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TWO PENNSYLVANIA PLAZA. NEW YORK. N.Y. 10001 Revised

STEEL CASTINGS, INVESTMENT, MARAGING
18.5Ni - 9.0Co - 5.0Mo - 0.70Ti - 0.12Al1
Vacuum Melted

1. SCOPE:

y to the subject

1.1 Form: This specification covers an alloy steel in the form of investment castings.

1.2 Application: Primarily for heat treated parts requiring ultra-high strength at temperatures up to
600 F (3[L6 C).

2. APPLICABLE DOCUMENTS: The following publications form a part of this¢specififation to the
extent specified herein. The latest issue of Aerospace Material Specification (AMS) shall apply; the
applicableg issue of other documents shall be as specified in AMS 2350.

2.1 SAE Publications: Available from Society of Automotive Engineers, Inc., Two Ppnnsylvania Plaza,
New Yoxk, New York 10001.

2.1.1 Aerospace Material Specifications:

AMS 2350 ~ Standards and Test Methods

AMS 2360 - Room Temperature Tensile Properties'of Castings
AMS 2135 - Radiographic Inspection

AMS 2440 - Magnetic Particle Inspection

and practices recommended, are advisory only. Their use by anyone engaged
or recommended practice, and no commitment to conform to or be guided by
ittees will not investigate or consider patents which may app!

m

¥

any technical report. In formulating and approving technical reports, the Board and its

Q

2 2.2 ASTM Piblications: Available from American Society for Testing and Materials, 916 Race Street,
s Philadelphia, Pennsylvaia 19103.

o

w ASTM E§ - Tension Testing.of Metallic Materials

S ASTM EJ8 - Rockwell Hardness and Rockwell Superficial Hardness

g of Metallic Materials

g ASTM EB53 - ChemicalvAnalysis of Stainless, Heat-Resisting,

§ Maraging, and Other Similar Chromium-Nickel,

5 Ixon ‘Alloys

c

‘f.; 2.3 Governnjent.Pablications: Available from Superintendent of Documents, Governmient Printing
z Office, Washington, D. C. 20402.

2.3.1 Federal Standards:

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

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 112, or by other approved analytical methods.

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

in industry or trade is entirely voluntary. There is no agreement to adhere to any SAE st

SAE Technical Board rules provide that:
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min  max
Carbon - 0.03
Manganese - 0.10
Silicon - 0.10
Phosphorus -- 0.010
Sulfur -- 0.010
Nickel 18.00 - 19.00
Cobalt 8.50 - 9.50
Molybdenum 4.50 - 5.50
Titanium 0.55 - 0.85
Aluminum 0.05 - 0.20
3.2 Condition: Homogenized, overaged, and solution heat treated, unless otherwise ordered.
3.3 Casting: Caplings shall be poured either Irom remelted metal from a masier heai or
master heat. | The metal for castings shall be melted and poured under vacuum without
between melt|ng and pouring. In either case, metal for casting shall be qualified as in
heat is refingd metal of a single furnace charge melted and cast into ingot or pigyunder
sprues, risexs, and rejected castings shall be used only in preparation of master heats
be remelted directly, without refining, for pouring of castings. The total weight of me
heat shall nofl exceed 10, 000 1b (4540 kg).,
3.4 Master Heat Qualification: Each master heat shall be qualified by/evaluation of chemic
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3.5 Properties:

3.5.1 Cast Test Specimens:
solution heat treated, and maraged by heating to 900 F + 15 (482.2 C + 8.3}, holding a
and cooling in air to room temperature shall conform to the following requirements:

3.5.1.1 Tensile Properties at Room Temperature:

ASTM E8.

Tensile Strength, min

Yield Strength at 0. 2% Offset, min
Elongation in 4D, min

Reduction of Area, min

3. 0%
10. 0%

3.5.1.2

Test specimens produced in accordance with 3.4.2, homogenized, overaged,

t heat for 3 hr,

Shall be as follows, determined in accordance with

270, 000 psi (1861 MN/m?)
250, 000 psi (1725 MN/m?)

Hardness: Not lower than 50 HRC or equivalent, determined in accordance with ASTM E18.
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.5.2 Properties of Castings:
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2.1

Hardness:

equivalent, determined in accordance with ASTM E18.

2.2

Tensile Properties:
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specified in AMS 2360.
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.5 Radiographic, magnetic particle, and other quality standards shall be as agreed
vendoi].
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QUALITY,
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astings are broken for fracture test, the fracture shall have uniform colo
m oxides and other defects.

otherwise specified, castings shall be produced under cadiographic contn
graphic examination of castings in accordance with-AMS 2635 until prope
ill produce castings free from harmful internal perfections, is establish
production castings as necessary to ensure mainternance of satisfactory qu

pecified, castings shall be subject to magnétic particle inspection in acco
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conforms.to the requirements of this specification.

bation-of Tests: Tests to determine conformance to all technical require

Castings as solution heat treated, shall have hardnesses not higher than 35HRC or

When specified on the drawing or when agreed upon by purchaser and vendor,
tensile test specimens conforming to ASTM ES8 shall be machined from castings selected at random
Size and location of such specimens and required properties shall be as shown
Required properties may be defined as

materials and from
of parts. Castings

r and be substantially

ol. This shall consist
r foundry technique,
bd for each part number]
ality.

rdance with AMS 2640.
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tion are

classified as routine control tests.

Sampling: Shall be in accordance with the following:

2 Three
3

4

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

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

Two preproduction castings in accordance with 4.4.1 of each part number.

When properties are required from specimens machined from castings, a casting shall be selected at

random from each master heat.

Approval:

.4.1 Sample castings from new or reworked master patterns and the casting procedure shall be approved by
purchaser before castings for production use are supplied, unless such approval be waived.
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4.4.2 Vendor shall establish separately for tensile test specimens used for master heat qualification and for
production of sample castings of each part number the control factors of processing which will produce
tensile test specimens meeting master heat qualification requirements and acceptable castings; these
shall constitute the approved casting procedures and shall be used for producing subsequent master
heat qualification specimens and production castings. If necessary to make any change in control
factors of processing which could affect quality or properties of the castings, vendor shall submit for
reapproval a statement of the revised operations and, when requested, sample test specimens, cast-
ings, or both. No production castings incorporating the revised operations shall be shipped prior to
receipt of reapproval.

4.4.2.1 Control factors for producing test specimens and castings include, but are not limited to, the
following:

—Typeof furmaceand-itscapacity

Size of furnace charge

Furnace atmosphere

Fluxing or deoxidation procedure

Mold refractory formulation

Mold back-up material

Gating practices

Variations of more than + 25 F (+ 14 C) in mold
pre-heating temperature, pouring temperature,
or both

Solidification rate and subsequent cooling procedures

Cleaning operations

Methods of routine inspection

4.4.2.2 Any of the above control factors of processing .considered proprietary by the vendor may be as-
signed a ¢ode designation. Each variation in such factors shall be assigned a modified code desig-
nation. :

4.5 Reports:

4.5.1 The vendor ¢f castings shall furnish'with each shipment three copies of a report of the|results of tests
for chemica] composition of at least one casting, or of a specimen as in 3.4.1 cast in p mold with
parts, from|each master heat.represented and the results of tests on each master heat to determine
conformancg to the other technical requirement of this specification. When propertied of test speci-
mens cut frgm castings ate specified, the report shall include the results of tests to determine con-
formance to|such requirements. This report shall include the purchase order number], master heat
number (and codesymbol if used), material specification number, part number, and ghantity from
each master) heat’ '

4.5.2 The vendor of finished or semi-finished parts shall furnish with each shipment three copies of a report
" showing the purchase order number, material specification number, contractor or other direct sup-
plier of castings, part number, and quantity. When castings for making parts are produced or pur-
chased by the parts vendor, that vendor shall inspect castings from each master heat represented to
determine conformance to the requirements of this specification, and shall include in the report a
statement that the castings conform, or shall include copies of laboratory reports showing the results
of tests to determine conformance.

4.5 Resampling and Retesting: If any specimen used in the above tests fails to meet the specified require-
ments, disposition of the product may be based on the testing of three additional specimens for each
original nonconforming specimen. Failure of any retest specimen to meet the specified requirements
shall be cause for rejection of the master heat in the case of qualification test specimens, or of the
castings in that shipment in the case of tests on castings or specimens cut from castings and no addi-
tional testing shall be permitted. Results of all tests shall be reported.
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