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SPECIFICATION Superseding AMS 6491B

Steel Bars, Forgings, and Tubing
4.1Cr-4.2Mo - 1.0V (0.80 - 0.85C)

Premium Aircraft-Quality for Bearing Applications, Double Vacuum Melted
(Composition similar to UNS T11350)

1. SCOPE:
1.1 Form:

This spécification covers a premium aircraft-quality, low-alloy steél'in the form of bars, forgings,
mecharnical tubing, and forging stock.

1.2  Application:

These products have been used typically for parts, ‘such as bearings operating under heavy
loads afnd high speeds at moderate temperatures<@nd subject to very rigid ingpection standards,
but usage is not limited to such applications.

2. APPLICABLE DOCUMENTS:

The issud of the following documents-ifreffect on the date of the purchase order forms a part of
this specification to the extent specified herein. The supplier may work to a subsequent revision of
a documgnt unless a specific document issue is specified. When the referenced document has
been cangelled and no superseding document has been specified, the last published issue of that
document shall apply.

2.1 SAE Publications:

Available from"SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001 jor www.sae.org.

AMS 2351 Tolerances, Low-Alloy Steel Bars

AMS 2253 Tolerances, Carbon and Alloy Steel Tubing

AMS 2259 Chemical Check Analysis Limits, Wrought Low-Alloy and Carbon Steels

AMS 2300 Steel Cleanliness, Premium Aircraft-Quality, Magnetic Particle Inspection
Procedure

AMS 2370 Quality Assurance Sampling and Testing, Carbon and Low-Alloy Steel,

Wrought Products and Forging Stock

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 © 2005 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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2.2

3. TECHNIQ

3.1

2.1 (Continued)

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

AMS 2375 Control of Forgings Requiring First Article Approval

AMS 2806 Identification, Bars, Wire, Mechanical Tubing, and Extrusions, Carbon and
Alloy Steels and Heat and Corrosion-Resistant Steels and Alloys

AMS 2808 Identification, Forgings

AS118 Standard Machining Allowance, Aircraft-Quality and Premium Aircraft-Quality

ASTM Rublications:

Steel Bars and Mechanical Tubing

Available from ASTM, 100 Barr Harbor Drive, P.O. Box C700, West' Conshohpcken, PA 19428-

2959 orlwww.astm.org.

ASTM A 370
ASTM A 604

ASTM g 45
ASTM g 112
ASTM g 350

ASTM g 384

Compogition:

AL REQUIREMENTS:

Mechanical Testing of Steel Produets
Macroetch Testing of Consumablé Electrode Remelted Steel Bars and
Billets

Determining the Inclusion Gontent of Steel
Determining Average Grain Size
Chemical Analysis of Carbon Steel, Low-Alloy Steel, Silicon Electrical
Steel, Ingot Iron, and"Wrought Iron
MicroindentationcHardness of Materials

Shall cgnform to the percentages by weight shown in Table 1, determined by|wet chemical
methods in accordance -with ASTM E 350, by spectrochemical methods, or by other analytical

methodg acceptable-to purchaser.

TABLE 1 - Composition

Element min max
Carbon 0-86 085
Manganese 0.15 0.35
Silicon -- 0.25
Phosphorus -- 0.015
Sulfur -- 0.008
Chromium 4.00 4.25
Molybdenum 4.00 4.50
Vanadium 0.90 1.10
Nickel - 0.15
Cobalt -- 0.25
Tungsten -- 0.25
Copper -- 0.10
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3.1.1

Check Analysis: Composition variations shall meet the applicable requirements of AMS 2259.

3.2 Melting Practice:

Steel shall be double vacuum melted, using vacuum induction melting practice followed by
vacuum consumable electrode remelting.

3.3 Condition:

The pro

Parallel Sides: Cold finished having tensile strength nothigher than 120,0

duct shall be supplied in the following condition: hardness and tensile
ned in accordance with ASTM A 370.

b 0.500 inch (12.70 mm) and Under in Nominal Diameter or Least Dist
nuivalent hardness (See 8.2).

b Over 0.500 inch (12.750 mm) in Nominal Diameter or Least Distanc
s: Hot finished and annealed, unless otherwise ordered, having hard
229 HB, or equivalent (See 8.3). Bars ‘erdered cold finished may hav
as 248 HB or equivalent (See 8.3),
gs: As ordered.

hnical Tubing: Cold finishéd, unless otherwise ordered, having hardneg
C, or equivalent (See 8.3). Tubing ordered hot finished and annealed
ess not higher than99 HRB or equivalent (See 8.3).

g Stock: As ordered by the forging manufacturer.

determi
3.3.1 Bars:
3.3.1.1 Bary
ore
3.3.1.2 Barg
Side

than

high

3.3.2 Forgin
3.3.3 Mechi
25 HR
hardn
3.3.4 Forgin
3.4 Propert
The pr

3.4.1

esS:

strength shall be

ance Between
00 psi (825 MPa)

Between Parallel
ess not higher
e hardness as

ss not higher than
shall have

uct.shall conform to the following requirements: hardness testing shall be performed in
accordgniee'with ASTM A 370. T

Macrostructure: Visual examination of transverse sections from bars, billets, tube rounds, and
forging stock, etched in hot hydrochloric acid in accordance with ASTM A 604, shall show no
pipe or cracks. Porosity, segregation, inclusions, and other imperfections for product 36
square inches (232 cm?) and under in nominal cross-sectional area shall be no worse than the
macrographs of ASTM A 604 shown in Table 2.
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TABLE 2 - Macrostructure Limits

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

3.4.2 Micro-Inclusion Rating: No specimen shall exceed the limits of Table 3, determined in

accorg

fance withr ASTME 25, vethod D

TABLE 3 - Micro-Inclusion Rating Limits

A A B B C C D D
Type Thin Heavy Thin Heavy: Thin Heavy Thin Heavy
Worst Field Severity 1.5 1.0 1.0 1.0 1.0 1.0 1.5 1.0
Worst Field Frequency, maximum X 1 X X 1 3 1
Total Rateable]| Fields, y 1 y 1 y 1 8 1
Frequency, maximum
*Combined A+B+C, not more than 3 fields

YCombined A+

B+C, not more than 8 fields

3.4.2.1
No.

3.4.3 Respq
aneu
decar!
heate
tempe

salt bath for 2 min £ 0.2, and air cooled to room temperature or directly air g

tempe

3.4.4 Avera

112 a

A rateable field is defined as one which has a type A, B, C, or D inclusion

1.0 thin or heavy in accordance with”“Jernkontoret Chart, Plate I-r, AS

rating of at least

M E 45 (See 8.4).

nse to Heat Treatment: Specimens as in 4.3.3 protected by suitable means or treated in

ral atmosphere or neutralsalt to minimize scaling and prevent either
burization, shall have substantially uniform hardness not lower than 6
j to 2025 to 2050 °F(1107 to 1121 °C) by any convenient means, hel
rature, and eitherquenched into salt bath at 1100 to 1150 °F (593 to

rature, and tempered for 2 h + 0.25 at 1000 to 1025 °F (538 to 552 °C

ge Grain.Size: Shall be ASTM No. 7 or finer, determined in accordang
ter austenitizing and quenching as in 3.4.3.

3.4.5 Decar

3.4.5.1

T 7=t 1P
UuriZativlilt.

carburization or
) HRC after being
d to equalize at
521 °C), held in

ooled to room

)-
e with ASTM E

Bars and tubing ordered ground, turned, or polished shall be free from decarburization on

the ground, turned, or polished surfaces. Decarburization on tubing ID shall not exceed the
maximum depth specified in Table 5.

3.45.2

Allowable decarburization of bars, billets, and tube rounds ordered for redrawing or forging

or to specified microstructural requirements shall be as agreed upon by purchaser and
vendor.
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3.4.5.3 Decarburization of bars to which 3.4.5.1 or 3.4.5.2 is not applicable shall be not greater than
shown in Table 4.

Table 4A - Maximum Decarburization, Inch/Pound Units
Nominal Diameter or Distance  Total Depth of

Between Parallel Sides Decarburization

Inches Inch

Up to 0.500, incl 0.015
Over6-566-to1+:066;nct 6-636
Over 1.000 to 2.000, incl 0.040
Over 2.000 to 3.000, incl 0.050
Over 3.000 to 4.000, incl 0.065
Over 4.000 to 5.000, incl 0.095

TABLE 4B - Maximum Decarburization, SI'Units
Nominal Diameter or Distance  Total'‘Depth of

Between Parallel Sides Decarburization
Millimeters Millimeters

Upto 12.50, incl 0.38
Over 12.50to 25.00, incl 0.75
Over 25.00to 50.00incl 1.00
Over 50.00to 75;00, incl 1.25
Over 75.00 to 100.00, incl 1.65
Over 100.00.to 125.00, incl 2.40

3.4.5.4 Decarburization of all tubing.té which 3.4.5.1 or 3.4.5.2 is not applicable shall be not greater
thar] shown in Table 5.

TABLE 5A - Maximum Decarburization, Inch/Pound Units

Nominal Total Depth of

Outside Diameter Decarburization
Inches Inch
Up to 1.000, incl 0.025
Over 1.000 to 2.000, incl 0.035
Over 2.000 to 3.000, Incl 0.045
Over 3.000 to 4.000, incl 0.055
Over 4.000 to 5.000, incl 0.080
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3.5 Quality:

The pro

free from foreign materials-and from imperfections detrimental to usage of the

3.5.1 Steel

3.5.2 Bars4
shall,

from {

3.5.3

3.4.55 Decg

accq

carh

TABLE 5B - Maximum Decarburization, Sl Units

Total Depth of
Decarburization
Millimeters
0.62
0.88
1.12
1.40

(oW aVal

Nominal
Outside Diameter
Millimeters
Upto 25.00, incl
Over 25.00to 50.00, incl
Over 50.00to 75.00, incl
Over 75.00 to 100.00, incl

o\ 4A00-O0 4420 OO0 1
UVCIT TUU.UU U T29.UU, 11101 £.UU

intempered specimen protected during heat treatmentdoprevent cha
on content. Depth of decarburization, when measured by hardness m
ne perpendicular distance from the surface to the depth under that su
e is no further increase in hardness. Such measurements shall be far
adjacent surface to be uninfluenced by decarburization on the adjace
spute, the depth of decarburization determined using the microhardng
nod shall govern.

hen determining the depth of decarburization, it is permissible to disre

bvided the decarburization of suchiareas does not exceed the above
D05 inch (0.13 mm) and the width is 0.065 inch (1.65 mm) or less.

duct, as received by-purchaser, shall be uniform in quality and conditi

shall be premium aircraft-quality conforming to AMS 2300.

nd mechanical tubing ordered hot rolled or cold drawn, or ground, tun
after-removal of the standard machining allowance in accordance with

arburization shall be measured by the microscopic method, by HR30N
ng method, or by the microhardness traverse method using microhare
prdance with ASTM E 384. The hardness method(s) shall bé-conducte

| scale hardness
Iness testing in

td on a hardened
hges in surface
ethod, is defined
face below which
enough away from
nt surface. In case
bss traverse

gard local areas

imits by more than

pn, sound, and
product.

ned, or polished
AS1182, be free

eams, laps, tears, and cracks open to the ground, turned, or polished

surface.

Grain flow of die forgings, except in areas which contain flash-line end grain, shall follow the

general contour of the forgings showing no evidence of reentrant grain flow.

3.6 Toleran

ces:

Shall be as follows:

3.6.1 Bars:

In accordance with AMS 2251.

3.6.2 Mechanical Tubing: In accordance with AMS 2253.
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4. QUALITY ASSURANCE PROVISIONS:

4.1 Responsibility for Inspection:

The vendor of the product shall supply all samples for vendor’s tests and shall be responsible
for the performance of all required tests. Purchaser reserves the right to sample and to perform
any confirmatory testing deemed necessary to ensure that product conforms to specified
requirements.

4.2 Classifigcation of Tests:

4.2.1 Acceptance Tests: Composition (3.1), condition (3.3), macrostructure(3.4.1[), micro-inclusion
rating|(3.4.2), response to heat treatment (3.4.3), average grain size (3.4.4)} decarburization
(3.4.5), and tolerance (3.6) are acceptance tests and shall be performed on|each heat or lot
as applicable.

4.2.2 Periodic Tests: Frequency-severity rating (3.5.1) and grain flow of die forgings (3.5.3) are
periodic tests and shall be performed at a frequency.selected by the vendor unless frequency
of tesling is specified by purchaser.

4.3 Sampling and Testing:

Shall bg as follows:
4.3.1 Bars, Forging Stock, and Mechani¢al Tubing: In accordance with AMS 237().
4.3.2 Forgings: In accordance with AMS 2372.
4.3.3 Sampjes for response-to_heat treatment (3.4.3) shall be as follows:
4.3.3.1 Specimens from bars shall be full cross-sections of the bar, ground on both faces normal to
the axis so thatlength is 0.500 inch £ 0.010 (12.70 mm % 25).

4.3.3.2 Specimens from mechnical tubing shall be full cross-sections of the tubing, shall have wall
thickness not over 0.625 inch (15.88 mm), with wall thicknesses over 0.625 inch (15.88 mm)
being turned to 0.625 inch £ 0.070 (15.88 mm % 0.25), and shall be ground on both faces so
that length is 0.500 inch £ 0.010 (12.70 mm % 0.25).

4.4 Approval:

When specified, approval and control of forgings shall be in accordance with AMS 2375.
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4.5

4.6

4.6.1

4.6.2 Forgings: In accordance with AMS 2372.

5. PREPARATION FOR DELIVERY:

5.1

5.2

5.2.1

5.2.2 Forgings: In accordance with AMS 2808.

5.2.3 Forging Stoek: As agreed upon by purchaser and vendor.

5.3

54

Reports:

The vendor of the product shall furnish with each shipment a report showing the results of tests
for composition, macrostructure and micro-inclusion rating for each heat, and for condition
(hardness), response to heat treatment and average grain size of each lot, and stating that the
product conforms to the other technical requirements. This report shall include the purchase
order number, heat and lot numbers, AMS 6491C, size, and quantity. If forgings are supplied,
the size and melt source of stock used to make the forgings shall also be included.

Resamﬂ>ling and Retesting:
Shall bg as follows:

Bars, Forging Stock, and Mechanical Tubing: In accordance withrAMS 2370.

Sizes:
Except fwhen exact lengths or multiples of exact lengths are ordered, straight|bars and tubing
will be gcceptable in mill lengths of 6 to 20 feet (1.8 to 6.1 m) but not more than 10% of any
shipment shall be supplied in lengths shorter than 10 feet (3 m).
Identifigation:

Shall bg as follows:

Bars and Mechanical Fubing: In accordance with AMS 2806.

Packaging:

The product shall be prepared for shipment in accordance with commercial practice and in
compliance with applicable rules and regulations pertaining to the handling, packaging, and
transportation of the product to ensure carrier acceptance and safe delivery.

Protective Treatment:

Ground and turned product shall be protected from corrosion prior to shipment.
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