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1. SCOPE:

1.1 Form:
This specificgtion covers an alloy steel in the form of investmént’castings.

1.2 Application:

These castings have been used typically for heat trgated parts requiring ultra-high $trengths up to
600 °F (316 °[C), but usage is not limited to such.@pplications.

2. APPLICABLE DOCUMENTS:

The issue of the following documents in_effect on the date of the purchase order forms a part of this
specification to|the extent specifiedferein. The supplier may work to a subsequent fevision of a
document unless a specific document issue is specified. When the referenced docuinent has been
canceled and njo superseding document has been specified, the last published issue pf that document
shall apply.

2.1 SAE Publicatjons:

Available fromSAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001.

AMS 2248 Chemical Analysis Check Limits, Corrosion and Heat Resistant Steels and Alloys,
Maraging, and Other Highly-Alloyed Steels and Iron Alloys

AMS 2360 Room Temperature Tensile Properties of Castings

AMS 2694 Repair Welding of Aerospace Castings

AMS 2750 Pyrometry

AMS 2804 Identification, Castings

AMS-STD-2175 Castings, Classification and Inspection of

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 2001 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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2.2

3. TECHNICALR

3.1

ASTM Publications:

Available from ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959.

ASTM A 370
ASTM E 353

ASTM E 1417

Mechanical Testing of Steel Products
Chemical Analysis of Stainless, Heat-Resisting, Maraging, and Other Similar

Chromium-Nickel-Iron Alloys
] iqnirl Penetrant Examination

ASTM E 1444
ASTM E 1742

Composition:

Castings shall
methods in a¢
methods acce

FQUIREMENTS:

Magnetic Particle Examination
Radiographic Inspection

conform to the percentages by weight shown inyTable 1, determined| by wet chemical
cordance with ASTM E 353, by spectrochemical'methods, or by othef analytical
ptable to purchaser (See 8.2.1 and 8.2.2).

TABLE 1 ~Composition

Element 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 450 5.50
Titanium 0.55 0.85
Aluminum 0.05 0.20

3.1.1 Vendor may test for any element not otherwise listed in Table 1 and include this analysis in the
report of 4.5. Limits of acceptability may be specified by purchaser (See 8.2.3).

3.1.2 Check Analysis: Composition variations shall meet the applicable requirements of AMS 2248.

3.2 Melting Practice:

Castings and specimens shall be poured at casting vendor's facility either from a melt (See 8.2.4) of
a master heat or directly from a master heat (See8.2.5).
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3.2.2

3.2.3

3.24

3.3

3.4

34.1

342

3.4.2.

3.4.2.

The metal for castings and specimens shall be melted and poured under vacuum without loss of
vacuum between melting and pouring. When authorized by purchaser (See 8.2.6), protective
atmosphere may be used in lieu of vacuum for pouring of castings.

Revert (gates, sprues, risers, and rejected castings) may be used only in the preparation of master
heats; revert shall not be remelted directly without refining for pouring of castings. Melting of revert
creates a new master heat.

Portions of
castings us

If modificati
remelt, ven
test, and tra
4.4.2.2 sha

Condition:

Castings sha
3.5).

Test Specimg

Specimens shall be either separately-cast; integrally-cast (See 8.2.7), or machined

and shall con

If specimen
Control fact

Each maste

1 Ifalloy ad
testing us

wo or more qualified master heats (See 3.4.2) may be melted togethe
ng a procedure authorized by purchaser (See 8.2.6).

pbns, such as alloy additions or replenishments (See 8.2.10)are made

jor shall have a written procedure acceptable to purchaseswhich defi
ceability criteria for both castings and separately-castspecimens. Cd

| apply.

| be delivered in the homogenized, overaged, and solution heat treate

ns:

form to 3.2.

5 are separately-cast; vendor shall have a written procedure acceptak
prs of 4.4.2.2 shall-apply.

r heat shall’be qualified by evaluation of chemical, hardness, and ten

ditions or replenishments are made at remelt as in 3.2.4, the frequency
ed by the vendor for qualification to 3.4.2 shall be acceptable to purch

rand poured into

by the vendor at
hes the controls,
ntrol factors of

d condition (See

from castings,

le to purchaser.

Sile specimens.

of sampling and
aser.

2 Tensile tests of 3.4.2 are not required if these tests are conducted using integrally-cast
specimens (4.3.3.2) or specimens machined from castings (4.3.3.3).

3.4.3 Chemical Analysis Specimens: Shall be of any convenient size and shape.

3.4.4 Tensile Specimens: Shall be of standard proportions in accordance with ASTM A 370 with 0.250
inch (6.35 mm) diameter at the reduced parallel gage section.

3.4.4.1 Separately-cast and integrally-cast specimens may be either cast to size or cast oversize and

subseque

ntly machined to 0.250 inch (6.35 mm) diameter.
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3.4.4.2 When integrally-cast specimens and specimens machined from castings are specified, specimen
size and location shall be as agreed upon by purchaser and vendor (See 8.2.8 and 8.5).

3.4.5 Hardness Specimens for Response to Heat Treatment: May be a representative specimen or a

casting.

3.5 Heat Treatment:

To produce th
hardness of 3

3.5.1 Production

3.5.1.1 Homogen
to room tg

3.5.1.2 Overaging
room tem
heat treat
3.5.1.3 Solution:
section th
equivalen

3.5.2 Responset
treated as i

3.5.2.1 Marage: K
temperaty

3.5.3 Tensile spe

3.6 Properties:

e condition in castings for delivery, heat treat as specified in 3.5.1,t0
.6.2.1. Pyrometry shall be in accordance with AMS 2750.

Castings and Specimens:

jzation: Heat to 2100 °F + 25 (1149 °C + 14), hold at heat-for four hourg

mperature at a rate equivalent to an air cool or fastet.

: Heat to 1100 °F + 25 (593 °C + 14), hold at:heat for one to four hou
berature at a rate equivalent to an air cool ofr.faster. Alternately, heat
ng temperature directly after aging without’cooling between steps.

Heat to 1500 °F £ 25 (816 °C + 14),chold at heat for one hour per inch

ckness but in no case less than one hour, and cool to room temperat
| to an air cool or faster.

b Heat Treatment: Castings or specimens for testing after maraging s
n 3.5.1 and the following:

Heat to 900 °F 157482 °C + 8), hold at heat for 3 hours £ 0.25, and ¢
re at a rate equivalent to an air cool or faster.

cimens Used for master heat qualification may be heat treated separat

conform to

+ 0.25, and cool

's, and cool to
to the solution

(25 mm) of
ire at a rate

hall be heat

ool to room

ely from castings.

Conformance shall be based upon testing of separately-cast specimens unless purchaser specifies
integrally-cast specimens or specimens machined from castings. Properties of integrally-cast
specimens or specimens machined from castings shall be as specified by purchaser.

3.6.1 Room Temperature Tensile Properties: Shall be as shown in Table 2, determined in accordance
with ASTM A 370, after heat treatment in accordance with 3.5.1 and 3.5.2. Properties other than

those listed

may be defined as specified in AMS 2360.
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TABLE 2 - Minimum Tensile Properties

Property Value
Tensile Strength 270 ksi (1862 MPa)
Yield Strength at 0.2% Offset 250 ksi (1724 MPa)
Elongation in 4D 3%
Reduction in Area 10%

3.6.2 Hardness: §

3.6.2.1 Productio
shall have
3.6.2.2 Hardness
overaged
not lower
3.7 Quality:

3.7.1 Castings, a
foreign mat
free of crac
contaminati

3.7.2

bhall be as follows, determined in accordance with ASTM A 370,

N castings in the homogenized, overaged, and solution heat-tfeated c
hardness not higher than 35 HRC, or equivalent (See 8.3):

as a Response to Heat Treatment: Castings and spécimens in the hg
solution heat treated, and maraged condition of)3.5.1 and 3.5.2 shall
than 50 HRC, or equivalent (See 8.3).

5 received by purchaser, shall be uniform in quality and condition, sou
erials and from imperfections detrimental to usage of the castings. Cg
s, laps, hot tears, and cold shuts, and free of scale and other process|
pn which would obscure defects.

Castings sh

examination of each casting part‘number until foundry manufacturing controls, in
4.4.2, have [been established,~Additional radiography shall be conducted in acco
frequency df inspection specified by purchaser or as necessary to ensure continu

of internal

3.7.2.1 Radiographic inspection shall be conducted in accordance with ASTM E 1742 ¢
method specified by purchaser.

all be produced under radiographic control. This control shall consist

uality.

bndition of 3.5.1

mogenized,
have hardness

nd, and free from
stings shall be
rinduced surface

of radiographic
accordance with
dance with the
ed maintenance

r other process

3.7.3 When speci

3.7.3.1

fied, additional nondestructive testing shall be performed as follows:

specified by purchaser.

3.7.3.2

purchaser.

Fluorescent penetrant inspection in accordance with ASTM E 1417 or other process method

Magnetic particle inspection in accordance with ASTM E 1444 or other method specified by

3.7.4 Acceptance standards for radiographic, magnetic particle, fluorescent penetrant, visual, and other
inspection methods shall be as agreed upon by purchaser and vendor (See 8.2.8). AMS-STD-
2175 may be used to specify acceptance standards (casting grade) and frequency of inspection
(casting class).
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3.7.4.1 When acceptance standards are not specified, Grade C of AMS-STD-2175 shall apply.

3.7.5 Castings shall not be peened, plugged, impregnated, or welded unless authorized by purchaser.

3.7.5.1 When authorized by purchaser, welding in accordance with AMS 2694 or other welding program
acceptable to purchaser may be used.

4. QUALITY ASSURANCE PROVISIONS:

4.1 Responsibility

The vendor o
performance
confirmatory
requirements

4.2 Classification
4.2.1 Acceptance
and the apq

specified in

4.2.2 Periodic Te
3.7.3.

4.2.3 Preproducti
performed ¢

(4.4.2.2), apd when purchaserdeems confirmatory testing to be required.

4.3 Sampling ang
The minimum

4.3.1 One chemig

for Inspection:

f castings shall supply all samples for vendor's tests and shalllbe’resp
Df all required tests. Purchaser reserves the right to sample.and to pe
esting deemed necessary to ensure that the castings conform to speq
of Tests:
Tests: Composition (3.1), tensile properties\(3.6.1), hardness (3.6.2.]
licable requirements of quality (3.7) are. acceptance tests and shall bg
4.3.

5ts: Radiographic soundness (3.7:3) is a periodic test and shall be pe

on Tests: Tests for all technical requirements are preproduction tests
n specimens or sample castings (4.3), when a change in control fact

Testing:

testing-performed by vendor shall be in accordance with the following:

onsible for the
erform any
ified

| and 3.6.2.2),

e performed as

formed as in

and shall be
Drs occurs

conformanc

acceptable to purchaser.

al-analysis specimen or a casting from each master heat shall be test

aMViviida alfa alla /] =Talallla amVViallada S0 eaLlen a a

ed for
ing shall be

4.3.2 One preproduction casting in accordance with 4.4 shall be tested to the requirements of the casting
drawing and to all technical requirements.

4.3.2.1 Dimensional inspection sample quantity shall be as specified by purchaser.

4.3.3 Tensile tests shall be conducted to determine conformance with Table 2. Sampling and test
frequency is dependent upon the type and origin of specimen specified by purchaser (See 3.6) or
selected by vendor (See4.3.3.4). When 3.4.2.1 applies, test frequency shall be acceptable to

purchaser.
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For separately-cast specimens in the homogenized, overaged, solution heat treated, and

maraged condition of 3.5.2, one or more specimens from each master heat shall be tested for
conformance with 3.6.1.

4.3.3.2

For integrally-cast specimens in the homogenized, overaged, solution heat treated, and maraged

condition of 3.5.2, at least two specimens from each lot shall be tested for conformance with 3.6.

43.3.3
each lot a

d tested in the homagenized overaged solution heat treated _and m

For specimens machined from casting, one or more castings shall be randomly selected from

raged condition

of 3.5.2 a

4.3.3.3.1 Whens

tested,

under 4
4.3.3.4 When acg
separately
of separa
requiremse
specified

4.3.3.4.1 Whens
purchag
that way

4.3.3.5 When cas
with 4.3.3

locations shown on the engineering drawing for conformance with 3.

ze and location of specimens are not shown, at least two test(specim
bne from the thickest section and one from the thinnest section. Once
4.2.2, test locations may be changed only as agreed upon-by purchas

eptable to purchaser, specimens machined from castings may be us¢g

ely-cast specimens. In each case, the resultant properties must conf
nts of 3.6 for separately-cast specimen requirements or to alternative
by purchaser (See 8.5).

pecimens are selected for test as in@.3.3.4 from an origin other than t
er, vendor shall include in the report of 4.5 a description of the origin
tested.

ting size, section thickn€ss, gating method, or other factors do not per
.2 or 4.3.3.3, sampling and testing shall be as agreed upon by purcha

all be inspectediin-accordance with 3.7 to the methods, frequency, an
pecified by purchaser.

rwise specified by purchaser, one casting per lot shall be tested for h
onformance to 3.6.2.1.

iJ
ens shall be

established
ser and vendor.

d in lieu of both

-cast and integrally-cast specimens, and integrally-Cast specimens may be used in lieu

brm to the
requirements

hat specified by
Df the specimen

mit conformance
ser and vendor.

d acceptance

hrdness to

tof f:lillll’ﬂ’ the entire lot shall be 1009% inepontnd orreheattreated in

accordance with

4.3.4 Castings sh
standards S
4.3.5 Unless othe
determine d
4.3.5.1 Intheev
4.6.2.

4.3.6 After heat treatment to 3.5.1 and 3.5.2, one casting, or a specimen representing the thickest
section of the casting, from each master heat shall be tested for conformance with 3.6.2.2.

4.3.6.1

4.4 Approval:

In the event of failure, castings and specimens may be reheat treated in accordance with 4.6.2.

4.4.1 Sample casting(s) from new or reworked master patterns produced under the casting procedure of
4.4.2 shall be approved by purchaser before castings for production use are supplied, unless such
approval be waived by purchaser.
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4.4.2 For each casting part number, vendor shall establish parameters for process control factors that
will consistently produce castings and test specimens meeting the requirements of the casting
drawing and this specification. These parameters shall constitute the approved casting procedure
and shall be used for production of subsequent castings and test specimens. If necessary to make
any change to these parameters, vendor shall submit a statement of the proposed changes for
purchaser reapproval. When requested, vendor shall also submit test specimens, sample
castings, or both to purchaser for reapproval.

4.4.2.1 Productiop castings produced prior to receipt of purchaser's approval shall be a|t vendor's risk.

4.4.2.2 Control factors for producing castings and separately-cast test specimefs-inclugle, but are not
limited to,|the factors shown below. Vendor's procedures shall identify~télerancep, ranges, and/or
control limits, as applicable. Control factors for separately-cast test)specimens must generally
represent| but need not be identical to, those factors used for castings (See 3.2{3 and 3.4.1).

Composit|on of ceramic cores, if used

Arrangement and number of patterns in the mold (including integrally-cast specjmens), if
applicable

Size, shape, and location of gates and risers

Mold refrgctory formulation

Grain refinement methods, if applicable

Mold backup material weight, thickness, orrnumber of dips

Type of fyrnace, vacuum, and charge fot.melting

Mold pretleat and metal pouring temperatures

Fluxing oif deoxidation procedures

Replenistiment and alloy addition. procedure, if applicable

Time that|molten metal is in-the furnace

Solidification and cooling(procedures

Cleaning pperations (mechanical and chemical)

Heat treaiment

Welding drocedure,.if applicable

Straightening

Final inspegtion methods

Location ofspecimensm

4.4.2.2.1 Any of the control factors of 4.4.2.2 for which parameters are considered proprietary by vendor
may be assigned a code designation. Each variation in such parameters shall be assigned a
modified code designation.

4.4.2.2.1.1 Unless otherwise agreed upon by purchaser and vendor, purchaser shall be entitled to review
proprietary control factor details and coding at vendor's facility.
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