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RATIONALE

AMS5402D revises co
this specification.

mposition (Table 1), quality (3.7.4.1), and reports (4.5.3.3) and is a Five-Year Review and update of

AMS5402D has been 1
1. SCOPE

eaffirmed to comply with the SAE Five-Year Review policy.

1.1 Form

This specification covefs a corrosion and heat-resistant, air-melted, nickel alloy in the form of investment castings.

1.2 Application

These castings have b
and corrosion resistand

pen used typically for structural partsirequiring high strength up to 1200 °F
e up to 1800 °F (982 °C), but usage is not limited to such applications (see §

649 °C) and oxidation
4).

1.3 Classification
Castings conforming td this specification are classified as follows:
Class 1 - Trace elemer

Class 2 - Trace elemer
Class 3 - Trace elemer

t limits conforming to’AMS2280, Class 1 (AMS2280-1)
t limits conforming to AMS2280, Class 2 (AMS2280-2)
t limits do not.apply

13.1

Castings shall fonformiito Class 3 unless Class 1 or Class 2 is specified by purchaser.

2. APPLICABLE DOCGUMENTS

The issue of the following documents in effect on the date of the purchase order forms a part of this specification to the
extent specified herein. The supplier may work to a subsequent revision of a document unless a specific document issue is
specified. When the referenced document has been cancelled and no superseding document has been specified, the last
published issue of that document shall apply.

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 © 2023 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) . . . pes
Tel:  +1724-776-4970 (outside USA) For more information on this standard, visit
Fax:  724-776-0790 https://www.sae.org/standards/content/AMS5402D/
Email: CustomerService@sae.org

SAE WEB ADDRESS: http://www.sae.org
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2.1 SAE Publications

Available from SAE International, 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
AMS2280 Trace Element Control Nickel Alloy Castings

AMS2360 Room Temperature Tensile Properties of Castings

AMS2694 In-Process Welding of Castings

AMS2804 Identification Castings

ARP1917 Clarifigation of Terms Used in Aerospace Metals Specifications

2.2 ASTM Publications

Available from ASTM |nternational, 100 Barr Harbor Drive, P.O. Box C700, West Conshohocken] PA 19428-2959, Tel:
610-832-9585, www.agtm.org.

ASTM E8/E8BM Tension Testing of Metallic Materials
ASTM E354 Chemical Analysis of High-Temperature, Electrical, Magnetic, and Other Similar Iron, Nickel, and
Cobalt Alloys

ASTM E1417/E1417M| Liquid Penetrant Testing
ASTM E1742/E1742M| Radiographic Examination
3. TECHNICAL REQUIREMENTS

3.1 Composition

Shall conform to the pgrcentages by.weight shown in Table 1, determined by wet chemical meth@ds in accordance with
ASTM E354, by spectrpchemical methods, or by other analytical methods acceptable to purchaser {see 8.2.1).

Table 1 - Composition

Element Min Max
Carbon -- 0.10
Manganese -- 0.50
Silicon -- 0.50
Phosphorus -- 0.03
Sulfur -- 0.04
Chromium 20.00 23.00
Molybdenum 8.00 10.00
Columbium (Niobium) (3.1.1) 3.15 4.15
Cobalt -- 1.00
Titanium (3.1.2) -- 0.10
Tantalum (3.1.1) -- 0.15
Aluminum (3.1.2) -- 0.10
Iron -- 5.00
Copper -- 0.30

Nickel remainder
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3.11

3.1.2

3.1.3

Sum of columbium (niobium) plus tantalum shall not exceed 4.15% by weight.

Shall be present, but not in excess of maximum content specified.

Limits of acceptability may be specified by purchaser (see 8.2.3).

3.14

Trace Elements

Shall conform to AMS2280-1 or AMS2280-2, when specified by purchaser (see 1.3).

3.15

Composition variations

Check Analysis

shall meet the applicable requirements of AMS2269.

Producer may test for any element not otherwise listed in Table 1 and include this analysis in the report of 4.5.

3.2 Melting Practice

Castings and specime
directly from a master

shall not be remelted directly without refining for pouring of castings. Mélting of revert creat

3.2.1 Revert (gates,
3.2.2 Portions of twg
a procedure ad
3.2.3 If melts (see 8
to purchaser
specimens. Cd
3.3 Condition

Castings shall be deliv
3.4 Test Specimens
Specimens shall be eit

3.4.1 |If specimens &

of 4.4.2.2 shall

3.4.2 Each master h

s shall be poured at casting producer’s facility either from a melti(see 8.2
heat (see 3.4.2 and 8.2.5).

sprues, risers, and rejected castings) may be used only inthe preparation

or more qualified master heats (see 3.4.2) may be melted together and pou
thorized by purchaser.
2.4) are modified by replenishment (see 8.2(7); producer shall have a writter

which defines the controls, test, and trac€ability criteria for both casting
ntrol factors of 4.4.2.2 shall apply.

bred in the as-cast condition:

ner separately-cast, integrally-cast (see 8.2.8), or machined from a casting, a

apply.

pat shall be qualified by evaluation of chemical and tensile specimens.

4) of a master heat or
bf master heats; revert
bS a new master heat.

red into castings using

procedure acceptable
s and separately-cast

nd shall conform to 3.2.

e separately-cast, producer shall have a written procedure acceptable to puichaser. Control factors

34.21

qualification to 3.4.2 shall be acceptable to purchaser.

3.4.2.2

3.4.3

Shall be of any conven

from-casting (4.3.3.3).

Chemical Analysis Specimens

ient size and shape.

3.4.4 Tensile Specimens

If replenishments are made at remelt as in 3.2.3, frequency of sampling and testing used by the producer for

The tensile tests of 3.4.2 are not required if these tests are conducted using integrally-cast specimens (4.3.3.2)
or machined-

Shall be of standard proportions in accordance with ASTM E8/E8M (see 8.3) with 0.250-inch (6.35-mm) diameter at the
reduced parallel gage section.
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3.4.4.1 Separately-cast and integrally-cast specimens may be either cast to size, and/or cast oversize and subsequently
machined to 0.250-inch (6.35-mm) diameter.

3.4.4.2 When integrally-cast specimens or specimens machined-from-casting are specified, specimen size and location
shall be agreed upon by purchaser and producer (see 8.7).

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 spefified by purchaser (See 8.7).

3.6.1 Room Temperpture Tensile Properties

Shall be as specified iff 3.6.1.1, determined in accordance with ASTM E8/E8M (see 8.3)~Properties| other than those listed
in Table 2 may be defiped as specified in AMS2360.

3.6.1.1 Separately-Gast Specimens
Shall be as shown in Tpble 2.

Table 2 - Minimum tensile properties of separately-cast specimens

Property Value
Tensile Strength 76 ksi (524 MPa)
Yield Strength at 0.2% Offset 40.0 ksi (276 MPa)
Elongation in 4D 16%

3.7 Quality

3.7.1 Castings, as rgceived by purchaser,shall be uniform in quality and condition, sound, and fre¢ from foreign materials
and from impeffections detrimental t0 usage of the castings. Castings shall be free of cracks, laps, hot tears, cold
shuts, and freq of scale and otherprocess-induced surface contamination which would obsgure defects.

3.7.2 Castings shalllbe produced-under radiographic control. This control shall consist of radiographic examination of
each casting gart number/until foundry manufacturing controls in accordance with 4.4.2 have been established.
Additional radipgraphy-shall be conducted in accordance with the frequency of inspection $pecified by purchaser,
or as necessaly tolensure 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.

3.7.3 When specified, castings shall be subjected to fluorescent penetrant inspection in accordance with ASTM
E1417/E1417M or other method specified by purchaser.

3.7.4 Acceptance standards for radiographic, fluorescent penetrant, visual, and other inspection methods shall be as
agreed upon by purchaser and producer (see 8.2.9). 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
and radiographic indications of gas holes, sand spots, and inclusions shall be cause for rejection when closer to
the edge than twice their maximum dimension.
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3.7.5 Castings shall not be peened, plugged, impregnated, or welded unless authorized by purchaser.

3.7.5.1 When authorized by purchaser, welding in accordance with AMS2694 or other welding program acceptable to
purchaser may be used.

4. QUALITY ASSURANCE PROVISIONS

4.1 Responsibility for inspection

The producer of castings shall supply all samples for producer’s tests and shall be responsible for the performance of all
required tests. Purchaser reserves the right to sample and to perform any confirmatory testing deemed necessary to ensure

that the castings conform to specified requirements.

4.2 Classification of Tests

4.2.1 Acceptance Tgsts

Composition (3.1), ropm temperature tensile properties (3.6.1), and the applicable requiremenits of quality (3.7) are
acceptance tests and ghall be performed as specified in 4.3.

4.2.2 Periodic Tests

Radiographic soundneps (3.7.2) is a periodic test and shall be performed atéa frequency selected py the producer unless
frequency of testing is gpecified by purchaser.

4.2.3 Preproduction [Tests

All technical requiremgnts are preproduction tests and shall be_performed on sample castings (4.8.2), when a change in
control factors occurs (4.4.2.2), and when purchaser deems.confirmatory testing to be required.

4.3 Sampling and Testing
The minimum testing performed by producer shall-be'in accordance with the following:

4.3.1 One chemical pnalysis specimen or_a\casting from each master heat shall be tested for conformance with Table 1;
if 3.4.2.1 appligs, test frequency shall-be acceptable to purchaser.

4.3.2 One preprodugtion casting in.@ecordance with 4.4 shall be tested to the requirements of the|casting drawing and to
all technical refjuirements:

4.3.2.1 Dimensionallinspection sample quantity shall be as specified by purchaser.

4.3.3 Tensile propenty-tests shall be conducted to determine conformance with 3.6.1. 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 4.3.3.4). When 3.4.2.1 applies, specimen source and test frequency shall be acceptable to purchaser.

4.3.3.1 For separately-cast specimens in the as-cast condition, one specimen from each master heat shall be tested for
conformance to 3.6.1.

4.3.3.2 For integrally-cast specimens in the as-cast condition, two specimens shall be randomly selected from each lot
(see 8.2.10) and tested for conformance to properties specified by purchaser (see 3.6 and 8.7).

4.3.3.3 For specimens machined from a 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 to properties specified by
purchaser (see 3.6 and 8.7).

4.3.3.3.1 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 purchaser and producer.
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4334

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 resultant properties shall conform to the alternate requirements specified by purchaser (see
8.7). If alternate requirements are not specified, the resultant properties shall conform to the requirements of 3.6
for separately-cast specimens.

43.34.1

When specimens are selected for test as in 4.3.3.4 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.

4.3.3.5

4.3.3.3, sampling and testing shall be agreed upon by purchaser and producer.

When casting size, section thickness, gating method, or other factors do not permit conformance with 4.3.3.2 or

4.3.4 Castings shall be inspected in accordance with 3.7 to the methods, frequency, and acceptance standards specified

by purchaser.

j(s) from new or reworked master patterns produced under the castitg prog
urchaser before castings for production use are supplied, unless such 3

g part number, producer shall establish parameters for process control factg

produce castings and test specimens meeting the requirements of the Casting drawing and t
parameters shall constitute the approved casting procedure and shall'be used for production

4.4  Approval

4.4.1 Sample castin
approved by
purchaser.

4.4.2 For each casti
and test speci
the proposed
sample casting

4.4.2.1 Production ¢

4.4.2.2 Control facto

factors. Supq
for separate
castings (se¢

Composition of cerami
Arrangement and num
Size, shape, and locati
Mold refractory formulg
Grain refinement meth
Mold back-up material
Type of furnace and ch
Mold preheat and meta

ens. If necessary to make any change to these parameters, producer shal
changes for purchaser reapproval. When requested, producer shall also {
s, or both to purchaser for reapproval.

pstings produced prior to receipt of purghaser’s approval shall be at produce

rs for producing castings and separately-cast specimens include, but are not
lier's procedures shall identify talerances, ranges, and/or control limits, as ap
y-cast specimens must generally represent, but need not be identical to,
 3.2.3and 3.4.1).

C cores, if used

per of patterns inghe-mold (including integrally-cast specimens, if applicable)
pn of gates and\risers

tion

hds, if applicable

weight;-thickness, or number of dips)

arge_for melting

edure of 4.4.2 shall be
pproval be waived by

rs that will consistently
his specification. These
of subsequent castings
submit a statement of
ubmit test specimens,

'S risk.
limited to, the following

plicable. Control factors
those factors used for

| polring temperatures

Fluxing or deoxidation

<l
roccuurc

Replenishment procedure, if applicable

Time molten metal is in furnace

Solidification and cooling procedures

Cleaning operations (mechanical and chemical)

Straightening

Final inspection methods

Location of specimens

44221

machined from a casting, if applicable

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.

442211

control factor details and coding at producer’s facility.

Unless otherwise agreed upon by purchaser and producer, purchaser shall be entitled to review proprietary
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4.5 Reports

The producer of castings shall furnish with each shipment a certification document declaring that castings have been
processed, tested, and inspected as specified and that the results of the inspections and tests conform to requirements.

h purchaser’'s material

br number, master heat
| (see 5.1.1) the list of

mens that were tested.

4.5.1 Unless otherwise specified, producer shall furnish report(s) showing the results of tests and inspections conducted
in accordance with 4.2 and 4.3.
45.1.1 Chemical analysis determinations, property test data, and the results of any retests conducted shall be expressed
numerically to reflect actual quantitative test values.
4.5.1.2 Inspection and preproduction results shall be reported at the frequency specified by, and in a format acceptable
to purchaser.
4513 Nonconformﬁﬂ'm_mﬁﬂ'rh_ﬁ_nnces Shall"be documented and approved by purchaser in accordance wi
review requifements.
4.5.2 The statement|of conformity and report(s) shall include or be traceable to the purchase ordg
identification, Jeat treat/lot number, AMS5402D, part number, quantity, and whén require
individual serigl numbers or serial number range.
45.2.1 1f4.3.3.4.1 applies, the mechanical property test report shall denote thé source of the spec
4.5.3 Test reports fof acceptance testing of 4.2 shall be as follows:
45.3.1 For each master heat:

Composition (see 4.3.1
Room temperature ten

45.3.2 For each lot:
Integrally-cast or mach

4.5.3.3 When excep

a statement
exceptions s

4.5.4  The producer §

4.6 Resampling and

)
Sile properties (see 4.3.3.1)

ned-from-casting room temperature properties, when specified (see 3.6, 4.3
lions are taken to the technical requirements listed in Section 3 (see 5.1.1),
'This material is certified as AMS5402D(EXC) because of the following excey
hall be listed.

hall retain reeords of processing and inspection in accordance with purchass

Retesting

3.2 and 4.3.3.3).

he report shall contain
tions:" and the specific

I requirements.

If results of a valid test

fail’to meet specified requirements, two additional specimens in accordance

with 4.3 from the same

master heat, modified melt (see 3.2.3), or Iot, as applicable, shall be tested for each nonconforming characteristic. Results
of each additional test, and the average of the results of all tests (original and retests) shall meet specified requirements;
otherwise, the master heat or lot shall be rejected. Results of all tests shall be reported.

46.1

A test may be declared invalid if failure is due to specimen mis-preparation, 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

Unless otherwise specified by purchaser, individual castings shall be identified in accordance with AMS2804.
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	4.5.2.1 If 4.3.3.4.1 applies, the mechanical property test report shall denote the source of the specimens that were tested.

	4.5.3 Test reports for acceptance testing of 4.2 shall be as follows:
	4.5.3.1 For each master heat:
	4.5.3.2 For each lot:
	4.5.3.3 When exceptions are taken to the technical requirements listed in Section 3 (see 5.1.1), the report shall contain a statement "This material is certified as AMS5402D(EXC) because of the following exceptions:" and the specific exceptions shall ...

	4.5.4 The producer shall retain records of processing and inspection in accordance with purchaser requirements.

	4.6 Resampling and Retesting
	4.6.1 A test may be declared invalid if failure is due to specimen mis-preparation, 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 Terms used in AMS are clarified in ARP1917 and as follows:
	8.2.1 ACCEPTABLE TO PURCHASER: Does not require prior written approval from purchaser, but allows producer to make a decision and purchaser the right to disapprove the decision.
	8.2.2 PURCHASER: The cognizant engineering organization responsible for casting design and fitness for use, or the designee of this engineering organization.
	8.2.3 SPECIFIED: Requires documented instruction from purchaser through casting drawing, purchase order, specification, or other engineering documentation.
	8.2.4 MELT: All castings poured from a single furnace charge. Also referred to as remelt, submelt, heat, or subheat.
	8.2.5 MASTER HEAT: Refined metal (see 2.3.11) of a single furnace charge melted and cast in air (see 8.4) that may be poured directly into castings and/or converted into ingot for remelting in accordance with 3.2. One or more melts can be poured from ...
	8.2.6 AUTHORIZED BY PURCHASER: Requires prior written approval from purchaser.
	8.2.7 REPLENISHMENT: Virgin element and/or master alloy additions introduced to the furnace charge during the final stage of melting, as necessary to bring the melt or master heat into conformance with the specified composition.
	8.2.8 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.
	8.2.9 AGREED UPON BY PURCHASER AND PRODUCER: Requires concurrence of both purchaser and producer. Such concurrence is typically documented by way of the casting drawing, purchase order, or other engineering documentation.
	8.2.10 LOT: For room temperature tensile 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...
	8.2.11 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 ma...

	8.3 ASTM E8M may be used for establishing dimensions in SI units, except that the gage length shall be equal to four times the nominal diameter of the reduced section of the tensile specimen.
	8.4 If authorized by purchaser, vacuum melted and vacuum-cast material meeting the chemistry composition of AMS5401 may be used in lieu of AMS5402.
	8.5 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 ...
	8.6 Unless otherwise specified, the material producer shall work to the revision of this specification (AMS5402) in effect on the date of order placement.  Unless otherwise specific, material manufactured and certified to the immediately previous revi...
	8.7 Purchase documents should specify not less than the following:


