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NICKEL-ALUMINUM-BRONZE CASTINGS, MARTENSITIC
Sand and Centrifugal
78Cu - 11AT - 5.1Ni - 4.8Fe
Solution Heat Treated and Tempered
UNS 95520

1. SCOPE:_

1.1 Form: |[This specification covers one type of nickel-aluminum'‘bronze in the
form of| sand or centrifugal castings.

1.2 Applicdtion: Primarily for parts requiring a combination of high| strength
and harjdness with some ductility and toughness.

2. APPLICABLE DOCUMENTS: The following publications{form a part of this
specification to the extent specified herein. . The latest issue of| Aerospace
Materiall Specifications shall apply. The applicable issue of other documents
shall be| as specified in AMS 2350.

(::> 2.1 SAE Pubjlications: Available from SAE,. 400 Commonwealth Drive, Wafrendale,
PA 15096.

2.1.1 Aerospace Material Specifications:

AMS 2350 - Standards and Test Methods

AMS 2B60 - Room Temperature Tensile Properties of Castings
AMS 2p30 - Uitrasonic_Inspection

AMS 2b35 - Radiographic Inspection

AHS 2p45 - Fluorescent Penetrant Inspection

AMS 2p46 - Contrast Dye Penetrant Inspection

AMS 2p94 - Repa’ir Welding of Aerospace Castings

AMS 2B04 - 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 for any particular use, including any patent infringement

O 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.
i%isi;) Printed in U.S.A.

All rights reserved.

Copyright 1987 Society of Automotive Engineers, Inc. ‘
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2.2 ASTM Pub

lications:

Materia]
ASTM B20

ASTM E8
ASTM E18

ASTM E47

s, 1976 Race Street, Philadelphia, PA 19103.
8

Preparing Tension Test Specimens for Copper-Base Alloy
Sand Castings

Tension Testing of Metallic Materials

Rockwell Hardness and Rockwell Superficial Hardness of
Metallic Materials

Chemical Analysis of Copper-Base Alloys

8

Available from American Society for Testing and

s for

2.3 U.S. Government Publications: Available from Commanding Officer, Naval

Publicaty

2.3.1 Milita

ry Standards:

MIL-ST|
3. TECHNICAL

REQUIREMENTS:

3.1 Composit
¢ determin
spectroc

ion: Shall conform to the following percentages by weight
pd by wet chemical methods in accordancewith ASTM E478 or
hemical or other analytical methods approved by purchaser:

min max

3.1.1

Copper 7
Tuminum 1
ickel

Iron

anganese --
inc -
Tin --
obalt --
ilicon --
hromium o --
Lead -—
opper-plus Sum of Named Elements 99.8

CO=—=MNNWOH OO O,

oo oo—010— 1
Ll .

If composition is determined by instrumental methods such as

19120.

D-794 - Parts and Equipment, Procedures for Packaging and Racking of

by

g spectriochemical, x-ray, or atomic absorption, copper may be reported as

remainder.

3.2 Condition:

Solution heat treated and tempered.
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3.3

Casting:

e

Castings shall be produced in lots from metal conforming to 3.1.

Metal remelted from previously analyzed ingot may be poured directly into

castings.

Molten metal taken from alloying furnaces, with or without

additions of foundry operating scrap (gates, sprues, risers, and rejected
castings), shall not be poured into castings unless first converted to
ingot, analyzed, and remelted or unless the composition of a sample taken
after the Tast addition to the melt conforms to 3.1.

3.3.1

A melt shall be the metal withdrawn from a

batch furnace charge of 2000 1b
900 kg) or less as relted for pouring castings or, when permitted by

purchaser, a melt shall be 4000 1b (1800 kg) or less of metal withdrawn

from

3.4 Test S

A lot
g eight
heat

nnnnnn E AT PN
vite " CUTTV ITITTUVU O

furrace—imrmot—more—than eighi, consecutive|hours.

shall be all castings poured from a single melt in not more than
consecutive hours and solution heat treated and tempéred|in the same
treatment batch.

ecimens: Chemical analysis specimens and ten$ile specimens shall be

cast a

3.4.1

Chem

5 follows and, when requested, shall be supplied with the gastings:

cal Analysis Specimens: Shall be cast from each melt and

convenient size, shape, and form.

3.4.2 Tens{

be of any

le Coupons:

Shall be cast with each lot of castings and ds follows:

3.4.2.1
¢

d Cast: Coupons from which specimens are produced shall He standard
blocks in accordance with-ASTM B208 cast in molds made With the
ular foundry mix of sand, Without using chills, or in bakdd core sand
ds. Metal for the coupdns shall be part of the melt whicH is used
the castings and shall’be poured at a temperature not loWer than the
perature of the metal’during pouring of the castings. If [the metal
castings is given any treatment such as fluxing or cooli g and
eating, the metal for the coupons shall be a portion of the metal so
ated, and during such treatment shall be heated to the sarle maximum

3.4.2.2

tings dn

cimens_conforming to ASTM E8 with 0.500 in.
reduced parallel gage section.

perature and\held for approximately the same Tength of time as the
ten metal’for the castings.

Coupons shall be heat treated with the
dccordance’ with 3.5 and machined to standard tenslile
(12.50 ma) diameter at

Centrifugally Cast:

Coupons from which specimens are produced shall be

cylindrical bars of such size to allow machining specimens conforming to
ASTM E8 with 0.500 in. (12.50 fim)
section.

diameter at the reduced parallel gage

Metal for the coupons shall be part of the melt which is used

for the castings and shall be poured at a temperature not lower than the

temperature of the metal during pouring of the castings.

If the metal

for castings is given any treatment in the furnace as described in
3.4.2.1, the metal for the coupons shall be given the same treatment.
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3.5 Heat Treatment: A1l castings and representative coupons for tensile
specimens shall be solution heat treated by heating to a temperature within
the range 1600° - 1700°F (870° - 925°C), holding at the selected temperature
within +25°F (415°C) for not less than 2 hr, and quenching in water and
tempered by heating to a temperature within the range 925° - 1000°F (495° -
540°C), holding at the selected temperature within +15°F (+10°C) for not

less than 2 hr, and cooling in air to room temperature.

3.6 Properties: Castings and representative tensile coupons produced in
_ accordance with 3.4.2 and heat treated as in 3.5 shall conform to the
following requirements: ’

.1 Tensille Properties: Shall be as follows, determined in accordafce with
ASTM [E8; conformance to the requirements of 3.6.1.1 shall be used as the
basis| for acceptance of castings except when purchaser specifie§ that the
reguirements of 3.6.1.2 apply:

« o

3.6.1.1 Seplarately-Cast Specimens:

3.6.1.1.1 Spnd Cast:

ensile Strength, min | 125,000 psi (860|MPa)-

T _
Yiield Strength at 0.2% Offset, min 95,000 psi (655 |MPa)
Ellongation in 4D, min 2%

3.6.1.1.2 Centrifugally Cast:
Tensile Strength, min 130,000 psi (895 [MPa)
Yield Strength at 0.2% 0ffset, min 95,000 psi (655 |MPa)
Ellongation in 4D, min 3%

3.6.1.2 Spefimens Cut from Apy Area of a Castings: Shall meet the fb]]owing
reglirements:

3.6.1.2.1 Cpstings 1.00. In. (25 mm) and Under in Nominal Section ThicKness:

©3.6.1.2.1.1 | Sand Castings: Shall meet the requirements of 3.6.1.1.1.

D

3.6.1.2.1.2 Ceptrifugal Castings: Shall meet the requirements of 3.6.1.1.2.

»3.6.1.2;2 Castings—Bver—=00—tn—(25—mm}—inNomimatSection—Fhickmesst

3.6.1.2.2.1 Sand Castings:
Tensile Strength, min 120,000 psi (825 MPa)
Yield Strength at 0.2% Offset, min 85,000 psi (585 MPa)

Elongation in 4D, min 1.5%
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3.6.1.2.2.2 Centrifugal Castings:

Tensile Strength, min 125,000 psi (860 MPa)
Yield Strength at 0.2% Offset, min 90,000 psi (620 MPa)
Elongation in 4D, min 2%
3.6.1.2.3 When properties other than those of 3.6.1.2.1 or 3.6.1.2.2 are
@ required, tensile specimens taken from locations indicated on the
drawing, from a casting or castings chosen at random to represent the
Tot, shall have the properties specified on the drawing for such
specimens. Property requirements for such specimens may be designated
X - o
3.6.2 Hapdness: Should be not Tower than the following, determinefl in accordance
g with ASTM E18, but castings shall not be rejected on the basfis of hardness
if| the tensile property requirements are met.

3.6.2.1 pand Castings: 25 HRC, or equivalent.

3.6.2.2 [entrifugal Castings: 28 HRC, or equivalent.

3.7 Qualjfity:

3.7.1 Captings, as received by purchaser,.shall be uniform in qualfty and
copdition, sound, and free from foreign materials and from imperfections
detrimental to usage of the castings.

3.7.1.1 C[astings shall have smoothCsurfaces and shall be well cleaped.

3.7.2 Captings shall be produced under radiographic control, This|control shall

g copsist of radiographic examination of castings in accordance with AMS
26p5 until proper foundry technique, which will produce castjngs free from
harmful internal Amperfections, is established for each part|number and of
prpduction castings as necessary to ensure maintenance of satisfactory
qupality.

3.7.3 When specified, castings shall be subjected to ultrasonic ingpection in
acrordance with AMS 2630, to fluorescent penetrant inspection in
acgorddance with AMS 2645, to contrast dye penetrant inspectign in
acgordance with AMS 2646, or to any combination thereof.

3.7.4 Radiographic, ultrasonic, fluorescent penetrant, contrast dye penetrant,
and other quality standards shall be as agreed upon by purchaser and
vendor,

3.7.5 (astings shall not be repaired by peening, plugging, welding, or other
methods without written permission from purchaser.

3.7.5.1 When permitted in writing by purchaser, defects in castings may be
@ removed and the castings repaired by welding in accordance with AMS 2694.
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4. QUALITY ASSURANCE PROVISIONS:

4.1
)

4.2
4.2.1

4.2.1
g

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 pu
required by 4.5. Purchaser reserves the right to sample and to pe
confirmatory testing deemed necessary to ensure that the castings conform to
the requirements of this specification.

Classification of Tests:

Accep

confo
separ
of sp
quali
repre

.1 Ten
onl
not
be
det

4.2.2 Prepr

o

4.2.2

4.3 Sampling:

4.3.1
'}

4.3.2
g

4.3.3

ance to requirements for composition (3.1), tensile prepe
ely-cast specimens (3.6.1.1) or, when specified, tensile
cimens machined from castings (3.6.1.2), hardness (3.6.2),

(3.7) are classified as acceptance tests and shald be pe
nt each melt or Tot as applicable.

rchaser as
rform any

'niine
rties of
properties
and
~formed to

ile properties of specimens cut from castings-shall be det¢rmined
when specified by purchaser or when separately-cast specimens are

vailable. Tensile properties of separately-cast specimen
etermined when properties of specimens.cut from castings a
rmined.

uction Tests: Tests to determine conformance to all tech

requi
and s
casti
requi
testi

.1 For

ements of this specification.are classified as preproducti
all be performed prior to orion the first-article shipment
g to a purchaser, when a change in material, processing, o
es reapproval as in 4.4:2, and when purchaser deems confir
g to be required.

direct U.S. Military procurement, substantiating test data

requested, preproduction test material shall be submitted to t

cogn
of fi

At lea

izant agency @s directed by the procuring activity, the co
cer, or the'request for procurement.

Shall be in accordance with the following:

st ‘'oneé chemical analysis specimen in accordance with 3.4.1

melt @

r-a casting from each lot.

5 need not
re

pical

bn tests
of a

r both
patory

and, when
he
ntracting

from each

Three separately-cast tensile specimens in accordance with 3.4.2 from each
Tot except when purchaser requires properties of specimens cut from

castin

gs.

Two preproduction castings in accordance with 4.4.1 of each part number,
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4.3.4 One or more castings from each lot when properties of specimens machined

g

from castings are required. Size, Tocation, and number of specimens
machined from castings shall be as specified on the drawing or as agreed
upon by purchaser and vendor. When size, Tocation, 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 from each Jot.

4.4 Approval:

4.4.1

4.4.2

4.4.2.1

4.4.2.1

Sample castings from new or reworked patterns or molds and the casting
proc ] roduction
use|are supplied, unless such approval be waived by purchaser:

Vendor shall establish for production of sample castings ‘of each part
numher parameters for process control factors which wi%l produce
accgptable castings; this shall constitute the approved casting procedure
and [shall be used for producing production castings.” If neces|sary to make
any |change in parameters for process control factors, vendor shall submit
for |reapproval a statement of the proposed changes in processijng and, when
reqyested, test specimens, sample castings,“or both. Productipn castings
incgrporating the revised operations shallinot be shipped prior to receipt
of neapproval.

Cgntrol factors for producing castings include, but are not [limited to,
the following:

Type of furnace

Fyrnace atmosphere

Fluxing or deoxidation-procedure

Gdting and risering practices (sand castings), mold set-up, parting
agent, and rotational speed (centrifugal castings)

Mgtal pouring temperature; variation of +50°F (+30°C) from the
established Timit is permissible

Sdlidification.and cooling procedures

Cleaning operations

Sqlution. heat treatment and tempering cycles

Mdthods.“of inspection

.1 |Any of the above process control factors for which parametprs are
considered proprietary by the vendor may be assigned a code
designation, Each variation in such parameters shall be assigned a
modified code designation.

4,5 Reports:

4.5.1
g

The vendor of castings shall furnish with each shipment a report

showing the results of tests for chemical composition of at least one
casting or of specimens as in 3.4.1 cast from each melt represented and
the results of tests on each lot to determine conformance to the other
technical requirements of this specification. When properties of
specimens cut from castings are determined, the report shall include the
results of tests to determine conformance to such requirements. This
report shall include the purchase order number, melt number, AMS 4881A,
part number, and quantity.
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