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2.3 Definitions

Terms used in AMS ar

3. TECHNICAL REQ

Quality Assurance Sampling and Testing, Carbon and Low-Alloy Steel Wrought Products and Forging Stock

Quality Assurance Sampling and Testing, Carbon and Low-Alloy Steel Forgings
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3.1 Composition
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b Hardness
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Table 1 - Composition

3.1.1  Producer may

any element nq
by the purchas
31.2
Composition variations
3.2 Melting Practice
Steel shall be multiple

3.3 Condition

Check Analysis

Element Min Max
Carbon 0.09 0.13
Manganese -- 0.1
Silicon - 0.1
Phosphorus -- 0.008
Sulfur -- 0.006
Chromium 3.0 4.0
Nickel 7.2 7.8
Cobalt 15.5 17.0
Molybdenum 1.5 1.9
Tungsten 0.10 0.30
Titanium - 0.045
Aluminum - 0.1
Vanadium -- 0.06
Oxygen -- 0.0020 (20 ppm)
Nitrogen -- 0.0020 (20 ppm)

test for any element not listed in Table 1 and include this analysis in the rep
t listed in the composition table is not a basis for rejection, unless limits of ac
er.

D

shall meet the applicable requirements of AMS2259.

melted using vacuum induction melting followed by vacuum arc remelting.

The product shall be sdipplied in the following conditions. Hardness shall be determined in accordar]

3.3.1  Bars and Forg

Normalized, annealed
not be cut from plate (3

3.3.2 Forging Stock

ngs

see 3.4), anddéscaled having hardness not higher than 352 HBW, or equiva
Iso see 4.42):

As ordered by the forgi

ort of 4.4. Reporting of
ceptability are specified

ce with ASTM A370:

ent (see 8.2). Bar shall

hg_manufacturer.

3.4 Heat Treatment

Bars and forgings shall be normalized by heating to 1785 °F + 25 °F (974 °C £ 14 °C) for a time commensurate with section
thickness, 60 minutes minimum, cooling in air to room temperature and annealed by heating to 1255 °F + 25 °F (679 °C
1 14 °C) for not less than 2 hours, and cooling in air. Pyrometry shall be in accordance with AMS2750.

3.5 Properties

The product shall conform to the following requirements; hardness and tensile testing shall be performed in accordance

with ASTM A370.
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3.5.1

Macrostructure

Visual examination of transverse full cross-sections from bars, billets, and stock for forging, flash welded rings, or extrusions,
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 macrographs of ASTM A604 shown in Table 2.

Table 2 - Macrostructure limits

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

3.5.2 Micro-Inclusior]

No specimen shall exc

Rating of Each Heat

Table 3 - Micro-inclusion rating limits

bed the limits shown in Table 3, determined in accordance with ASTM-E45, Method D.

A A B B C O D D

Type Thin Heavy  Thin Heavy  Thin Hegvy  Thin Heavy

Worst Field Severity 1.5 1.0 1.5 1.0 1.5 110 1.5 1.0
Worst Field Frequency, maximum (a) 1 (a) 1 (a) 1 3 1
Total Rateable Fields| Frequency, maximum (b) 1 (5) 1 (b) 1 8 1

(a) Combined A+B+C
(b) Combined A+B+C

3.5.21

accordance
3.5.3 Response to H
3.5.3.1 Bars and Fo

Test specimens extrac]
to the following require
time commensurate wi
90 °F (32 °C) followed
in air to room tempera
equivalent).

not more than three fields
not more than eight fields

A rateable fi¢ld is defined as one that has a type A,"B, C, or D inclusion rating of at least

vith ASTM E45.

eat Treatment
rgings

ted from bars and forgings 199 square inches (1284 cm?) and under in cros
ments after being austenitized by heating to 1830 °F + 25 °F (999 °C £ 14 °(
h section thickness, heating equipment, and procedure used, oil quenched

py cooling 10100 °F (-73 °C) or lower, holding at temperature for 1 hour, +2 K
ure, and-tempering at 925 °F + 10 °F (496 °C £ 6 °C) for 8 hours = 2 hours

No. 1.0 thin or heavy in

5 section shall conform
L), holding at heat for a
or equivalent) to below
ours, -0 hour, warming
, and cooling in air (or

3.5.3.11 Tensile Pr

3.56.3.1.1.1

perties

performed on product qualified by testing in the transverse orientation.

Table 4 - Minimum longitudinal tensile properties

Value
215 ksi (1482 MPa)
185 ksi (1276 MPa)
13%
60%

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

Longitudinal tensile properties shall be as shown in Table 4. Testing in the longitudinal direction need not be
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tensile specimens not less than 1.625 inches (4.128 mm) in length can be taken.

Table 5 - Minimum transverse tensile properties

Value
215 ksi (1482 MPa)
185 ksi (1276 MPa)
11%
50%

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

Transverse tensile properties shall be as shown in Table 5. Transverse properties apply only to product that

Unless otherwise specified, the strain rate 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 in/in and 0.5 in/in (0.05 mm/mm and

mm) of the length of the reduced section (or distance between the grips for
section) per minute. Alternatively, an extensometer and strain rate indicator

ay be used to set the

s}g‘ecimens not having a

strain rafe between 0.05 in/in/min and 0.5 in/in/min (0.05 mm/mm/min and 0.5 mm/mm/min).

353112
3.5.3.1.1.3
0.5 mm/
reduced
3.5.3.1.2 Hardness

Shall not be lower than

3.5.3.1.3 Fracture T

45 HRC, or equivalent (see 8.2).

bughness

Shall be not lower tham 70 ksi Vinch (77 MPa Ym) Kic or Ko, determined\in accordance with ASTN

from which a specimsg
1.50 inches (38.1 mm)
by the purchaser, the
orientation.

3.5.3.1.4 Average G

Shall be ASTM No. 5d

3.5.3.1.5 Mechanicd
upon betw
3.5.3.2 Forging Stod

Specimens extracted f
requirements of 3.5.3.
3.4 and 3.5.3 conform

n of a standardized ASTM E399 orientation-can be extracted having din

product can be tested in either the longitudinal L-T or L-R orientation or

rain Size of Bars and Forgings
r finer determined in accordance with ASTM E112.

| property requirements-for bars and forgings outside the size range covered
ben purchaser and(producer and reported per 4.4.5.

k
rom a forged down test coupon subsequently heat treated as in 3.4 and 3.5

o the~requirements of 3.5.3.1.1 and 3.5.3.1.2, the tests shall be accepted as

forged coupon.

I E399 on any product
ensions not less than

in section thickness and not less than 4.0Q:inches (101.6 mm) in width. Unlg¢ss otherwise specified

transverse T-L or R-L

by 1.1 shall be agreed

.3 shall conform to the

.1 and 8.5.3.1.2. If specimens taken from the unforged stock and subsequéently heat treated as in

equivalent to tests of a

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 detrimental to usage of the product.

3.6.1

3.6.2

Steel shall be premium aircraft-quality conforming to AMS2300.

accordance with AS1182.

3.6.3

forgings showing no evidence of reentrant grain flow.

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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3.7 Tolerances
3.7.1 Bars
In accordance with AM

3.8 Exceptions

S2251.

Any exceptions shall be authorized by the purchaser and reported as in 4.4.5.

4. QUALITY ASSURANCE PROVISIONS

4.1

Responsibility for inspection

The producer of the prq
required tests. Purchas
that the product confor|
4.2 Classification of
4.21 Acceptance Tg

The following requirem

4.2.1.1  Composition

(tensile and
4.21.2 Hardnessm
4.21.3 Average gra
4214 Tolerances (
4.21.5 Ifforging sto
4.2.2 Periodic Tests

The following requirenmients are periodic tests and shall be performed at a frequency selected 4

frequency of testing is

duct shall supply all samples for producer’s tests and shall be responsible fo
er reserves the right to sample and to perform any confirmatory testing deem
ms to specified requirements.

lests

sts

ents are acceptance tests and shall be performed on-each heat or lot as app

(3.1), macrostructure rating (3.5.1), micro-inclusion rating (3.5.2), and resp
nardness) (3.5.3) of each heat.

hximum (3.3.1) of as-supplied normalized.and annealed product of each lot g
n size (3.5.3.1.4) of each lot of bars and forgings after heat treatment.
3.7) of bars.

Ck, tests to demonstrate ability to develop required properties (3.5.3.2).

specified by purchaser.

phness (8.5.3.1.3) of bars and forgings after heat treatment.

" the performance of all
bd necessary to ensure

icable:

bnse to heat treatment

f bars and forgings.

y the producer unless

verity cleanliness rating (3.6.1)

4.2.2.1 Fracture tou
4.2.2.2 Frequency-s
4223

Grain flow of die forgings (3.6.3).

4.3 Sampling and Testing

4.3.1 Bars and Forgi
In accordance with AM
4.3.2 Forgings

In accordance with AM

ng Stock

$2370.

S2372.
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