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STEEL CASTINGS, INVESTMENT, CORROSION RESISTANT
16Cr - 1.8Ni - 0.08N
As Cast UNS J91651

1. SCOPE:

1.1 Form: This specification covers a corrosion-resistant steel in [the form of
investmgnt castings,

1.2 Application: Primarily for small parts, such as rotors, requiring moderate
corrosign resistance and strength up to 800°F (425°C).

2. APPLICABIE DOCUMENTS: The following publications”form a part of [this
specificdtion to the extent specified herein.)The latest issue qf Aerospace
Material |Specifications (AMS) shall apply. The applicable issue |of other
documentg shall be as specified in AMS 2350

‘ 2.1 SAE Publications: Available from SAE," 400 Commonwealth Drive, Warrendale,
PA 15096.

2.1.1 Aerospace Material Specifications:

AMS 2350 - Standards and Test Methods

AMS 2360 - Room Temperature Tensile Properties of Castings
AMS 2435 - Radiographic Inspection

AMS 2440 - Magnetic j)Particle Inspection

AMS 2445 - Fluorescent Penetrant Inspection

AMS 2494 - Repair Welding of Aerospace Castings

AMS 2804 - Identification, Castings

2,2 ASTM Publications: Available from American Society for Testing |and
Materials, /1916 Race Street, Philadelphia, PA 19103.

ASTM A370 - Mechanical Testing of Steel Products

ASTM E192 - Reference Radiographs of Investment Steel Castings for Aerospace
Applications

ASTM E353 - Chemical Analysis of Stainless, Heat-Resisting, Maraging, and
Other Similar Chromium-Nickel-Iron Alloys

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 for any particular
use, including any patent infringement arising therefrom, is the sole responsibility of the user.”

Copyright 1984 Society of Automotive Engineers, Inc. Printed in U.S.A.
All rights reserved.
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2.3 U.

S, Government Publications: Available from Commanding Officer, Naval

2.3.1

2.3.2

Publications and Forms Center, 5801 Tabor Avenue, Philadelphia, PA 19120.

Federal Standards:

3. TECHNICAL REQUIREMENTS:

Federal Test Method Standard No. 151 - Metals; Test Methods

Military Standards:

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

3.3.1

3.2 Condition: As cast(

3.1 Composition: Shall conform to the following percentages by welght,
determined by wet chemical methods in accordance with ASTM E353, by
spectrographic methods in accordance with Federal Test Method Standard
No. 151, Method 112, or by other analytical methods approved by purchaser:

min max
Carbon 0.08 - 0.15
Manganese - 1.00
Silicon - 1.00
Phosphorus - 0.04
Sulfur - 0.04
Chromium 15.00 - 17.00
Nickel 1.50 - 2,20
Nitrogen 0.03 - 0.12
Carbon + Nitrogen - 0.22
Molybdenum - 0.50
Caopper - 0.50

3.3 Casting: Castings shall be poured either from remelted metal from a master
heat oy directly from a master heat. 1In either case, metal for casting
shall be qualified as in 3.4.

A magter 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.

Unless prohibited by purchaser, metal from two or more master heats may 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 metal blended does
not exceed 15,000 1b (6800 kg). Ingot and pig may be blended together,
shot may be blended, but shot shall not be blended with ingot or pig.

When two or more master heats are blended, the resultant blend shall be
considered a master heat.

. s s——=r—a—— . Distributed under ||cense\from the IHS Archive
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Each master heat shall be qualified

3.4.1

3.5

3.5.1

by

evaluation of chemical analysis and tensile specimens conforming to 3.4.1

and 3.4.2, respectively.

A master heat may be considered condit

ionally

qualified if vendor's test results show conformance to all applicable

requirements of this specification.

However, except when purcha

ser walves

confirmatory testing, final qualification shall be based on purchaser's test

results.

Conditional qualification of a master heat shall not b

as a guarantee of acceptance of castings poured therefrom.

Chemical Analysis Specimens:

Shall be of any convenient size,

form £
purcha
by pur

Tensil

e construed

shape, and

br vendor's tests. When chemical analysis specimens are
ser, specimens shall be cast to a size, shape, and form
thaser and vendor.

B

Specimens: Shall be cast from remelted metal from eac

heat e
case t

kcept when castings are poured directly from,6 a/master he
he specimens shall also be poured directly from the mast

Specimgns shall be of standard proportions in aécordance with

with 0
They s
machin

Properti

accordan
and tens

After

L250 in. (6.25 mm) diameter at the reduced parallel gage
hall be cast to size or shall be cast.oversize and subse
bd to 0.250 in. (6.25 mm) diameter.¢ . Center gating may b

bs:  Castings and representativeltensile specimens produ
re with 3.4.2 shall conform totvthe following requirement
ile testing shall be performed in accordance with ASTM A

Normalizing, Sub-Zero Cooling, and Tempering: Castings

repres
equiva
holdin
cross-
-100°F
than 6
heatin
coolin

After

entative tensile specimens shall have hardness of 24 - 3
Lent. after being notmalized by heating to 1875°F + 25 (1
j at heat for not less than 60 min. per inch (25 mm) of

section but notlless than 30 min., and cooling in air; c
*+ 10 (-75°C +5), holding at -100°F + 10 (-75°C + 5) fo
D min., andwwarming in air to room temperature; and temp
j to 11259F+ 25 (605°C + 15), holding at heat for 2 - 4
j to room‘temperature.

Hardening, Sub-Zero Cooling, and Tempering: Castings an

repres

bntative tensile specimens, normalized, sub-zero cooled,

tempered as in 3.5.1, shall meet the requirements of 3.5.2.1 a
after being hardened by heating to 1850°F + 25 (1010°C + 15), holding at
heat for not less than 60 min. per inch (25 mm) of maximum cross-section
but not less than 30 min., and quenching in 0il; cooling to -100°F + 10
(-75°C + 5), holding at -100°F + 10 (-75°C + 5) for not less than 60 min.,
and warming to room temperature; and double tempered by heating to 600° -
700°F (315° - 370°C), holding at heat for 2 hr + 0.25, cooling to room
temperature, cooling to -100°F + 10 (-75°C + 5), holding at -100°F + 10
(-75°C + 5) for not less than 60 min., and warming to room temperature,
and reheating to 600° - 700°F (315° - 370°C), holding at heat for

2 hr +

0.25, and cooling to room temperature.

required by
greed upon

h

h master

t, in which
Er heat.
nNSTM A370
section.
quently

e used.

ted in
5; hardness
B70 2

and

i HRC or
p25°C + 15),
paximum
boling to

r not less
bred by

hr, and

sl
and
nd 3.5.2.2
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3.5.2.1 Hardness of Castings: 38 - 49 HRC or equivalent.
3.5.2.2 Tensile Properties:
3.5.2.2.1 Separately—-Cast Specimens:
Tensile Strength, min 170,000 psi (1170 MPa)
Yield Strength at 0.2% Offset, min 130,000 psi ( 895 MPa)

Elongation in 1 in. (25 mm) or 4D, min 2.0%

3.5.2.2.2 X ¢

3.6.2

3.6.3

3.6.4

3.6.5

greed upon by purchaser and vendor, tensile specimens\a
onforming to ASTM A370 shall be machined from locations

ot. Property requirements for such specimens shall be
n the drawing or as agreed upon by purchaser and vendor
efined as specified in AMS 2360.

ngs, as received by purchaser, shallibe uniform in qual
tion, sound, and free from foreign materials and from i
nal imperfections detrimental to\usage of the castings,

tings shall have smooth surfaces and shall be well clea
t or grit shall not used for final cleaning, unless oth
mitted by purchaser.

ngs shall be produced under radiographic control, unles
fied. This control-shall consist of radiographic exami
ngs in accordance with AMS 2635 until proper foundry te
produce castings free from harmful internal imperfectio
lished for _each part number and of production castings

sure maintenance of satisfactory quality.

specified, castings shall be subjected to magnetic part

ction in accordance with AMS 2645, or both.

ing or when
5 in 4.3.4
indicated on

he drawing from a casting or castings selected at _random from each

hs specified
and may be

ity and
hternal and

ned. Metallic

brwise

5 otherwise
nation of
chnique, which
s, is

hS necessary

ilcle

ctién,'in accordance with AMS 2640 or to fluorescent penetrant

Radiographic, magnetic particle, fluorescent penetrant, and other quality

standards shall be as agreed upon by purchaser and vendor.
be used to define radiographic acceptance standards.

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

ASTM E192 may

¢ or other

3.6.5.1 When permitted in writing by purchaser, defects in castings may be

g

removed and the castings repaired by welding in accordance

with AMS 2694.

N
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4. QUALITY ASSURANCE PROVISIONS:

4.1

Responsibility for Inspection: The vendor of castings shall supply all

samples for vendor's tests and shall 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
confirmatory testing deemed necessary to ensure that the castings conform to
the requirements of this specification.

Classification of Tests:

4.2.1

8

4.2.2

4.2.2

g

4.3.2

4-3.3

4.3 Sampling

Acceptance Tests: Except as specified in 4.2.1.1, tests to d4termine
confomance to all technical requirements of this specificatign are
classified as acceptance tests and shall be performed on.each [master heat
or lot as applicable.

.1 Tengile properties of specimens cut from castings ‘after hardening,
sub<zero cooling, and tempering shall be determined only whegn specified
by purchaser or when separately-cast speciméns are not available.
Tengile properties of separately-cast specimens need not be |determined
when tensile properties of specimens cut\from castings are determined.

Preprcduction Tests: Tests to determine conformance to all tgchnical
requidements of this specification are classified as preprodugtion tests
and shall bé performed prior to or(on the first-article shipmant of a

casting to a purchaser, when a change in material or processing, or both,
requines reapproval as in 4.4.2,/ and when purchaser deems confilirmatory
testing to be required.

.1 For|direct U.S. Military procurement, substantiating test dfta and, when
reqyested, preproduction test material shall be submitted td the
cognizant agency as)directed by the procuring activity, the |contracting
officer, or the request for procurement.

Shalli¥e in accordance with the following; a lot shall be all
castingg from ‘a-single master heat presented for vendor's inspeqtion at one
time:

4.3.1 Two chemical analysis specimens in accordance with 3.4.1 or alcasting from

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

Three tensile specimens in accordance with 3.4.2 from each master heat.

7 Distributed under license from the IHS Archive
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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 two tensile specimens, one from
the thickest section and one from the thinnest section, shall be cut from
a casting or castings from each lot.

4,4 Approval:

4.,4.1 Sample a ing OM new O pworked ma e DA arn and he caSting
procedure shall be approved by purchaser before castings for|production
use 3gre supplied, unless such approval be waived by purchaser.

4,4.2 Vendor shall establish separately for tensile specimens’ used|for master
heat |qualification and for production of sample castings of e¢ach part
number parameters for the process control factors which will|produce

tensile specimens meeting master heat qualification requireme¢nts and
acceptable castings; these shall constitute the approved casting procedure
and ghall be used for producing subsequent <masSter 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
requésted, sample test specimens, castings, or both. Production castings
incogporating the revised operations shall not be shipped prior to receipt
of reapproval.

4,4,2.1 Control factors for produding test specimens and castings include, but

not limited to, the\following:

pe of furnace and\\its capacity

pe and size of (furnace charge

Time molten metal is in furnace

Fugnace atmosphere

Flyxing or deoxidation procedure

Nunber of.\ladles used in pour

Mold refractory formulation

Mold. back-up material

Gating practices

Mold preheat and pouring temperatures (variations of + 25°F (+15°C) from
established limits are permissible)

Solidification and cooling procedures

Cleaning operations

Methods of inspection

,.—:,—»‘-—"’."—“\
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