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

AMS2269 Chemical Check Analysis Limits, Nickel, Nickel Alloys, and Cobalt Alloys

AMS2283 Composition Testing Methods for Nickel- and Cobalt-Based Alloys

AMS2371 Quality Assurance Sampling and Testing, Corrosion and Heat-Resistant Steels and Alloys, Wrought

Products and Forging Stock

AMS2374 Quiality

AMS2750 Pyromgtry

AMS2806 Identification Bars, Wire, Mechanical Tubing, and Extrusions, Carbon and-Alloy Ste

Heat-R

AMS2808 Identification, Forgings

AMS7490 Rings,
Cobalt

AS7766 Terms

2.2 ASTM Publications

Available from ASTM

ASTM E8/E8BM Tensid

ASTM E10 Brinell

ASTM E112 Detern

ASTM E139 Condu

ASTM E140 Hardn

esistant Steels and Alloys

Alloys, or Precipitation-Hardenable Alloys

Used in Aerospace Metals Specifications

n Testing of Metallic Materials
Hardness of Metallic Materials
nining Average-Grain Size

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

Hardn

ASTM E292  Condu

2.3 Definitions

cting Time-for-Rupture Notch Tension Tests of Materials

Terms used in AMS are defined in AS7766.

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

els, and Corrosion and

Flash Welded, Corrosion and Heat-Resistant Austenitic Steels, Austenitic-Type Iron, Nickel or

International, 100 Barr Harbor*Drive, P.O. Box C700, West Conshohogken, PA 19428-2959,
Tel: 610-832-9585, www.astm.org.

rs Hardness, Rockwell

bss Conversion Tables for Metals Relationship Among Brinell Hardness, Vick
pss/ Superficial Hardness, Knoop Hardness. Scleroscope Hardness. and ngb Hardness
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3. TECHNICAL REQUIREMENTS

3.1 Composition

Shall conform to the percentages by weight shown in Table 1, in accordance with AMS2283 or by other analytical methods
acceptable to the purchaser.

Table 1 - Composition

3.1.1 Determination

of any elemen
specified by th
3.1.3

Composition variations
lead, bismuth, and seld

3.2 Melting Practice

Alloy shall be produce
melted under vacuum.

Check Analysi$

]

Element Min Max
Carbon -- 0.10
Manganese -- 0.50
Silicon -- 0.40
Phosphorus (see 3.1.1) -- 0.030
Sulfur -- 0.030
Chromium 11.00 14.00
Nickel 40.00 45.00
Molybdenum 5.00 6.50
Titanium 2.70 3.10
Boron 0.010 0.020
Cobalt (see 3.1.1) -- 1.00
Aluminum -- 0.35
Copper - 0.50
Lead -- 0.0005 (5.0 ppm)
Bismuth -- 0.00003 (0.3 ppm)
Selenium -- 0.0003 (3.0 ppm)
Iron remaindern

not required for routine acceptance.

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

shall meet the applicable requirements of AMS2269; no variation over mag
nium.

I bycmdltiple melting using consumable electrode practice in the remelt cyc
If-consumable electrode remelting is not performed in vacuum, electrodes th

eport of 4.4. Reporting
its of acceptability are

ximum is permitted for

e or shall be induction
ht have been produced

by vacuum induction melting shall be used.

3.3 Condition

The product shall be supplied in the following condition:

3.3.1 Bars

Bars shall be hot finished and solution heat treated, stabilized, and precipitation heat treated. Rounds shall be rough turned

or ground.

3.3.1.1

3.3.1.2

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

Bars, other than hexagons, over 2.75 inches (69.8 mm) in nominal diameter or least distance between parallel
sides shall be hot finished or cold finished.
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3.3.2 Forgings and Flash-Welded Rings

Forgings and flash-welded rings shall be solution heat treated, stabilized, and precipitation heat treated.

3.3.2.1

supplied, rings shall be manufactured in accordance with AMS7490.

3.3.3 Stock for Forgi

ng or Flash-Welded Rings

Stock shall be as ordered by the forging or flash-welded ring manufacturer.

3.4 Heat Treatment

Flash-welded rings shall not be supplied unless specified or permitted on the purchaser's part drawing. When

Bars, forgings, and flash-welded rings shall be heat treated as follows; pyrometry shall be in accordance with AMS2750.

3.4.1 Solution Heat ]

Heat to a temperature
(14 °C) for not less th
3.4.2 Stabilization H

Heat to a temperature
(28 °C) for 2 to 4 hours

3.4.3 Precipitation H

Heat to a temperature
(x8 °C) for 24 hours +

3.5 Properties

3.5.1 Bars, Forgings|
Product 5.0 inches (1
requirements of 3.5.1.1

3.5.1.1  Average Grg
Average grain size sha
uniform without pronou
purchaser and produce

[ reatment

Bn 1 hour, and cool at a rate equivalent to an air cool or faster.
pat Treatment

within the range 1425 to 1475 °F (774 to 802 °C), hold at the selected ten
, and cool at a rate equivalent to an air cool or faster{see 8.6).

eat Treatment

within the range 1300 to 1375 °F (704 16,746 °C), hold at the selected ten
hour, and cool at any convenient rate(see 8.6).

and Flash-Welded Rings

P7 mm) and under in hominal diameter or least distance between parallg
,3.5.1.2,3.5.1.3,dnd 3.5.1.4.
in Size

Il be ASTIM' 1 or finer, determined in accordance with ASTM E112; grain siZ
nced<egregation of fine and coarse grain areas and shall conform to standa
r,

within the range 1950 to 2000 °F (1066 to 1093 °C), hold at the selected tempperature within +25 °F

perature within £15 °F

perature within 15 °F

| sides shall meet the

e shall be substantially
ds agreed upon by the

3.5.1.2 Tensile Prop

erties

Tensile properties shall be as shown in Table 2, determined in accordance with ASTM E8/E8M; requirements apply in both

the longitudinal and tra

nsverse direction.

Table 2 - Minimum tensile properties

Value
165 ksi (1138 MPa)
120 ksi ( 827 MPa)
12%
15%

Property
Tensile Strength
Yield Strength at 0.2% Offset
Elongation in 4D
Reduction of Area
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3.5.1.2.1

3.56.1.2.2

3.56.1.2.3

3.56.1.24

3.5.1.2.5

3.5.1.2.6

3.5.1.3

Hardness shall be 302|to 388 HBW or equivalent (see 8.2), determined in accordance with ASTM
not be rejected on the
from the same sample [as that with nonconforming hardness or from another sample with similar no

3514

Stress-rupture propertles at 1200 °F (649 °C) shall"be as follows. Testing of notched specime
smooth-and-notched 4pecimens shall be performed in accordance with ASTM E292 and of
accordance with ASTM E139.

3.5.1.41

3.5.1.4.2

3.5.1.4.3

3.5.1.5

Tensile properties shall be taken in the short transverse direction, except as noted below.

If the product cross section does not allow a 2-1/2-inch (63.5-mm) long specimen to be taken in the short
transverse direction, then tensile properties shall be determined in the long transverse direction.

If the product cross section does not allow a 2-1/2-inch (63.5-mm) long specimen to be taken in the short or the
long transverse direction, then tensile properties shall be determined in the longitudinal direction.

Products tested in the transverse direction need not be tested in the longitudinal direction.
When tensile specimens are machined from the center area of disc and hub forgings and this area lies within a

4-inch (102-mm) radius or 25% of the forging radius, whichever is the smaller dimension, elongation may be as
low as 10% and reduction of area as low as 12%.

Unless otHerwise specified, the strain rate shall be set at 0.005 in/in/min (0.005 mm/m
within a tglerance of £0.002 in/in/min (£0.002 mm/mm/min) through 0.2% offset ¥ield
strain, the|speed of the testing machine shall be set between 0.05 in/in and-0.5 in
0.5 mm/min) of the length of the reduced parallel section (or distance betwéen the g
having a r¢duced section) per minute. Alternatively, an extensometer and strain rate in
set the stfain rate between 0.05 in/in/min and 0.5 in/in/min (0.05 mm/mm/min and
requirement for compliance becomes effective for material produced\1 year after t
this specification.

Hardness

basis of hardness if the tensile properties 0f:8:5.1.2 are acceptable, determin

Stress-Ruptiire Properties at 1200 °F (649 °C)

A standard cylindrical combination smooth-and-notched specimen conforming to AST)
1200 °F £ B °F (649 °C x 2%C) while a load sufficient to produce an initial axial stress o
higher is gpplied continuously, shall not rupture in less than 23 hours. The test shall h

M/min) and maintained

strain. After the yield
/in (0.05 mm/mm and
rips for specimens not
Hicator may be used to
0.5 mm/mm/min). The
he publication date of

E10. The product shall
bd on specimens taken
hconforming hardness.

s and of combination
smooth specimens in

M E292, maintained at
f 90.0 ksi (621 MPa) or
e continued to rupture

without chainge of load /After the 23 hours, if rupture occurs in the notch, the smooth s¢ction shall, by suitable

means, be| continued fo rupture, or a separate smooth specimen shall be tested to ruq
smooth seftion after rupture, measured at room temperature, shall be not less than 59
ruptures in 48 hours or less and not less than 4% in 4D if the specimen ruptures in mor

ture. Elongation of the
b in 4D if the specimen
b than 48 hours.

As an alternate procedure, separaie smooth-and-notched specimens, machined from adjacent sections of the
same piece, with gage sections conforming to the respective dimensions shown in ASTM E292, may be tested
individually under the conditions of 3.5.1.4.1. The smooth specimen shall not rupture in less than 23 hours, and
elongation after rupture, measured at room temperature, shall be not less than 5% in 4D. The notched specimen
shall not rupture in less than 23 hours but need not be tested to rupture.

The tests of 3.5.1.4.1 and 3.5.1.4.2 may be conducted using incremental loading. In such case, the load
required to produce an initial axial stress of 90.0 ksi (621 MPa) or higher shall be used to rupture or for 48 hours,
whichever occurs first. After the 48 hours and at intervals of 8 hours minimum, preferably 8 to 10 hours
thereafter, the stress shall be increased in increments of 5.0 ksi (34.5 MPa). Time to rupture and elongation
requirements shall be as specified in 3.5.1.4.1.

Mechanical property requirements for product outside the range covered by 1.1 shall be agreed upon between
the purchaser and producer.
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3.5.2 Forging Stock

When a sample of stock is forged to a test coupon and heat treated as in 3.4, specimens taken from the heat-treated coupon
shall conform to the requirements of 3.5.1.2, 3.5.1.3, and 3.5.1.4. If specimens taken from the stock after heat treatment as
in 3.4 conform to the requirements of 3.5.1.2, 3.5.1.3, and 3.5.1.4, the tests shall be accepted as equivalent to tests of a
forged coupon.

3.5.3 Stock for Flash-Welded Rings

A sample of stock heat treated as in 3.4 shall conform to the requirements of 3.5.1.2, 3.5.1.3, and 3.5.1.4.

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 imperfectiond detrimental to usage of the product.

3.6.1  Grain flow of die forgings, except in areas that contain flash-line end grain, shall follow’ the| general contour of the
forgings, showjng no evidence of reentrant grain flow.

3.7 Tolerances
Bars shall conform to Il applicable requirements of AMS2261.

3.8 Any exceptions ghall be authorized by the purchaser and reported.as'in 4.4.1.
4. QUALITY ASSURANCE PROVISIONS

4.1 Responsibility fof Inspection

The producer of the prpduct shall supply all samples for the producer’s tests and shall be responsilple for the performance
of all required tests. The purchaser reserves the right to Sample and to perform any confirmatory tesfing deemed necessary
to ensure that the prodlct conforms to specified requirements.
4.2 Classification of [Tests

4.2.1 Acceptance Tgsts

The following requirements are acceptance tests and shall be performed on each heat or lot as applicable:

a. Composition (see 8.1) of each’heat.

b. Average grain size

(see’3.5.1.1), tensile properties (see 3.5.1.2), hardness (see 3.5.1.3), and sfress-rupture properties
(see 3.5.1.4) of eat ' i

c. Tolerances (see 3.7) of bars.

4.2.2 Periodic Tests

Forging stock (see 3.5.2) and stock for flash-welded rings (see 3.5.3) to demonstrate ability to develop required properties
and of grain flow of die forgings (see 3.6.1) are periodic tests and shall be performed at a frequency selected by the producer,
unless frequency of testing is specified by the purchaser.

4.3 Sampling and Testing

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

Sampling and testing shall be in accordance with AMS2371.
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