tests
Microscopic, macroscopic, and hardenability requirements

are not specifiedfor standard- and commercial-quality carbon
tool steels butdo apply to special- and extra-quality material.

The following limitson composition are generally required
for standard and commercial grades:

Chemical composition, max %
Grade bio Si Cr

Standard.............................0.35 0.35 0.15
Commercial 0.35 0.35 0.20
The total Df manganese, silicon, and chromium should not exceed 0.75%

In comparison with other tool steels, the water-hardening
tool steels have poor nondeforming properties, fair safety in
hardening, shallow depth of hardening, good toughness, poor
resistance to the softening effect of heat, fair to good wear
resistance, and the best machinability.The water-hardening
tool steels have a machinability ratingof 100%, as a basis for
comparison with other tool steels. When compared with free-
machining AISI 1212steel, the machinability ratingof W tool
steels is 40%.

Typical Uses. Water-hardening tool steels are available
as hot and cold Finished bar, plate, sheet, rod, wire, and forg-
ings. These products are normally fabricated into tools, dies,
and fixtures.

AISI Type W1: Similar Steels (U.S. and/or Foreign). UbJS
T72301; ASTM A686; SAE J437 (W108), (W109), (WHO),
(W112), J438 CW108), (W109), (WHO), (W112)

AISI Type W2: Similar Steels (U.S. and/or Foreign). UNS
T72302; SAE J437 (W209), (W210), J438 (W209), (W210)

AISI Type W5: Similar Steels (U.S. and/or Foreign). UNS
T72305; ASTM A686

Water-Hardening Tool Steels: Approximate Critical
Points (Ref 4)

Steel type
Transformation

point
Temperature range(a)

"C T

Wl, 0.80% C. ...................Ac range 745-760 1370-1400
Ar range 699-696 1290-1285

Wl. 1.05% C....................Ac range 745-765 1370-1410
Ar range 701-699 1295-1290

W2, 1.05% C....................Ac range 750-7S5 1380-1410
Ar range 69S-693 L29G-1280

(a) When heating or cooling at a rate of 205 °C (400 "F) per hour

Physical Properties

Water-Hardening Tool Steels (W): Average Coefficients of Water-Hardening Tool Steels (W): Selected Physical
Linear Thermal Expansion (Ref 9) Properties (Ref 5)

Temperature rouge
•C *F

Coefficient
fxm/m • K /x in./in. ÿ CF

Density .
Specific heat at 0-100 X (32-212 °F)

........7.83 g/cm3 (0.283 lb/in.3).....461J/kg-K (0.11Btu/lbflF)

20-100
20-200

68-212 5.76
6.13

Electrical resistivity aI20 DC (68 °F)

68-390
20-300 68-570 6.80
20-400 68-750 .....13.1 7.28
20-500 68-930 13.8 7.64
20-600 68-1110 14.2 7.90
20-700 68-1290 . 14.6 8.11
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Physical Properties

Water-Hardening Too! Steels (W): Thermal Treatment Temperatures

Treatment
Temperature range

ÿC *F Treatment
Temperature range

'C #F

Forging, preheat. ..................................790 1450
Forging,start....................................980-1065 18GO-1950
Forging, finish 815 1500
Normalizing, preheat .............................790 1450
Normalizing, hold at....................., , .....,,. 815 1500

Annealingia) ...............760-790 1400-1450
Hardening, preheatfbl ............................565-650 1050-12l)U

Hardening, quench from Wl (c) ...................770-790 1420-1450
Hardening, quench from W2, W5(c) ...............770-915 1420-1500
Tempering(d)....................................175-275 350-525

(a) Maximum cooling rate of 42 °C (75 T) per hour; hardneHs of 159 to 202 HB or 84 to 94 HRB. (b) For large tools and tools with intricatesections, (c} Hardness
after quenching of 65 to 67 HRC. (dl Haraness after tempering of 65 to 56 IIRC

Mechanical Properties

Water-Kardening Tool Steels
(W): Modulus of Elasticity
(Ref 9)

205 CrPa 30 X 106 psi

Water-Hardening Tool Steels
(W): Effect of Tempering
Temperature on Ultimate
Compressive Strength (Ref 4)

Ultimate
Tempering compressive

temperature strength
°C °F MPa kai

As quenched.........3590 521
150 300........3765 546
205 400........2910 422
260 500........2605 376
315 600........2350 341
370 700........1875 272
425 800........1695 231
480 900........1150 167
540 1000........1060 154
595 1100........1035 150
650 1200.........760 110

Type Wl Water-Hardening
Tool Steels: Effect of
Tempering Temperature
on Hardness
Test specimens were brine
quenched (ram 790 °C (1450 °F);
tempered 1 h

Equivalent
Tempering Hard- sclero-
temperature ness, scope
°C T HRC hardness

As hardened

____
66-67 96

95 200.....66-67 96
150 300.....64-65 92
175 350.....63-64 90
190 375.....62-63 88
205 400

_____
61-62 86

260 500.....58-59 82
315 600.....54-55 74
370 700.....50-51 68
425 800

_____
46-47 62

Water-Hardening Tool Steels: Effect of Tempering Temperature on Impact Strength.
Tests were conducted using unnotched Charpy specimens for carbon tool steel:
-0.78% carbon, water quenched at 790 "C (1450 °F);---1.08% carbon, water quenched at 775 °C (1425 °F);--1.0% carbon, water quenched at 790 *C (1450 °F). (Ref 4)
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Type W1 Water-Hardening Tool Steels: Effect of
Tempering Temperature on Tensile Properties. Test
specimens with carbon content of 1.05% were quenched in
water from 775 °C (1425 °F) and tempered. (Ref 4)

Tempering temperature, "F
m60D 700 9O0 TOOD

I5QC

200

175

11Z5cn

1 25

deduction in arefl.

c3
y

3oa 400 600 650
Tempering iwripwatuie. DC

Type W2 Water-Hardening Tool Steels; Effect of
Tempering Temperature on Tensile Properties. Test
specimens with carbon content of 1.00% were quenched in
water from 775 °C (1425 °F) and tempered. (Ref 4)
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Tempering temperature, UF
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Type W1 Water-Hardening Tool Steels: Effect of
Tempering Temperature on Impact Properties.
Test specimens with carbon compositions of 0.80% and
1.05% were quenched in water from 775 °C(1425 °F) and
tempered. Impact energy tests used unnotched Charpy
specimens. (Ref 4)

Type W2 Water-Hardening Tool Steels: Effect of
Tempering Temperature on Impact Values. Test
specimens with carbon content of 1.00% were quenched in water
from 775 °C (1425 °F) and tempered. Impact energy tests used
unnotched Charpy specimens. [Ref 4)
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Type W1 Water-Hardening Tool Steels:
Relationship of Hardness and Tempering
Temperature. Test specimens with carbon content of
1.00% were austenitized at 785 °C (1450 T) and quenched
in water. (Rel 8)

Tempering temperature. aF
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Tempering temperature, DC
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1

j

1500

1300

Tensile strength

Y>eld strength

Reduction in area

Elonqaiioru

Type W1 Water-Hardening Tool Steels:
Relationship of Mechanical Properties and
Hardness. Test specimens with a carbon content of
1.20% were austenltlzed at 785 to 815 °C (1450 to
1500 °F) and quenched in a brine solution. Elongation
was measured in 50 mm (2 in.). (Ret 5)

46 40 32

Hardness. HSC

Shock-Resisting Tool Steels (S)

Shock-Resisting Tool Steels (S): Chemical Composition
Steel
type C Ms P max

Chemical composition, %
S max Si Cr Mo V W

SI .....0.40-0.55 0.10-0.40 0.030 0.03 0.15-1.20 1.00-1.80 0.50 max 0.15-0.30 1.50-3.00
S2 .....0.40-0.55 0.30-0.50 0.030 0.03 0.90-1.20 ... 0.30-0.50 0.50 max ...
S4 .....0.50-0.65 0.60-0.95 0.03C 0.03 1.75-2.25 0.35 max ... 0.35 max ...
S5 .....0.50-0.65 0.60-1.00 0.030 0.03 1.75-2.25 0.35 max G.20-1.35 0.35 max
50 .....0.40-0.50 1.20-1.50 0.030 0.03 Z.00-2.50 1.20-1.50 0.30-0.50 0.20-0.40
S7 .....0.45-0.55 0.20-0.80 0.030 0.03 0.20-1.00 3.00-3.50 1.30-1.80 0.20-0.3D(a)

(a) Optional

Characteristics. The shock-resisting tool steels are desig¬
nated by the letter symbol S. There is considerable variation
intheir alloy content and hardenability,but all are intended
for applications requiring high toughness and resistance to
shock loading.

Type SI is a versatile chromium-tungsten tool steel that
provides excellent service in both hot and cold work shock
applications. This steel exhibits good wear resistance and hot
hardness value.

TVpe S2 is an extremely tough, strong steel that is recom¬
mended for applications where toughness is required above
all other qualities. It has a hard case and tough core after
heat treatment.

Type S4 is a tough alloy tool steel with good resistance to
battering and shock at a relatively high hardness.

Type S5 isan extremely tough silicon-manganese tool steel
with outstanding shock and abrasion resistance. This steel
has greater hardenability than type S4. The depth of hard¬
ening of S5 when quenched in oil is approximately equal to

that of type S4 which has been water or brine quenched from
the same temperature.

Type S6 has good deep-hardening characteristics, plus ex¬
cellent safety inhardening. Furthermore, it affords superior
toughness and wear resistance in the hardness range of 54 to
56 HRC.

Type S7 is an air-hardening steel with high impact and
shock resistance. This grade also has excellent toughness
combined with good resistance to softening at temperatures
up to 540 "C 11000 °F). Air hardening makes type S7 more
dimensionaily stable and safer to heat treat than other type
S steels.

The shock-resisting steels can be welded using the inert-
gas-shielded and shielded-meud-arc processes Filler metal
similar to the composition of the alloy should be used. Pre¬
heating and postheating are recommended when welding
these steels.

The shock resisting steels have a machinability ratingof
about 75% of that for a 1% carbon tool steel.
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Typical Uses. The shock-resisting tool steels have the fol¬
lowing uses: heavy duty blanking and forming dies, punches,
chisels, shear blades, slitter knives, cold striking dies,
stamps, and hot work applications, such as headers,piercers,
forming tools, shear blades, and drop forge die inserts.

AISI Type SI: Similar Steels (U.S. and/or Foreign). UNS
T41901; ASTM A681; FED QQ-T-570; SAE J438; (W. Ger.)

DIN 1.2550; (Fr.) AFNOR 55 WC 20; (Ital.) UNI 58 WCr
9 KU

AISI Type S4: Similar Steels (U.S. and/or Foreign). UNS
T41904; ASTM A68I; FED QQ-T-570

AISI Type S5: Similar Steels (U.S. and/or Foreign). UNS
T41905; ASTM A681; FED QQ-T-570; SAE J437, J438

AISI Type S6: Similar Steels (U.S. and/or Foreign). UNS
T41906; ASTM A681; FED QQ-T-570

AISI Type S7: Similar Steels (U.S. and/or Foreign). UNS
T41907; ASTM A68I

AISI Type S2: Similar Steels (U.S. and/or Foreign). UNS
T41902; ASTM A681; FED QQ-T-570; SAE J437, J438

Physical Properties

Shock-Resisting Tool Steels (S): Thermal Treatment
Temperatures
All grades should he cooled slowly from the annealing temperatures

Treatment
Temperature range

°C °F

Type SI
Forging, start ......................ID95-I150
Forging, finish .......970 min
Annealing . ,.......780-315
Hardening, preheat ......... 7GO-790
Hardening, oil quench from 925*980
Tempering, for cold work - 150-260
Tempering, for hot work........., 540-650

Type S2
Forging, start 980-1065
Forging, finish ....870 min
Annealing............., ,.........745-800
Hardening., „ 845
Tempering ........... 150-480

Type S4
Forging, start....... 1010-1050
Forging, finish ,.......845 lain
Annealing ....... ......760-775
Hardening, water quench from 845-870
Hardening, oil quench from...... 870-900
Tempering..............::.....175-430

Type So
Forging, start, .. .
Forging, finish
Annealing
Hardening
Tempering . .

.1010-1095

. . 900 min

. . 730-775

. .845-370
, , 175-480

Type S6
Forging, start. ... 1010-1095
Forging, finish. .................., , , .. 900 min
Annealing ............i....... 800-830
Hardening............ 915-955
Tempering :

____
205-315

Type S7
Forging, start. .. .....1095-1120
Forging, finish.................925 min
Annealing..................... 815*870
Hardening, preheat.............650-705
Hardening, oil quench from, .- 940-955

Type S7 Shock-Resisting
Tool Steels: Density

2000-2100
1600 min
1440-1500
1400-1450
1700-1800
300-500

1000-1200

1800-1950
1600 min
1375-1475

1550
300-900

1850-1925
1550 min
1400-1425
1550-1600
1600-1830
350-900

1850-2000
1650 min
1350-1425
1550-1600
350-900

1850-2000
1650 min
1475-1525
1675-1750
400-600

2000-2050
1700 min
IE00-1550
1200-1300
1725-1750

Type S2 Shock-Resisting Tool Steels: Average Coefficients
of Linear Thermal Expansion
Temperature range Coefficient

°C °F /.ir in - K pin./in. •

20-100 68-212 ............10.9 6.04
20-200 68-390 11.9 6.63
20-300 68-570 13.0 7.24
20-400 68-750...13.6 7.54
20-500 68-930 .....14.1 7.83
20-600 68-1110 14.4 8.01
20-700 68-1290 14.6 8.12
20-750 68-1380 14 8 8.22

Type S7 Shock-Resisting Tool Steels: Average Coefficients
of Linear Thermal Expansion
Temperature range Coefficient

°C "F jin/m - K /tin./in. -"F
25-200 774190 12.59 6.99:
25-300 77-570 12.99 7.22
25-400 77-750 13.33 7.41
25-500 77-930 11.68 7.60
25-600 77-1110 14.01 7.78"
25-700 77-1290 14.27 7.93'"

Mechanical Properties

7.83 g/cm3 . ...........0.283 lb/in3

Shock-Resisting Tool Steels (S): Effect of Tempering
Temperature on Hardness (Ref 4, 5, 6)

Tempering
temperature |-Hardness,HftC 1
"C *F SI(a) 52(b) S4(e> S4(d) S5(e> S7<0

As quenched..............61 61-63 64-65 61-63 61-62 59-61
150 300.............58 59-60 60-61 60-61 60 58-60
205 400.............56 57-58 59-60 68-60 59 56-5B
260 .500.............54 55-56 59-60 68-59 59 54-55
315 600.............53 54-55 57-58 57-58 58 53-55
370 700.............53 52-58 56-57 66-57 57 52-54
425 800.............50 49 51-52 61-52 54 52-54
480 900.............48 45 48-49 47-48 51 51-53
540 1000.............47 42-43 44-45 44-45 49 50-52
595 1100.............47 38 ......44 46-4B
650 1200.............42 31 ......37 40-42
705 1300.............— 23-24 ......31 33-35
(a) Oilquenched from 955 "C (1750 °F); tempered 1h. (b)Brine or oil quenched
from 845 to 870 'C (1550 to 1600 *F); tempered 1h. (c) Water quenched from
870 "C (1600 ®F); tempered 2 h. (d) Oil quenched from 9')0 'C (1650 °F); tem¬
pered 2 h. (e) Oilquenchedfrom 870 DC (1600 °F). (0 Airquenched from 940 °C
(1725 °F)
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Type 51 Shock-Resisting Tool Steels: Effect of
Tempering Temperature on Tensile Properties. Tesi
specimens were oil quenched from 955 °C (1750 SF). Elongation
was measured in 50 mm (2 in.). (Ref4)
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Type SI Shock-Resisting Tool Steels: Effect of
Tempering Temperature on Toughness.
(1) unnotched Charpy test: specimens with compositions
of 0.50% carbon, 0.75% silicon, 2.50% tungsten, 1.15%
chromium, and 0.20% vanadium were oil quenched from 95S 'C
(1750 °f)
(2) unnotched Charpy test: specimens with
compositions of 0.45% carbon, 2.40% tungsten, 1.50%
chromium, and 0.25% vanadium were oil quenched at 925 °C
(1700 °F).

(3) torsion impact test: specimens with compositions of
0.45% carbon, 2.40% tungsten, 1.50% chromium, and 0.25%
vanadium were oil quenched at 925 °C (1700 aF). (Ref 4)
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Type S5 Shock-Resisting Tool Steels:
Relationship of Impact Properties and Hardness.
Round notched Izod specimens were austenitized at 655 to
870 °C (1575 to 1600 °F); then quenched in oil. (Ref 5)
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Type S2 Shock-Resisting Tool Steels: Relationship
of Tensile Properties and Hardness. Specimens were
austenitized at B45 C (1550 °F); then quenched in brine.
Elongation was measured in 50 mm (2 in.); yield strength at
0.2% offset. (He! 5)

Type S5 Shock-Resisting Tool Steels:Relationship
of Tensile Properties and Hardness. Specimens were
austenitized at 855 lo 870 °C (1575 to lOOO'F); then quenched
in oil. Elongation was measured in 50 mm (2 in.). (Ref 5)
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Yield strength

Reduction in area

Eluugation

Type S7 Shock-Resisting Tool Steels: Effect of
Tempering Temperature on Tensile Properties.
Test specimens were quenched in still air from 340 °C
(1725 °F) and tempered. Elongation was measured in
50 mm (2 in.); yield strength at 0.2% offset. (Ref 4)

Tempering temperature. aF

Tempering temper amre,°C

Oil-Hardening Tool Steels (O)

Oil-Hardening Tool Steels (0): Chemical Composition
Steel Chemical composition, %
type C Mil p max S max Si max Cr Mo V max W01...............0.85-1.00 1.00-1.40 0.030 0.030 0.50 0.40-Q.SC — 0.30 0.40-0.6002..............0.85-0.95 1.40-1.80 0.030 0.030 0.50 0.35 mas 0.30 max 0.30
06(a) ............1.25-1.55 0.30-1.10 0.030 0030 0.55-1.50 0.30 max 0.20-0.30
07...............1.10-1.30 1.00 max 0.030 0.030 0.60 0.35-0.85 0.30 max 0.40 1.00-2.00
(a) Contains free graphite in the microstnicture to improve maehinahility

Characteristics. The oil-hardening tool steels are a sub¬
category of the cold work tool steels, designated by the letter
symbol O. These low-alloy types must be oil quenched inheat
treatment. Sizes larger than approximately 50 to 64 mm (2.0
to 2.5 in.) may exhibit lower hardness in the interior.

Type 01 is a general-purpose, oil-hardening, nonde-
forming alloy tool steel suitable for applications where ex¬
treme dimensional accuracy is required. Normal care inheat
treatment gives good results in hardening and produces

small dimensional changes. This grade has good abrasion-
resistance, and sufficient toughness for normal tool and die
applications. The machinability ratingof type 01is between
65 and 75% of a 1% carbon, water-hardening tool steel.

Type 02 is safe to harden, even in the most intricate sec¬
tions. It shows very little size change or warpage during the
hardeningoperation, less than that for type 01, The machin¬
ability rating of this grade is between 90 and 100% of a 1%
carbon water-hardening steel.



Type 06 is a medium-alloy, oil-hardening tool steel. Inthe
annealed condition about one third of the carbon is present
as graphitic carbon, and the remainder as combined carbon
in the form of carbides. Type 06 has a machinability rating
of 125 compared with a 1% carbon tool steel.

Type 07 has a tungsten addition which promotes harder
carbides and a higher carbon content. This grade maintains
a keen cutting edge. The machinability rating of annealed
type 07 is 859F of a 1% carbon water-hardening tool steel.

Typical Uses. Oil-hardening tool steel types 01 and 02
are used for blanking, forming, drawing, molding, and trim¬
ming dies; spindles; thread gages; collets; and stamps. Type
06 is used for ring and plug gages, drawing dies, perforating
dies, and puncheswhere excellent wear resistance isdesired.
Type 07 is used for punches, dies, and knives where a keen
cutting edge is required.

AISI Type 01: Similar Steels (U.S. and/or Foreign). UNS
T31501; ASTM A681; FED QQ-T-570; SAE J437, J438; (W.
Ger.) DIN 1.2510; (U.K.) B.S. BO 1
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AISI Type 02: Similar Steels (U.S. and/or Foreign). UNS
T31502; ASTM A681; FED QQ-T-570; SAE J437, J438; (W.
Ger.) DIN 1.2842;(Fr.) AFNOR 90 MV 8;(ItaU UNI88 MnV
8 KU; (U.K.) B.S. BO 2

AISI Type 06: Similar Steels (U.S. and/or Foreign). UNS
T31506; ASTM A681; FED QQ-T-570; SAE J437, J438

AISI Type 07: Similar Steels (U.S. and/or Foreign). UNS
T31507; ASTM A681; FED QQ-T-570

Oil-Hardening Tool Steels (0): Approximate Critical
Points (Ref 5)

Steel Transformation Temperature range
type point °C °F01Ac range 755-790 1390-1450

Ar range 695-680 1280-136002Ac range 725-750 1340-13B0
06.............................Ac range 760-770 1400-1420

Ar range 725-695 1340-1280

Physical Properties

Oil-Hardening Tool Steels (0): Thermal Treatment
Temperatures

Temperature range
Treatment °C i

Types 01. 06
Forging, start ..............980-1065 1800-1950
Forging, finish........870 min 1600 ruin
Annealing 760-790 1400-1450
Hardening .........790-815 1450-1500
Tempering .. .175-260 350-500
Type 02

Forging, start 980-1050 1800-1925
Forging, finish 815 min 1500 min
Annealing.........................................745-770 1375-1425
Hardening 760-800 1400-1475
Tempering...............175-260 350-500

Type 07
Forging, start 980-1090 1800-2000
Forging, finish-....................................925 min 1700 min
Annealing 790-815 1450-1500
Hardening, water quench from 790-830 1450-1525
Hardening, oil quench from 815-885 1500-1625
Tempering 150-260 300-500

Type 01 Oil-Hardening Tool Steels: Average Coefficients of
Linear Thermal Expansion (Ref 5)

Temperature range Coefficient
°C *F pm/m-K pm./in.-°F

38-260 100-500 10.8 6.0
38-425 100-800 12.8 7.1
38-540 100-lOOO 14.0 7.8
38-650 100-1200 14.4 8.0

Type 06 Oil-Hardening Tool Steels: Average Coefficients
of Linear Thermal Expansion (Ref 5)

Temperature range Coefficient
°C °F pin/m-K pin./in.T

25-250 77-480 12.48 G.9
25-300 77-570. 12.86 7.1
25-350 77-660.....13.17 7.3
25-400 77-750 13.43 7.5
25-450 77-840 13.65 7.6
25-500 77-930 13.88 7 7

Type 02 Oil-Hardening Tool Steels: Average Coefficients
of Linear Thermal Expansion (Ref 5)

Temperature range Coefficient
°C ;F pm/m-K pin,/in,

25-40 77-100 10.3
~ 57~

25-95 77-200 11.7 6.5
25-150 77-300 ...12.6 7.0
25-205 77-400 12.6 7.0
25-260 77-500 13.0 7.2
25-315 77-600 .....13.3 7.4
25-370 77-700 13 9 7.7
25-425 77-800 .....13.9 7.7
25-480 77-900 ; 14.4 8.0
25-540 77-1000 14,6 8.1
25-595 77-1100 14.9 8.3 ,
25-650 77-1200... 15.1 8.4

Oil-Hardening Tool Steels
(0): Density (Ref 5)

Steel Density
type g/cma lb/in.301..............7.83 Oii"02

7.61 0.275
06 7.67 0 277

Mechanical Properties

Oil-Hardening Tool Steels
(0): Modulus of Elasticity
(Ref 5)

Steel IVlodulus
type GPa 10e psi

01 ......214 31.0
02 ......209 303
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Mechanical Properties (continued)

Type 01 Oil-Hardening Tool
Steels: Effect of Tempering
Temperature on Hardness
(Ref 5)
Test specimens were oil quenched
from 800 °C {1475 T); tempered
1 It at heat

Tempering
temperature Hardness,

°C °F HRC

As hardened 63-65
95 200 63-65

150 300 63-65
175 350 62-64
205 400 60-63
230 450.. 60 62
260 500 58-60
315 600 55-57
370 700 52-54
425 800 48-50
480 900 44-47
540 1000 40-44

Type 06 Oil-Hardening Tool
Steels: Effect of Tempering
Temperature on Hardness
(Ref 5)
Test specimens were oil quenched
from 800 "C (1475 °F); tempered
1 h at temperature indicated

Tempering
temperature Hardness,
"C °F HRC

As hardened 65.0
120 250 ...64.0
150 300 63.0
175 350 62.0
190 375 61.0
205 400 61.0
230 450 60.0
260 500 59.5
315 600 58.5
370 700 56.0
425 800 51.0
480 900 47.0
540 1000 . . 42.5
595 1100 37.5
605 1200 31.0

Type 01 Oil-Hardening Tool Steels.- End-Quench
Hardenability. Test specimens ware austenitized at 800 °C
(1475 °F), oil quenched; then tempered for a minimum of 1 h to
desired hardness. (Ref 5)
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dc 52
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n 44
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2 4 6 0 ID T2 14 16 18 20 72 24

Distance from quenched end, Vio in,

Type 02 Oil-Hardening Tool
Steels: Effect of Tempering
Temperature on Hardness
(Ref 5)
Test specimens were oil quenched
from 800 °C (1475 °F); tempered for
Ih at temperature indicated

Tempering .
temperature -T Hardness,
°C 'F _HRC

As quenched....63-65
95 200 63-65

150 300 63-64
175 350 62-63
190 375 61-62
205 400--. .......60-61
260 500 .- - ........58-59
315 600.. 54-55
370 700 50-51
425 800 .47-48
480 900 43-44
540 1000 33-37

Type 06 Oil-Hardening Tool Steels: End-Quench Hardenability. Test specimens were
preheated to 675 °C (1250 °F); austenitized at 785 to 815 °C (1450 to 1500 °F) for 1 h; then quenched in
oil. (Ref 4)

*c

10 12 14 16 18 2D 22 24 26 20 30 32 34 36 38 40

Distance frocr quenched end Vis in.

Type 02 Oil-Hardening Tool Steels:
End-Quench Hardenability. Test
specimens were austenitized at 775 to 830 °C
(1425 to 1525 °F); ail quenched; then
tempered for 1 h to desired hardness. (Ref 5)
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Type 01 Oil-Hardening Tool Steels: Effect of Tempering
Temperature on Size Change. Specimens 25-mm (1-in.) diam tay
102-mm (4-in.) long were austenili2ed at 800 °C (1475 °F) for 20 min;
oil quenched; and tempered for 1 h at temperature indicated. (Ref 5)

Tempering temperature, F1

309 500

15Q 200 250

Tempering temperature. "C

Type 01 Oil-Hardening Tool Steels: Relationship of Tensile
Properties and Hardness. Specimens were austenitized at 800 to
815 °C (1475 to 1500 °F); oil quenched; and tempered a minimum of 1 h
to desired hardness, impact energy tests used unnetched Izod specimens.
Elongation was measured in 50 mm (2 in.). (Ref 5]

Tensile sirenqih

Yield 5treng;h

Redaction in area

EkingsTian

Hardness, HRC
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Type 02 Oil-Hardening Tool Steels-. Relationship of Tensile
Properties and Hardness. Test specimens were austenitized at 775 to
830 X (1425 to 1525 °F); oil quenched; then tempered for 1 h to desired
hardness. Impact energy tests used unnatched Izod specimens. Elongation
was measured in 50 mm (2 in.). (Ref 5)

1900

s Tensile strength

-|nsCiO

1000
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5
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c

Reduction tn area.

45 2b35

Hardness, HRC

Type 06 Oil-Hardening Tool Steels: Effect of Tempering
Temperature on Size Change. Test specimens were austenitized in
salt at 8QQ °C (1475 °F) tor 25 min; oil quenched; and tempered for 1 h at
temperature. Size change samples were 19-mm (0.75-in.) round by 50-mm
(2-in.) long. In larger sample sizes, expansion characteristics may vary
from the data shown. (Ref 5)

Tempering tpripsrature. °F
0 200 400 SOD 000 lOCQ 1200

•2.0

+1.5

-0.5 0,5

quenched
1 250 350

Tempering temperature, °C
150 E50

Type 02 Oil-Hardening Too! Steels-. Effect of Tempering
Temperature on Size Change. Test specimens were 25-mm n.o-ra,)
round; oil quenched from 800 °C (1475 °F); tempered 1 h at heat. (Ret 5)
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Medium-AISoy, Air-Hardening Tool Steels (A)

Medium-Alloy, Air-Hardening Tool Steels (A): Chemical Composition
Some types can be produced with a sulfur addition to improve machinability

Steel
type

Chemical composition, %
Mn P max S max Si Cr Ni Mo W V

1.00 max 0.030 0.030 0.50 max 4.75-5.50 0.90-1.40 0.15-0.50
0.40-0.60 0.030 0.030 0.50 max 4.75-5.50 0.90-1.40 0.80-1.40
1.80-2.20 0.030 0.030 0.50 max 0.90-2.20 ... 0.90-1.40 ...
2.80-3.20 0.030 0.030 0.50 max 0.90-1.20 ... 0.90-1.40 ...
1.80-2.50 0.030 0.030 0.50 max: 0.90- 1.20 0.90-1.20 ...
0.80 max 0.030 0.030 0.50 ma}: 5.00-5.75 0.90-1 40 0.50-1.50(8) 3.90-5.15
0.50 max 0.030 0.030 0.75-1.10 4 76-5.50 1.15-1.65 1.00-1.50
0.50 max 0.030 0.030 0.95-1.15 4.75-5.50 1.25-1.75 1.30-1.60 0.80-1.40
1.60-2,10 0.030 0.030 1.00-1.50 ... 1.55-2.05 1.25-1.75 ...

A2 0.95-1.05
A3 1.20-1.30
A4 0.95-1.05
A5 0.95-1.05
A6 . ......0.65-0.75
A7 2.00-2.85
AS..., ..................0.50-0.60
A9 0.45-0.55
A10(b) 1.25-1.50
la] Optional, (b) Contains free graphite in the microstructure to improve machinability

Characteristics. The medium-alloy, air-hardening tool
steels are subcategories of the cold work tool steels which
are designated by the letter symbol A. They include a wide
range of carbon and alloy contents, but all have high hard-
enability and exhibit a high degree of dimensional stability
in heat treatment. This group of steels also exhibits good
wear resistance, fatigue life, toughness, and deep-hardening
qualities.

The low carbon types A8 and A9 offer greater shock re¬
sistance than the other steels in this group, but are lower in
their resistance to wear. Type A7, which has high carbon and
vanadium, exhibits maximum abrasion resistance, but
should be restricted to applications where toughness is not a
prime consideration.

The machinability rating of the medium-alloy, air hard¬
ening tool 3teels is about 65% of that for the carbon tool
steels. The rating for grade A4 is about 207c higher.

Atomic hydrogen, oxy-acetylene, gas tungsten-arc, and
shielded-metal-arc welding processes are usually acceptable
for use on the air-hardening tool steels. These steels should
be preheated to 150to 260 °C (300 to 500 °F) prior to welding.
After welding, annealed material should be reannealed.
Hardened material should be heated to 205 to 315 or 345 °C
(400 to 600 or 650 °F). These steels may be nitrided to pro¬
duce an exceedingly hard surface.

Typical Uses. Applications of the medium-alloy, air hard¬
ening tool steels include cold forming, blanking and bending
dies, formingrolls,drillbushings, knurlingtools, master dies
and gages, and similar uses where low distortion in heat
treatment, or good wear resistance, is required.

AISI Type A2: Similar Steels (U.S. and/or Foreign). UNS
T30102; ASTM A681; FED QQ-T-570; SAE J437, J438;
(W. Ger.) DEÿ" 1.2363; (Fr.) AFNOR Z 100 CDV 5; (Jap.) JIS
SKD 12; (Swed.) SSM 2260; (U.K) B.S, BA 2
AISI Type A3: Similar Steels (U.S. and/or Foreign). UNS
T30103; ASTM A681; FED QQ-T-570
AISI Type A4: Similar Steels (U.S. and/or Foreign). UNS
T30104; ASTM A681; FED QQ-T-570
AISI Type A5: Similar Steels (U.S. and/or Foreign). UNS
T30105; ASTM A681; FED QQ-T-570

AISI Type A6: Similar Steels (U.S. and/or Foreign). UNS
T30106; ASTM A681; FED QQ-T-570
AISI Type A7: Similar Steels (U.S. and/or Foreign).
T30107; ASTM A681; FED QQ-T-570
AISI Type A8: Similar Steels (U.S. and/or Foreign).
T30108; ASTM A681; FED QQ-T-570
AISI Type A9: Similar Steels (U.S. and/or Foreign). UNS
T30109; ASTM A681; FED QQ-T-570
AISI Type A10: Similar Steels (U.S. and/or Foreign).
T30110; ASTM A681; FED QQ-T-570

UNS

UNS

UNS

Medium-Alloy, Air-Hardening Tool Steels (A): Approximate
Critical Points (Ref 4)

Steel TransformatioI. Temperature range
type point °C "F

A2 1 800-840 1475-1540
At range 110-355 1310-67C

A4 155-795 1390-1460
At range 705-665 1300-1230

A6 740-770 1360-1420
Ar range 670-645 1240-1190

Physical Properties

Type A2 Medium-Alloy, Air-Hardening Tool Steels: Average
Coefficients of Linear Thermal Expansion (Ref 5)

Temperature range Coefficient
'C CF pm/m-K pin./in. "F

20-100 68-212 1D.7 5136
20-200 68-390 12,0 6.64
20-300 68-570...............12.7 7.05
20-400 68-750 13.2 7.36
20-500 68-930 13.7 7.60
20-600 68-1110 14.0 7.75
20-700 68-1290.....14.3 7.92
20-750 68-13S0 14.4 7.98

f
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Physical Properties (continued)

Medium-Alloy, Air-Hardening Tool Steels (A): Thermal
Treatment Temperatures
Always anneal after forging and before machining or hardening; coot slowly
from annealing temperature; when hardening, most grades should be cooled
below 65 °C (150 °F), then tempered immediately; the usual tempering
temperature is 150 to 260 °C (300 to 500 °F)

Temperature range
Treatment "C °F

Type A2
Forging, preheat 675 1250
Forging, atart 1065-1150 1950-2100
Forging, finish .........370 1600
Annealing. 845-900 1550-1650
Hardening, preheat ................................790-845 1450-1550
Hardening, quench from 955-995 1750-1825

Type A4
Forging, preheat.....................................650 1200
Forging, start 1065-1095 1950-2000
Forging, finish......„ 925 1700
Annealing...............760-775 1400-1425
Hardening, quench from............................830-855 1525-1575

Type A6

Forging, start*a) 1040-1150 1900-2100
Forging, finish 870-980 1600-1800
Annealing......... 845-900 1550-1650
Hardening, quench from 830-870 1525-1600

Type A7
Annealing................. .846-900 1660-1650
Hardening, preheat .790-815 1450-1500
Hardening, quench from ..955-980 1750-1800
(a) Heat slowly to a uniform temperature

Type AG Medium-Alloy, Air-Hardening Tool Steels: Average
Coefficients of Linear Thermal Expansion (Ref 5)

Temperature range Coefficient
"C "F ft m.'rri K /tin.iii. - "F

20-100 68-212 11.8 6.57
20-200 68-390 12.4 6.91
20-300 68-570 13.2 7.32
20400 68-750 13.7 7 59
20-500 68-930 - 14.1 7.86
20-600 68-1110 8.01
20-700 68-1290 14.7 8.19

Medium-Alloy, Air-Hardening
Tool Steels (A): Density
(Ref 5)

Steel
type

Density
g/cm3 lb/in.3

A2.
A6.

.7.86

.8.03
0,284
0.290

Mechanical Properties

Medium-Alloy, Air-Hardening
Tool Steels (A): Modulus of
Elasticity (Ref 5)

Steel
type

Modulus
GPa ID® psi

A2
A6

.203

.200
29.5
29.0

Type A2 Medium-Alloy,
Air-Hardening Tool Steels:
Effect of Tempering
Temperature on Hardness
(Ref 5)
Air quenched (ram 970 °C
(1775 T); tempered 1 h at
temperature indicated

Tempering
temperature Hardness,

°C T HRC

As hardened 63-64
150 300 63-64
175 350 61-63
205 400 60-62
230 450 59-81
260 500 58-60
315 600 57-59
370 700 57-69
425 800 57-59
480 900 57-59
540 1000. . 56-58
595 1100

____________
50-51

650 1200 44-45

Type A2 Medium-Alloy, Air-Hardening Tool Steels: Typical
Hardness and Charpy V-Notch Impact Properties (Ref 6)

Temperature Hardness, Impact energy
•C °F HRC J ft lb

As air hardened .63-65
205 400 60-62 42 31
260 500 59-61 56 41
315 900.....................58-60 50 37
370 700 57-59 45 33
425 BOD 57-59 42 31
480 900 57-59 39 29
540 1000 56-58 56 41
595 1100 50-52
650 1200 4244

Medium-Alloy, Air-Hardening Tool Steels (A): Effect of
Tempering Temperature on Hardness (Ref 4, 7}

Temperature i-Hardness, HRC-1
°C T A2(a) A4(b) A6(c) A7<d)

As quenched.......................62-64 63 61-62 65-66.5
95 200 ••• ÿÿÿ 61-62

150 300 -ÿ 61 60-61 64-65
175 350 ••• 59-60
205 4 DO......................60-62 60 58-59 63-65
260 500......................58-60 59 56-57 62-64
315 600......................58-60 58 55-56 61-63
370 700......................57-59 57 54-55 60-62
426 800......................56-58 56 52-53 59-61
480 900......................56-58 54 50-51 58-60
540 1000......................55-57 53 4849 56-58
595 1100 ÿÿÿ 50 ••• 53-55
650 1200 40 ••• 44-46
(a) Air quenched from 980 °C [1800 °F); tempered 2.5 h. (b) Air quenched from
845 °C (1550 °FI. <c) Air quenched from 845 °C (1550 °FJ; tempered 2 h. (d) Air
quenched from 955 °C (1750 °F): tempered 3 h

Type A2; Medium-Alloy,
Air-Hardening Tool Steels:
Dimensional Ctiange During
Heat Treatment (Ref 6)

Test specimens wBre 19-mm
(0.75-in.) diam bar austenitized at
970 °C (1775 °F) for '/i h; air
coaled: tempered at temperature
indicated

Tempering Hard¬ Dimen¬
temperature ness, sional
•C °F HRC change, %

As air
quenched 64.5 +0.10

95 200. . . . 64.0 +0.10
150 300. ... 62.5 +0.08
205 400. ... 61.0 +O.D7
260 500. ... 59.0 +0.10
315 600. ... 58.0 +0.09
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Type A2 Medium-Alloy, Air-Hardening Tool Steels: Rela¬
tionship of Tensile Properties and Hardness. Test specimens
were austenitized at 940 to 970 X (1725 to 1775 T); air cooled; and
tempered to desired hardness. Impact energy tests used unnotched Izod
specimens. Elongation was measured in 50 mm (2 in.); yield strength at
0.02% offset. (Ref 5)
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Type A6 Medium-Alloy, Air-Hardening Tool Steels:
Relationship of Tensile Properties and Hardness.
Test specimens were austenitized at 830 to 870 X (1525 to
1600 °F); air cooled; then tempered to desired hardness.
Elongation was measured in 50 mm (2 in.). (Ref 5)

Type A6 Medium-Alloy, Air-Hardening Tool Steels:
Relationship of Impact Properties and Hardness (Ref 5)
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Type A10 Medium-Alloy, Air-Hardening
Tool Steels: Effect of Tempering on
Hardness and Smooth Bar Impact
Toughness. Test specimen composition: 1.35%
carbon, 1.80% manganese, 1.20% silicon,
1.85% nickel, 0.20% chromium, and 1.50%
molybdenum; hardened at 795 °C (1460 °F); air
cooled. Impact tests used smooth bar
Izod specimens. (Ret 9}
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Type AS Medium-Alloy, Air-Hardening
Tool Steels: Effect of Tempering
Temperature on Tensile Properties. Test
specimen composition; 0,50% carbon, 0.40%
manganese. 1.00% silicon, 1.50% nickel, 5.00%
chromium, 1.40% molybdenum, and 1.00%
vanadium; hardened at 1010 °C (1850 °F); air
cooled; double tempered. Elongation was
measured in 50 mm (2 in.). (Ref 9)
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High-Carbon, High-Chromium Tool Steels (D)

High-Carbon, High-Chromium Tool Steels (D): Chemical Composition
Steel Chemical composition, %
type C tan ma* P ma* S max Si max Cr Mo

D2................1.40-1.60 0-60 0,030 0-030 O60 11-13 0.70-1.20
D3................2.00-2.35 0.60 0.030 0.030 0,60 11-13
D4................2.05-2.40 0.60 0.030 0.030 0.60 11-13 0,70-1.20

D5

________________
1.40-1.60 0.60 0.030 0.030 0.60 11-13 0.70-1,20

D7................2,15-2.60 0.60 0.030 0.030 060 11.5-13.5 0.70-1.20

Co W

1.10 max
1.00 max
1.Q0 max
1.00 max
3.80-4.40

1.00 max

2.50-3.50

I.OO max

; Characteristics. High-carbon, high-chromium tool steels
are subcategories of cold work tool steels which are desig¬
nated by the letter symbol D. They are all characterized
by high carbon content, from 1.40 to 2.60%, and nominally
12% chromium. The types containing molybdenum are air
hardening, and therefore offer a high degree of dimensional
stability in heat treatment. Although these steels can be
quenched in oil, the movement is slightly greater when oil
quenched. The D series exhibits high wear resistance, which
increases with greater carbon and vanadium content.

The high-carbon, high-chromium tool steels are essentially
nondeforming duringheat treatment. For example, a piece of
AISI D3 25-mm (1-in.) long would expand about 0.02-mm
(0.0008 in.) in hardening, but when tempered at 205 °C
(400 r'F), it returns to within 0.005 mm (0.0002 in.) of its
original length.

AISI type D steels may be satisfactorily welded using
the atomic hydrogen, oxy-aeetylene, gas tungsten-arc, and
shielded-metal-arc processes. Preheating and postheating
are usually required. When welding hardened material, the
preheating or postheating temperature must not exceed the
tempering temperature. The machinability rating of these

steels is 40 to 60% of that for the 1% water-hardening tool
steels.

Typical Uses. Applications of high-carbon, high-chromium
steels include spindles, hobs, cold rolls, slitting cutters,
blanking dies, forming dies, coining dies, bushings, taps,
broaches, sand blast nozzles, brick molds, and plug and ring
gages.

AISI Type D2: Similar Steels (U.S. and/or Foreign). UNS
T30402; ASTM A681; FED QQ-T-570; SAE J437, J438;
(W. Ger.) DIN 1.2379; (Ital.) UNIX 150 CrMo 12 KU; (U.K.)
B.S. BD 2

AISI Type D3: Similar Steels (U.S. and/or Foreign). UNS
T30403; ASTM A681; FED QQ-T-570; SAE J437 (D2), J438
(D2); (W. Ger.) DIN 1.2080; (Fr.) AFNOR Z 200 C 12; (Ital.)
UNI X 210 Cr 13 KU; (Jap.) JIS SKD 1; (U.K.) B.S. BD 3

AISI Type D4: Similar Steels (U.S. and/or Foreign). UNS
T30404; ASTM A681; FED QQ-T-570
AISI Type D5: Similar Steels (U.S. and/or Foreign). UNS
T30405; ASTM A681; FED QQ-T-570; SAE J437, J438

AISI Type D7: Similar Steels (U.S. and/or Foreign). UNS
T30407; ASTM A681; FED QQ-T-570; SAE J437, J438

Physical Properties

Type D3 High-Carbon, High-Chromium Tool Steels: Average
Coefficients of Linear Thermal Expansion (Ref 5)

Temperature range Coefficient
°C °F pm/m-K pin./in.-ÿF

20-100 68-212 10.7 ÿ93
20-200 68-390 11.6 6.45
20-300 68-570 ...12.1 6.73
20-400 68-750 ...12.4 6.89
20-500 68-930 ...12.8 7.09
20-600 68-1110 12.9 7.14
20-700 68-1290. ...13.0 7.21
20-750 68-1380 ...13.1 7.26

Type D2 High-Carbon, High-Chromium Tool Steels: Average
Coefficients of Linear Thermal Expansion (Ref 5}

Temperature range Coefficient
DC °F /un/m-K /tin./in ÿ -F

20-100 68-212 ...10.5 5.81
20-200 68-390 11.3 6.29
20-300 68-570 11.8 6.56
20-400 68-750 12.2 6.76
20-500 68-930 12.5 6.93
20-600 68-1110 12.6 7.00
20-700 68-1290. ... 12.8 7.09
20-750 68-1380 —
20-800 68-1470 13.0 7.24

High-Carbon, High-Chromium
Tool Steels (D): Thermal
Treatment Temperatures

Temperature range
Treatment °C °F

Forging,
start ......1040-1095 1900-2000

Forging,
finish ......925 min 1700 min

Annealing
(a) .........670-900 1600-1650

Hardening,
preheat .., .790-815 1450-1500

Hardening,
oil quench
from .......955-980 1750-1800

Hardening,
air quench
from .......980-1010 1800-1850

Tempering
<b)..........95-650 200-1200

<q) Cool slowly in furnace, (b) Tem¬
perature depends on hardness and
toughness required

Type 03 High-Carbon,
High-Chromium Tool
Steels: Density (Ref 5)

7.86 g/eui3 ........... .0.284 Jb/iii.3
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Mechanical Properties

High-Carbon, High-Chromium Tool Steels (D): Effect of
Tempering Temperature on Hardness (Ref 5, 6)

Tempering
temperature I-Hardneas, HRC-|
•C °F D2(b) D3Cb) D4(c)

As quenched. 62-63 65-66 64-66
95 200 61-62 64-66

150 300 63-64
205 400 59-60 62-63 61-63
230 450 59-60
260 500 --- 59-61
290 550 .56-57
315 600 — 5g-60 58-60
370 700 56-57 --- 58-60
425 800 56-57 58-59 58-60
480 900 58-59 ••• 58-60
540 1000 59-60 51-53 55-57
595 1100 50-55 — 50-52
650 1200 44-45 37-39 42A4
705 1300 32-34
(a) Oil quenched from 1010 °C [1850 °F); tempered 1h. (bl Oil quenched from
970 °C (1775 °F). Ic) Air quenched from 995 (1 (1825 °F1; tempered 3 h

Types D2, D3 High-Carbon, High-Chromium Tool Steels:
Effect of Tempering Temperature on Impact Energy, Type D2
test specimens were air cooled at 1010 to 1025 °C (1650 to 1875 °F).
Type 03 test specimens were oil quenched at 980 °C (1800 °F). Impact
energy tests used unnotched Izod specimens. (Ref 3)
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Type 03 High-Carbon,
High-Chromium Tool Steels:
Modulus of Elasticity (Ref 5)

20 GPa................30 x 106 psi

Types D2, D3 High-Carbon, High-Chromium Tool Steels:
Effect of Tempering Temperature on Torsion Impact Energy.
Type D2 test specimen composition: 1.60% carbon, 13.00% chromium,
0.75% molybdenum, and 0.27% vanadium; air quenched at 980 °C
(1800 °F). Type D3 test specimen composition: 2.10% carbon, 12.50%
chromium, and 0.50% nickel; oil quenched at 970 °C (1775 °F). The
absolute magnitude of impact energy should not be compared because the
steels were tested under different conditions. (Ref 3)
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Types D3, D2 High-Carbon, High-Chromium Tool Steels: Comparison of the Ductility in a Static Torsion Test of
Materials Quenched to Maximum Hardness. Type D3 test specimens were oil quenched from 970 °C (1775 °F). Type D2 test
specimens were air cooled from 1010 "C 11850 CF). Test specimens of bath types were tempered at the following temperature* -
175 X (350 °f); --290 °C (550 °F); ---400 °C (750 °F). The Rockwell C hardness after tempering is given for each tempering
temperature. (Ref 8)
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Type 03 High-Carbon, High-ChromiumTool
Steels: Effect of Hardness on Impact Properties.
Tests used unnotctied Izod specimens. (Ret 5)
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Types D2, D3 High-Carbon, High-Chromium Tool Steels.-
Effect of Carbon Content on the Ultimate Compressive
Strength and Impact Energy.
-type 02 test specimens with composition of 1.55% carbon, 12.0%
chromium, 0.80% molybdenum, and 0,25% vanadium; tempered at
1010 °C (1850 °f) and quenched in air.---type 03 test specimens with composition of 2.10% carbon, 12.0%
chromium, and 1.0% vanadium; tempered at 980 °C (1BQ0 °F) and
quenched in oil.--type D3 test specimens with composition of 2.40% carbon and
11.5% chromium; tempered at 955 °C (1750 °R and quenched in oil.
impact energy tests used unnotched Izod test specimens. Hardness after
treatments was measured in Rockwell C; HRC values are given at data
points. (Ref 3)
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Type D2 High-Carbon, High-Chromium Tool Steels:
Effect of Tempering on Rockwell C Hardness and
Compressive Stress. Oversize test specimens 12.8-mm (0.505-in.)

diam by 19.1-mm (0.750-in.) long were austenitized at 1010 °C
(1850 T) and tempered at 56 °C (100 °F) intervals. (Ref 4)
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Mold Steels (P)

!

Mold Steels (P): Chemical Composition

I Steel Chemical composition, ft
type C bin P max S max Si Cr bio Ni

P2 0.10-0 40 0.030 0.030 0.10-0.40 0.75-1.25 0.15-0.40 0.10-0.50
P3 0.20-0.60 0.030 0.030 0.40 max 0.40-0.75 ... 1.00-1.50
P4 0.20-0 60 0.O3O 0.030 0.10-0.40 4.00-5.25 0.40-1.00 ...
P5 0 20-0.60 0 030 0.030 2.00-2.50 ... 0.35 max
P6 0.05-0.15 0.20-0.60 0.030 0.030 D.40 max 1.25-1.75 ... 3.25-3.75
P20 0.28-0.40 0.60-1.00 0.030 0.030 0.20-0.80 1.40-2.00 0.30-0.66
P21(a) 0.18-0.22 0.20-0.40 n.030 0 030 0.20-0.40 0.20-0.30 0.29-0.40 4.00-4.25
(a) Also contains 1.05 to 1.25% aluminum and 0.15 to 0.25% vanadium

Characteristics. The mold steels, designated by the letter
symbol P, are generally intended for mold applications.
Types P2 to P6 are very low in carbon content, and are
usually supplied at very low hardness to facilitate cold hub-
bing of the impression. They are then carburized to develop
the required surface properties for injection and compression
molds for plastics. Types P20 and P21are usually supplied in
the prehardened condition, so that the cavity can be ma¬
chined and the mold placed directly in service.

Also used as mold materials are stainless steels type 420,
low-carbon (0.03%) type 414, and AISI A6 air-hardening tool
steel. The latter is a graphitic steel which provides good
machining characteristics when producing intricate cavities
and cores.

Machinabiiity of alloys P2, P3, and P4 is80 to 90% of a 1%
water-hardening carbon tool steel. Other approximate ma¬
chinabiiity ratings are: 60% for type P5,40% for type P6, and
66% for types F20 and P21.

Electrical discharge machining (EDM) is widely used on
prehardened P20 and P21, types 414 and 420 stainless steels,
and AISI A6. Because this method of machining leaves a
rehardened surface layer on the steel, certain precautions
should be taken. It is advisable to remove this layer, or at
least temper at 540 °C (1000 °F) subsequent to EDMmachin¬
ing, to transform this white surface layer.

Typical Uses. Applications of mold steels include cavi¬
ties and cores for plastic molds, zinc die casting dies, and
holder blocks.

Physical Properties

AISI Type P2:
T51G02; ASTM

AISI Type P3:
T51603; ASTM

AISI Type P4:
T51604; ASTM

AISI Type P5:
T51605; ASTM

AISI Type P6:
T51606; ASTM

AISI Type P20:
T51620; ASTM

AISI Type P21:
T51621; ASTM

Similar Steels
A681

Similar Steels
A681

Similar Steels
A681; (W. Gar.

Similar Steels
A681

Similar Steels
A681; (W. Ger.

Similar Steels
A681; (W, Ger.

Similar Steels
A681

(U.S. and/or Foreign). UNS

(U.S. and/or Foreign). UNS

(U.S. and/or Foreign). UNS
.) DIN 1.2341

(U.S. and/or Foreign). UNS

(U.S. and/or Foreign). UNS
.) DIN 1.2735
(U.S. and/or Foreign). UNS

.) DIN 1.2330
(U.S. and/or Foreign). UNS

Mold Steels (P): Thermal Treatment Temperatures
Dies and molds should be slow cooled after annealing; tempering
temperature is usually 28 °C (50 °F) above operating temperature

Temperature range
Treatment *C °F

TyPe PT

Forging, start 1085-1120 2000-2050
Forging, finish.........870 min 1600 mm
Normalizingfa)
Full annealing 870 1600
Process annealing........ 760 1400
Corburmng 915-925 1675-1700
Hardening 940-955 1725-1700
Tempering, plastic maids...........................426 max 800 max
Tempering, die-cast dies............................425 min 800 min
Type P5
Forging 10E5-12O5 1950-2200
Normalizing...................925-955 1700-1750
Full annealing ...815-870 1500-1600
Process annealing ,7t'5-730 1300-1350
Carburiiing 870-900 1600-1650
Hardening 845-870 1550-1600
Tempering.............. 150-260 300-500
Type P6

Forging 1150 max 2100 max
Normalizing .................903-955 1650-1750
Annealing.........................................6154395 1250-1280
Stress relieving 595 1100
Carburizing, cyanide 790 1450
Carburizing, pack and gas 615-870 1500-1600
Hardening 775-815 1425-1500
Cold treating . -73 -100
Tempering . 153-260 300-500
Type P20
Forging,start.....................................1040-1095 1900-2000
Forging, finish .925 min 1700 min
Nonnalizingfa) —
Annealing 790-815 1450-1500
Stress relieving 540 1000
Carburizing 870-925 1600-1700
Hardening ..81ÿ845 1500-1550
Tempering 150-315 300-600
Nitriding 640-55O 1000-1025
Type P21
Forging, start 1095-1150 2000-2100
Forging, finish 925 min 1700 min
Hardening 705-730 1300-1350
Tempering 510-550 950-1025
(a) Not recommended
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Mechanical Properties

Type P4 Mold Steel: Typical Tensile Properties (Ref 5)

Test specimens were air cooled from 9S5 °C (1750 °F); tempered at 425 X (800 °F)

Test Tensile Yield
temperature strength strength(a) Elongationib), Reduction Hardness, Impact energytc)
X °F MPa ksi MPa ksi % in area, % HRC J ft-Ib

Room temperature ............1290 187 1035 150 15.8 53.4 42 43 32
425 800................1260 183 1005 146 19.4 55.8 ••• 54 40
(a) 0.2% ufLset. (b) In 50 nun (2 in.), (e) Charpy V-notch

Type P4 Mold Steels: Typical Short-Time Elevated Temperature Properties
Test specimens were air cooled from 955 *C (1750 °F)» tempered at 540 °C (1000 °F)

Test Tensile Yield
temperature strength strength Elongationfa), Reduction
"C "F MPa ksi MPa ksi % in area, %

Room temperature , 1213 176 951 138 18-4 64.0
100 212 1,., 174 1014 147 18.4 64.0
206 400... 1158 168 1014 147 17.4 63.5
315 600 1179 171 986 143 15.6 58.4
427 800 1151 167 1000 145 15.8 62.9
540 1000 1020 148 910 132 15.9 59.9
(a) In50 mra (2 in.)

Type P20 Mold Steels: Effect of Tempering Temperature on Tensile Properties (Ref 4)

Test specimens were 25-mm (1-in.) diam; oil quenched Irom 845 X (1555 °F)

Tempering Tensile Yield
temperature strength strength(a) Elongationfb), Reduction Hardness,
X °K . MPa ksi MPa ksi % inarea, % HRC

150 300................1960 284 1360 197 11.0 35 0 54
205 400................1905 276 1430 215 11.5 36.6 53
260 500.-:::.............1805 262 1490 216 11.5 40.4 52
315 600"?"..............1750 254 1470 213 12.0 43.7 50
370 700................1670 242 1425 207 12.0 46.3 48
425 800,:..............1545 224 1360 197 12.0 47.4 46
480 900................1425 207 1290 187 13.5 50.8 44
540 1000................1325 192 1190 173 14.5 50.6 41
565 1050................1240 180 1095 159 16.5 54.1 3B
595 1100................1160 168 1040 151 16.0 58.3 35
620 1150.................995 144 895 130 17.5 59.3 30
650 1200.................895 130 785 114 18.5 62.3 26
(a) 0.2% offset. (b) In 50 mm (2 in.)

Type P4 Mold Steels: Effect
of Tempering Temperature
on Hardness of Plastic
Molds (Ref 5)_
Tempering
tempera- Case Core

hire hardness, hardnesB,
°C °F HRC HRC

Aa treated......61-62 36-38
95 200 .....62-63 36-38

150 300 .....61-62 36-38
205 400 .....59-60 38-39
315 600 .....57-58 37-38
425 800 .....54-56 38-39
540 1000 .....54-55 39-40

Type P5 Mold Steels: Effect of Tempering Temperature on
Case Hardness of Carburized and Hardened Material (Ref 5)

Tempering
temperature Hardness, HRC
X °F Oil quenchta) Water quenchCb)

As quenched........... 65-67 66-67
95 200 64-65 66

150 300 63-64 65
204 400 60-61 63
260 500 58-59 60

(a) At 855 "C (1575 "F). (b) At 790 X (1450 °F)

Type P4 Mold Steels: Effect
of Tempering Temperature
on Hardness of Die-Casting
Dies (Ref 5)

Test specimens were 38.1-mm
(1.50-in.) round packed in new gray
cast iron chips; cooled in air from
955 X (1750 "F)

Surface Core
Tempering hard- hard-
temperature ness, ness,
X T HRC HRC

Aa treated .......52-54 36-38
150 300......50-53 36-38
205 400......50-53 38-39
260 500......50-51 37-38
315 600......49-50 37-38
370 700......49-50 37-38
425 800......49-50 38-39
480 900......50-51 38-39
540 1000......48-49 39ÿ40
595 1100......42-44 37-38
650 1200......32-34 21-22

Type P20 Mold Steels: Effect
of Tempering Temperature
on Hardness (Ref 6}

Test specimens were
10Cx 100-mm (4 x 4-in.)
square sections; oil quenched
from 815 °C (1500 T); tempered
4 h at temperature indicated

Tempering
temperature Hardness,
X °F HRC

As hardened 50-51
205 400 48-49
260 500 47-48
315 600 46-47
370 700 44-45
425 800 43-44
480 900 .3940
540 1000 39-40
565 1050 36-37
595 1100 33-34
620 1150 30-31
650 1200 26-27
675 1250 20-22
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Mechanical Properties (continued)

Type P6 Moid Steels: Average Mechanical Properties of Case and Core of Case-Hardened Material (Ref 5)

Treatment

Case
hardness,

HBC

Case
depth

mm in.

Tensile
strength

MPs bi

Yield
strength

MPh ksi

ÿ Core PToperticB -
Elonga-
tionta),

%
Reduction
in area, <4

Hardness,
HRC

-1
Impact

energy(b)
J ft- lb

. i

Carburired at 870-900 "C
(1600-1650 °F); pack or
air cooled; oil quenched
from 815 °C (1500 °F);
reheated to 775 °C
(1425 °F); oil quenched;
tempered at 95-150 °C
(200-300 °F) 82 2.0

Carburired at 845-870 °C
(1550-1600 °FJ; pack or
air cooled: oil quenched
from 845 T. (1550 "F);
tempered at 95-150 °C
(200-300 T! 61 2.0

Carburiied at 845-870 °C
(1550-1600 'F;; quenched
directly in ail; tempered
at 95-150 °C (200-300 °F).....61 1.6

0.078

0.078

0.063

1140 165

1140 165

1170 170

930 135

930 135

%5 140

17.0

16.0

14.0

55.6

53.0

43.0

37 35 26

37 33 24

38 30 22
(a) In 50 mm (2 in.), (b) Izod impact energy for case and core combined

Type P6 Mold Steels: Effect
of Tempering Temperature
on Case Hardness (Ref 5)
Test specimens were carburized at
B7G°C{16arF)foi8h;air
cooled; hardened at 790 'C
(1450 °F); oil quenched; cold
treated at -64K-120 °F)

Tempering
temperature Hardness,
"C T HRC

As quenched..... 64-65
150 300 63
175 350 61-62
205 400........ 61
230 450 60
260 500 59-60
290 550 58-59

Type P6 Mold Steels: Effect
of Tempering on the Core
or Uncarburized Samples
(Ref 5)
Test specimens were oil quenched
tram 790 to 870 °C (1450 to
1600 °F>
Tempering
temperature Hardness,
ÿ"C "F HRC

As quenched 39-41
205 400 .. 39-41
260 500 39
315 600 37
425 800 35
480 900 32
540 1000 27
595 1100 .21
650 1200 18

Type P20 Mold Steels: Effect of Tempering Temperature on
Hardness (Ref 6)

Test specimens were 1QO-mm (4-in.) diam bar; gas cariurized at 870 °C
(1600 °F); furnace cooled to BOO °C (1475 °f); oil quenched and double
tempered 4 h each time at temperature indicated; larger sections than those
tested will show lower hardness values; smaller sectionswill show higher
hardness values

Tempering
temperature
°C *F

Caie
hardness,

HRC

Core
hardness,

HRC

315 600 ........57-58 47-48
345 650 57-58 46-47
370 700 55-56 45-46
400 750 ......5455 44-45
425 800 SMS 43-44
480 900.........52-53 39-40
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Type P5 Mold Steels: End-Quench Hardenability. Test
specimens were carburized at 925 X <1700 °f). (Ret 5)
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Type P6 Mold Steels: Relationship of Core Tensile Properties
and Hardness. Elongation was measured in 50 mm (2 in.). (Ref 5)
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Type P5 Mold Steels: Effect of Tempering Temperature on
Core Tensile Properties. Test specimens were austenrtized at 855 °C
(1575 °F). — water quenched; — oil quenched. Elongation was
measured in 50 mm (2 in.); yield strength at 0.2% offset (Ref 5)
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Hot Work Tool Steels (H)

Hot Work Tool Steels (H): Chemical Composition
Steel
type C

Chemical composition, %
Cr Mo W

Chromium types

H10........0.35-0.45 3.00-3.75 2.00-3.00
Hll........0.33-0.43 4.75-5.50 1.10-1.60
HI2........0.30-0.40 4.75-5.50 1.25-1.75
H13........0 32-0.40 4.75-5.50 1.10-1.75
HI4........0.35-0.45 4.75-5.50 0.20-0.50
H19(a).....0.32-0 45 4.00-4.50 0.20-0.50
Tungsten types

H21........0.32-0.45 4.00-4.50 0.20-0.50
1122........0.30-0.40 1.75-3.75 0.15-0.40
H23........0.25-0.35 11.00-12,75
H24........0.42-0.53 2.50-3.50
H25........0.22-0.32 3.75-4.50
H26........0.45-0.55 3.75-4.50
Molybdenum types

H41........0.60-0.75 3.50-4.00 6.20-9.20
H42........ 0.55-0.70 3.75-4.50 4.50-5.50
H43........0.50-0.65 3.75-4.50 7.75-8.5D

1.00-1.70

4.00-5.25
3.75-4.50

3.754.50
10.00-11.75
11.00-12.75
14.00-16.00
14.00-16.00
17.25-19,00

1.40-2.10
5.50-6.75

0.25-0.75
0.30-0.60
0.50 rrniT

0.80 1.20

1.75-2.20

1.75-2.20
0.25-0.50(6)
0.75-1.25(6)
0.40-0.60(6)

0.40-0.60(b)
0.75-1.25

1.00-1.30
1.75-2.20
1.30-2.20

(a) Contains 4.00 to 4.50% cobalt, (b) Optional

Characteristics. The hot work tool steels are designated
by the letter symbol H. Types Hi tlirough H19 hot work
steels are referred to as chromium types, although there may
be other significant alloying elements present. The types
containing molybdenum, H10, Hll,H12, and H13, are the
most widely used of all the hot work steels, and are charac¬
terized by high hardenability and excellent toughness. The
chromium-tungsten type H14 and the chromium-tungsten-
cobalt type HI9 offer greater resistance to softening, but are
less ductile in service.

In addition to hot work tooling, some of these hot work
steels are used for cold work applications requiring excep¬
tional toughness at relatively high hardness levels. The
tungsten types are intended for those hot work applications
where resistance to the softening effect of elevated tempera¬
ture isofgreatest importance and a lesser degree of toughness
can be tolerated.

The molybdenum types are low-carbon modifications of
molybdenum high speed steels. They offer excellent resis¬
tance to the softening effect of elevated temperature, but like
the tungsten types, should be restricted to those applications
where less ductility is acceptable. They generally are not
readily available except on a mill delivery basis.

The machinability of hot work steels is 55 to 65% for types
Hlland H12,45 to 55% for type HI3, 60 to 70% for type HI9,
and 40 to 50% for type H21. These ratings are based on a 1%
carbon steel with a machinability rating of 100%.

Hot work tool steels can be welded usingthe oxy-acetylene,
inert-shielded-gas, and shielded-metal-arc processes. Pre¬
heating and postheating are recommended. Filler metals
should be similar in composition to the base metal.

Typical Uses. Applications of hotwork tool steels include
tools which require resistance to softening at elevated tem¬
peratures, such as forging dies and punches; aluminum,
magnesium, and zinc die-casting dies; aluminum extrusion
dies; hot headingdies;piercingand forming punches; forging
dies; cold work dies where extreme toughness is required,
such as bulldozer dies; dies with deep recesses and sharp

corners; mandrels for tube extrusion on brass, cupronickel,
aluminum, and magnesium; and nut piercers and punches,

AISI Type H10: Similar Steels (U.S. and/or Foreign). UNS
T20810; ASTM A681; FED QQ-T-570; (W. G«r.) DIN 1.2365;
(Ft.) AFNOR 32 DCV 28

AISI Type Hll: Similar Steels (U.S. and/or Foreign). UNS
T20811; AMS 6437, 6485, 6487, 6488; ASTM A681; FED
QQ-T-570; SAE J437, J438,J467; fW. Ger.) DIN 1.2343; (Fr.)
AFNOR Z 38 CDV 5; (Ital.)UNIX 35 CrMo 05 KU;(Jap.)JIS
SKD 6; (U.K.J B.S. BH 11

AISI Type H12: Similar Steels (U.S. and/or Foreign). UNS
T20812; ASTM A681; FED QQ-T-570; SAEJ437, J438,J467;
(W. Ger.) DIN 1.2606; (Ital.)UNIX 35 CrMoW 05 KU;(Jap.)
JIS SKD 62; (U.K.) B.S. BH 12

AISI Type HI3: Similar Steels (U.S. and/or Foreign). UNS
T20813; ASTM A681; FED QQ-T-570; SAE J437, J438,J467;
(W. Ger.) DIN 1.2344; (Fr.) .AFNOR Z 40 GOV 5; (Ital.) UNI
X 35 CrMoV 05 KU; (Jap.) JIS SKD 61; (Sired.) SSi- 2242;
(U.K.) B.S. BH 13

AISI Type HI4: Similar Steels (U.S. and/or Foreign), UNS
T20814; ASTM A681; FED QQ-T-570

AISI Type H19: Similar Steels (U.S. and/or Foreign). UNS
T20819; ASTM A681; FED QQ-T-570

AISI Type H21: Similar Steels (U.S. and/Dr Foreign). UNS
T20821; ASTM A681; FED QQ-T-570; SAE J437, J438;
(W. Ger.) DIN 1.2581; (Fr.) AFNOR Z 30 WCV 9; (Ital.) Ufil
X 28 W 09 KU; (Jap.) JIS SKD 5; (U.K.) B.S. BH 21

AISI Type H22: Similar Steels (U.S. and/or Foreign).
T20822; ASTM A681; FED QQ-T-570.

UNS

AISI Type H23; Similar Steels (U.S. and/or Foreign). UNS
T20823; ASTM A681; FED QQ-T-570; (W. Ger.) DIN 1.2625

AISI Type H24: Similar Steels (U.S. and/or Foreign). UNS
T20824; ASTM A681; FED QQ-T-570

AISI Type H25: Similar Steels (U.S. and/or Foreign). UNS
T20825; ASTM A681; FED QQ-T-570

AISI Type H26: Similar Steels (U.S. and/or Foreign). UNS
T20826; ASTM A681; FED QQ-T-570

AISI Type H41: Similar Steels (U.S. and/or Foreign). UNS
T20841; ASTM A681; FED QQ-T-570; (W. Ger.) 1.3346; (Fr.)
AFNOR Z 85 DCWV 08-04-02-01; (Ital.) UNIX 82 MoW 09
KU; (U.K.) B.S. BM 1

AISI Type H42: Similar Steels (U.S. and/or Foreign). UNS
T20842; ASTM A681; FED QQ-T-570

AISI Type H43: Similar Steels (U.S. and/or Foreign). UNS
T20843; ASTM A681; FED QQ-T-570
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Physical Properties

Hot Work Tool Steels (H): Thermal Treatment Temperatures
Temperature range

Treatment X °F

Types HI1,H12, HI3,H19, H21
Forging, start 1095-1135 2000-2075
Forging, finish ..925 min 1700 min
Annealing,,--......- -.845-870 1550-1600
Stress relieving.....................-..............650-675 1200-1250
Hardening 1010-1025 1850-1875
Tempering (a) (a)

Type H42
Forging, start 1040-1120 1900-2050
Forging, finish 980 min " 1800 min
Annealing 845-870 1550-1600
Hardening, preheat '. 790-815 1450-1500
Hardening, quench from. 1120-1230 2050-2250
Temperingfa) 540-675 1000-1250
(a) Temperature depends on hardness and other requirements

Hot Work Tool Steels (H): Average Coefficients of Linear
Thermal Expansion (Ref 5, 6)

Temperature range Coefficient
X "F ftm/m-K /rin./in. ÿ "F

Types Hll,H13

25-95 80-200 11.0 6.1
25-205 80-400 Hi 6.4
2S1425 80-800 12.2 6.8
25-540 80-1000 12.4 6.9
25-650 80-1200 13.1 7.3
25-790 80-1450...:, ......13.5 7,5

260-650 500-1200'??- ...1 14.0 7.8
260-790 500-1450 :7 14.4 8.0
425ÿ650 80ÿ12007*: ...i i ..........14.6 8.1
425-790 800-1450...14.8 8.2

Type H12
25-95 80-200 11.0 6.1
25-205 80-400 11.7 6.5
25-425 80-800 12.6 7 0
25-675 80-1250 13.5 7.5
25-790 80-1450 15.1 8.4

Type H21
25-95 80-200 10.3 5.7
25-205 80-400 11.0 6.1
25-425 80-800 12.2 6.8
25-650 80-1200 13.1 7.3
25-790 80-1450 13.7 7.6

Hot Work Tool Steels (H): Mean Apparent Specific
Heat (Ref 5, 6)

Steel
type

Temperature range
X °F

Specific heat
J/kg ÿ K Btu/lb•

Hll,Hi3.
H21

.0-100

..480
32-212

800.
460
628

0.11
0.15

Hot Work Tool Steels (H):

% Density (Ref 5, 6)

\ Steel Density
type g/cm3 lb/in3

Hll,H13 .........7.8 0.28
H12 7.81 0.282

t 1 H21 8.19 0.296> ÿ A

Hot Work Tool Steels (H): Thermal Conductivity (Ref 5, 6)

Temperature Thermal conductivity
X °F W/m-K Btu/ft-h°F

Types Hll,H13
215 420.....24.6 14.2
350 660 24.4 14.1
475 890 24.3 14.0
605 1120 24.7 14.3

Type H12
25 80 -........17 10.1

205 400 23 13.3
425 800 25 14.5
650 1200 26 15.3

Type 1121

25 80 25.1 14.5
205 400 29.7 17.2
425 800 29.7 17.2
650 1200 .....28.9 16.7
760 1400 28.0 16.2

Mechanical Properties

Hot Work Tool Steels (H): Effect of Tempering Temperature
on Hardness (Ref 4, 5, 6)

Tempering
temperature
°C °F

I-Hardness, HRC-;
Hll(e> H12(b) H13(c) Hl»(d) H21(e> H21(f)

As quenched ......56-57 54-56 51-53 53 52
150 300 ......55-56 ... 52 51
205 400 ......55-56 ... ... ... ... ...
260 500 .....55-56 53 ... ...
315 600 ......54-55 ... 51-53 ... ...
370 700 ......54-56 ... 48 47
425 800 ......54-55 53 51-53 ... ...
480 900 ......55-56 52-54 51-53 49 48
610 950 52-54 56-59
540 1000 ......56-57 55-56 52-54 57-58 51 59
565 1080 52 51-53 55-56 52 50
595 1100 ......45-50 48 49-51 52-53 51 50.5
620 1150 44 45-47 50-51 50 51
680 1200

______
33-38 40 39-41 45-46 48 47

675 1250 35 31-33 39-40 39 38
705 1300 ......25-30 29-30 28-30 34-35 34 34
(a) Air or oil quepched from 995 to 1025 °C (1825 to 1875 ®F). (b) Air quenched
from 1010 (1850 DF); tempered 2 h. (c) Air quenched from 1025 °C (1875
or oil quenched Prom IGIO DC (1850 *F); tempered 1h. fd) Oil quenched from
1175 °C (2150 °F); double tempered for 2 h. each time, (e) Oil quenched from
1175 °C (2150 "F); tempered 2 fr (f) Air quenched from 117oaC (2150 DFJ;
tempered 2 h

Hot Work Tool Steels (H): Effect of Hardness and
Temperature on Charpy V-Notch Impact Values (Ref 6)

Oversized Charpy specimens were austenitized at 1010 *C (1850 °F) for
1 h; air coaled and double tempered to the indicated hardness, prior to
grinding to finished size

1-Impact energy at temperature of:-1
Original 25 X 260 X 540 X 595 X
hardness, (80 T) (500 °F) (1000 °F) (1100 "F)
HRC J ft lb J R ib J It-lb J ft lb

Type Hll
54-55 . . .............18 13 24 18 27 20
48-49 ...............24 18 38 28 42 31 41 30
42-44 ...............31 23 58 43 64 47

Type H12
50...................7 5 16 12 16 12 24 18
44 ..................20 15 34 25 41 30 46 34
39 ..................19 14 30 22 64 47 84 62
36 ..................20 15 30 22 68 50 81 60
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Mechanical Properties (continued)

Hot Work Tool Steels (H): Effect of Hardness and Temperature on Charpy V-Notch Impact Values
Test specimens were IB-mm (0.63-in.) square bar; austenitized at 1175 °C (2150 °F); oil quenched and tempered to the hardness indicated

j——--ÿ--•-Impact energy at test temperature of:---1
Hardness, 27 "C (80 *F) 150 °C (300 °F) 260 °C (500 °F) 425 °C (800 "F) 540 °C (1000 °F)
HRC J ft-lb J ft-lb J Ft-ib J ft -lb J ft-lb

Type H19
48-50 8 6 16 12 18 13 19 14 20 15
44-46 15 11 18 13 23 17 26 19 26 19
38-40 ...15 11 24 18 31 23 37 27 41 30
Type H21
50. 7 5 9 7 16 12 22 16
44 8 6 14 10 2 16 26 19
40 8 6 16 12 39 29 47 35
38 11 8 16 12 43 32 47 35

Type HI3 Hot Work Tool Steels: Charpy V-Notch Impact Properties (Ref 6)
Test specimens were air cooled from 1010 °C (1850 "Fi and double tempered 2 + 2 h at the temperature indicated

Tempering ]-—-ÿ ÿ . —-—----—-Impact energy at temperature of: -

temperature Hardness, -75 "C <-100 *F) Room 260 °C (500 "Ft 540 °C (1000 °F)
*C *F HRC J ft-lb J ft-lb J ft lb J ft-lb

525 975.................54 7 5 14 10 27 20 31 23
565 1050.................52 7 5 14 10 30 22 34 25
605 1125.................47 8 6 24 18 41 30 45 33
615 1140.................42 9 7 24 18 52 38 60 44

565 °C (1050 "Ft
J ft-lb

595 °C (1100 "F>
J ft-lb

34 25
43
57

32
42

Hot Work Tool Steels (H): Effect of Tempering Temperature on Hardness of Alloys Quenched
in Oil from Various Temperatures (Ref 7)

Tempering
temperature
°C V

I—----Hardness after quenching in oil from:-1
1095 "C (2000 T) 1150 °C (2100 "Ft 1205 °C (2200 "F)

HRC HB HRC HB HRCHB

Type H21
425 800 460
480 900 484
540 1000 509
595 1100 ...426
650 1200 352

Type H22
425 800 484
480 900 522
540 1000 534
595 1100 509
650 1200 484

Type H24
425 80O 547
480 900 534
540 1000 534
595 1100 484
650 1200 393

48
50
52
45
38

50
53
54
52
50

55
54
54
50
42

496
496
509
437
352

496
522
547
534
509

587
573
547
509
415

51
51
52
46
38

51
53
55
54
52

58
57
55
52
44

552
552
552
448
352

496
534
560
560
522

587
587
587
547
448

53
53
53
47
38

51
54
56
56
53

58
58
58
55
47

Hot Work Tool Steels (H): e

Modulus of Elasticity
Temperature Modulus
ÿC °F GPa 10« psi

Types HI), H13
20 70.......210 30.5

150 300.......192 27.8
260 500.......180 26.1
345 650.......191 27.7
425 800.......188 27.3
480 900.......186 27.0
540 1000......157 22.7
650 1200.......114 16.5

Type HI2 .......207 30

Hot Work Tool Steels (H): Effect of Tempering Temperature
on Hardness of Alloys Quenched in Air (Ref 7)

Tempering Hardness after quenching in air from;
temperature 1065 "C (2000 °F) 1205 °C (2200 °F)
"C °F HB HRC HB HRC

Type H2I
426 800 415
480 900 437
540 1000 509
595 1100 460
650 1200 342

Type H22
425 800 426
480 900... 460
540 1000 509
595 1100 484
650 1200.....460

44 437 46
46 472 49
52 534 54
48 522 53
37 362 39

45 460 48
48 472 49
52 522 53
50 534 54
48 496 51
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Mechanical Properties (continued)

Type H42 Hot Work Tool Steel: Effect of Tempering Temperature on Hardness (Ref 7)

Test specimens were double tempered 2 +2 h at temperature indicated; quenched in air

Hardening
temperature
"C °F

As quenched
hardness, HRC

Hardness,HRC, after double tempering at temperature of:
540 "C 550 °C 565 °C 595 °C 620 "C 650 'C

(1000 °F) (10251) (1050 °F) (110013 (1150 °F) (12001)

1175 2150... 58 60 59 59 55 54 50
1205 2200 ... 59 61 60 59 57 54 49
1220 2225... 58-59 60 60 59 57 54 49

1230 2250 ... 58-59 60 60 59 56 53 48

Types H11, H13 Hot Work Tool Steels: Effect of Elevated
Temperature on Tensile Strength, Hardness was measured using
the Rockwell C hardness test. [Ret 5)

6004GO

iBOO
56 HHC

57 HRC

225

14QD 2GO

175

m

200
7005DO

Types HI1T H13 Hot Work Tool Steels: Effect of
Temperature on Hot Brinell Hardness (Ref 5)

Temperature,

2DO 400 BOG BOO 1C0U 1200
r ' 1 1 ~*T -1

: 1
t

\
\\

\\\
Temperature. °C

Type H12 Hot Work Tool Steels: Effect of Elevated
Temperature on Tensile Strength. Hardness was measured using
Rockwell C tiardness test. (Rei S)

Test temperature, °F
200 400 BOO flOO 1GO0 1200

1400

1 1 I l l

220

200

ISO

160

140 I
VI

120

100

SO

60

,16 H

-
oa

C_

5

u)

300

5D0

m

-

4C HRC

\A
V -

100 200 300 400 50D 600 7G0
Test temperature, aO
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Types H11,HI3 Hot Work Tool Steels: Relationship of
Tensile Properties and Hardness, impact energy tests used Charpy
V-notch specimens. Elongation was measured in SO mm (2 in.); yield
strength at 0.2% offset. (Ref 5)

320

230

15DD

w

170

m

750

c
ai

a
E

Type H12 Hot Work Tool Steels: Relationshipof Tensile
Properties and Hardness. Elongation was measured in 50 mm
(2 in.). (Ref 5)

2000

275

175

1000

750

500

250
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Type H21 Hot Work Tool Steels: Relationship of Hardness to
Tensile and Yield Strength. Yield strength was measured at 0.2%
offset. (Ref 5)

Type H12 Hot Work Tool Steels: Effect of Temperature on Hot
Brinell Hardness. Test specimens were air quenched from 1010 X
(1850 °F). Rockwell C hardness in the as-quenched condition was 52 to
54HRC.

250

Test temperature, "F
900 HOD 1200700 800GOO

400 150 X

i 1000

350 h

750
1C0

~C

i 250
SD0

200

250
150

100

400200

230S00 550

Test temperature, QC

700650350 400 GOO300

200

1250a
- 170

** lOQQ
140 <a

75D

500

Type H21 Hat Work Tool Steels: Tensile Properties
at High Temperatures. Test specimens were oil quenched
from 1175 X (2150 °F) and tempered to hardness of 50 HRC.
Elongation was measured in 50 mm (2 in.). (Ref 4)

Reduction in aiat

3DO 4Q0

Test temperature, °C

100 200
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High Speed Steels (T)

High Speed Steels (T): Chemical Composition
Steel Chemical composition, %
type C Cr Mo Co V

T1.......C.65-0.80 3 75-4 50
~ ~

0.90-1.30
T2 .......0.80-0.90 3.75-4.50 1.00 ma* — l.BD-2.40
T4 .......0.70-0.80 3.754.50 0.40-1.00 4.25-5.75 0.80-1.20
T5 .......0.75-0.85 3.75-5.00 0.50-1.25 7.00-9.5D 1.80-2.40
T6 ...... .0.75-0.85 4.00-4.75 0.40-1.00 11.00-13.00 1.50-2.10
T8 .......0.75-0.85 3.75-4.50 0.40-1.00 4.25-5.75 1.80-2.40
T13 ......1.50-1.00 3.75-5.00 1.00 mux 4.75-5.25 4.50-5.25

W

17.25-18.75
17.50-19.00
17.50-19.00
17.50-19,00
18.50-21.00
13.25-14.75
12.00-13.00

Characteristics. The high speed steels designated by the
letter symbol T have tungsten as the principal alloying ele¬
ment. They are more resistant to deearburization in heat
treatment than the molybdenum (M) types, and usually are
hardened from higher temperatures. The type T high speed
steels have high abrasion resistance and are recommended
for light, fine cuts on hard materials at high speeds, where
good finishes are required.

The type T high speed steels containing cobalt have
greater red hardness and good wear resistance, hut slightly
less toughness than those steels .without cobalt.

Typical Uses. Applications of the typeThigh speed steels
include single point tools, milling cutters, drills, taps and
reamers, gear cutters, broaches, saw blades, woodworking
tools, hot forming punches and dies, blanking dies, slitters,
trim dies, powder compacting dies, cold extrusion punches,
thread rolling dies, and ball and roller bearings.

AlSt Type Tl: Similar Steels (U.S. and/or Foreign). UNS
T12001; AMS 5626; ASTM A600, FEDQQ-T-590; SAE J437,
J438; (W. Ger.) DIN 1.3355; (Fr.l AFN0R Z 80 WCV
18-04-01; (Ital.) UNIX 75 W 18KU;(Jap.) JIS SKH2; (U.K.)
B.S. BT 1

AISI Type T2: Similar Steels (U.S. and/or Foreign). UNS
T12002; ASTM A600; FED QQ-T-590; SAEJ437, J438

AI5I Type T4; Similar Steels (U.S. and/or Foreign). UNS
T12004; ASTM A600; FED QQ-T-590; SAE J437, J438;
(W. Ger.) DIN1.3255; (Fr.) AFNORZ 80 WKCV 18-05-04-01;
(Ital.)UNIX 78 WCo 1805 KU; (Jap.)JIS SKH 3; (U.K.) B.S.
BT 4

AISI Type T5: Similar Steels (U.S. and/or Foreign). UNS
T12005; ASTM A600; FED QQ-T-590; SAEJ437, J438; (W.
Ger.) DIN 1.3265; (Ital.) UNIX 80 WCo 1810 KU; (Jap.) JIS
SKH 4A; (U.K.) B.S. BT 5

AISI Type T6; Similar Steels (U.S. and/or Foreign).
T12006; ASTM A600; FED QQ-T-590

UNS

AISI Type T8: Similar Steels (U.S. and/or Foreign). UNS
T12008; ASTM A600; FED QQ-T-590; SAEJ437, J438 -

AISI Type T15: Similar Steels (U.S. and/or Foreign). UNS
T12015; ASTM A600; FED QQ-T-590; (W. Ger.) DIN 1.3202;,
(Ital.) UNI X 150 WCoV 130505 KU; (U.K.) B.S. BT 15

Physical Properties

High Speed Steels (Th Thermal Treatment Temperatures
Starting forging Annealing Annealed Hardening Tempering Tempered

Steel temperature(a) temperature hardness, temperature temperature hardness,
type X °F X "F HB X °F X •p HRC

Tl .......1065-1120 1950-2050 845-870 1550-1600 217-255 1260-1315 2300-2400 550-595 1025-1100 65-60
T2 .......1065-1120 1950-2050 870-900 1600-1650 223-255 1260-1300 2300-2375 540-595 lOM-llOO 66-61
T4 .......1105-1165 2025-2125 870-900 1600-1650 229-269 1260-1300 2300-2375 540-595 10W-1100 66-62
15 .......1040-1095 1900-2000 870-900 1600-1650 235-285 1260-1280 2300-2340 540-595 1000-1100 65-60

i • T6 ... 870-900 1600-1650 248-302 1260-13G0 2325-2375 540-595 1000-1100 65-60
T8 .......1105-1165 2025-2125 870-900 1600-1650 229-255 1260-1300 2300-2375 540-595 1000-1100 65-60
T15 .......1095-1150 2000-2100 870-900 1600-1650 241-277 1205-1260 2200-2300 540-650 locmoo 68-63
(a) Stop forging at a minimum temperature of 925 X (1700 °F)

Mechanical Properties

Types T2, T4, T8 High Speed Steels; Effect of Tempering
Temperature on Hardness (Ref 6, 7)

Tempering
'• temperature j-Hardness, HBC "" " ". \
j X °F T2(a) T4{b) T5(b) T8(c)

As hardened.....................63.5-65 64-66 64-66 64-66
565 1050......................64-66 64-66 64-66 64-66

, 530 1075......................64-66 64-65.5 64-65.5 64-66
595 1100....................62.5-64.5 62.5-64.5 62.5-64.5 63-65
<a) Oilquenched from 1290 "C (2350 °F); double tempered for 2 h as indicated.
Cb) Oilquenched from 1300 °C (2375 °F); double tempered for 2 h as indicated.
(c) Oil quenched from 1290 X (2350 °F); double tempered for 2 h as indicated

High Speed Steels (T): Hot Hardness (Mutual Indentation
Method) After Treatment for Maximum Hardness Before
Testing (Ref 3)

Hardness at test temperature of:
595 °C 650 °C Room

Steel (1100T), (120(1 °F), temperature.
type HH HB HKC

Tl 480 337 65.5
T2 490 365 66.0
T5 520 40O 65.0
T7 440 340 65.5
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Mechanical Properties (continued)

Type T1 High Speed Steel: Effect of Tempering Temperature
on Hardness After Oil and Still-Air Quenching (Ref 4)

Test specimens were 25-mm(1-in.) diam, 64-mm (2.5-in.) long; tempered
2 h at temperature indicated

Hardness,HRC, after
Tempering quenching at temperature of:

temperature 1150 °C 1205 °C 1260 "C 1200 "C 1315°C
"C *F (2100T) (2200 °F) (2300 °F! (2350 *F) (2400 °F)

Oil quenched
As quenched............63 65 65 66 66
150 300...........63 65 65 65 65
205 400...........62 63 64 64 • 64
260 500...........60 61 62 62 63
315 600...........60 61 61 61 62
370 700...........59 60 G1 61 61
425 800...........59 60 61 61 61
480 900...........60 61 62 63 63
540 1000...........61 62 64 65 65
565 1050...........61 62 64 65 65
595 1100...........61 62 64 64 64
650 1200...........53 55 57 57 58
705 1300...........44 45 47 47 47
760 1400...........33 36 36 37 37

StiJl-air quenched
As quenched............63 64 54 64 64

150 300...........63 64 64 64 64
205 400...........62 63 64 64 64
260 500...........59 60 61 63 63
315 600...........59 61 61 62 62
370 700...........59 61 62 62 62
425 800...........59 61 61 62 62
480 900...........59 61 62 62 62
540 1000...........59 -V 62 63 63 S3
565 1050...........59 „ 60 62 63 63
595 11f)0...........57 60 61 62 62
650 1200...........52 55 55 55 56
705 1300...........43 - 45 43 43 43
760 1400...........26 28 31 31 31

High Speed Steels (T): Hot Hardness (Ref 3)

Hardness. HRC, at teat
Hardness at temperature of:

Steel 21 "C (70 °F) 540 "C 565 °C 595 "C
type before tests, HRC (1000 T) (1050 °F) (1100 °F)

T1 65.2 58.3 57.2 55,8

T2 66.3 60.2 57.8 56,2

T4 66.2 60 2 59.5 58.7
T6 67.2 620 51.4 59.6
T7 64.0 58.0 56.5 54.5

Types T1,T4, T5, T6, T15 High Speed Steels:
Relationship of Impact Properties and Hardness. Test
specimens were austenitized at Hie fallowing temperatures: Tt at
1315 X <2400 0F); T4, TS, and 76 at 1290 °C <2350 °F); T15 at
1250 X <2295 °F). Impact energy tests used unnotched tzed
specimens. (Ref 3)

1 '

!
! -

i i / \
/

j

,T4 i

V,_
s.x k\.

i
ÿTT5 rX -

I
7T6 [
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-
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Hardness, HHC

E 40

r +*A t5Q°C (2 IOC *F)

/ -) D5°C 2200° F)

"C f2J00aFf 126C

P

K /r\J s
1290 °C 2350 F)

-

15°C (2400 F\T3

-

50 62 64

Hardneu. HRC

Type T1 High Speed Steels: Relationship of Impact
Properties to Hardness. Impact energy tests used unnotched
Izod specimens. Specimens were hardened at various temperatures
as indicated. (Ref 3)

66 66
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Tempering temperature, °F

2110 4QQ CCQ BOP_1Q00 \2DO

Hardness

.Bend strength

P
ÿ Yield strength

550 -1 50

D 10U 200 300 400 5QO 500 700

Tempering temperature, C

Type T1 High Speed Steels: Effect of
Tempering Temperature onYield
Strength, Bend Strength, and Hardness.
Test specimens were austenitized st 1290 X
(2350 °R. (Ref 3)

High Speed Steels (IVI)

High Speed Steeis (M): Chemical Composition
Steel
type C Mn Si

Chemical composition, Ur
Cr Mo V V Co

Ml ...........0.78-0.84 0.15-0.40 0.20-0.45 3.50-4.00 8.20-9.20 1.00-1.30 1.442.10

M2 ...........0.78-1.05 0.15-0.40 0.20-0.45 3.75-4.50 4.50-5.50 1.75-2.20 5.546.75 ...
M3 (class 1) ...........1.00-1.10 0.15-0.40 0.20-0.45 3.75-4.50 4.75-6.50 2.25-2.75 5.046.75 ...
M3 (class 21 . ...........1.15-1.25 0.15-0.40 0.20-0.45 3.75-4.50 4,75-6.50 2.75-3.25 5.046.75 ...
M4 ...........1.25-1.40 0.15-0.40 0.20-0.45 3.75-4.75 4.25-5.50 3.75-4,50 5 25-6.50 ...
M6 ...........0.75-0.85 O.J5-0.40 0.20-0.45 3.75-4.75 4.50-5.50 1.30-1.70 3.H-4.75 11.0-13.0

M7 ...........0.98-1.05 0.15-0.40 0.20-0.50 3.50-4.00 8.40-9.10 1.75-2.25 3.442.10 ...
M10 ...........0.84-1.05 0.15-0.40 0.20-0.45 3.75-4.50 7.75-8.50 1.80-2.20 ...

4.50-5.50M30 ...........0.75-0.85 0.15-0.40 0.20-0.45 3.50-4.25 7.75-0.00 l.OO-1.40 1.30-2.30

M33 ...........0.85-0.92 0.15-0.40 0.20-0.45 3.50-4.00 9.00-10.00 1.00-1.35 1,40-2.10 7.75-8.75

M34 085-0.92 0.15-0.40 0.20-0.45 3.50-4.00 7.75-9.20 1,90-2.30 1.40-2.10 7.75-8.75

M36 ...........080-0.90 0.15-0.40 0.20-0.45 3.75-4.50 4.50-5.50 1.75-2.25 . 5.£0-6.50 7.75-8.75
M41 ...........1.05-1.15 0.20-0.60 0.15-0.50 3.75-4.50 3.25-4.25 1.75-2.25 6,50-7.25 4.75-5,75

M42 ........... 1.05-1.15 0.15-0.40 0.15-0.50 3.50-4.25 9.00-10.00 0.95-1.35 1.161.85 7.75-8.75

M43 ...........1.15-1.25 0.20-0.40 0.15-0.60 3.50-4.25 7.50-850 1.50-1.75 2.25-3.DO 7.75-8,75

M44 ...........1.10-1.20 0.20-0.40 0.30-0.55 4.00-4.75 6.00-7.00 1.85-2.20 5.045-75 11.00-1225
M46 ...........1.22-1.30 0.20-0.40 0.40-0.60 3.70-4.20 8.00-850 3 00-3.30 1,90-2.20 7.80-8 80

M47 ...........1.05 1.15 0.15-0.40 0.20-0.45 3.50-4.00 9.25-10.00 1.15-1.35 1.341.80 4.75-5.25

Characteristics and Typical Uses. The high speed steels
designated by the letter symbol M are generally considered
to have molybdenum as the principal alloying element,
although several contain an equal or slightly greater amount
of elements such as tungsten or cobalt. Those types with
higher carbon and vanadium contents generally offer im¬
proved abrasion resistance, but machinability and grinda-
bility may be adversely affected. The series beginning with

is characterizedby the capabilityofattaining exception¬
ally high hardness in heat treatment

In addition to being used as cutting tools, some of these
high speed steels are successfully used for such cold work
applications as cold header die inserts, thread rolling dies,
and blankingdies. For such applications, inorder to increase
toughness, the high speed steels are frequently hardened
from a lower temperature than that used for cuttingtools. It
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should be recognized that because of differences in proper¬
ties, availability, and economic considerations, a'l of these
steels should not be considered for each application.

The machinability rating for the highspeed steels is about
35 to 45% of that for a 1% carbon tool steel, except M2 and
M7 which have a rating of about 60%.

AISI Type Ml: Similar Steels (U.S. and/or Foreign). UNS
T11301; ASTM A600; FED QQ-T-590; SAE J437, J438;
(W. Gcr.) DIN 1.3346; (Fr.) AFNOR Z 85 DCWV 08-04-02-01;
fltal.) UNI X 82 MoW 09 KU; (U.K.) B.S. BM 1

AISI Type M2: Similar Steels (U.S. and/or Foreign). UNS
T11302; ASTM A600; FED QQ-T-590; SAE J437, J438;
(W. Ger.) DIN 1.3343; (Fr.) AFNOR Z 85 WDCV 06-05-04-02;
(Ital.) UNI X 82 WMo 0605 KU; (Jap.) JIS SKH 9; (Swed.)
SS14 2722; (U.K.) B.S. BM 2

AISI Type M4: Similar Steels (U.S. and/or Foreign). UNS
T11304; ASTM A600; FED QQ-T-590; SAE J437, J438

AISI Type M6: Similar Steels (U.S. and/or Foreign). UNS
T11306; ASTM A600; FED QQ-T-590
AISI Type M7; Similar Steels (U.S. and/or Foreign). UNS
T11307; ASTM A600; FED QQ-T-590; (W. Ger.) DIN 1.3348

AISI Type M10: Similar Steels (U.S. and/or Foreign). UNS
T11310; ASTM A600; FED QQ-T-590
AISI Type M3 (Class 1): Similar Steels (U.S. and/or For¬
eign). UNS T11313; ASTM A600; FED QQ-T-590; SAE
J437, J438; (W. Ger.) DIN 1.3342; (Fr.) AFNOR Z 90 WDCV
06-05-04-02

AISI Type M3 (Class 2): Similar Steels (U.S. and/or For¬
eign). UNS T11323;. ASTM A600; FED QQ-T-590; SAE

Physical Properties

High Speed Steels (M): Thermal Treatment Temperatures. Forging and Annealing (Ref 5, 6)___
I-Forging temperature-1 Annealing

Steel Preheat Start Finish temperature
type "C °F °C *F °C °F "C °F

Ml .......815-870 1500-1600 1065-1120 1950-2050 925 min 1700 min 845-870 1550-1600
M2 .......815-870 1500-1600 1065-1120 1950-2050 925 m-in 1700 min 845-870 1550-1600
M3 (class 1! ... 1080-1135 1975-2075 925 min 1700 min 845-870 1550-1600... 1025-1080 1875-1975 925 min 1700 min 845-870 1550-1600
M4 -------760-815 1400-1500 1120 2050 925 rain 1700min 845-870 1550-1600
M7 .......815-870 1500-1600 1065-1120 1950-2050 925 min 1700 min 830-855 1525-1575
M10 .......815-870 1500-1600 1065-1120 1950-2050 925 min 1700 min 845-870 1550-1600
M33 1080-1135 1975-2075 925 min 1700 min 870-900 160Q-1650
M35 1040-1095 1900-2000 925 min 1700 min 870 1600
M41 ... 1080-1135 1975-2075 925 min 1700min 845-870 1550-1600
M42 1500-1600 1065-1120 1950-2050 980 min 1800min 845-870 1550-1600

High Speed Steels (M): Thermal Treatment Temperatures, Hardening and Tempering (Ret 5, 6)

I-Hardening temperature----—3 Tempering
Steel Preheat Quench firom(a) Salt bath(a) Temperature(b)
type "C °F "C °C T •C «F

Ml 1400-1500 1175-1205 2150-2200 540-595 1000-1100 540-650 1000-1200
M2 1400-1500 1175-1230 2150-2250 540-595 1000-1100 550-565 1025-1050
M3 (class 1) 1500-1550 1205-1230 2200-2250 540-620 1000-1150 540-595 1000-1100
M3 (class 2) .......815-845 1500-1550 1205-1230 2200-2250 540-595 1000-1100 540-595 1000-110Q
M4. . . 1400-1500 1205-1220 2200-2225 540-595 1000-1100 540-650 1000-1200
M7 1400-1500 1175-1220 2150-2225 540-595 1000-1100 540-650 1000-1200
M10 1400-1500 1175-1220 2150-2225 540-595 1000-1100 540-650 1000-1200
M33 .. 1500-1550 1205-1220 2200-2225 540-595 1000-1100 540-580 1000-1075
M35 1500-1550 1220-1230 2225-2250 540-620 1000-1150 550-565 1025-1050
M41 .......815-845 1500-1550 1190-1205 2175-2200 540-620 1000-1150 525-595 975-1100
M42 .......815-870 1500-1600 1175-1205 2150-2200 540-620 1000-1150 510-595 950-1100
(a) High epeed steels may be oil quenched from temperature giTen or quenched ia a molten salt bath.When quenched inmoltenaalt, the quenching temperature
is about 14 (25 °F) higher, (b) Temperatures given are those normally used for best results. Higher or lower temperatures may be usee for specific properties

J437, J438; (W. Ger.) DIN 1.3344; (Fr.) AFNOR Z 120 WDCV
06-05-04-03, Z 130 WDCV 06-05-04-04; (Jap.) JIS SKH 52,
SKH 53

AISI Type M30: Similar Steels (U.S. and/or Foreign). UNS
T11330; ASTM A600; FED QQ-T-590
AISI Type M33: Similar Steels (U.S. and/or Foreign). UNS
T11333; ASTM A600; FED QQ-T-590; (W. Ger.) DIN 1.3249;
(U.K.) B.S. BM 34

AISI Type M34: Similar Steels (U.S. and/or Foreign). UNS
T11334; ASTM A600; FED QQ-T-590; (W. Ger.) DIN 1.3249;
(U.K.) B.S. BM 34

AISI Type M36: Similar Steels (U.S. and/or Foreign). UNS
T11336; ASTM A600; FED QQ-T-590 ,

AISI Type M41: Similar Steels (U.S. and/or Foreign). UNS
T11341; ASTM A600; FED QQ-T-590; (W. Ger.) DIN 1.3246;
(Fr.) AFNOR Z 110 WKCDV 07-05-04-04-02

AISI Type M42: Similar Steels (U.S. and/or Foreign). UNS
T11342; ASTM A600; FED QQ-T-590; (W. Ger.) DIN 1.3246;
(Fr.) AFNOR Z 110 WKCDV 07-05-04-04-02

AISI Type M43: Similar Steels (U.S. and/or Foreign). UNS
T11343; ASTM A600; FED QQ-T-590 j

AISI Type M44: Similar Steels (U.S. and/or Foreign). UNS
T11344; ASTM A600; FED QQ-T-590
AISI Type M46: Similar Steels (U.S. and/or Foreign). UNS
Til346; ASTM A600; FED QQ-T-590
AISI Type M47: Similar Steels (U.S. and/or Foreign). UNS
T11347; ASTM A600
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Mechanical Properties

Type M1 High Speed Steels: Effect of Tempering Temperature on Hardness
After Quenching in Oil {Ref 4)

Tempering HardnesB, KRC, after oil quenching at temperature of:
temperature 1150 X 1205 X 1230 X 1245 X 1260 X
X *F (2100 °F) (2200 "F> (2250 'Fj (2275 °F) (2300 "F)

Aa quenched 64 64 64 63 63
150 300...........63 63 63 62 62
205 400 62 62 61 61 61
260 5CC 60 61 60 59 58
315 600 .......59 60 60 58 SB
370 700 60 60 60 59 59
425 800 60 61 61 60 60
480 900 61 63 63 62 62
540 1000 65 66 65 65 64
550 1025 65 66 66 66 65
565 1050 64 66 67 65 65
580 1075 63 65 67 64 64
595 1100 ..............63 65 64 64 64
620 1150..............60 62 62 61 62
650 1200 57 58 58 58 58
705 1300...........39 41 43 41 48
760 1400... 34 37 38 35 37

Type M3, Class 1 and 2:
Effect of Tempering
Temperature on
Hardness (Ref 6)
Test specimens were oil quenched
from 1230 °C (2250 °F) and double
tempered for 2 heach time

Tempering
temperature Hardness, HRC
X °F Class 1 Class 2

As quenched .....64-66 65-66
540 1000.. .65-67 66-07
565 1050....64-66 65-66
595 1100,.,.62-64 63-64

Type M2 High Speed Steels: Effect of Tempering Temperature
on Hardness After Quenching in Oil and Air (Ref 4)

Test specimens were oil or air quenched from 1230 °C (2250 °F)

Tempering
temperature Oil-quenched Air-quenched
X °F hardness, HRC hardness, HRC

150 300 65
205 400 64 63
260 500 63 62.5
315 GOO 62.5 62.5
370 700 63 62.5

! 425 . 800 ...63.5 63.5
455 ÿ 850 63.5 63.5
480 900 65 64
510 950 66 65

j 540 1000 66 65.5
I 565 1050. .... . .. 66 63.5
i 595 1100 54.5 61.5

620 1150............62 60
650 1200 53.5 53
705 1300... 43 39.5
760 1400 33.5 34

High Speed Steels (M): Hot Hardness (Mutual Indentation
Method) After Treating for Maximum Hardness Before
Testing (Ref 3)

HardueSH at test temperature of:
I Steel 595 X (1100 *F), 650 °C (1200 T), Room temperature,

' type HB HI! HRC

Ml..................475 308 66.8
i M2. .................465 342 65.5

MIO 458 313 65.0
M36 500 390 66.0

Types M33, M35, M42 High Speed Steels: Effect
of Tempering Temperature on Hardness (Ref 6)

Tempering
temperature |-Hardness, HBC-:—|

•C °F M33(a) M35(b) M35(c) M42(d>

As quenched.............64-65 "* 64-66
525 975.............— ÿÿÿ - 67-69
540 1000............67-68 64.5-66.5 6567 67-69
550 1025............67-68 64-66 64.5-66.5 66.5-68.5
565 1050............66-68 63,5-65.5 ' 6466 66-68
580 1075............65-67 — - 65.5-67.5
595 1100.............ÿÿÿ 62-64 62.5-64.5 64-66
(a) Oil quenched from 1205 °C (2200 "F) inasalt hath; double tempered for 2 h
each time at temperature indicated, (b) Austenitized in amtmospnere furnace
at 1220 "C (2225 *F); double tempered for 2 h each time at temperature indi¬
cated. (c) Austenitized in an atmosphere furnace at 1230 "C (2250 °F); double
tempered 2 b each time at temperature indicated, (d) Austenitized at 1190 'C
(2175 °F) in a salt bath; oil quenched; triple tempered far 2 h each time at
temperature indicated

High Speed Steels (M): Hot Hardness (Ref 3)

Hardness at
Steel 21 X (70 °F)
type before tests, HRC

M2 . .65.3
M4 65.4
MIO 65.3

Hardness, HRC, at
test temperature of:

540 X 565 X 595 X
(1000 °F) (1050 °F) (1100 °F)

58.0
59.0
58.0

57.0
57.5
57.0

55.9
56.7
55.5
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Mechanical Properties (continued)

Types M4, M7, M10 High Speed Steels: Effect of Tempering Temperature on
Hardness (Ref 5, 6)

Tempering
temperature I-Hardness, HRC — -- ]

°C °F M4(a) M4(b) M7(c) M7(d) M10(e)

As quenched...........................64-66 64-66 ÿÿÿ 65
425 800 — — — 61-63
480 900 — — — 62-63
540 1000.........................63,5-65.5 64-56 64-66 64.5-66.5 65
550 1025..........................63-65 64-66 64-66 64.5-66.5
565 1050..........................62-64 63-65 63-65 64-66 64
580 1075..........................61-63 62-64 62-64 63-65
595 1100..........................59-61 61-63 59-61 60-62 62
620 1150..........................56-58 58-60 55-57 57-59
650 1200........................"- o0-52 51-53 55-n6
(a) Austenitized in a salt bath at 1165 °C (2125 °F);oil quenched; triple tempered at temperature indicated for 2 heach
time, (b) Austenitized in a salt bath at 1205 °C (2200 °F);oil quenched; triple tempered at temperature indicated for 2 h
each time, (c) Austenitiied in a salt bath at 1190 °C (2175 °F); oil quenched below 540 'C [1000 °F); air cooled; double
tempered for 2 beach time at temperature indicated, (d) Austenitized in a salt bath at 1205 °C (2200 °F); oil quenched
to below 540 °C (1000 aF); double tempered for 2 heach time at temperature indicated, (e) Austenitized in a salt bath
at 1205 °C (22GO °F); oil quenched; tempered at temperature indicated

Type M2 High Speed Steels; Effect of Tempering
Temperature on Yield Strength, Bend Strength, and
Hardness. Test specimens were austenitized at 1220 °C (2228 °F1.
(Rel 3)
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Tempering temper a tursr, °C

Types Ml, M2, M4, M10 High Speed Steels: Relationship
of Impact Properties and Hardness. Test specimens were
austenitized at t220 (2225 °F). Impact energy tests used unnotched
Izod specimens. (Ref 3)
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Maraging Steels

Nickel, rather than carbon, is the principal alloying ele¬
ment in the maraging steels. With a maximum carbon con¬
tent of 0.030%, these steels are essentially carbon-free. They
utilize the soft, ductile, iron-nickel martenaite, which can be
age hardened by additions of other alloying elements. Other
major alloyingelements inmaragingsteels are cobalt, molyb¬
denum, aluminum, and titanium.

The most common maraging steels are the four 18Ni
grades-200, 250, 300, and 350. The numerical designations
generally, but not always, represent the ultimate tensile
strength of the grade.

Mechanical properties are usually high for all 18Ni grades
of maraging steels. Particularly noteworthy are yield
strengths near the ultimate tensile strength. The differences
in other mechanical property levels among the four grades
permit flexibility in selecting the combination of properties
best suited for a given application.

Another characteristic of nickel maraging steels is the
hardening reaction of age hardening. Inthe annealed condi¬
tion, as furnished to the user, these steels are very tough and
relatively soft with a hardness of 30 to 35 HRC, Therefore,
they are readily machined and formed.

After machining and forming, aging— a precipitation
hardening process which requires no protective atmosphere
and relatively low furnace temperatures— produces hard-

Maehining Data (Ref 1)

MaragingSteels: Turning (Cutoff and Form Tools)
Test specimens were in the annealed condition, with hardness of 275 to 325 HB

I 1 Feed per revolution for 1
cutoff tool width of: 1 - Feed per revolution for form too) width of: - 1

Speed, 1.5 mm 3 mm 6 mm 12 mm 18 mm 25 mm 35 mm 50 mm
Tool m/min (0.062 in.) (0.125 ill.) (0.25 in.) (0.5 in.) (0.75 in.) (1 in.) (1.5 in,) (2 in.)
material (ft/min) mm in. rum in. nun in. mm In. mm In. mm in, mm in. mm in.

M2 and M3
high speed
steel ... 17 0 033 0.0013 0.041 0.0016 0.050 0.002 0.041 0.0016 0.036 0.0014 0.033 0.0013 0.028 0,0011 0.023 0.0009

(55)
C-6 carbide .- ,. .. 53 0.033 0.0013 0.041 0.0016 0.050 0.002 0.041 0.0016 0.036 O.OOI4 0.033 0.CI013 0.028 0.0011 0.023 0.0009

(175)

ness levels sufficient for many structural and toolingapplica¬
tions. For uses requiring maximum abrasion resistance,
maraging steels can be nitrided.

Applications of maraging steels in the aerospace industry
include solid-propellant-rocket motor cases, load cells, flex¬
ures for guidance mechanisms of missiles, helicopter drive
shafts, and aircraft wing components. Tboling applications
include aluminum die casting dies, cores, and pins; plastic
molding dies; trim knives; cold forming dies; and springs.

Machinability of the maragingsteels inthe annealed condi¬
tion is comparable to that of AISI grade 4340 and similar
steels at the same hardness level, 30 to 35 HRC. However,
when the material is aged (heat treated), the choices of cut¬
ting tools and machining conditions become very important.
Rigid equipment, firm tool supports, very sharp tools,and an
abundance of coolant are essential. Suggested conditions for
some machining operations are offered inthis section,

Because of the relative softness of the nickel martensite,
maraging steels can be readily formed, spm, drawn, or hy-
drofonned while cold, with minimal work hardening.

REFERENCES
1. MachiningDataHandbook, 3rd ed., Vol 1and 2, Metcut Research

Associates Inc., Cincinnati, OH, 1980
2. VascoMax, Teledvne Yasco, Latrobe, PA, 1977
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Machining Data (Ref 1) (continued)

Maraging Steels: Turning (Single Point and Box Tools)

\-High speed steel(A>-1 j-Uncoated carbide(b)-""*] \-Coated carbide(c)-1
Depth of cut Speed Feed Speed, brazed Speed, inserted Feed Speed Feed
mm in, m/min ft/min mm/rev in./rev m/min ft/min m/mln ft/min mm/rev in./rev ra/toin ft/min mm/rev in./rev

Annealed with a hardness of 275 to 325 KB

1 0.040......27 90 0.13 0.005 115 380 1G0 GOO 0.18 0.007 200 650 0.18 0.007
4 0.150 21 70 0.25 0.010 90 300 120 400 0.40 0.015 ISO 525 0.40 0.015
8 0.300.....15 50 0.40 0.015 70 230 90 300 0.50 0.020 120 400 0.50 0.020

Maraged, with hardness of 50 50 to 52 HRC
1 0.040......18 60 0.13 0.005 41 135 53 175 0.13 0.005 ... ... ...
4 0.150

______
14 45 0.25 0.010 34 110 43 140 0.25 0.010 ... ...

fa] Any premium high speed steel tool material (T15, M33. M41 to M47). (b) Carbide tool material: C-3. (c) Carbide tool material: CC-3

Maraging Steels: Surface Grinding with a Horizontal Spindle and Reciprocating Table
Wheel speed Table speed Downfeed

Operation m/s ft/min m/min ft/min mm, pass in./pass

Annealed or maraged, with maximum hardness of 30 HRC
Roughing....................20-30 4000-6000 15-30 50-100 0,075 0.003
Finishing....................20-30 4000-6000 15-30 50-100 0.013 max 0.0005 max

Maraged, with hardness greater than 50 HRC
Roughing....................15-20 3000-4000 15-30 50-100 0.050 0.002
Finishing....................15-20 3000-4000 15-30 50-100 0.013 max 0.0005 max
(a) Maximum Y* of wheel width, (b) Maximum Vio of wheel width

Crossfeed Wheel
mm/pass in./pass identification

1.25-12.5 0.050-0.500
(a) (a)

0.65-6.5
(b)

0.025-0.250
(b)

A46JV
A46JV

A46JV
A46JV

Maraging Steels: Cylindrical and Internal Grinding
Wheel speed Work speed lnfeed on diameter

Operation m/s ft/min m/min ft/min mm/pass in./pasH

....IT! Cylindricalgrinding
Annealed or maraged, with maximum hardness of 30 HRC

Roughing........................28-33 5500-6500 21-30 70-100 0.050 0.002
Finishing........................28-33 5500-6500 21-30 70-100 0.013 max 0.0005 max

Maraged. with hardness more then 50 HRC
Roughing .......................20-28 4000-6500 21-30 70-100 0.050 0.002
Finishing........................20-28 4000-6500 21-30 70-100 0.013 mux 0.0005 max

Internalgrinding
Annealed ar maraged, with maximum hardness of 50 HRC
Roughing........................25-33 5000-6500 23-60 75-200 0.013 0.0005
Finishing,.......................25-33 5000-6500 23-60 75-200 0.005 max 0.0002 max

Maraged, with hardness more than 50 HRC
Soughing........................20-28 4000-5500 23-60 75-100 0.013 0.0005
Finishing........................20-28 4000-5500 23-60 75-100 0.005 max 0.0002 max
(a) Wheel width per revolution of work

Traverse(a)
Wheel

identification

ÿA

Vis

V*
Ve

V3
Vfc

V5.
Ve

A60KV
A60KV

A80IV
A80IV

A60KV
A60KV

A80IV
A80IV

Maraging Steels: Planing
Test specimens were in the annealed condition, with hardness of 275 to 325 HB

Depth of cut Speed Feed/stroke
Tbol material mm in. m/min ft/min mm in.

M2 and M3 high
speed steel 0.1 0.005 6 20 tal (a)

2.5 0.100 11 35 0.75 0.030
12 0.500 5 15 1.15 0.045

C-2 carbide 0.005 43 140 (al (a)

2.5 0.100 52 170 1.50 0.060
12 0.500 47 120 1.25 0.050

(a) Feÿd is 75% the width of the square nose finishing tool
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Maraging Steels: Boring
I-High speed stccl(a)-1 \-Uncoated carbide-i |-Coated carbide-1

Depth of cut Speed Feed Speed, brazed Speed, inserted Feed Speed Feed
niiii in, m/min ft/min mm/rev in./rcv m/min ft min cu min ft/min mm/rev in,/rev m/min ft/mis mm/rev in,/rev
Annealed, with hardness of 275 to 325 HB
0.25 0.010 . . . ...26 85 0.050 0.002 115(b) 370(b) 135(b) 435(b) 0 075 0.003 175(c) 570(c) 0.075 0.003
1.25 0.050 . . . . . . 21 70 0.102 0.004 90(d) 300(d) 1OE(d) 350(d) 0.13 0.005 140(e) 455(e) 0.130 0.005
2.5 0.100 .. . . .. 17 55 0.20 0.008 73(d) 240(d) 85(d) 280(d) 0.30 0.012 110(e) 365(c) 0.300 0.012
Maraged,with hardness of 50 to 52 HRC
0.25 0.010 ... ...18 60 0.050 0.002 40(b) 130(b) 46b) 150(b) 0.050 0.002
1.25 0.050 .. .15 50 0.102 0.004 30(d) 100(d) 37(d) 120(d) 0.102 0.004
2.5 0.100 ...... 11 35 0.20 0.008 26(d) 85(d) 30(d) 100(d) 0.20 0.008
i*al Any premium high speed eteei tool material fT15, M33, M41to M47). (b) Carbide tool material:C-3. (c) Carbide tool materia!: CC-3, (d) Carbide tool material:
C-2. <e) Carbide tool material: CC-2

Maraging Steels: End Milling (Profiling)

f----------------Feed per tooth for cutter diameter of:—~—*-1
Depthof cut Speed 10 mm (0.375 in.) 12 mm (0.5 In.) 18 mm (0,75 in,) 25-50 mm (1-2 in.)

Tbol material mm in. m/min ft/min mm in. mm in. mm in. mm in

Atmealed, with hardness of 275 to 325 HB
M2, M3, and M7 high

speed eteei 0.5 0.020 29 95 0.018 0.0007 0.025 0.001 0.050 0.002 0.075 0.003
1.5 0.060 21 70 0.025 0.001 0.050 0.002 0.075 0.003 0.102 0.004

diam/4 diam/4 18 60 0.018 0.0007 0.025 0.001 0.050 0.002 0.075 0.003
diam/2 diam/2 15 50 0.013 0.0005 0.013 0.0005 0.025 0.001 0.050 0.002

C-5 carbide O.S 0.020 105 350 0.025 0.001 0.038 0.0015 0.075 0.0D3 0 102 0.004
1.5 0.060 81 265 0.025 0.001 0.050 0.002 0.102 0.004 0.13 0.005

diam/4 diam/4 70 230 0 025 0.001 0.038 0,0013 0.075 0.003 0.102 0.004
diam/2 diam/2 66 215 0 018 0.0007 0.025 0.001 0.050 0002 O.075 0.003

Maraged,with hardness of 50 to 52 HRC
Any premium high

speed steel (T15,
M33, M4I-M47) 0.5 0.020 9 30 0.013 0.0005 0.025 0.001 0.025 0.001 0.025 0.001

1.5 0.050 8 25 0.025 0.001 0.025 0.001 0.025 0.001
diam/4 diam/4 6 20 0.013 0.0005 0.013 0.0005 O.D25 O.OOl

C-5 carbide 0.5 0.020 30 100 0.013 0.0005 0.013 0.0005 0.038 0.0015 0.050 0,002
1.5 0.060 23 75 0.025 0.001 0.050 0.002 O.075 0.003

diam/4 diam/4 20 65 0.050 0.002 0.075 0.003
diam/2 diam/2 18 60 0.038 0.0015 0.050 0.002

B/laraging Steels: Reaming
Based on 4 flutes far 3- and 6-mm (0.125- and 0.25-in.) reamers, 6 flutes for 12-mm (0.5-in.) reamets, and B flutes for25-mm (1-in.) and larger reamers

I-Feed per revolution for reamer diameter of:-—-—I
Speed 3 mm (0.125 in.) 6 mm (0.25 in.) 12 mm (0.5 in.) 25 mm (1 in.) 35 mm (1.5 in.) 50 mm (2 in.)

Tool material m/min ft/min mm in. mm in. mm in. nun in. mm in. mm in.

Soughing
M1.M2, and M7

high speed steel .. 17 55
C-2 carbide 21 70

Finishing
Ml,M2,and M7

high speed steel ... 8 25
C-2 carbide 11 35

Roughing
Any premium high

speed steel (T15,
M33,M4I-M47).... 5 15

C-2 carbide..........8 25

Finishing
Any premium high

speed steel (T15,
M33, M41-M47)

____
3 10

C-2 carbide 6 20

Annealed, with hardness of 275 to 325 HB

0.075
0,102

0.075
0.102

0.003
0,004

0.003
0.004

0.13
0,15

0.15
0.15

0.005
0.006

0.006
0.006

0.20
0.20

0.20
0.20

o.ooe
o.ooa

0.008
0.008

0.30
0.30

0.30
0.3(1

Maraged, with hardness of 50 to 52 HRC

0.025 c.ooi
0.050 0.002

0.038
0.050

0.0015
0.002

0.025
0.075

0.050
0.075

0,001
0.003

0.002
0.003

0.038 0.0015
0.102 0.004

0.075
0.102

0.003
0.004

0.050
0.13

0.102
0.13

0.012
0.012

0.012
0.012

0.002
0.005

0.004
0.CO5

0.40
0.40

0.40
0.40

0.015
0.015

0.015
0.015

0.050 0.002
0.15 0,006

0.102
0.15

0.004
0.006

0.50
0.50

0.50
0.50

0.050
0.15

0.102
0.15

0.020
0.020

0.020
0.020

0.002
0.006

0.004
0 006
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Machining Data (Ref 1) (continued)

Maraging Steels: Drilling

Tool material

I-
3 mm

Speed <0.125 in.)

ra/min ft/min mm in.

--—— Feed per revolution for nominal hole diameter of:-
6 mm 12 mm 18 mm 25 mm 35 mm 50 T""i

(0.25 in.) (0.5 in.) <0.75 inl) (1 in.) (1J» in.) (2 in.)
mm in. Trim in_ mm in. mm in, mm in. Dlltl in.

Annealed, with hardness of 275 to 325 HB
M10, M7, and Ml high

speed ateel ............17 55 0.075 0.003 0.13 0.005 0.18 0.007 0.23 0.000 0.25 0.010 0.33 0.013 0.40 0.015

Mar-aged, with hardness of 50 to 52 HRC
Any premium high

speed steel (T15, M33,
M41-M47) ...............6 20 0,050 0,002 0,075 0.003 0.102 0.004 0.102 0.004 0.102 0.004 0.102 0.004 0.102 0.004

Maraging Steels: Face Milling
f-High speed stecl(a)-—? i-

Depth of cut Speed Feed/tooth Speed, brazed
mm in. m/min ft/min mm in. m/min ft/min

Uncoated carbide(b) -
Speed, inserted
m/min ft/min

Feed/tooth
' Coated carbidefc) -

Speed
m/min ft/min

Feed/tooth
nm in.

Annealed, with hardness of 275 to 325 HB
1 0,040.........34 110 0,15 0.006
4 0.150.........26 85 0.23 0.009
8 0.300.........20 65 0.30 0.012

Maraged, with hardness of 50 to 52 HRC
1 0.040.........12 40 0.050 0.002
4 0.150..........9 30 0.075 0.003
8 0.300..........6 20 0.102 0.004

85
79
56

47
38
30

280
260
185

155
125
100

95
88
69

58
47
37

310 0.15 0.006 140 465 0.13 0.005
290 0.20 0.008 115 375 0.18 0.007
225 0.25 0.010 8B 290 0.23 0.009

190
155
120

0.050
0.075
0.102

0.002
0.003
0.004

(a) Any premium high speed aleel Uiul material (T15, M33, M41 to M47). (b) Carbide tool material: C-2. (c) Carbide tool material: CC-2

Grade 18Ni(200)

18NK200): Chemical Composition (Ref 2)

Element
Composition,

% Element
Composition,

%

Nickel .....18.50
Cobalt ... ......8.50 Carbon ......0.03 max
Molybdenum ......3.25 Sulfur ......0.01 wax
Titanium ......0.20 Phosphorus ......0.01 max......0.10 0 01
Silicon ......0 10 ma* Boron ......0.003

18NK200): Similar Steels (U.S. and/or Foreign).
K92810; ASTM A538 (A), A579 grade 71

UNS

Physical Properties (Ref 2)

18NK200): Average Coefficients of Linear Thermal Expansion
Temperature range

<"C aF
Coefficient

ftm/m- K jiiirt/in • °F

21-480 70-900, 10.1 5.6

18NK200): Density

18Ni(200): Thermal Conductivity
TemperaHire Thermal conductivity
°C °F W/m-K Btu/fth°F
29 68 19.6 ili
59 120 . ...20.1 11.6

109 212 .....21.2 12.1

8.00 g/cm3 0.289 lb/in.3
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Mechanical Properties (Ref 2)

18Ni{200); Effect of Aging Time on Tensile Properties. Bar of
small cross section solution annealed at 815 % (1500 °F) for 1 ti, air
cooled, and aged at 480 °C (900 °F) lor the times indicated. Elongation
measured in gage length Df 4.5Varea; yield strength at 0.2% offset

ISM
Tensile strength

18Ni(200): Effect of Test Temperature on Cfiarpy V-Notch
Impact Energy. Bar of small cross section solution annealed at 815 °C
(1500 °F) lor 30 min, air cooled, and aged at 480 °C(900 °F)for3 h

Tisst temperature,

-4D0 0 +400 BOO
100-- —n--—n-——n

Reduction ir. area

Eiunÿtiom

-300 -150 D +T5D TOO

Tesi temperature, °C

_J20
500

TO 15 20
Age trme, h

18Ni(250):Tensile Properties
Tensile Yield

Stock Stock size strength strengtli(a)
shape mm in. MPa ksi MPa ksi

Nominal annealed properties
(c) ....................tc) (c) 965 140 655 95

Nominal room temperature properties after aging

Round bar.............16 0.63 1B24 264.5 1764 255.8
Round bar.............32 1.25 J844 268.5 1784 258.8
Raundbor.............75 3. 1750 253.5 1712 248.3
Square bar ...........150 6. 1731 251.0 1693 245.8
Square bar ...........150 6. 1723 249.9 1690 245 2
Sheet ..................6 0.25 1874 271.9 1832 265.7
(a) 0-271 offset, (hi In gage length of 4,5V area. • c) Not applicable

Elongationtb),
%

Reduction
In area, %

Hardness,
HRC

17

11.5
11
11
10
8.1
8

Direction
of testing

75

57.9
56.5
53.4
46.7
30.3
40.8

30 ...

51.3 Longitudinal
51.8 longitudinal
50.4 Longitudinal
50.8 Longitudinal
50.3 Transverse
50.6 Transverse

18NK200): Effect of Stress Concentration Factor on Tensile Properties
Stress concentration factor is K,; solution annealed at 815 °C (1500 °F) for 1 h, air cooled, and aged at 480 °C
(900 °0 for 3 ti

l-Notch tensile strength-[

Average Range Notch-lo-sroooth
Kt MPa ksi MPa ksi tensile strength ratio(a)

2.0...........................2226 322.9 2179-2298 316.0-333.3 1.52
3.0...........................2256 327.2 2231-2306 323.6-334.5 1.54
5.0...........................2246 325.6 2208-2265 320.3-328.5 1.54
6.25..........................2269 329.1 2237-2349 324.4-340.7 1.55
7.0............1..............2273 329.7 2204-2338 319.7-339.1 1.55
D.0...........................2266 328.6 2244-2300 325.5-333.6 1.55
(a) Based on smooth bar tensile strength of 1462 MPa (212.0 ksi!
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Mechanical Properties (Ref 2) (continued)

18NK200): R.R. Moore Rotating Beam Fatigue Tests on
Production Bar stack. Bar of small cross section solution annealed at
815 °C (1500 °F) for 30 min, air cooled, and aged at 480 °C (900 *F)for3 h

unn

1200

lino

> toon
<9

m 90Q

BOO

700

-

\
\
\

}-

i -t-

in4 10s
Cycles

TO7 10=

18Ni(200): Compressive Strength
Solution annealed at 815 °C (1500 °F)for30 mm, air cooled, and aged at
480 JC (900 °F) for 3 h; average of four tests per condition

I-Compressive strength —-1
Proportional Yield

limit atrength(a) Hardness,
Condition MPa tsi MPa HRC

Solution annealed. .:........724 105.0 1000 145.0 2S
Aged.....................1265 183.4 1469 213.0 43
(aj 02% offset

18Ni(200): Modulus ot Elasticity

183 GPa ....26.6 106 psi

18Ni(200): Effect of Testing Temperature on Mechanical Properties
Solution annealed at 815 °C {1500 °F) for 1 h, air cooied, and aged at 480 °C (900 °F) for 3 ti

Tensile Yield
Teet temperature strength streagth(a) Elongationlb), Reduction
•C °F MPa ksi MPa ksi % in area, %

315 600 1217 176.5 1141 165.5 12.5 60
125 800 1154 167.4 1059 153.6 14 61
480 900 1044 151.4 977 141.7 18 66.3
510 950 138.2 876 127.1 18.5 69.6
540 1000 ...S..840 121.9 743 107.7 24 73.2
(a) 0.29c offset, (b) In gage length of"4.5V area

Grade 18Ni(250)

18Ni(250): Chemical Composition (Ref 2) 18Ni(250): Similar Steels (U.S. and/or Foreign). UNS-_ ---— K92890; ASTM A538 (B), A579 grade 72 ,
Composition, Composition,

Element % Element %

Nickel ...............,, .18.50 Manganese ............0.10 max
Cobalt ...................7.50 Carbon................0,03 max
Molybdenum .............4.80 Sulfur...* 0.01 max '
Titanium.................0.40 Phosphorus 0.01 max
Aluminum ..............,0.10 Zirconium 0.01 •

Silicon...................0.10 max Boron .. 0.003

Physical Properties (Ref 2)

18Ni(250): Average Coefficients of Linear Thermal Expansion
Temperature range Coefficient

"C °F pm/m-K pin./in. °F

21-480 70-900 10.1 515

18Ni(250); Density

__
B.OO g/cm3 0.289 lb/in.a

18NK250): Thermal Conductivity
Temperature Thermal conductivity

•c -F W/m-K Btu/ft-h-
20 68 25.3 14.6
50 120 25.8 14.9

100 212 27 0 15.6
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Mechanical Properties (Ref 2)

16Ni(250): Effect of Test Temperature on Charpy V-Notch
Impact Energy. Bar of small cross section solution annealed at B15 °C
(1500 °F} for 30 min, air coded, and aged at 480 X (900 *F) for 3 h

-400 — 200

Tpsi Temperature,

|] +200 400 600 1000

t'
i

-300 O * 150 300

Test Temperature, "C

£

£

£
s?

30 S

18Ni(250): R.R. Moore Rotating Seam Fatigue Tests on
Production Bar Stock. Bar of small cross section solution annealed
at 815 X (1500 T) for 30 min, air cooled, and aged at 480 "C (900 °F)
for 3 h

12M

1150

0.
2 TQ50

C SM
</)

BSD

7SO

\ lfio «

trt4 1DS
4 S 0 2

ID6
Cycles

18Ni(250):Tensile Properties
Tensile Yield

Slock Stock size strength strength(a)
shape ttitti in. MPs ksi MPa ksi

Nominal annealed properties
(c) ....................(c) (c) 965 140 655 95

Nominal room temperature properties after aging

Bound bar.............16 0.63 1824 264.5 1764 255.8
Sound bar.............32 1.25 1844 268.5 1764 258.8
Round bar.............75 3 1750 253.5 1712 248.3
Square bar ...........150 6 1731 251.0 1693 245.8
Square bar ...........150 6 1723 249.9 1690 245.2
Sheet ..................6 0.25 1874 271.9 1832 2G5.7
(a) 0.2% offset, (b) Ingage length of 4.5Varea. (c) Not applicable

Elongationlb),
%

Reduction
in area, %

Hardness,
HRC

Direction
of testing

17

11.5
11
11
10
8.1
8

75

57.9
56.5
ÿ3.4

46.7
30.3
40.8

30

51.3
51.8
50.4
50.8
50.3
506

Longitudinal
Longitudinal
Longitudinal
Longitudinal

Transverse
Transverse

18Ni(250): Effects of Various Aging Treatments on Tensile Properties of Sheet
Test specimens were 3.18-mm (0.125-in.) thick standard ASTM sheet; solution annealed at 815 °C (1500 °F] for
30 min, air cooled, and aged as indicated

Aging Yield Tensile Elongation, %
temperature Aging etrength(a) strength 25 mm 50 mm Reduction
"C °F time, h MPa ksi MPa ksi (1 in.) (2 in.) in area, %

455 850..............3 1770 256.7 IS10 262.5 9.7
480 900..............1 1769 256.6 1824 264.5 9.4
480 900..............3 1932 280.2 1979 287.0 8.8
480 900..............6 1844 267.5 1931 280.1 8.5
510 950..............3 1809 262.3 1865 270.5 9.7
(a) 0.2% offset

4.7
4.8
4.5
4.2
4.5

47.6
48.7
44.9
44.7
47.2

18Ni{250): Effect of Test Temperature on Tensile Properties
Solution annealed at 815 X (1500 °F) for 1 h, air cooled, and aged at 480 °C (900 °F) for 3 h

Reheat Tensile Yield
temperature strength strength(a) Etongation(b),

"C °F MPa ksi MPa ksi %

315 600 ...............1609 233.4 1548 224.5 11.5
425 BOO ...............1521 221 1153 210.8 12
480 900 ...............1379 200 1276 185.1 16.5
540 1000 ...............1029 149.2 390 129.1 23
(a) 0.2% offset, (b) Ingage length of 4.5Varea

Reduction
in area, %

56
56.1
64.6
79.2
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Mechanical Properties (Ref 2} (continued)

I I
True fracture stress

Tensile strength

Yield strength

f r
Reduction in area

Elongation

Age time, h

18Ni(250): Effect of Aging Time on Tensile
Properties. Bar ds small cross section solution
annealed at 815 °C (1500 °f) for 1 h, air coaled,
and aged at 480 °C (900 °F) for the times
indicated. Elongation measured in gage length
ot 4.5Varea; yield strength at 0.2% offset

18Ni(250j: Compressive Strength
Solution annealed at 815 °C (1500 °F) for 30 mln, air cooled, and aged at
480 °C (900 °F) tor 3 h; average of three tests per condition

Condition

-Compressive strength-1
Proportional Yield

limit strengtb(a)
MPa ksi MPs ksi

Solution annealed.......724 106.0 1027 149.0 29.0
Aged..................1664 241.3 1931 280.0 51.0

(a) 0.2% ollaet

18NK250): Modulus of Elasticity

190 GPa ...........27 106 psi

Hardness,
HRC

18NK250): Effect of Stress Concentration Factor on Tensile Properties
Stress concentration factor is Ko solution annealed at 815 °C (1500 °F) for 1 h, air cooled, and aged at 480 CC
(900 °F) for 3 h _____

I-Notch tensUe strength |

Average Range Notch-to-smooth
K, MPa ksi MPa ksi tensile strength ratio(a)

2.0........................2784 403.8 2769-2802 401.6-406.4 1.49
3.0........................2751 399.0 2714-2775 393.6-102.4 1.48
5.0........................2629 381.3 2598-2664 376.7-386.3 1.41
6.25.......................2659 385.7 2647-2703 383.9-392.0 1.43
7.0........................2603 377.6 2592-2536 375.9-382.3 1-40
9.0........................2625 380.7 2603-2647 377.5-383.9 1.41
(ej Based an smooth har tensile strength of 1862 MPa (270.1 ksi)
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Grade 18Ni(300)

18NK300): Chemical Composition (Ret 2)

Element Composition, % Element Composition, %

Nickei ......18.50 Manganese .. .......0.10 mas
Cobalt 9.00 Carbon . .......0.03 ma*

4 80 Sulfur
Titanium 0.60 Phosphorus ... .......0.01 mas

0 10 0.01
Silicon .......0.10 max Boron .......0.003

18Ni(300): Similar Steels (U.S. and/or Foreign). UNS
K9312Q; ASTM A538 (C), A579 grade 73

Physical Properties (Ref 2)

18Ni(300); Average Coefficients of Linear Thermal Expansion 18Ni(30Q): Thermal Conductivity
Temperature range

'C °F
Coefficient

fi.m/m - K /iin./in. * °F
Temperature Thermal conductivity

21-480 70-900 10.1 5.6

°C •F W/m-K Btu/ft-h-

20 68 25.3 14.6
50 120 . .25.8 14.9

100 212 ...........27.0 15.6

18NK300): Density

8.00 g/cm3 ...........................0.289 lb/in.3

Mechanical Properties (Ret 2) (continued)

18Ni(300): Effect of Test Temperature on Charpy V-Notch
impact Energy. Bar of small cross section solution annealed at 015 °C
(1500 °f) for 30 mm, air coofed, asid aged at 480 "C (900 *F) for 3 h

70

J. so

E 30

-400

Temperature, aF

+ 2W 400 6QG TOOQ
1 i 1 ÿy

,
i i 1 T

_
/f

-

-3U'J -1-150 3UCJ

Temperature, °C

18Ni(300): R.R. Moore Rotating Beam Fatigue Tests on
Production Bar Stock. Bar of small cross section solution annealed
at 815 °C (1500 T) (or 30 inin. air cooled, and aged at 480 X (900 °F)

for 3 h
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18Ni(300): Effect of Test Temperature on Tensile Properties
Solution annealed at 015 X (15O0 °F) for 1 h, air cooled, and aged at 480 X (900 °F)for 3 h

Test Tensile Yield
temperature strength strength(a) ElongationCb), Reduction
•C °F MPa ksi MPa ksi % in area, %

315 600 1771 256.8 1693 245.6 12 61.8
425 800 .........1655 240.1 1570 227.7 14 61.3
480 900 1454 210.9 1343 194.8 17.3 68.4
510 950 1304 189.1 1192 172.9 22 76.5
540 1000 1158 168 1056 153.2 24 77.2
(a) 0.2% offset, (b) In gage length of 4.5Varea
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Mechanical Properties (Ref 2) (continued)

18NK300): Tensile Properties
Tensile Yield

Stock Stock size strength strengths) Elongation(b), Reduction Hardness, Direction
shape mm in. MPa ksi MPa ksi % in area, % HRC of testing

Nominal annealed properties
(c) <c) (c) 1034 150 758 110 18 72 32

Nominal room temperature properties after aging
Round har 16 0.63 2027 294 2000 290 11.8 56.6 54.3 Longitudinal
Round bar. 32 1125 2041 296 2020 293 11.6 55.8 54.7 Longitudinal
Round bar 75 3 2025 293.7 1977 286.8 10,3 46.6 54 Longitudinal
Square bar .....150 6 1962 284 6 1915 277.8 9.8 43.9 53.9 Longitudinal
Square bar 150 6 1953 283.2 1911 277.1 6.6 28.4 54.3 Transverse
Sheet . . 6 0.25 2169 314.6 2135 309.7 7.7 35 55,1 Transverse
(a) 0.2% offset, (b) In gage length of 4.5"\/area, (c) Not applicable

2000

1750
GO

3 3D

I I

\ i i i
True fracture stress

-

_

/Tensile strength

- J- -

ield str sngth

_
0 . X
\

Reduction in ares

J.iDngati'in

18NK300): Effect of Aging Time on Tensile
Properties. Bar of small cross section solution
annealed at 815 °C (1500 °f) far 30 min, air
cooled, and aged at 480 °C (900 °F) for the times
indicated. Elongation measured in gage length of
4.5Varea; yield strength at 0,2% offset

m

io is ;o as
Aga time, h

18Ni(300): Effect of Stress Concentration Factor on Tensile Properties
Stress concentration factor is K,; solution annealed at 815 "C (1500 °f) for 1 h, air cooled, and aged at 480 °C
(900 °f) lor 3 h

[-Notch tensile strength-—|
Average Range Notch-to-smooth

K. MPa kii MPa ksi tensile strength ratio(a)

2.0........................2937 426.0 2914-2981 422.6-432.3 1.45
3.0........................2899 420.5 2892-2908 419.4-421.8 1.43
5.0........................2881 417.9 2836-2947 411.3-427.4 1,42
6.25.......................2885 418.4 2847-2919 412.9-423.4 1.42
7.0........................2854 414.0 2785-2936 403.9-425.8 1.41
90........................2898 420.3 2836-2919 411.3-423.4 1.43
(a) Based on smooth bar tensile strength of 2024 MPa (293.5 ksi)
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Mechanical Properties (Ref 2) (continued)

18NK300): Effect of Sheet Thickness on Tensile Properties
Test specimens were standard ASTM sheet; solution annealed at 815 °C
(1500 °F) for 15 min, air cooled, and aged at 480 X (900 °F) lor 3 h; tests
were conducted using test specimens machined to English units

Sheet Yield Tensile ElongatiorKb), %
thickness strength(a) strength 25 mm 50 mm

nun in. MPs ksi MPs ksi (1 in.) (2 in.)

6.35 0.250.......2173 315.1 2212 320.8 9.0 5.0
3.18 0.125.......2161 3X3.9 2184 316.8 6.8 3.4
2129 0-090.......2125 308.2 2156 312.7 6.0 3.2
1.65 0065.......2078 301.4 2118 307.2 5.0 3.0
1.14 0.045.......2013 291.9 2034 295.0 4.0 2.0
0.64 0.025.......2027 294.0 2041 296.0 2.0 1.0
(a) 0.2% offset, (b) Because the change in elongation with thickness is caused
by the changing geometry of the test specimen, not a change in materia)

ductility, a gage length of 4.5Varea should be used for correct elongation
measurements, rather than a fixed 25- or 50-mm (1- or 2-in.) gage length

18Ni(300): Compressive Strength
Solution annealed at 815 X (1500 °F) for 30 min, air cooled, and aged at
480 X (900 °F) for 3 h; average of three tests per condition

Compressive strength
Proportional Yield

limit etrenglh(a) Hardness,
Condition MPa ksi MPa ksi HRC

Solution annealed.......724 105.0 1034 150.0 31.0
Aged..................1875 272.0 2189 317.5 53.5
(a) 0.2% offset

18NH300): Modulus of Elasticity

190 GPa . . 27.5 106 psi

18NK300); Effects of Various Aging Treatments on Tensile Properties of Sheet
Test specimens were 3.IB-mjn (0.125-in.) thick standard ASTM sheet; solution annealed at 815 X (1500 CF> for
30 min, air cooled, and aged as indicated

Aging Yield Tensile Elongation, %
temperature Aging gtrcngth(a) strength 25 turn 50 mm Reduction
°C °F time, h MPa ksi MPa ksi (1 in.) (2 in.) in area, %

455 850 ................3 2033 294.8 2134 309.5 78 35
~

342
480 900................1 2047 296.9 2115 306.7 8.2 4.2 38.6
480 900................3 2164 313.9 2184 316.8 6.8 34 32.5
480 900................6 2166 314.2 2215 321.2 7.5 3.7 33.2
510 950................3 2107 305.6 2124 308.1 8.0 4.0 33.6
(a) 0.2% offset

Grade 18Ni(350)

18Ni(350): Chemical Composition (Ref 2)

Element Composition, % Element Composition, %

18NK350): Similar Steels (U.S. and/or Foreign). No public
specifications

Nickel 18.50
Cobalt 12.00
Molybdenum .......... 4.80
Titanium..............1,40
Aluminum 0.10
Silicon 0 10

Managantae..........0,10 max
Carbon 0.03 max
Sulfur................0.01 max
PhoBphorus 0.01 max
Zirconium ............0.01
Boron .....0.003

Physical Properties (Ref 2)

18NK350):Average Coefficients of Linear Thermal Expansion 18Ni(350):Thermal Conductivity
Temperature range Coefficient Temperature Thermal conductivity

°C "F fim/m ÿ K nin./in.•°F °C °F W/ra-K Btu/ft h °F

21-480 70-900 11.3 6.3 20 68 255 14.6
1 50 120 14.9

100 210 27.0 15.8

18Ni(350): Density

8.08 g/ctn3 .0.292 lb/in.3
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Mechanical Properties (Ref 2)
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18NH350):Tensile Properties as a Function
of Test Exposure Temperature.-exposed
(or a short time; ---exposed for 200 h. Bar o(

small cross section solution annealed at 800 °C
(1475 °F) (or 1 h, air cooled, and aged at 510 °C
(950 °F) for 3 h. Elongation in gage length of
4.5Varea

1SNi(350): Effect of Test Temperature on Charpy V-Notch
Impact Energy. Bar of small cross section solution annealed at 815 °C
(1500 °F> lor 30 min, air coaled, and aged at 480 °C (900 °fl lor 3 h

18NK350): R.R. Moore Rotating Seam Fatigue Tests on
Production Bar StOCK. Bar of small cross section solution annealed
at 615 °C (1500 °F) for 30 min, air cooled, and aged at 480 °C (900 °fi
for 3 h
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18Ni(350): Compressive Strength
Solution annealed at B15 "C (1500 °F) for 30 min, air cooled, and aged at
480 °C (900 °F) far 3 h; average of three tests per condition

I-Compressive strength-1
Proportional Yield

limit strength(a) Hardness,
Condition_MPa kai MPs ksi HRC

Solution annealed.......745 108.0 1107 160.5 34.3
Aged..................2408 349.3 2676 388.1 596
(a) 0.2% offset

18NK350): Modulus of Elasticity

200 GPa. 29 10f pBi
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JVlechanieal Properties (Ref 2)

18Ni(350): Tensile Properties
Tensile Yield

Stock Stock si2e strength strength(a) Elongationib), Reduction
shape mm in. MPa ksi MPa kai 7c in area, *3

Nominal annealed properties
(c) (c) (c) 1140 165 827 120 18 70

Nominal room temperature properties after aging

Round bar 16 0.63 2115 350.2 2363 342.7 7.5 35.4
Round bar 32 1.25 2391 346.8 2348 340.6 7.6 33.8
Round har 75 3 2359 342.2 2320 336.5 6.2 28.6
Sheet 6 0.25 2451 355.5 2395 347.3 3 15.4
(a) 0.29! offset, (b) In gage length of i5Varca. (c) Not applicable

HardncsB,
HRC

Direction
of testing

35
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57.7

Longitudinal
Longitudinal
Longitudinal

Transverse

2400

2200
60

8 30

Tensite strength ÿ-

eld stre iflth
-

i

/"ÿ*Ction ir area

0 ÿ -------;

m[O

_
ngation

t ,

375

350

18Ni(250): Effect of Aging Time on Tensile
Properties. Bar os small cross section solution
annealed at 615 "C (ISO0 !or 1 h> air cooled,

and aged at 480 °C (0°° °F> ,or. the times

indicated. Elongation measured in gage length

of 4.5Varea; yield eliungth at 0.2% offset

Aij? lime,h

18NK35G): Effect of Test Temperature an Tensile Properties
Solution annealed at 815 "C (1500 T) for 1 h, air cooled, and aged at 480 °C (900 °F) for 6 h

Test Tensile Yield
temperature strength strength(a) Elongation(b), Reductiu"
•C *F MPa ksi MPa ksi % in area,

315 600 ..2139 310.2 2037 295.4 12.3 54.9
425 800 1988 288.4 1912 277.3 15.6 57.6
480 9O0 1864 270.4 1737 251.9 17.4 60.3
540 1000 1611 233.6 1460 211.8 20 70.9
(a) 0.29b offset, (b) In gage length of 4.5\/area

18Ni(350): Effect of Stress Concentration Factor
Stress concentration factor is K,; solution annealed at 815 °C (1500 °F) for 1 h, air cooled, and aged at 460 '
(900 °F) for 3 h

I-Notch teDsile strength-
Avcrape Range

MPa ksi MPa ksi
Notch-to-smuotli

tensile strength ratiotai

2.00.......................2990 4,33.7 2947-3015 427.4-437.3
6.25.......................2305 334.3 2287-2328 331.7-337.6
9.00.......................2296 333.0 2253-2335 326.7-338.6
(a) Based on smooth bar tensile strength of 2501 MPa <362.8 ksi)

1.20
0.93
0.92
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The steels listed by the Standard Specifications of the
American Society for Testing and Materials (ASTM) are
those carbon and alloy steels that are commonly used, but
have not been assigned AISI/SAE numbers. ASTM steels
are available as structural shapes, plate, and bar intended
for riveted, bolted, or welded construction of bridges and
buildings, and for ship construction. ASTM grades of hot
rolled commercial quality, and hot and cold rolled structural
and drawing quality carbon steel sheet and strip are used for
fabricatingindustrialpartsby bending, forming, drawing,and
welding.

ASTM Standard Specifications also include low-carbon
sheet and coiled steel used in porcelain enameling and for
coated stock. The coated steels are aluminumcoated, lead-tin
(teme) coated, electrodeposited tin or zinc coated, and gal¬
vanized (hot dipped, zinc coated) sheet and coil.

Carbon and alloy steel spring wire and carbon steel used
in the manufacture of electric-resistance-welded (ERW),
arc-welded, and seamless pipe and tubingfollow ASTM speci¬
fications. ASTM specifications for carbon and alloy steels

that apply to the very specialized category ofpressure vessels
are not included in this handbook. Pressurevessel steels are
often specified by either ASTM or Uie American Society of
Mechanical Engineers (ASME).

REFERENCES

1. Steel Piping, Tubing, and Fitting*, Annual Book nf ASTM
Standards, Part 1,American Society lor Testing and Materials,
Philadelphia, PA, 1981, 1982

2. Steel Plate, Sheet, Strip, and Wire: Metallic Coated Products;
Fences, Part 3, Annual Book of AtiTM Standards, American
Society for Testing and Materials, Philadelphia, PA, 1981, 1982

3. Structural Steel; Concrete Reinforcing Steel; Pressure Vessel
Plate and Forgings; Steel Rails, Wheels, and Tires; Fasteners,
Part 4, Annual Book ofASTM Stand«'ds, American Society tor
Testing and Materials, Philadelphia, PA, 1981, 1982

4. Steel Bars, Chain, and Springs; Beating Steel; Steel Forgings,
Part 5, Annual Book ofASTM Standards, American Society for
Testing and Materials, Philadelphia. I'A, 1981 1982

ASTM A36

ASTM A36: Chemical Composition
Product Chemical composition, %
form C Mn P mart S max Si Cu(a)

Shape.............0.26 mm 0.85-1.35Cb) 0.04 0.05 0.15-0.40(b) 0.20
Plate..............0.25-0.Z9 0.85-1.20 0.04 0.05 0.15-0.40 0.20
Bar ...............0.26-0.29 0.60-0.9D 0.04 0.05 — 0.20
(a) Minimum copper content when copper steel is specified, (b) Required for shapes over 634 kg/m

Typical uses of ASTM A36 steel in¬
clude bridges, buildings, and general
structural purposes.

ASTM A36: Similar Steels {U.S. and/or
Foreign). UNJ-i KO260O; ASTM A36
(shapes)
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Characteristics. ASTM A36 describes carbon steel shapes,
plate, and bar of structural quality for use inriveted,bolted,
or welded construction of bridges and buildings, and for gen¬
eral structural purposes. When this steel is used in welded
construction, welding procedure should be suitable for the
steel and the intended service.

Unless otherwise provided in the order, the specifications.
listed in the table on material specifications will govern the
delivery of otherwise unspecified accessory materials when
included with material purchased under this specification.

ASTM A36: Material Specifications
ASTM

Material deflignation(a)

Plate to be bent or formed cold A283, grade C
Steel rivets A502, grade I
Bolts and nuts..............- A307, A325
Cast steel A27, grade 65-35
Forging® lcarbon steel) ..............A668, class D
Hot rolled Bheets.. A57Q, grade D
Hot rolled strip..............- - . A57Q, grade D
Cold formed tubing * A60Q, grade B
Hot formed tubing - - A501
(a) Specifications of the American Society for Testing and Materials

Mechanical Properties

ASTM A36: Tensile Properties for Plate, Shapes, and Bar
Tensile Elongation,mm ft

Product strength Yield point In 200 mm In 50 mm
form MPa ksi MPa ksi (8 in.Ma) (2 in.)

Plate(b) - 400-550 58-80 250 36 20 23
Bar ....... ,......400-550 58-80 250 36 20 23
Shapes(c) 400-550 58-80 250 36 20 21
{a) For material less than 8 mm (0.3 in.) in thickness or diameter; a deduction from the percentage of elongation in
200 mil (8 in.) shall be 1.25% for each 0.8 mm (0.03 in,) of the specified thickness or diameter below 8 mm (0.3 in.).
(b) Forplates wider than 590 mm(24 in.), the teEt is taken inthe transverse direction. Yield point for plates larger than
200.IUTT1 (8 in.) iti thickness is 220 MPa (32 ksi). (c) For wide flange shapes larger than 634 kg/m (426 lb/ft) the
minimum tensile strength is 400 MPa (58 ksi); elongation in 50 mm (2 in.) is 19ft minimum

ASTM A131

ASTM A131: Chemical Composition
Nickel, chromium, molybdenum, copper, niobium, vanadium, or aluminum contents need not be
reported on the milt sheet unless intentionally added

Chemical composition, %
Grade C max Mn P max S max Si

A [a)......................0.23(b) (b> 0.05 0.05
B(a) ......................0.21 0.80-1.10 0.04 0.04 0.35 max
DiaHc)....................0.21 0.70-1.36 0.04 0.04 0,10-0.35
E(a)......................0.18 0.70-1.35 0.04 0.04 0.10-0.35
CS(a).....................0.16 1.00-1.35 0.04 0.04 0.10-0.35
DS(a)....................0.16 1.00-1.35 0.04 0.04 0.10-0.35
AH32 (d), AH36 (d), DH32,

DH36. EH32, EH36 ......0.18 0.90-1.60 0.04 0.05 0.10-0.50(d)

(a) For grades A through DS,the carbon content plus 0f tHe manganese content shall not exceed 0 40'!- :
the upper limit of the manganese may be exceeded up to 1.65% if the carbon content does not exceed
0.40%. (b) A maximum carbon content of 0.26% is acceptable for plate equal to or less than 13 mm
(0.50 in.) and all thicknesses of shapes. Plate larger than 13 mm (0.50 in.) in thickness shall have a
minimummanganese content not less than 2.5 times the carbon content, (c) For material equal to or less
than 25 mm (1.0 in.) inthickness, 0.30% manganese content is acceptable. The lower hunt ofsilicon does
not apply to semikilled steel, (d) Materials as large as 13 mm (0.50 in.) in thickness may be semikilled,
inwhich case the (1.10% minimum silicon does not apply

ASTM A131: Similar Steels {U.S. and/or
Foreign):

• UNS K01601; ASTM A131 (CS, DS)

• UNS K01801; ASTM A131 (E)

• UNS K01805; ASTM A131 (AH32,
DH32, EH32)

• UNS K01806; ASTM A131 (AH36,
DH36, EH36)

• UNS K02101; ASTM A131 (D)

• UNS K02102; ASTM A131 (B); MIL
SPEC MIL-S-22698 (B), MII-S-23495

• UNS K02300; ASTM A131 (A)

Characteristics and Typical Uses. ASTM A131 describes
structural steel shapes, plate, bar, and rivets intended for
use in ship construction. The material is available in two
categories: ordinary strength, grades A, B,D, DS, CS, and E,
with a specified minimum yield point of 235 MPa (34 ksi);
and higher strength, grades AH, DH, and EH, with specified
minimum yield points of either 315 MPa (45.5 ksi) or
350 MPa (51 ksi). The maximum thickness of plate for all
grades is 50 mm (2 in,). The values stated in English units
are to be regarded as the standard.

Except for grade A steel up to and including 13 mm

(0.50 in.) in thickness, rimming-type steels shall not be ap¬
plied. Grades AH32 and AH36 as large as 13 mm (0.50 in.)

in thickness may be semikilled.
Fine-grain practice is used to make grades D, DS, CS,

E, DH32, DH36, EH32, and EH36. For ordinary-strength
grades, aluminum is used to obtain grain refinement. For
the higher strength grades, aluminum, vanadium, or nio¬
bium may be used for grain refinement. Grade D material
35.0 mm (1.38 in.) and under in thickness, at the option of
the manufacturer, may be semikilled and exempt from the
fine austenitic grain-size requirement.
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Physical Properties

ASTM A13T: Normalizing of Grades AH32, AH36,
DH32, DH36
VYiien niobium or vanadium is used in combination with aluminum, heat
treatment requirements for niobium or vanadium apply

ASTM grari* Normalizing requirements

Aluminum-treated steels
AH32. AH36 ........ - Not required
DH32, DH36 ..........................When larger than 25 mm (1in.)

Niobium-treated steels
AH32, AH36 ..........................When larger than 13 mm (0.50 in.)

DH32, DH36 ..........................When larger than 13 mm (0.50 in.)

Vanadium-treated steels
AH32, AH36 Not required
DH32, DH36 ...........-..............When larger than 19 mm (0.75 in.)

ASTM A131:Thermal Treatment. Plate in all thicknesses
ordered to grades CS. E,EH32, and EH36(and grade Dplate
larger than 35 mm(1.38 in.) are normalized. When grade D
steel is furnished semikilled, it is normalized when larger
than 25 mm (1 in.) in thickness. Control rolling of grade D
may be substituted for normalizing

Mechanical Properties

ASTM A131:Charpy V-Noteh Impact Properties
Test Charpy V-notch energy, avg rain Test Charpy V-nofch energy, svg min

temperature Longitudinal Transverse temperature Longitudinal Transverse
Grade °C °F J ft lb J ft lb Grade °C "F J ft lb J ft- lb

B(a)............0 32 25 20 19 14 EH32 ........-40 -40 35 25 23 17
D(b).........-10 14 25 20 19 14 DH36(cl......-20 -4 35 25 23 17
E............-40 -40 25 20 19 14 EH36........-40 -40 35 25 23 17
DH32(c)......-20 -4 35 25 23 17
(a) Larger than 25 mm (1.0 in.) in thickness, (b) Toughness tests not required on normalized material whenproduced fully killed andwith a fine, austenitic grain
size, (c) Toughness tests not required on normalized material

ASTM A131: Tensile Properties
Tensile Elongation, te
strength Yield point In200 nun In 50 nun

Grade MPa ksi MPa ksi (6 in.Ka) (2 in.)

A(b), B, D, DS, and E
structural steel ....................400-490 58-71 235 34.0 21 24

Rivet steel and steel for
cold flanging ......................380-450 55-65 205 30.0 23 26

AH32. DH32, EH32..................470-585 68-85 315 45,5 19 22
I AH36, DH36, EH36..................490-620 71-90 350 51.0 19 22

ta) For material less than 8 mm (0.3 in.) in thickness or diameter, a deduction of 1.25 percentage points may be made
for each decrease of 0.8 mm (0.03 in.) of the specified thickness Dr diameter, (b) A tensile strength range from 400 to
550 MPa (58 to 80 ksiImay be applied to grade A shapes. When grade A structural steel is larger than 25.4 mm (1.0 in.)
in thickness, the minimum yield point may be reduced to 220 MPa (32 ksi)

! ASTM A135

ASTM A135: Chemical Composition
Chemical composition, mart St

Grade C Mn P S

A ......................... 0.25 0.95 0.050 0.06(1
1 B........................, 0.30 1.20 0.050 0.060

Characteristics and Typical Uses. ASTM A135 describes
two grades of electric-resistance welded steel pipe innominal
sizes 50 to 760 mm (2 to 30 in.) inclusive, with nominal
(average) wall thickness up to 12.7 mm (0.500 in.) inclusive,

and in nominal sizes 19 to 127 mm (0.75 to 5 in.) inclusive
with nominal (average) wall thickness of 2.11 to 3.40 mm
(0.083 to 0.134 in.), depending on size. The values stated in
English units are to be regarded as the standard.

The pipe may be furnished as either nonexpanded or cold
expanded, at the option of the manufacturer. When pipe is
cold expanded, the amount of expansion is not to exceed 1.5%
of the outside diameter pipe size. ASTM A135 pipe is in¬
tended for conveying liquid, gas, or vapor. Only grade A is
adapted for flanging and bending.
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Flattening Test, Flattening tests are conducted to verity
the integrity of the welds for ASTM A135 steel pipe. In a
flattening test, a specimen at least 100 mm (4 in.) in length
is flattened between parallel plates in three steps. During
the first step, which is a test for ductility of the weld, no
cracks or breaks on the inside or outside surfaces shall occur
until the distance between the plates is less than two thirds
of the original outside diameter of the pipe.

During the second step, which is a continuation of the first
step and a test for ductility exclusive of the weld, no cracks
or breaks on the inside or outside surfaces shall occur until
the distance between the plates is less than one third of the
original outside diameter of the pipe, but not less than five
times the wall thickness of the pipe.

During the third step of a flattening test, which is a test
for soundness, the flattening shall be continued until the
specimen breaks, or the opposite walls of the pipe meet. Evi¬
dence of laminatedor unsoundmaterial,or of incomplete weld,
that is revealed anytime during the entire flattening test
is cause for rejection.

For pipe produced in single lengths, the flattening test is
made on both crop ends cut from each length of pipe. Tests
from each end are made alternately with the weld at 0 and
90' from the direction of the line of force. For pipe produced
inmultiple lengths, the flattening test is made on crop ends
which represent the front and back of each coil with the weld
at 90c from the direction of the lineof force, and on two inter¬
mediate rings representing each coil with the weld 0° from
the direction of the line of force.

Hydrostatic Test. Eachlength of pipe is tested at the mill
to a hydrostatic pressure calculated from the following
equation, provided that the specified test pressure does not
exceed 17.2 MPa (2500 psi):

„ 2 St

D

where P is minimum hydrostatic test pressure measured in
pounds per square inch; S is allowable fiber stress, 16 to
18 ksi for grade A and 20 to 22 ksi for grade B (in no case is
the stress produced to exceed 80% of the specified yield
point); t is specified wall thickness, measured in inches;D is
specified outside diameter, measured in inches.

The hydrostatic pressure is maintained for not less than
5 s. For pipe with wall thicknesses greater than 3.91 mm
(0.154 in.), the pipe is to he jarred near both ends with a
0.9-kg (2-lb) steel hammer or its equivalent.

Electromagnetic (eddy current) or ultrasonic tests may be
used as an alternate to the hydrostatic test for Schedule 10
pipe in nominal pipe sizes 19 to 127 mm (0.75 to 5 in.), and
when accepted by the purchaser. These tests are made in
accordance with ASTM Recommended Practice for E213,
E273, or E309.

ASTM A 135;
listed

Similar Steels (U.S. and/or Foreign). None

Mechanical Properties

ASTM A135: Tensile Properties of Electric-Resistance-Welded Steel Pipe

Grade

Tensile
strength

MPa ksi

Yield
strength

MPa ksi
Elongation(a),

%

A... ......330 48 205 30 35
B 415 60 240 35 30

(a) In50 mm(2 in.)r the basicminimumelongation for walls 7.9 mm(0.31 in,) and larger inthickness, longitudinalstrip
testa, and for all small sizes tested in full section. For longitudinal strip tests, the width of the gage section is 38 mm
(1.5 in.). For each decrease of 0.8 mm (0.03 in.) in wall thickness smaller than 7.9 mm (0.31 in.),a deduction uf 1.75%
for grade A end 1.50% for grade B is made from the basic minimum elongation. Minimumelongation may be calculated
using the following equations: for grade A,£ = 56 f + 17.50, and for grade B,E = 48 1 + 15.00,where E is elongation
in 50 mm (2 in.); t is actual thickness of specimen measured in inches

ASTM A139

ASTM A139: Chemical Composition
Chemical composition, max %

Grade C Mn P S

A 1.00 0.04 0.050
B 0.30 1.00 0.04 0.050
C 0.30 1.20 0.04 0050
D 1.30 0.04 0.050
£ 1.40 0.04 0.050

Characteristics and Typical Uses. ASTM A139 describes
five grades of electric-fusion, (arc-) welded, straight-seam or
spiral-seam, steel pipe 10 to 2340 mm (4 to 92 in.) in di¬
ameter inclusive with nominal (average) wall thicknesses up

to 25 mm(1in.) inclusive. The values stated inEnglishunits
are to be regarded as the standard.

The five grades of ASTM A139 steel are pipe mill grades
with mechanical properties that differ from standard plate
grades. The pipe is intended for conveying liquid, gas, or
vapor. ASTM A139 steel is made by the open-hearth, basic-
oxygen, or electric-furnace process.

The longitudinal edges of the steel are shaped to give satis¬
factory results with the particular welding process employed.
Welds are made by automatic means, except tack welds, if
used, and are of uniform width and height for the entire
length of the pipe. All longitudinal seams, spiral seams, and
shop girth seams of ASTM A139 steel pipe are butt welded.
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Hydrostatic Test. Each length of pipe is tested hy the
manufacturer to a hydrostatic pressure that will produce a
stress in the pipe of not less than 60% nor more than 85% of
the minimum specified yield point at room temperature.

The pressure is determined by the following equation:

P =
2 St

i where P is hydrostatic pressure, measured in pounds per
square inch, not to exceed 19 MPa (2800 psi); S is 0.60 to
0.85 timeB the minimum specified yield point of the grade of

"1 steel used, measured inpounds per square inch; t is specified

wall thickness, measured in inches; D is specified outside
diameter, measured in inches.

The test pressure is held for not less than 5 s. Pipe with
wall thicknesses larger than 3.91 mm (0.154 in.) Bhall be
struck, while under pressure, with a 0.9-kg(2-lb) hammer,or
its equivalent, near the weld at both ends of the pipe.

ASTM A139: Similar Steels (U.S. and/or Foreign);
s> UNS K03003; ASTM A 139 (B)
a UNS K03004; ASTM A139 (C)
9 UNS K03010; ASTM A 139 (D)
e UNS K03012; ASTM A139 (E)

Mechanical Properties

ASTM A 139:Tensile Properties of Electric-Fusion, Arc-Welded Steel Pipe
Tensile Reduction in
strength Yield point Elongatjoa(a), clongationtb),

Grade MPa ksi MPa ksi min <x %

A . 330 48 205 30 35 L75
B 415 GO 240 35 30 1.50
C. 415 60 290 42 25 1.25
D 415 60 315 46 23 1.50
E 455 66 360 52 22 2.00
(a) In50 mm (2 in.), the basic elongation for wall 7.9 mm (0.31 in.) and larger in thickness for longitudinal atrip teats.
(b)For longitudinal strip tests, a deduction for each 0.8-mm ÿ 0 03 iti.) decrease inwall thickness below 7,9 mm(0.31 in.)
is taken from the basic minimum elongation of the listed percentage points

ASTM A227,A227M

ASTM A227, A227M: Chemical Composition
In any one lot, carbon may vary not more than 0.13% and manganese not
more than 0.30%

Chemical composition, %
C Mn P S Si

j 0.45-0.85 0.30-1.30 0.040 max 0.050 max 0.15-0.35

Characteristics and Typical Uses. ASTM A227 describes
twoclassesofround,harddrawn,springsteel •wirewithproper¬
ties and quality suited for the manufacture of mechanical
springs andwire forms. ASTM A227M is a metric companion
to ASTM A227. These steels are made by the open-hearth,

basic-oxygen, or electric-furnace process. A sufficient discard
is made to assure freedom from injurious piping and undue
segregation. The wire is cold drawn to produce the desired
mechanical properties.

Test specimens taken from either end of the coils are re¬
quired to meet the tensile and wrap test requirements given
inthe accompanyingtables.The surfaceofthewire asreceived
istobesmoothand freeofrust.Noseriousdiemarks, scratches,
or seams may be present.

ASTM A227, A227M:SimilarSteels(U.S. and/or Foreign). UNS
K065G1; ASTM A227

Mechanical Properties

> ASTM A227, A227M: Wrap Test Requirements
Ratio of mandrel

j Wire diameter -—" ---; to wire diameterte)
nun in. Grade I Grade II

0.50 to 4.0 incl 0.020 to 0.162 incl .. ..1 2
Over 4,0 to 8,0 Over 0,162 to

incite) 0.312 incl(b).........2 4
(a) Wrap teste onwire over 8.5 mm indiameter are not applicable because conventional methods will not
accommodate wire over 8.0 mm diameter, (b) Wrap tests on wire over 0.312 in. in diameter are not

j applicable because conventional methods will not accommodate wire over 0.312 in. indiameter
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Mechanical Properties (continued)

ASTM A227M: Tensile Requirements, Metric Units
Diameters were based an a preferred number series far metric sizes

Tensile strength, MPa
Diameter, ClassI Class II
mm min max min max

0.50 2240 2240 2520
0.60 .....1920 2200 2200 2480
0.70 .....1870 2140 2140 2410
0.80 1830 2100 2100 2730
1.0 .. 1770 2040 2040 2310
1.6 1880 1880 2120
2.0 1580 1810 1810 2040
3.0 1680 1680 19O0
4.0 1380 1590 1590 1800
5.0 1320 1510 1510 1700
6.0 1280 1470 1470 1650
7.0 1220 1410 1410 1600
8.0 1190 1370 1370 1550

10.0 1130 1310
13.0 ......1070 1240 ...
16.0.... 1010 1170 ...

ASTM A227: Tensile Requirements, English Units
Tensile strength values for intermediate diameters may be interpolated

Tensile strength, ksi
Diameter, ClassI Class II
m. min mux mm max

0.020 283 323 324 364
0.026 275 315 316 356
0.032 266 306 307 347
0.041 255 293 294 332
0.054 243 279 280 316
0.072 232 266 267 301
0.092, 220 253 254 287
0.120 210 241 242 273
0.148 234 231 261
0.177 225 226 256
0.207 218 219 247
0.250 182 210 211 239
0.375 167 193 194 220
0.500 . 155 180 181 205
0.625 147 170 171 3 94

ASTM A228

ASTM A228: Chemical Composition
Chemical composition, %

C Mn P S Si

0.70-1.OB 0.2(1-0 60 0.023 ma* 0.030 max 0.10-0.30

Characteristics and Typical Uses. ASTM A228 describes
a high-quality, round, hard drawn, music steel, spring wire,
that is uniform in mechanical properties. This wire is
intended for use in manufacturing springs subject to high
stresses or requiring good fatigue properties.

ASTM A228 steel is made by the open-hearth, basic-
oxygen, or electric-furnace process. A sufficient discard is
made to ensure freedom from injurious piping and undue
segregation. The wire is cold drawn to produce the desired
mechanical properties.

Music wire is supplied with many different types of fin¬
ishes, includingbright, phosphate, tin, cadmium, and others.
The finish desired is specified on the purchase order.

The surface of the wire must be smooth and free from de¬
fects, such as seams, pits, die marks, and other defects tend¬
ingto impair the use of the wire for springs. Surface require¬
ments are negotiated when the wire is ordered.

ASTM A228: Similar Steels (U.S. and/or Foreign):

• UNS K08500; ASTM A228
• UNS G10860; AISI 1086; AMS 5112E; ASTM A29, A228,

A682; FED QQ-S-700 (C1086); SAE J403, J412, J414;
(W. Ger.) DIN 1.1269; (.Fr.) AFNOR XC 90

Mechanical Properties

ASTM A228: Tensile Requirements For Steel Music Wire,
Spring Quality
The values given in English units are lo be regarded as the standard
for ASTM A229; tensile strength values for intermediate diameter may
he interpolated

Tensile strength
Wire diameter Minimum Maximum
mm in MPa ksi MPa kai

0.1 0.004 3030 439 3340 485
0.2 0.008 . . ......2750 399 3040 441
0.3 0.012 2600 377 2880 417
0.4 0.016 2500 362 2760 400
0.61 0 024 2350 341 2600 377
0.81 0.032 .........2250 327 2490 361
1.0 0.040 2170 315 2410 349
1.3 0.051 2090 303 2310 335
1.6 0.063 293 2230 324
2.0 0.080 1940 282 2150 312
2.54 0.100 ........,1870 271 2070 300
3.18 0.125 1800 261 1990 288
3.56 0 140 1770 256 1950 283
3.8L 0.150 1740 253 1920 279
4.50 0.177 245 1860 270
5.26 0.207 238 1820 264
6.35 0.250 230 1760 255
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ASTMA229

ASTM A229: Chemical Composition

Mn
Chemical composition, 5s

P S Si

0.55-0.85 0.30-1,20(a) 0.040 0.030 0.10-0.35
(a) Generally, 0.80 to 1.20 manganese for 4.38-mm (0.192-in.) diam and larger;
0.30 to 0.90 manganese for diameters less than 4.88 mm {0.192 in.)

Characteristics and Typical Uses. ASTM A229 describes
two classes ofoil-temperedspringwire. The material is similar
to AISI/SAE 1065 and is used in the pretempered condition
for manufacturing mechanicalsprings and wire forms. ASTM
A229 steel is made by the open-hearth, basic-oxygen, or
electric-furnace process. The wire is drawn to diameter, then
hardened and tempered to produce the desired mechanical
properties.

In addition to tensile requirements, the wire is subjected
to a wrap test. Wire 4.11 mm (0.162 in.) and smaller in di¬
ameter is to be wound on itselfas an arbor without breakage.
Wire up to and including 7.92 mm (0.312 in.) diam is to be
wound on a mandrel twice the diameter without breakage.
Wrap test on wire larger than 7.92 mm (0.312 in.) is not ap¬
plicable.The values stated inEnglishunits are to be regarded
as the standard.

ASTM A229: Similar Steels (U.S. and/or Foreign):
® UNS K07001; ASTM A229
® UNS G10650; AISI 1065; ASTM A229, A682; FED

QQ-S-700 (C1065); MILSPEC MIL-S-46049, MIL-S-46409;
SAE J403, J412, J414; (W. Ger.) DIN 1.1230

Mechanical Properties

ASTM A229: Tensile Properties of Oil-Tempered Steel Spring Wire
Class Itensile strength Class IItensile strength

Wire diameter Minimum Maximum Minimum Maximum
mm in, MPa ksi MPa ksi MPa ksi MPa ksi

0.51 0.020 2020 293 2230 323 2230 324 2440 354
0.66 0.026 1970 286 2180 316 2190 317 2390 347
0.81 0.032 1930 280 2140 310 2140 311 2350 341
1.0 0.041 1830 266 2040 296 2050 297 2250 327
14 0.054 1740 253 1950 283 1900 284 2160 314
1.6 0.062 1700 247 1910 277 1920 278 2120 308
2.0 n.osn 1620 235 1830 265 1830 2GG 2040 296
3.05 0.120 1520 220 1720 250 1730 251 1940 281
4 11 0.162 1410 205 1590 230 1590 231 1770 256
5.26 0.207 1310 190 1480 215 1490 216 1660 241
6.35 0.250 1280 185 1450 210 1450 211 1630 236
7.92 0.312 1260 183 1430 208 1440 209 1610 234
9.53 0.375 .. 1240 180 1410 204 1420 206 1590 231

12.7 0.500 1170 170 1340 195 1350 196 1520 221
15.9 0.625 .....1140 165 1310 190 1320 191 1490 216

III > I—ÿ ir»«»iiiM [ÿIMIIHWIIIM —............IIHmiihÿM—W i i i iiimi ÿ> .Ilia I

ASTM A230

ASTM A230: Chemical Composition
Cadion and manganese may be varied by the manufacturer provided that he
mechanical properties specified are maintained

Chemical composition, °!c
C Mn P S Si

0.60-0.75 0.60-0.90 0.025 max 0.03(1 max 0.15-0.35

Characteristics and Typical Uses. ASTM A230 describes
the best quality, hard drawn, round, carbon steel wire. This
product is used for manufacturingengine valve springs, and
other springs which require high fatigue properties.

ASTM A230 steel is made by the electric-furnace, open-
hearth, or basic-oxygen process. Sufficient discard is made to
ensure freedomfrom injuriouspipingand undue segregation.
The material isproperly patented, or control cooled and cold
drawn, to produce the specified mechanical properties. The
wire must be of uniform quality and the surface free from

imperfections, such as seams, pits, die marks, scratches, and
other imperfections tending to impair the fatigue value of
the springs.

Inaddition to tensile requirements, the materialmust pass
a wrap test. Wire 4.11 mm (0.162 in.) and smaller in diame¬
ter must wind on itself as an arbor without breakage. Wire
up to and including 6.35 mm (0.250 in.) in diameter must
wind without breakage on a mandrel twice the diameter of
the wire. Wrap test on wires larger than 7.92-mm (0.312-in.)
diam isnot applicable. The values stated inEnglishunitsare
to be regarded as the standard.

ASTM A230; Similar Steels (U.S. and/or Foreign):
© UNS K06701; ASTM A230; SAE J172
• UNS G10640; AISI 1064; ASTM A26, A29, A57, A230,

A682; SAE J403, J412, J414; (W. Ger.) DIN 1.1221; (Fr.)
AFNOR XC 60, XC 65; (Swed.) SS14 1665
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Mechanical Properties

ASTM A230: Tensile Properties of Oil-Tempered, Valve, Spring-Quality, Carbon Steel Wire

1-Wire diameter,-1
mm in.

Tensile strength
Minimum Maximum

MPa ksi MPa ksi

Reduction
in area,
min %

1.6-2.3 0.062-0.092

_____
1650 240 1790 260 (a)

2.4-3.25 0.093-O.128 .....1620 235 1760 255 40
3.28-4.11 0.129-0.162 .........1590 230 1720 250 40
4.14-4.88 0.163-0.192

_____
1550 225 1690 245 40

4.90-5.72 0.193-0.225

_____
1520 220 1650 240 40

5.74-8.35 0.226-0 250

_____
1480 215 1620 235 40

(a) Reduction in area does Dot apply to wire 2.34-mm (0.092-inJ diam and smaller

ASTMA231, A232

ASTM A231, A232: Chemical Composition
Chemical composition. %

Grade C Mn P max S max Si Cr V min

A231..........0.48-0.53 0.70-0.90 0.040 0.040 0.20-0.35 0.20-0.35 0.15
A232..........0.48-0.53 0.70-0.90 0.020 0.035 0.20-0.35 0.20-0.35 0.15

Characteristics and Typical Uses. ASTM A231 describes
round, chromium-vanadium, alloy steel, spring wire with
qualities and properties intended for manufacturing springs
used at moderately elevated temperatures.

ASTM A232 designates the best quality of round,
chromium-vanadium, alloy steel, valve-spring wire. This
materia! is uniform inquality and temper and is intendedfor
manufacturing 'Valve springs and other springs requiring
high fatigue properties, when used at moderately elevated
temperatures.

ASTM A231 or A232 wire is supplied in either the an¬
nealedand cold drawn,or oil-tempered condition, as specified.
The surface of the wire is furnished free of imperfections,
such as seams, pits, die marks, scratches, and other imper¬
fections which tend to impair the fatigue value of the springs.

Mechanical Properties

Transverse sections of the valve-spring-quality wire when
properly mounted, polished, and etched 3haU show no com¬
pletely decarburized (carbon-free) areas when examined at a
magnification of 100 diameters. Partial decarburization
shall not exceed a depth of 0.025 mm (0.001 in.) on wire
4.88 mm (0.192 in.) and smaller in diameter, or 0.0381 mm
(0.0015 in.)on wire larger than 4.88 mm (0.192 in.) indiame¬
ter. The values stated inEnglish units are to be regarded as
the standard.

ASTM A231: Similar Steels (U.S. and/or Foreign). UNS
K15048

ASTM A232: Similar Steels (U.S. and/or Foreign). UNS
K15047; FED QQ-W-412

ASTM A231, A232: Tensile Properties of Chromium-
Vanadium Steel Spring and Valve Spring Wire in the
Oil-Tempered Condition ASTM A231, A232: Wrap Test Requirements
Values for intermediate sizes may be interpolated Wire to wind around mandrel without breakage

Wire Tensile strength Reduction Ratio of
bracket Minimum Wniimiim m area, 1-—-- Wire diameter-1 mandrel to

mm in. MPa ksi MPa ksi min % mm in. wire diameter

0.51 0.020 ...2070 300 2240 325 (a) 4.11 and smaller 0.162 and smaller
0.81 0.032 . .. 2000 290 2170 315 (a) Larger than 4.11 Larger than 0.162 to
1.0 0.041 ... 1930 280 2100 305 (a) to 7.92 incl 0.312 iacl 2
1.4 0.054 .., 1860 270 2030 295 (a) Larger 1han 7 92 Larger than fi 312 (a)
1.6 0.062 ... 1830 265 2000 290 (a) (a) Wrap test not applicable
2.0 0.080 ... 1760 255 1900 275 la)
2.67 0.105.... ... 1690 246 1830 265 45
3.43 0.135... ... 1620 235 1760 255 45
4.11 0.162.... .. 1550 225 1690 245 40
4.88 0.192 .... 1520 220 1650 240 40
6 2(1 0.244 .... 1450 210 1590 230 40
7 19 0.283.... ... 1410 205 1550 225 40
7.92 0.312.... ... 1400 203 1540 223 40
9.53 0.375 ... 1380 200 1520 220 40

11.1 0.438 ... 1340 195 1480 215 40
12.7 0.500 ... 1310 190 1450 210 40
(a) Reduction in area teat not applicable
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ASTM A283

ASTM A283: Chemical Composition
Chemical composition(a), %

P S Cu(b)

0.04 max 0.05 max 0.20 min
(a) Heat analysis, (b) When copper steel is specified

Characteristics and Typical Uses. ASTM A283 designates
low and intermediate tensile strength, carbon steel plate,
shapes, and bar. Requirements for four grades, A, E, C, and
D, are given for carbon steel plate of structural quality for
general application. Requirements are also given for two
grades, C and D, for carbon steel shapes and bar. The values
stated in English units are to be regarded as the standard.

Steelfor the ASTM A283 specification ismade by the open-
hearth, basic-oxygen, or electric-furnace processes.

ASTM A283: Similar Steels (U.S. and/or Foreign). None
listed

Mechanical Properties

ASTM A283: Tensile Properties
For plates wider than 610 mm (24 in.), the test specimen is taken in the
transverse direebon

Tensile Elongation(a), ft
strength Yield point In ZOO miii In GO mm

Grade MPa ksi MPa ksi (Sin.Kb) (2 in.)

A ...310-380 45-55 165 24 27 30
B ...345-415 80-60 185 27 25 28
C .. .380-450 55-65 205 30 22 25
D(c) .......415-495 60-72 230 33 20 23
(a) For plates wider than 610 mm (24 in.), the elongatun requirement is re¬
duced by two percentage points, (b) For material leas (ban 8 mm (0.3 in.) in
thickness, a deduction of 1.25 percentage points is made for each decrease of
0.6 mm (0.03 in.) of the specified thickness below 8 mmiO.3 in.), (c) For mate¬
rial over 38 mm <1.5 in.) in thickness, the upper limit is 515 MPa (75 kail

ASTM A284

ASTM A284: Chemical Composition
Chemical composition(a), 9r

Grade C(b) JVIn mnx P max S max SiC...........0.24-0-36 O90 O04 005 0.15-0.40D...........0.27-0.35 0.90 0,04 0.05 0.15-0.40
(a) Heal analysis. (b) Carbon content increases with plate thickness

Characteristics and Typical Uses. ASTM A284 describes
carbon steel plate subject to mechanical test requirements
that are intended for machine parts and general construction
by gas cutting, welding, or other means.

A definite silicon content is specified in order to limit the
carbon content to the lowest practicable amount consistent
with the specified tensile strength and the thickness of the

material. Welding technique is important and should be in
accordance with approved methods.

The maximum thickness for plate delivered under this
specification is 305 mm (12 in.) for plate of grade O, and
200 mm (8 in.) for plate of grade D. The values stated in
English units are to be regarded as the standard.

ASTM A284 steel may be made by the open-hearth, basic-
oxygen, or electric-furnace process.

ASTM A284: Similar Steels (U.S. and/or Foreign):
*> UNS K01804; ASTM A284 (A)
e UNS K02001; ASTM A284 (B), A515 (65)

• UNS KO2401; ASTM A284 (C), A515 (60): MIL SPEC
MIL-S-23495 (C)

Mechanical Properties Physical Properties

ASTM A284: Tensile Properties
Far plate wider than 610 mm (24 in.), the test specimen is taken in the
transverse direction, and the elongation requirement is reduced two
percentage points

Tensile
strength,

Yield
strength*

min

Grade MPa ksi MPa ksi

C .....415 60 205 30
D .....415 60 230 33

Elongation* %
In200 ram In50 mm

(B in.Ka) (2 in.)

21
21

25
24

(a) For material less than 8 mm (0.3 in.) in thickness* a deduction of 1.25
percentage points is made for each decrease of0.8 mm(0,03 in.) d!"thespecified
thickness below 8 mm (0.3 in.)

ASTM A284: Thermal Treatment. Plate larger than 100 mm
(4 in.) in thickness Ehall be treated to produce grain refine¬
ment either by normalizing or heating uniformly for hot
forming. If the required treatment is to he obtained in con¬
junction with the hot forming operation, the temperature to
which plate is heated shall be equivalent to, but not signifi¬
cantly exceeding the normalizing temperature.
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ASTM A308

ft i
i

Characteristics and Typical Uses. ASTM A308 describes
cold rolled sheet steel in coils and cut lengths, coated with a
lead-tin alloy (terne alloy) by the hot dip process. The mini¬
mum tin content is 3%; however, the use of higher percen¬
tages of tin will vary depending on the type of coating equip¬
ment used. Base steel compositions which are applicable to
ASTM A308 are those for ASTM A366, A568, A611, A619,
and AG20.

The ASTM A308 product is commonly knownas longterne
and is used where ease of solderability and a degree of corro¬
sion resistance are desirable. It may also be used for stamp¬
ings where difficulties in drawing may be lessened by the
coating which acts as a lubricant in the die.

ASTM A308, long terne, is available inthe following qual¬
ity designations: commercial quality; drawing quality; draw¬
ing quality, special killed;and structural quality. The speci¬
fication does not cover the product knownas short terne plate
which is described in "Federal Specifications QQ-T-191b
and QQ-T-201b".

For qualities other than structural quality, the bend test
specimen of coated metal shall be capable of being bent 180°
flat on itself inany direction without loss of adherence of the
coating on the outside of the bend only.

ASTM A308: Similar Steels (U.S. and/or Foreign). None
listed

Mechanical Properties

ASTM A308-. Coating Designations and Minimum Coating
Test Limits
The coating designation number is the term by which this product is
specified; the weight of the coating in g/m* (oz/ft2) of sheet refers to the
total coating on both surfaces; the values stated in English units are to be
regarded as standard

Minimum coating check limits
Coating Triple-spot test Single spot test

designation g/m2 oz/ft2 g/m2 oz/ft2
LT01 No check No check
LT25 75 0.25 60 0.20
LT35 ...105 0.35 75 0.25
LT40 .120 0.40 90 0.30
LT55 170 0.55 120 0.40
LT85. 280 0.85 215 0.70
LT110 335 1.10 275 0-30

ASTM A366, A569

ASTM A366, A569: Chemical Composition
Chemical composition, ft

"ÿ C Mn P S Cu(a)

0,15 max 0,60 max 0.035 max 0.040 max 0.20
(al Minimum when copper is specified

Characteristics and Typical Uses. ASTM A366 describes
cold rolled carbon steel sheet of commercial quality. ASTM
A569 designates hot rolled carbon steel sheet and strip of
commercial quality, in coils and cut lengths, with a maxi¬
mum carbon content of 0.15%.

ASTM A366 and A569 steels are intended for parts where
bending, moderate forming or drawing, and welding may be

involved. Unless otherwise specified, hot rolled material is
furnished in the as-rolled condition, not annealed or pickled.
The steels are capable of being bent, at room temperature, in
any direction through 180° flat on itself, without cracking on
the outside of the bent portion.

Hot rolled sheet stock is supplied with mill edge or cut
edge. Strip stock is supplied with mill edge or slit (cut) edge.
Narrow widths cut from wide cold rolled sheet are not strip,
unless they qualify as strip because of thickness, special
finish, special edge, or special temper.

ASTM A366, A569; Similar Steels (U.S. and/or Foreign).
None listed

ASTM A401

ASTM A401: Chemical Composition
Chemical composition, ft

C Mn P max S max Si Cr

0.51-0.59 0.60-0.80 0.035 0.040 1.20-1.60 0.60-0.80

Characteristics and Typical Uses. ASTM A401 describes
round, chromium-silicon, alloy steel spring wire with proper¬
ties intended for manufacturing springs that are resistant to
set when used at moderately elevated temperatures. This
wire is furnished in either the annealed and cold drawn, or
oil-tempered condition.

The surface of ASTM A401 wire as received shall be free
of rust and excessive scale. No serious die marks, scratches,
or seams may be present. Based upon examination of an
etched transverse specimen, seams are not to exceed 3.5%
of the wire diameter, or 0.254 mm (0.010 in.), whichever is
smaller, as measured on a transverse section. The values
stated in English units are to be regarded as the standard.

A401 steel may be made by the open-hearth, basic-oxygen
or electric-furnace process.

ASTM A401: Similar Steels (U.S. ami/or Foreign). UNS
K15590; ASTM A401; FED QQ-W-412 (H)
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Mechanical Properties

ASTM A401: Tensile Properties of Chromium-Silicon Steel
Spring Wire
Values for intermediate sizes may be interpolated

Wire TcnsHe strength Reduction
diameter Minimum Maximum in area,

mm in. MPa kai MPa ksi min %

0.81 0.032.......... 2070 300 2240 325 (a)

1.0 0.041..........2050 298 2230 323 (a)

1.4 0.054..........2010 292 2190 317 (a)

1.6 0.062..........2000 290 2170 315 (a)

2.3 0.092..........1970 285 2140 310 45
3.05 0.120..........1900 275 2070 300 45
3.43 0.135..........1860 270 2030 295 40
4.11 0.162..........1830 265 2000 290 40
4.50 0.177..........1790 260 1970 285 40
4.88 0.192..........1790 260 1960 283 40
5.56 0.219..........1760 255 1920 278 40
6.35 0 250 .......... 1720 250 1900 275 40
7.92 0.312..........1690 245 i860 270 40
9.53 0.375 ..........1600 240 1830 265 40

11.1 0.438 ..........1620 235 1790 260 40
(a) Reduction in area test not applicable

ASTM A401:Wrap Test Requirements
Wire to wind around mandrel without breakage

Ratio of
\-—-Wire diameter-1 mandrel to

mm in. wire diameter

4.11 and smalJer 0J62 and smaller...... 1
Larger than 4,11 to Larger than 0.163d, ta

7.932 incl 0.312 incl. . 2
Larger than 7.92 Larger than 0.312 ,,.. (a)

(a) Wrap teat not applicable

ASTM A424: Chemical Composition
Chemical composition, mem; **Steel type C Mn P StoJ

I .....0.008 0.60 0.040
EL A .......0.04 0.12 0.015 0.040
tl. B .....0.08 0.20 0.015 0.040
(a) 0.035 max for drawing quality

Characteristics and Typical Uses. ASTM A424 describes
sheet steel in cut lengths and coils for porcelain enameling.
This material is chemically constituted and processed to
make it suitable for the fabricating and enameling require¬
mentsof articles for porcelain enameling under proper condi¬
tions. It is furnished as type I;type II, composition A; type II,
composition B; and in three qualities: commercial, drawing,
and drawing, special killed.

Type Ihas an extremely low carbon level commonly pro¬
duced by decarburizing in an open-coil process, in which the
coil laps are separated for easy flow of annealing gases. This
material is suitable for direct-cover-coat enameling practice,

but this requirement must be specified by the purchaser.
Type 1material is also suitable for ground- and cover-coat
enameling practice. It has good sag resistance and good
formability.

Type IIhas moderately low carbon and manganese levels
as produced in the melting operation. This material is suit¬
able for ground- and cover-coat enamelingpractice. Type n,
composition A, is intended for use where resistance to sag is
of prime importance. Type II,composition B, is intended for
use where formability is of prime importance.

Commercial quality steel is intended for parts where mod¬
erate forming, moderate drawing, or bending may be in¬
volved. Drawingquality is intended for fabricating identified
parts where drawing or severe forming nay be involved.
Drawing quality, special killed steel is intended for fabri¬
cating identified parts where the draw isparticularly severe
or where the material must be essentially free of changes in
mechanical properties over a period of time.

ASTM A424: Similar Steels (U.S. and/or Foreign).
listed

None

Mechanical Properties

ASTM A424: Typical Mechanical Properties

Steel type
Tensile strength
MPa ksi

Yield strength
MPa ksi

Total elon¬
gation, 51

Hardness,
HRB

Type I

Type II,A or B

.. 310 45 170 25 42 40

.. 295 43 230 33 37 40
275 40 170 25 45 35

.. 345 50 240 35 28 50

.. 295 43 200 29 38 37
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ASTM A446

ASTM A446: Chemical Composition

Grade c P S Cu(a)

A 0,20 0.04 0.04 0.20
B 0.20 0.10 0.04 0.20
C .........0.25 0.10 0.04 0.20
D 0.20 0.04 020
E 0.20 3.04 0.04 0.20
F 0.50 3.04 0.04 U.20
(aJ Minimum whsn copper steel ia specified

Characteristics and Typical Uses. ASTM A446 describes
steel sheet of structural quality incoils and cut lengths that
are zinc-coated (galvanized). Sheet of this quality is intended
for use when properties or values indicated by tension,
hardness, or other commonly accepted mechanical tests or
structural properties, are specified or required. ASTM A446
structural quality sheet can be produced in six grades, A
through F, according to the base metal mechanical require¬
ments. Structural quality galvanized steel sheet is produced

with any of the types of coatings and coating designations
listed in the latest revisionof "ASTMA525".

The basemetalbend test specimen shallbe capable ofbeing
bent at roomtemperature through 180°inthe longitudinal or
transverse direction,without crackingofthebasemetalon the
outside of the bent portion. The inside diameter of the bend
shall have a relation to the thickness as follows:

Ratio of bend diameter
Grade to specimen thickness

A 1.5
B 2
C . 2.5

Bend metal tests are not required for grades D, E, and F.
The values stated inEnglishunits are to be regarded as the

standard.

ASTM A446: Similar Steels (U.S. and/or Foreign). None listed

Mechanical Properties

ASTM A446: Mechanical Requirements for Base Metal
Tensile .
strength ( Yield point Elongatton(a),

Grade MPa ksi MPa ksi min%

A.............310 45';' 230 33 20
B..............360 52" 255 37 18
C..............380 55 275 40 16
D..............450 65 345 50 12
E..............565 82 550 80(b)
F..............455 70 345 50 12
(a) In 50 mm (2 in.), (b) The yield point approaches the tensile strength; be¬
cause there is no halt in the gage or drop in the beam, the yield point should
be taken as the stress at 0.5% elongation under load.Ifthe hardness is 85 HRB
or higher, no tension test is required

ASTM A446: Coating Bend Test
Ratio of bend

Coating diameter to specimen thickness
designation Grade A Grade B Grade C

G 235 3 3 3
G 210 2 2 2.5
G 185 2 2 2.5
G 165 2 2 2.5
G 140 2 2 2.5
G 115 1.5 2 2.5
G 90 .........1.5 2 2.5
G 60 1,5 2 2.5
G 01 1.5 2 2.5

ASTM A463

ASTM A463: Chemical Composition
Chemical composition, mm%

Quality C Mn P S

Commercial quality . ...0.15 0.60 0.035 0.040
Drawing quality or drawing

quality, special killed ....0.10 0.50 0.025 0.035

Characteristics. ASTM A463 describeB aluminum-coated
steel sheet, type 1, in coils and cut sheet coated with an
aluminum-siliconalloy by the hot dip process. The aluminum-
silicon alloy for coatinghas 5 to 11%silicon added to promote
better adherence.

Aluminum-coated steel sheet is available in commercial
quality; drawing quality; drawingquality, special killed;and
structural quality. Type 2 steel sheet, not covered by this
specification, ia hot dipped in a molten bath of commercially
pure aluminum. The values stated in English units are to be
regarded as the standard for ASTM A463.

Aluminum-coated steel can be cold bent 180"over a radius
equal to twice the thickness inany direction without flaking,
on the outside of the bend only. ASTM A463 material can
be joined by any of the welding processes suitable for steel,
but the procedures must be adapted to the aluminum coat-
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ing. Inert gas shielding protects the coating and prevents
formation of aluminum oxide. However, excessive alloying of
weld metal must be minimized.

Shielded-metal-arc welding using low-hydrogen electrodes
issatisfactory.An electrode specifically designed to accommo¬
date the alumina slag produces high-quality deposits from
the standpoint of pinholes and aluminum oxide coatings.
Oxyacetylene welding processes are not ordinarily recom¬
mended for aluminum-coated steel, because they tend
to damage the aluminum coating more than other types
of welding.

Soldering and brazing aluminum-coated steel present the
same difficulties encountered with these processes on solid
aluminum. The protective oxide film on the surface of the

aluminum coating must be removed to establish metal-to-
metal contact between the molten solder or braze metal and
the coated base metal.

Typical Uses. Aluminum-coated steel, type 1of ASTM
A463, is used for combustion chambers, heat exchangers,
automotive exhaust systems, outdoor grills, heat reflectors,
ovens, and appliances. Type 2 steel haB superior resistance to
atmospheric corrosion and is used for metalroofingand other
exposed products.

ASTM A463: Similar Steels (U.S. and/or Foreign). None
listed

Physical Properties

ASTM A463: Thickness and Weight Equivalents of Aluminum-
Coated Steel Sheet, Type 1

Thickness Weight
mm in. kg/m3 lb/ft3

0.38 0.015 . 2.79 0.571
0.51 0.020 3.78 0.775
0.64 0.025 4.78 0.979
0.76 0.030 . 5.78 1.183
0.89 0.035 6.77 1.387
1.02 0.040 7.77 1 591
1.14 C.045 .....8.76 1.795
1.27 0.050 9.76 1.999
1.40 0.055 10.76 2.203
1.52 0.060 11.75 2.407
1.65 0.065 ....12.75 2.611
1.78 0.070 .....13.74 2 815
1.9 0.075 3.019
2 03 0.080 15.73 3.223
2.16 0.085 16.73 3.427
2.29 0.090 17.73 3.631
2.41 0.095 3.835
2.54 0 190 19.72 4.039
2.68 0.105 20.71 4.243
2.79 0.110 21.71 4.447
2.92 0.115 22.71 4.651
3.02 0.119 . 23.50 4.814

ASTM A463: Coating Designations and Minimum Coating Test
Limits for Aluminum-Coated Steel Sheet, Type 1
The weight of coating and coating thickness refers to tie total coating on
both surfaces; the coating designation Is the term by wliicfi this product
is specified

Coating
designation

Triple-spot
test(a)

g/m2 oz/ft2

Single-spot
test(a)

g/m2 oz/ft1

Coating
thicknefls(b)

in.

0.40 90 0.30 0.03 0.0013
0.25 60 0.20 0.02 0.0003

(a) Total both sides, (b) Based oil minimum single-spot teat using calculation
based on aluminum density of 0.27 kg/m3 (0.0975 lb/in.3}

Tl 40, regular 120
T1 25, light.....75

ASTM A485

ASTM A485: Chemical Composition
The following maximum compositions are present in each grade: 0.025% phosphorous; 0.025%
sulfur, 0.25% nickel, 0.35% copper

Grade
Chemical composition, %

Mn Si Cr Mo

1.............. 0.90-1.05
2 0.85-1.00
3 . 0.95-1.10
4 0.95-1.10

0.95-1.25
1.40-1.70
0.65-0.90
1.05-1.35

0.45-0.75
0.50-0.80
0.15-0.35
0.15-0.35

0.90-1.20
1.40-1.80
1.10-1.60
1.10-1.50

0.10 mas
0.10 mas
0.20-0.30
0.45-0.60

ASTM A465; Similar Steels (U. S.
and/or Foreign):

• UNS K19195;ASTM A485 (2)
® UNS K19667;ASTM A485 (1)
® UNS K19965;ASTM A485 (3)
® UNS K1999C; ASTM A485 (4)
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Characteristics and Typical Uses. ASTM A485 describes
high-hardenability modifications of high-carbon, chromium-
bearing quality, steel billets for rolling or forging, tube
rounds, bar, coils, and tube to be used inmanufacturinganti¬
friction bearings.Four typical steel compositions, grades 1,2,
3, and 4, are covered by this specification.

ASTM A485 steel is made by the electric-furnace process
and must be vacuum carbon deoxidized unless otherwise
agreed upon between the purchaser and supplier. Where not
specified, nickel, copper, and molybdenum are residual ele¬
ments, and are to be reported in the analysis of the heat if
required by the purchaser.

Each heat is to be tested for hardenability. Normalizing,
followed by spheroidizing annealing, precedes heating for

end quenching. Inheatingfor end quenching, the specimens
are held for a minimum of 30 min at 815 °C (1500 °F), plus
or minus 4.5 °C (8 °F). End-quench procedure should be in
accordance with "ASTM A255".

The applicable end-quench values for hardenability are as
follows:

Minimum hardness at
a distance of Vi« in., IIRC

Grade 10 20 26

1 46 ...
2 52 32
3 46 ... ...
4 52 35

ASTM A500

ASTM A500 steel is made by the open-hearth, basic-
oxygen, or electric-furnace process. The welded tubing is
made from flat rolled steel using an automatic welding
process which produces a longitudinal weld without addition
of filler metal. The longitudinal butt joint of welded tubing
is welded across the thickness of the joint in a manner that
ensures the structural design strength of the tubing. Struc¬
tural tubing welded by electric resistance methods is nor¬
mally furnished without removal of inside flash.

ASTM A500: Similar Steels (U.S. and/or Foreign):
•UNS K03000; ASTM A500 (A, B), A501
•UNS K02705; ASTM A500 (C)

Mechanical Properties

ASTM A500: Tensile Properties of Cold Formed Welded and Seamless Carbon Steel Tubing
Tennite strength Yield strength Elongation(a),

Grade MPa ksi MPa ksi niin %

Round structural tubing
A....................................310 45 230 33 25(b)
B 400 58 290 42 23(c)

C .425 62 315 46 21(d)

Shaped structural tubing
A 310 45 270 39 25(bl
B 400 58 315 46 23(c)

C 425 62 345 50 21(d)

(a) In50 mm(2 in.), (b)Applies to speciRedwall thickness of 3.05 mm (0.120 inJ and larger; for thicknesses smaller than
3.05 mm (0.120 inJ, the minimum elongation is calculated by the formula E = 56f + 17.5, where E is elongation and
t is material thicknesB measured in inches, fc) Applies to specified wall thicknesses 4.57 mm (0.180 in.) and larger; for
wall thicknesses smaller than 4.57 mm(0.180 in.I. the minimum elongation is calculated by the formulaE — 6li +ÿ 12,
where E is elongation and t is material thickness measured in inches, (d)Applies to specified wall thicknesses 3.05 mm
(0.120 in.) and larger; for lighter wall thicknesses, elongation is determined by agreement with the manufacturer

ASTM A50D: Chemical Composition
Chemical composition, max %

Grade C Mn P S Cufai

• A, B............0.30 — 0.05 0.063 0.18
G:...............0.27 1.40 0.05 0.063 0.16
(a) Minimum when copper steel is specified

Characteristics and Typical Uses. ASTM A500 describes
cold formed welded and seamless carbon steel in round,
square, rectangular, or special-shape structural tubing.
This tubing is used for welded, riveted, or bolted construction
of bridges and buildings, and general structural use. The
ASTM A500 welded steel tubing is produced in sizes with a
maximum periphery of 1630 mm (64 in.) and a maximum
wall thickness of 13 mm (0.50 in.). The seamless tubing is
producedwith a maximum periphery of 810 mm (32 in.) and
a maximum wall thickness of 13 mm (0.50 in.). The values
stated in English units are to be regarded as the standard.
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ASTM A501

ASTM A501: Chemical Composition
Chemical composition, max '

P S

0.30 0.05 0.063
(at Minimum when copper steel is specified

Cu(a)

0.18

material. The sides of the bend test specimen may have the
corners rounded to a maximum radius of 1.6 mm (0.63 in.).

The specimen is expected to withstand cold bending
through 180", without cracking on the out9ide of the bent
portion, to an inside diameter which has a relation to the
thickness of the specimen as follows:

Characteristics and Typical Uses. ASTM A501 describes
hot formedwelded and seamless carbon steel of square, round,

i rectangular,or special-shape structural tubing. This tubing is
• ! intended for welded, riveted,or bolted construction of bridges

and buildings, and for general structural purposes.
i

Square and rectangular tubing is furnished in sizes 25 to
. j 250 mm (1 to 10 in.) across flat sides with wall thicknesses

2.41to 25.1 mm (0.095 to 1.00 in.), depending on size. Round
tubing is furnished in nominal diameters of 13 to 610 mm
(0.5to 24 in.)inclusive,with nominal (average) wall thickness
2.77 to 25.4 mm (0.109 to 1.00 in.), depending on size. The
values stated in English units are to be regarded as the
standard.

ASTM A501 tubing may be furnished with hot-dipped
galvanized coating. This steel is made by the open-hearth,
basic-oxygen, or electric-furnace process. Tubing is produced
by the seamless or furnace butt welded process (continuous
welded). It may also be made by the electric-resistance-
welding process and subsequently reheated through the

. : cross section of the tubing, and hot formed by a reducing or
shaping process, or both.

Bend Test. Square and rectangular tubing is subjected to
a bend test. The bend test specimen is taken longitudinally
from the tubing and represents the full wall thickness of

ASTM AS 14

1 - Material thickness-1 Ratioof bend diameter
mm in. to specimen thickness

19 and smaller 0.75 and smaller 0,5

Larger than 19 Larger than 0.75
U> 25.4 incl to 1.0 ind........ ....1

ASTM A501: Similar Steels (U.S. and/or Foreign). UNS
K03000; ASTM A500 (A, B), A501

Mechanical Properties

ASTM A501: Tensile Properties for Hot Formed Welded and
Seamless Carbon Steel Tubing

Tensile Yield Elongation!a), %
strength strength In2<H) mm In 50 Tnm

MPa ksi MPa ksi (S in.) (2 in.)

400 58 250 36 20(b) 23
!a) Elongation may be determined in a gage length of either 50 mm (2 in.) or
200 mm (8 in.), (b) For materialsmaller than 7.S mm ro.31 in.) in thickness, a
deduction from the percentage elongation of 1.255 in 203 mm (8 in.) may be
made for each decrease of 0.8 mm (0.03 in.) of the specified thickness under
7.9 mm (0.31 in.)

ASTM A514: Chemical Composition
Thickness,

max |-———---—•—----— Chemical compositeon(a), %
Grade miri in. C Mn Si Ni Cr Mo V Ti Zr(b) Cu B

A ..32 1.25 0.15-0.21 0 80-1.10 0.40-0.80 0.50-0.SO 0.18-0.28 ... 0.05-0.15 0.0025 max
B ..32 1.25 0.12-0.21 0.70-1.00 0.20-0.35 0.40-0.65 0.15-0.25 0.03-0.08 0.01-0.03 ... 0.0005-0.005
C .32 1.25 0.10-0.20 1.10-1.50 0.15-0.30 0.20-0.30 ... ... ... 0.001-0.005
D -.32 1.25 0.13-0.20 0.40-0.70 0.20-0.35 0.85-1.20 0.15-0.25 (c) 0.04-0.10 0.20-0.40 0.0015-0.005
E .150 6 0.12-0.20 0.40-0.70 0.20-0.35 1.40-2.00 0.40-0.60 <c) 0.04-0.10 0.20-0.40 O.OO15-0.005
F .100 4 0.10-0.20 0.60-1.00 0.15-0.35 0.70-1.00 0.40-0.65 0.40-0.60 0.03-0.08 ... 0.15-0,50 0.0005-0.006
G ..50 2 0.15-0.21 0.80-1.10 0.50-0.90 ... 0.50-0.90 0,40-0.60 ... 0.05-0.15 ... 0.0025 max
H ..50 2 0.12-0.21 0.95-1.30 0.20-0.35 0.30-0.70 0.40-0.65 0.20-0.30 0.03-0.08 ... ... 0.0005-0.005
J .. 32 1.25 0.12-0.20 0.45-0.70 0.20-0.35 0.50-0,65 ... 0.001-0.005
K ..50 2 0.10-0.20 1.10-1.50 0.15-0.30 ... 0.45-0.55 ... ... ... 0.001-0.005
L ..50 2 013-0.20 0.40-0.70 0.20-0.35 1.15-1.65 0.25-0.40 (c) 0.04-0.10 ... 0.20-0.40 0.0015-0.005
M ..50 2 0.12-0.21 0.45-0.70 0.20-0.35 1.20-1.50 0.45-0.60 ... ... ... ... O.O01-0.005
N ...19 0.75 0.15-0.21 0.80-1.10 0.40-0.90 0.50-0.80 0.25 max ... ... 0.05-0.15 ... 0.0005-0.0025
P - 150 6 0.12-0.21 0.45-0.70 0.20-0.35 1.20-1.50 0.85-1.20 0.45-0.60 ... ... ... ... 0.001-0.005
Q . 150 6 0.14-0.21 0.95-1.30 0.15-0.35 1.20-1.50 1.00-1.50 0.40-0.60 0.03-0.08 ... ... ...
(a) Heat analysis, (b) Zirconium may be replaced by cerium. When cerium is added, the cerium/sulfur ratio should be approximately 1.5 to 1, based on heat
analysis, (c) May be substituted for all or part of titanium content on a one for one basis
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Characteristics and Typical Uses. ASTM A514 describes
highyield strength,quenched, and tempered alloy steel plate
of structural quality that is intended primarily for use in
welded bridges and other structures. Plate thicknesses range
from 19 to 152 mm (0.75 to 6 in.). The values stated in En¬
glish units are to be regarded as the standard.

Welding technique is of fundamental importance and must
not adversely affect the properties of the plate, especially in
the heat-affectedzone. Welding procedures are to be suitable
for the materials being welded.

ASTM A514 steel is made byopen-hearth, basic-oxygen, or
electric-furnace processes.Additional refiningby vacuum-arc-
remelt (VAR) or electroslag-remelt (ESR) is permitted.

ASTM A514: Similar Steels (U.S. and/or Foreign):

• UNS K11611; AMS 6386 (3); ASTM A514 (C), A517 (C)

• UNS K11523; ASTM A514 (C), A517 (C)

• UNS K11576; ASTM A514 (F), A517 (F), A592 <F>
• UNS K11625; AMS 6386 (5); ASTM A514 (J), A517 (J)

• UNS K11646; ASTM A514 (H), A517 (H)

• UNS K11662; AMS 6386 (4); ASTM A514 (D), A517 (D)

• UNS K11682; ASTM A514 (L), A517 (L)

• UNS K11683; ASTM A514 (M), A517 (M)

• UNS K11847; ASTM A514 (N), A517 (N)

• UNS K11856; AMS 6386 (1); ASTM ASH (A), A517 (A),
A592 (A)

• UNS K11872; ASTM A514 (G), A517 (G)

• UNS K21604; ASTM A514 (E), A517 (E)

• UNS K21650; ASTM A514 (P), A517 (P)

Physical Properties

ASTM A514: Thermal Treatment, The material is to be heat treated by the manufacturer
to conform to the tensile and hardness requirements, by heating to not less than 900 °C
(1650 °F), followed by quenching in water or oil, and tempering at not less than 620 °C
(1150 °F).

Mechanical Properties

ASTM A514: Tensile and Hardness Requirements
On plate wider than 610 mm (24 in.), the test specimens were taken in the transverse direction; either the ASTM standard, full-thickness, rectangular
specimen or the 12.5-mm (0.5-in.) diam specimen may be used for plate larger than J9to40 mm (0.75 to t.5 in.) in thickness

Yield
Tensile strength, Reduction
strength min(a) ElongaLiuiidj), in area(c), Hardnces(dh

Plate thickness MPa ksi MPa ksi % min % HB

To 19 mm (0.75 in,) inch ................760-895 J10-130 690 100 18 40(e) 235-293
Larger than 19 mm (0.75 in.) to

64 mm (2.5 in.) incl...................7G0-895 110-130 690 100 18 40(e), 50(f)

Larger than 64 mm (2.5 in.) to
150 nun (6 in.) incl....................690-895 100-130 620 90 16 50(f)

(a) Measured at 0.2% offset or 0.5% extension under load, (b) In 50 mm (2 in.) for plates teBted in the tranverse direction, the elongation minimum percent is
reduced by 2%. When measured on the full thickness by 40-mra (1.5-in,) specimen, the elongation is determined in a 50-mm (2-in.) gage length which includes
the fracture and shows the greatest elongation, (c.) For plates tested in the transverse direction, the reduction in area minimum requirement is reduced by 5%,
(d) For platea 9.5 mm (0.375 in.) and less inthickness, a Brined hardness test may be used for tension testing each plate, in which case a tension teBt shall be
made from a corner ofeach of two platesper lot.(e)When measuredon the full thickneBs by 40-mm (1.5-in.) specimen, (f) Whenmeasuredon the 12.5-mm(0.50-in.)
diam specimen

ASTM A525, A525M, A526, A527, A528, A642

ASTM A525, A525M, A526, A527, A528, A642: Chemical Composition ASTM A52S, A525M, A526, A527, A528,-chemical composition, max % «42: Similar Steels (U.S. and/or
Designation Quality C Mn P S Cu(a)

A526 0.15 0.60 0.035 0.040 0.20
A527 . . , Lock-forming 0.15 0.60 0.035 0.040 0.20
A528 . . . Drawing 0.10 0.50 0.025 0.035
A642 0.10 0.50 0.025 0.035 ...
(at Minimum when copper steel is specified
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i Characteristics and Typical Uses. ASTM A525, A525M,
!

A526, A527, A528, and A642 describe the requirements for
steel sheet in cut lengths and coils, which has been zinc-

; coated (galvanized) on continuous lines by the hot dip pro-
: j cess. Galvanized steel sheet is customarily available in com¬

mercial quality, A526; lock-forming quality, A527; drawing
quality, A528; drawing quality, special killed, A642; and

• structural quality, A446. The ASTM A525 specification gives
J the general requirements for galvanized steel sheet; ASTM

A525M is a complete metric companion to ASTM A525. The
values expressed in English units are to be regarded as the

1 standard for materials other than A525M.
; | Galvanized steel sheet is produced to various zinc-coating
-:i designations, which are designed to provide coating com¬

patible with the service life required. Except for differential-
; ] coated sheet, the coating is always expressed as the total

coating of both surfaces. Galvanized steel sheet can be pro¬
duced with the following types of coatings: regular spangle,
minimized spangle, iron-zinc alloy, wiped, and differential.

Kegular spangle is the result of the unrestricted growth
of zinc crystals during normal solidification. The coating
designation has a prefix G. Minimized spangle is obtained
by treating the regular galvanized sheet during the solidi¬
fication. of the zinc to restrict the normal spangle formation.
Minimum spangle is normally produced in coating' designa¬
tions G 90 and lighter. Iron-zinc alloy galvFJiized sheet is
produced by processing the steel through the galvanizing
line in a manner which completely alloys the coating. Iron-
zinc alloy coating is designated by the prefix A. Coating
designation A 60 is commonly known as galvannealed sheet.

Wiped galvanized sheet is produced by wiping down the
molten zinc as it leaves the pot. This product has a light
iron-zinc alloy coating, is not spangled, and may have stria-
tions of free zinc at the surface of the coating, Differentially
coated galvanized steel sheet has a specified coating designa¬
tion on one surface and a significantly lighter specified coat¬
ing designation on the other surface.

Physical Properties

ASTM A525, A526, A527, A528, A642: Weight of Coating,
Total for Both Sides
English units are to be regarded as the standard_

Minimum check limit
Coating Triple-spot test Single-spot test
designation g/tn2 ax/ft2 g/m2 oz/ft2

Regular type of coating CG)

G 235 717 2.35 610 2.00
G 210 640 2 10 549 1.B0
G 185 564 1.85 488 1.60
G 165 503 1.65 427 1.40
G 140 427 1.40 366 1.20
G 115 351 1.15 305 1.00
G 90...........................275 0.90 244 0.80
G 60 ...........................183 0.60 152 0.50
G 30........ 91 0,30 61 0.20
G 01.............................No minimum No minimum

Alloyed type of coating (A)

A 60 183 0.60 152 0.50
A 40 .... 122 0.40 91 0.30
A 25............................70 0.25 61 0.20
A 01. No minimum No minimum

ASTM A525M: Mass of Coating, Total BothSides inMetric Units
Values given are based on a preferred number series far metric sizes

Minimum check limit
Coating Triple-spot Single-spot
designation test, g/m2 test, g/m2

Zinc type of coating (Z)

700 700 595
600 600 510
450 450 365
350 .....350 300
275 275 235
180 180 150
90 90 75

001 (a) (a)

Iron-zinc alloyed type of coating (ZF)

180 180 150
100 100 85
75 75 60

001 (a) (a)

(a) No minimum

Mechanical Properties

ASTM A525M: Coating Bend Tests, Metric Units
Based on number of pieces of same thickness used in coating bend test;
bends may be made over mandrels of equivalent thickness with radius
proportional to the thickness; values given are based on a preferred number
series for metric units

G&lv&mzed sheet thickness
Coating Larger than Larger than
designation To 1.0 mm incl 1.0-2.0 mm incl 2.0 mm

J 7.700 2 3 3
Z600 2 2 2
2450 1 1 2
Z350 0 0 1
Z275 0 0 1
Z180 0 0 0
290 0 0 0

, 2001 0 0 0

!

ASTM A525, A526, A527, A528, A642: Coating
Bend Tests, English Units
Based on number of pieces of same thickness used in coating bend test;
bends may be made over a mandrel of equivalent thickness with radius
proportional to the thickness

Galvanized, sheet thickness
Coating €.1756- 0.0747- 0.0381-
designalion 0.0748 in. 0.0382 ill. 0.0131 in.

G 235 i...3- 3 2
G 210 2 2 2
G 185 2 2 2
G 165 2 2 2
G 140 2 1 1
G 115 1 0 0
G 90 1 0 0
G 60 0 0 0
G 01 0 0 0
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ASTMA529

ASTM A529: Chemical Composition

Mn
Chemical composition %

P S Cu(a)

0.27 ma* 1.20 max
(a) When copper is specified

0.040 max 0,05 max 0.20 miii

Characteristics and Typical Uses. ASTM A529 describes
carbon steel plate and bar 12.7 mm (0.50 in.) and smaller in
thickness or diameter and group 1shapes shown inTable A
of "ASTM Specification A6; General Requirements for
Rolled Steel Plates,Shapes, Sheet Piling,and Bars for Struc¬
tural Use". The values stated in English units are to be
regarded as the standard.

ASTM A529 steel is of structural quality for use inbuild¬
ings and similar riveted, bolted, or welded construction.
When used in welded construction, welding procedures
should be suitable for the steel and intended use.

This steel may be made by the open-hearth, basic-oxygen,
or electric-furnace process.

ASTM A529: Similar Steels (U.S. and/or Foreign). UNS
K02703

Mechanical Properties

ASTM A529: Tensile Properties
For plates wider than 610 mm (24 in.), the test specimen is taken in
the transverse direction and the elongation requirement is reduced two
percentage points

Tensile strength
MPa ksi

Yield point
MPa ksi

Eiongatmnfa},
mm 9c

415-585 60-85 290 42 19
{a) In 200 mm (8 in.) for material less than 8 mm (0.3 iiO in thickness or
diameter, a deduction of 1,25 percentage points is made for each decrease of
0.8 mm (0.03 in.) of the specified thickness or diameter

ASTM A570

ASTM A570: Chemical Composition
Chemical composition, %

Grade C max* Milma* P max S max Cu(a)

30, 33, 36, 40...........0 25 O90 0.040 005 0.20
45,50..................0 25 1.35 0.040 0.05 0.20
(a.) Minimum when copper is specified

Characteristics and Typical Uses. ASTM A570 describes
hot rolledcarbon steel sheet and strip of structural quality in
cut lengths and coils. This material is intended for structural
purposes where mechanical test values are required. It is
available ina maximum thickness of 5.8 mm (0.2299 in.) in
six grades: 30, 33, 36, 40, 45, and 50. Each grade number
signifies the minimum yield point of that grade. The values
stated in English units are to be regarded as the standard.

ASTM A570 material can be bent at room temperature in
any direction through 180° without cracking on the outside

of the bent portion, to an inside diameter that has a relation
to the thickness of the specimen as follows:

Ratio of bond diameter
Grade to specimen thickness

30 1
33 15
36 15
40 2
45 2.5
50 - 3

Tensile test specimens were taken in the longitudinal
direction.

ASTM A570: Similar Steels (U.S. and/or Foreign):

• UNS K02500; ASTM A570 (A, B, C)

• UNS K02502; ASTM A570 (D, E)

Mechanical Properties

ASTM A570: Tensile Properties of Specimens Taken in the
Longitudinal Direction
Elongation varies with stock thickness; the larger values relate to the thicker material

Tensile Yield Elongation. %
strength, min point, min In 200 mm In50 mm

Grade MPa ksi MPa ksi (8 in.) (2 in.)

30 . 340 49 205 30 21-25 17-19
33 360 52 230 33 18-23 16-18
36 365 53 250 36 17-22 15-17
40 380 55 275 40 15-21 14-16
45 415 60 310 45 13-19 12-14
50.....................................450 65 345 50 11-17 10-12
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ASTM AS73

ASTM A573: Chemical Composition

Grade
Chemical compositicmta), %
Mn P max 5max Si

58 ................0.23 max 0.60-0 90(b) 0.04 0.05 0.10-0.35
65 ................0.24-0.26 0 85-1.20 0.04 0.05 0.15-0.40
70 ................0.27-0.28 0.85-1.20 0.04 0.05 0.15-0.40
(a) Heat analysis, (b) The upper limit of manganese may be exceeded if
the carbon content plus Vfe manganese content doe.s not exceed 0.40% based on
heat analysis

ASTM A573: Similar Steels (U.S. and/or Foreign):

• UNS K02301; ASTM A573 (58)
© UNS K024Q4; ASTM A573 (65)
9 UNS K02701; ASTM A573 (70)

Mechanical Properties

Characteristics and Typical Uses. ASTM A573 describes
structural quality carbon-manganese-silicon steel plate of
three tensile strength ranges. These steel materials are in¬
tended primarily for service at atmospheric temperatures
where improved notchtoughness is important. Plate covered
bv this specification has a maximum thickness of 38 mm
(i.5 in.).

ASTM A573 steel is intended for fusion welding. The
welding procedures used should be in accordance with ap¬
proved methods. This steel may be made by the open-hearth,
basic-oxygen, or electric-furnace process.

ASTM A573: Tensile Properties
For plates wider than 610 ram (24 in.), the test specimen is taken in
the transverse direction and the elongation requirement is reducedtwo
percentage points

Tensile Yield
strength strength, mill Elongation(a),

Grade MPa ksi MPa ksi min q

58 .....400-490 58-71 220 32 21
65 .....450-530 65-77 240 35 20
70 .....485-620 70-90 290 42 IS
(a) In200 mm (8 in.)

ASTM AS91

ASTM A5S1: Chemical Composition

Quality
Chemical composition, max 'k

Mn P

Commercial 0.15
Drawing....0.10

0.6(1

0.50
0.035
0.025

0.040
0.035

Characteristics and Typical Uses. ASTM A591 describes
cold rolled steel sheet in cut lengths and coils, zinc-coated
by electrodeposition. This product is intended for the manu¬
facture of formed or miscellaneous parts and can be furnished
in the chemically treated condition to make it more suitable
for painting. ASTM A591 material is produced in light coat¬
ing weights and is not intended to withstand outside expo¬
sure without chemicai treating and painting.

Electrolytic zinc-coated sheet is customarily available in
widths of 13 to 1520 mm (0.5 to 60 in.) and inthicknesses of
0.229 to 2.75 mm (0.009 to 0.1083 in.). It is produced as com¬
mercial quality; drawing quality; drawing quality, special
killed;or structuralquality steel. The values stated inEnglish
units are to be regarded as the standard.

Except for thickness tolerances, material furnished under
this specification conforms to the applicable requirements: of
"ASTM A568, Steel, Carbon and High-Strength Low-Alloy
Hot-Rolled Sheet, Hot-Rolled Strip, and Cold-Rolled Sheet,
General Requirements".

The coatings should not show flaking on any of the qual¬
ities ordered. The coating bend test is made in accordance
with the restrictions noted in the base metal bend test of
"ASTM A525, Steel Sheet, Zinc-Coated (Galvanized) by the
Hot-Dip Process, General Requirements".

Drawability and formability of electrolytic zinc-coated
steel, ASTM A591, is very good with very little die wearand
die pickup encountered. Resistance welding requires an in¬
crease intime and force of 20 to 40% compared to bare steel.
Fusion and arc weld quality is satisfactory, with some
damage to coating continuity. Solderability and paintability
are good. The surfaces should be alkaline cleaned, rinsed,
zinc-phosphate coated, and chromate rinsed before painting.

ASTM A5S1;
listed

Similar Steels (U.S. and/or Foreign). None

Physical Properties

ASTM A591: Ordered Coating and Minimum Coating
Test Limits

Minimum check limit
Coating Decimal equlvalenta(a) Coating weightfb)
class mm in. g/m2 oz/ft3
Triple-apot test

A....................None None None None
B...................0.00165 0.000005 22.S 0.075
C...................0.00356 0.000140 50.4 0.165
Single-spot test

A....................None None None None
B...................0.00152 0.00006 21.3 0.070
C...................0.00318 0.000125 45.S 0.150
(a) Que side, (b) Total for both sides
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ASTM A599

Characteristics and Typical Uses. ASTM A599 describes
cold rolled steel sheet incut lengths or coils, which has been
tin coated by electrodeposition. This product is commonly
known as electrolytic tin-coated sheet, and is used where
solderability is desirable, appearance is important, or a de¬
gree of corrosion resistance, under specific conditions, is
advantageous. The base steel compositions which are appli¬
cable for ASTM A599 are those for ASTM A366, A568, A611,
A619, and A620.

ASTM A599 sheet is customarily available incommercial
quality; drawingquality; drawing quality, special killed;and
structural quality. The tin coating may he ordered as un-
melted or melted.

Unmelted tin coating is tin coated by electrodeposition on
a base steel which normally has a dull, blasted-roll surface
texture. The deposited tin also has a dull gTay appearance.
Melted tin is tin coated by electrodeposition on a base steel
which normally has a ground-roll finish. The tin coating is
then melted to reflow the tin. The resulting coating has a
brighter appearance than unmelted tin. An iron-tin alloy
layer is developed during the melting operation, thus reduc¬
ing the amount of free tin available.

For all qualities, except structural quality, the material
shall be capable of being bent at room temperature in any
direction through 180" flat on itselfwithout fracturingof the
base metal or flaking the coating.

ASTM A599: Similar Steels (U.S. and/or Foreign). None
listed

Mechanical Properties

ASTM A599; Coating Designations and Minimum Coating Test
Limits, Total Both Sides
The values stated in English units are to he regarded as the standard

Nominal Minimum coating test limits
Coating coating Triple-spot Single-spot
designation g/m2 oz/ft2 g/m2 oz/ft2 g/m2 oz/ft2

25 5.6 0.018 3.7 0.012 2.8 0.009
50 11,2 0.037 7.3 0.024 5.6 0.018
75 16.3 0.055 11.0 0.036 3.2 0.027

100 22.4 0.073 14.6 0.046 11.0 0.036
125 28.0 0.092 18.3 O.OGO 13.8 0.045

ASTM A61 1

ASTM A61 1: Chemical Composition
Chemical composition, max %

Grade C Mn P S Cu(e)

At B, C, E ........0-20 0.60 0.04 0.04 0.20
D 0.20 0.90 0.04 0.04 Q.20

(a) Minimum where copper steel is specified

Characteristics and Typical Uses. ASTM A611 describes
cold rolled carbon steel sheet of structural quality in cut
lengths or coils. This material is available in five strength
levels, categorized in grades A through E, Grades A, B, C,
and Dhave moderate ductility; grade E isa full-hard product
with no specified minimum elongation. ASTM A611 mate¬
rial is furnished in a matte (dull) finish unless otherwise
ordered. The sheet may be oiled or dry, as specified.

ASTM A611 steel can be bent, at room temperature, inany
direction through 180° without cracking on the outside of the
bent portion, to an inside diameter which has a relation to
the thickness of the specimen as follows:

Ratio of bend diameter
Grade to specimen thickness

A 0
B 1
C 1.5
D 2
E Not applicable

ASTM A61 1:Similar Steels (U.S. and/or Foreign). None listed

Mechanical Properties

ASTM A61 1:Tensile Properties TaKen on Longitudinal Test Specimens
The values staled in English units are to he regarded as the standard

Tensile Yield
strength, mill point, min Elongation(a),

Grade MPa ksi MPa ksi min %

A......290 42 170 25 26
B 310 45 205 30 24
C.............................330 43 230 33 22
D 275 40 360 52 20
E 565 82 550 30(b)

(a) In50 mm (2 in.), (b) On this full-hard product, the yield pointapproaches the tensile strength;because
there is no halt in the gage or drop in the beam, the yield point is taken as the stress at 0.5ÿ elongation,
under load
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ASTM A619,A620

ASTM A619, A620: Chemical Composition
Chemical composition, 51

C Ms P S A1

0.10 max 0.50 max 0.025 max 0.035 max (at

lat If aluminum is used as the oxidizing agent, in ASTM A620, the total
aluminum content by product analysis is usually in excess Df 0.010%

These steels are furnished in two class standards. Class 1
material is intended for applications where surface appear¬
ance is of primary importance, such as exposed parts. This
class will meet requirements for controlled surface texture,
surface quality, and flatness. It is normally processed to be
free of stretcher strains and fluting.

Class 2 material is intended for applications where surface
appearance is not of primary importance Limitations on
degree and frequency of surface imperfections, as well as
restrictions on texture and flatness, are not applicable. This
materialmay have coil breaks and a tendency toward fluting
and stretcher straining.

ASTM A619, A620: Similar Steels (U.S. and/or Foreign).
None listed

Characteristics and Typical Uses. ASTM A619 describes
cold rolled carbon steel sheet of drawing quality incoils and
cut lengths. The material is intended for fabricating identi¬
fied parts where drawing or severe forming may be involved.

ASTM A620 designates cold rolled carbon steel that is
drawing quality, special killed material. This material is
intended for fabricating identified parts where particularly
severe drawing or forming, or essential freedom from aging
is required.

ASTMA621, A622

ASTM A621,A622: Chemical Composition
Chemical composition, 7c

C Mil P A1

0.10 max 0.50 max 0.025 max 0.025 max (a)

ial If aluminum is used as the deoxidizing agent, the total aluminum content
by product analysis is usually in exceBS of 0.010%

Characteristics and Typical Uses. ASTM A621 describes
hot rolled carbon steel sheet and strip of drawing quality
grade incut lengths or coils.This material is intendedfor use
in fabricating identified parts where drawing or severe form¬
ing may be involved, and surface appearance is not of pri¬
mary importance.

ASTM A622 designates hot rolled carbon steel sheet and
strip of drawing quality, special killed grade intended for
fabricating identified parts where particularly severe draw¬
ing or forming may be involved, and surface appearance is
usually not of primary importance.

Drawingquality sheet is manufactured from specially pro¬
duced or selected steels which have been processed to have
good uniform drawing properties for use in fabricating an
identified part with severe deformations. Similarly, drawing
quality, special killed sheet is manufactured from specially
produced or selected killed steels, normally aluminum, that
have been processed to have good uniform drawing proper¬
ties for use in fabricating an identified part with extremely
severe deformation.

Unless otherwise specified, the ASTM 621 or 622 mate¬
rial is furnished as-rolled, that is, without removing the hot
rolled oxide or scale, and not oiled. When required, pickling
or blast cleaning (descaling) of the materialmay be specified.
Pickledor blast-cleaned material is furnished oiled, or when
specified, dry.

The manufacturer assumes the responsibility for selection
of steel, control of processing, and ability of the material to
form specific parts within properly established breakage
limits. Deformations of identified parts are assessed by the
use of the scribed-square test as described in Appendix A5 of
"ASTM Standard Specification A568".

Experience has shown that drawing quality steel is re¬
quired if the percent increase in area of the most deformed
25-mm (1-in.) square, in a satisfactory untrimmed part,
is more than 25% for material 2.09 to 4.75 mm (0.0822 to
0.187 in.) thick, or more than 30% for material larger than
4.75 mm (0.187 in.). Where the draw is particularly severe,
or essential freedom from aging is required,drawingquality,
special killedsteel, ASTM A622, is recommended- The values
stated in English units are to be regarded as the standard.

ASTM A621, A622: Similar Steels (U.S. and/or Foreign).
None listed
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ASTM A678

ASTM A678: Chemical Composition
Boron may be added only by agreement between the producer and purchaser

Chemical composition, %
Grade C max Mn(a) MnCb) P max S max

A..........0.16 0.90-1.50
B..........0.20 0.70-1.35 1.00-1.60
C..........0.22 1.00-1.60 1.00-1.60
(a) For thickness of 38 mm (1.5 in.) and smaller.
64 mm (2.6 in.! inclusive, (c) When specified

Characteristics and Typical Uses. ASTM A678 describes
quenched and tempered carbon steel plate of structural
quality for welded, riveted, or bolted construction. The mate¬
rial under this specification is available in three grades
with the following maximum thicknesses: grade A, 38 mm
(1.5 in.); grade B, 63.4 mm (2.5 in.); grade C,50.8 mm (2 in.).

The values stated in English units are to be regarded
as standard.

Special precautions should be followed when welding
ASTM A678 material to produce sound welds and to mini-
mjze adverse effects on the properties of the plate, especially
in the heat-affected zone.

ASTM A678: Similar Steels (U.S.
and/or Foreign):

— — • UNS K01600; ASTM A678 (A)
Si Cu min(c) • UNS K02002; ASTM A678 (B)

• UNS K02204; ASTM A678 (C)

Physical Properties

ASTM A678; Thermal Treatments. The material is treated
by the manufacturer by heating to a temperature that pro¬
duces an austenitic structure, but not to exceed 925 °C
(1700 °F); holding a sufficient time to attain uniform heat
throughout the material; quenching in a suitable medium;
and tempering at not less than 595 °C (1100 °F).

0.040 0.050 0.15-0.50 0.20
0.040 0.050 0.15-0.50 0.20
0.040 0,050 0.20-0.50 0.20

(b) For thickness larger than 38 mm (1.5 in.) up to

Mechanical Properties

ASTM A678: Tensile Properties
For plates wider than 610 ram (24 in.), the test specimen is taken in the transverse direction, and the
elongation requirement is reduced two percentage points

Yield
Tensile etrengthtal,
strength min Elongation(b),

Grade MPa k-i MFa ksi min %

A 485-620 70-90 345 50 22
B 550-690 80-100 415 60 22
C to 19 mm (0.75 in.) incl ........655-795 95-115 515 75 19
C larger than 19-38 mm

(0.75-1.5 in.) incl ..............620-760 90-110 465 70 19
C larger than 38-51 mm

(1.5 to 2.0 in.) incl.............585-725 85-105 450 65 19
(a) Measured at 0.2% offset or 0.5% extension under load, (b) In 50 mm (2 in.). For thicknesses 19 mm
(0.75 in.) and under, measured on 38-mm (1.5-in.) wide fall-thickness rectangular specimen The elon¬
gation is measured in a 50-mm (2-in.) gage length which includes the fracture and shows the greatest
elongation

ASTM A699

ASTM A699; Chemical Composition
Chemical composition(a), %

C max Mnlb) Mn(c) P max S max Si max Nb Mo

0.06 1.20-1.90 1.50-2.20 0.04 0.025 0.40 0.03-0.09 0.25-0.35
(a) Heat analysis, (bi For thickness of 16 mm (0.63 in.) and smaller, (c) For thickness larger than 16 mm
(0.63 in.)

ASTM A699: Similar Steels (U.S.
and/or Foreign). UNS K10614
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Characteristics. ASTM A699 describes a low-carbon,
manganese-molybdenum-niobium alloy steel. Four different
grades of plate, shapes, and bar are included, providingvari¬
ous combinations of tensile strengths and notch toughness.

Classes 1 and 2 provide minimum yield strength levels of
485 MPa (70 ksi) and 515 MPa (75 ksi), respectively, with no
specified notch toughness requirements. Classes 3 and 4 pro¬
vide the same minimum yield strength levels together with
longitudinalCharpy V-notch toughness requirements of 27 J
(20 ft - lb) minimum at -4fi °C (-50 ®F). The values stated in
English units are to be regarded as the standard.

Classes 2 and 4 are precipitation hardened to enhance
mechanical properties. ASTM A699 steelmay be welded, but
the welding technique must not adversely affect the proper¬
ties of the material, especially in the heal-affected zone.

This steel may be made by the open-hearth, basic-oxygen,
or electric-furnace process. Further refinement by electro-
slag remelt (ESR) or vacuum-arc remelt (VAR) is permitted.
ASTM A699 steel is made to either semikilled or killed steel
practice.

Mechanical Properties

ASTM A699: Tensile Properties
Yield

Tensile fctreogthl'a), Elongation, %
strength min In200 mm In 50 mm

ClnsB MPa ksi MPa kai (8 in.) (2 in.}

1.......,..620-760 90-110 485 70 12 18
2 ..........620-760 90-110 515 75 12 18
3 ..........585-725 85-105 485 70 12 18
4 ..........585-725 85-105 515 75 12 18
(a) 0.2% offset or 0.5% extension under load

Physical Properties

ASTM A699: Thermal Treatment. Classes 2 and 4 are pre¬
cipitation heat treated in the temperature range from 540 to
650 °C (1000 to 1200 °F) for a time to be determined by the
manufacturer.

ASTM AJ09

ASTM A709: Chemical Composition
Grade and Chemical composition, %
classification C Mn P max S max

36; carbon steel shapes
.—..............0,26 max 0.04 0.05

36; carbon steel plate
<bKc).....................0.25-0.29 0,80-1.20 0.04 0.05

36; carbon steel bar(b).......0.26-0,29 0.60-0.90 0.04 0.05
50; high-strength, low-

alloy steel(cKd) ...........0.23 max 1.35 max(e) 0.04 0.05
SOW; high-strength, luw-

alloy steel(f)..............0.20 max 1.35 max 0.04 0,05
100 and 100W; alfoy steel ... 0.10-0.21 0.40-1.50 0.035 0.04
(a) Manganese content of 0,85 to 1,35% and silicon content of0.15 to 0.40% is
required for shapes larger than 634 kg/tn (426 lb/flj. (h) Manganese content
may be 1.35% max when notch toughness isspecified, fc) Siliconcontent of0.15
to 0,40% is required for plate larger than 38 mm (1.5 in.Iin thickness, fd) For
bar larger than 38 mm (1.5 in.) in diameter, thickness or distance between
uarallel faces is to be made by a killedsteel practice, (e) Minimum requirement
by heat analysis: 0,80% {0,75% product analysis) for plate thickness larger
than 19 mm (0,75 in,); 0.50%' (0.45% product analysis) for plate thickness of
9.5 mm (0.38 in ) and smaller, and for all other products. The manganese-to-
carbon ratioshould not be less than 2 to 1.(0 When normalized, the maximum
ladle carbon may be 0,22% and the maximum manganese may be 1.40%

Characteristics and Typical Uses. ASTM A709 describes
carbon and high-strength, low-alloy steel for structural
shapes, plate, and bar as well as quenched and tempered
alloy steel for structural plate, which are intended for use in
bridges. Five grades are available in three strength levels,
36, 50, and 100.Grades 50W and 10QW have enhanced atmo¬
spheric corrosion resistance.

The values stated m English units are to be regarded as
the standard. ASTM A709 steels are weldable, hut the weld¬
ing procedures should be suitable for the steel being welded
and the use intended.

ASTM A709 steels may be made by the open-hearth, basic-
oxygen, or electric-furnace processes Additional refiningby
electroslag remelting (ESR) or vacuum-arc remelting (VAR)
is permitted. Grades 36 and 50 are not to be made from
rimmed or capped steel. Grade SOW is to be made to a killed
fine-grain practice. Grades 100 and 100W steel are killed
fine grain (ASTMNo. 5 or finer) as determined inaccordance
with "ASTM El12", specifically Plate TV.

ASTM A709: Similar Steels (U.S. and/or Foreign). None
listed

Physical Properties

ASTM A709: Thermal Treatment Grades 100 and 100W
steels are heat treated by the manufacturer to conform to the
tensile and hardness requirements by heating to not less
than 900 °C (1650 °F); quenching in water or oil: and tem¬
pering at not less than 620 °C (1150 °F).
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Mechanical Properties

ASTM A709; Tensile and Hardness Properties
For plates wider than 610 mm (24 in.), the test specimen is taken in the transverse direction, the elongation requirement is reduced two percentage points,
and the reduction in area requirement, where applicable, is reduced five percentage points

Yield
point/ I-— Elongation, luiu % ÿÿÿÿ \

Tensile strengtk(a), Plate and bar Shapes
Plate Structural strength mm In 200 mm In 50 mm In200 mm In50 mm Reduction Hardness,
thickness shapes MPa ksi MPa ksi (8 in.) (2 in.) (8 in.) (2 in.) in area, % HB

Crude 36
To 200 mm

(8 in.) incl........Up to 634 kg/m
(426 Ib/fl)

Larger than
634 kg/m
(426 lb/ft)

Larger than
200 mm (8 in) ÿÿÿ

Grade 50
To 50 mm

(2 in.) incl—

400-550

400 min

58-80

58 min

400 mill 58 min

250

250

220

, .Groups 1, 2, 3,
and 4

450 min 65 min 345

Grade SOW

To 100 mm
(4 in.) incl. ...Groups lr 2, 3,

4, and 5
485 min 70 min 345

36

32

50

50

20

20

18

18

Grades 100 and 100W
To 64 mm

(2-5 in.) incl
Larger than

64 mm <2.5 in.}
up to 100
mm (4 in.)

760-895 110-130 690 100

690-895 100-130 620 90

23

23

21

21

18

17

20

20

21

19

18

18

2Kb)

21<e)

40(d), 50(e) 228-2G9

50(e) 212-269
(a) Measuredat 0.2% offset or 0.5% extension under load, (b) 19%for shapes larger dian634 kg/m (426 lb/ft),(c) 18%for wide flange shapes larger than 634 kg/m
(426 lb/ft), (d) Measured on 38-mm"(l,5-inJ wide, full thickness rectangular, standard ASTM specimen. This is the only specimen to be used for thickness of
19 mm (0.75 in.) and smaller. Theieduction in area ia measured in a 50 mm (2 in.) gage length that includes the fracture and ahows the greatest elongation.
(e) Measured on a 13 mm (0.5 in.)diameter standard ASTM specimen. ThiB is the only specimen to be used for thicknesses larger than 38 mm (1.5 in.)

ASTMA710

ASTM A710: Chemical Composition
Chemical composition, ft

Grade C Mo P ma* S max Si Ni Cr Mo Cu Nb min

A.............0.07 max 0.40-0 70 0.025 0.025 0.40 max O.fo-l.OO 0.60-0.90 O.I5-0.25 1.00-1.30 0.02
B............0.06 max 0,40-0 65 0.025 0.025 0.15-0.40 1.20-1.50 — — 1.00-1.30 0.02

Characteristics and Typical Uses. ASTM A710 describes
low-carbon, age-hardening, nickel-copper-molybdenum-
niobium, and nickel-copper-molybdenum alloy steel plate,
shapes, and bar for general applications. Two different
grades and three different conditions are provided.

Grade A provides minimum yield strength levels ranging
from 380 to 585 MPa (55 to 85 ksi), depending on thickness
and condition. Grade B provides minimum yield strength
levels rangingfrom515 to 585 MPa (75 to 85 ksi), depending
on thickness.

Grade A, class 1 plates have a maximum thickness of
19 mm (0.75 in.). Grade A, classes 2 and 3 are normally
limited to a maximum of 100 mm (4 in.). This thickness de¬

pends on the capacity of the composition to meet the speci¬
fied mechanical properties. Bar and shapes are available
only as grade A. The values stated in English units are to be
regarded as the standard.

ASTM A710 materials are weldable, but the welding tech¬
nique must not adversely affect the properties of the mate¬
rial, especially in the heat-affected zone.

ASTM A710: Similar Steels (U.S. and/or Foreign):

• UNS K20622; ASTM A710 (B)

• UNS K20747; ASTM A710 (A)
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Physical Properties

ASTM A7 10; Thermal Treatment. Grade A, class 1, and grade B materials are precipi¬
tation heat treated at 540 to 650 °C (1000 to 1200 ®F) for a time determined by the manu¬
facturer. Grade A, class 2 material Is normalized at 870 to 930 °C (1600 to 1700 °F), then
precipitation heat treated at 540 to 650 °C (1000 to 1200 DF) for a time determined by the
manufacturer. Grade A, class 3 material is water or oil quenched from 870 to 925 °C (1600
to 1700 °F), then precipitation heat treated from 540 to 650 °C (1000 to 1200 °F) for a time
determined by the manufacturer.

Mechanical Properties

ASTM A710: Tensile Properties
Tensile

atrength, min
Thickness MPs ksi

Grade A, class 1

Smaller than 6.4-8.0 mm (0.25-0.3 in.) incl........620 90
Larger than 8-19 mm (0.3-0.75 in.) incl...........620 90
Grade A, class 2
Smaller than 6.4-25 mm (025-1.0 in.) incl........495 72
Larger than 25-50 mm (1-2 in.) incl...............495 72
Larger than 50 mm (2 in.) 450 65
Grade A, class 3
Smaller than 6.4-50 mm (0.25-2 in.) meI 585 85
Larger than 50 mm (2-0 in.).....................515 75
Grade B

6.4 mm (0.25 in.) and smaller .620 90
Larger than 6.4-9.5 mm (0.25-0.38 in.) incl .......620 90
Larger than 9.5-13 mm (0.38-0.50 in.) incl........620 90
Larger than 13-19 *r>nn (0.5-0.75 in.) incl 605 88
(a) 0.2% offset or 0.5% extension under load, (b) hi 50 mm (2 in.)

Yield
strengthfa), min
MPa kai

Elongation(b),
%

585
550

450
415
380

515
450

585
565
550
515

85

65
60
55

75
65

85
82
80
75

20
20

20
20
20

20
20

ASTM A710: Charpy V-notch Impact Properties
Test

temperature
Impact

energy, min
Grade °c •F J ft -lb

A, class 2 -45 -50 68 50
A. class 3 -62 -60 68 50
B, longitudinal -35 -32 27 20
K, t.rnriKVersp -32 -25 20 15





Cross Reference to Steels

509

FRANCE FRANCE
(continued)

Designation AISI Page Designation AISI Page

AFNOR AFNOR
20 MC 5 5120 167 XC 38 TS 1038 26
20 MC 5 5120H 167 XC 38 TS 1038H 26
20 NCD 2 8617 188 XC 42 1045 30
20 NCD 2 8617H 188 XC 42 1045H 30
20 NCD 2 8620 189 XC 42 TS 1045 30
20 NCD 2 8620H 189 XC 42 TS 1045H 30
22 NCD 2 8617 188 XC 45 1045 30
22 NCD 2 8617H 188 XC 45 1045H 30
22 NCD 2 8620 189 XC 48 1045 30
22 NCD 2 8620H 189 XC 48 1045H 30
25 CD 4 (S) 4130 108 XC 60 1064 40
25 CD 4 <S) 4130H 108 XC 65 1064 40
32 C 4 5130H 168 XC 68 1070 40
32 C 4 5132 170 XC 90 1086 488
32 DCV 28 H10 457
35 CD 4 4135 110 Z 2 CND 17.12 316L 296
35 CD 4 4135H 110 Z 2 CND 19.15 317L 303
35 CD 4 TS 4135 110 Z 6 CA 13 405 324
35 CD 4 TS 4135H 110 Z6CN 18.09 304 273
35 M 5 1039 26 Z 6 CND 17.11 316 292
38 C 4 5132H 170 Z 6 CNN6 18.10 347 311
38 C 4 5135 171 Z 6 CNT 18.10 321 304
40 CD 4 4137 112 Z 6 CNU 17.04 431 356
40 CD 4 4137H 112 Z8C 17 430 353
40 CD 4 4140 113 Z 8 CD 17.01 434 353
40 CD 4 4140H 113 Z 10 C 13 410 328
40 M 5 1335 81 Z 10 C 14 410 328
40 M 5 1335H 81 Z 10 CF 17 430F 349
42 C 2 5140H 172 Z 10 CNF 18.09 303 265
42 C 2 5150 175 Z 12 C 13 f 410 328
42 C 4 5135H 171 Z 12 C 13 M 403 317
42 C 4 5140 172 Z 12 CN 17.08 301 253
42 CD 4 4137 112 Z 12 CNS 25.20 310 288
42 CD 4 4137H 112 Z 12 CNS 25.20 314 291
42 CD 4 4140 113 Z 15 CN 16.02 431 356
42 CD 4 4140H 113 Z 15 CN 24.13 309S 285
45 C 2 5140H 172 Z 18 N5 A2515 94
45 C 2 5150 175 Z 20 C 13 420 344
50 CV 4 6150 182 Z 30 WCV 9 H21 457
50 CV 4 6150H 182 Z 38 CDV 5 Hll 457
55 C 3 5155 177 Z 40 COV 5 H13 457
55 C 3 5155H 177 Z 80 WCV
55 S 7 9255 220 18-04-01 T1 463
55 WC 20 SI 436 Z 80 WKCV
60S 7 9260 222 18-05-04-01 T4 463
60S 7 9260H 222 Z 85 DCWV
61 SC 7 9260 222 08-04-02-01 H41 457
61 SC 7 9260H 222 Z 85 DCWV
90 MV 8 02 440 08-04-02-01 Ml 465
100 C 6 E52100 154 Z 85 WDCV
CC 20 1020 16 06-05-04-02 M2 465
CC 35 1035 21 Z 90 WDCV
CC 55 1060 34 06-05-04-02 M3 (Class 11 465
XC 10 1010 11) Z 100 CDV 5 A2 445
XC 15 1015 11 Z 110 WKCDV
XC 15 1017 13 07-05-04-04-02 M41 465
XC 18 1015 11 Z 110 WKCDV
XC 18 1017 13 07-05-04-04-02 M42 465
XC 18 S 1023 20 Z 120 WDCV
XC 25 1023 20 06-05-04-03 M3 (Class 2) 465
XC 32 1034 21 Z 130 WDCV
XC 35 1034 21 06-05-04-04 M3 (Class 2) 465
XC 38 1034 21 Z 200 C 12 D3 449

GERMANY
(Federal Republic of)

Designation AISI Page

DIN
1.0204 L008 6
1.0402 1020 16
1.0419 1016 13
1.0501 1035 21
1.0601 106O 34
1.0700 1108 45
1.0702 1109 45
1.0711 1212 62
1.0715 1213 62
1.0718 L2L13 65
1.0718 12L14 65
1.0904 9255 220
1.0909 9260 222
1.0909 9260H 222
1.0912 1345 87
1.0912 1345H 87
1.1121 101O 10
1.1133 1022 18
1.1141 1015 11
1.1141 1017 13
1.1151 1023 20
1.1157 1039 26
1.1158 1025 20
1.1165 1330 76
1.1165 1330H 76
1.1167 1335 81
1.1167 1335H 81
1.1172 1030 21
1.1176 1038 26
1.1176 1038H 2b
1.1181 1034 21
1.1186 1040 26
1.1191 1045 30
1.1191 1045H 30
1.1209 1055 34
1.1210 1050 31
1.1221 1064 40
1.1226 1548 69
1.1230 1065 40
1.1231 107O 40
1.1269 1086 488
1.1273 109O 43
1.1274 1095 43
1.2080 D3 449
1.2330 P20 453
1.2341 P4 453
1.2343 Hll 457
1.2344 H13 457
1.2363 A2 445
1.2365 H10 457
1.2379 D2 449
1.2510 01 440
1.2550 SI 436
1.2581 H21 457
1.2606 H12 457
1.2625 H23 457
1.2735 PS 453
1.2842 02 440
1.3202 T15 463
1.3246 M41 465
1.3246 M42 465
1.3249 M33 465
1.3249 M34 465



510/Cross Reference to Steels

GERMANY
(continued)

GERMANY
(continued)

ITALY
(continued)

Designation AISI Page

DIN
1.3255 T4 463
1.3265 T5 463
1.3342 M3 (Class 1) 465
1.3343 M2 465
1.3344 M3 (Class 2) 465
1.3346 H41 457
1.3346 Ml 465
1.3348 M7 465
1.3355 T1 463
1.3501 E50100 154
1.3503 E51100 154
1.3505 E52100 154
1.4001 410S 329
1.4002 405 324
1.4005 416 337
1.4006 410 328
1.4016 430 353
1.4021 420 344
1.4024 403 317
1.4057 431 356
1.4104 430F 349
1.4112 440E 363
1.47.13 434 353
1.4125 440C 364
1.4301 304 273
1.4303 305 281
1.4303 308 283
1.4305 303 265
1.4306 304L 277
1;4310 301 253
1.4401 316 292

-1.4404 316L 296
1.4438 317L 303
1.4449 317 301
1.4510 430Ti 352
1.4512 409 327
1.4532 632 384
1.4541 321 304
1.4546 348 311
1.4550 347 311
1.4568 631 382
1.4828 309 285
1.4833 309S 285
1.4841 310 288
1.4841 314 291
1.4935 422 347
1.4971 661 398
1.4980 660 396
1.5069 1340H 83
1.5419 4419 137
15419 4419H 137
1.5419 4422 138
1.5680 A2515 94
1.5711 3140 95
16511 9840 231
1.6523 8617 188
1.6523 8617H 188
1.6523 8620 189
1.6523 8620H 189
1.6543 8622 193
1.6543 6622H 193
1.6543 8720 215
1.6543 8720H 215
1.6543 8822 218
1.6543 8822H 218
1.6545 8630 197
1.6545 8630H 197
1.6546 8640 202
1.6546 8640H 202
1.6546 8740 216
1.6546 8740H 216
1.6562 E4340 130
1.6562 E4340H 130
1.6565 4340 130
1.6565 4340H 130

Designation AISI Page

DIN
1.6755 4718 146
1.6755 4718H 146
1.7006 514GH 172
1.7006 5150 175
1.7007 50B4O 160
1.7007 50B40H 160
1.7030 5130 168
1.7033 5130H 168
1.7033 5132 170
1.7034 5132H 170
1.7034 5135 171
1.7035 5135H 171
1.7035 5140 172
1.7138 50B50 16-1
1.7138 50B50H 164
1.7147 5120 167
1.7147 5120H 167
1.7176 .5155 177
1.7176 5155H 177
1.7218 4130 108
1.7218 4130H 108
1.7220 4135 110
1.7220 4135H 110
1.7223 4142H 117
1.7225 4137 112
1.7225 4137H 112
1.7225 4140 113
1.7225 4140H 113
1.7228 4147 119
1.7228 4147H 119
1.7228 4150 120
1.7228 4150H 120
1.7362 501 371
1.7511 6118 161
1.7511 6118H 181
1.8159 6150 182
1.8159 615OH 182

Designation AISI Page

Designation

ITALY
AISI

UNI
9 SMn 23
9 SMnPb 23
9 SMnPb 23
10 S 20
20 NiCrMo
20 NiCrMo 2
20 NiCrMo 2
20 NiCrMo 2ÿ
25 CrMa 4_ '

25 CrMo 4
25 CrMo 4 KB
25 CrMo 4 KB
30 NiCrMo 2 KB
30 NiCrMo 2 KB
34 Cr 4 KB
34 Cr 4 KB
34 CrMo 4 KB
34 CrMo 4 KB
35 CrMo 4
35 CrMo 4
35 CrMo 4 F
35 CrMo 4 F
38 Cr 4 KB
38 Cr 4 KB
38 CrB 1KB
38 CrB 1KB

1213
12L13
12L14
1212
8617H
8617
8620
862OH
4130
4130H
4130
4130H
8630
863OH
5130H
5132
4135
4135H
4135
4135H
4135
4135H
5132H
5135
50B40
50E40H

Page

62
65
65
62

188
188
189
189
108
108
108
108
197
197
168
170
110
110
110
110
110
110
170
171
160
160

UNI
38 CrMo 4
38 CrMo 4 KB
38 CrMo 4 KB
38 CrMo 4 KB
38 CrMo 4 KB
38 NiCrMo 4
40 Ct 4
40 Cr 4
40 CrMo 4
40 CrMo 4
40 CrMo 4
40 CrMo 4
40 NiCrMo 2 KB
40 NiCrMo 2 KB
40 NiCrMo 2 KB
40 NiCrMo 2 KB
40 NiCrMo 7
40 NiCrMo 7
40 NiCrMo 7 KB
40 NiCrMo 7 KB
41 Cr 4 KB
41 Cr 4 KB
50 CrV 4
50 CrV 4
55 Si 8
58 WCr 9 KU
88 MnV 8 KU
100 Cr 6
C 20
C 35
C 60
CB 10 FU
CB 35
G 22 Mn 3
G 22 Mo 5
G 22 Mo 5
G 22 Mo 5
G 40 CrMo 4
G 40 CrMo 4
G 40 CrMo 4
G 40 CrMo 4
ICL 472 T
X 2 CrNi 18 11
X 2 CrNi 18 11

KG
X 2 CrNi 18 11

KW
X 2 CrNiMo 17 12
X 3 CrNi 18 11
X 5 CrNi 18 10
X 5 CrNiMo 17 12
X 5 CrNiMo 18 15
X 6 CrAl 13
X 6 CrNi 23 14
X 6 CrNiTi 18 11
X 6 CrNiTi 18 11

KG
X 6 CrNiTi 18 11

KT
X 6 CrNiTi 18 11

KW
X 8 Cr 17
X 8 CrMo 17
X 8 CrNi 19 10
8 CrNi 19 10
X 8 CrNiNb 18 11
X 10 CrNiS 18 09
X 10 CrS 17
X 12 Cr 13
X 12 CrNi 17 07
X 12 CrS 13
X 16 CrNi 16
X 16 CrNi 23 14
X 16 CrNiSi 25 20
X 16 CrNiSi 25 20

4142H
4137
4137H
4140
4140H
9840
5135H
5140
4137
4137H
4140
414UH
8640
8640H
8740
8740H
E4340
E4340H
E4340
E4340H
5135H
5140
6150
6150H
9255
SI
02
E52100
1020
1035
1060
1008
1030
1022
4419
4419H
4422
4137
4137H
4140
4140H
321
304L

304L

304L
316L
304L
304
316
317
405
309S
321

321

321

321
430
434
305
308
347
303
430F
410
301
416
431
309
310
314

117
112
112
113
113
231
171
172
112
112
113
113
202
202
216
216
130
130
130
130
171
172
182
182
220
436
440
154
16
21
34
6"

21
18

137
137
138
112
112
113
113
304
277

277

277
296
277
273
292
301
324
285
304

304

304

304
353
353
281
283
311
265
349
328
253
337
356
285
288
291



ITALY
(continued)

Designation AISI Page

UNI
X 20 Cr 13 420 344
X 22 CrNi 25 20 310 288
X 22 CrNi 25 20 314 291

' X 28 W 09 KU H21 457
X 35 CrMo 05

KU Hll 457
X 35 CrMoV 05

KU H13 457
X 35 CrMoW 05

KU H12 457
X 75 W 18 KU T1 463
X 78 WCo 1805

KU T4 463
X 80 WCo 1810

KU T5 463
X 82 MoW 09 KU H41 457
X 82 MoW 09 KU Ml 465

; X 82 WMo 0605
KU M2 465

X 150 CrMo 12
KU D2 449

X 150 WCoV
130505 KU T15 463

i X 210 Cr 13 KU D3 449

JAPAN
Designation AISI Page

JIS
S9CK 1010 10
S10 c 1010 10

: S 12 C 1010 10
S 15 C 1015 11
S 15 C 1017 13
S 15 CK 1015 11
S 15 CK 1017 13
S 17 C 1015 11

f S 17 C 1017 13
> S 20 C 1023 20

S 20 CK 1023 20
S 22 C 1023 20

- S 25 C 1025 20
S 28 C 1025 20

! S 38 C 1034 21
S 40 C 1040 26
S 45 C 1045 30

I S 45 C 1045H 30
' S 48 C 1045 30

S 48 C 1045H 30
S 53 C 1050 31
S 55 C 1050 31, SCCrM 1 4130 108

; SCCrM 1 4130H 108
SCCrM 3 4135 110
SCCrM 3 4135H 110
SCM 1 4135 110
SCM 1 4135H 110

i SCM 2 4130 108
SCM 2 4130H 108
SCM 4 4137 112
SCM 4 4137H 112
SCM 4 4140 113

1 SCM 4 4140H 113
I SCM 4 H 4137 112

SCM 4H 4137H 112
SCM 4 H 4140 113
SCM 4 H 4140H 113

' SCM 5 4147 119
; SCM 5 4147H 119

JAPAN
(continued)

Designation AISI Page

JIS
SCM 5 4150 120
SCM 5 4150H 120
SCM 5 H 4147 119
SCM 5 H 4147H 119
SCM 5 H 4150 120
SCM 5 H 4150H 120
SCMn 2 1330 76
SCMn 2 1330H 76
SCMn 3 1335 81
SCMn 3 1335H 81
SCPH 11 4419 137
SCPH 11 4419H 137
SCPH 11 4422 138
SCr 2 5130H 168
SCr 2 5132 170
SCr 2 H 5130H 168
SCr 2 H 5132 170
SCr 3 H 5132H 170
SCr 3 H 5135 171
SCr 4 H 5135H 171
SCr 4 H 5140 172
SCS 19 304L 277
SKD 1 D3 449
SKD 5 H21 457
SKD 6 Hll 457
SKD 12 A2 445
SKD 61 H13 457
SKD 62 H12 457
SKH 2 T1 463
SKH 3 T4 463
SKH4A T5 463
SKH 9 M2 465
SKH 52 M3 (Class 2) 465
SKH 53 M3 (Class 2) 465
SMn 1H 1330 76
SMn 1 H 1330H 76
SMn 2 1335 81
SMn 2 1335H 81
SMn 2H 1335 81
SMn 2 H 1335H 81
SMnC 21 1022 18
SNCM 8 4340 130
SNCM8 4340H 130
SNCM 21 8617 188
SNCM 21 8617H 188
SNCM 21 8620 189
SNCM 21 8620H 189
SNCM 21 H 8617 188
SNCM 21 H 8617H 188
SNCM 21 H 8620 189
SNCM 21 H 8620H 189
SUH 309 316 292
SUH 310 316L 296
SUH 409 409 327
SUH 616 422 347
SUM 11 1109 45
SUM 12 1109 45
SUM 21 1212 62
SUM 22 1213 62
SUM 22 L 12L13 65
SUM 22 L 12L14 55
SUM 23 L 12L13 65
SUM 24 L 12L13 65
SUM 24 L 12L14 65
SUP 4 1095 43
SUP 10 6150 182
SUP 10 6150H 182
SUP 11 50B50 164
SUP 11 50B50H 164
SUS 301 301 253
SUS 303 303 265
SUS 304 304 273
SUS 304 L 304L 277
SUS 305 305 281
SUS 305 308 283

Cross Referencef© Steels/51 1

JAPAN
(continued)

Designation AISI Page

JIS
SUS 305 J1 305 281
SUS 305 J1 308 283
SUS 316 316 292
SUS 316 L 316L 296
SUS 317 317 301
SUS 321 321 304
SUS 347 347 311
SUS 403 400 317
SUS 405 405 324
SUS 410 410 328
SUS 410 S 410S 329
SUS 416 403 317
SUS 420 J1 420 344
SUS 430 430 353
SUS 430 430F' 349
SUS 431 431 356
SUS 434 434 353
SUS 440 B 440B 363
SUS 440 C 440C 364
SUS Y 310 310 288
SUS Y 310 314 291
SUS Y 316 316 292

SWEDEN
Designation AISI Page

SS.„

1370 1015 11
1370 1017 13
1450 1020 16
1550 1035 21
1665 1064 40
1672 1045 30
1672 1045H 30
1678 1064 40
1770 1070 40
1778 1070 40
1870 1095 43
1914 12L.3 65
1914 12LL4 65
2090 9255 220
2120 133E 81
2120 1335H 81
2225 4130 108
2225 4130H 108
2230 6150 182
2230 6150H 182
2234 4135 110
2234 4135H 110
2242 H13 457
2244 4137 112
2244 4137H 112
2244 4140 113
2244 4140H 113
2260 A2 445
2302 410 328
2303 420 344
2320 430 353
2325 434 353
2332 304 273
2337 321 304
2338 347 311
2346 303 265
2347 316 292
2348 316L 296
2352 304L 277
2367 317L 303
2383 43OP 349
2722 M2 465



5 12/Cross Reference to Steels

UNITED KINGDOM

Designation AISI Page

B.S.
040 A 20 1020 16
060 A 35 1035 21
060 A 62 1060 34
060 A 96 1095 43
070 M 20 1020 16
080 A 32 1035 21
080 A 35 1035 21
080 A 37 1035 21
080 A 40 1040 26
080 M 36 1035 21
2 S 93 1040 26
2 S 117 5135H 171
2 S 117 5140 172
2 S 119 4340 130
2 S 119 4340H 130
2 S 130 348 311
2 S 516 1345 87
2 3 516 1345H 87
2 3 517 1345 87
2 S 517 1345H 87
3 S 95 4340 130
3 S 95 4340H 130
5 3 80 431 356
120 M 36 1039 26
150 M 36 1039 26
220 MO7 1213 62
250 A 53 9255 220
250 A 58 9260 222
250 A 58 9260H 222
302 S 17 304 273
303 S 21 303 265
304 S 12 304L 277
304 3 14 304L 277
304 S 15 304 •*.: 273
304 S 16 304 v 273
304 S 18 304 'V 273
304 S 22 304L .? 277
304 S 25 304 •273
304 S 40 304 273
310 S 24 310 288
310 S 24 314 291
316 S 12 316L 296
316 S 14 316L 296
316 S 16 316 292
316 S 18 316 292
316 S 22 316L 296
316 S 24 316L 296
316 S 25 316 292
316 S 26 316 292
316 S 29 316L 296
316 S 30 316 292
316 S 30 316L 296
316 S 31 316L 296
316 S 37 316L 296
316 S 40 316 292
316 S 41 316 292
316 S 82 316L 296
317 S 12 317L 303
321S 12 321 304
321S 18 321 304
321S 22 321 304
321S 27 321 304
321S 40 321 304
321 S 49 321 304
321 S 50 321 304
321 S 59 321 304
321 S 87 321 304
347 S 17 347 311
347 S 17 348 311
347 S 18 348 311
347 S 40 348 311
403 S 17 410S 329
405 S 17 405 324
409 S 17 409 327
410 S 21 410 328

UNITED KINGDOM UNITED KINGDOM
(continued) (continued)

Designation AISI Page Designation AISI Page

B.S. B.S.
416 S 21 416 337 BO 2 02 440
420 S 29 403 317 BT1 T1 463
420 S 37 420 344 BT 4 T4 463
430 S 15 430 353 BT 5 T5 463
431 S 29 431 356 BT 15 T15 463
434 S 19 434 353 CDS-18 420 344
530 A 30 5130 168 CDS-20 321 304
530 A 32 5130H 168 CDS 105/106 1039 26
530 A 32 5132 170 CDS 110 4130 ioa
530 A 36 5132H 170 CDS 110 4130H 10S
530 A 36 5135 171 En. 44 B 1095 43
530 A 40 ' 5135II 171 En. 47 6150 182
530 A 40 5140 172 En. 47 6150H 182
530 H 30 5130 168 En. 56 A 410 32S
530 H32 5130H 168 En. 56 B 403 317
530 H 32 5132 170 En. 58 B 321 304
530 H36 5132H 170 En. 58 C 321 304
530 H36 5135 171 En. 58 E 304 273
530 H40 5135H 171 En. 58 F 347 311
530 H40 5140 172 En. 58 G 347 311
530 M 40 5135H 171 En. 58 H 316 292
530 M 40 5140 172 S. 139 E4340 130
534 A 99 E52100 154 S. 139 E4340H 130
535 A 99 E52100 154 S. 525 348 311
640 M 40 3140 95 S. 527 348 311
708 A 37 4135 110 S. 536 304L 277
708 A 37 4135H 110 S. 537 316L 296
708 A 42 4137 112 Type 3 5132H 170
708 A 42 4137H 112 Type 3 5135 171
708 A 42 4140 113 Type 7 8640 202
708 A 42 4140H 113 Type 7 8640H 202,
708 M 40 4137 112 Type 7 8740 216
708 M 40 4137H 112 Type 7 8740H 216
708 M 40 4140 113 Tyj» 8 E4340 130
708 M 40 4140H 113 Type 8 E4340H 130
709 A 40 4137H 112
709 M40 4137 112
709 M40 4140 113
709 M 40 4140H 113
735 A 50 6150 182
735 A 50
805 A 20

6150H
8622

182
193 UNITED STATES

805 A 20
805 A 20

8622H
8720

193
215 Designation Page

805 A 20 872OH 215 AISI805 A 20 8822 218
805 A 20 8822H 218 201 246
805 H20 8617 188 202 251
805 H20 8617H 188 301 253
805 H20 8620 189 302 258
805 H20 8620H 189 302B 262
805 M 20 8617 188 303 265
805 M 20 8617H 188 303MA 271
805 M 20 8620 189 SOSSe 265
805 M 20 8620H 189 304 273
816 M 40 9840 231 304HN 280
817 M 40 4340 130 304L 277
817 M 40 4340H 130 304N 280
3111Type 6 4340 130 305 281
3111Type 6
ANC 1Grade A

4340H 130 308 283
410 328 309 285

ANC 3 Grade B 347 311 309S 285
BA2 A2 445 309S(Cb) 285
BD 2 D2 449 310 288
BD 3 D3 449 310S 288
BH 11 Hll 457 314 291
BH 12 H12 457 316 292
BH 13 H13 457 316F 299
BH 21 H21 457 316L 296
BM1 H41 457 316N 300
BM1 Ml 465 317 301
BM 2 M2 465 317L 303
BM 34 M33 465 321 304
BM 34 M34 465 329 308
BO 1 01 440 330 309

i



UNITED STATES
(continued)

Designation Page

AISI
347 311
348 311
384 315
403 317
405 324
409 327
410 328
410S 329
414 332
416 337
416Se 337
420 344
42OF 346
420F(Se) 346
422 347
430 353
43OF 349
430F(Se) 349
430Ti 352
431 356
434 353
435 353
436 353
440A 358
440B 363
440C 364
440F 366
440F(Se) 366
442 367
443 367
446 369
501 371
502 371
615 373
630 375
631 382
632 384
633 386
634 388
651 391
660 396
661 398
1005 6
1006 6
1008 6
1010 10
1012 10
1015 11
1016 13
1017 13
1018 13
1019 13
1020 16
1021 18
1022 18
1023 20
1025 20
1026 20
1030 21
1034 21
1035 21
1038 26
1038H 26
1039 26
1040 26
1044 30
1045 30
1045H 30
1046 30
1050 31
1055 34
1059 34
1060 34
1064 40
1065 40

i

UNITED STATES
(continued)

Designation Page

AISI
1070 40
1074 40
1080 41
1086 488
1090 43
1095 43
1108 45
1109 45
1116 48
1117 48
1118 48
1119 48
1132 53
1137 56
1141 59
1144 59
1211 62
1212 62
1213 62
12L13 65
12L14 65
1215 62
12L15 65
1330 76
1330H 76
1335 81
1335H 81
1340 83
1340H 83
1345 87
1345H 87
1547 69
1548 69
15B48H 69
3140 95
4023 97
4024 98
4027 99
4027H 99
4028 99
4028H 99
4037 101
4037H 101
4042 102
4042H 102
4047 104
4047H 104
4118 105
4118H 105
4130 108
413OH 108
4135 110
4135H 110
4137 112
4137H 112
4140 113
4140H 113
4142 117
4142H 117
4145 118
4145H 118
4147 119
4147H 119
4150 120
4150H 120
4161 126
4161H 126
4320 127
4320H 127
4340 130
4340H 130
4419 137
4419H 137
4422 138
1427 139

Cross [Reference ?o Sfeels/S13

UNITED STATES
(continued)

Designation Page

AISI
4615 140
4620 141
4620H 141
4626 144
4626H 144
4718 146
4718H 146
4720 147
472OH 147
4815 148
4815H 148
4817 150
4817H 150
4820 151
4820H 151
50B40 160
50B40H 160
50B44 161
50B44H 161
5046 162
5046H 162
50B46 162
50B46H 162
50B50 164
50B50H 164
5060 165
50B6O 165
50B60H 165
5120 167
5120H 167
5130 168
5130H 168
5132 170
5132H 170
5135 171
5135H 171
5140 172
5140H 172
5150 175
5150H 175
5155 177
5155H 177
5160 178
5160H 178
5IB60 178
51B60H 178
6118 181
6118H 181
6150 182
6150H 182
81B45 185
81B45H 185
8615 187
8617 188
8617H 188
8620 189
8620H 189
8622 193
8622H 193
8625 194
8625H 194
8627 196
8627H 196
8630 197
8630H 197
86B30H 197
8637 201
8637H 201
8640 202
8640H 202
8642 205
8642H 205
8645 206
8645H 206
86B45 206



514/Cress Reference to Steels

UNITED STATES
(continued)

Designation Page

AISI
86B45H 206
8650 209
8650H 209
86B50 209
8655 212
8655H 212
8660 213
8660H 213
8720 215
872OH 215
8740 216
8740H 216
8822 218
8822H 218
9255 220
9260 222
9260H 222
94B15 226
94B15H 226
94B17 227
94B17H 227
94B30 229
94B30H 229
94B40 230
9840 231
A2 445
A3 445
A4 445
A5 445
A6 445
A7 445
A8 445
A9 445
A10 445
A2317 88
A2515 . 94
D2 449
D3 449
D4 449
D5 449
D7 449
E4340 130
E4340H 130
E9310 223
E9310H 223
E50100 154
E51100 154
E52100 154
H10 457
Hll 457
H12 457
H13 457
H14 457
H19 457
H21 457
H22 457
H23 457
H24 457
H25 457
H26 457
H41 457
H42 457
H43 457
Ml 465
M2 465
M3 (Class 1) 465
M3 (Class 2) 465
M4 465
M6 465
M7 465
M10 465
M30 465
M33 465

UNITED STATES
(continued)

Designation AISI Page

AISI
M34 465
M36 465
M41 465
M42 465
M43 465
M44 465
M46 465
M47 465
01 440
02 440
06 440
07 440
P2 453
P3 453
P4 453
P5 453
P6 453
P20 453
P21 453
SI 436
S2 436
S4 436
S5 436
S6 436
S7 436
S43035 352
T1 463
T2 463
T4 463
T5 463
T6 463
T8 463
T15 463
W1 432
W2 432
W5 432

AMS
5010 D 1212 62
5024 C 1137 56
5032 1020 16
5040 1010 10
5042 1010 10
5044 1010 10
5045 1020 16
5047 1010 10
5053 1010 10
5060 1015 11
5069 1018 13
5070 1022 18
5075 1025 20
5077 1025 20
5080 1035 21
5082 1035 21
5085 1050 31
5110 1080 41
5112 1090 43
5112 E 1086 488
5115 1070 40
5120 D 1074 40
5121 1095 43
5122 1095 43
5132 1095 43
5331 4340 130
5333 8615 187
5342 630 375
5343 630 375
5344 630 375
5354 615 373
5355 630 375
5369 651 391
5376 661 398
5501 304 273

UNITED STATES
(continued)

Designation AISI Page

AMS
5502 501 371
5503 430 353
5504 410 328
5505 410 328
5506 420 344
5507 316L 296
5508 615 373
5510 321 304
5511 304L 277
5512 347 311
5513 304 273
5514 305 281
5515 302 258
5516 302 258
5517 301 253
5518 301 253
5519 301 253
5520 632 384
5521 310S 288
5522 314 291
5523 309S 285
5524 316 292
5525 660 " 396
5526 651 391
5527 651 391
5528 631 382
5529 631 382
5531 661 398
5532 661 398
5546 633 386
5547 634 388
5548 633 386
5549 634 388
5554 633 386
5556 347 311
5557 321 304
5558 347 311
5559 321 304
5560 304 273
5561 415
5565 304 273
5566 304 273
5567 304 273
5568 631 332
5570 321 304
5571 347 311
5572 310S 288
5573 316 292
5574 309S 285
5575 347 311
5576 321 304
5577 310S 288
5578 426
5579 651 391
5585 661 398
5591 410 328
5592 330 309
5594 634 388
5595 415
5601 403
5602 501 371
5603 403
5604 630 375
5610 416Se 337
5611 403 317
5612 403 317
5613 410 328
5615 414 332
5615 615 373
5617 426
5618 440C 364
5620 420F 346
5620 420F(Se) 346
5621 420 344
5622 630 375



UNITE!) STATES
(continued)

Designation AISI Page

AMS
5626 T1 463
5627 430 353
5628 431 356
5629 402
5630 440C 364
5631 440A 358
5632 (Type 1) 440F 366
5632 (Type 2) 440F(Se) 366
5636 302 258
5637 302 258
5639 304 273
5640 (Type 1) 303 265
5640 (Type 2) 303Se 265
5641 303Se 265
5643 630 375
5644 631 382
5645 321 304
5646 347 311
5647 304L 277
5648 316 292
5649 316F 299
5650 309S 285
5651 310S 288
5652 314 291
5653 316L 296
5654 347 311
5655 422 347
5656 415
5657 632 384
5658 405
5659 405
5672 426
5673 631 352
5674 347 311
5678 631 382
5680 347 311
5681 347 311
5685 305 231
5686 305 281
5688 302 258
5689 321 304
5690 316 292
5691 316 292
5694 310 288
5695 310 288
5697 304 273
5716 330 309
5720 651 391
5721 651 391
5722 651 391
5731 660 396
5732 660 396
5734 660 396
5735 660 396
5736 660 396
5737 660 396
5738 303Se 265
5742 634 388
5743 634 388
5744 634 388
5745 633 386
5763 424
5764 407
5768 661 398
5769 661 398
5774 633 386
5775 633 386
5776 410 328
5780 634 388
5781 634 388
5794 661 398
5795 661 398
5804 660 396
5805 660 396

UNITED STATES
(continued)

Designation AISI Page

AMS
5812 632 384
5813 632 384
5817 615 373
5821 410 328
5824 631 382
5825 630 375
5840 402
5860 426
5861 407
5862 405

6260 F E9310 223
6265 B E9310 223
6272 8617 188
6274 8620 189
6275 94B17 227
6275 A 94B15 226
6276 8620 189
6277 8620 189
6280 8630 197
6281 8630 197
6290 4615 140
6294 4620 141
6322 8740 216
6323 8740 216
6325 8740 216
6327 8740 216
6342 C 9840 231
6350 4130 108
6355 8630 197
6356 4130 108
6358 8740 216
6359 4340 130
6360 4130 108
6361 4130 108
6362 4130 108
6365 C 4135 110
6370 4130 108
6371 4130 108
6372 C 4135 110
6373 4130 108
6381 4140 113
6382 4140 113
6386 (Type 1) 497
6386 (Type 3) 497
6386 (Type 4) 497
6386 (Type 5) 497
6390 4140 113
6395 4140 113
6414 4340 130
6415 4340 130
6437 Hll 457
6440 E52100 154
6441 E52100 154
6442 B E50100 154
6443 E51100 154
6444 E52100 154
6446 E51100 154
6447 E52100 154
6448 6150 182
6449 E51100 154
6450 6150 182
6455 6150 182
6466 502 371
6467 502 371
6485 Hll 457
6487 Hll 457
6488 Hll 457
6530 8630 197
6550 8630 197

7240 1060 34
7301 6150 182
7304 1095 43
7470 615 373

Cross Referenceto Sfee!s/515

UNITED STATES
(continued)

Designation AISI Page

ANSI
G81.40 661 398

ASME
5041 1005 6
Code Case 1817 413
SA182 304 273
SA182 304L 277
SA182 304N 280
SA182 310 288
SA182 316 292
SA182 316L 296
SA182 316N 300
SA182 321 304
SA182 347 311
SA182 348 311
SA182 430 353
SA182 (XM-19) 407
SA193 305 281
SA193 316 292
SA193 321 304
SA193 347 311
SA194 303 265
SA194 303Se 265
SA194 305 281
SA194 316 292
SA194 321 304
SA194 347 311
SA194 416 337
SA194 416Se 337
SA194 (Type 3) 501 371
SA194 (Type 6) 410 328
SA194 (Type 8) 304 273
SA213 304 273
SA213 304L 277
SA213 304N 280
SA213 310 288
SA213 316 292
SA213 316L 296
SA213 316N 300
SA213 321 304
SA213 347 311
SA213 348 311
SA240 302 258
SA240 304 273
SA240 304L 277
SA240 304N 280
SA240 305 281
SA240 309S 285
SA240 310S 288
SA240 316 292
SA240 316L 296
SA240 316N 300
SA240 317 301
SA240 317L 303
SA240 321 304
SA240 347 311
SA240 348 311
SA240 405 324
SA240 410 328
SA240 410S 329
SA240 430 353
SA240 (XM-8) S43035 352
SA240 (XM-19) 407
SA240 (XM-21) 304HN 280
SA240 (XM-27) 422
SA240 (XM-29) 418
SA249 304 273
SA249 3G4L 277
SA249 304N 280
SA249 309 285
SA249 310 288
SA249 316 292
SA249 316L 296



516/Cross Reference to Steels

UNITED STATES
(continued)

UNITED STATES
(continued)

UNITED STATES
(continued)

Designation A1SI Page Designation AISI Page Designation AISI Page

ASME ASME ASTM
SA249 316N 300 SA412 201 246 A29 1064 40
SA249 317 301 SA412 (XM-19) 407 A29 1065 40
SA249 321 304 SA430 304 273 A29 1070 40
SA249 347 311 SA430 304N 280 A29 1074 40
RA249 348 311 SA430 316 292 A29 1080 41
SA249 (XM-19) 407 SA430 316N 300 A29 1086 488
SA249 (XM-29) 418 SA430 321 304 A29 1090 43
SA263 329 308 SA430 347 311 A29 1095 43
SA268 405 324 SA479 302 258 A29 1108 45
SA268 409 327 SA479 304 273 A29 1109 45
SA268 410 328 SA479 304L 277 A29 1116 48
SA268 430 353 SA479 304N 280 A29 1119 48
SA268 446 369 SA479 310S 288 A29 1132 53
SA268 (XM-8) S43035 352 SA479 316 292 A29 1137 56
SA268 (XM-27) 422 SA479 316L 296 A29 1141 59
SA312 304 273 SA479 316N 300 A29 1144 59
SA312 304L 277 SA479 321 304 A29 1211 62
SA312 304N 280 SA479 347 311 A29 1212 62
3A312 309 285 SA479 348 311 A29 1213 62
SA312 310 288 SA479 405 324 A29 12L13 65
SA312 316 292 SA479 410 328 A29 12L14 65
SA312 316L 296 SA479 430 353 A29 1215 62
SA312 316N 300 SA479 (XM-8) S43035 352 A29 1547 69
SA312 317 301 SA479 (XM-19) 407 A29 1548 69
SA312 321 304 SA479 (XM-27) 422 A29 15B4SH 69
SA312 347 311 SA564 630 375 A29 9260 222
SA312 348 311 SA564 (XM-25) 424 A36 483
SA312 (XM-19) 407 SA638 660 396 A57 1064 40
SA312 (XM-29) 418 SA688 304 273 A59 9260 222
SA320 303 265 SA688 304L 277 A 107 1117 48
SA320 303Se 265 SA688 316 292 A 107 1118 48
SA320 316 292 SA688 316L 296 A107 1141 59
SA320 321 304 SA688 (XM-29) 418 A108 1008 6
SA32U (B8) 304 273 8A705 630 375 A108 1010 10
SA320 (BSC) 347 311 SA705 631 382 A108 1015 11
SA358 304 273 SA705 (XM-12) 405 A108 1016 13
SA358 ' 304N 280 SA705 (XM-13) 402 A108 1017 13
SA358 309 285 SA706 (XM-25) 424 A108 1018 13
SA358 310 288 SA737 (XM-27) 422 A108 1020 16
SA358 316 292 A 108 1030 21
SA358 316N 300 ASTM A108 1035 21
SA358 321 304 A108 1040 26
SA358 347 311 A26 1064 40 A108 1117 48
SA358 348 311 A29 1005 6 A108 1118 48
SA376 304 273 A29 1006 6 A108 1137 56
SA376 304N 280 A29 1008 6 A108 1141 59
SA376 316 292 A29 1010 10 A108 1144 59
SA376 316N 300 A29 1012 10 A108 1211 62
SA376 321 304 A29 1015 11 A108 1212 62
SA376 347 311 A29 1016 13 A108 1213 62
SA376 348 311 A29 1017 13 A108 12L14 65
SA387 (Type 5) 501 371 A29 1018 13 A 108 1215 62
SA387 (Type 5) 502 371 A29 1019 13 A131 484
SA403 304 273 A29 1020 16 A131(A) 484
SA403 304L 277 A29 1021 18 A131 (AH32,
SA403 309 285 A29 1022 18 DH32, EH32) 484
SA403 310 288 A29 1023 20 A131 (AH36,
SA403 316 292 A29 1025 20 DH36, EH36) 484
SA403 316L 296 A29 1026 20 A131 (B) 484
SA403 316N 300 A29 1030 21 A131 (CS, DS) 484
SA403 317 301 A29 1034 21 A131 (D> 484
SA403 321 304 A29 1035 21 A131 (E) 484
SA403 347 311 A29 1038 26 A135 485
SA403 348 311 A29 1038H 26 A139 486
SA403 (XM-19) 407 A29 1039 26 A139 (B) 486
SA409 304 273 A29 1040 26 A139 (C) 486
SA409 309 285 A29 1044 30 A139 (D) 436
SA409 310 288 A29 1045 30 A139 (E) 486
SA409 316 292 A29 1045H 30 A167 301 253
SA409 317 301 A29 1046 30 A 167 302 258
SA409 321 304 A29 1050 31 A167 302B 262
SA409 347 311 A29 1055 34 A167 304 273
SA409 348 311 A29 1059 34 A167 304L 277
SA412 415 A29 1060 34 A 167 305 281



UNITED STATES
(continued)

Designation AISI Page

ASTM
A167 308 283
A167 309 285
A167 309S 285
A167 310 288
A167 310S 288
A167 316 292
A167 316L 296

; A167 317 301
• 1 A167 317L 303
="> A167 321 304

A167 347 311
A167 348 311
A176 403 317
A176 405 324
A176 409 327
A176 410 328
A176 410S 329

! A176 430 353
A176 442 367
A176 446 369
A176 (XM-27) 422
A177 301 253

' j A181 1034 21
A182 304 273
A182 304L 277
A182 304N 280
A182 310 238

; A182 316 292
A182 316L 2%
A182 316N 300
A182 321 304
A182 347 311

' i A182 348 311
A182 430 353
A182 (XM-19) 407
A193 304 273
A193 316 292
A193 321 304

ÿ

' A193 347 311
; A193 410 328

A193 501 371
A193 (grade BSS) 413
A194 303 265

i I A194 303Se 265
: I A194 304 273

A194 316 292
A194 321 304

ÿ .. A194 347 311
A194 410 328

ÿ i A194 416 337
A194 416Se 337
A194 501 371

• i A194 (grade 8F) 303Se 265
A194 (grade 8S) 413

! A213 304 273
A213 304L 277
A213 304N 280
A213 310 288
A213 316 292

I i A213 316L 296
A213 316N 300
A213 321 304
A213 347 311
A213 348 311

' ÿ A227 487
A227M 487
A228 1086 438
A229 489

: ! A229 1065 40
1 A230 489

A230 1064 40
A231 490
A231 6150 182

1 A232 490

UNITED STATES
(continued)

Designation AISI Page

ASTM
A240 302 258
A240 304 273
A240 304L 277
A240 304N 280
A240 305 281
A240 309S 285
A240 310S 288
A240 316 292
A240 316L 296
A240 316N 300
A240 317 301
A240 317L 303
A240 321 304
A240 348 311
A240 405 324
A240 410 328
A240 410S 329
A240 430 353
A240 (XM-8) S43035 352
A240 (XM-19) 407
A240 (XM-21) 304HN 280
A240 (XM-27) 422
A240 (XM-29) 418
A249 304 273
A249 3041, 277
A249 304N 280
A249 305 281
A249 309 285
A249 310 288
A249 316 292
A249 316L 296
A249 316N 300
A249 317 301
A249 321 304
A249 347 311
A249 348 311
A249 (XM-19) 407
A249 (XM-29) 418
A268 329 308
A268 405 324
A268 409 327
A268 430 353
A268 430Ti 352
A268 443 367
A268 446 369
A268 (XM-8) S43035 352
A268 (XM-27) 122
A269 304 273
A269 316 292
A269 3161, 296
A269 317 301
A269 321 304
A269 347 311
A269 348 311
A269 (XM-10) 415
A269 (XM-11) 415
A269 (XM-19) 407
A269 (XM-29) 418
A270 304 273
A271 304 273
A271 321 304
A271 347 311
A273 1026 20
A274 9840 231
A276 413
A276 302 258
A276 302B 262
A276 304 273
A276 304L 277
A276 304N 280
A276 305 281
A276 308 283
A276 309 285
A276 309S 285

Cross Referenceto Steels/517

UNITED STATES
(continued)

Designation AISI Page

ASTM
A276 310 288
A276 310S 288
A276 314 291
A276 315 292
A276 31SL 296
A276 3I5N 300
A276 317 301
A276 321 304
A276 347 311
A276 343 311
A276 403 317
A276 405 324
A276 410 328
A276 414 332
A276 420 344
A276 430 353
A276 431 356
A276 44DA 358
A276 44OB 363
A276 440C 364
A276 446 369
A276 (XM-10) 415
A276 (XM-11) 415
A276 (XM-19) 407
A276 (XM-21) 304HN 280
A276 (XM-27) 422
A276 (XM-2S) 420
A276 (XM-29) 418
A277 487
A283 491
A264 491
A284 (A) 491
A284 (B) 491
A284 (C) 491
A295 E5D100 154
A295 E5L100 154
A304 1330H 76
A304 1335H 81
A304 1340H 83
A304 1345H 87
A304 15B43H 69
A304 4027H 99
A304 4028H 99
A304 4037H 101
A304 4042H 102
A304 4047H 104
A304 411BH 105
A304 4130H 108
A304 4135H 110
A304 4137H 112
A304 4140H 113
A304 4142H 117
A304 4145H 118
A304 4147H 119
A304 4150H 120
A304 4161H 126
A304 4320H 127
A304 4340H 130
A304 4419H 137
A304 4620H 141
A304 4626H 144
A304 4718H 146
A304 4720H 147
A304 4615H 148
A304 4817 150
A304 4B1TH 150
A304 4820H 151
A304 50B40H 160
A304 50B44H 161
A304 5046H 162
A304 50B46H 162
A304 50B5OH 164
A304 50B6OH 165
A304 5120H 167



518/Cross Reference to Steeis

UNITED STATES
(continued)

Designation AISI Page

ASTM
A304 5130H 168
A304 5132H 170
A304 5135H 171
A304 5140H 172
A304 5150H 175
A304 5155H 177
A304 5160H 178
A304 51B60H 178
A304 6118 181
A304 6150H 182
A304 81B45H 185
A304 8617H 188
A304 8620H 189
A304 8622H 193
A304 8625H 194
A304 8627H 196
A304 8630H 197
A304 86B30H 197
A304 8637H 201
A304 8640H 202
A304 8642H 205
A304 8645H 206
A304 86B45H 206
A304 8650H 209
A304 8655H 212
A304 8660H 213
A304 8720H 215
A304 8740H 216
A304 8822H 218
A304 9260H 222
A304 94B15H 226
A304 94B17H 227
A304 94B30H 229
A304 E4340 > 130
A304 E4340H • 130
A304 E9310H - 223
A308 492
A311 1137 56
A311 1141 59
A311 1144 59
A312 304 273
A312 304L 277
A312 304N 280
A312 309 285
A312 310 288
A312 316 292
A312 316L 296
A312 316N 300
A312 317 301
A312 321 304
A312 347 311
A312 348 311
A312 (XM-19) 407
A312 (XM-29) 418
A313 302 258
A313 304 273
A313 305 281
A3 13 316 292
A313 631 382
A313 (XM-16) 426
A313 (XM-28) 420
A313 (XM-29) 418
A314 202 251
A314 302 258
A3 14 302B 262
A314 303 265
A314 303Se 265
A314 304 273
A314 304L 277
A3 14 305 281
A3 14 308 283
A3 14 309 285
A3 14 309S 285
A3 14 310 288
A3 14 310S 288

UNITED STATES
(continued)

Designation AISI Page

ASTM
A314 314 291
A314 316 293
A314 316L 296
A314 317 301
A314 321 304
A314 347 311
A314 348 311
A314 403 317
A314 405 324
A314 410 328
A314 414 332
A314 416 337
A314 416Se 337
A314 420 344
A314 430 353
A314 430F 349
A314 430F(Se) 349
A314 431 356
A314 440A 358
A314 44OB 363
A314 440C 364
A314 446 369
A314 501 371
A314 502 371
A314 (XM-10) 415
A314 (XM-11) 415
A314 (XM-27) 422
A320 303 265
A320 303Se 265
A320 304 273
A320 316 292
A320 321 304
A320 347 311
A322 1330 76
A322 1335 81
A322 1340 83
A322 1345 87
A322 3140 95
A322 4023 97
A322 4024 98
A322 4027 99
A322 4028 99
A322 4037 101
A322 4042 102
A322 4047 104
A322 4118 105
A322 4130 108
A322 4137 112
A322 4140 113
A322 4142 117
A322 4145 118
A322 4147 119
A322 4150 120
A322 4161 126
A322 4320 127
A322 4340 130
A322 4419 137
A322 4615 140
A322 4620 141
A322 4626 144
A322 4718 146
A322 4720 147
A322 4815 148
A322 4817 150
A322 4820 151
A322 50B40 160
A322 50B44 161
A322 50B46 162
A322 5OB50 164
A322 50B60 165
A322 5120 167
A322 5130 168
A322 5132 170
A322 5135 171
A322 5140 172

UNITED STATES
(continued)

Designation AISI Page

ASTM
A322 5150 175
A322 5155 177
A322 5160 178
A322 51B60 178
A322 6118 181
A322 6150 182
A322 81B45 185
A322 8615 187
A322 8617 188
A322 8620 189
A322 8622 193
A322 8625 194
A322 8627 196
A322 8630 197
A322 8637 201
A322 8640 202
A322 8642 205
A322 8645 206
A322 8650 209
A322 8655 212
A322 8660 213
A322 8720 215
A322 8740 216
A322 8822 218
A322 9255 220
A322 9260 222
A322 94B17 227
A322 94B30 229
A322 94B40 230
A322 9840 231
A322 E9310 223
A322 E51100 154
A322 E52100 154
A331 1330 76
A331 1335 81
A331 1340 83
A331 1345 87
A331 3140 95
A331 4023 97
A331 4024 98
A331 4027 99
A331 4028 99
A331 4037 101
A331 4042 102
A331 4047 104
A331 4118 105
A331 4130 108
A331 4137 112
A331 4140 113
A331 4142 117
A331 4145 118
A331 4147 119
A331 4150 120
A331 4161 126
A331 4320 127
A331 4340 130
A331 4419 137
A331 4615 140
A331 4620 141
A331 4626 144
A331 4718 146
A331 4720 147
A331 4815 148
A331 4817 150
A331 4820 151
A331 50B60 165
A331 5120 167
A331 5130 168
A331 5132 170
A331 5135 171
A331 5140 172
A331 5150 175
A331 5155 177
A331 5160 178
A331 51B60 178



UNITED STATES
(continued)

Designation AISI Page

ASTM
A331 6150 182
A331 8617 188
A331 8620 189
A331 8622 193
A331 8625 194
A331 8627 196
A331 8630 197
A331 8637 201
A331 8640 202
A331 8642 205
A331 8645 206
A33L 8655 212
A332 8660 213
A331 8720 215
A331 8740 216
A331 8822 218
A331 9260 222
A331 94B17 227
A331 94B30 229
A331 E4340 130
A331 E52100 154
A355 4135 110
A358 304N 280
A358 309 285
A358 310 288
A358 316 292
A358 316N 300
A358 321 304

1 A358 347 311
i A358 348 311

A358 (XM-29) 418
A366 492
A368 302 258
A368 304 273
A368 305 281
A368 316 292
A376 304 273
A376 304N 280
A376 316 292

i A376 316N 300
A376 321 304
A376 347 311

-ÿ A376 348 311
i A387 (5) 501 371

A387 (5) 502 371
A401 492
A403 304L 277
A403 304N 280

i A403 309 285• A403 310 288
A403 316 292
A403 316L 296
A403 316N 300
A403 317 301

! A403 321 304
A403 347 311
A403 348 311
A403 (XM-19) 407

1 A409 304 273
i A409 309 285
! A409 310 238

A409 316 292
. A409 317 301
: A409 321 304
ÿ, A409 347 311

A412 201 246
A412 202 251
A412 (XM-10) 415
A412 (XM-11) 415

j A412 (XM-19) 407
! A412 (XM-29) 418

A424 493
A429 201 246

; A429 202 251
; A429 (XM-19) 407

UNITED STATES
(continued)

Designation AISI Page

as™
A430 304 273
A430 304N 280
A430 316 292
A430 316N 30O
A430 321 304
A430 347 3L1
A446 494
A453 651 391
A453 660 396
A457 651 391
A458 651 391
A463 494
A473 202 251
A473 302 258
A473 302B 262
A473 303 265
A473 303Se 265
A473 304 273
A473 304L 277
A473 305 281
A473 308 283
A473 309 285
A473 309S 285
A473 310 288
A473 310S 288
A473 314 291
A473 316 292
A473 316L 296
A473 317 301
A473 321 304
A473 347 311
A473 403 317
A473 405 324
A473 410 328
A473 410S 329
A473 414 332
A473 416 337
A473 416Se 337
A473 420 344
A473 430 353
A473 430F 349
A473 430F(Se) 349
A473 431 356
A473 440A 358
A473 449B 363
A473 440C 364
A473 446 369
A473 501 371
A473 502 371
A473 (XM-10) 415
A473 (XM-11) 415
A477 651 391
A478 302 258
A478 304 273
A478 304L 277
A478 305 281
A478 316 292
A478 316L 296
A478 317 301
A479 413
A479 302 258
A479 304 273
A479 304L 277
A479 304N 280
A479 310S 288
A479 316 292
A479 316L 296
A479 316N 300
A479 321 304
A479 347 311
A479 348 311
A479 403 317
A479 405 324
A479 410 328
A479 430 353

Cross Reference to Sfreels/S 19

UNITED STATES
(continued)

Designation AISI Page

ASTM
A479 (XM-8) S43035 352
A479 (XM-19) 407
A479 (XM-27) 422
A479 (XM-29) 418
A485 495
A485 (1) 495
A485 (2) 495
A485 (31 495
A485 (4) 495
A492 302 258
A492 304 273
A492 305 281
A493 302 258
A493 304 273
A493 305 281
A493 321 304
A493 347 311
A493 384 315
A493 410 328
A493 430 353
A493 431 356
A493 440C 364
A493 (XM-7) 421
A500 (A, B) 497
A500 (A, B, C) 496
A501 496
A501 497
A505 4118 105
A505 4130 108
A505 4137 112
A505 4140 113
A505 4142 117
A505 4145 118
A505 4147 119
A505 4150 120
A505 4320 127
A505 4340 130
A505 4615 140
A505 4620 111
A505 4718 146
A505 4815 148
A505 4820 151
A505 5130 168
A505 5132 170
A505 5140 172
A505 5150 175
A505 5160 178
A505 6150 ; 182
A505 8615 187
A505 8617 188
A505 8620 189
A505 8630 197
A505 8640 202
A505 8642 205
A505 864G 206
A505 8650 209
A505 8655 212
A505 8660 213
A505 8720 215
A505 8740 216
A505 9260 222
A505 E4340 130
A505 E5110O 154
A505 E5210O 154
A510 1005 6
A510 1006 6
A510 1008 6
A510 1010 10
A510 1012 10
A510 1015 11
A510 1016 13
A510 1017 13
A510 1018 13
A510 1019 13
A510 1020 16



520/Cross Reference to Steeis

UNITED STATES
(continued)

Designation AISI Page

ASTM
A510 1021 18
A510 1022 18
A510 1023 20
A510 1025 20
A510 1026 20
A510 1030 21
A510 1035 21
A510 1038 26
A51Q 1039 26
A510 1040 26
A510 1044 30
A510 1045 30
A510 1046 30
A510 1050 31
A510 1055 34
A510 1060 34
A510 1070 40
A510 1080 41
A510 1090 43
A510 1095 43
A510 1S47 69
A510 154S 69
A511 302 258
A511 304 273
A511 304L 277
A511 305 281
A511 309 285
A511 309S 285
A511 310 288
A511 310S 288
A511 316L 296
A511 317 301
A511 321 304
A511 329 i:. 308
A511 347 311
A511 403 317
A511 405 324
A511 410 328
A511 414 332
A511 416Se 337
A511 430 353
A511 440A 358
A511 443 367
A511 446 369
A512 1025 20
A512 1030 21
A513 1016 13
A513 1017 13
A513 1018 13
A513 1019 13
A513 4130 108
A513 8620 189
A514 497
A514 (A) 497
A514 (C) 497
A514 (D) 497
A514 (E) 497
A514 (F) 497
A514 (G) 497
A514 (ID 497
A514 (J) ÿ197
A514 (L) 497
AS 14 (M) 497
AS14 (N) 497
A514 (P) 497
A515 (55) 491
A515 (60) 491
A517 (A) 497
A517 (C) 497
A517 (D) 497
A517 (E) 497
A517 (F) 497
A517 (G) 497
A517 (H) 497
A517 (J) 497
A517 (L) 497

UNITED STATES
(continued)

Designation AISI Page

ASTM
A517 (M) 497
A517 (N) 497
A517 (P) 497
A519 1008 6
A519 1010 10
A519 1012 10
A519 1015 11
A519 1017 13
A519 1018 13
A519 1019 13
A519 1020 16
A519 1021 18
A519 1022 18
A519 1025 20
A519 1026 20
A519 1030 21
A519 1035 21
A519 1040 26
A519 1045 30
A519 1050 31
A519 1330 76
A519 1335 81
A519 1340 83
A519 1345 87
A519 3140 95
A519 4023 97
A519 4024 98
A519 4027 99
A519 4028 99
A519 4037 101
A519 4042 102
A519 4047 104
A519 4118 105
A519 4130 108
A519 4135 110
A519 4137 112
A519 4140 113
A519 4142 117
A519 4145 118
A519 4147 119
A519 4150 120
A519 4320 127
A519 4340 130
A519 4422 138
A519 4427 139
A519 4720 147
A519 4817 150
A519 4820 151
A519 50B40 160
A519 50B44 161
A519 5046 162
A519 50B46 162
A519 50B50 164
A519 50B60 165
A519 5120 167
A519 5130 168
A519 5132 170
A519 5135 171
A519 5140 172
A519 5150 175
A519 5155 177
A519 5160 178
A519 51B60 178
A519 81B45 185
A519 8630 197
A519 8637 201
A519 8640 202
A519 8642 205
A519 8645 206
A519 86B45 206
A519 8650 209
A519 8660 213
A519 8720 215
A519 8740 216
A519 8822 218
A519 9260 222

UNITED STATES
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ASTM
A519 94B15 226
A519 94B17 227
A519 94B30 229
A519 94B40 230
A519 9840 231
A519 E4340 130
A519 E9310 223
A519 E50100 154
AS19 E51100 154
A519 E52100 154
A525 498
A525M 498
A526 498
A527 498
A528 498
A529 500
A534 4023 97
A535 4320 127
A535 4620 141
A535 4720 147
A535 4820 151
A535 E52100 154
A538 (A) 472
A538 (B> 474
A538 (C) 477
A544 1017 13
A544 1018 13
A544 1020 16
A544 1022 18
A544 1030 21
A544 1035 21
A544 1038 ,26
A545 1006 6
A545 1008 6
A545 1010 10
A545 1012 10
A545 1015 11
A545 1016 13
A545 1018 13
A545 1019 13
A545 1021 18
A545 1022 18
A545 1026 20
A545 1030 21
A545 1035 21
A545 1038 26
A546 1030 21
A546 1035 21
A546 1038 26
A546 1039 26
A546 1040 26
A547 1335 81
A547 1340 83
A547 4037 101
A547 4137 112
A547 4140 113
A547 4142 117
A547 4340 130
A548 1016 13
A548 1018 13
A548 1019 13
A548 1021 18
A548 1022 18
A549 1008 6
A549 1010 10
A549 1012 10
A549 1015 11
A549 1016 13
A549 1017 13
A549 1018 13
A554 301 253
A554 302 258
A554 304 273
A554 304L 277
A554 305 281
A554 309 285
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ASTM ASTM ASTM
A554 309S 285 A580 302B 262 A621 503
A554 309S(Cb) 285 A580 304 273 A622 503
A554 31GS 288 A580 304L 277 A632 304 27S
A554 316L 296 A580 305 281 A632 304L 277
A554 317 301 A580 308 283 A632 310 288
A554 347 311 A5S0 309 285 A632 316L 296
A554 430 353 A580 309S 285 A632 317 301
A554 430Ti 352 A580 310S 288 A632 348 311

A564
A564
A564
A564
A564 (XM-12)
A564 (XM-13)
A564 (XM-16)
A564 (XM-25)
A5G5
A5G5
A567
A569

630
631
632
634

422
615
661

375
382
384
388
405
402
426
424
347
373
398
492

A580
A580
A580
A580
A580
A580
A580
A580
A580
A580
A580
A580

314
316L
317
347
348
403
405
410
414
420
430
431

291
296
301
311
311
317
324
328
332
344
353
356

A633
A638
A639
A642
A646
A646
A646
A646
A651
A651
A651
A651

347
660
661

4130
4140
4340
E52100
304
409
430
43GTi

311
396
398
498
108
113
130
154
273
327
353
352

A580 440A 358 A651 434 353
A570 500 A580 440B 363 A651 (XM-8) S43C35 352
A570 (A, B, C) 500 A580 440C 364 A659 1016 11
A570 (D, E) 500 A580 446 369 A659 1016 13
A573 501 A580 (XM-10) 415 A659 1017 13
A573 (58) 501 A580 (XM-11) 415 A659 1018 13
A573 (65) 501 A580 (XM-19) 407 A659 1020 16
A573 (70) 501 A580 (XM-28) 420 A659 1021 18
A575 1008 6 A580 (XM-29) 418 A659 1023 20
A575 1010 10 A581 303 265 A666 201 246
A575 1012 10 A581 303Se 265 A666 202 251
A575 1015 11 A581 416 337 A666 301 253
A575 1017 13 A581 4165e 337 A666 302 258
A575 1020 16 A581 430F 349 A666 304 273
A575 1023 20 A581 430F(Se) 349 A678 504
A575 1025 20 A581 (XM-2) 303MA 271 A678 (A) 504
A575 1044 30 A582 303 265 A678 (B) 504
A576 1008 6 A582 303Se 265 A678 (C) 504
A576 1010 10 A582 416 337 A681 A2 445
A576 1012 10 A582 416Se 337 A681 A3 445
A576 1015 11 A582 420F(Se) 346 A681 A4 445
A576 1016 13 A582 43OF 349 A681 A5 445
A576 1017 13 A582 430F(Se) 349 A681 A6 445
A576 1018 13 A582 (XM-2) 303MA 271 A681 A7 445
A576 1019 13 A591 501 A681 A8 445
A576 1020 16 A592 (A) 497 A681 AS 445
A576 1021 18 A592 (F) 497 A681 A10 445
A576 1022 18 A599 502 A681 D2 449
A576 1023 20 A681 D3 449
A576 1025 20 A600 Ml 465 A681 D4 449
A576 1026 20 A600 M2 465 A681 D5 449
A576 1030 21 A600 M3 (Class 1) 465 A681 D7 449
A576 1035 21 A600 M3 (Class 2) 465 A681 H1C 457
A576 1038 26 A600 M4 465 A681 Hll 457
A576 1039 26 A600 M6 465 A681 H12 457
A576 1040 26 A600 M7 465 A681 H13 457
A576 1044 30 A600 M10 465 A681 H14 457
A576 1045 30 A600 M30 465 A681 Hi9 457
A57G 1046 - 30 - A600 M33 465 A681 H21 457
A576 1050 31 A600 M34 465 A683 H22 457
A576 1055 34 A600 M36 465 A681 H23 457
A576 1060 34 A600 M41 465 A681 H24 457
A576 1070 40 A600 M42 465 A681 H25 457
A576 1080 41 A600 M43 465 A681 H2fi 457
A576 1090 43 A600 M44 465 A681 H41 457
A576 1095 43 A600 M46 465 A681 H42 457
A576 1547 69 A600 M47 465 A681 H43 457
A576 1548 69 A600 T1 463 A681 Ol 440
A579 632 384 A600 T2 463 A681 02 440
A579 634 388 A600 T4 463 A6B1 06 440
A579 (grade 61) 633 386 A600 T5 463 A681 07 440
A579 (grade 62) 631 382 A600 T6 463 A681 P2 453
A579 (grade 63) 431 356 A600 T8 463 A681 P3 453
A579 (grade 71) 472 ASOO T15 463 A681 P4 453
A579 (grade 72) 474 A611 502 A681 P5 453
A579 (grade 73) 477 A619 503 A681 P6 453
A580 413 A620 503 A681 P20 453
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ASTM
A681 P21 453
A681 SI 436
A681 S2 436
A681 S4 436
A681 S5 436
A681 S6 436
A681 S7 436
A682 1030 21
A682 1035 21
A682 1040 26
A682 1045 30
A682 1050 31
A682 1055 34
A682 1060 34
A682 1064 40
A682 1065 40
A682 1070 40
A682 1074 40
A682 1080 41
A682 1086 488
A682 1095 43
A686 W1 432
A686 W5 432
A688 304 273
A688 304L 277
A688 316L 296
A688 (XM-29) 418
A693 630 375
A693 631 382
A693 632 384
A693 633 386
A693 634 388
A693 (XM-12) 405
A693 (XM-13) "."i 402
A693 CXM-16) 426
A693 (XM-25) A. 424
A699 504
A705 630 375
A705 631 382
A705 632 384
A705 634 388
A705 (XM-12) 405
A7C5 (XM-13) 402
A705 (XM-16) 426
A705 (XM-25) 424
A709 505
A710 506
A710 (A) 506
A710 (B) 506
A711 3140 95
A711 4135 110
A711 4720 147
A711 8660 213
A711 E9310 223
A7U E50100 154
A711 E51100 154
A711 E52100 154
A731 (XM-27) 422
B511 330 309
B512 330 309
B535 330 309
B536 330 309
B546 330 309

FED
QQ-S-633

(C12L13) 12L13 65
QQ-S-635 (C1030) 1030 21
QQ-S-635 (C1035) 1035 21
QQ-S-635 (C1045) 1045 30
QQ-S-635 (C1050) 1050 31
QQ-S-637 1141 59
QQ-S-637 1215 62
QQ-S-637 (C1008) 1008 6

:
f

UNITED STATES UNITED STATES
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FED FED
QQ-S-637 (C1109) 1109 45 QQ-T-570 H10 457
QQ-S-637 (C1116) 1116 48 QQ-T-570 Hll ' 457
QQ-S-637 (C1117) 1117 48 QQ-T-570 H12 457
QQ-S-637 (C1118) 1118 48 QQ-T-570 H13 457
QQ-S-637 (C1119) 1119 48 QQ-T-570 H14 457
QQ-S-637 (C1132) 1132 53 QQ-T-570 H19 457
QQ-S-637 (C1137) 1137 56 QQ-T-570 H21 457
QQ-S-637 (C1144) 1144 59 QQ-T-570 H22 457
QQ-S-637 (C1211) 1211 62 QQ-T-570 H23 457
QQ-S-637 (C1212) 1212 62 QQ-T-570 H24 457
QQ-S-637 (C1913) 1213 62 QQ-T-570 H25 457
QQ-S-698 (C1008) 1008 6 QQ-T-570 H26 457
QQ-S-698 (C1015) 1015 11 QQ-T-570 H41 457
QQ-S-700 (C1025) 1025 20 QQ-T-570 H42 457
QQ-S-700 (C1030) 1030 21 QQ-T-570 H43 457
QQ-S-700 (C1035) 1035 21 QQ-T-570 01 440
QQ-S-700 (C1045) 1045 30 QQ-T-570 02 440
QQ-S-700 (C1050) 1050 31 QQ-T-570 06 440
QQ-S-700 (C1055) 1055 34 QQ-T-570 07 440
QQ-S-700 (C1065) 1065 40 QQ-T-570 SI 436
QQ-S-700 (C1074) 1074 40 QQ-T-570 S2 436
QQ-S-700 (CI080) 1080 41 QQ-T-570 S4 436
QQ-S-700 (C1086) 1086 488 QQ-T-570 S5 436
QQ-S-700 (C1095) 1095 43 QQ-T-570 S6 436
QQ-S-763 202 251 QQ-T-590 Ml 465
QQ-S-763 302 258 QQ-T-590 M2 465
QQ-S-763 304 273 QQ-T-590 M3 (Class 1) 465
QQ-S-763 304L 277 QQ-T-590 M3 (Class 2) 465
QQ-S-763 305 281 QQ-T-590 M4 465
QQ-S-763 309 285 QQ-T-590 M6 465
QQ-S-763 310 288 QQ-T-590 M7 465
QQ-S-763 316 292 QQ-T-590 M10 465
QQ-S-763 316L 296 QQ-T-590 • M30 465
QQ-S-763 317 301 QQ-T-590 M33 465
QQ-S-763 321 304 QQ-T-590 M34 465
QQ-S-763 347 311 QQ-T-590 M36 465
QQ-S-763 403 317 QQ-T-590 M41 465
QQ-S-763 405 324 QQ-T-590 M42 465
QQ-S-763 410 328 QQ-T-590 M43 465
QQ-S-763 414 332 QQ-T-590 M44 465
QQ-S-763 420 344 QQ-T-590 M46 465
QQ-S-763 430 353 QQ-T-590 T1 463
QQ-S-763 440A 358 QQ-T-590 T2 463
QQ-S-763 440B 363 QQ-T-590 T4 463
QQ-S-763 440C 364 QQ-T-590 T5 463
QQ-S-763 446 396 QQ-T-590 T6 463
QQ-S-766 201 246 QQ-T-590 T8 463
QQ-S-766 202 251 QQ-T-590 T15 463
QQ-S-766 301 253 QQ-W-412 490
QQ-S-766 302 258 QQ-W-412 (II) 492
QQ-S-766 304 273 QQ-W 423 302 258
QQ-S-766 304L 277 QQ-W-423 304 273
QQ-S-766 309 285 QQ-W-423 305 281
QQ-S-766 310 288 QQ-W-423 310 288
QQ-S-766 316 292 QQ-W-423 316 292
QQ-S-766 316L 296 QQ-W-423 321 304
QQ-S-766 321 304 QQ-W-423 347 311
QQ-S-766 347 311 QQ-W-423 410 328
QQ-S-766 348 311 QQ-W-423 416 337
QQ-S-766 420 344 QQ-W-423 420 344
QQ-S-766 430 353 QQ-W-423 430 353
QQ-S-766 446 369 QQ-W-461 1006 6
QQ-T-570 A2 445 STD-66 202 251
QQ-T-570 A3 445 STD-66 304 273
QQ-T-570 A4 445 STD-66 310 288
QQ-T-570 A5 445 STD-66 430 353
QQ-T-570 A6 445
QQ-T-570
QQ-T-570

A7
AS

445
445 MIL SPEC

QQ-T-570 A9 445 MIL-C-24111 630 375
QQ-T-570 A10 445 MIL-F-20138 304 273
QQ-T-570 D2 449 M1L-S-862 302 258
QQ-T-570 D3 449 MIL-S-862 303 265
QQ-T-570 D4 419 MIL-S-862 303So 265
QQ-T-570 D5 449 M1L-S-362 304 273
QQ-T-570 D7 449 MIL-S-862 304L 277
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MIL SPEC
MIL-S-862 309 285
MIL-S-862 310 288
MIL-S-862 316 292
MIL-S-862 316L 296
MIL-S-862 317 301
MIL-S-862 321 304
MIL-S-862 347 311
MIL-S-862 403 317
MIL-S-862 405 324
MIL-S-862 410 328
MIL-S-862 416 337
MIL-S-862 416Se 337
MIL-S-862 420 344
MIL-S-862 430 353
MIL-S-862 43OF 349
MIL-S-862 430F(Se) 349
MIL-S-862 431 356
MIL-S-862 440A 358
MIL-S-862 440B 363
MIL-S-862 44OC 364
MIL-S-862 440F 366
MIL-S-862 440F(Se) 366
MIL-S-862 446 369
MIL-S-866 1016 13
MIL-S-866 8615 187
MIL-S-980 E52100 154
MIL-S-5000 E4340 130
MXL-S-5059 301 253
MIL-S-5059 304 273
MILS-5059 316 292
MIL-S-6049 8740 216
MIL-S-7420 E52100 154
MIL-S-7493

(A4615) 4615 140
MIL-S-7493

(A4620) 4620 141
MIL-S-8503 6150 182
MIL-S-11310

(CS1005) 1005 6
MIL-S-11310

(CS1006) 1006 6
MIL-S-11310

(CS1008) 1008 6
MIL-S-11310

(CS1010) 1010 10
MIL-S-11310

(CS1012) 1012 10
MIL-S-11310

(CS1017) 1017 13
MIL-S-11310

(CS1018) 1018 13
MIL-S-11310

(CS1020) 1020 16
MIL-S-11310

(CS1022) 1022 18
MIL-S-11310

(CS1025) 1025 20
MIL-S-11310

(CS1030) 1030 21
MIL-S-11310

(CS1040) 1040 26
MIL-S-11595

(ORD4150) 4150 120
MIL-S-I1713 (21 1070 40
MIL-S-16788 (CI0)1095 43
MIL-S-16974 1015 11
MIL-S-16974 1050 31
MIL-S-16974

(Gr. 1O60) 1060 34
MIL-S-16974 1080 41
MIL-S-16974 1330 76
MIL-S-16974 1335 81
MIL-S-16974 1340 83
MIL-S-16974 3140 95
MIL-S-16974 4130 108

UNITED STATES
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MIL SPEC
MIL-S-16974 4135 110
MIL-S-16974 4140 113
MIL-S-16974 4145 118
MIL-S-16974 4340 130
MIL-S-16974 8620 189
MIL-S-16974 8625 194
MIL-S16974 8630 197
MIL-S-16974 8640 202
MIL-S-16974 8645 206
MIL-S-18411 1117 48
MIL-S-18411 12L13 65
MIL-S18733 4135 110
MIL-S-2G166

(CS1116) 1116 48
MTL-S-22141 E52100 154
MIL-S-22698 (B> 484
MIL-S23195 304 273
MTL-S23195 304L 277
MIL-S-23195 347 311
MCL-S-23196 348 311
MIL-S-23196 304 273
MIL-S-23196 304L 277
MIL-S-2319S 347 311
MIL-S-23196 348 311
MTL-S-23495 484
MIL-S-23495 (C) 491
MIL-S-25043 631 382
MIL-S-46042 651 391
M1L-S-46049 1065 40
M1L-S-46049 1074 40
MIL-S-46409 1065 40
MIL-S-81506 630 375
MIL-S-81591 630 375
MCL-T-6845 304 273
MIL-T-8504 304 273
MIL-T-8506 304 273
MIL-W-46078 631 382

SAE
J118 1034 21
J118 1059 34
J172 489
J217 631 382
J230 302 258
J403 1005 6
J403 1006 6
J403 1008 6
J403 1010 10
J403 1012 10
J403 1015 11
J403 1016 13
J403 1017 13
J403 1018 13
J403 1019 13
J403 1020 16
J403 1021 18
J403 1022 18
J403 1023 20
J403 1025 20
J403 1026 20
J403 1030 21
J403 1035 21
J403 1038 26
J403 1039 26
J403 1040 26
J403 1044 SO
J403 1045 30
J403 1046 30
J403 1050 31
J403 1055 34
J403 1060 34
J403 1064 40
J403 1065 40
J403 1070 40
J403 1074 40

Cross Reference to Steels/523
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SAE
J403 1080 41
J403 1086 488
J403 1090 43
J403 1096 43
J403 1106 45
J403 1109 45
J403 1117 48
J403 111S 48
J403 1119 48
J403 1132 53
J403 1137 56
J403 L141 59
J403 1144 59
J403 1211 62
J403 1212 62
J403 1213 62
J403 12L13 65
J403 12L14 65
J403 1547 69
J403 1548 69
J404 1330 76
J404 1335 81
J404 1340 83
J404 1345 87
J404 4023 97
J404 4024 98
J404 4027 99
J404 4026 99
J404 4037 101
J404 4042 102
J404 4047 104
J404 4118 105
J404 4130 108
J404 4135 no
J404 4137 112
J404 4140 113
J404 4142 117
J404 4145 118
J404 4147 119
J404 4150 120
J404 4161 126
J404 4320 127
J404 4340 130
J404 4419 137
J404 4422 138
J404 4427 139
J404 4615 140
J404 4620 141
J404 4626 144
J104 4718 146
J404 4720 147
J404 4815 148
J404 4617 150
J404 4820 151
J404 5OB40 160
J404 50B44 161
J404 5046 162
J404 50B46 162
J404 50B50 164
J404 5060 165
J404 50B60 165
J404 5120 107
J404 5130 168
J404 5132 170
J404 5135 171
J404 5140 172
J404 5150 175
ÿJ404 5155 177
J404 5160 178
J404 5IB60 178
J404 6118 181
J404 6150 182
J404 81B45 185
J404 8616 187
J404 8617 188
J404 8620 189
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J404 8622 193
J404 8625 194
J404 8627 196
J404 8630 197
J404 8637 201
J404 8640 202
J404 8642 205
J404 8645 206
J404 8CB45 206
J404 8650 209
J404 8655 212
J404 8660 213
J404 8720 216
J404 8740 216
J404 8822 218
J404 9255 220
J404 9260 222
J404 94B15 226
J404 94B17 227
J404 94B30 229
J404 E4340 130
J404 E9310 223
J404 E50100 154
J404 E51100 154
J404 E52100 154
J405 (30201) 201 246
J405 (30202) 202 251
J405 (30301) 301 253
J405 (30302) 302 258
J405 (30302B) 302B 262
J405 (30303) 303 265
J405 (30303Se) 303Se 265
J405 (30304) 304 ; 273
J405 (30304L) 304L < 277
J405 (30305) 305 '?ÿ 281
J405 (30308) 308 283
J405 (30309) 309 285
.1405 (30309S) 309S 285
J405 (30310) 310 288
J405 (30310S) 310S 288
J405 (30314) 314 291
J405 (30316) 316 292
J405 (30316L) 316L 296
J405 (30317) 317 301
J405 (30321) 321 304
J405 (30330) 330 309
J405 (30347) 347 311
J405 (30348) 348 311
J405 (30384) 384 315
J405 (51403) 403 317
J40G (51405) 405 324
J405 (51409) 409 327
J405 (51410) 410 328
J406 (51414) 414 332
3405 (51416) 416 337
J405 (51416Se) 416Se 337
J405 (514201 420 344
J405 (51420F) 420F 346
J405 (51420F-Se) 420F(Se) 346
J405 (51430) 430 353
J405 (51430F) 43OF 349
J405 (51430F-Se) 430F(Se) 349
J405 (51431) 431 356
J405 (51434) 434 353
J405 (51436) 436 353
J405 (51440A) 440A 358
J405 (51440B) 440B 363
J405 (51440C) 440C 364
J405 (51440F) 440F 366
J405 (51440F-Se) 440F(Se) 366
J405 (51442) 442 367
J405 (51446) 446 369
J405 (51501) 501 371
J405 (51502) 502 371
J410c 237
J412 1005 6

UNITED STATES UNITED STATES
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SAE SAE
J412 1008 6 J412 4615 140
J412 1010 10 J412 4620 141
J412 1012 10 J412 4626 144
J412 1015 11 J412 4718 146
J412 1016 13 J412 4720 147
J412 1017 13 J412 4815 148
J412 1018 13 J412 4817 150
J412 1019 13 J412 4820 151
J412 1020 16 J412 50B40 160
J412 1021 18 J412 50B44 161
J412 1022 18 J412 5046 162
J412 ' 1023 20 J412 50B46 162
J412 1025 20 J412 50B50 164
J412 1026 20 J412 50B60 165
J412 1030 21 J412 5130 168
J412 1034 21 J412 5132 170
J412 1035 21 J412 5135 171
.1412 1038 26 J412 5141) 172
J412 1039 26 J412 5150 175
J412 1040 26 J412 5155 177
J412 1044 30 J412 5160 178
J412 1045 30 J412 51B60 178
J412 1046 30 J412 6150 182
J412 1050 31 J412 81B45 185
J412 1055 34 J412 8630 197
J412 1059 34 J412 8637 201
J412 1060 34 J412 8640 202
J412 1064 40 J412 3642 205
J412 1065 40 J4L2 8645 206
J412 1070 40 J412 36B45 206
J412 1074 40 J412 8650 209
J412 1080 41 J412 8655 .212
J412 1086 488 J412 8660 213
J412 1090 43 J412 8740 216
J412 1095 43 J412 9255 220
J412 1108 45 J412 9260 222
J412 1109 45 J412 94B30 229
J412 1116 48 J412 E50100 154
J412 1117 48 J412 E51100 154
,1412 1118 48 J412 E52100 154
J412 1119 48 J412 (1005) 1006 6
J412 1132 53 J412 (30330) 330 309
J412 1137 56 J412 (51410) 410 328
J412 1141 59 J414 1006 6
J412 1144 59 J414 1008 6
J412 12L13 65 J414 1010 10
J412 12L14 65 J414 1012 10
J412 1215 62 J414 1015 U
<1412 1330 76 J414 1016 13
J412 1335 81 J414 1017 13
J412 1340 83 J414 1018 13
J412 1345 87 J414 1019 13
J412 1547 69 J414 1020 16
J412 1543 69 J414 1021 18
J412 4023 97 J414 1022 18
J412 4024 98 J414 1023 20
J412 4027 99 J414 1025 20
J412 4028 99 J414 1026 20
J412 4037 101 J414 1030 21
J412 4042 102 J414 1035 21
J412 4047 104 J414 1038 26
J412 4118 105 J414 1039 26
J412 4130 108 J414 1040 26
J412 4135 110 J414 1044 30
J412 4137 112 J414 1045 30
J412 4140 113 J414 1046 30
J412 4142 117 J414 1050 31
J412 4145 118 J414 1055 34
J412 4147 119 J414 1060 34
J412 4150 120 J414 1064 40
J412 4161 126 J414 1065 40
J412 4320 127 J414 1070 40
J412 4340 130 J414 1074 40
J412 4419 137 J414 1080 41
J412 4422 138 J414 1086 488
J412 4427 139 J414 1090 43
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J414 1095 43 J467 H13 457 J770 8650 209
J414 1109 45 J467 (17-4PH) 630 375 J770 8655 212
J414 1117 48 J467 (17-7PH) 631 382 J770 8660 213
J414 1118 48 J467 (19-9DL) 651 391 J770 8720 215
J414 1119 48 J467 (A286) 660 396 J770 8740 216
J414 1132 53 J467 (AM-350) 633 386 J770 8822 218
J414 1137 56 J467 (AM-355) 634 388 J770 9255 220
J414 1141 59 J467 J770 9260 222
J414 1144 59 (Greek Ascoloy) 615 373 J770 94B15 226
J414 12L14 65 J467 (PH15-7-Mo) 632 384 ÿJ770 94B17 227
J414 1547 69 J770 94B30 229
J414 1548 69 J770 1330 76 J770 E4340 130
J437 A2 445 J770 1335 81 J770 E9310 223
J437 D2 449 J770 1340 83 J770 E50100 154
J437 D3 449 J770 1345 87 -J770 E5110O 154
J437 D5 449 J770 4023 97 J770 E52100 154
J437 D7 449 J770 4024 98 J776 1038H 26
J437 Hll 457 J770 4027 99 J776 1045H 30
J437 H12 457 J770 4028 99 J778 3140 95
J437 H13 457 J770 4037 101 J778 94B40
J437 H21 457 J770 4042 102 J778 9840 231
J437 Ml 465 J770 4047 104
J437 M2 465 J770 4118 105 J1268 1330H 76
J437 M3 (Class 1) 465 J770 4130 108 J1268 1335H 81
J437 M3 (Class 2) 465 J770 4135 110 J1268 1340H 83
J437 M4 465 J770 4137 112 J1268 1345H 87
J437 Ol 440 J770 4140 113 J1268 4027H 99
J437 02 440 J770 4142 117 J1268 4028H 99
J437 06 440 J770 4145 118 J1268 4037H 101
J437 S2 436 J770 4147 119 J1268 4042H 102
J437 S5 436 J770 4150 120 J1268 4047H 104
J437 T1 463 J770 4161 126 J1268 4118H 105
J437 T2 463 J770 4320 127 J1268 4130H 108
J437 T4 463 J770 4340 130 J1268 4I35H 110
J437 T5 463 J770 4419 137 J1268 4137H 112
J437 T8 463 J770 4422 138 J1268 4140H 113
J437 (W108) W1 432 J470 4427 139 J126S 4142H 117
J437 (W109) W1 432 J770 4615 140 J1268 4145H 118
J437 (WHO) W1 432 J770 4620 141 J1268 4147H 119
J437 (W112) W1 432 J770 4626 144 J1268 4150H 120
J437 (W209) W2 432 J770 4718 146 J1268 4161H 126
J437 (W210) W2 432 J770 4720 147 J1268 4320H 127
J438 A2 445 J770 4815 148 J1268 4340H 130
J438 D2 449 J770 4817 150 J 1268 441SH 137
J438 D3 449 J770 4820 151 J1268 4620H 141
J438 D5 449 J770 50B40 160 J1268 4626H 144
J438 D7 449 J770 50B44 161 J1268 471EH 146
J438 Hll 457 J770 5046 162 J1268 4720H 147
J438 H12 457 J770 50B46 162 J1268 4816H 148
J438 H13 457 J770 50B50 164 J1268 4817H 150
J43H H21 457 J770 5060 165 J1268 482CH 151
J438 Ml 465 J770 50B60 165 J1268 50B4OH 160
J438 M2 465 J770 5120 167 J1268 50B44H 161
J438 M3 (Class 1) 465 J770 5130 168 J1268 5046H 162
J438 M3 (Class 2) 465 J770 5132 170 J1268 50B46H 162
J438 M4 465 J770 5135 171 J1268 50B5OH 164
J438 01 440 J770 5140 172 J1268 50B6OH 165
J438 02 440 J770 5150 175 J1268 512GH 167
J438 06 440 J770 5155 177 J1268 5130H 168
J438 SI 436 J770 5160 178 J1268 5132H 170
J438 S2 436 J770 51B60 178 J1268 5135H 171
J438 S5 436 J770 6118 181 J1268 5140H 172
J438 T1 463 J770 6150 182 J1268 5150H 175
J438 T2 463 J770 81B45 185 J1268 5155H 177
J438 T4 463 J770 8615 187 J1268 5160H 178
J438 T5 463 J770 8617 188 J1268 51B60H 178
J438 T8 463 J770 8620 189 J1268 611DH 181
J438 (W108) W1 432 J770 8622 193 J1268 6150H 182
J438 (W109) W1 432 J770 8625 194 J1268 81B45H 185
J438 (WHO) W1 432 J770 8627 196 J1268 8617H 188
J438 (WL12) W1 432 J770 8630 197 J1268 8620H 189
J438 (W209) W2 432 J770 8637 201 J1268 8622H 193
J436 (W210) W2 432 J770 8640 202 J1268 8625H 194
J467 422 347 J770 8642 205 J1268 8627H 196
J467 Hll 457 J770 8645 206 J1268 8630H 197
J467 H12 457 J770 86B45 206 J1268 86B30H 197
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J1268 8637H 201
J1268 8640H 202
J1268 8642H 205
J1268 8645H 206
J1268 86B45H 206
J1268 8650H 209
J1268 8655H 212
J1268 8660H 213
J1268 8720H 215
J1268 8740H 216
J1268 8822H 218
J1268 9260 222
J1268 94B16H 226
J1268 94B17H 227
J1268 94B30H 229
J1268 E4340H 130
J1268 E9310H 223
2317 A2317 88
2515 A2515 94

UNS
G10050 1005 6
G10060 1006 6
G10080 1008 6
G10100 1010 10
G10120 1012 10
G10150 1015 11
G10160 1016 13
G10170 1017 13
G10180 1018 13
G10190 1019 13
G10200 1020 16
G1O210 1021 18
G10220 1022 _< . 18
G10230 1023 20
G10250 1025 i 20
G10260 1026 20
G10300 1030 21
G10340 1034 21
G10350 1035 21
G10380 1038 26
G10390 1039 26
G10400 1040 26
G10440 1044 30
G10450 1045 30
G10460 1046 30
G10500 1050 31
G10550 1055 34
G10590 1059 34
G10600 1060 34
G10640 1064 40
G1065O 1065 40
G10700 1070 40
G10740 1074 40
G10800 1080 41
G10860 1086 488
G10900 1090 43
G10950 1095 43
Gil080 1108 45
G11090 1109 45
G11160 1116 48
G11170 1117 48
Gil180 1118 48
G11190 1119 48
G11320 1132 53
G11370 1137 56
G11410 1141 59
G11440 1144 59
G12110 1211 62
G12120 L212 62
G12130 1213 62
G12134 12L13 65
G12144 12L14 65
G12150 1215 62
G13300 1330 76
G13350 1335 81

UNITED STATES
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Designation AISI Page

UNS
G13400 1340 83
G13450 1345 87
G15470 1547 69
G15480 1548 69
G31400 3140 95
G40230 4023 97
G40240 4024 98
G40270 4027 99
G40280 4028 99
G40370 4037 101
G40420 4042 102
G40470 4047 104
G41180" 4118 105
G41300 4130 108
C41350 4135 110
G41370 4137 112
G41400 4140 113
G41420 4142 117
G41450 4145 118
G41470 4147 119
G41500 4150 120
G41610 4161 126
G43200 4320 127
G43400 4340 130
G43406 E4340 130
G44190 4419 137
G44220 4422 138
G44270 4427 139
G46150 4615 140
G46200 4620 141
G46260 4626 144
G47180 4718 146
G47200 4720 147
G48150 4815 148
G48170 4817 150
G48200 4820 151
G50401 50B40 100
G50441 50B44 161
G50160 5046 162
G50461 50B46 162
G50600 5060 165
G506O1 50B60 165
G50986 E50100 154
G51200 5120 167
G51300 5130 168
G51320 5132 170
G51350 5135 171
G51400 5140 172
G51500 5150 175
G51550 5155 177
G51600 5160 178
G51601 51B60 178
G51986 E51100 154
G52986 E52100 154
G61180 6118 181
G61500 6150 182
G81451 81B45 185
G86150 8615 187
G86170 8617 188
G86200 8620 189
G86220 8622 193
G86250 8625 194
G86270 8627 196
G86300 8630 197
G86370 8637 201
G86400 8640 202
G86420 8642 205
G86450 8645 206
G86451 86B45 206
G86500 8650 209
G86501 86B50 209
G86550 8655 212
G86600 8660 213
G87200 8720 215
G87400 8740 216
G88220 8822 218.

UNITED STATES
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UNS
G92550 9255 220
G92600 9260 222
G93106 E9310 223
G94151 94B15 226
G94171 94B17 227
G94301 94B30 229
G94401 94B40 230
G93400 9840 231

H10380 1038H 26
H1Q450 1045H 30
H13300 1330H 76 I
H13350 1335H 81
H13400 1340H 83 1
H13450 1345H 87
H15481 15B48H 69 . .
H4027O 4027H 99 ' j
H40280 4028H 99 i
H40370 4037H 101 ! J
H40420 4042H 102
H40470 4047H 104
H41180 4118H 105 j
H41300 4130H 108 ;
H41350 4135H 110 1
H41370 4137H 112
H41400 4140H 113
H41420 4142H 117 'ÿ j
H41450 4145H 118
H41470 4147H 119 1
H41500 4150H 120
H41610 4161H 126
H43200 4320H 127 i
H43400 4340H 130
H43406 E4340H 130 i .
H44190 4419H 137
H46200 4620H 141
H46260 4626H 144
H47180 4718H 146
H47200 4720H 147
H48150 4815H 148
H48170 4817H 150
H48200 4820H 151 I
H50401 50B40H 160
H50441 50B44H 161
H50460 5046H 162
H50461 50B46H 162
H50501 50B50H 164 !
H50601 50B60H 165
H51200 5120H 167 i
H51300 5130H 168
H51320 5132H 170
H51350 5L35H 171 ]
H51400 5140H 172 !
H51500 5150H 175
H51550 5155H 177
H51600 5160H 178
H51601 51B60H 178
H61180 6118 181
H61500 615OH 182
H81451 81B45H 185
H86170 8617H 188
H86200 8620H 189
H86220 8622H 193
H86250 8625II 194
H86270 8627H 196
H86300 8630H 197
H86301 86B30H 197
H86370 8637H 201
H86400 8640H 202 J j
H86420 8642H 205
H86450 8645H 206
H86451 86B45H 206
H86500 8650H 209
H86550 8655H 212
H86600 8660H 213
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H872G0 8720H 215
H87400 8740H 216
H88220 8822 218
H92600 9260H 222
H93100 E9310H 223
H94151 94B15H 226
H94171 94B17H 227
H94301 94B30H 229

: .i K01600 504
K01601 484
K01801 484
K018G4 491
K01805 484
K01806 484
K02001 / 491
K02002 504
K02101 484

'ÿ K02102 484
K02204 504

! K02300 484
K02301 501
K02401 491
K02404 501
K02500 500

i K02502 500
K02SOO 483
K02701 501

: K02703 500
K02705 496

i i K03000 496
K03000 497
K03003 486

ÿ . K03004 486
: K03010 486
i K03012 486

K06501 487
K06701 489

- i K07001 489
i K08500 488

K10614 504
- KL1511 497

KU523 497
K11576 497. ! K11625 497

r 1 K11646 497
K11662 497
K11682 497

- .. K11683 497
: | K11847 497

! K11856 497
K11872 497
K15047 490
K15048 490

; K15590 492
, I K19195 495
- ' K19667 495

K19965 495
K19990 495

i K20622 506
K20747 506
K21604 497
K21650 497

... K63198 651 391
K66286 660 396
K92810 472

J K92890 474
KS3120 477

.. CN08330 330 309
ÿ [ NO8366 400

! R30155 661 398
ij S13800 402

S14800 403
SI5500 405

• i S15700 632 384
: ! S17400 630 375

UNITED STATES
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UNS
S17700 631 382
S20100 201 246
S20200 202 251
S2091O 407
S2I800 413
S21900 415
S21904 415
S24000 418
S24100 420
S30100 301 253
S30200 302 258
830215 302B 262
S30300 303 265
S30323 303Se 265
S30345 303MA 271
S30400 304 273
S30403 304L 277
S30430 421
S30450 304N 280
S30452 304HN 280
S30500 305 28 1
S30800 308 283
S30900 309 285
S30908 309S 285
S30940 309S(Cb) 285
S31000 310 288
S31008 310S 288
S31400 314 291
S3 1600 316 292
S31603 316L 296
S31620 316F 299
31651 316N 300
S31700 317 301
S3 1703 317L 303
S32100 321 304
S32900 329 308
S34700 347 311
S34800 348 311
S35000 633 386
S35500 634 388
S38400 384 315
S40300 403 317
S40500 405 324
S40900 409 327
S41000 410 328
S41008 410S 329
S41400 414 332
S41600 416 337
S41623 416Se 337
S41800 615 373
S42000 420 344
S42020 420F 346
S42023 420F(Se) 346
S42200 422 347
S43000 430 353
S43020 430F 349
S43023 430F{Se) 349
S43035 S43035 352
S43036 430Ti 352
S43100 431 356
S43400 434 353
S43600 436 353
S44002 440A 358
S44003 440B 363
S44004 440C 364
S44020 440F 366
S44023 440F(Se) 366
S44200 AA2 367
S44300 443 367
S44600 446 369
S44625 422
S45000 424
S45500 426
S50100 501 371
S50200 502 371

Cross Reference to SfeeSs/527
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UNS
T11301 Ml 465
T11302 M2 465
T11304 M4 465
T11306 M6 465
T11307 M7 465
T11310 M10 465
T11313 M3 (Class 1) 465
T11323 M3 (Class 2) 465
ril330 M30 465
T11333 M33 465
T11334 M34 465
T11336 MSG 465
T11341 M41 465
T11342 M42 465
T11343 M43 465
T11344 M44 465
111346 M46 465
T11347 M47 465
T12001 T1 463
T12002 T2 463
T12004 T4 463
T12005 T5 463
T12006 T6 463
T12008 T8 463
T12015 T15 463
T2081O H10 457
T20811 Hll 457
T20812 H12 457
T20813 H13 457
T20814 H14 457
T20819 H19 457
T20821 H21 457
T20822 H22 457
T20823 H23 457
T20824 H24 457
T20825 H25 457
T20826 H2S 457
T20841 H41 457
T20842 H42 457
T20843 H43 457
T30102 A2 445
T30103 A3 445
T30104 A4 445
T30105 A5 445
T30106 A6 445
T30107 A7 445
T30108 A8 445
T30109 A9 445
T30110 AID 445
T30402 D2 449
T30403 D3 449
T30404 D4 449
T30405 D5 449
T30407 D7 '449
T31501 01 440
T31502 02 440
T31506 06 440
T31507 07 440
T41901 SI 436
T41902 S2 436
T41904 S4 436
T41905 S5 436
T41906 S6 436
T41907 S7 436
T51602 P2 453
T51603 P3 453
T51604 P4 453
T51605 P5 453
T51606 P6 453
T51620 P20 453
T51621 P21 453
T72301 W1 432
T72302 W2 432
T72305 W5 432



i
i

} I
r

i

V

'i


