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wternationat. | MATERIAL SPECIFICATION | issued 1965-02
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Superseding AMS5397E

Nickel Alloy Castings, Investment, Corrosion and Heat-Resistant
50Ni - 9.5Cr - 15Co - 3.0Mo - 4.8Ti - 5.5Al - 0.015B - 0.95V - 0.06Zr
Vacuum Melted, Vacuum Cast
As Cast
(Composition similar to UNS N13100)

RATIONALE
AMS5397F prohibits unauthorized exceptions (3.8, 4.5.3, 8.4) allows prior revisions (8.3), moves degfinitions (2.3), removes
redundant AMS definifions (2.3), aligns quality and reports with standard casting specificationsg (3.7, 4.5), requires a
preproduction casting (4.3.4), updates purchase order and control factors (4.4.2.2, 8/5), and is the result of a Five-Year
Review and update of the specification.

1. SCOPE
1.1 Form
This specification covefs a corrosion and heat-resistant nickel alloy.in the form of investment castings.

1.2 Application

These products have Ipeen used typically for small parts; such as turbine blades, requiring high|strength and oxidation
resistance up to 1800 °F (982 °C), but usage is not limited to such applications.

2. APPLICABLE DOQUMENTS
The issue of the followjng documents in-effect on the date of the purchase order forms a part of fthis specification to the
extent specified herein.| The supplier may-work to a subsequent revision of a document unless a spécific document issue is

specified. When the referenced document has been cancelled and no superseding document has peen specified, the last
published issue of that document-shall apply.

2.1 SAE Publications

Available from SAE Intérnational, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 (inside USA
and Canada) or +1 724-776-4970 (outside USA), www.sae.org.

AMS2175 Castings, Classification and Inspection of
AMS2269 Chemical Check Analysis Limits, Nickel, Nickel Alloys, and Cobalt Alloys
AMS2360 Room Temperature Tensile Properties of Castings

SAE Executive Standards Committee 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 revised, reaffirmed, stabilized, or cancelled. SAE invites your written comments and
suggestions.

Copyright © 2021 SAE International

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system or transmitted, in any form or by any means, electronic, mechanical, photocopying,
recording, or otherwise, without the prior written permission of SAE.

TO PLACE A DOCUMENT ORDER: ~ Tel:  877-606-7323 (inside USA and Canada) ; ; ; i
Tel:  +1724-776-4970 (outside USA) For more information on this standard, visit

Fax:  724-776-0790 https://www.sae.org/standards/content/AMS5397F/
Email: CustomerService@sae.org
SAE WEB ADDRESS: http://www.sae.org
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AMS2362

AMS2694

AMS2804

ARP1917

Stress-Rupture Properties of Castings
In-Process Welding of Aerospace Castings
Identification, Castings

Clarification of Terms Used in Aerospace Metals Specifications

2.2 ASTM Publications

Available from ASTM

International,

Tel: 610-832-9585, www.astm.org.

ASTM E8/E8M

Tension Testing of Metallic Materials

100 Barr Harbor Drive, P.O. Box C700, West Conshohocken, PA 19428-2959,

ASTM E139
ASTM E192

ASTM E354

ASTM E1417/E1417M
ASTM E1742/E1742M

2.3 Definitions

Terms used in AMS arg clarified in ARP1917 and as follows:

2.3.1 PURCHASER

The cognizant engine
engineering organizatid
232 MELT
All castings poured fror
2.3.3 MASTER HEA

Refined metal (see 2.3

Conducting Creep, Creep-Rupture, and Stress-Rupture Tests of Metallic
Reference Radiographs of Investment Steel Castings for Aerospace Apg

Chemical Analysis of High-Temperature, Electrical, Magnetic; and Other
Cobalt Alloys

Liquid Penetrant Testing

Radiographic Examination

bring organization responSible for casting design and fitness for use, o
n.

n a single furfiace charge. Also referred to as remelt, submelt, heat, or subh

r

for remelting in accordance

is described in 3.4.2.

234

7) of a smgle furnace charge that may be poured directly into castlngs and

Materials
lications

Similar Iron, Nickel, and

r the designee of this

eat.

or converted into ingot

REPLENISHMENT

ification of a master heat

Virgin element and/or master alloy additions introduced to the furnace during the final stage of melting as necessary to bring

the melt or master heat

235

into conformance with the specified composition.

INTEGRALLY CAST SPECIMEN

An attached specimen that is cast in the mold. The casting drawing may identify a specific location for the attachment of
each integrally cast specimen.
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236 LOT

For room temperature tensile and stress-rupture testing, a lot shall consist of all castings of the same part number, poured
from consecutive melts of a single master heat. For visual and nondestructive testing, an inspection lot shall consist of
castings of the same part number, manufactured under the same process control parameters of 4.4.2.2, and submitted for
those tests in a single group.

2.3.7 REFINED METAL

Metal derived from raw materials in the form of virgin elements, master alloy, and/or revert melted in any combination,
replenished as needed, fluxed for non-metallics, and degassed as necessary. Melting of revert creates a new master heat.

3. TECHNICAL REQUIREMENTS

3.1 Composition

Shall conform to the p
ASTM E354, or by othe

3.1.1  Producer may
Limits of accep

Table 1 - Composition

ercentages by weight shown in Table 1, determined by wet chemicalhmeth
r analytical methods acceptable to purchaser (see 2.3):

Element Min Max
Carbon 0.15 0.20
Manganese -- 0.10
Silicon 4 0.10
Phosphorus 5 0.015
Sulfur - 0.015
Chromium 8.00 11.00
Cobalt 13.00 17.00
Molybdenum 2.00 4.00
Titanium 4.50 5.00
Aluminum 5.00 6.00
Titanium + Alumijnum 10.00 11.00
Boron 0.01 0.02
Vanadium 0.70 1.20
Zirconium 0.03 0.09
Iron - 1.00
Other Elements (3.1.1) - -
Nickel remainder

tability 'may be specified by purchaser.

test for any element not otherwise listed in Table 1 and include this analy]

bds in accordance with

sis in the report of 4.5.

3.1.2 Check Analysis

Composition variations shall meet the applicable requirements of AMS2269.

3.2 Melting Practice

Castings and specimens shall be poured at casting producer’s facility either from a melt of a master heat, or directly from a

master heat (see 3.4.2

and 2.3).

3.2.1 The metal for castings and specimens shall be melted and poured under vacuum without loss of vacuum between
melting and pouring. When authorized by purchaser (see 2.3), protective atmosphere may be used in lieu of vacuum

for pouring of ¢

astings.
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3.2.2 Revert (gates, sprues, risers, and rejected castings) may be used only in the preparation of master heats; revert
shall not be remelted directly without refining for pouring of castings. Melting of revert creates a new master heat.

3.2.3 Portions of two or more qualified master heats (see 3.4.2) may be melted together and poured into castings using
a procedure authorized by purchaser.

3.2.4 If melts are modified by replenishment (see 3.2), producer shall have a written procedure acceptable to purchaser
which defines the controls, tests and traceability criteria for both castings and separately cast specimens. Control
factors of 4.4.2.2 shall apply.

3.3 Condition

Castings shall be delivered in the as-cast condition.

3.4 Test Specimens

Specimens shall be either separately cast, integrally cast (see 2.3), or machined from a casting;'anfd shall conform to 3.2.

3.4.1 If specimens are separately cast, producer shall have a written procedure acceptablé to purchaser (see 2.3). Control
factors of 4.4.2/2 shall apply.

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

3.4.21 If replenishments are made at remelt as in 3.2.4, frequency of.sampling and testing uged by the producer for
qualification {o 3.4.2 shall be acceptable to purchaser.

3.4.2.2 Tensile and $tress-rupture tests for master heat qualification are not required if these tests are conducted using
integrally cast specimens (4.3.2.2) or specimens machined-from-casting (4.3.2.3) on each lot.

3.4.3 Chemical Analysis Specimens

Shall be of any conven

ent size and shape.

3.4.4 Tensile and Stjess-Rupture Specimens

Shall be of standard prpportions in accordance with ASTM E8/E8M (see 8.3) and ASTM E139, respectively.

3.4.4.1 Separately cast and integrally’ cast specimens may be either cast to size, and/or cast ovarsize and subsequently
machined to 0.250-inch~(6.35-mm) diameter.
3.4.4.2 When integrally cast*specimens and/or specimens machined-from-casting are specified, specimen size and

location shall be agreed upon by purchaser and producer (see 8.5).

3.5 Heat Treatment

Not applicable.

3.6 Properties

Conformance shall be based upon testing of separately cast specimens unless purchaser specifies integrally cast
specimens or specimens machined-from-casting. Properties for integrally cast specimens and specimens
machined-from-casting shall be as specified by purchaser (see 2.3 and 8.5).

3.6.1

Room Temperature Tensile Properties

Shall be as specified in 3.6.1.1, determined in accordance with ASTM E8/E8M. Properties other than those listed in Table 2
may be defined as specified in AMS2360.
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3.6.1.1  Separately Cast Specimens
Shall be as shown in Table 2.

Table 2 - Minimum tensile properties

Property Value
Tensile Strength 115 ksi (795 MPa)
Yield Strength at 0.2% Offset 95 ksi (655 MPa)
Elongation in 4D 5%

3.6.2 Stress-Rupture Properties at 1800 °F (982 °C)

Shall be as follows, determined in accordance with ASTM E139. Properties other than those listed may be defined as
specified in AMS2362.

3.6.2.1  Specimens, maintained at 1800 °F + 3 °F (982 °C + 2 °C) while a load sufficient {6 produce an initial axial stress
of 29.0 ksi (200 MPa) or higher is applied continuously, shall not rupture in less-than 23 hours. The test shall be
continued to[rupture without change of load. Elongation after rupture, measured at roorn temperature, shall be
not less than|4% in 4D.

3.6.2.2 The test of 3.6.2.1 may be conducted using a load higher than requireddo produce an initigl axial stress of 29.0 ksi
(200 MPa), Qut load shall not be changed while test is in progress:) Time to rupture and glongation requirements
shall be as specified in 3.6.2.1.

3.6.2.2.1 The test of| 3.6.2.1 may be conducted using incrementaldoading. In such cases, the Iqad required to produce
an initial ajial stress of 29.0 ksi (200 MPa) or higher shall be used to rupture or for 23 Hours, whichever occurs
first. After the 23 hours and at intervals of 8 hours, minimum, thereafter, the stres$ shall be increased in
incrementg of 2.5 ksi (17 MPa). Time to rupture and elongation requirements shall be gs specified in 3.6.2.1.

3.6.3 Hardness
Not applicable.
3.7  Quality
3.7.1  Castings, as refeived by purchaser, shall be uniform in quality and condition, sound, and freg from foreign materials
and from impeffections detrimental to usage of the castings. Castings shall be free of cragks, laps, hot tears, and

cold shuts, and free of scal€ and other process induced surface contamination which would obscure defects.

3.7.1.1  Castings shdll have smooth surfaces and shall be well cleaned. Metallic shot or grit shall not be used for final
cleaning, unlgss etherwise permitted by purchaser.

3.7.2 Castings shall be produced under radiographic control. This control shall consist of radiographic examination of
each casting part number until foundry manufacturing controls in accordance with 4.4.2 have been established.
Additional radiography shall be conducted in accordance with the frequency of inspection specified by purchaser,
or as necessary to ensure continued maintenance of internal quality.

3.7.2.1  Radiographic inspection shall be conducted in accordance with ASTM E1742/E1742M or other method specified
by purchaser (see 2.3).

3.7.3 When specified, castings shall be subjected to fluorescent penetrant inspection in accordance with
ASTM E1417/E1417M.
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3.7.4  Acceptance standards for radiographic, fluorescent penetrant, visual, and other inspection methods shall be agreed
upon by purchaser and producer. AMS2175 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 AMS2175 as applicable to steel castings shall apply

for each applicable method of inspection. Radiographic indications of gas holes, sand spots, and inclusions shall
be cause for rejection when closer to the edge than twice their maximum dimension.

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

3.7.5.1  When authorized by purchaser, castings may be in-process welded in accordance with AMS2694.

3.7.6  Grain Size

3.7.6.1 Grain Size Djstribution

Shall be substantially uniform, equiaxed, non-columnar grains without pronounced segregation-of fine and coarse grained
areas.

3.7.6.2 Actual Grain[Size

Grain size and method|of measurement shall be as agreed upon by purchaser.and producer.
3.8 Exceptions
Any exceptions shall be authorized by the purchaser (see 2.3) and reported as in 4.5.3.
4. QUALITY ASSURANCE PROVISIONS

4.1 Responsibility fof Inspection

The producer of castings shall supply all samples forproducer’s tests and shall be responsible for the performance of all
required tests. Purchasgr reserves the right to saniple and to perform any confirmatory testing deemied necessary to ensure
that the castings confoim to specified requirements.

4.2 Classification of Tests

4.21 Acceptance Tests

Tests for composition (3.1), tensile properties (3.6.1), and stress-rupture properties (3.6.2) of separately cast specimens,
quality (3.7), and grain pize (38/7:6) of castings, when specified (see 8.5), tensile and stress-rupture properties of specimens
integrally cast or machinedsfrom-castings, and the applicable quality requirements (3.7) are acceptance tests and shall be
performed as specifiedlin4.3

4.2.2 Periodic Tests

Radiographic soundness (3.7.2) is a periodic test and shall be performed at a frequency selected by the producer unless
frequency of testing is specified by purchaser.

4.2.3 Preproduction Tests

All technical requirements are preproduction tests and shall be performed on specimens or sample castings as applicable
(4.3) when a change in control factors occurs (4.4.2.2), and when purchaser deems confirmatory testing to be required.
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4.3 Sampling and Testing

The minimum testing performed by producer shall be in accordance with the following:

s, test frequency shall be acceptable to purchaser.

One chemical analysis specimen or a casting from each master heat shall be tested for conformance with Table 1;

Tensile property and stress-rupture tests shall be conducted to determine conformance with 3.6.1 and 3.6.2.

Sampling and test frequency is dependent upon the type and origin of the specimen specified by purchaser
(see 3.4.4 and 3.6) or selected by producer (see 4.3.2.4). When 3.4.2.1 applies, specimen source and test

be acceptable to purchaser.

one for conformance to Table 2 and one for conformance to 3.6.2.

cast specimens in the as-cast condition, two specimens shall be randomly
r conformance with properties specified by purchaser (see 3.6 and 8:5);

ns machined-from-casting, one casting shall be randomly selectédfrom ea
tion at each location shown on the engineering drawing for,.cohformance W
(see 3.6 and 8.5).
and location of specimens are not shown, two specimens shall be tested
one from the thinnest section. Once established under 4.4.2.2, test location
ipon by purchaser and producer.

able to purchaser, specimens machined-from-casting may be used in lieu

, the resultant properties shall conforfa to the requirements of 3.6 or to 4
purchaser (see 8.5).

Limens are selected for test astin 4.3.2.4 from an origin other than that
) size, section thickness, gating method, or other factors do not permit conf
bling and testing shall)be agreed upon by purchaser and producer.

be inspected in.accordance with 3.7 to the methods, frequency, and accepta
ee 8.5).

tion casting in accordance with 4.4 shall be tested to the requirements of the

all technical reTuirements.

For separately cast specimens in the as-cast condition, two specimens from each master heat shall be tested:

selected from each lot

ch lot and tested in the
ith properties specified

. one from the thickest
s may be changed only

of both separately cast

cast specimens, and integrally cast specimens may be used in lieu of separately cast specimens.

Iternative requirements

specified by purchaser,

hall include in the report of4,5 a description of the source of the specimen that was tested.

brmance with 4.3.2.2 or

hce standards specified

casting drawing and to

Sample casting(s) from new or reworked master patterns produced under the casting procedure of 4.4.2 shall be

approved by purchaser before castings for production use are supplied, unless such approval be waived by

4.3.1
if 3.4.2.1 applie
4.3.2
frequency shall
4.3.21
4.3.2.2 For integrally
and tested fg
4.3.2.3 For specime
as-cast cond
by purchaset
4.3.2.3.1 When size
section ang
as agreed
4.3.2.4 When accep
and integrally
In each case
specified by
4.3.2.41 When spe
producer s
4.3.2.5 When castin
4.3.2.3, sam
4.3.3 Castings shall
by purchaser (s
4.3.4 One preproduc
4.4 Approval
441
purchaser.
442

For each casting part number, producer shall establish parameters for process control factors that will consistently

produce castings and test specimens meeting the requirements of the casting drawing and this specification. These
parameters shall constitute the approved casting procedure and shall be used for production of subsequent castings
and test specimens. If necessary, to make any change to these parameters, producer shall submit a statement of
the proposed change for purchaser reapproval. When requested, producer shall also submit test specimens, sample
castings, or both to purchaser for reapproval.
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4.4.21

4422

Production castings produced prior to receipt of purchaser’s approval shall be at producer’s risk.

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

factors. Supplier’s 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 refractory formulation

Grain refinement methods, if applicable

Mold back-up material (weight, thickness, or number of dips)

Type of furnace, vacuum, and charge for melting

Mold preheat and met
Fluxing or deoxidation

|
Replenishment proced]jre, if applicable

Time molten metal is in
Solidification and coolir
Cleaning operations (m
Straightening

Final inspection methois

Location and size of in

44221 Anyofthe

code desig

442211 Unless o

control 4
4.5 Reports

The producer of castin
metal was melted (e.g.

determine conformance to the acceptance tests requirements and stating that the product conform

requirements.

451
number, quant

4511

The report shall include the. purchase order number, master heat identification, lot nu

If 4.3.2.4.1 appliessthe mechanical property test report shall denote the source of the speg

pouring tEMperatures
rocedure

furnace
g procedures
echanical and chemical)

grally cast specimens and of specimens machined-from-casting, if applical

control factors for which parameters are considered proprietary by the prody

e

cer may be assigned a

hation. Each variation in such parameters shall be assigned a modified cod¢ designation.

therwise agreed upon by purchaser and producer, purchaser shall be entitl
ctor details and coding at producer’s fagility.

ps shall furnish with each shipment a report showing the producer’'s name
final melt in the case of metal processed by multiple melting operations) ar

ty, and whet‘required (see 5.1.2) the list of individual serial numbers or seri

ed to review proprietary

and country where the
d the results of tests to
s to the other technical

mber, AMS5397F, part
bl number range.

imens that were tested.

452 Testreports fo

aceeptance testing of 4.2 shall be as follows:

4521

Composition (see 4.3.1

For each master heat:

)

Room temperature tensile properties (see 4.3.2.1)
Stress-rupture properties (see 4.3.2.1)

45.2.2 Foreach lot:

Inspection results (see

4.3.3)

Integrally cast or machined-from-casting room temperature and stress-rupture properties, when specified (see 3.6, 4.3.2.2,

and 4.3.2.3)
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	4.3.2.2  For integrally cast specimens in the as-cast condition, two specimens shall be randomly selected from each lot and tested for conformance with properties specified by purchaser (see 3.6 and 8.5).
	4.3.2.3  For specimens machined-from-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 properties specified by purchaser (see 3.6 an...
	4.3.2.3.1  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 purchase...

	4.3.2.4  When acceptable to purchaser, specimens machined-from-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 resu...
	4.3.2.4.1  When specimens are selected for test as in 4.3.2.4 from an origin other than that specified by purchaser, producer shall include in the report of 4.5 a description of the source of the specimen that was tested.

	4.3.2.5  When casting size, section thickness, gating method, or other factors do not permit conformance with 4.3.2.2 or 4.3.2.3, sampling and testing shall be agreed upon by purchaser and producer.

	4.3.3 Castings shall be inspected in accordance with 3.7 to the methods, frequency, and acceptance standards specified by purchaser (see 8.5).
	4.3.4 One preproduction casting in accordance with 4.4 shall be tested to the requirements of the casting drawing and to all technical requirements.

	4.4  Approval
	4.4.1 Sample casting(s) from new or reworked master patterns produced under the casting procedure of 4.4.2 shall be approved by purchaser before castings for production use are supplied, unless such approval be waived by purchaser.
	4.4.2 For each casting part number, producer shall establish parameters for process control factors that will consistently produce castings and test specimens meeting the requirements of the casting drawing and this specification. These parameters sha...
	4.4.2.1  Production castings produced prior to receipt of purchaser’s approval shall be at producer’s risk.
	4.4.2.2  Control factors for producing castings and separately cast specimens include, but are not limited to, the following factors. Supplier’s procedures shall identify tolerances, ranges, and/or control limits, as applicable. Control factors for se...
	4.4.2.2.1  Any of the control factors for which parameters are considered proprietary by the producer may be assigned a code designation. Each variation in such parameters shall be assigned    a modified code designation.
	4.4.2.2.1.1 Unless otherwise agreed upon by purchaser and producer, purchaser shall be entitled to review proprietary control factor details and coding at producer’s facility.




	4.5 Reports
	4.5.1 The report shall include the purchase order number, master heat identification, lot number, AMS5397F, part number, quantity, and when required (see 5.1.2) the list of individual serial numbers or serial number range.
	4.5.1.1 If 4.3.2.4.1 applies, the mechanical property test report shall denote the source of the specimens that were tested.

	4.5.2 Test reports for acceptance testing of 4.2 shall be as follows:
	4.5.2.1 For each master heat:
	4.5.2.2 For each lot:

	4.5.3 When material produced to this specification has exceptions taken to the technical requirements listed in Section 3, the report shall contain a statement "This material is certified as AMS5397F(EXC) because of the following exceptions:" and the ...

	4.6 Resampling and Retesting
	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
	5.1 Identification
	5.1.1 Traceability
	5.1.2 Serialization

	5.2 Packaging

	6. Acknowledgment
	7. Rejections
	8. Notes
	8.1 Revision Indicator
	8.2 Dimensions and properties in inch/pound units and the Fahrenheit temperatures are primary; dimensions and properties in SI units and the Celsius temperatures are shown as the approximate equivalents of the primary units and are presented only for ...
	8.3 Unless otherwise specified, the material producer shall work to the revision of this specification (AMS5397) in effect on the date of order placement. Unless otherwise specified, material manufactured and certified to the immediately previous revi...
	8.4 It is the purchaser’s obligation to ensure that product they procure or resell as AMS5397F has any exceptions approved by their subsequent purchaser.
	8.5 Purchase documents should specify not less than the following:


