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1. SCOPE:

1.1 Form:

This speciflcation covers a corrosion and heat resistant nickel alloy‘in the form of investment
castings.

1.2 Application:

These casfings have been used typically for parts, sueh'as turbine blades, requiring high strength

up to 1804 °F (982 °C) and oxidation resistance up.to 2000 °F (1093 °C), but usage is not limited
to such applications.

2. APPLICABLE DOCUMENTS:

The following publications form a part of\this specification to the extent specified herein. The latest
issue of SAH publications shall apply._The applicable issue of other publications shdll be the issue
in effect on the date of the purchase-order.

2.1 SAE Publigations:
Available from SAE, 400-Commonwealth Drive, Warrendale, PA 15096-0001.

AMS 2268 | Chefnical Check Analysis Limits, Cast Nickel and Nickel Alloys
AMS 2360 | Reom Temperature Tensile Properties of Castings

AMS 2362 | Stress-Rupture Properties of Castings

AMS 2694 Repair Welding of Aerospace Castings

AMS 2804 Identification, Castings

SAE Technical Standards Boad 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 1996 Society of Automotive Engineers, Inc. ) )
All rights reserved. Printed in U.S.A.
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2.2 ASTM Publications:

2.3

3. TECHNICAL

3.1
R)

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

ASTM E 8

ASTM E 8M
ASTM E 139
ASTM E 354

Tension Testing of Metallic Materials

Tension Testing of Metallic Materials (Metric)

Conducting Creep, Creep-Rupture, and Stress-Rupture Tests of Metallic Materials
Chemical Analysis of High-Temperature, Electrical, Magnetic, and Other Similar
Iron, Nickel, and Cobalt Alloys

U.S. Government Publications:

Available frgm DODSSP, Subscription Services Desk, Building 4D, 700 Reobbins Avenue,

Philadelphig, PA 19111-5094.

MIL-STD-458

Inspection, Radiographic

MIL-STD-203-1 DOD Materiel, Procedures for Developmentand Application of Packaging

MIL-STD-21y5
MIL-STD-6856

Composition|

REQUIREMENTS:

Requirements
Castings, Classification and Inspection of
Inspection, Liquid Penetrant

Castings shall conform to the percentages-by weight shown in Table 1, determined lyy wet
chemical mgthods in accordance witi"ASTM E 354, by spectrochemical methods, o1 by other

analytical mgthods acceptable to purchaser (See 8.2.1 and 8.2.2).

TABLE 1 - Composition

Element min max
€arbon 0.08 0.20
Manganese -- 0.25
Silicon -- 0.50
Sulfur -- 0.015
Chromium 12.00 14.00
Molybdenum 3.80 5.20
Columbium 1.80 2.80
Titanium 0.50 1.00
Aluminum 5.50 6.50
Boron 0.005 0.015
Zirconium 0.05 0.15
Cobalt (3.1.2) -- 1.00
Tantalum -- 0.15
Iron -- 0.50
Copper -- 0.50
Other Elements (3.1.1) - -
Nickel remainder
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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 Determination not required for routine acceptance.

3.1.3 Check Analysis: Composition variations shall meet the requirements of AMS 2268.

3.2 Melt Practice:

Castings at
(See 8.2.4)

3.2.1 The metal for castings and specimens shall be melted and poured undes-vacuun

of vacuJ
atmosph

3.2.2 Revert (g
master h

3.2.3 Portions
into cast|

3.2.4 If modifi
vendor S
and trac
4.4.2.2 3

3.3 Condition:

As cast.

3.4 Test Sped

Specimeng
casting, an

d specimens shall be poured at the casting vendor’s facility either from
of a master heat, or directly from a master heat (See 8.2.5).

m between melting and pouring. When authorized by purchaser (See
ere may be used in lieu of vacuum for pouring of castings.

ates, sprues, risers, and rejected castings) may be used only in the pr¢
eats; revert shall not be remelted directly withoutsefining for pouring of

of two or more qualified master heats (See.3.4.2) may be melted togeth
ngs using a procedure authorized by purchaser (See 8.2.6).

Cations, such as alloy additions or replenishments, are made by the ven
hall have a written procedure acceptable to purchaser which defines th
pability criteria for both castings-and separately-cast specimens. Contr|
hall apply.

imens:

shall be“either separately-cast, integrally-cast (See 8.2.7), or machin
d shall’conform to 3.2.

a melt

n without loss
8.2.6), protective

eparation of
castings.

er and poured
dor at remelt,

P controls, test,
ol factors of

ed from a

3.4.1 If specimens are separately-cast, vendor shall have a written procedure acceptable to
purchaser. Control factors of 4.4.2.2 shall apply.

3.4.2 Each master heat shall be qualified by evaluation of chemical, tensile, and stress-rupture
specimens.

3.4.2.1 If alloy additions or replenishments are made at remelt as in 3.2.3, frequency of sampling and
testing used by the vendor for qualification shall be acceptable to purchaser.

3.4.2.2 Tensile and stress-rupture 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 a casting (4.3.3.3).
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3.4.3 Chemical Analysis Specimens: Shall be of any convenient size and shape.

3.4.4 Tensile and Stress-Rupture Specimens: Shall be of standard proportions in accordance with

ASTM E 8, ASTM E 8M, or ASTM E 139, respectively.
3.4.4.1 Separately-cast and integrally-cast specimens may be either cast to size, or cast oversize and
subsequently machined to 0.250 inch (6.35 mm) diameter.
3.4.4.2 When integrally-cast specimens or specimens machined from a casting are specified,
specimgn size and location shall be agreed upon by purchaser and vendor (Ses
8.5).
3.5 Heat Treatmgnt:
Not applicable.
3.6 Properties:
Conformancg shall be based upon testing of separately-cast'specimens unless purg
specifies intgegrally-cast specimens or specimens machined from a casting. Propert
integrally-cast specifies specimens and specimens machined from a casting shall be
by purchasef (See 8.5).
3.6.1 Room Temperature Tensile Properties: Shall be as specified in 3.6.1.1, determine

3.6.1.1

accordance
defined as §

Separate

with ASTM E 8 or ASTM E 8M(See 8.3). Properties other than those i
pecified in AMS 2360.

y-Cast Specimens: Shall be as shown in Table 2.

TABLE 2 - Minimum Tensile Properties

Value
110 ksi (758 MPa)
100 ksi (689 MPa)
3%

Property

Tensile Strength
Yield Strength at 0.2% Offset

£ 8.2.8 and

haser
es for
as specified

1 in
sted may be

Elongation in 4D

3.6.2 Stress-Rupture Properties at 1800 °F (982 °C): Shall be as follows, determined in accordance
with ASTM E 139. Properties other than those listed may be defined as specified in AMS 2362.

3.6.2.1 Specimens, maintained at 1800 °F + 3 (982 °C + 2) while a load sufficient to produce an initial

axial stress of 22.0 ksi (152 MPa)

or higher is applied continuously, shall not rupture in less

than 30 hours. The test shall be continued to rupture without change of load. Elongation

after rup

ture, measured at room temperature, shall be not less than 5% in 4D.
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3.6.2.2 The test of 36.21 may be conducted using incremental loading. In such case, the load

required to produce an initial axial stress of 22.0 ksi (152 MPa)

or higher shal

| be used to

rupture or for 30 hours, whichever occurs first. After the 30 hours and at intervals of 8 to
16 hours thereafter, the stress shall be increased in increments of 2.0 ksi (14.0 MPa). Time
to rupture and elongation requirements shall be as specified in 3.6.2.1.

3.6.3 Hardness: Not applicable.

3.7 Quality:

Castings,

As received by purchaser, shall be uniform in quality and condition,,sou

from foreign materials and from imperfections detrimental to usage of the. €asting

3.7.1 Unless
3.7.1.1 Casti
3.7.1.2 Casti
obsg

3.7.2 Casting
radiogr

ptherwise specified by purchaser, the following shall apply:

ngs shall be free of cracks, laps, hot tears, and cold shuts.

ure defects.

s shall be produced under radiographic eontrol. This control shall cons
bphic examination of each casting part:number until foundry manufactu

accord

nce with 4.4.2, have been established. Additional radiography shall be

accordance with the frequency of inspection specified by purchaser or as nece
continued maintenance of internal quality.

3.7.2.1 Radiographic inspection shall be,conducted in accordance with MIL-STD-453
specifjed by purchaser.

3.7.3 When g

bscent pengtrant inspection in accordance with MIL-STD-6866 or other
Lirchaser(

3.7.3.1  Fluor
by p
3.7.4 Accept

nce,standards for radiographic, fluorescent penetrant, visual, and othe

pecified, additional-nondestructive testing shall be performed as follows:

nd, and free

D.

hgs shall be free of scale and other process-indueed surface contamingtion which would

st of

ing controls, in
conducted in
Ssary to ensure

or other method

D .

method specified

I inspection

methods ‘shall be as agreed upon by purchaser and vendor (See 8.2.8). MIL-S]

'D-2175 may be

used to specify acceptance standards (casting grade) and frequency of inspection (casting

class).

3.7.4.1

When acceptance standards are not specified, Grade C of MIL-STD-2175 shall apply.

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

3.7.5.1
progr

am acceptable to purchaser may be used.

When authorized by purchaser, welding in accordance with AMS 2694 or other welding
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4. QUALITY ASSURANCE PROVISIONS:

4.1 Responsibility for Inspection:

The vendor of castings shall supply all samples for vendor’s tests and shall be responsible for the
performance of all required tests. Purchaser reserves the right to sample and to perform any
confirmatory testing deemed necessary to ensure that the castings conform to specified
requirements.

4.2 Classification of Tests:

421

4.2.2

4.2.3

4.3 Sampling an

The minimun

4.3.1

4.3.2

4.3.2.1

Acceptange Tests: Composition (3.1), tensile properties (3.6.1), stress-rupture pr
(3.6.2), and quality (3.7) are acceptance tests and shall be performed as’specifie

Periodic T
frequency

Preproduct
on samplg
purchasef

One chemi
conforman

purchasef.

One preproduction casting in.accordance with 4.4 shall be tested to the requiremg

casting drg

Dimensi

bsts: Radiographic soundness (3.7.2) is a periodic test and-shall be per
selected by the vendor unless frequency of testing is specified by purc

ion Tests: All technical requirements are preproduction tests and shall

castings (4.3.2), when a change in control factors occurs (4.4.2.2), 4
deems confirmatory testing to be required,
d Testing:

testing performed by vendor shaltbe in accordance with the following:

cal analysis specimen or a casting from each master heat shall be teste
ce with Table 1 except when 3.4.2.1 applies, test frequency shall be ac

wing and to all technical requirements.

onal inspection sample quantity shall be as specified by purchaser.

bperties
din 4.3.

formed at a
haser.

be performed
Ind when

d for
eptable to

nts of the

4.3.3 Tensile and stress-rupture tests shall be conducted to determine conformance with 3.6.1 and

3.6.2. Sa

mpling and test frequency is dependent upon the type and origin of the

specimen

specified b
test freque

y purchaser (See 3.6) or selected by vendor (See 4.3.3.4). When 3.4.2.
ncy shall be acceptable to purchaser.

1 applies,

4.3.3.1 For separately-cast specimens in the as-cast condition one specimen from each master heat
shall be tested for conformance to 3.6.2.

4.3.3.2

4.3.3.3

For integrally-cast specimens in the as-cast condition two or more specimens shall be
randomly selected from each lot and tested for conformance to 3.6.2.

For specimens machined from a casting, one casting shall be randomly selected from each
lot and tested in the as-cast condition at each location shown on the engineering drawing for
conformance with 3.6.2.
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4.3.3.3.1 When size and location of specimens are not shown, two specimens shall be tested, one
from the thickest section and one from the thinnest section: Once established under
4.4.2.2, test locations may be changed only as agreed upon by purchaser and vendor.

4.3.3.4 When acceptable to purchaser, specimens machined from a casting may be used in lieu of
both separately-cast and integrally-cast specimens, and integrally-cast specimens may be

used in lieu of separately-cast specimens. In each case, the resultant properties shall
conform to the requirements of 3.6 or to alternative requirements specified by purchaser

(See

4.3.3.4.1 Whe
by p
speq

4.3.3.5 When
confor
and ve

4.3.4 Castings

4.4 Approval:

4.4.1 Sample
procedu
supplied

4.4.2 For each

will cons
drawing
procedu
necessal
propose
specime

5)
5)-
h specimens are selected for test as in 4.3.3.4 from an origin otheDthar

imen that was tested.

casting size, section thickness, gating method, or otherfactors do not
mance to 4.3.3.2 or 4.3.3.3, sampling and testing shall be as agreed up
ndor.

Casting(s) from new or reworkedmaster patterns produced under the ¢
e of 4.4.2 shall be approved by purchaser before castings for productio
unless such approval be-waived by purchaser.

casting part number, vendor shall establish parameters for process cg
istently produce castings and test specimens meeting the requirements

and this specification. These parameters shall constitute the approved
e and shall be\used for production of subsequent castings and test spg
I'y to makesany change to these parameters, vendor shall submit a stats
| changes for purchaser reapproval. When requested, vendor shall alsg
hs, sample castings, or both to purchaser for reapproval.

4.4.2.1 Produ

that specified

irchaser, vendor shall include in the report of 4.5 a description®f-the oifigin of the

ermit
on by purchaser

shall be inspected in accordance with 3.7 te-the methods, frequency, and acceptance
standargs specified by purchaser.

asting
h use are

ntrol factors that
of the casting

casting
pcimens. If
ement of the
submit test

Ltion castings produced prior to receipt of purchaser’'s approval shall he

at vendor’s risk.

4.4.2.2 Control factors for producing castings and separately-cast test specimens include, but are not
limited to, the factors shown below. Suppliers procedures shall identify tolerances, ranges,

and/or control limits as applicable. Control factors for separately-cast specimens must

generally represent, but need not be identical to, those factors used for castings (See 3.2.3
and 3.4.1).

Composition of ceramic cores, if used

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

Size, shape, and location of gates and risers

Mold r

efractory formulation
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4.4.2.2 (Continued):

4.4

4.4

4.5

4.6

2.2.1 Anyoft

.2.2.1.1 Unles

Grain refi

nement methods, if applicable

Mold back-up material (weight, thickness, or number of dips)
Type of furnace, vacuum, and charge for melting

Mold preheat and metal pouring temperatures

Fluxing or deoxidation procedure

Replenishment and alloy addition procedures, if applicable
Time molten metal is in furnace

Solidificat
Cleaning
Straighte
Final insp
Location

may be
a modif

reviev
Reports:

The vendor o

determine co
order numbe
and source of

Resampling

If results of a

accordance V|
shall be testg

average of th

ion and cooling procedures

operations (mechanical and chemical)

Ning

ection methods

Df specimens machined from a casting, if applicable
he control factors for which parameters are considered ‘proprietary by th

assigned a code designation. Each variation in such‘parameters shall
ed code designation.

5 otherwise agreed upon by purchaser and-yvendor, purchaser shall be
proprietary control factor details and ceding at vendor’s facility.

f castings shall furnish with each-shipment a report showing the results

, master heat identification; lot identification, AMS 5391 E, part numbel
tensile and stress-rupture specimens (See 4.3.3.4.1).

hnd Retesting:

valid test fail'to meet specified requirements, two additional specimens
ith 4.3 ffom the same master heat, modified melt (See3.2.3), or lot, as
d for.each nonconforming characteristic. Results of each additional tes
P resuits of all tests (original and retests) shall meet specified requirem

e vendor
be assigned

bntitled to

of tests to

nformance to the technical.requirements. This report shall include the purchase

, quantity,

in
applicable,
L, and the
bNts;

otherwise, thd

p master heat or lot shall be rejected. Results of all tests shall be reported.

4.6.1 A test may be declared invalid if failure is due to specimen mispreparation, test equipment
malfunction, improper test procedure, or the presence of random process defects, such as
inclusions or gas holes, in a tensile specimen.

5. PREPARATION FOR DELIVERY:

51

Identification:

If not otherwise specified by purchaser, individual castings shall be identified in accordance with

AMS 2804.
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