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STEEL CASTIidGS, INVESTMENT, CORROSIOIV ~tJD HrAT RESISTANT 
19Cr - 12~di - 1.0(Cb + Ta) 

Solution Heat Treated 	 UNS Jy2811 

1. SCOPE: 

1.1 Form: This specification covers a corrosion and heat resistant steel in the 

form of investment castings. 

1.2 Application: Primarily for small structural parts of intricate design, such 

as exhaust couplings, stator vanes, and turbine nozzle vanes, where welding 

during fabrication may be required, for use up to 1500°F (815°C) but useful 

at the hiyher temperatures only when stresses are low. 

2. APPLICADLE DOCUP4ENTS: The following publications form a part of this 

specification to the extent specified herein. The latest issue of aerospace 

t+laterial Specifications shall apply. The applicable issue of other documents 

shall be as specified in AMS 2350. 

2.1 SAE Publications: Available from SAE, 400 Commonwealth Drive, Warrendale, 

2.1.1 Aerospace i~laterial Specifications: 

AP~S 2350 - Standards and Test f~ethods 
ANiS 2360 - Room Temperature Tensile Properties of Castings 

AMS 2635 - Radiographic Inspection 

A~IS 2645 - Fluorescent Penetrant Inspection 
AMS 2694 - Repair i~elding of Aerospace Castinys 

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 fpr 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 ASTM Publications: Available from American Society for Testing and 
ater~a s, 	Ra~:e Street, Philadelphia, PA 19103. 

ASTM A262 - Detect~ing Susceptibility to Intergranular Attack in Stainless 
Stee"I s 

ASTM A370 - Mechan~ical Testing of Steel Products 
ASTt~I E192 - Referei~ce Radiographs of Investment Steel Castings for 

Aero<.~pace Applications 
ASTM E353 - Chemic<<1 Analysis of Stainless, Heat-Resisting, Maraging, and 

Other Similar Chromium-Nickel-Iron Alloys 

2.3 U.S. Government Put►lications: Available from Commanding Officer, Naval 
ublications and Fc►rm~r, 5801 Tabor Avenue, Philadelphia, PA 1y120. 

2.3.1 Military Standards: 

t~IIL-STD-794 - Par~ts and Equipment, Procedures for Packaging and Packing of 

3. TECHNICAL REQUIREMENTS: 

3.1 ~Com osition: Shall conform to the following percentages by weigl~t, 
~ ~etermi—  ne by wet chemical methods in accordance with ASTP~I E353 or by 

spectrographic or other analytical methods approved by purchaser: 

min max 

Carbon -- U.12 
Manganese -- 2.OU 
Silicon -- 1.50 
Phosphorus -- 0.04 
Sulfur -- 0.03 
Ch romi um 18. 00 - 19. 5U 
Nickel 10.00 - 14.00 
Columbium + Tantalum IOxC 	- 1.50 
P~olybdenum -- U.75 
Copper -- 0.75 

3.2 Condition: Solution heat treated. 

3.3 Castings: Castings shall be poured either from remelted metal f rom a master 
ea~ or directly from a master heat. In eiti~er case, metal for casting 
shall be qualified as in 3.4. 

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 f~eats; they shall not be remelted 
directly, without refining, for pouring of castings. 

~ 

3.3.2 Unless prohibited by purchaser, metal from two or more rnaster heats rnay be 
~ 	blended provided that the composition of each master heat to be blended is 

within the limits of 3.1 and that the total weigtit of inetal blended does 
not exceed 15,000 lb (6,a00 kg). When two or more master heats are 

blended, the resultant blend shall be considered a master heat. 

~~ 
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3.4 Master Heat Qualification: Each master heat shall be qualified by 
eva uation of c emical analysis~ and tensile specimens conforming 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 Chemical Analysis Specimens: Shall be of any canvenient 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 integral~y cast, as 
~ 	applicable, from remelted metal from each 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 A370 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 Heat Treatment: Castings and representative tensile specimens shall be 
~ 

	

	solution heat treated by heating to 1950°F + 50 (1065°C + 30), holding at 
heat for not less than 1 hr per inch (25 mmT of maximum section thickness 
but in no case less than 30 min., and cooling in air or water. Furnace 
surveys and calibration of temperature controllers and recorders shall be in 
accordance with MIL-H-6875. 

3.6 Properties: Castings and representative tensile specimens produced in 
accordance with 3.4.2 shall conform to the following requirements; hardness 
and tensile testing shall be performed in accordance with ASTM A370: 

3.6.1 Separately-Cast or Integrally-Cast Specimens: 

3.6.1.1 Tensile Properties: Shall be as follows: 

Tensile Strength, min 	 70,000 psi (485 MPa) 
Yield Strength at 0.2~ Offset, min 	30,000 psi (205 MPa) 
Elongation in 4D, min 	 30~ 

3.6.2 Castings: 

3.6.2.1 Tensile Properties: When specified on the drawing or when agreed upon 
by purchaser and vendor, tensile specimens as in 4.3.4 conforming to 
ASTM A370 shall be rnachined from locations indicated on the drawing from 
a casting or castings selected at random from each lot. Size, number 
and location of such specimens and required properties shall be as shown 
on the drawing or as agreed upon by purchaser and vendor. Property 
requirements may be defined as specified in AMS 2360. 
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3.6.2.2 Embrittlement: Specimens cut from castings, after sensitizing 
treatment, shall show no evidence of intercrystalline surface attack 
when examined using only the microscopic procedure after being exposed 
to the copper/copper sulfate/sulfuric acid test of ASTf~t ~262, Practice E. 

3.7 Quality: 

3.7.1 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 castinc~s. 

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

3.7.2 Castings shall b~~ produced under radiographic control. This control shall 
consist of radio~3raphic examination of castings in accordance with 
AMS 2635 until proper foundry technique, which will produce castinys free 
from harmful int~~rnal imperfections, is established for each part number 
and of productioi~ castings as necessary to ensure maintenance of 
sati sfactory qua'I i ty. 

3.7.3 When specified, c;astings shall be subjected to fluorescent penetrant 
i nspecti on i n acc:ordance wi th Ah1S 2b45. 

3.7.4 Radiographic, fluorescent penetrant, and other quality standards shall be 
~ 	as agreeci upon b~~ purchaser and vendor. ASTf~1 E192 rnay be used to defi ne 

radiographic accE~ptance standards. 

3.7.5 Castings shall nc~t be repaired by peening, plugging, welding, or other 
methods without written permission from purchaser. 

3. 7. 5.1 i,lhen persni tted i n wri ti ng by purchase r, defects i n casti ngs ~~ay be 
0 	repaired by welding in accordance witi~ AMS 2694. 

4. QUALITY ASSURANCE PF;OVISIONS: 

4.1 Responsibility for Inspection: The vendor of castings shall supply all 
samples for vendo r s tests and st~all be responsible for performing all 
required tests. RE~sults of such tests shall be reported to the purchaser as 
required by 4.5. F'urchaser reserves the right to sarnple and to perform any 
confi rmatory testi r~g deemed necessary to ensure that the casti ngs conforr~~ to 
the requirements of' this specificationo 

4.2 Classification of T~ests: 

4.2.1 Acceptance Tests: Except as specified in 4.2.1.1, tests to determine 
~ 

	

	conformance to requirements for cornposition (3.1), tensile properties of 
separately-cast or integrally-cast specimens (3.6.1.1) or, when specified, 
of specimens cut from castings (3.6.2.1), and quality (3.7) are classified 
as acceptance tests and shall be performed on each master heat or lot as 
applicable. 

~ 

~. 

~ 
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4.2.1.1 Tensile properties of specimens cut from castings shall be determined 
~ 	only when specified by purchaser or when separately-cast specimens are 

not available. Tensile properties of separately-cast specin~ens need not 
be determined when tensile properties are determined on specimens cut 
from castings. 

4.2.2 Periodic Tests: Tests to determine conformance to requirements for 
embrittlement (3.6.2.3) are classified as periodic tests and shall be 
perforrned at a frequency selected by the vendor unless frequency of 
testing is specified by purchaser. 

4.2.3 Preproduction Tests: Tests to determine conforrnance to all technical 
requirements of this specification are classified as preproduction tests 
and shall be performed prior to or on the first-article shipr~ent of a 
casting to a purchaser, when a change in material, processing, or botn 
requires reapproval as in 4.4.2, and when purchaser deems confirmatory 

testing to be required. 

4.2.3.1 For direct U.S. Military procurement, substantiating test data and, when 
requested, preproduction test material shall be submitted to tne 
cognizant agency as directed by the procuring activity, the contracting 
officer, or the request for procurement. 

4.3 Sam lin : Shall be as follows; a lot shall be all castings of the same part 
~ 	number or configuration poured from a single master heat, solution heat 

treated as a batch, and presented for vendor's inspection at one time. 

4.3.1 Two chemical analysis specimens in accordance with 3.4.1 frorn eaci~ 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 preproduczion 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 
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 specimens, two 
from the thickest section and two from the thinnest section, shall be cut 
from a casting or castings f rom each lot. 

4.3.5 One casting from each lot when required or requested for embrittlement 
testing. 

4.4 Approval: 

4.4.1 Sample castings from 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. 
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4.4.2 Vendor shall esta4~lish separately for tensile specimens used for n~aster 
heat qualification and for production of sample castings of each part 
number parameters for the process control factors which will produce 
tensile specimens meeting master heat qualification reguirements and 
acceptable castin!~s; these shall consitute the approved castiny procedures 
and shall be used for producing subsequent master heat qualification 
specimens and pro~iuction castings. If necessary to r~ake any change in 
parameters for th~~ process control factors, vendor shall submit for 
reapproval a stat~~ment of the proposed changes in processing and, when 
requested, test s~~ecimens, sample castings, or both. Production castings 
incorporating the revised operations shall not be shipped prior to receipt 
of reapproval. 

4.4.2.1 Control factors for producing test specimens and castings include, but 
are not limited to, t{~e following: 

~ 
Type of furnace and its capacity 
Type and si ze o~f furnace charge 
Time molten met~~l is in furnace 
Furnace atmospht~re 
~luxing or deox~idation procedure 
PJumber of 1 adl e:~ used i n pour 
Mold refractory formulation 
Mol d back-up ma~teri al 
Gating practice:~ 
f~old preheat an~i metal pouring temperatures; variations of + 25°F 

(+ 15°C) from established limits are permissible 
Solidification ~~nd cooling procedures 
Cleaning operat~ions 
t~lethods of i nsp~~cti on 

4.4.2.1.1 Any of the ab~~ve process control factors for which parameters are 
considered pr~~prietary by the vendor ~~ay be assigned a code 
designation. Each variation in such parameters shall be assigned a 
modified code designation. 

4.5 Reports: 

4.5.1 The vendor of cas~tings shall furnish with each shipment a report sho►aing 
the results of tests for chemical composition of at least one casting, or 
of specimens as in 3.4.1 cast in a r~old with parts, frora each master heat 
represented and tlie results of tests on each master heat to determine 
confonnance to th~~ other acceptance test requirements of this 
specification. ~~Jl~en properties of specimens cut frorn castings are 
specified, the re~~ort shall include the results of tests to determine 
conformance to suc:f~ requirements. This report shall include the purchase 
order number, mas~ter heat number or code symbol, AMS 5362G, part number, 
and quantity from each master heat. 

~ 

~; 
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