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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.

AMS2241

AMS2248

AMS2300

AMS2371

AMS2374

AMS2750

AMS2806

AMS2808

ARP1110

AS1182

AS7766

2.2 ASTM Publicatio]

Available from ASTM
Tel: 610-832-9585, ww

ASTM A370

ASTM A604

ASTM A751

ASTM E140

ASTM E399

Tolerances, Corrosion- and Heat-Resistant Steel, Iron Alloy, Titanium, and Titanium Alloy Bars and Wire

Chemical Check Analysis Limits, Corrosion- and Heat-Resistant Steels and Alloys, Maraging and Other

Highly

Alloyed Steels, and Iron Alloys

Steel Cleanliness, Premium Aircraft-Quality, Magnetic Particle Inspection Procedure

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

Quality
Pyrom
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3. TECHNICAL REQUIREMENTS

3.1 Composition

Shall conform to the percentages by weight shown in Table 1, determined in accordance with ASTM A751, or by other
analytical methods acceptable to purchaser.

Table 1 - Composition

3.1.1  Producer may
any element nq
by the purchas

3.1.2 Check Analysi$

Composition variations]
3.2 Melting Practice
Product shall be multip

3.3 Condition

Element Min Max
Carbon -- 0.02
Manganese -- 0.25
Silicon -- 0.25
Phosphorus -- 0.015
Sulfur - 0.010
Chromium 9.50 10.50
Nickel 11.50 13.00
Molybdenum 1.75 2.25
Titanium 0.95 1.50
Aluminum 1.30 1.70
Nitrogen -- 0.01

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

p

shall meet the applicable requirements’of AMS2248.

e melted using vacuum induction melting followed by vacuum consumabile el

The product shall be s{ipplied in the following condition:

3.3.1 Bars, Wire, an
Bar shall not be cut fro

3.3.1.1  Rounds

| Forgings

m plate (see 4.4.7).

ort of 4.4. Reporting of
ceptability are specified

bctrode remelt practice.

Solution heat treated a
3.3.1.2 Hexagons

Solution heat treated a
3.3.1.3
Hot finished, solution h

3.3.1.4  Wire

nd turned, centerless ground, or polished.

nd descaled.

Squares and Flats

eat treated, and machined or descaled.

Cold finished, solution treated and unless heat treated in an atmosphere producing a bright finish, descaled.
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3.3.1.5 Forgings

Solution heat treated and descaled.
3.3.2 Forging Stock

As ordered by the forging manufacturer.
3.4 Heat Treatment

Bars, wire, and forgings shall be solution heat treated by heating to 1560 °F + 25 °F (850 °C + 14
90 minutes + 15 minutes, and quenching in oil or water, cooling to -100 °F (-73 °C) or colder, hold

°C), holding at heat for
ing at that temperature

for not less than sixteen hours, and warming in air to room temperature. Pyrometry shall be in accordance with AMS2750.

3.5 Properties

The product shall confprm to the following requirements; tensile and hardness testing shalhbe pe
with ASTM A370.

3.5.1  All Products
3.5.1.1  Macrostructyre

Visual examination of fransverse full cross-sections from bars, billets, and férging stock, etched in
accordance with ASTM A604, shall show no pipe or cracks. Porosity, segregation, inclusions, and o

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 A
4 .Ring Pattern B

3.5.2 Bars, Wire, andl Forgings
3.5.2.1  As Solution lHeat Treated
3.5.2.1.1  Tensile Stiength

Wire shall have tensile[streagth not higher than 160 ksi (1103 MPa).

rformed in accordance

hot hydrochloric acid in
her imperfections shall

3.5.2.1.2 Hardness

3.5.21.21 Bars

Not higher than 331 HB, or equivalent (see 8.2), determined at mid-radius or quarter thickness.
3.5.21.2.2 Forgings

Not higher than 331 HB, or equivalent (see 8.2).

3.56.2.2 Response to Heat Treatment

Specimens from solution heat treated product, 10 inches (254 mm) and under in nominal diameter or maximum cross-
sectional dimension, precipitation heat treated to the temperature and time shown in Table 3 and cooled in air, oil, or other
suitable liquid quench (see 8.3), shall have the properties specified in 3.5.2.2.1, 3.5.2.2.2, and 3.5.2.2.3.
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3.5.2.2.1

Table 3 - Precipitation heat treating parameters

Condition Temperature Time

16 hours + 0.3 hour

H950 950 °F + 10 °F (510 °C £ 6 °C)

Tensile Properties

Shall be as shown in Table 4.

3.5.2.21.1

352212

3.56.2213

3.5.2214

3.56.221.5

3.56.2.2.2

Table 4A - Minimum tensile properties, inch/pound units

Tensile Yield Strength Elongation in Reduction
Specimen Strength  at 0.2% Offset 2 Inches or 4D of Area
Condition Orientation ksi ksi % %
HI5D Longitudinal 268 249 9 40
Transverse 268 249 7 35
Table 4B - Minimum tensile properties, Sl units
Tensile Yield Strength Elongation in Redluction
Specimen Strength  at 0.2% Offset 50 mim'or 4D oflArea
Conditjon Orientation MPa MPa % %
H95D Longitudinal 1850 1715 9 40
Transverse 1850 1715 7 35
Unless ¢therwise specified, the strain rate for bothClongitudinal and transverse {esting shall be set at
0.005 infin/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. The strain rate after yield may bg increased to any value
up to 0.% in/in/min (or 0.5 mm/mm/min) or equivalent crosshead speed as a functipn of gage length. The

requirent

document.

Longitud
and wire
more thg

Transve
longitudi

length varying not,mare than 15 degrees from perpendicular to the forging flow lines.

Transve
2.5 inch
transver:

ent for compliance becomes effective for material produced 1 year after the

inal tensile property requirements apply to specimens taken in the longitud
and to specimens taken from forgings with axis of specimen in the area of ¢
n 15 degrees from parallel to the forging flow lines.

se tensile property requirements apply to specimens taken approximatel
hal direction of-bars and to specimens taken from forgings with axis of specin

se tefisite property requirements apply only to products from which a test 5
Es- (63.5 mm) long can be taken. If the cross-sectional dimensions of t

transverse (LT).

publication date of this

nal direction from bars

jage length varying not

y perpendicular to the

ens in the area of gage

pecimen not less than
e product permit, the
ientation shall be long

Products tested in the transverse direction need not be tested in the longitudinal direction.

Hardness

Shall not be lower than shown in Table 5, or equivalent (see 8.2). Product shall not be rejected on the basis of hardness if
the tensile property requirements of Table 4 are acceptable, determined on specimens taken from the same sample as that
with nonconforming hardness or from another sample with similar nonconforming hardness.

Table 5 - Minimum hardness

HRC
51.5

Condition Hardness, HB

H950
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3.5.2.23

Fracture Toughness

Shall not be lower than shown in Table 6, determined in accordance with ASTM E399 on specimens in the longitudinal LT
or LR orientation from product 3.00 inches (76.2 mm) and over in nominal section thickness. If product size precludes use

of specimens which wil

3.5.3 Forging Stock

| provide valid Kic results, use of Kq values for acceptance is permissible.

Table 6 - Minimum fracture toughness, Kic

Fracture Toughness
ksi Vinch
41

Fracture Toughness
MPa Vm
45

Condition
H950

When a sample of stoqg
treated coupon shall ¢
after heat treatment as
be accepted as equiva

3.6 Mechanical prop|
purchaser and p

3.7 Quality

3.7.1

3.7.2 The product, &
materials and f

3.7.3 Bars and wire
stock removal
ground, turned

3.7.4  Grain flow of d

forgings showi
3.8 Tolerances
Bars and wire shall cor

3.9 Exceptions

Steel shall be premium aircraft quality conforming to AMS2300,

k is forged to a test coupon and heat treated as in 3.4 and 3.5.2.2, specimd
bnform to the requirements of 3.5.2.2.1, 3.5.2.2.2, and 3.5.2.2.3. If specimef
in 3.4 and 3.5.2.2 conform to the requirements of 3.5.2.2.1, 3.5.2.2.2yand 3
ent to tests of a forged coupon.

erty requirements for product outside the size range covered by11.1 shall be
oducer and reported per 4.4.8.

s received by purchaser, shall be uniform¥in quality and condition, sound
rom imperfections detrimental to usage of\the product.

prdered hot rolled or cold drawn, or ground, turned, or polished shall, after r|
allowance in accordance with AS4182, be free from seams, laps, tears, 3
or polished surface.

e forgings, except in areas*which contain flash-line end grain, shall follow the
ng no evidence of reentrant grain flow.

form to all.applicable requirements of AMS2241.

ns taken from the heat
s taken from the stock
.5.2.2.3, the tests shall

agreed upon between

and free from foreign

emoval of the standard
nd cracks open to the

general contour of the

Any exceptions shall b

p authorized by the purchaser and reported as in 4.4.8.

4. QUALITY ASSURANCE PROVISIONS

41

Responsibility for Inspection

The producer of the product shall supply all samples for producer’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 Tests

4.2.1

Acceptance Tests

The following requirements are acceptance tests and shall be performed on each heat or lot, as applicable.
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Composition (3.1) and macrostructure rating (3.5.1.1) of each heat.

erties (3.5.2.1.1) of wire as solution heat treated.

.5.2.1.2) of bars and forgings, as solution heat treated.

Tolerances (3.8) of bars and wire.

4211
4.2.1.2 Tensile prop
4.2.1.3 Hardness (3
4214

at 950 °F (510 °C).
4215
4216

4.2.2 Periodic Tests

Ability of forging stock (3.5.3) to develop required properties.

Tensile properties (3.5.2.2.1) and hardness (3.5.2.2.2) of bars, wire, and forgings after precipitation heat treatment

The following requirenLents are periodic tests and shall be performed at a frequency selectéd 4]

frequency of testing is

specified by purchaser.

4221 Fracture toughness (3.5.2.2.3) of bars and forgings after heat treatment.
4.2.2.2 Frequency-sgeverity cleanliness rating (3.7.1).
4.2.2.3 Grain flow of die forgings (3.7.4).

4.3 Sampling and Tqg

4.3.1 Bars, Wire, an
In accordance with AM
4.3.2 Forgings

In accordance with AM
44 Reports

The producer of the pr
metal was melted (e.g
of tests and relevant in
441 For Each Heat
Composition (3.1) and
442

If wire, tensile strength

sting
| Forging Stock

S2371.

IS2374.

pduct shall furnish.with each shipment a report showing the producer’s name]
, final melt in4he case of metal processed by multiple melting operations) a
formation;

macrostructure (3.5.1.1).

y the producer unless

and country where the
nd the following results

For Each Lot of Wire, Bars, and Forgings

as solution heat treated (3.5.2.1.1)

If bar or forgings, hardness solution heat treated (3.5.2.1.2)
Tensile properties (3.5.2.2.1) and hardness (3.5.2.2.2) after precipitation heat treatment to the H950 hardened condition

44.3 A statement th

4.4.4 Purchase orde

at the product conforms to the other technical requirements.

r number

Heat and lot numbers

AMS5955C
Size
Quantity

445

If forgings are s

upplied, the size and melt source of stock used to make the forgings.
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