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Available from'Standardization Documents Order Desk, Building
Avenue, |Philadelphia, PA 19111-5094.

MIL-STD-163 Steel Mill Products, Preparation for Shipment and

Publications (Continued):

2371 Quality Assurance Sampling and Testing, Corrosion and Heat Resistant
Steels and Alloys, Wrought Products and Forging Stock
2374 Quality Assurance Sampling and Testing, Corrosion and Heat Resistant
Steel and Alloy Forgings
2750 Pyrometry

2806 Identification, Bars, Wire, Mechanical Tubing, and Extrusions,
C?ybon and Alloy Steels, Corrosion and Heat Resistant Steels and
Alloys

2808 Identification, Forgings

7490
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Government Publications:

181 Characterizing Duplex Grain Sizes

and Aﬁstenitic-Type,Alloys or Precipitation Hardenabl
Tications:

e from ASTM, 1916 Race Street, Philadelphias PA 19103+

Tension Testing of Metallic Materials

Tension Testing of Metallic Materials (Metric)
Brinell Hardness of Metallic Materials

Elevated Temperature Tension Tests of Metallic M
Rapid Indentation Hardness. Testing of Metallic M:
Determining Average Grain Size

Linear Thermal Expansion-of Solid Materials with
Silica Dilatometer

Conducting Time-for<Rupture Notch Tension Tests o
Chemical Analysis.of High-Temperature, Electrical
Other Similar Iron, Nickel, and Cobalt Alloys
Estimating the-Largest Grain Observed in a Metall
Section (ALA Grain Size)

3. TECHNICAL REQUIREMENTS:

3.1 Composition:

tenitic Steels
e Alloys

1187.

terials
terials

a Vitreous

f Materials
, Magnetic, and

ographic

4D, 700 Robbins

Storage

Shall conform to the percentages by weight shown in Table 1, determined by
wet chemical methods in accordance with ASTM E 354, by spectrochemical
methods, or by other analytical methods acceptable to purchaser.
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TABLE 1 - Composition

Element min max
Carbon -- 0.06
Manganese - 1.0
Silicon 0.25 0.50
Phosphorus -- 0.015
Sulfur = 0. 015
Nickel 35.0 40.0
Cobalt 12.0 16.0
Columbium + Tantalum 4.3 5.2
Titanium 1.3 1.8
Chromium - 1.0
ATuminum -- 0.15
Boron -- 0.012
Copper -= 0.5
Iron remainder

3.1.1 Check Analysis: Composition variations shall meet the requjrements of
AMS 2269.

3.2 Melting Practice:

Alloy shall be multiple melted using consumable electrode pra¢tice in the
remelt cycle. If consumable electrode remelting is not performed in vacuum,
electrodes which have-been produced by vacuum induction melting shall be used
for remelting.

3.3 Conditijon:

The product shall be supplied in the following condition:

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

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

w
w

.3.1.2 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, Flash Welded Rings, of Heading: As ordered by the
forging, flash welded ring, or heading manufacturer.
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3.4 Solution Heat Treatment:

Bars, forgings, and flash welded rings shall be solution heat treated by
heating to a temperature within the range of 1775 to 1850 °F

(968 to 1010 °C), holding at a selected temperature within 25 °F (14 °C)
for a time commensurate with section thickness, and cooling at a rate
equivalent to a still air cool (See 8.1).

3.4.1 Pyrometry shall be in accordance with AMS 2750.

3.4.2 If forgi i all be
performed in a suitable protective atmosphere or, when permitted by
purchager, a suitable protective coating may be applied to‘the forgings in
lieu of using a protective atmosphere.

3.5 Properties:

The prodygct shall conform to the following requirements;
3.5.1 Bars, KForgings, and Flash Welded Rings:
3.5.1.1 As Sqlution Heat Treated:

3.5.1.1.1 Harndness: Shall be not higher than 277 HB, or equivalent|, determined
in|accordance with ASTM E 10 or“ASTM E 103.

3.5.1.1.2 Grain Size:
3.5.1.1.2.1 Bars, forgings, and (flash welded rings 9 square inches |[(58 cm?) and
gnder in cross-sectional area shall exhibit an average grain size,
determined in accordance with ASTM E 112, of ASTM No. 5 or finer with
no more than 20% of the specimen area as large as ASTM No. 3. No
gingle grain _shall be larger than 0.010 inch (0.25 mm),| determined in
jccordance, with ASTM E 930,

3.5.1.1.2.2 Bars, <forgings, and flash welded rings over 9 quare inches (58 cm2)
in cross-sectional area shall exhibit an average grain [size,
G

etermined in accordance with ASTM E 112, of ASTM No. 4| or finer with

r 5 o. 2. No
single grain shall be larger than 0.014 inch (0.36 mm), determined in
accordance with ASTM E 930.

3.5.1.1.2.3 When agreed upon by purchaser and vendor, the grain size of 20% of
the specimen area may be as large as ASTM No. 0. No single grain
shall be larger than 0.020 inch (0.51 mm), determined in accordance
with ASTM E 930.

3.5.1.1.2.4 Limitations on duplex grain structures as defined by ASTM E 1181
shall be as agreed upon by purchaser and vendor,
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3.5.1.2 After Re-Solution and Precipitation Heat Treatment: The
have the following properties after being re-solution heat treated by
heating to 1800 °F + 25 (982 °C + 14), holding at heat for
60 minutes + 15, and cooling at a rate equivalent to an air cool and
precipitation heat treated by heating to 1375 °F + 15 (746 °C + 8),
holding at heat for four hours + 0.5, cooling at a maximum rate of
100 F (56 C) degrees per hour to 1150 °F + 15 (621 °C + 8), holding at

heat for four hours + 0.5, and cooling at a rate equivalent to an air
cool (See 8.1 and 8.2).

product shall

3.5.1.2.1 Tenstie—Properties:
3.5.1.2.1.1| At Room Temperature: Shall be as shown in Table @2,”determined in
accordance with ASTM E 8 or ASTM E 8M.
TABLE 2 - Minimum Tensile Properdies
Property NValue
Tensile Strength 170 ksfi (1172 MPa)
Yield $trength at 0.2% Offset 125 ks|i ( 862 MPa)
Elongation in 4D % 10%
Reduct{on of Area % 15%
3.5.1.2.1.2| At 1200 °F (649.°C): Shall be as shown in Table 3, determined in
accordance with ASTM E 21 on specimens heated to 1200 °F £ 5
(649 °C + 3), held at heat for 20 to 30 minutes before testing, and
tested at 1200 °F =+ 5 (649 °C + 3).
TABLE 3 - Minimum Tensile Properties
Property alue
Tensile Strength 130 ksi (896 MPa)
Yield Strength at 0.2% Offset 95.0 ksi (655 MPa)
Elongation in 4D % 10%
Reduction of Area % 20%

3.5.1.2.1.3 Specific location of specimens from forgings and flash welded rings

shall be as agreed upon by purchaser and vendor.
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3.5.1.2.2 Hardness: Should be not Tower than 331 HB, or equivalent,
in accordance with ASTM E 10 or ASTM E 103, but the product shall not
be rejected on the basis of hardness if the tensile property

req

3.5.1.2.3 Stress-Rupture Properties at 1000 °F (538 °C):

uirements of 3.5.1.2.1.1 are met.

determined

Shall be as follows:

testing of notched specimens shall be performed in accordance with

ASTM E 292.

3.5.1.2.3.1 A notched specimen conforming to Figure 1 of this specification
mari i i icient to
produce an initial axial stress of 120 ksi (827 MPa) ~i$|applied
cpntinuously, shall not rupture in less than 60 hours. |Tests may be
diiscontinued after 120 hours.

3.5.1.2.3.2 The test may be conducted using a load higher.than required to
produce an initial stress of 120 ksi (827 MPa) but the load shall not
be changed while the test is in progress,~The minimum tlime to
rypture shall be as specified in 3.5.1.2.3.1.

3.5.1.2.4.2

3.5.2 Forging
treated
shall ¢
3.5.1.2
3.4 and
3.5.1.2
tests o

3.5.3 Stock for Flash Welded Rings or Heading:

rmal Expansion: Shall be determined-in accordance with
pach heat of alloy.

f.2 - 8.1 x 10°mm/mm/°C) at\780 °F (416 °C) using 77 °
reference temperature.

[nflection Temperature®’ Shall be 750 to 850 °F (399 to
dletermined by establishing the intersection of the tang
hpper and Tower portions of the dilatometric expansion

Stock: When a“sample of stock is forged to a test coy
as in 3.4_and 3.5.1.2, specimens taken from the heat 1
pnform tothe requirements of 3.5.1.2.1, 3.5.1.2.2, 3.5

ASTM E 228

pefficient of Expansion: Shall be 4.00 - 4.50 x 10°° imch/inch/°F

© (25 °C) as

454 °C),
ents of the
curve.

pon and heat
reated coupon
.1.2.3, and

4. If(specimens taken from the stock after heat treatiment as in

3.5¢1N2 conform to the requirements of 3.5.1.2.1, 3.5.

F “@ forged coupon.

1.2.2,

3,vand 3.5.1.2.4, the tests shall be accepted as equiqa]ent to

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, 3.5.1.2.3, and 3.5.1.2.4.

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

detriment

al 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 re-entrant grain flow.
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3.7 Tolerances:
Bars shall conform to all applicable requirements of AMS 2261 or MAM 2261.
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 rig emed necessary
to ensuye that the product conforms to the requirements of (this
specififation.
4.2 Classiffication of Tests:
Tests fpr all technical requirements are acceptance’tests and |shall be
performed on each heat or lot as applicable.
4.3 Sampling and Testing:
Shall bg in accordance with the following:
4.3.1 Bars,|Flash Welded Rings, and Stock®for Forging, Flash Welddd Rings, or
Headipg: AMS 2371.
4.3.2 Forgings: AMS 2374.
4.4 Reportsg
4.4.1 The vendor of bars, forgings, and flash welded rings shall flurnish with
each shipment a réport showing the results of tests for chenical
compogition of each heat and the results of tests on each 1dt to determine
confoymance to/the other acceptance test requirements. Thig report shall
inclugde the.purchase order number, lot number, AMS 5893, solution heat
treatpent/temperature used, size, and quantity. If forgingq are supplied,
the pErt number and the size and melt source of stock used fo make the
forgings shall also be included.
4.4.2 The vendor of stock for forgings, flash welded rings, or heading shall

E-3
(3]

furnish with each shipment a report showing the results of tests for

chemical composition of each heat. This report shall include the purchase
order number, heat number, AMS 5893, size, and quantity.
Resampling and Retesting:
Shall be in accordance with the following:
.1 Bars, Flash Welded Rings, and Stock for Forging, Flash Welded Rings, or
Heading: AMS 2371.
.5.2 Forgings: AMS 2374.
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5. PREPARATION FOR DELIVERY:

5.1 Sizes:
Except when exact lengths or multiples of exact Tengths 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 m) may be supplied.

5.2 Identification:
Shall be|as follows:

5.2.1 Bars: |In accordance with AMS 2806.

5.2.2 Forgings: In accordance with AMS 2808.

5.2.3 Flash Welded Rings and Stock for Forging, Flash’Welded Rings,| or Heading:

As agreed upon by purchaser and vendor.
5.3 Packaging:
5.3.1 The product shall be prepared for shipment in accordance with commercial

5.3.

practi¢e and in compliance with applicable rules and regulations pertaining
to the|handling, packaging, andctransportation of the product| to ensure
carrier acceptance and safe delivery.

2 For direct U.S. Military procurement, packaging shall be in accordance with
MIL-STD-163, Commercial. Level, unless Level A is specified in the request
for procurement.

ACKNOWLEDGMENT :

A vendor $hall mention this specification number in all quotatigns and when
acknowledging purchase orders.

REJECTIONS ¢

Product not conforming to this specification, or to modifications authorized
by purchaser, will be subject to rejection.

NOTES:

Heating and cooling should be done in a vacuum or a suitable protective
atmosphere so as to avoid oxidation of the surface. If heat treating is done
in air, the product must be properly processed to completely recover the
oxide formed before further fabrication or testing.
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