The Engineering Societ
o#EFW AdgancinggMobiIit}y AEROSPACE SAE | AMS 5354E

Land Sea Air and Space

INTERNATIONAL MATERIAL - ————

400 C Ith Drive, W dale, PA 15096-0001 ;
ommonweal rve arrendale SPECI FICATION Eg\é'f?ﬁr?]ed ;g‘é’\Rl 22%(())]é

Superseding AMS 5354D

Steel, Corrosion and Heat Resistant, Investment Castings
(R) 13Cr - 2.0Ni - 3.0W
Hardened and Tempered

Composition simflar to UNS J91631

1. SCOPE:
1.1 Form:

This specification covers a corrosion and moderate heat resistant/steel in the form pf investment
castings.

1.2 Application:

These castinj;s have been used typically for parts, such as compressor blades and yanes, housings,
and valves, up to 1000 °F (538 °C), but usage is@ot limited to such applications.

2. APPLICABLE DOCUMENTS:

The issue of the following documents in effect on the date of the purchase order form|s a part of this
specification to|the extent specifiedhérein. The supplier may work to a subsequent fevision of a
document unlegs a specific document issue is specified. When the referenced docu:Inent has been
canceled and no superseding document has been specified, the last published issue ¢f that document
shall apply.

2.1 SAE Publications:

Available from/SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001.

AMS 2248 Chemical Check Analysis Limits, Corrosion and Heat Resistant Steels and Alloys,
Maraging and Other Highly-Alloyed Steels, and Iron Alloys

AMS 2360 Room Temperature Tensile Properties of Castings

AMS 2694 Repair Welding of Aerospace Castings

AMS 2804 Identification, Castings

SAE Technical Standards 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.”

SAE reviews each technical report at least every five years at which time it may be reaffirmed, revised, or cancelled. SAE invites your written comments and suggestions.

Copyright © 2006 SAE International

All rights reserved. Printed in U.S.A.
QUESTIONS REGARDING THIS DOCUMENT: (724) 772-7161 FAX: (724) 776-0243
TO PLACE A DOCUMENT ORDER: (724) 776-4970 FAX: (724) 776-0790

SAE WEB ADDRESS: http://www.sae.org
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2.2

2.3

3. TECHNICAL R

3.1

ASTM Publications:

Available from ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959.

ASTM E 8
ASTM E 8M
ASTM E 18
ASTM E 353

ASTM E 141]
ASTM E 1444

ASTM E 1742

U.S. Governr

Available fron
Philadelphia,

MIL-STD-217
QQ-P-35

Composition:

Castings sha
methods in a
methods accy

Tension Testing of Metallic Materials
Tension Testing of Metallic Materials (Metric)
Rockwell Hardness and Rockwell Superficial Hardness of Metallic

Materials

Chemical Annlycic of Stainless_Heat DininnrJ’ I\/Inr:\ging, and Other Similar

Chromium-Nickel-Iron Alloys
( Liquid Penetrant Examination
Magnetic Particle Examination
Radiographic Examination

e

hent Publications:

N DODSSP, Subscription Services Desk, Building*4D, 700 Robbins A
PA 19111-5094.

5 Castings, Classification and Inspection<of
Passivation Treatments for Corrosion Resistant Steel

FQUIREMENTS:

| conform to the percentages by weight shown in Table 1, determined
ccordance with ASTM E 353, by spectrochemical methods, or by othe
bptable to purchaser (See 8.2.1 and 8.2.2).

TABLE 1 - Composition

enue,

by wet chemical
[ analytical

Element min max
Carbon 0-15—6-26
Manganese -- 1.00
Silicon - 1.00
Phosphorus - 0.04
Sulfur - 0.03
Chromium 12.00 14.00
Nickel 1.80 2.20
Tungsten 2.50 3.50
Molybdenum - 0.50
Copper -- 0.50
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3.1.1 Vendor may test for any element not listed in Table 1 and include this analysis in the report of 4.5.

Limits of ac

ceptability may be specified by purchaser (See 8.2.3).

3.1.2 Check Analysis: Composition variations shall meet the applicable requirements of AMS 2248.

3.2 Melting Pract

Castings and

ice:

anpr*imnnc shall be Innnrprl at {"QQﬁng vendor's f:\r‘ilify either fromam

a master hea

3.2.1 Revert (gat
heats; reve
creates an

3.2.2 Portions of
castings us

3.2.3 If modificati
remelt, ven
test, and trg

4.4.2.2 shall apply.

3.3 Condition:
Castings sha
3.4 Test Specimg

Specimens s
shall conform

, or directly from a master heat (See 8.2.5).

bS, sprues, risers, and rejected castings) may be used only in the’prep
t shall not be remelted directly without refining for pouring of-castings.
bw master heat.

wo or more qualified master heats (See 3.4.2) may‘he melted togethe
ng a procedure authorized by purchaser (See 8:2:6).

pns, such as alloy additions or replenishments’(See 8.2.10), are made

jor shall have a written procedure acceptable to purchaser which defi
ceability criteria for both castings and.separately-cast specimens. Ca

| be delivered in the hardened and tempered condition.
ns:

nall be separately-cast, integrally-cast (See 8.2.7), or machined from &
to 3.2.

3.4.1 If specimen

Control factlors of 4.4.2.2 shall apply.

S are/separately-cast, vendor shall have a written procedure acceptah

olt (See 8.2.4) of

Aration of master
Melting of revert

and poured into

by the vendor at
hes the controls,
ntrol factors of

casting, and

le to purchaser.

3.4.2 Each master heat shall be qualified by evaluation of chemical, hardness and, when required,
tensile specimens.

3.4.2.1 If alloy additions or replenishments are made at remelt as in 3.2.3, the frequency of sampling and
testing used by the vendor for qualification to 3.4.2 shall be acceptable to purchaser.

3.4.2.2 Tensile tests of 3.4.2 are not required if these tests are conducted using integrally-cast

specimen

3.4.3 Chemical A

s (4.3.3.2) or specimens machined from a casting (4.3.3.3).

nalysis Specimens: Shall be of any convenient size and shape.



https://saenorm.com/api/?name=9e12f8655340c131ef527df0e8d5cade

AMS 5354E

SAE AMS 5354E

3.4.4 Tensile Specimens: Shall be of standard proportions in accordance with ASTM E 8 or ASTM E 8M
with 0.250 inch (6.35 mm) diameter at the reduced parallel gage section (See 8.3).

3.4.4.1 Separately-cast and integrally-cast specimens may be either cast to size, or cast oversize and
subsequently machined to 0.250 inch (6.35 mm) diameter.

3.4.4.2 When integrally-cast specimens and specimens machined from a casting are specified,

specime

size and location shall he Qgrnnd upan. h\J/ Innrr‘hacnr and vendor (an 8.2.8 and 8_6).

3.4.5 Hardness Specimens for Response to Heat Treatment: May be a representative specimen or a

casting.
3.5 Heat Treatmsg

To produce th

from the austenitizing temperature and temper to conform tohardness of 3.6.2.

nt:

e condition in castings for delivery, harden by cooling at a rate equivglent to air cool

3.5.1 Response tp Heat Treatment: Castings or representative-test specimens shall be|heat treated as

follows for 4

3.5.1.1 Hardenin

ubsequent testing to demonstrate response to heat treatment.

: Heat to 1750 °F + 25 (954 °C + 14), hold at heat for 60 minutes per jnch of maximum

cross-section but not less than 30 minutes,~and cool at a rate equivalent to that|of still air.

3.5.1.2 Rehardening and Tempering: Rehardén as in 3.5.1.1 and then heat to 1075 °F 4 10 (580 °C + 6),

hold at hdat for 2 to 2 1/4 hour, and,cool in air.

3.5.2 Tensile specimens used for master heat qualification may be heat treated separatgly from castings.

3.6 Properties:

Conformance

shall be\based upon testing of separately-cast specimens unless purghaser specifies

integrally-cast specimens or specimens machined from a casting. Properties for infegrally-cast

specimens at

d-specimens machined from a casting shall be as specified by purchaser (See 8.6).

3.6.1 Room Temperature Tensile Properties: Shall be as shown in Table 2, determined in accordance
with ASTM E 8 or ASTM E 8M (See 8.3), after heat treatment in accordance with 3.5.1.1 and
3.5.1.2. Properties other than those listed may be defined as specified in AMS 2360.

3.6.1.1 Separately-Cast Specimens: Shall be as shown in Table 2.
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3.6.2

3.6.3

3.6.3.

3.6.3.

3.7

3.7.1

3.7.1.

3.7.2

3.7.2

3.7.3

3.7.3

TABLE 2 - Minimum Tensile Properties

Property Value
Tensile Strength 145 ksi (1000 MPa)
Yield Strength at 0.2% Offset 115 ksi ( 793 MPa)
Elongation in 4D (See 8.3) 10%

Hardness of Production Castings: Shall be not higher than 33 HRC, or equivalent (See 8.4),
determined|in accordance with ASTM E 18 for the heat treat condition of3.3'and _3.5.

Hardness as a Response to Heat Treatment: Shall be as follows, determined in accordance with
ASTM E 18

1 Castings and Representative Specimens as Hardened: Shallhave a hardness mot lower than 45
HRC, or gquivalent (See 8.4), when heat treated to the:condition of 3.5.1.1.

2 Castings and Representative Specimens as Rehardened and Tempered: Should have a
hardness|of 32 to 38 HRC, or equivalent (See 8.4), when heat treated to the copdition of 3.5.1.1
and 3.5.1]2.

Quiality:

Castings, ap received by purchaser(shall be uniform in quality and condition, soufd, and free from
foreign matgrials and from imperfections detrimental to usage of the castings. C4gstings shall be

free of cracks, laps, hot tears,-and cold shuts, and free of scale and other process induced surface
contamination which would/obscure defects.

1 Unless otherwise speeified, castings shall be sufficiently cleaned such that, aftgr passivation by
purchasef, the castings shall meet the corrosion test requirement of QQ-P-35.

Castings shall be produced under radlographlc control. This control shall consist of radiographic
examination-ofeac . S accordance with
4.4.2 have been establlshed Addltlonal radlography shaII be conducted in accordance with the
frequency of inspection specified by purchaser, or as necessary to ensure continued maintenance
of internal quality.

.1 Radiographic inspection shall be conducted in accordance with ASTM E 1742 or another method

specified by purchaser.

When specified, additional nondestructive testing shall be performed as follows:

.1 Fluorescent penetrant inspection in accordance with ASTM E 1417 or another method specified

by purchaser.
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3.7.3.2 Magnetic particle inspection in accordance with ASTM E 1444 or another method specified by
purchaser.

3.7.4 Acceptance standards for radiographic, fluorescent penetrant, magnetic particle, visual, and other
inspection methods shall be agreed upon by purchaser and vendor (See 8.2.8). MIL-STD-2175
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 MIL-STD-2175 as applicable to steel
castings ghall apply for each applicable method of inspection.

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

3.7.5.1 When authorized by purchaser, welding in accordance with AMS 2694 or another welding
program acceptable to purchaser may be used.

4. QUALITY ASSURANCE PROVISIONS:
4.1 Responsibility for Inspection:

The vendor of castings shall supply all samples for vendor's tests and shall be resppnsible for the
performance pf all required tests. Purchaser reserves the right to sample and to pgrform any
confirmatory festing deemed necessary to ensure that the castings conform to spegified
requirements

4.2 Classification| of Tests:

4.2.1 Acceptancqg Tests: Compositien;(3.1), hardness of production castings (3.6.2), rgsponse to heat
treatment after hardening (8.6-3.1), and applicable requirements of quality (3.7) afe acceptance
tests and shall be performed as specified in 4.3.

4.2.2 Periodic Tepts: Tensile properties (3.6.1), response to heat treatment after re-harflening and
tempering (B.6.3{2); and radiographic soundness (3.7.2) are periodic tests and shall be performed
at a frequency selected by vendor, unless frequency of testing is specified by purghaser.

4.2.3 Preproduction Tests: All technical requirements are preproduction tests and shall be performed on
sample castings (4.3.2), when a change in control factors occurs (4.4.2.2), or when purchaser
deems confirmatory testing to be required.

4.3 Sampling and Testing:

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

4.3.1 One chemical analysis specimen or a casting from each master heat shall be tested for
conformance with Table 1; if 3.4.2.1 applies, test frequency shall be acceptable to purchaser.
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4.3.2 One preproduction casting in accordance with 4.4 shall be tested to the requirements of the casting
drawing and to all technical requirements.

4.3.2.1 Dimensio

nal inspection sample quantity shall be as specified by purchaser.

4.3.3 When tensile tests are required, they shall be conducted to determine conformance with Table 2.
Sampling and test frequency is dependent upon the type and origin of specimen specified by

purchaser (

shall be acq

4.3.3.1 For sepan

See 3 R) orselected hy vendor (Qpn 433 A) When3421 :\Inplit:\c’ t

eptable to purchaser.

ately-cast specimens in the fully heat treated condition (See 3.5:1.1 a

st frequency

nd 3.5.1.2),

condition,| one specimen from each master heat shall be tested to 3.6-:when requested.
4.3.3.2 For integrally-cast specimens in the fully heat treated condition (See 3.5.1.1 andl 3.5.1.2), two
specimengs from each lot (See 8.2.9) shall be randomly selected and tested for conformance to
propertieg specified by purchaser.
4.3.3.3 For specimens machined from a casting, one casting*shall be randomly selectefd from each lot

and teste
the engin

4.3.3.3.1 Whens
from thq
test locd

4.3.3.4 When acg
separatel
of separa
requireme

4.3.3.4.1 Whens
purchag
that way

| after heat treatment in accordance with-3:5.1.1 and 3.5.1.2 at each Ig
pering drawing for conformance to the\properties specified by purchas

thickest section and one fromithe thinnest section. Once established
itions may be changed only-as agreed upon by purchaser and vendor
eptable to purchaser, specimens machined from a casting may be us
ely-cast specimens. In each case, the resultant properties must conf
pbecimens.are selected for test as in 4.3.3.4 from an origin other than

er, vendor shall include in the report of 4.5 a description of the origin
tested.

nts of 3.6.1, Gr.to alternative requirements specified by purchaser (8.¢).

cation shown on
er.

ze and location of specimens are-hot shown, two test specimens shall be tested, one

under 4.4.2.2,

bd in lieu of both

-cast and integrally=cast specimens, and integrally-cast specimens may be used in lieu

Drm to

at specified by
f the specimen

4.3.3.5 When casting size, section thickness, gating method, or other factors do not permit conformance
with 4.3.3.2 or 4.3.3.3, sampling and testing shall be agreed upon by purchaser and vendor.

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

standards s

4.3.5

pecified by purchaser.

Castings in the heat treated condition of 3.5 for delivery shall be tested for hardness to determine

conformance to 3.6.2. Unless otherwise specified by purchaser, the number of castings from each

lot shall be

in accordance with Table 3.
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TABLE 3 - Hardness Test Schedule

Lot Size Sample Size

1 to 8 All

9to 50 8

51 to 90 13

9+—to—156 26
151 to 280 32
281 to 500 50
501 to 1200 80
1201 to 3200 125
3201 and over 200

4.3.5.1 |If a singlel casting from the inspection lot fails to meet the Specified requirement} the entire lot
shall be 1J00% inspected or reheat treated in accordance with 4.6.2.

4.3.6 For the harglened condition of 3.5.1.1, one specimén from each master heat shalllbe tested for
hardness td determine conformance to 3.6.3.1.

4.3.6 For the re-Hardened and tempered condition of 3.5.1.2, one specimen shall be tegted for hardness
to determing conformance to 3.6.3.2.

4.4 Approval:

4.4.1 Sample casting(s) from new-orreworked master patterns produced under the casfing procedure of
4.4.2 shall e approved by purchaser before castings for production use are supplied, unless such
approval bg waived by-purchaser.

4.4.2 For each cgsting-part number, vendor shall establish parameters for process confrol factors that
will consistently;produce castings and test specimens meeting the requirements gf the casting
drawing andl 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, vendor shall submit a statement of the proposed change for
purchaser reapproval. When requested, vendor shall also submit test specimens, sample
castings, or both to purchaser for reapproval.

4.4.2.1 Production castings produced prior to receipt of purchaser's approval shall be at vendor's risk.
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4.4.2.2 Control factors for producing castings and separately-cast specimens include, but are not limited
to, the factors shown below. Supplier's procedures shall identify tolerances, ranges, and/or
control limits, as applicable. Control factors for separately-cast test 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

applica

hlp)

Size, shape, and location of gates and risers
Mold refractory formulation
Grain refinement methods, if applicable

Mold bac

up material (weight, thickness, or number of dips)

Type of fyrnace, atmosphere, and charge for melting
Mold preheat and metal pouring temperatures

Fluxing o

deoxidation procedure

Replenishment and alloy addition procedures, if applicable

Time mol

en metal is in furnace

Solidificafion and cooling procedures

Cleaning

pperations (mechanical and chemical)

Heat treafment for delivery and response to heat treatment
Straightening

Final ins

ction methods

Location and size of integrally-cast specimens and specimens machined from g casting, if
applicable.

4.4.2.2.1 Any of the control factors for,which parameters are considered proprietary by

assigne|

code dgsignation.

442211 Unles
propri

4.5 Reports:

5 otherwis€ agreed upon by purchaser and vendor, purchaser shall be
btary control factor details and coding at vendor's facility.

vendor may be

d a code designation: Each variation in such parameters shall be assjgned a modified

entitled to review

The vendor of castings shall furnish with each shipment a report showing the results of tests to
determine conformance to the acceptance test requirements, and stating that the product conforms
to the other technical requirements. This report shall include the purchase order number, master
heat identification, heat treat/lot identification, AMS 5354E, part number, quantity, and source of any
tensile property specimens used according to 4.3.3.4.1.
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