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2.

2.1

2.1

Form:| This specification covers a corrosion and heat resistant nickel alloy

in thp form of investment castings.

Appligation: Primarily for parts such as turbine blades and ijntegral wheels

requifing high strength up to 1800°F (980°C) and oxidation redistance up to
2000°F (1095°C).

APPLICABLE DOCUMENTS: The following publications form a part of this
speciffication to the extent specified heréin. The latest issug of Aerospace

Materipl Specifications shall apply. Thé applicable issue of gther documents

shall pe as specified in AMS 2350.

SAE Publications: Available from SAE, 400 Commonwealth Drive, Warrendale,
PA 1p096.

.1 Aerpspace Material Specifications:

AMS| 2268 - Chemical_<€heck Analysis Limits, Cast Nickel and Nickel Alloys
AMS| 2350 - Standards and Test Methods

AMS| 2360 - Room Temperature Tensile Properties of Castings
AMS[ 2362 - Stress-Rupture Properties of Castings

AMS| 2635 - Radiographic Inspection

AMS| 2645 = Fluorescent Penetrant Inspection

AMS| 2694~ Repair Welding of Aerospace Castings

AMS| 2804 - Identification, Castings

2.2 AS™ Publications: Available from American Society for Testing and

Materials, 1916 Race Street, Philadelphia, PA 19103.

ASTM E8 - Tension Testing of Metallic Materials
ASTM E18 - Rockwell Hardness and Rockwell Superficial Hardness of Metallic
Materials

SAE Technical Board Rules provide that: “‘This report is published by SAE to advance the state of technicql 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.”

AMS documents are protected under United States and international copyright laws. Reproduction of these documents
by any means is strictly prohibited without the written consent of the publisher.

Copyright 1985 Society of Automotive Engineers, Inc.

Printed in U.S.A.
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2.2 (Continued):

ASTM E139 - Conducting Creep, Creep-Rupture, and Stress-Rupture Tests of
Metallic Materials

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

ASTM E354 - Chemical Analysis of High-Temperature, Electrical, Magnetic, and
Other Similar Iron, Nickel, and Cobalt Alloys

2.3 U.S. Government Publications: Available from Commanding Officer, Naval
Publicaticns_and_Enrms_LenIex,_58Dl_Iabon_AvenueT—Philadelph4a7—Pﬁ 19120.

2.3.1 Military Standards:

MIL-STD4794 - Parts and Equipment, Procedures for Packaging and Packing of
3. TECHNICAL REQUIREMENTS:

3.1 Composition: Shall conform to the following percéntages by weight
determined by wet chemical methods in accordance with ASTM E354 or by

spectrographic or other analytical methods approved by purchaser:

-

min max
arbon 0:03 - 0.07
anganese -- 0.25
ilicon - 0.50
hosphorus - 0.015
ul fur - 0.0156
hromium 11.00 - 13.00
olybdenum 3.80 - 5.20
oTumbium 1.75 - 2.25
Tumbium #'Tantalum 1.50 - 2.50
jtanium 0.50 - 0.90
Tumi num 5.50 - 6.50
oron 0.005 - 0.015
irconium 0.05 - 0.15
obalt (3.1.1) - 1.00
Iron - 0.50
Copper -- 0.50
Nickel remainder

3.1.1 Determination not required for routine acceptance.

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

3.2 Condition: As cast.
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3.3 Casting:

3.3.1 The

metal for castings shall be melted and poured under vacuum without

loss of vacuum between melting and pouring. When permitted by purchaser,
protective atmosphere may be used in lieu of vacuum for pouring of
castings.

3.3.2 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.

3.3.2.2

ST OoTUT C

3.4 Maste

master heat is refined metal of a single furnace chargejjor is metal
Jended as in 3.3.2.2 and melted and cast into ingot or‘pig under

acuum.  Gates, sprues, risers, and rejected castingsoshalll be used only
n preparation of master heats; they shall not be.remelteq directly,

i thout refining, for pouring of castings.

nless prohibited by purchaser, metal from 4wo or more magter heats may

2 blended provided that the composition 6f each master hdat to be

ended is within the limits of 3.1 and that the total weilght of metal
ended does not exceed 15,000 1b (6800°kg). When two or more master
pats are blended, the resultant blend shall be considered a master heat.

r Heat Qualification: Each master heat shall be qualified by

evalu
and 3
quali
requi
confi
resul

as a guarantee of acceptance of castings poured therefrom.

ation of chemical analysis and’ tensile specimens conformijng to 3.4.1
4.2, respectively. A master heat may be considered conditionally

fied if vendor's test results show conformance to all apflicable
rements of this specification. However, except when purdhaser waives
rmatory testing, final qualification shall be based on pyrchaser's test
£s. Conditional qualification of a master heat shall not] be construed

w

.4.1 Chepical Analysis Specimens: Shall be of any convenient size, shape, and

fo

pur¢haser, (specimens shall be cast to a size, shape, and fo
by purchaser and vendor.

for vendor's tests. When chemical analysis specimens are required by

agreed upon

3.4.2 Tengile Specimens: Shall be cast from remelted metal from efach 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 E8 with
0.250 in. (6.25 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. (6.25 mm) diameter. Center gating may be used.

w

.5 Properties: Castings and representative tensile specimens produced in

accordance with 3.4.2 shall contform to the following requirements:

3.5.1 Separately-Cast Specimens:
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w

w

.5.2
.5.2.1

w

6.1

3.6.1.1

.5.1.1

.5.1.2

.5.1.2.1

.5.1.2.2

Tensile Properties:
ASTM E8:

110,000 psi (760 MPa)
100,000 psi (690 MPa)
5%
8%

Tensile Strength, min
Yield Strength at 0.2% Offset, min
Elongation in 4D, min
Reduction of Area, min

Stress-Rupture Properties at 1800°F (980°C):
maintain
an injti
shall|[not rupture in less than 30 hours. The test shall be Cg
rupture without change of load. Elongation after rupture;\mea
room temperature, shall be not less than 5% in 4D. Test-shall
condugted in accordance with ASTM E139.

Tensile specimen

The |test of 3.5.1.2 may be conducted using a load higher th
to produce an initial axial stress of 22,000 psi” (150 MPa)

shall not be changed while test is in progréss. Time to rup
elongation requirements shall be as specified in 3.5.1.2.

Shall be as follows, determined in accordance with

S,

ed at 1800°F + 3 (980°C + 2) while a Toad sufficient to produce

tinuously,
ntinued to
sured at
be

n required
ut load
ture and

When permitted by purchaser, the test of 3.5.1.2 may be con
using incremental loading.
an initial axial stress of 22,000.psi (150 MPa) shall be us
ruptiure or for 30 hr, whichever occurs first.
intdrvals of 8 - 16 hr, preferably 8 - 10 hr, thereafter, th
shall be increased in increments of 2000 psi (14 MPa). Time
rupfure and elongation requirements shall be as specified in

Castings:

Tensil

when
confoa%
g
fi

e and Stress-Rupture Properties: When specified on the
reed upon by purchaser and vendor, tensile specimens as

drawi
heat.
drawi
speci

from @)casting or castings selected at random from eac
Property requirements for such specimens shall be as sh

ed'in AMS 2360, AMS 2362, or both.

ing to ASTM E8 shall be machined from locations indicat

or-as agreed upon by purchaser and vendor and may be d

cted

In such-case, the load required fto produce

to

After the 30 hr and at

stress
to
3.5.1.2.

drawing or
in 4.3.4
bd on the
h master
bwn on the
pfined as

.6 Quality:

Castings, as received by purchaser, shall be uniform in quality

and

condition, sound, and free from foreign materials and from imperfections

detrimental to usage of the castings.

Castings shall have smooth surfaces and shall be well cleaned.
shot or grit shall not be used for final cleaning.

Metallic
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r radiographic control. This

3.6.2 Castings shall be produced unde
tion of castings in accordanc

consist of radiographic examina
AMS 2635 until proper foundry technique,

from harmful internal imperfections, is established for each

control shall
e with

which will produce castings free
“ part number

and of production castings as necessary to ensure maintenance of

satisfactory quality.

3.6.3
inspection in accordance with AMS 2645,

3.6.4
as dgreed upon by purchaser and vendor.
radiographic acceptance standards.

3.6.5 Castings shall not be repaired by peening, plugging, welding
methods without written permission from purchaser.

3.6.5.1 WHen permitted in writing by purchaser, defects' in casting
removed and the castings repaired by welding in accordance

4. QUALITY ASSURANCE PROVISIONS:

The vendor of castings shall s

4.1 Respolsibi]ity for Inspection
d shall.be responsible for perfon

@ samplgs for vendor's tests an
required tests. Results of such tests shall be reported to t
required by 4.5. Purchaser reserves the right to sample and t
confimatory testing deemed necessary to ensure that the casti
the requirements of this specification.

4.2 Classfification of Tests:

Except as specified in 4.2.1.1, tests to

omposition (3.1), tensile |
pss-rupture (3.5.1.2) properties of separately-cast speci
1ity (3:6) are classified as acceptance tests and shall K
h master heat or 1ot as applicable.

4.2.1
)

pptance Tests:
Formance towrequirements for ¢

Acc
con
stn
qua,
eac

-rupture properties of specimens cut fron

4.2.1.1 Tensile or stress

When specified, castings shall be subjected to fluorescent penetrant

fluorescent penetrant, and other quality standards shall be
may be Us

bd to define

L or other

5 may be
with AMS 2694.

upply all
ming all

he purchaser as

o perform any
ngs conform to

determine
3.5.1.1) and
mens and

e performed on

v castings

shalT be determined onty whem specified—by purchaser—or
separately-cast specimens are not available
properties of separately-cast specimens nee
properties are determined on specimens cut from castings.

)

S. Military procurement, substantiating test
rial shall be submitted

For direct U.
requested, preproduction test mate
cognizant agency as directed by the procurin
officer, or the request for procurement.

4.2.1.2

when
Tensile or stress
d not be determined when such

-rupture

data and, when
to the

g activity, the contracting
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4.2.2
P

Preproduction Tests: Tests to determine conformance to all technical

requirements of this specification are classified as preproduction tests
and shall be performed prior to or on the first-article shipment of a
casting to a purchaser, when a change in material, processing, or both
requires reapproval as in 4.4.2, and when purchaser deems confirmatory
testing to be required.

4.3 Sampling: Shall be in accordance with the following; a 1ot shall be all

@ Tcastings of the same part number poured from the same master heat in a
period of eight consecutive hours and presented for vendor's inspection at
one time:

4.3.1

4.3.2

4.3.3
4.3.4

4.4 AEErova1:

4.4.1

4.4.2

4.4.2.1
P

Two cheLica] analysis specimens in accordance with 3.4.1 from elch master
heat or|a casting from each lot.

Six ten§ile specimens in accordance with 3.4.2 from each-master|heat,
three specimens each for tensile testing and for streSs-rupture|testing.

Two preproduction castings in accordance with 4.4:1 of each par{ number.

One or more castings from each 1ot when properties of specimens|machined
from captings are required. Size, location, and number of specjmens
machinef from castings shall be as specified on the drawing or as agreed
upon by| purchaser and vendor. When size, location, and number of
specimeps are not ¢pecified, not lessithan four tensile specimeps, two
from the thickest section and two from the thinnest section, shall be cut
from a gasting or castings from each lot.

Sample tastings from new or reworked master patterns and the ca
procedufe shall be approved by purchaser before castings for pr
use are|supplied, Qn1ess such approval be waived by purchaser.

Vendor khall establish separately for tensile specimens used fo
heat quplification and for production of sample castings of eac
number paraméters for the process control factors which will pr
tensile| specimens meeting master heat qualification requirement
acceptaple'castings; these shall constitute the approved castin
procedures and shall be used for producing subsequent master
qualification specimens and production castings. If necessary to make any
change in parameters for the process control factors, vendor shall submit

for reapproval a statement of the proposed changes in processing and, when
requested, test specimens, sample castings, or both. Production castings

incorporating the revised operations shall not be shipped prior to receipt
of reapproval.

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

Type of furnace and its capacity
Type and size of furnace charge

Vacuum level
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