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Table 1 - Composition

3.1.1  Check Analysis
Composition variations
3.2 Melting Practice

Steel shall be multiple 1
3.3 Condition

The product shall be sy
3.3.1

Bars

Normalized and overag
not be cut from plate (3|

3.3.2 Forgings
Normalized and overag

3.3.3 Forging Stock

As ordered by the forgi

Element Min Max

Carbon 0.21 0.25
Manganese -- 0.10

Silicon -- 0.10
Phosphorus -- 0.008

Sulfur -- 0.005
Phosphorus + Sulfur -- 0.010
Chromium 2.90 3.30

Nickel 11.00 12.00

Cobalt 13.00 14.00
Molybdenum 1.10 1.30

Titanium -- 0.015

Atuminum = 0015

Oxygen -- 0.0020 (20 ppm)
Nitrogen -- 0.0015 (15 ppm)

shall meet the applicable requirements of AMS2248.

helted using vacuum induction melting followed<by)vacuum arc remelting.

pplied in the following condition; hardness shall be determined in accordanc

2d, having hardness not higher than 372 HB, or equivalent (see 8.2), and grg
so see 4.4.2).

ed, having hdrdness not higher than 372 HB, or equivalent (see 8.2), and d

hg-manufacturer.

e with ASTM A370:

und or turned. Bar shall

pscaled.

3.4 Heat Treatment

Shall conform to the following:

3.4.1

Bars and Forgings

Shall be normalized by heating to 1650 °F + 25 °F (899 °C % 14 °C), holding at heat for 60 minutes + 15 minutes, and cooling
in air to a temperature between 45 °F and 200 °F (7 °C and 93 °C), and overaged by heating to 1250 °F + 25 °F
(677 °C £ 14 °C), holding at heat for 16 hours minimum, and air cooled. Pyrometry shall be in accordance with AMS2750.

3.4.2 Forging Stock

As ordered by the forging manufacturer.
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3.5 Properties

The product shall conform to the following requirements:

3.5.1 Macrostructure

Visual examination of transverse full cross-sections from bars, billets, and forging stock, etched in hot hydrochloric acid in
accordance with ASTM A604, shall show no pipe or cracks. Porosity, segregation, inclusions, and other imperfections shall
be no worse than the macrostructure limits of ASTM A604 shown in Table 2.

Table 2 - Macrostructure limits

3.5.2 Micro-Inclusion

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

Rating of Each Heat

No specimen shall excged the limits shown in Table 3, determined in accordance with ASTM E45,

3.5.3 Decarburization

3.5.3.1 Bars and for
surfaces wheg

3.5.3.2 Forgings sha
accordance

3.5.3.3 Decarburizat
3.54 ResponsetoH

3.54.1 Bars and For

Table 3 - Micro-inclusion rating {imits

Type A B C D
Thin 15 15 A®H® 15
Thick 1.0 10.™10 1.0

hing stock ordered ground or-turned shall be free from decarburization o
n determined in accordance:with 3.5.3.3.

Method A.

h the ground or turned

Il be supplied with asmaximum decarburization of 0.040 inch (1.00 mm) when determined in

vith 3.5.3.3, unless ptherwise specified.
on shall be measured by the microscopic method per ASTM E1077.

bat Treatment

gings

Test specimens in the

normatizedarnd-overagedconditionmas—specified 34t Tutfromrpro

ct 100 square inches

(645 cm?) and under in cross-sectional area, shall meet the properties specified in 3.5.4.1.1, 3.5.4.1.2, 3.5.4.1.3, and
3.5.4.1.4 when subjected to the heat treatment in Table 4. Response to heat treatment verification need be performed only

on the 900 °F age (482

°C) unless the purchaser specifies the 875 °F age (468 °C).
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Table 4 - Response to heat treatment processing

Processing Step Temperature Time at Temperature
1 Austenitization 1625 °F + 25 °F (885°C+14 °C) 60 minutes +15 /-0 minutes
2 | Quench Within 1 hour to 400 °F (204 °C) and
Within 2 hours to 150 °F (204 °C)
Air cool or faster to room temperature
3 | Cold Stabilization Start within 8 hours
-100 °F £+ 15 °F (-73°C+£8°C) | 1 hour minimum
4 | Warm in air to room
temperature
5 1900 °F (482 °C) Age 900 °F2+ 10 °F (482 °C £ 6 °C) 5-8 hours
5A | 875 °F (468 °C) Age 875 °F3+10 °F (468 °C £ 6 °C) 5-8 hours
(alternate when specified)

" Note that all processin|
2 Forgings with variable
3 Forgings with variable

g must be performed in the order noted.
section thickness may be aged at 890 °F + 10 °F (477 °C + 6 °C) to avoid overagind
section thickness may be aged at 865 °F + 10 °F (463 °C + 6 °C) to avoid ovéraging
Tensile Prg

3.54.1.1 perties

q

J

ASTM A370. Unless otherwise specified, the strain rate shall be
d maintained within a tolerance of £0.002 in/in/min (0,002 mm/mm/min) th
strain, the speed of the testing machine shall be set between 0.05 a
th of the reduced section (or distance between the grips for specimens not ha
y, an extensometer and strain rate indicator may“be used to set the strain
D.5 mm/mm/min).

In accordance with
(0.005 mm/mm/min) an
strain. After the yield
0.5 mm/mm).of the leng
per minute. Alternative
0.5 in/in/min (0.05 and

of thin sections.
of thin sections.

et at 0.005 in/in/min
rough 0.2% offset yield
hd 0.5 in/in (0.05 and
ving a reduced section)
rate between 0.05 and

tested in the transverse

3.54.1.1.1 Longitudjnal
Shall be as shown in Tgble 5; testing in the longitudinal direction need not be performed on product
direction.
Table 5 - Minimum longitudinal tensile properties
Value Value
Property Aged at 900 °F Aged at 875 °H
Tensile Strength 280 ksi (1931 MPa) 290 ksi (1999 MPﬁ)
Yield [Strength at 0:2% Offset 235 ksi (1620 MPa) 245 ksi (1689 MPa)
Elongation in 4D 10% 10%
Redugtion of Area 55% 50%
3.5.4.11.2 Transverse

Shall be as shown in Table 6, determined on specimens selected and prepared in accordance with AMS2310. Transverse
properties apply only to product that tensile specimens not less than 2.50 inches (63.5 mm) in length can be taken.

Table 6 - Minimum transverse tensile properties

Value Value

Property Aged at 900 °F

Aged at 875 °F

280 ksi (1931 MPa)

235 ksi (1620 MPa)
8%
45%

Tensile Strength

Yield Strength at 0.2% Offset
Elongation in 4D

Reduction of Area

8%
35%

290 ksi (1999 MPa)
245 ksi (1689 MPa)

3.5.4.1.2 Hardness

Shall be not lower than 53 HRC or equivalent (see 8.2) after 900 °F age, or not lower than 54 HRC or equivalent (see 8.2)

after 875 °F age, in accordance with ASTM A370.
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Fracture Toughness

Fracture toughness shall meet the applicable criteria of Table 7. Fracture Toughness, KIC, determined in

accordance with ASTM E399 on specimens in the longitudinal LS or LR orientation from product 3.00 inches
(76.2 mm) and over in nominal section thickness. If product size precludes use of specimens that will provide

35413
3.5.4.1.3.1
valid KIC
354132 Invalid te
accepted
exceeds
a. W-a <2.5 (Ka/oys)?

b. Pmax/PQ>1 10
3.5.4.1.4 Average G

Shall be ASTM No. 8 ¢
accordance with ASTM

3.54.1.5 Mechanica

between purchaser and producer.

3.5.4.2 Forging Stoc
A sample of stock shall
from the heat treated c
specimens taken from
3.54.1.4,and 3.5.4.1.5

3.6 Quality

The product, as receive
from imperfections detr|

results, a KQ value not lower than listed KIC will be acceptable

Table 7 - Fracture toughness

Age Temperature' Fracture Toughness, minimum

900 °F (482 °C) 100 ksi Vinch (110 MPa Vm) Kic

875 °F (468 °C) 80 ksi Vinch (88 Mpa Ym) Kic

1See Table 4, row 5 and 5a.

st results in accordance with ASTM E399 shall be considered meaningful.a
to KIC requirements if the thickest possible specimen was used and the/q
the required KIC and invalidity is due to one or both of the following.conditig

rain Size

r finer for product 100 square inches (645 cm?)and under in cross-sectio
E112.

property requirements for product ouiside of the range covered by 1.1

be forged to a test coupon(acceptable to purchaser and heat treated as in 3.

stock after heat treatment as in 3.5.4.1 that conform to the requirements
shall be accepted-as’equivalent to tests of a forged coupon.

d by purchaser, shall be uniform in quality and condition, sound, and free fro|
mental to usage of the product.

hd the material shall be
alculated KQ equals or
ns:

hal area, determined in

shall be agreed upon

b.4.1. Specimens taken

pupon shall conform to.the requirements of 3.5.4.1.2, 3.5.4.1.3, 3.5.4.1.4, and 3.5.4.1.5. Alternately

of 3.5.4.1.2, 3.5.4.1.3,

m foreign materials and

3.6.1 Steel shall be

rating of 0.10 a

3.6.2
accordance wit

3.6.3

bhrabaioa- alrera. . canfarmina-ta-AMS2200
....... SOMOTrHg o7 1WirotS5oo;

nd a maximum average severity (S) rating of 0.20 shall apply.

axcapt-that o oo
G Pttt oot

h AS1182.

forgings showing no evidence of reentrant grain flow.

3.7 Tolerances

Bars shall conform to all applicable requirements of AMS2251.

average frequency (F)

Bars shall be free from seams, laps, tears, and cracks after removal of the standard stock removal allowance in

Grain flow of die forgings, except in areas that contain flash-line end grain, shall follow the general contour of the
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3.8 Production, distribution, and procurement of metal stock shall comply with AS6279. The requirement for compliance
with AS6279 becomes effective (18 months from date of publication).

3.9 Exceptions

Any exceptions shall be authorized by purchaser and reported as in 4.4.4.

4. QUALITY ASSURANCE PROVISIONS

41

Responsibility for Inspection

The producer 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 the product conforms to specified requirements.

4.2 Classification of ]
4,21 Acceptance Te

The following requirem

4211 Composition
4.2.1.2 Hardness mg
of each lot off
4.21.3 Tensile prop
(3.5.4.1.5) of]
the 875 °F (4
4214 Tolerances (
4.2.2 Periodic Tests

The following requiren
frequency of testing is 3

[ests

s

5ts

bnts are acceptance tests and shall be performed on each heatlor lot as apq

ximum (3.3.1) and decarburization analysis (3.5.3):0f as supplied normalize
bars and forgings

erties (3.5.4.1.2), hardness (3.5.4.1.3), fragture toughness (3.5.4.1.4), 4
each lot of bars and forgings after heat.treatment using the 900 °F (482 °(
B8 °C) aging temperature, if specified by purchaser.

.7) of bars.

ents are periodic testsand shall be performed at a frequency selected
pecified by purchaser:

Tensile propérties (3.5.4,4%2), hardness (3.5.4.1.3), and fracture toughness (3.5.4.1.4),

each lot pf.bars or forgings after heat treatment using the 875 °F aging tg

ng stock to develop required properties (3.5.4.2).

3.1), macrostructure (3.5.1), and micro-inclusion rating{3.5.2) of each heat.

licable:

] and overaged product

hd average grain size
[) aging temperature or

by the producer unless

and average grain size
mperature as specified

4221
(3.5.4.1.5) of
in3.5.4.1.
4.2.2.2 Ability of forg
4223
4224 Grain flow of

Frequency-severity cleanliness rating (3.6.1).

die forgings (3.6.3).

4.3 Sampling and Testing

4.3.1

4.3.11

For Acceptance Tests

Bars and Forging Stock

In accordance with AMS2370.

4.3.1.2 Forgings

In accordance with AMS2372.
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