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1. SCOPE:
1.1 Form:

This specificgtion covers a corrosion-resistant steel in the forf of bars, wire, forgings, and forging
stock.

1.2 Application:

These produgts have been used typically for heat<ireated parts requiring stress corrpsion resistance,
along with a gombination of high strength and high toughness up to 800 °F (427 °C) with good
ductility and strength in the transverse direction, but usage is not limited to such applications.

1.2.1 Certain dedign, processing procedures, or environmental conditions may cause these products to
become susgceptible to stress-carrosion cracking; ARP1110 recommends practicgs to minimize
such conditions.

2. APPLICABLE DOCUMENTS!

The issue of thg following’documents in effect on the date of the purchase order fornis a part of this
specification to|the extent specified herein. The supplier may work to a subsequent fevision of a
document unlegs-a‘specific document issue is specified. When the referenced docurnent has been
Canceled and QU'JCIOCCII;IIU duuumcnt hG.-D IGCCII -DlJCb;f;Cd, thc :aot publlohcd ;OQUC fthat document
shall apply.

SAE Technical Standards Board Rules provide that: “This report is published by SAE to advance the state of technical and engineering sciences. The use of this report is entirely
voluntary, and its applicability and suitability for any particular use, including any patent infringement arising therefrom, is the sole responsibility of the user.”

SAE reviews each technical report at least every five years at which time it may be reaffirmed, revised, or cancelled. SAE invites your written comments and suggestions.

Copyright 2002 Society of Automotive Engineers, Inc.

All rights reserved. Printed in U.S.A.
QUESTIONS REGARDING THIS DOCUMENT: (724) 772-7161 FAX: (724) 776-0243
TO PLACE A DOCUMENT ORDER: (724) 776-4970 FAX: (724) 776-0790

SAE WEB ADDRESS: http://www.sae.org
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2.1

2.2

SAE Publications:

Available from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001 or www.sae.org.

AMS 2241

MAM 2241

AMS 2248

AMS 2300
MAM 2300

AMS 2371

AMS 2374

AMS 2750
AMS 2806

AMS 2808

AS1182

ASTM Publications:

Available frorh ASTM, 100 Barr-Harbor Drive, West Conshohocken, PA 19429-285
www.astm.orp.

ASTM A 370 Mechanical Testing of Steel Products
ASTM A 604 Macroetch Testing of Consumable Electrode Remelted Steel Bars

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

Bars and Wire

Tolerances, Metric, Corrosion and Heat-Resistant Steel, Iron Alloy, Titanium, and

[itanium Alloy Bars and Wire

Chemical Check Analysis Limits, Corrosion and Heat-Resistant Steels
araging and Other Highly-Alloyed Steels, and Iron Alloys

bteel Cleanliness, Premium Aircraft-Quality, Magnetic Particlejlispect
bteel Cleanliness, Premium Aircraft-Quality, Magnetic Particle’Inspect
Netric (SI) Measurement

Duality Assurance Sampling and Testing, Corrosion‘and Heat-Resistar
Forgings
Pyrometry

ind Corrosion and Heat-Resistant Steels'and Alloys

q
)
E
E
)
q
Alloys, Wrought Products and Forging Stock
q
R
i
I
Identification, Forgings

$tandard Machining AllowanceyAircraft-Quality and Premium Aircraft-(
and Mechanical Tubing

and Alloys,

on Procedure
on Procedure,

Duality Assurance Sampling and Testing, Corrosion and‘Heat-Resistant Steels and

t Steel and Alloy

dentification, Bars, Wire, Mechanical Tubing, and Extrusions, Carbon jand Alloy Steels

Duality Steel Bars

O or

and Billets

ASTM E 353| ~ €hemical Analysis of Stainless, Heat-Resisting, Maraging, and Otrrer Similar

Chromium-Nickel-lron AIIn\J/Q

ASTM E 399 Plane-Strain Fracture Toughness of Metallic Materials

3. TECHNICAL REQUIREMENTS:

3.1

Composition:

Shall conform to the percentages by weight shown in Table 1, determined by wet chemical methods
in accordance with ASTM E 353, by spectrochemical methods, or by other analytical methods
acceptable to purchaser.
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TABLE 1 - Composition

Element min max
Carbon -- 0.02
Manganese -- 0.25
Silicon -- 025
Phosphorus -- 0.015
Sulfur -- 0.010
Chromium 11.00 12.50
Nickel 10.75 11.25
Molybdenum 0.75 1.25
Titanium 1.50 1.80
Nitrogen -- 0.0%

3.1.1 Check Anallysis: Composition variations shall meet the;applicable requirements of AMS 2248.
3.2 Melting Pract|ce:

Product shall{be multiple melted using vacuum induction melting followed by vacuym consumable
electrode remelt practice.

3.3 Condition:
The product ghall be supplied-in_the following condition:
3.3.1 Bars, Wire,|and Forgings:

3.3.1.1 Rounds: $olution heat treated and turned, centerless ground, and polished.

3.3.1.2 Hexagong: Solution heat treated and descaled.

3.3.1.3 Squares and Flats: Hot finished, solution heat treated, and machined or descaled.
3.3.1.4 Wire: Cold finished, solution treated and descaled.
3.3.1.5 Forgings: Solution heat treated and descaled.

3.3.2 Forging Stock: As ordered by the forging manufacturer.
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3.4 Heat Treatment:

Bars, wire, and forgings shall be solution heat treated by heating to 1800 °F + 25 (982 °C + 14),
holding at heat for 60 minutes + 15, and quenching in oil or water, cooling to -100 °F (-73 °C) or
colder, holding at that temperature for not less than eight hours, and warming in air to room
temperature. Pyrometry shall be in accordance with AMS 2750.

3.5 Properties:

The product ghall conform to the following requirements; tensile and hardnesstesting shall be
performed in accordance with ASTM A 370.

3.5.1 All Productg:

3.5.1.1 Macrostrycture: Visual examination of transverse full cross-sections from bars, pillets, and
forging stpck, etched in hot hydrochloric acid in accordancewith ASTM A 604, shall show no pipe
or cracks]| Porosity, segregation, inclusions, and other imperfections for producf 36 squares
inches (232 cm2) and under in nominal cross-sectional~area shall be no worse than the
macrographs of ASTM A 604 shown in Table 2.

TABLE 2 - Macrostructure Limits

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

> >

3.5.2 Bars, Wire|andEergings:

3.5.2.1 As SolutignHeat Treated:

3.5.2.1.1 Tensile Strength: Wire shall have tensile strength not higher than 160 ksi (1103 MPa).

3.5.2.1.2 Hardness:

3.5.2.1.2.1 Bars: Not higher than 331 HB, or equivalent (See 8.2), determined at mid-radius or quarter
thickness.

3.5.2.1.2.2 Forgings: Not higher than 331 HB, or equivalent (See 8.2).
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3.5.2.2 After Precipitation Heat Treatment: The solution heat treated product, 12 inches (305 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.

3.5.2.2.1 Tensile

TABLE 3 - Precipitation Heat Treating Parameters

Condition Temperature Time
H950 050106102 C+6—4-hotrs+0-3
H1000 1000 °F+10(538°C+6) 4 hours*0.3

Properties: Shall be as shown in Table 4.

| 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
Condifion Orientation ksi ksi % %
H950 Longitudinal 240 220 10 45
Transverse 240 220 8 35
H10p0 Longitudinal 220 200 10 50
Transverse 220 200 10 40
| TABLE 4B - Minimum Tensile Properties, Sl Units
Tensile  Yield Strength  Elongation in  Reduction
Specimen ;~ Strength  at 0.2% Offset 50.8 mm or 4D of|Area
Conditjon  Orientation MPa MPa % %
HI50 Longitudinal 1655 1515 10 45
Transverse 1655 1515 8 35
H1000_ ~Longitudinal 1515 1380 10 50
Transverse 1515 1380 10 40

3.5.2.2.1.1 Longitudinal tensile property requirements apply to specimens taken in the longitudinal
direction from bars and wire and to specimens taken from forgings with axis of specimen in
the area of gage length varying not more than 15 degrees from parallel to the forging flow

lines.

3.5.2.2.1.2 Transverse tensile property requirements apply to specimens taken approximately
perpendicular to the longitudinal direction of bars and to specimens taken from forgings with
axis of specimens in the area of gage length varying not more than 15 degrees from
perpendicular to the forging flow lines.
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3.5.2.2.1.3 Transverse tensile property requirements apply only to products from which a test specimen
not less than 2-1/2 inches (63.5 mm) long or 1/2 x 1/2 inch (12.7 x 12.7 mm) cross-section
can be taken.

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

3.5.2.2.2 Hardness: Shall not be lower than shown in Table 5, or equivalent (See 8.2). Product shall not

be rejewmwm
acceptaple, determined on specimens taken from the same sample as that.-wif

hardneg

3.5.2.2.3 Fracturg
ASTM H
(76.2 m
which w

s or from another sample with similar nonconforming hardness,

TABLE 5 - Minimum Hardness
Condition Hardness, HB HRC

H950 448 47
H1000 426 45

b Toughness: Shall not be lower than;shown in Table 6, determined in
399 on specimens in the longitudinal LT or LR orientation from prody
M) and over in nominal sectionthickness. If product size precludes us
il provide valid K¢ resultsUse of K values for acceptance is permis

TABLE.6 - Minimum Fracture Toughness, K, ¢

ble 4 are
h nonconforming

accordance with
¢t 3.00 inches

e of specimens
sible.

Fracture Fracture
Toughness Toughness
Condition ksi vinch MPa vm
H950 70 77

3.5.3 Forging Stock: When a sample of stock is forged to a test coupon and heat treated as in 3.4 and
3.5.2.2, specimens taken from the heat treated coupon shall conform to the requirements of
3.5.2.2.1,3.5.2.2.2,and 3.5.2.2.3. If specimens taken from the stock after heat treatment as in 3.4
and 3.5.2.2 conform to the requirements of 3.5.2.2.1, 3.5.2.2.2 and 3.5.2.2.3, the tests shall be
accepted as equivalent to tests of a forged coupon.

3.6 Quality:

3.6.1 Steel shall be premium aircraft-quality conforming to AMS 2300 or MAM 2300.
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3.6.2 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.

3.6.3 Bars and wire ordered hot rolled or cold drawn, or ground, turned, or polished shall, after removal
of the standard machining allowance in accordance with AS1182, be free from seams, laps, tears,
and cracks open to the ground, turned, or polished surface.

3.6.4 Grain flow

fdie fnrgingcy except inareas which cantain flash-line end grniny shall follow the

general con

3.7 Tolerances:
Bars and wirg

4. QUALITY ASS
4.1 Responsibility
The vendor o
performance
confirmatory
requirements

4.2 Classification

4.2.1 Acceptancs
each heat g

4.2.1.1 Composit
4.2.1.2 Tensilep

4.2.1.3 Hardness

for Inspection:

of Tests:

r lot as applicable-

tour of the forgings showing no evidence of reentrant grain flow.

JRANCE PROVISIONS:

on (3.1) and macrostructure rating (3.5.1.1) of each heat.
operties(3.5.2.1.1) of wire as solution heat treated.

(3.572.1.2) of bars and forgings, as solution heat treated.

shall conform to all applicable requirements of AMS 22441 or MAM 2341.

the product shall supply all samples forpendor’s tests and shall be rejsponsible for the
pf all required tests. Purchaser reserves the right to sample and to pgrform any
esting deemed necessary to ensure’that the product conforms to spegified

Tests: The following requirements are acceptance tests and shall be|performed on

4.2.1.4 Tensile properties (3.5.2.2.1) and hardness (3.5.2.2.2) of bars, wire and forgings after
precipitation heat treatment to both the H950 and H1000 hardened conditions.

4.2.1.5 Tolerances (3.7) of bars and wire.

4.2.2 Periodic Tests: The following requirements are periodic tests and shall be performed at a
frequency selected by the vendor unless frequency of testing is specified by purchaser.

4.2.2.1 Fracture toughness (3.5.2.2.3) of bars and forgings after heat treatment.

4.2.2.2 Ability of forging stock (3.5.3) to develop required properties.
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4.2.2.3 Frequency-severity cleanliness rating (3.6.1).

4.2.2.4 Grain flow of die forgings (3.6.4).

4.3 Sampling and Testing:

431

4.3.2 Forgings: Inp accordance with AMS 2374.

4.4 Reports:

441

4.4.2

443

4.4.4

4.4.5

The vendor o
tests and reldvant information:

Bars, Wire,

For each heat:

Compositio

Macrostruciure.

For each lot:

If wire, barq and forgings tensile strength as solution heat treated

If bar or for
Tensile pro
hardened

A statemen} that the product conforms to the other technical requirements.

Purchase G
Heat and lo
AMS 59364
Size

Shall be as follows:

and Enrging Stock: In accordance with AMS 2371

f the product shall furnish with each shipment a report;showing the fol

h

jings, hardness solution heat treated
berties and hardness aftep precipitation heat treatment to both the H95
conditions.

rder Number
[ numbers

owing results of

0 and H1000

Quantity.

If forgings are supplied, the size and melt source of stock used to make the forgings.

4.5 Resampling and Retesting:

Shall be as follows:

4.5.1 Bars, Wire, and Forging Stock: In accordance with AMS 2371.

4.5.2 Forgings: In accordance with AMS 2374.
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