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S PEC I FICATION Superseding AMS 6532C

Steel, Bars and Forgings
3.1Cr-11.5Ni - 13.5Co - 1.2Mo (0.21 - 0.25C)
Vacuum Melted, Normalized and Overaged
Precipitation Hardenable

(Composition similar to UNS K92580)

RATIONALE
Revisions wefe made to combine AMS 6478 into this specification and to cofrrect tHe product

description in|the title. Revisions were made to add the decarburization{est, update the heat
treatment, change the check analysis specification, and editorial textiwas brought qurrent.

1. SCOPE:
1.1 Form:

This spgcification covers a premium aircraft-quality alloy steel in the form of bars, forgings, and
forging ptock.

1.2 Application:

These pgroducts have been.wused typically for heat treated parts requiring a combination of high
strength, high toughness}.and weldability, but usage is not limited to such applications.

2. APPLICABLE DOCUMENTS:

The issug of thesfollowing documents in effect on the date of the purchase ordefr forms a part of
this specification’'to the extent specified herein. The supplier may work to a subgequent revision of
a documgntunless a specific document issue is specified. When the referenced document has
been cancelled and no superseding document has been specified, the last published issue of that
document shall apply.

SAE Technical Standards Board Rules provide that: “This report is published by SAE to advance the state of technical and engineering sciences. The use of this report is
entirely voluntary, and its applicability and suitability for any particular use, including any patent infringement arising therefrom, is the sole responsibility of the user.”

SAE reviews each technical report at least every five years at which time it may be reaffirmed, revised, or cancelled. SAE invites your written comments and suggestions.
Copyright © 2006 SAE International

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system or transmitted, in any form or by any means, electronic, mechanical,
photocopying, recording, or otherwise, without the prior written permission of SAE.

TO PLACE A DOCUMENT ORDER: Tel: 877-606-7323 (inside USA and Canada)
Tel: 724-776-4970 (outside USA)
Fax: 724-776-0790
Email: custsvc@sae.org

SAE WEB ADDRESS: http://www.sae.org
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2.1

2.2

SAE Publications:

Available from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-00010or www.sae.org

AMS 2251 Tolerances, Low-Alloy Steel Bars

AMS 2248 Chemical Check Analysis Limits, Corrosion and Heat Resistant Steels
and Alloys, Maraging and Other Highly-Alloyed Steels, and Iron Alloys

AMS 2300 Steel Cleanliness, Premium Aircraft-Quality, Magnetic Particle Inspection
IDI uucdw <

AMS 2310 Qualification Sampling and Testing of Steels, Transvergse Tensile
Properties

AMS 2370 Quality Assurance Sampling and Testing, Carbon’and Low-Alloy Steel,
Wrought Products and Forging Stock

AMS 2372 Quality Assurance Sampling and Testing, Carbon and Low-Alloy Steel
Forgings

AMS 2750 Pyrometry

AMS 2806 Identification, Bars, Wire, Mechafical Tubing, and Extryisions, Carbon
and Alloy Steels and Corrosion-and Heat-Resistant Stgels and Alloys

AMS 2408 Identification, Forgings

AS1182 Standard Machining Allewance, Aircraft-Quality and Premium Aircraft-
Quality Steel Bars and Mechanical Tubing

ASTM Rublications:

Availab
or wwwjastm.org

ASTM
ASTM

370
604

ASTM
ASTM
ASTM

45
112
353

ASTM E 399
ASTM E 1077

e from ASTM, 100 Barr{Harbor Drive, P. O. Box C700, West Consholjocken, PA 19428

NMechanical Testing of Steel Products
Macroetch Testing of Consumable Electrode Remelted| Steel Bars and
Billets

Determining the Inclusion Content of Steel
Determining Average Grain Size
Chemical Analysis of Stainless, Heat-Resisting, Maraging, and Other

Plane-Strain Fracture Toughness of Metallic Materials
Standard Test Methods for Estimating the Depth of
Decarburization of Steel Specimens.
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3. TECHNICAL REQUIREMENTS:

3.1

3.1.1

3.2

3.3

3.3.1

3.3.2

3.3.3

Composition:

Shall conform to the percentages by weight shown in Table 1, determined by wet chemical
methods in accordance with ASTM E 353, by spectrochemical methods, or by other analytical
methods acceptable to purchaser.

TABLE 1 = CUIIIPUD;tiUII
Element min max
Carbon 0.21 0.25
Manganese -- 0.10
Silicon -- 0.10
Phosphorus -- 0.008
Sulfur -- 0.005
Phosphorus + Sulfur - 0.010
Chromium 2.90 330
Nickel 11.00 12.00
Cobalt 13.00 14.00
Molybdenum 1.10 1.30
Titanium - 0.015
Aluminum -- 0.015
Oxygen - 0.0020 (20 ppm)
Nitrogen -- 0.0015 (15 ppm)
Check Analysis: Composition variations shall meet the applicable requireme
Melting [Practice:
Steel shall be multiple*melted using vacuum induction melting followed by vaq
remelting.
Conditign:

ents of AMS 2248.

cuum arc

The product shall be supplied in the following condition; hardness shall be determined in
accordance with ASTM A 370:

Bars: Normalized and Overaged, having hardness not higher than 372 HB or equivalent
(See 8.2), and ground or turned.

Forgings: Normalized and Overaged, having hardness not higher than 372 HB or equivalent
(See 8.2), and descaled.

Forging Stock: As ordered by the forging manufacturer.
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3.4 Heat Treatment:

Shall conform to the following:

3.4.1 Bars and Forgings: Shall be normalized by heating to 1650 °F + 25 (899 °C + 14), holding at
heat for 60 minutes + 15, and cooling in air to room temperature, and overaged by heating to
1250 °F + 25 (677 °C = 14), holding at heat for 16 hours minimum, and air cooled. Pyrometry
shall be in accordance with AMS 2750.

3.4.2 Forgin

3.5 Properties:

The pro

3.5.1 Macrg
forgin
pipe g
36 sq
the m

3.5.2 Micro
accor

g Stock: As ordered by the forging manufacturer.

duct shall conform to the following requirements.:

structure: Visual examination of transverse full cress-sections from bg
y stock, etched in hot hydrochloric acid in accordarice with ASTM A 6
r cracks. Porosity, segregation, inclusions, and-other imperfections fo
hare inches (232 cm?) and under in nominal ‘cross-sectional area shall
bcrostructure limits of ASTM A 604 shown'in Table 2.

TABLE 2 - Macrostructure Limits

Class Condition Severity
1 Freckles A
2 White Spots A
3 . “Radial Segregation B
4. Ring Pattern B

Inclusion Rating:’No specimen, shall exceed the limits shown in Tablg
jance with ASTM E 45, Method A.

TABLE 3 - Micro-Inclusion Rating Limits
Type A B C D

irs, billets, and

D4, shall show no
I product

be no worse than

p 3, determined in

Thin 15 15 15 15

Thick 10 10 1.0 1.0

3.5.3 Decarburization:

3.5.3.1 Bars and forging stock ordered ground or turned shall be free from decarburization on the
ground or turned surfaces when determined in accordance with 3.5.3.3.

3.5.3.2 Forgings shall be supplied with a maximum decarburization of 0.040" (1.00 mm) when
determined in accordance with 3.5.3.3, unless otherwise specified.

3.5.3.3 Decarburization shall be measured by the microscopic method per ASTM E 1077.
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3.5.4 Response to Heat Treatment:

3.5.4.1 Bars and Forgings: Test specimens in the Normalized and Overaged condition as specified
in 3.4.1, cut from product 100 square inches (645 cm®) and under in cross-sectional area,
shall meet the properties specified in 3.5.4.1.2, 3.5.4.1.3, 3.5.4.1.4 and 3.5.4.1.5 when
subjected to the heat treatment in 3.5.4.1.1. Response to heat treatment verification need
be performed only on the 900 °F Age (see 3.5.4.1.1.3.1), unless the purchaser specifies the
875 °F Age (see 3.5.4.1.1.3.2).

3.5.4.1.1 Precipitation Hardening Heat Treatment:

3.5.4.1.11

3.54.1.1.2

3.5.4.1.1.3

3.5.4.1.1.3.1

3.5.4.1.1.3.2

Austenitization - The specimen shall be austenitized by heatingto 163
- 25 (885 °C + 14) and holding at temperature for 60 minutés+ 15/-0
huenched using a suitable media to below 400 °F (204 °G) within 1 hg
150 °F (66 °C) within 2 hours followed by air cooling of faster to room

Cold Stabilization - Within 8 hours of quenching{as specified in 3.5.4.1
shall be cooled to —100 °F = 15 (-73 °C = 8) fara minimum of 1 hour.
stabilization, material shall be air warmed o' ¥oom temperature.

Aging Treatment - After cold stabilization, the specimen shall be subjg
hging as specified in either 3.5.4.1.1.8.1 or 3.5.4.1.1.3.2.

900 °F Age - The specimen shall be aged by heating to 900 °F + 1(
5-8 hours followed by air(cooling or faster. Forgings with variable s
may be aged at 890 °F & 10 (477 °C = 6) for five to eight hours in o
overaging thin segctions.

875 °F Age -(The specimen shall be aged by heating to 875 °F +/-

may beaged at 865 °F + 10 (463 °C = 6) for five to eight hours in o
overaging thin sections.

5°F

minutes and
ur, and below
temperature.

.1.1 the specimen
After cold

ct to precipitation

(482 °C = 6) for
ction thickness
er to avoid

0 (468 °C = 6) for

5-8 hours<ollowed by air cooling or faster. Forgings with variable sx;:tion thickness

er to avoid

3.5.4.1.2 Tensile Properties: In accordance with ASTM A 370.

3.5.4.1.21

Longitudinal: Shall be as shown in Table 4; testing in the longitudinal direction need not

be performed on product tested in the transverse direction.

TABLE 4 - Minimum Longitudinal Tensile Properties

Value Value
Property Aged at 900 °F Aged at 875 °F
Tensile Strength 280 ksi (1931 MPa) 290 ksi (1999 MPa)
Yield Strength at 0.2% Offset 235 ksi (1620 MPa) 245 ksi (1689 MPa)
Elongation in 4D 10% 10%
Reduction of Area 55% 50%
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3.5.4.1.2.2 Transverse: Shall be as shown in Table 5, determined on specimens selected and
prepared in accordance with AMS 2310. Transverse properties apply only to product
from which tensile specimens not less than 2.50 inches (63.5 mm) in length can be

taken.
TABLE 5 - Minimum Transverse Tensile Properties
Value Value
Property Aged at 900 °F Aged at 875 °F
Tensile Strength 280 ksi (1931 MPa) | 290 ksi (1999 MPa)
Yleld Strength at 0.2% Offset 235 ksi (1620 MPa) | 245 ksi (1689 MPa)
Elongation in 4D 8% 8%
Reduction of Area 45% 35%

3.5.41.3
lo
A

3.5.4.1.4 Fr

or

3.5.4.1.41

3.5.4.1.4.2

35415 AV

Hardness: Shall be not lower than 53 HRC or equivalent {See 8.2) after
ver than 54 HRC or equivalent (see 8.2) after 875 °F Age, in accordamce with

bTM A 370.

acture toughness shall meet the criteria of 3.5,4.1.4.1 using the 900 °
shall meet the requirements of 3.5.4.1.4.2>using the 875 °F aging trea

—racture Toughness: For 900 °F Age,ishall be not lower than 100 ksi
/m) K., determined in accordance with ASTM E 399 on specimens in
| S or LR orientation from product 3.00 inches (76.2 mm) and over in 1

h K, value not lower than100 ksi vinch (110 MPa Ym) will be acceptal

Fracture Toughness:\For 875°F Age, shall be not lower than 80 ksi Vi
K,.» determined in accordance with ASTM E 399 on specimens in the
LR orientation frem product 3.00 inches (76.2 mm) and over in nomin
hickness. Jf,product size precludes use of specimens which will provi
b K, value ot lower than 80 ksi Vinch (88 MPa Ym) will be acceptable

!

900 °F Age, or not

- aging treatment
itment.

inch (110 MPa
the longitudinal
ominal section

hickness. If product size precludes use of specimens which will provigle valid K, results,

le.

ich (88 MPa Vm)
ongitudinal LS or

| section

e valid K, results,

eragé-Grain Size: Shall be ASTM No. 8 or finer for product 100 squa

an

e inches (645 cm?)

d-under in cross-sectional area, determined in accordance with ASTM E 112.

3.5.4.2 Forging Stock: When a sample of stock is forged to a test coupon and heat treated as in
3.5.4.1, specimens taken from the heat treated coupon shall conform to the requirements of
3.5.41.2,3.5.4.1.3, 3.5.4.1.4, and 3.5.4.1.5. If specimens taken from the stock after heat
treatment as in 3.5.4.1 conform to the requirements of 3.5.4.1.2 , 3.5.4.1.3, 3.5.4.1.4, and
3.5.4.1.5, the tests shall be accepted as equivalent to tests of a forged coupon.

3.6 Quality:

The product, as received by purchaser, shall be uniform in quality and condition, sound, and
free from foreign materials and from imperfections detrimental to usage of the product.
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3.6.1

3.6.2

3.6.3

3.7

4. QUALITY|

4.1

4.2

4.2.1

4.2.1

4.2.1

4.2.1

4.2.1

.1 Con
.2 Har
and

.3 Ten

4

Steel shall be premium aircraft-quality conforming to AMS 2300, except that a maximum
average frequency (F) rating of 0.10 and a maximum average severity (S) rating of 0.20 shall

apply.
Bars ordered hot rolled or cold drawn, or ground, turned, or polished shall, after removal of the
standard machining allowance in accordance with AS1182, be free from seams, laps, tears,
and cracks open to the ground, turned, or polished surface.
Grain fflowof-die fmgillgo, U}\L;Upt imareas-whichcontain-flasttineend Ulail , shall follow the
generpl contour of the forgings showing no evidence of reentrant grain flow

Toleranges:

Bars shgll conform to all applicable requirements of AMS 2251,

Responsibility for Inspection:

The ver
for the

any corffirmatory testing deemed necessary’to ensure that the product confor
requirements.

Classifi¢ation of Tests:

Acceq

on each heat or lot as applicable:

ASSURANCE PROVISIONS:

dor of the product shall supply all samplesfor vendor's tests and sha

| be responsible

erformance of all required tests. Purchaser reserves the right to sample and to perform

ms to specified

tance Tests: The following requirements are acceptance tests and shgll be performed

position (3.1);'macrostructure (3.5.1), and micro-inclusion rating (3.5

jness maximum (3.3.1) and decarburization analysis (3.5.3) of as sup
overaged product of each lot of bars and forgings

o4 4.1

H | " L. 4 4 0O\ la al LD AN 4 4 & la L2
NS PIUPCTLUICO (| U.0.%. 1.4, TIATUTICTOoO (V.J.%. 1.9/, 1TAdLLUTT TUUYITTITOoO (VY

2) of each heat.

plied normalized

.5.4.1.4), and

average grain size (3.5.4.1.5) of each lot of bars and forgings after heat treatment using the

900

°F aging temperature as specified in 3.5.4.1.

Tolerances (3.7) of bars.

4.2.2 Periodic Tests: The following requirements are periodic tests and shall be performed at a
frequency selected by the vendor unless frequency of testing is specified by purchaser:

4221

Tensile properties (3.5.4.1.2), hardness (3.5.4.1.3), and fracture toughness (3.5.4.1.4), and

average grain size (3.5.4.1.5) of each lot of bars or forgings after heat treatment using the

875

°F aging temperature as specified in 3.5.4.1.
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4.2.2.2 Ability of forging stock to develop required properties (3.5.4.1).

4.2.2.3 Frequency-severity cleanliness rating (3.6.1).

4.2.2.4 Grain flow of die forgings (3.6.3).

4.3 Sampling and Testing:

Shall be
431 ForA
4.3.1.1 Barg

4.3.1.2 Forg

4.4 Reports:

The ver
for cher
tensile |
that the
purchas

do fU“UVVb.
cceptance Tests:
5 and Forging Stock: In accordance with AMS 2370.

jings: In accordance with AMS 2372.

hical composition, macrostructure, and,micro-inclusion rating of each
properties, hardness, fracture toughness and average grain size of ea
product conforms to the other techfical requirements. This report shg

suppliedl, the size and melt source of stock used to make the forgings shall al

45 Resam]
Shall be
451 Bars 3

4.5.2 Forgir

ling and Retesting:
as follows:
ind Forging Stock: In accordance with AMS 2370.

gs: In.aecordance with AMS 2372.

5. PREPAR

dor of the product shall furnish with each shipment a report showing the results of tests

heat, and for
ch lot, and stating
Il include the

e order number, heat and lot numbers, AMS 6532C, size, and quantity. If forgings are

50 be included.

\TION FOR DELIVERY:

5.1 Sizes:

Except when exact lengths or multiples of exact lengths are ordered, straight bars will be
acceptable in mill lengths of 6 to 20 feet (1.8 to 6.1 m) but not more than 10% of any shipment

shall be

5.2

supplied in lengths shorter than 10 feet (3 m).

Identification:

Shall be as follows:

5.2.1 Bars:

In accordance with AMS 2806.
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