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“All technical reports, including standards approved and practices recommended, are advisory only. Their use by anyone engaged in industry or

trade or their use by governmental agencies is entirely voluntary. There is no agreement to adhere to any SAE standard or recommended practice, and no commitment to conform to or
be guided by any technical report. In formulating and approving technical reports, the Board and its Committees will not investigate or consider patents which may apply to the subject

matter. Prospective users of the report are responsible for protecting themselves against liability for infringement of patents.”

SAE Technical Board rules provide that:

1. SCOPE:

1.1 Form: This specification covers a corrosion-resistant steel in the form of investment castings.

1.2 Application: Prlmanly for parts which will be machmed in the lolutlon heat treated condition

after precipitation

2. APPLICABLE DOCUMENTS: The following publications form a part of-this specification to the
extent gpecified herein. The latest issue of Aerospace Material Specifications [(AMS) shall apply.

The applicable issue of other documents shall be as specified in AMS 2350.

2.1 SAE Hublications: Available from Society of Automotive Engineers, Inc., 400 Commonwealth

Drive| Warrendale, PA 15096.

2.1.1 Aerdspace Material Specifications:

AMS 2350 - Standards and Test Methods

AMS 2360 ~ Room Temperature Tensile Properties of Castings

AMS 2635 - Radiographic Inspection

AMS 2640 ~ Magnetic Particle Inspection
AMS 2645 ~ Fluorescent Penetrant Inspection
AMS 2804 - Identification, Castings

2.2 ASTM) Publications: Avallable from American Society for Testing and Materipls, 1916 Race

Streef, Philadelphia, PA <19103.

ASTM A370 - Mechanical Testing of Steel Products

ASTM E192 - Reference Radiographs of Investment Steel Castings for Aerosppce Applications
ASTM E353 - Chefmical Analysis of Stainless, Heat-Resisting, Maraging, and Other Similar

Chromium~Nickel-Iron Alloys

2.3 Government Publications: Available from Commanding Officer,
Centelr, -5801 Tabor Avenue, Philadelphia, PA 19120.

2.3.1 Federal Standards:

Federal Test Method Standard No. 151 - Metals; Test Methods

2.3.2 Military Standards:

Naval Publicrt.ions and Forms

MIL-STD~794 - Parts and Equipment, Procedures for Packaging and Packing of

Copyright 1978 by Society of Automotive Engineers, Inc.
All rights reserved,
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3. TECHNICAL REQUIREMENTS:

3.1 Composition: Shall conform to the following percentages by weight, determined by wet chemical
methods in accordance with ASTM E353, by spectrographic methods in accordance with Federal
Test Method Standard No. 151, Method No. 112, or by other approved analytical methods:

min max
Carbon - 0.05
Manganese - 0. 60
Silicon 0.50 - 1.00
Phosphorus - 0.025
sulfur - 0.025
Chromium 14.00 - 15.50
Nickel 4.20 - 5.00
Columbium + Tantalum 0.15 - 0.30
Copper 2.50 - 3.20
Nitrogen - 0.05

3.2 Condition: Solution heat treated.

3.3 Casting: Castings shall be poured either from remelted metal from a master heat or directly from
a master heat. |In either case, metal for casting shall be qualified as in 3. 4.

3.3.1 A master heatlis refined metal of a single furnace charge or metal blended as in 3.3.34. Gates,
sprues, riserd, and rejected castings shall be usedonly in preparation of master heats; they
shall not be remelted directly, without refining, for pouring of castings.

3.3.2 Unless prohibited by purchaser, metal from\two or more master heats may be blended provided
that the compopition of each master heaf to.be blended is within the limits of 3.1 and that the
total weight of [metal blended does not excéed 10,000 1b (4,540 kg). Ingot and pig may pe blended
together, shot/may be blended, but shot shall not be blended with ingot or pig. When fwo or
more master Heats are blended, the resultant blend shall be considered a master heat

3.4 Master Heat Qualification: Each'master heat shall be qualified by evaluation of chemicgl analysis
and tensile test [specimens conforming to 3.4.1 and 3.4.2, respectively. A master heat may be
considered conditionally gualified if vendor's test results show conformance to all appligable re-
quirements of tHis spécification. However, except when purchaser waives confirmatory testing,
final qualificatign shall be based on purchaser's test results. Conditional qualification ¢f a master
heat shall not bg construed as a guarantee of acceptance of castings poured therefrom.

3.4.1 Chemical Analysis Specimens: Shall be of any convenient size, shape, and form for vendor's
tests. When chemical analysis specimens are required by purchaser, specimens shall be cast
to a size, shape, and form agreed upon by purchaser and vendor.

3.4.2 Tensile Test Specimens: Shall be cast from remelted metal from each master heat except when
castings are poured directly from a master heat, in which case the specimens shall also be
poured directly from the master heat. Specimens shall be of standard proportions in accordance
with ASTM A370, with 0.250 in. (6.35 mm) diameter at the reduced parallel gage section. They
shall be cast to size or shall be cast oversize and subsequently machined to 0. 250 in. (6.35 mm)
diameter. Center gating may be used.

3.5 Solution Heat Treatment: (Castings and representative tensile test specimens shall be solution
heat treated by heating to 1900° F + 25 (1038°C + 15), holding at heat for 60 min. per inch (25 mm)
of maximum cross-section, and cooling to below 90°F (32°C) at a rate equivalent to air cool or
faster. Double solution heat treatment is acceptable.
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3.6 DProperties: Castings and representative tensile test specimens produced in accordance with 3.4.2
shall conform to the following requirements; hardness and tensile testing shall be performed in accor-
dance with ASTM A370:

3.6.1 As Solution Treated;

3.6.1.1 Hardness: Shall be not higher than 31 HRC or equivalent.

3.6.2 After Precipitation Heat Treatment: Castings and separately-cast specimens, when precipitation
heat treated to a particular condition in accordance with the corresponding temperatures and times
‘shown in Table I and cooled in air, shall have the properties specified in 3. 6. 2. 1 for that particular
condition. Tensile tests shall be made in only one precipitation heat treated condition. Unless
otherwise specified, the precipitation heat treated testing condition shall be H925.

TABLE [

Condition Temperature Time
H925 925°F + 10 (496°C + 6) 904min. + 15
H935 935°F + 10 (502°C + 6) 4hr +0.25
H1000 1000°F + 10 (538°C + 6) 4 hr +0.25
H1100 1100°F + 10 (593°C + 6) 4 hr +0.25

3.6.2.1 Tensile Properties: Conformance to the requirements of 3. 6.2. 1.1 shall belused as basis for
accgptance of castings except when purchaser specifies that the requirementp of 3.6.2.1.2 apply:

3.6.2.1.1 Separately-Cast Specimens: Shall be as,shown in Table II.

TABLE II

Yield Strength Elongation Regluction

Tensile Strength at 0.2% Offset in 4D off Area

Copdition psi, min psi, min %, min %, min
:3225 1805000 160, 000 6 15
35 170,000 150,000 7 16
H[1000 150,000 130,000 8 18
H[1100 130, 000 120, 000 8 20

TABLE II (SI)

Yield Strength ElIongation Reduction
Tensile Strength at 0.2% Offset in 4D of Area
Condition MPa, min MPa, min %, min %, min
H925 1241 1103 6 15
H935 1172 1034 7 16
H1000 1034 896 8 18
H1100 896 827 8 20

3.6.2.1.2 Castings: When specified on the drawing or when agreed upon by purchaser and vendor, tensile
test specimens conforming to ASTM A370 shall be machined from castings as in 4.3.4. Prop-
erty requirements for such specimens shall be as specified on the drawing or as agreed upon
by purchaser and vendor and may be defined as specified in AMS 2360.
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3.7

Quality:

3.7.1 Castings, as received by purchaser, shall be uniform in quality and condition, sound, and free
from foreign materials and from internal and external imperfections detrimental to usage of the

3.7.1.1

3.7.2

3.7.3

3.7.4

3.7.5

3.7.5.

castings.

not be used for final cleaning, unless otherwise permitted.

Castings shall have smooth surfaces and shall be well cleaned. Metallic shot or grit shall

Castings shall be produced under radiographic control, unless otherwise specified. This control
shall consist of radiographic examination of castings in accordance with AMS 2635 until proper
foundry technidque, whlch will produce castings free from harmful internal 1mperfect1ons is

established for gaek

of satisfactory ¢

When specified,
AMS 2640 and/q

Radiographic, 1
agreed upon by
standards.

Castings shall
permission froy

1 When permit

repaired by welding provided the weld repair area‘has properties comparable to

thoge of the
parent metall Repair welds shall be subjected,to the same inspection procedures z;ﬂd accep-

tance standa

facilitate inspection.

uality

castings shall be subjected to magnetic particle inspection in ac¢ordan
r to fluorescent penetrant inspection in accordance with AMS 2645.

hagnetic particle, fluorescent penetrant, and other quality)standards shi
purchaser and vendor. ASTM E192 may be used to défine radiographic
ot be repaired by peening, plugging, welding,or other methods without
n purchaser.

ted in writing by purchaser, defects in-castings may be removed and the

rds required of the castings. .Weld repair areas shall be suitably mar
Repair welding shallbe performed prior to any heat treatment

ajintenance

e with

hl1 be as
acceptance

written

castings

dto
and

he respon-
rchaser
as he
ation.

11

nondestructiye testing specified herein.

4. QUALITY ASSURAINCE PROWVISIONS:

4.1 Responsibility fof Inspection: The vendor of castings shall supply all samples and shall
sible for perfornling all required tests. Results of such tests shall be reported to the pu
as required by 4.|5. Purchaser reserves the right to perform such confirmatory testing
deems necessary| to ensure that the castings conform to the requirements of this specifi

4.2 Classification of [Tests:

4.2.1 Acceptance TestST ExXcept ag spectiicdin 227115 tests o deteTmine conformance to 2
technical requirements of this specification are classified as acceptance tests and shall be per-
formed to represent each lot.

4,2.1.1 Tensile properties of specimens cut from castings shall be determined only when specified by

4.2.2 Preproduction Tests:

4.2.2.

purchaser or when separately-cast specimens are not available.

separately-c

Tensile properties

ast specimens are not available. Tensile properties of separately-cast

of
specimens

need not be determined when tensile properties of specimens cut from castings are determined.

Tests to determine conformance to all technical requirements of

this

specification are classified as preproduction tests and shall be performed on the first-article
shipment of a casting to a purchaser, when a change in material or processing requires reapproval,
or when purchaser deems confirmatory testing is required.

1

For direct U. S. Military procurement, substantiating test data and, when requested, prepro-

duction test material shall be submitted to the cognizant agency as directed by the procuring

activity, the

contracting officer, or the request for procurement.
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4.3 Sampling: Shall be in accordance with the following:

4,3.1 Two chemical analysis specimens in accordance with 3.4.1 and/or a casting from each master heat.

4.3.2 Three

tensile test specimens in accordance with 3. 4.2 from each master heat.

4.3.3 Two preproduction castings in accordance with 4. 4. 1 of each part number.

4.3.4 One or more castings from each day's pour of each master heat when properties of specimens ma-
chined from castings are required. Size, location, and number of specimens machined from castings
shall be as specified on the drawing or as agreed upon by purchaser and vendor. When size, location,
and number of specimens are not specified, not less than two tensile test specimens, one from the
thickest section and one from the thinnest section, shall be cut from a casting or castings from each

day'S pour of-oach-master hoat,

4.3.4.1 Whdn size of castings or other factors preclude sampling as in 4. 3. 4, cthe’ ty
testing shall be as agreed upon by purchaser and vendor.

4.4 Approvall: —

4,4,1 Samplg castings from new or reworked master patterns and the casting proced

by pur

4.4.2 Vendoy shall establish separately for tensile test spécimens used for master h
duction of sample castings of each part number parameters for the contyol factors of proces-
hich will produce tensile test specimens meeting master heat qualificatign requirements and
hble castings; these shall constitute the approved casting procedures and shall be used for

for prq

sing w
accept

thaser before castings for production use are supplied, unless such app1

pe and frequency of

ire shall be approved
roval be waived.

produding subsequent master heat qualification specimens and production casti

at qualification and

s. If necessary to

make gny change in parameters for the control factors of processing, vendor shall submit for reap-
proval|a statement of the proposed changes in processing and, when requested, sample test speci-
mens, |castings, or both. Production castings incorporating the revised operajions shall not be
shippefl prior to receipt of reapproval.
4.4.2.1 Corltrol factors for producing test specimens and castings include, but are ot limited to, the

follpwing:

Tyde of furnacehand its capacity

Siz¢ of furnace)charge

TFuinace atmosphere

Fluging.or/deoxidation procedure

Mo]d refractory formulation

Mold back=up materiat

Gat

ing practices

Mold preheat and pouring temperatures (variations of +25°F (+15°C) from established limits
are permissible)

Solidification and cooling procedures

Precipitation heat treatment time

Cle

aning operations

Methods of routine inspection

4.4.2.1.1 Any of the above control factors of processing for which parameters are considered proprietary
by the vendor may be assigned a code designation. Each variation in such parameters shall be
assigned a modified code designation.
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