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1. SCOPE: 

1.1 Form: This specification covers a corrosion and heat resistant nickel alloy 
in the form of investment castings. 

1.2 Application: Primarily for small parts, such as nozzle guide vanes, 
requiring high strength up to 1500°F (815°C) and oxidation resistance up to 
1800°F (980°C). Exposure to elevated temperatures rnay cause hardening of 
these castings; e.g., exposure at approximately 1475°F (80U°C) for 50 hr may 
result in hardness as high as 42 HRC. 

2. APPLICABLE DOCUMENTS: The following publications form a part of this 
speci ication to ttie extent specified herein. The latest issue of Aerospace 
Material Specifications shall apply. The applicable issue of other documents 
shall be as specified in AMS 2350. 

2.1 SAE Publications: Available from SAE, 400 Comr~~onwealth Drive, ~Jarrendale, 

2.1.1 Aerospace Material Specifications: 

AMS 2268 - Chemical Check Analysis Limits, Cast Nickel and Nickel Alloys 
AMS 2350 - Standards and Test Methods 
AMS 2360 - Room Temperature Tensile Properties of Castings 
M1S 2361 - Elevated Temperature Tensile Properties of Castings 
AMS 2635 - Radiographic Inspection 
AhIS 2645 - Fluorescent Penetrant Inspection 
AMS 2694 - Repair Welding of Aerospace Castings 
AMS 2804 - Identification, Castings 

~r~~~ 
~ ~ ~ ~~ 

fd~~~ 
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 fpr any perticular 
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 ASTM Publications: Avai~able frorn American Society for Testing and 
Materials, 191 Race Street, Philadelphia, PA 19103. 

ASThI E8 	- Tensi on Testi ng of Me~tal 'I i c Materi al s 	. 
ASTPA E21 - Elevated Temperature Tension Tests of Metallic hlaterials 
ASTM E192 - Reference Racliographs of Investment Steel Castings for 

Aerospace ~lpplications 
ASTM E354 - Chemical Analysis of f~ig{i-Temperature, Electrical, Magnetic, and 

Other Similar~ Iron, ~Jickel, and Cobalt Alloys 

2.3 U.S. Government Publications: Available f rom Commanding Ufficer, PJaval 
ublications and orr~~s ~enter, 5801 Tabor Avenue, Philadelphia, PA 1912U. 

2.3.1 ~~li 1 i tary Standards : 

P~IL-STD-794 - Parts and Equipment, Procedures for Packaging and Packing of 

~ 

3. TECHNICAL REQUIREMENTS: 

3.1 Composition: Shall conform to the fallowing percentages by weight, 
determined by wet chemical methocis in accordance with ASTM E354 or by 
spectrographic or other analytical methods approved by purchaser: 

~ 
mi n 	r~ax 

Carbon -- 0.15 
Manganese -- 1.00 
Silicon -- 1.00 
Phosphoru:~ -- 0.03 
Sulfur -- 0.03 
Chromi um 15. 50 - 17. 50 
P+lolybdenum 16.00 - 18.OU 
Tungsten 3.75 - 5.25 
Iron 4.50 - 7.00 
Vanadium 0.20 - 0.60 
Cobalt 	(3.1.1) -- 2.50 
tJickel remainder 

3.1.1 Determination not required for routine acceptance. 

3.1.2 Check Analysis: I;omposition variations shall meet the requirements of 
~ 	MS 	. 

3.2 Condition: As cast•. 

3.3 ~Castin~ : Castings ~~hall be poured either from remelted metal f rom a rnaster 
e~i at or directly fr~~m a master heat. In eitiier case, metal for casting 
shall be qualified ~~s in 3.4. 

~ 

~ 
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• 	3.3.1 A master heat is refined metal of a single furnace charge or is metal 
blended as in 3.3.2. Gates, sprues, risers, and rejected castings shall 
be used only in preparation of master heats; they shall not be remelted 
directly, without refining, for pouring of castings. 

3.3.2 Unless prohibited by purchaser, metal from two or more master heats may 

0 	be blended provided that the composition of each master heat to be blended 
is within the limits of 3.1 and that the total weight of inetal blended 
does not exceed 15,000 lb (6800 kg). When tvro or more master heats are 
blended, the resultant blend shall be considered a master heat. 

3.4 Master Heat Qualification: Each master heat shall be qualified by 
evaluation of chemical analysis and tensile specimens confo~ning to 3.4.1 
and 3.4.2, respectively. A master heat may be considered conditionally 
qualified if vendor's test results show conformance ~to all applicable 
requirements of this specification. However, except when purchaser waives 
confirmatory testing, final qualification shall be based on purchaser's test 
results. Conditional qualification of a master heat shall not be construed 
as a guarantee of acceptance of castings poured therefrom. 

3.4.1 Chemica•1 Analysis Specimens: Shall be of any convenient size, shape, and 
form for vendor s tests. When chemical analysis specimens are required by 
purchaser, specimens shall be cast to a size, shape, and form agreed upon 

by purchaser and vendor. 

•

3.4.2 Tensile Specimens: Shall be separately cast or integrally cast, as 

	

, 	 applicable, from remelted metal from each master heat except when castings 
are poured directly from a master heat, in ~vhich 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. 

3.5 Properties: Castings and representative tensile specimens produced in 
accordance with 3.4.2 shall conform to the following requirements: 

3.5.1 Separately-Cast Specimens: 

as follows, determined 
to 1500°F + 10 
re testing, and tested at 

(345 MPa) 

3.5.1.1 Tensile Properties at 1500°F (815°C): Shall be 
in accordance with ASTM E21 on specimens heated 
(815°C + 5), held at heat for 10 - 20 min. befo 
1500°F + 10 (815°C + 5): 

Tensile Strengtl~, min 	 50,000 psi 

Elongation in 4D, min 	 10% 

3.5.2 Castin s: 
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3.5.2.1 Tensile Properties: When specified, tensile specimens as in 4.3.4 
conforming to AS M E~t shall be machined from locations indicated on tY~e 
drawing from a castir~g or castinys selected at random from each lot. 
Property requirements; for such s~ecimens shall be as shor~rr on the 
drawing or as agreed upon by purchaser and vencior and may be defined as 
speci fi ed i n AMS 236C ►  or AMS ?_36y  . 

3.G Quality: 

3.6.1 Castings, as received by purchaser, shall be uniforr~ in quality and 
condition, sound, and firee from foreign materials and from imperfections 
detrimental to usage of' the castings. 

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

3.6.2 Castings shall be produced under radiographic control. This control shall 
consist of radiographic examination of castings in accordance with 
AMS 2635 until proper foundry technique, which will produce castings free 
from harmful internal imperfections, is established for each part number 
and of production castings as necessary to ensure maintenance of 
satisfactory quality. 

3.6.3 vJhen specified, castings shall be subjected to fluorescent penetrant 
i nspecti on i n accordance wi th Ar~1S 2645. 

3.6.4 Radiographic, fluorescent penetrant, and other quality standards shall be 
as agreed upon by purchaser and vendor. ASTM E192 may be used to define 
radiographic acceptance standards. 

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

3.6.5.1 When permitted in writing by purcliaser, defects in castings shall be 
~ 	removed and the castings repaired by welding in accordance with AMS 2694. 

4. ~UALITY ASSURANCE PROVISIONS: 

4.1 Responsibility for Inspection: The vendor of castings shall supply all 
~ 	samples for vendor s tests and si~all be responsible for performing all 

required tests. Results of such tests shall be reported to the purchaser as 
required by 4.5. Purchaser reserves the right to sample and to perform any 
confirr~atory testing deemed necessary to ensure that the castings conform to 
the requirements of this specification. 

~ 

• 

~ 

~ 
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4.2 Classification of Tests: Tests to determine conformance to all technical 
~ 

	

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

4.2.1 For direct U.S. (~Qilitary procurement, substantiating test data and, when 
requested, preproduction test material shall be submitteci to the cognizant 
agency as directed by the procuring activity, the contracting officer, or 
the request for procurement. 

4.3 Sampling: Shall be in accordance with the following; a lot shall be all 
~ castings of the same part number or configuration 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 Two chemical analysis specimens in accordance with 3.4:1 from each master 
heat or a casting from each lot. 

4.3.2 Three tensile specimens in accordance with 3.4.2 from each lot. 

~ 

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

4.3.4 One or more castings from each lot when properties of specimens machined 
0 	from castings are required. Size, location, and number of specimens 

machined from castings shall be as specified on the drawing or as agreed 
upon by purchaser and vendor. When size, location, and number of 
specimens are not specified, not less than four tensile speciinens, two 
from the thickest section and two from the thinnest section, shall be cut 
from a casting or castings from each lot. 

4.4 Approval: 

4.4.1 Sample castings fror~ 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 by purchaser. 

4.4.2 Vendor shall establish separately for tensile speciroens used for master 
heat qualification and for production of sample castings of each part 
number parameters for the process control factors which will produce 
tensile specimens rneeting 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 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. 	 ~ 
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4.4.2.1 Control factors for producing terisile specimens and castings include, 
but are not 1 i mi ted t.o, the fcil l ciwi ng : 

~ 
Type of furnace and its capacity 
Type and size of furnace charge 
Time molten metal is in furnace 
Furnace atmosphere 
Fluxing or deoxidation procedure 
Number of ladles used in pour 
t~1o1 d refractory forrnul ati on 

Mold back-up material 	 ~ 
Gating practices 
Mold preheat and metal pouring temperatures; variations of +25°F 

(+15°C) from established limits are permissible 
Solidification and cooling procedures 
Cleaning operations 
f+iethods of i nspecti on 

4.4.2.1.1 Any of the above process contrul factors for which parameters are 
considered proprietary by the vendor may be assigned a code 
designation. Each variation i~ such parameters shall be assigned 
modified code designation. 

	

4.5 Reports: 	 ~ 

4.5.1 The vendor of castings shall furnish with each shipment a report showing 
the results of tests for chemical composition of at least one casting, or 
of specimens as in 3.4.1 cast in a mold with parts, from each master heat 
represented and the results of tesi;s on each lot to determine conformance 
to the other technical requirements of this specification. When 
properties of specimens cut from castings are specified, the report shall 
include the results of tests to determine confornance to such 
requirements. This rep~ort shall include the purchase order num~er, master 
heat number or code symbol, AMS 5388E, part number, and quantity f rom each 
master heat. 

4.5.2 The vendor of finished or semi-finished parts shall furnish with each 
shipment a report showing the purchase order number, AMS 53~8E, contractor 
or other direct supplier of castings, part number, and quantity. When 
castings for making parts are produced or purchased by the parts vendor, 
that vendor shall inspect castings from each master heat represented to 
determine confonnance to the requirements of this specification and shall 
include in the report either a statement that the castings conforrn or 
copies of laboratory r~ports showing the results of tests to determine 
conformance. 

-~ 

~~ 

~ 

~ 
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