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2.1 SAE Publications:
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is not limited to such applications.

ible issue of -other publications shall be the issue in eff
F the purchase-order.

This $pecification covers a corrosion and heat resistant nickel [alioy in the
f bars, forgings, flash welded rings, and Stock for forging or flash

products have been used typically.for rotating and structyral parts
requiring high strength at cryogenic:temperatures and for shortitime service
1000 °F (538 °C) and oxidatien resistance up to 1800 °F (982 °C), but

lowing publications form a part of this specification to the extent
ed herein. Theslatest issue of SAE publications shall api1y.
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2.1 (Continued)

AMS 2371
AMS 2374
AMS 2806

AMS 2808

Quality Assurance Sampling and Testing, Corrosion and Heat
Resistant Steels and Alloys, Wrought Products and Forging Stock
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 Heat Resistant Steels and
Alloys

Identification, Forgings

AMS 7490

2.2 ASTM Publ
Available

Rings, Flash Welded, Corrosion and Heat Resistant Austenjtic Steels
and Austenitic-Type Alloys, or Precipitation Hardenable-Alloys

ications:

from ASTM, 1916 Race Street, Philadelphia, PA 19103-1187

ASTM E 8
ASTM E 8
ASTM E 10
ASTM E 11
ASTM E 35

2.3 U.S. Gove
Available

Avenue, Philadelphia, PA 19111-5094.

MIL-STD-1
3. TECHNICAL

3.1 Compositi
(R)

Tension Testing of Metallic Materials

Tension Testing of Metallic Materials.{(Metric)

Brinell Hardness of Metallic Materials

Determining the Average Grain Size

Chemical Analysis of High-Temperature, Electrical, Magnpetic, and

Other Similar Iron, Nickel, and-Cobalt Alloys
nment Publications:

from DODSSP, Subscription-Services Desk, Building 4D, 700 Robbins

3 Steel Mill Products, Preparation for Shipment and Stowrage
EQUIREMENTS:

n:

Shall confform to.the percentages by weight shown in Table 1, determined by

wet chemi
methods,

al methods in accordance with ASTM E 354, by spectrochemical
r. by other analytical methods acceptable to purchaser.
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TABLE 1 - Composition

Element min max

Carbon - 0.08
Manganese ~-- 0.35
Silicon - 0.35
Phosphorus - 0.015
Sulfur - 0.015
Chromium 17.00 21.00
Nickel 50.00 55.00
Mo1ybdenum 2.80 3.30
Columbium 4.75 5.50
Titanium 0.65 1.15
Aluminum 0.20 0.80
Cobalt —-= 1.00
Tantalum (3.1.1) -- 0.05
Boron - 0.006
Copper -- 0.30
Iron remainder

3.1.1 Detprmination not required for routine acceptance.

(R)

3.1.2 Chefk Analysis: Composition_variations shall meet the requirgments of
AMS| 2269.

3.2 Meltipg Practice:
Alloy| shall be produced by multiple melting using consumable electrode
practice in the remelt cycle or shall be induction melted under|vacuum. If
consumable electrode remelting is not performed in vacuum, electrodes which
have peen produced by vacuum induction melting shall be used.

3.3 Condition:

The ppoduct shall be supplied in the following condition:

3.3.1 Bars, Forgings, and Flash Welded Rings: Solution heat treated.

3.3.1.1 Bars shall be hot finished; round bars shall be ground or turned.

3.3.1.2 Forgings shall be rough machined or descaled.

3.3.1.3 Flash welded rings shall not be supplied unless specified or permitted on
purchaser’s part drawing. When supplied, rings shall be manufactured in
accordance with AMS 7490.

3.3.2 Stock for Forging or Flash Welded Rings: As ordered by the forging or
flash welded ring manufacturer.
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3

.4 Heat Treatment:

Bars, forgings, and flash welded rings shall be solution heat treated to meet
the requirements of 3.5.1. No specific heat treating instructions
specified but it is recommended that the product be solution heat treated by
heating in a suitable protective atmosphere to 1950 °F + 25 (1066 °C + 14)
but in no case lower than 1900 °F (1038 °C), holding at heat for a time
commensurate with cross-sectional thickness, and cooling at a rate equivalent

to an ai

.5 Properti

The prod

.5.1 Bars,
.5.1.1 As S
.5.1.1.1 Ha

(S
5.1.1.1.1

5.1.1.1.1.1

5.1.1.1.1.2

5.1.1.1.1.3

.5.1.1.2 Av

AS
5.1.1.2.1

r cool or faster.

are

es:
uct shall conform to the following requirements:
Fprgings, and Flash Welded Rings:

ofution Heat Treated:

rdness: Shall be as follows; determined_in/accordance with
ep 8.2):

Bars: Not higher than the following; determined approximat
bptween the outer surface and centér (mid-radius):

Up to 3.0 Inches (76 mm), Exélusive, in Nominal Diameter
Distance Between Parallel Sides: Shall be 248 HB, or equ

3.0 to 5.0 Inches (76 to 127 mm), Exclusive, in Nominal O
Distance Between Paraliel Sides: Shall be 285 HB, or eqy

5.0 to 10.0 Inches (127 to 254 mm), Exclusive, in Nominal
or Distance Bétween Parallel Sides: Shall be 321 HB, or
equivalent.

Paralle} Sides: As agreed upon by purchaser and vendor.

Forgings and Flash Welided Rings: Not higher than 248 HB,

ASTM E 10
ely midway
or

jvalent.

jameter or
ivalent.

Diameter

10 Inches (254 mm) and Over in Nominal Diameter or Distarice Between

or

quiva]pnf

erage Grain Size: Shall be as follows, determined in accor
T E 112 and the following:

Determination shall be made at 1 to 3X magnification on the
rough-machined surface of the product after suitably etchin
reveal the macro-grain structure. Acceptance shall be base
correlation of the macro-grain structure with the micro-gra
structure that will satisfy the requirements of 3.5.1.1.2.2
3.5.1.1.2.3 as applicable.

dance with

g to
d on
in

or
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3.5.1.1.2.2 Bars, Hammer Forgings, and Flash Welded Rings: Structure shall

(R) consist of recrystallized grains of ASTM No. 4 or finer for product
under 4.5 inches (114 mm) in nominal thickness. Occasional grains as
coarse as ASTM No. 2 are permissible but shall not exceed 10% of any
field examined at 100X magnification.

3.5.1.1.2.3 Extrusions and Press Forgings: Structure shall consist of partially

recrystallized grains consisting of 60% or more of ASTM No. 3 or
finer and 40% or less of grains ASTM No. 1 or finer. A uniform
structure of ASTM No. 3 or finer recrystallized grains is acceptable.

3.5.1.2 After Precipitation Heat Treatment: The product shall have/|the following
properties after being precipitation heat treated by heating to
1400 °F + 15 (760 °C + 8), holding at heat for 10 hours + 0[5, furnace
cpoling to 1200 °F + 15 (649 °C + 8), holding at 1200 °F + 15
(649 °C + 8) until a total precipitation heat treatment time of 20 hours
has been reached, and cooled. The product shal also meet the following
reéquirements after being re-solution heat treated by heating to

1
1

a
0

3.5.1.2.1

50 °F + 25 (1066 °C + 14) in a suitable protective atmosphere, holding
. heat for 1 to 2 hours, and cooling at_a rate equivalent §o an air cool
~ faster and then precipitation heat treated as previously|stated.

Tensile Properties: Product 10 .inches (254 mm) and under|in least
nominal cross-sectional dimension shall have the properties shown in
Table 2 and Table 3, determined in accordance with ASTM E(8 or

ASTM E 8M.

3.5.1.2.1.

|

Bars: Shall be as .shown in Table 2.

TABLE-2 - Minimum Tensile Properties

Property Value
Tensdile Strength 180 ksi (1241 MPa)
Yield Strength at 0.2% Offset 150 ksi (1034 MPa)
EYongation in 4D 10%
Reduction of Area 12%
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3.5.1.2.1.2 Forgings and Flash Welded Rings:

Shall be as shown in Tabl

TABLE 3 - Minimum Tensile Properties

Property Value

Tensile Strength
Yield Strength at 0.2% Offset

Elongation in 4D

R

180 ksi (1241 MPa)
150 ksi (1034 MPa)
12%

eduction of Area 15%

3.5.1.2.2
(R)

Har
det
rej
of

3.5.2 Forging
solutio
taken f
3.5.1.2
treatme
and 3.5
forged

Stock f
solutio
conform

3.5.3

3.6 Quality:

The produ
condition
detriment

Grain f
grain,

3.6.1

dness: Shall be not lower than 341 HB, or equivalent (Seg
brmined in accordance with ASTM E 10, but the product shal
bcted on the basis of hardness if the tensileproperty req
3.5.1.2.1.1 and 3.5.1.2.1.2 are met.

Stock: When a sample of stock is forged“to a test coupon
h and precipitation heat treated as in:3.4 and 3.5.1.2, sp
rom the heat treated coupon shall conform to the requireme
1.2 and 3.5.1.2.2. 1If specimens taken from the stock aft
nt as in 3.4 and 3.5.1.2 conform*to the requirements of 3.
.1.2.2, the tests shall be accepted as equivalent to tests
Coupon.

br Flash Welded Rings: . Specimens taken from the stock aft

to the requirements of 3.5.1.2.1.2 and 3.5.1.2.2.

rt, as received by purchaser, shall be uniform in quality
| sound, .and' free from foreign materials and from imperfec
a1l to usage of the product.

e 3.

8.2),
1 not be
uirements

and
ecimens
nts of
er heat
5.1.2.1.2
of a

er

h and precipitation hedl treatment as in 3.4 and 3.5.1.2 shall

and
tions

low._0of die forgings, except in areas which contain flash-1
shiall follow the general contour of the forgings showing

of re-e

ine end

qo evidence

ptrant—grain—flow:

3.7 Tolerances:

Bars shall conform to all applicable requirements of AMS 2261 or MAM 2261.
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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 performing all required tests. Purchaser reserves
the right to sample and to perform any confirmatory testing deemed necessary
to ensure that the product conforms to the requirements of this
specification.

4.2 C(lasgification of Tests:

4.2.1 Acgeptance Tests: Tests for the following requirements-ave gcceptance
tests and shall be performed on each heat or lot as applicable:

4.2.1.1 (omposition (3.1) of each heat.

4.2.1.2 Hardness (3.5.1.1.1) and grain size (3.5.1.1:2) of each lof of bars,

fargings, and flash welded rings as solution heat treated.

4.2.1.3 Tensile properties (3.5.1.2.1) and hardness (3.5.1.2.2) of |each 1ot of

pars, forgings, and flash welded rings after precipitation |heat
treatment.

4.2.1.4 Tolerances (3.7) of bars.

4.2.2 Periodic Tests: Tests for the following requirements are peniodic tests
and shall be performed at-a-frequency selected by the vendor [unless
freéquency of testing is-specified by purchaser:

4.2.2.1 Tensile properties(3.5.1.2.1) and hardness (3.5.1.2.2) of |bars,

orgings, and fllash welded rings after re-solution and predipitation heat
reatment as imw 3.5.1.2.

4.2.2.2 Ability of forging stock (3.5.2) or stock for flash welded |rings (3.5.3)

o develop required properties.

4.2.2.3 Grain'flow (3.6.1) of die forgings.

(R)

4.3 Sampling and Testing:

4.3

4.3.

Shal

1 be in accordance with the following:

AMS 2371 and the following:

1.1

Specimens for tensile tests of bars (3.5.1.2.1.1) shall be
axis in the short-transverse direction except that if the

.1 Bars, Flash Welded Rings, and Stock for Forgings or Flash Welded Rings:

taken with the

short-transverse direction is under 2-1/2 inches (63.5 mm), specimens
shall be taken in the Tong-transverse direction. If both transverse
directions are under 2-1/2 inches (63.5 mm), specimens shall be taken

with the axis in the longitudinal direction.
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4.3.1.2 Specimens for tensile testing of flash welded rings (3.5.1.2.1.2) shall
be taken with the axis of the specimen in the circumferential direction.

4.3.2 Forgings: AMS 2374 and the following:

4.3.2.1 Except as specified in 4.3.2.2, specimens for tensile testing of forgings
(3.5.1.2.1.2) shall be taken with the axis in the transverse direction
except that if the forging is under 2-1/2 inches (63.5 mm) in the
transverse direction, specimens shall be taken with the axis in the

longitudinal direction.

4.3.2.2 Specimens for tensile tests of disk forgings shall be cut from-any plane
perpendicular to the axis of the forging with axis of specimen jn the
selectled plane perpendicular to a radius. When size and ‘shape permit,
additional specimens shall be cut with the axis of specimen approximately
paraliel to the axis of the forging. Size, location,pand number of

specimens shall be agreed upon by purchaser and vendor.

4.4 Reports:

4.4.1 The vendpr of bars, forgings, and flash welded rings shall furnish with

(R) each shipment a report showing the results of tests for chemical
compositfion of each heat and the results.of tests on each lot to determine
conformance to the other acceptance tests requirements and, when performed,
to the periodic test requirements. This report shall include the|purchase
order number, heat and lot number, AMS 5664D, size, and quantity.| If
forgings| are supplied, the part number and the size and melt sourge of
stock uspd to make the forgings-shall also be included.

4.4.2 The vendpr of stock for forging or flash welded rings shall furnish with
each shipment a report shawing the results of tests for chemical
compositfion of each heat.” This report shall include the purchase |order
number, heat number, ‘AMS 56640, size, and quantity.

4.5 Resampling| and Retesting:

Shall be as follows:
4.5.1 Bars, FlE d Rj ings: In

e jde 1{¢ d
accordance with AMS 2371.

4.5.2 Forgings: In accordance with AMS 2374.

5. PREPARATION 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 24 feet (1.8 to 7.3 m)

but not more than 25% of any shipment shall be supplied in lengths of

6 to 9 feet (1.8 to 2.7 m) except that for bars weighing over 25 pounds per
foot (37 kg/m), short lengths down to 2 feet (610 mm) may be supplied.
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