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2. APPLICABLE DO(C

The issue of the follow
extent specified herein
specified. When the re
published issue of that

RATIONALE

t of a Five-Year Review and update of the specification. The revision ¢larifies
bmposition testing and reporting (3.1, 3.1.1), updates Table 2 test_method
.2.2), adds pyrometry control (3.5.1.2), adds strain control (3.5.1¢2:1.5), allo
zed exceptions (3.8,4.4.2,4.4.3,5.2.1.1, 8.5).

['s a corrosion- and heat-resistant nickel alloy in the form of bars, forgings, an

g a maximum cross-sectional area of 50 gquare inches (323 cm?), and stock
eading.

peen used typically for parts.requiring high resistance to creep and stress
resistance up to 1800 °F (982 °C), particularly those parts which are form

LUMENTS

ing documeénts in effect on the date of the purchase order forms a part of
The supplier may work to a subsequent revision of a document unless a sp¢
ferenced document has been cancelled and no superseding document has
document shall apply.

the condition and size
s, limits hardness test
s prior revisions (8.4),

d flash welded rings in
tance between parallel
of any size for forging,

rupture up to 1400 °F
ed or welded and then
S.

his specification to the
cific document issue is
been specified, the last

2.1

SAE Publications

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 (inside USA
and Canada) or +1 724-776-4970 (outside USA), www.sae.org.

AMS2261

AMS2269

Tolerances, Nickel, Nickel Alloy, and Cobalt Alloy Bars, Rods, and Wire

Chemical Check Analysis Limits, Nickel, Nickel Alloys, and Cobalt Alloys

SAE Executive Standards Committee 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 revised, reaffirmed, stabilized, or cancelled. SAE invites your written comments and

suggestions.

Copyright © 2023 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 t

TO PLACE A DOCUMENT ORDER:

SAE WEB ADDRESS:

he prior written permission of SAE.

Tel: 877-606-7323 (inside USA and Canada) . f . )

Tel:  +1724-776-4970 (outside USA) For more information on this standard, visit

Fax:  724-776-0790 https://www.sae.org/standards/content/AMS5441C/
Email: CustomerService@sae.org

http://www.sae.org



https://www.sae.org/standards/content/PRODCODE/
http://www.sae.org/
https://saenorm.com/api/?name=0117a803e15f8387a160af14a0db7803

SAE INTERNATIONAL

AMS5441™C

Page 2 of 9

Composition Testing Methods for Nickel- and Cobalt-Based Alloys

Products and Forging Stock

Heat-Resistant Steels and Alloys

cation, Forgings

Quality Assurance Sampling and Testing, Corrosion- and Heat-Resistant Steels and Alloys Wrought

Quality Assurance Sampling and Testing, Corrosion- and Heat-Resistant Steel and Alloy Forgings

Identification, Bars, Wire, Mechanical Tubing, and Extrusions, Carbon and Alloy Steels and Corrosion- and

Flash Welded, Corrosion- and Heat-Resistant Austenitic Steels, Austeniti
Alloys, or Precipitation-Hardenable Alloys

AMS2283

AMS2371

AMS2374

AMS2750 Pyrometry

AMS2806

AMS2808 Identifi

AMS7490 Rings,
Cobalt

AS7766 Terms

2.2 ASTM Publicatio

Available from ASTM
Tel: 610-832-9585, wwj

ASTM E8/E8M Tensia

ASTM E10 Brinell
ASTM E21 Elevat
ASTM E112 Detern
ASTM E139  Condu
ASTM E140  Conve

Hardn
ASTM E292  Condu
2.3 Definitions

Terms used in AMS ar

Used in Aerospace Metals Specifications
ns

International, 100 Barr Harbor Drive, P.O. Box C700; West Conshohoq
w.astm.org.

n Testing of Metallic Materials

Hardness of Metallic Materials

bd Temperature Tension Tests of Metallic Materials

hining Average Grain Size

cting Creep, Creep-Rupture,and Stress-Rupture Tests of Metallic Materials

rsion Tables for Metals Relationship Among Brinell Hardness, Vicker
pss, Superficial Hardness, Knoop Hardness, Scleroscope Hardness, and Lesd

cting Time-for=Rupture Notch Tension Tests of Materials

b defined in AS7766.

c-Type Iron, Nickel, or

ken, PA 19428-2959,

b Hardness, Rockwell
b Hardness

3. TECHNICAL REQUIREMENTS

3.1 Composition

Shall conform to the percentages by weight shown in Table 1, determined in accordance with AMS2283, or by other

analytical methods acc

eptable to the purchaser.
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Table 1 - Composition

3.1.1  The producer 1

of any elemen

specified by th
3.1.2
Composition variations
3.2 Melting Practice
Alloy shall be multiple
vacuum. If consumable

induction melting shall

3.3 Condition

Check Analysis

Element Min Max
Carbon 0.01 0.05

Manganese -- 0.35

Silicon -- 0.35

Phosphorus 0.004 0.020

Sulfur -- 0.0025
Chromium 17.00 21.00

Nickel remainder

Molybdenum 2.50 3.10

Columbium (Niobium) 5.20 5.80

Titanium 0.50 1.00

Aluminum 1.20 1.70

Cobalt 3.00 10.00

Tungsten 0.80 1.40

Boron 0.003 0.008

Copper -- 0.30

Lead -- 0.0005 (5 ppm)
Bismuth -- 0.00003 (0.3ppm)
Selenium -- 0.0003 (3. ppm)
Iron 8.00 10.00

nay test for any element not listed in Table 1 and incldde this analysis in the
t not listed in the composition table is not a basis for rejection unless lim
b purchaser.

p

shall meet the applicable requirements of AMS2269.

melted using consumable ‘electrode practice in the remelt cycle or shall be
electrode remelting is'not performed in vacuum, electrodes which have beg
be used for remeltingy

The product shall be sdipplied in'the following condition:

3.3.1 Bars

report of 4.4. Reporting
its of acceptability are

nduction melted under
n produced by vacuum

Hot or cold finished, solution heat treated, and descaled except as specified in 3.3.1.1 and 3.3.1.2.

3.3.1.1

3.31.2

3.31.3

3.3.2

Bars shall not be cut from plate (see 4.4.2).

Forgings and Flash Welded Rings

Solution heat treated and descaled.

3.3.2.1

supplied, rings shall be manufactured in accordance with AMS7490.

Hot finished round bars shall be ground or turned; all other hot finished bars shall be as hot finished.

Cold finished round bars shall be ground or as cold finished; all other cold finished bars shall be as cold finished.

Flash welded rings shall not be supplied unless specified or permitted on the purchaser’s part drawing. When
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3.3.3  Stock for Forging, Flash Welded Rings, or Heading
As ordered by the forging, flash welded ring, or heading manufacturer.
3.4 Heat Treatment

Bars, forgings, and flash welded rings shall be solution heat treated by heating to a temperature within the range
1750 to 1800 °F (954 to 982 °C), holding at the selected temperature within £25 °F (14 °C) for 1 hour or a time
commensurate with cross-sectional thickness, and cooling at a rate equivalent to an air cool or faster. Pyrometry shall be in
accordance with AMS2750.

3.4.1 If forgings are not to be machined all over, heat treatment shall be performed in a suitable protective atmosphere
or, when permitted by the purchaser, a suitable protective coating may be applied to the forgings in lieu of using a
protective atmosphere.

3.5 Properties

The product shall confgrm to the following requirements:

3.5.1 Bars, Forgings} and Flash Welded Rings

3.5.1.1  As Solution IHeat Treated

3.5.1.1.1 Hardness

Shall be not higher tha
3.5.1.1.2 Average G

Shall be as follows, de
procedure shall be use]

n 285 HBW, or equivalent (see 8.2), determined ih accordance with ASTM E
rain Size

ermined by the comparative methodof ASTM E112. In case of disagreeme
d.

10.

nt, the intercept (Heyn)

3.5.1.1.2.1 Bars and flash welded rings under square inches (58 cm?) in cross-sectional area ghall exhibit an average
grain size of ASTM No. 4 or finer. Due to the presence of non-recrystallized grains, up to 20% of the cross
section ¢f the product may have an average grain size of ASTM No. 2 to 4, determined by the intercept
method of ASTM E112.

3.5.1.1.2.2 Bars and flash welded:rings 9 to 50 square inches (58 to 323 cm?), inclusive, in cros$-sectional area and alll
forgings [shall exhibit@n average grain size of ASTM No. 4 or finer. Due to the presente of non-recrystallized
grains, Up to 20%.of the cross section of the product may have an average grain size of ASTM No. 1 to 3,
determirjed by’the intercept method of ASTM E112.

3.5.1.1.3  Microstrucjure

Product shall be free of Laves phase. Banding of acicular phase and amount of acicular phase shall conform to standards
acceptable to the purchaser.

3.5.1.2 Response to Heat Treatment

Product, 5 inches (127 mm) and under in nominal diameter or least distance between parallel sides (thickness), shall meet
the requirements of 3.5.1.2.1, 3.5.1.2.2, and 3.5.1.2.3 after being precipitation heat treated as follows: heat to
1450 °F £ 15 °F (788 °C £ 8 °C), hold at temperature for not less than 8 hours, cool at a rate not less than 100 °F (56 °C)

degrees per hour to 1300 °F £ 15 °F (704 °C £ 8 °C), hold at 1300 °F + 15 °F (704 °C + 8 °C) for not less than 8 hours, and
cool at a rate equivalent to air cool or faster. Pyrometry shall be in accordance with AMS2750.
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3.5.1.2.1

3.5.1.21.1

Tensile Properties

At Room Temperature

Shall be as shown in Table 2, determined in accordance with ASTM E8/E8M.

3.5.1.21.2

Table 2A - Minimum room temperature tensile properties, inch/pound units

Elongation
Tensile Yield Strength in 4D or Reduction of
Strength at 0.2% Offset 2 Inches Area
ksi ksi % %
194 139 15 15

Table 2B - Minimum room temperature tensile properties, Sl units

Elongation
Tensile Yield Strength in 4D or Reduction of
Strength at 0.2% Offset 50 mm Area
MPa MPa % %
1338 958 15 15

At 1300 fF (704 °C)

Shall be as specified jn Table 3, determined in accordance with ASTM E21 on specimens heated to 1300 °F + 5 °F
(704 °C £ 3 °C), held af heat for not less than 20 minutes before testing, and tested at 1300 °F + 5 F (704 °C £ 3 °C).

3.5.1.213

3.51.21.4

3.5.1.2.1.5

Table 3A - Minimum tensile properties at 1300 °F, inch/pound units

Tensile Yield Strength Elongation in  Reduction of

Strength at 0.2% Offset 2 Inches or4D Area
ksi ksi % %
147 117 13 15

Table 3B - Minimum tensile properties at 704 °C, S| units

Tensile Yield Strength Elongation in ~ Reduction of

Strength  at 0.2% Offset  50.8 mm or 4D Area
MPa MPa % %
1014 807 13 15
Requirements of 3.5.1.2.1.1 and 3.5.1.2.1.2 apply to specimens taken with the axis approximately parallel to
the grain-flew—to-speeimens—takenin-the—radial-direction-and-in-the-tangential-direction at the rim of disc

forgings, and to specimens taken in the circumferential direction from flash welded rings.

Specific locations of specimens from forgings and flash welded rings shall be as agreed upon by the
purchaser and producer.

Unless otherwise specified, the strain rate for both room temperature and elevated temperature tensile testing
shall be set at 0.005 in/in/min (0.005 mm/mm/min) and maintained within a tolerance of £0.002 in/in/min
(0.002 mm/mm/min) through 0.2% offset yield strain. After the yield strain, the speed of the testing machine
shall be set between 0.05 and 0.5 in/in (0.05 and 0.5 mm/mm) of the length of the reduced parallel section
(or distance between the grips for specimens not having a reduced section) per minute. Alternatively, an
extensometer and strain rate indicator may be used to set the strain rate between 0.05 and 0.5 in/in/min
(0.05 and 0.5 mm/mm/min). The requirement for compliance becomes effective for material produced 1 year
after the publication date of this specification.


https://saenorm.com/api/?name=0117a803e15f8387a160af14a0db7803

SAE INTERNATIONAL AMS5441™C Page 6 of 9

3.5.1.2.2 Hardness

Shall be not lower than 331 HBW, or equivalent (see 8.2), determined in accordance with ASTM E10. Product shall not be
rejected on the basis of hardness if the tensile property requirements of 3.5.1.2.1.1 are acceptable, determined on
specimens taken from the same sample as that with nonconforming hardness or from another sample with similar
nonconforming hardness.

3.5.1.2.3  Stress-Rupture Properties at 1300 °F (704 °C)

Shall be as follows; testing of notched specimens and of combination smooth-and-notched specimens shall be performed

in accordance with ASTM E292 and testing of smooth specimens shall be performed in accordance with ASTM E139:

3.5.1.2.3.1

3.56.1.23.2

3.5.1.2.3.3

A standard cylindrical combination smooth-and-notched specimen conforming to ASTM E292, maintained at

1300 °F £ 3 °F (704 °C % 2 °C) while a load sufficient to produce an initial axial stress

of 90 ksi (621 MPa) or

higher is applied continuously, shall not rupture in less than 39 hours. The test shall
without ghange of load. Rupture shall occur in the smooth section and elongation of th
measurgd at room temperature, shall be not less than 8% in 4D for product 5:0\hche
in nomingl diameter or distance between parallel sides.

As an alternate procedure, separate smooth and notched specimens,/machined fro
the sameg piece, with gage sections conforming to the respective dimensions shown
tested individually under the conditions of 3.5.1.2.3.1. The smoagth Specimen shall
39 hourg and elongation after rupture, measured at room temperature, shall be as §
The notghed specimen shall not rupture in less time than the*¢ompanion smooth spe|
tested td rupture.

The test$ of 3.5.1.2.3.1 and 3.5.1.2.3.2 may be conddeted using incremental loading
required|to produce an initial axial stress of 90 ksi (621 MPa) or higher shall be used to

be continued to rupture
is section after rupture,
s (127 mm) and under

m adjacent sections of
in ASTM E292 may be
ot rupture in less than
specified in 3.5.1.2.3.1.
cimen, but need not be

In such case, the load
rupture or for 39 hours,
fter, the stress shall be

whichever occurs first. After the 39 hours and atintervals of 8 hours minimum, therea
[ in increments of 5.0 ksi (34.5 MPa)--Time to rupture, rupture location, and €Jongation requirements
shall be ps specified in 3.5.1.2.3.1.

3.5.1.3 roperty requirements for product outside of the range covered by 1.1 shall b¢ agreed upon between

r and producer.

Mechanical
the purchase
3.5.2 Forging Stock
s taken from the heat-

s taken from the stock
.5.1.2.3, the tests shall

ck is forged to_a.test coupon, heat treated as in 3.4 and 3.5.1.2, specimen
pbnform to the'requirements of 3.5.1.2.1, 3.5.1.2.2, and 3.5.1.2.3. If specimer
in 3.4 and 3.5.1.2 conform to the requirements of 3.5.1.2.1, 3.5.1.2.2, and 3
ent to-tests of a forged coupon.

When a sample of sto
treated coupon shall ¢
after heat treatment as|
be accepted as equiva

3.5.3 Stock for Flash

Welded Rings or Heading

Specimens taken from the stock after heat treatment as in 3.4 and 3.5.1.2 shall conform to the requirements of 3.5.1.2.1,
3.5.1.2.2,and 3.5.1.2.3.

3.6 Quality

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

3.6.1  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.
3.7 Tolerances

Bars shall conform to all applicable requirements of AMS2261.
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3.8 Exceptions

Any exceptions shall be authorized by the purchaser and reported as in 4.4.3.

4. QUALITY ASSURANCE PROVISIONS

4.1 Responsibility for Inspection

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

4.2 Classification of Tests

4.2.1 Acceptance Te
The following requirem
4211 Composition

4.2.1.2 Hardness (3
solution hea

4213 Room-tempsg
of each lot o

4.21.4 Microstructu
4215 Tolerances (

4.2.2 Periodic Tests

sts
ents are acceptance tests and shall be performed on each heat or lotlas app
(3.1) of each heat.

5.1.1.1) and average grain size (3.5.1.1.2) of each lot of bars, forgings, an
treated.

licable:

i flash welded rings as

rature tensile properties (3.5.1.2.1.1), hardness (3:5.%.2.2), and stress-ruptufe properties (3.5.1.2.3)

bars, forgings, and flash welded rings after precipitation heat treatment.
e (3.5.1.1.3) of each lot.

3.7) of bars.

The following require

ents are periodic tests and\shall be performed at a frequency selected &

frequency of testing is gpecified by the purchaser:

4,221 Tensile properties at 1300 °F (704 °C) (3.5.1.2.1.2) of bars, forgings, and flash welded
heat treatment.

4.2.2.2 Ability of fording stock (3:5:2) and of stock for flash welded rings or heading (3.5.3) to deve)

4223 Grain flow (3.6.1)©f die forgings.

y the producer unless

rings after precipitation

op required properties.

4.3 Sampling and Tasting

Shall be as follows:

4.3.1 Bars, Flash Welded Rings, and Stock for Forging, Flash Welded Rings, or Heading

In accordance with AM
4.3.2 Forgings

In accordance with AM

S2371.

S2374.
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