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1. SCOPE :

1.1 Form This|specification covers a corrosion and heat resistant Nagkel all oy

in the forn of investnment castings.

1.2 Application] Primarily for parts, such as turbine blades or vanes,

requiring gpod strength and hot corrosion resistance to *1800°F (98(rC).

2. APPLI CABLE DPDCUMENTS: The following publications fofma part of thls
specification to the extent specified herein. The“fatest issue of |Aerospace
Material Spegifications shall apply. The applicabte issue of other|docunents
shall be as $pecified in AMS 2350.

2.1 SAE Publicaflions: Available from SAE, 400 Commonwealth Drive, Warf[endale,

PA 15096.

2.1.1 Aerospace| Material Specifications:

AVE 2268 Cheni cal Check Analysis Linmits, Cast N ckel and N ckel Alloys
AMS 2350 | Standards and Test™’Met hods

AVS 2360 Room Tenperature. Tensile Properties of Castings

AVB 2362 Stress- Ruptufe) Properties of Castings

AMS 2635 | Radi ographi'c) I nspection

AMS 2645 t Fl uorescent” Penetrant |nspection

AMS 2804 | Identification, Castings

SAE Technical 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.”

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.
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2.2 ASTM Publications: Available from Anerican Society for Testing and
Materials, 1916 Race Street, Philadelphia, PA 19103.

ASTM E8 - Tension Testing of Metallic Mterials

ASTM EI 39 - Conducting Creep, Creep-Rupture, and Stress-Rupture Tests of
Metallic Materials

ASTM El 92 - Reference Radiographs of Investnent Steel Castings for
Aerospace Applications

ASTM E354 - Chenical Analysis of H gh-Tenperature, Electrical, Magnetic,

and other Simlar Iron, N ckel, and Cobalt Alloys

3. TECHNI CAL REQUI REMENTS:

3.1 Conpogition: Shall conformto the follow ng percentages by weight,
deterrfined by wet chemical methods in accordance with<ASTM E3p4, by
spect fographi ¢ nmethods in accordance with Federal Test Method Standard
No. 1%1, Method 112, or by other analytical nethods"approved py purchaser:

ni' n max
Car bon 0.15 0.20
Manganese - - 0.20
Silicon 0.30
Sul fur - - 0.015
Chrom um 15.70 - 16.30
Cobal t 8.00 - 9.00
Mol ybdenum 1.50 2.00
Tungst en 2.40 2. 80
Col unbi um 0.60 1.10
Ti tani um 3.20 3.70
Tant alum 1.50 2.00
Al ynmiaum 3.20 3.70
Alum num + Titani um 6.50 - 7.20
Bor on 0.005 - 0.015
Zi rconi um 0.03 0.08
[ ron - - 0.50
Lead - - 0.0005| (5 ppm
Bi snuth - 0. 00005 (0.5 ppm
N CKel remal nder

3.1.1 Check Analysis: Conposition variations shall nmeet the requirenents of
AVB 2268.

3.2 Condition: As cast.

3.3 Casting:

3.3.1 The metal for castings shall be nelted and poured under vacuum without
| oss of vacuum between nelting and pouring.
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.3.2 Castings shall be poured either fromrenelted netal from a master heat or
directly froma master heat. In either case, metal for casting shall be
qualified as in 3.4.

.3.2.1 A master heat is refined netal of a single furnace charge. Gates,
sprues, risers, and rejected castings shall be used only in preparation
of master heats; they shall not be remelted directly, wthout refining,
for pouring of castings.

.3.2.2 Blending of netal from nore than one master heat is not pernissible.

Master |Heat Qualification: Each naster heat shall be qualified by

eval uat|on of chenical analysis and tensile specinens conformng to 3.4.1
and 3.4.2, respectively. A naster heat may be consi dered condjtionally
qualifipd if vendor's test results show conformance to~all apglicable
requirepents of this specification. However, excepts when purchaser waives
confirnptory testing, final qualification shall &e based on purchaser's test
results Condi tional qualification of a mastef\ heat shall not| be construed
as a guyarantee of acceptance of castings pouted therefrom

.4.1 Chenifcal Analysis Specimens: Shall beof* any convenient size, shape, and
formifor vendor's tests. \Wen chem eal> anal ysis specinens are required by
pur chaser, specinens shall be cast to a size, shape, and for|m agreed upon
by purchaser and vendor.

.4.2 Tensi|le Specinens: Shall be cast fromrenelted metal from each master
heat |except when castings .are poured directly from a nmaster jheat, in which
case [the specimens shall cakso be poured directly from the master heat.
Speci|mens shall be of standard proportions in accordance with ASTM E8 with
0.250[ in. (6.25 nm _«diameter at the reduced parallel gage sjection. They
shal || be cast to silze or shall be cast oversize and subsequgntly machined
to 0.[250 in. (6.25/m) diameter. Center gating nmay be used.

Propertjies: GCastings and representative tensile specimens produced in
accordapce with”3.4.2 shall conform to the follow ng requiremepts:

.5.1 As Cast.X None applicable.

.5.2 After Solution and Precipitation Heat Treatnent: Castings and
representative tensile specinens shall have the follow ng properties after
being solution heat treated by heating to 2050°F + 25 (112C°C = 15) in
vacuum or suitable protective atnosphere, holding at heat for 2 hr % 0.25,
and cooling at a rate equivalent to air cool or faster and precipitation
heat treated by heating to 1550°F + 25 (845°C + 15), holding at heat for
24 hr + 0.25, and cooling to room tenperature:

.5.2.1 Separately or Integrally-Cast Specinens:
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3.5.2.1.1 Tensile Properties: Shall be as follows, deternined in accordance
with ASTM E8
Tensile Strength, mn 130, 000 psi (895 MPa)
Yield Strength at 0.2% O fset, nin 115,000 psi (795 MPa)
El ongation in 4D, nin 3%
Reduction of Area, mn 3%

3.5.2.1.2 Stress-Rupture Properties at 1800°F (98C°Q):

Speci nens,

mai nt ai ned at

1800°F £ 3 (98C°C £+ 2) while a load sufficient to produce an initia

axial stress of

22,000 IhQi (150 I\/Da)

is applied continyously,

shal |

not rupture in less than 30 hours. The test shal
rupture without change of |oad. Elongation after
room tenperature, shall be not less than 5% in 4D

performed in accordance with ASTM E139

be

3.5.2.1.2
required to produce an initial axial
but load shall not be changed while test is in progr
rupture and elongation requirenments\shall be as speci
3.5.2.1.2.

3.5.2.1.2.(2 Wen pernitted by purchaser,
using increnental |oading. -&kn such case,
produce an initial axial stfess of 22,000 psi
used to rupture or for 30 h, whichever occurs first.

30 hr and at intervals™of 8 - 16 hr, preferably 8 - 1
thereafter, the str&ss shall be increased in increnen
(17 MPa). Time tloyrupture and el ongation requirenent
specified in 3.,5.2.1. 2.

3.5.2.2 Castings:

3.5.2.2.1 |Tensile and Stress-Rupture Properties: Wen specified
or when agreed upon by purchaser and vendor, tensile sp
4. 3. 4<conforning to ASTM E8 shall be machined from | ocg
on<the drawing from a casting or castings selected at r
et Property requirenents for such specinens shall be

nupt y
Teq

The test of 3.5.2.1.2 may be conducted using a |oad ¥
stdess of 22,000

the test of 3.5.2.1.2 ns
the | oad r¢d
(150 MR

ontinued to
re, neasured at
t shall be

i gher than

psi (150 MPa)
ess. Time to
fied in

y be conducted
quired to

a) shall be
After the

D hr,

s of 2500 ps
5 shall be as

»]

on the draw ng
eci nens as in
tions indicated
andom from each
as specified

om the drawi ng or as agr eed uponm by purchaser and Vendo
defined as specified in AMS 2360 and AMS 2362

3.6 Quality:
3.6.1 Castings,

condi tion
detri nment al

as received by purchaser, shall be uniformin qua
sound, and free from foreign materials and from
to usage of the castings.

3.6.1.1 Castings shall have smpooth surfaces and shall
shot or grit shall not be used for final
permtted by purchaser.

be well

cl eaning, unless

cl eaned.

and may be

lity and

i mper f ections

Metallic
ot herwi se
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Castings shall be produced under radiographic control. This control shal
consi st of radiographic exam nation of castings in accordance wth

AMS 2635 until proper foundry technique, which wll produce castings free
from harnful internal inperfections, is established for each part nunber
and of production castings as necessary to ensure maintenance of
satisfactory quality.

3.6.3 Wen specified, castings shall he subjected to fluorescent penetrant

3.6.4

inspection in accordance with AVMS 2645

Radi ographi c, fluorescent penetrant, and other quality standards shall be
as agfeed upon by purchaser and vendor. ASTM El92 nay be used to define
radi ographi ¢ acceptance standards.

3.6.5 Castimpgs shall not be repaired by peening, plugging@welding| or other

4. QUALITY ASSURANCE PROVI SI ONS

methods without witten permssion from purchaser;

4.1

4.2

Responsilbility for Inspection: The vendor «qf castings shall suypply al
sanmpl es|for vendor's tests and shall be responsible for performng al
requireq tests. Results of such tests:shall be reported to th¢ purchaser as
required by 4.5. Purchaser reserves tthe right to sanple and t¢ perform any
confirmptory testing deemed necessary to ensure that the castings conformto
the reqlirenents of this specification.

Cl assifijcation of Tests:

.1 Acceptiance Tests: Except as specified in 4.2.1.1, tests to ¢eterm ne

confofmance to all technical requirenments of this specification are
class|fied as acceptance tests and shall be perfornmed to repfesent each
mastef heat or |aet>-as applicable

.1.1 Tenpile and~Stress-rupture properties of specimens cut from castings

sha] | be<determined only when specified by purchaser or when
repfesenfative separately-cast or integrally-cast specinmeng are not
avallable. Tensile and stress-rupture properties of separqtely-cast or
i nt egrat-ty=cast—specinens—heednot—be—deternned—when—tensi | e and
stress-rupture properties of specinens cut from castings are determ ned

.2 Preproduction Tests: Tests to determ ne conformance to all technica

requirenents of this specification are classified as preproduction tests
and shall be performed prior to or on the first-article shipnent of a
casting to a purchaser, when a change in material or processing, or both,
requires reapproval as in 4.4.2, and when purchaser deens confirmatory
testing to be required
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4.2.2.1 Fo
re
co
of

.3 Sanmpling:
castings of the same part

r direct US. Mlitary procurement, substantiating test
quested, preproduction test naterial shal
gni zant agency as directed by the procuring activity,
ficer, or the request for procurenent.

t

Shall be in accordance with the following: a lot

nurmber poured from the sane master

data and when

be submtted to the

he contracting

shal | be al
heat within

ei ght consecutive hours and presented for vendor's inspection at one tine:

.1 Two

chem cal

faaaVeol 2N haot h

ok

anal ysi s specinmens in accordance with 3.4.1 or a casting from

each

Si x
t ens
t ens

Thr e

.1 C4
in

One

haat
TCTC

oS T ot T, OT L"ACANE N

tensile specinens in accordance with 3.4.2 from each 1 g
ile specimens, fromintegrally-cast coupons, three_Speci
ile testing and stress-rupture testing.

e preproduction castings in accordance w th(4.4.1 of edg

stings for preproduction qualificationCnmay be produced
itial run of castings.

fro

machi ned from castings shall
uponf by purchaser and vendor.
spedi nens are not

fro
fro

Appr o

.1 Sanp
proc
use

Vend
heat

or more castings fromeach | ot whéen properties of spec
castings are specified. Size, "ocation, and nunber of
be as~specified on the draw ng

VWhen size, location, and num
specified, .mot less than four tensile spe
the thickest section and”“two from the thinnest section
a casting or castingssfrom each |ot.

jal :
l e castings fromnew or reworked master patterns and tfh
edure shall“be approved by purchaser before castings fd
are suppkited, unless such approval be waived by purchas

or shall establish separately for tensile specinens usg
quakification and for production of sanple castings of

numerOpar ameters for the process contro

factors which wl

t, or six
nens each for

ch part nunber.

as part of the

nens machi ned
speci nens

or as agreed

per  of

Ci mens,
shal

t wo
be cut

e casting
r production
er.

d for master
each part
I

produce

tensile specinens meeting master heat qualification requirenents and

accept abl e castings;

proc

qual i fication specimens and production castings.

chan
for

request ed,

i nco
of r

t hese shall
edures and shal
ge in paraneters for the process control factors,
r eappr oval
t est speci nens, sanple castings,
rporating the revised operations shal
eapproval .

or bot h.

constitute the approved casting

be used for producing subsequent master heat

If necessary to make any
vendor shall
a statenment of the proposed changes in processing and, when
Production castings

not be shipped prior to receipt

subm t
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