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l. SCOPE: !

l.1 Form This specification covers a corrosion-resistant steel)|in the form of

1.2 lication: Primarily for parts requiring corrosion’resistance anad
strength, up to J000°F (540°C).
; |
2. APPLICABLE DOCUMENTS: The following publications form a part [of this

specification to the extent specified herein.{ )The latest issdye of Aerospace
Materlal Bpecifidations (AMS) shall apply.. The applicable issue of other
documents shall be as specified in AMS 2350.

2.1 SAE Publicationg: Available from SAE, 400 Commonwealth Drive, Warrendale,
PA 15096.

2.1.1 Aerospace Mateérial Specifications:
AMS 2350 - Standards and Test Methods
2360 - Room Temperature Tensile Properties of Castings |
AM§ 2635 - Radiographic Inspection
2640 - MaQnetic Particle Inspection

AMS 2645 - Fluorescent Penetrant Inspection
AMS 2694 - Repair Welding of Aerospace Castings
AMg 2804 - Identification, Castings

. | ‘
2.2 | ASTM |Publications: Available fram American Society for Testing and

ASTM E192 - Reference Radiographs of Investment Steel Castings for
Aerospace Applications'

ASTM E353 - Chemical Analysis of Stainless, Heat-Resisting, Maraging,
and Other Similar Chromium-Nickel-Iron Alloys

A __ . .

SAE Technical Board rules provide that: All technical reports, including standards approved and practioes recom-
mended, are advisory only. Their use by anyone engaged in indugtry or trade or their use by 3ovommental agencies
is entirely voluntary. There is no agreement to adhere to any SAE standard or recommended practice, and no com-
mitment to conform to or be guided by any technical report. in formulating and approving technical raports, the
Board and its Committees will not investigate or consider patents which may apply to the subject matter. Prospet':l-
tive users of the report are responsible for protecting themseles against liability for infringement of patents.
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2.3 U.S. Government Publications: Available from Commanding Officer, Naval
Publications and lforms Center, 5801 Tabor Avenue, Philadelphia, PA 19120.

2.3.1 Federal Standards:

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

2.3.2 Military Standaxds:

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

3. TECHNICAL| REQUIREMENTS:

3.1 Compositfion: Shall conform to the following percentages by )weight,
determinga—by wet chemical methods in accordance with ASTM_E353,|by
spectrographic methods in accordance with Federal Test Method Standard
No. 151,| Method 112, or by other analytical methods approved by purchaser:

min max
Carbon -- 0.06
Manganese - 0.70
Silicomn 0.50 - 1.00
Phosphorus - 0.020
Sulfur - 0.025
Chromium - 13.50 - 14.25
Nickel 3.75 - 4.75
Molybdenum 2.00 - 2.50
Columbium + Tantalum 0.15 - 0.35
Copper 3.00 - 3.50
Nitrogen - 0.05

3.2 Conditiop: Solution ‘heat treated.

3.3 Casting:| Castings shall be poured either from remelted metal from a master
heat or Hirectly“from a master heat. 1In either case, metal for ¢asting
shall be| qualkified as in 3.4.

3.3.1 A master—hest—isrefinedmetalof asinglte—furnace—charge—or—is metal
blended as in 3.3.2. Gates, sprues, risers, and rejected castings shall
be used only 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 composition of each master heat to be blended is
within the limits of 3.1 and that the total weight of metal blended does
not exceed 10,000 1b (4500 kg). 1Ingot and pig may be blended together,
shot may be blended, but shot shall not be blended with ingot or pig.

When two or more master heats are blended, the resultant blend shall be
considered a master heat.
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Master Heat Qualification: Each master heat shall be qualified by
evaluation of chemical analysis and tensile specimens conforming to 3.4.1
and 3.4.2, respectively. A master heat may be considered conditionally
qualified if vendor's test results show conformance to all applicable
requirements of this specification. However, except when purchaser waives

" confirmatory testing, final qualification shall be based on purchaser's test

3.4.1

3.4.2 Ten

3.5

3.5.1

results. Conditional qualification of a master heat shall not be construed
as a guarantee of acceptance of castings poured therefrom.

Chemical Analysis Specimens: Shall be of any convenient size, shape, and
or vendor's tests. When chemical analysis specimens_gre required by
haser, specimens shall be cast to a size, shape, and fonm agreed upon
urchaser and vendor. '

ile Specimens: Shall be cast from remelted metal from dach master

heat except when castings are poured ditrectly from’ a master |heat, in which
casp the specimens shall also be poured directly from the mgster heat.
Sperimens shall be of standard proportions infaccordance wigh ASTM A370
with 0.250 in. (6.25 mm) diameter at the reduced parallel ggge section.
Thely shall be cast to size or shall be cast oversize and suljsequently
machined to 0.250 in. (6.25 mm) diametér. Center gating may be used.

Heat Treatment: Castings and representative tensile specimeng shall be heat
treatpd as follows:

Hompgenization: When permitted by purchaser, heat in a neufral or
slightly reducing atmosphere to 2100°F + 25 (1150°C + 15), Hold at heat
for| not less than 90 min., and cool as required to below 709F (20°C).

3.5.2 Solption Heat Treatment: Heat in a neutral or slightly redycing

atmpsphere to 1900°F + 25 (1040°C + 15), hold at heat for 6( min. per inch
(25| mm) of nominal cross-section but not less than 30 min., |and cool as
regpired to below 70°F (20°C).

3.5.2.1 When heomogdenization heat treatment as in 3.5.1 is not pernitted,

3.6

3.6.1

3.6.1

cpstings and representative tensile specimens may be giver a second
splution heat treatment in accordance with 3.5.2, if specifically
p

ermitted—by purchasers

Properties: Castings and representative tensile specimens produced in
accordance with 3.4.2 shall conform to the following requirements; hardness
and tensile testing shall be performed in accordance with ASTM A370:

As Solution Heat Treated: Shall be as follows:

.1 Hardness: Not higher than 36 HRC or equivalent.
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3.6.2 After Precipitation Heat Treatment: Castings and representative tensile
specimens, heat treated as in 3.5, shall have the following properties
after being precipitation heat treated by heating to 1100°F + 15
(595°C + 8), holding at heat for not less than 4 hr, and cooling in air to
room temperature:

3.6.2.1 Separately-Cast Specimens:

3.6.2.1.1 Tensile Properties:

¥ 7 150,000 psi (J1035 MPa)
ield Strength at 0.2% Offset, min 130,000 psd\(| 895 MPa)
longation in 4D, min 10%
eduction of Area, min 25%

3.6.2.2 Castings:

3.6.2.2.1 Tensile Properties:

Tensile Strength, min 140,000 psi

(965 MPa)
Yield Strength at 0.2% Offset, min 130,000 psi (895 MPa)
Elongation in 4D, min 6%
Reduction of Area, min 15%

3.6.2.2.1.1| When properties other than those shown in 3.6.2.2.1 are required,

'] size, location, and number of specimens and required prqperties
shall be as shown on the part drawing or as agreed upon by purchaser
and vendor and may be(defined as specified in AMS 2360.

3.6.2.2.2 Hardness: Shall be not lower than 30 HRC or equivalent.

3.7 Quality

3.7.1 Castilngs, as received by purchaser, shall be uniform in qualitly and
condiftion, scund, and free from foreign materials and from intlernal and
exterpal imperfections detrimental to usage of the castings.

3.7.1.1 Casftings shall have smooth surfaces and shall be well cleaned. Metallic

shot—or grit shall not be used for final cleaning, unless otherwise
permitted.

3.7.2 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 technique, which
will produce castings free from harmful internal imperfections, is
established for each part number and of production castings as necessary
to ensure maintenance of satisfactory quality.

3.7.3 Wwhen specified, castings shall be subjected to magnetic particle inspection

in accordance with AMS 2640 and/or to fluorescent penetrant inspection in
accordance with AMS 2645,
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Radiographic, magnetic particle, fluorescent penetrant, and
standards shall be as agreed upon by purchaser and vendor.
be used to define radiographic acceptance standards.

other quality
ASTM E192 may

Castings shall not be repaired by peening, plugging, welding, impregnating,

or other methods without written permission from purchaser.

3.7.5.1 When permitted in writing by purchaser, defects in castings may be
removed and the castings repaired by welding in accordance with AMS 2694.

g

4. QUALITY ASSURANCEPROVISIONS:

4.1

Responsibility for Inspection:

The vendor of castings shall

Clasgification of Tests:

Results of such tests shall be reported to t
Purchaser reserves the right to sample and t

4.2.3.1

4.3

Acgeptance Tests:
cogposition (3.1), hardness as solution heat treated (3.6.1.
prgperties of separately-cast test'specimens (3.6.2.2.2) af
prgcipitation heat treatment, and quality (3.7) are classifi

acgeptance tests and shall be-performed on each master heat
apglicable.

Periodic Tests: Tests(to determine conformance to requireme
tensile properties of specimens cut from castings after prec
treatment (3.6.2.2.1) and hardness (3.6.2.2.2) are classifie
tedts and shall be-performed at a frequency selected by the
frequency of testing is specified by purchaser.

Preproduction Tests:

upply all
g samples for vendor's tests and shall be responsible for perfoaming all
required tests.
required by 4.5.
confirmatory testing deemed necessary to ensure that the casti
the gequirements of this specification.

e purchaser as
0 perform any
ngs conform to

Tests to determinegconformance to requirements for

1), tensile
r

d as

pr lot as

hts for
ipitation heat
d as periodic
vendor unless

Tests to determine conformancé to all

Sampling:

an

casting to a purchaser, when a change in material and/or pro

rechnical

requirements of this specification are classified as preprodiuction tests
shall be performed prior to or on the first-article ship{ent of a

essing

requires reapproval as in 4.4.2, and when purchaser deems confirmatory

testing to be required.

For direct U.S. Military procurement, substantiating test data and, when
requested, preproduction test material shall be submitted to the

cognizant agency as directed by the procuring activity, the contracting

officer, or the request for Procurement.

Shall be in accordance with the following; a lot shall be all

g castings poured from a single master heat, solution heat treated as a batch,
and presented for vendor's inspection at one time:
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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 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 master heat when tensile properties of
'] specimens machined from castings are required. Size, location, and number
of spgrimens mMachined from castings shall be as specified on the drawing
or as [agreed upon by purchaser and vendor. When size, locatioh, and
number] of specimens are not specified, not less than two tehsille
specimens, one from the thickest section and one from the thinhest
sectiﬂn, shall be cut from a casting or castings from<{each masfter heat.

4.4 Approval

4.4.1 Sample| castings from new or reworked master patterns and the chsting
procedure shall be approved by purchaser before castings for production
use arje supplied, unless such approval be“waived by purchaser.

4.4.2 Vendor| shall establish separately for tensile specimens used for master
heat gualification and for productién of sample castings of eagh part
number| parameters for the cntrol\factors of processing which will produce
tensilp specimens meeting mastef)heat qualification requirements and
acceptpble castings; these shall constitute the approved casti g
procedures and shall be used for producing subsequent master heat
qualiffication specimens and production castings. If necessary|to make any
change| in parameters for the control factors of processing, vehdor shall
submit| for reapproval @ statement of the proposed changes in processing
and, wphen requested,)sample test specimens, castings, or both.| Production
castings incorporating the revised operations shall not be shi ped prior
to recpipt of reapproval.

4.4.2.1 Control factors for producing test specimens and castings inc¢lude, but
are not\limited to, the following:

g

Type of furnace and its capacity

Type and size of furnace charge

Time molten metal is in furnace

Furnace atmosphere

Fluxing or deoxidation procedure

Number of ladles used in pour

Mold refractory formulation

Mold back-up material

Gating practices .

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

Solidification and cooling procedures

Homogenization and solution heat treatments

Cleaning operations

Methods of inspection
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