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AMS2694 In-Process Welding of Castings
AMS2804 Identification, Castings
AS7766 Terms Used in Aerospace Metals Specifications

2.2 ASTM Publications

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

ASTM E8 Tension Testing of Metallic Materials

ASTM E10 Brinell Hardness of Metallic Materials

ASTM E29 Using Significant Digits in Test Data to Determine Conformance with Specifications

ASTM E272 Reference Radiographics for High Strength-Copper-Base and Nickel-Copper Alloy Castings
ASTM E478 Chemical Analysis of Copper Alloys

ASTM E1417/E1417M| Liquid Penetrant Testing
ASTM E1742 Radiographic Inspection
2.3 Definitions
Terms used in AMS arg¢ defined in AS7766 and as follows:
231 MELT

A single homogeneoug batch of molten metal to whichall melt additions and processing have be¢n completed and from
which castings are poured.

23.2 MELTLOT
Castings poured from & single melt.
2.3.3 HEAT-TREAT|LOT

Castings of the same gart ndmber, poured from a single melt, and heat treated in the same batch.

3. TECHNICAL REQUIREMENTS

3.1 Composition

Shall conform to the percentages by weight shown in Table 1, determined in accordance with ASTM E478 or by other
analytical methods acceptable to the purchaser (see 3.4.1).

Table 1 - Composition

Element (see 3.1.1 and 3.1.2) Min Max
Copper (see 3.1.4) 83.5 --
Aluminum 105 [12.0
Iron 3.0 4.3
Manganese -- 0.50
Nickel + Cobalt - 0.50
Copper plus sum of named elements (see 3.1.3) [99.5 --
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3.1.1

Test results may be rounded by the “rounding off” method of ASTM E29.

These composition limits do not preclude the presence of other elements. Limits may be established and analysis

required for unnamed elements by agreement between the manufacturer or supplier and purchaser.

required for routine acceptance of each lot.

3.14

or as the result of direct analysis.

3.2 Condition

Solution heat treated a

nd tempered.

When all named elements in Table 1 are analyzed, the sum shall be 99.5% minimum, but such determination is not

Copper may be reported as “remainder,” or as the difference between the sum of results for all elements and 100%,

3.3 Castings

Castings shall be prod
last melt addition.

Liced from metal conforming to 3.1 determined by analysis of a specimen (s

3.4 Cast Test Specimens

Chemical analysis spe
3.4.1  Chemical Anal

Shall be cast from eaq
samples shall be requi

cimens and tensile specimens shall be cast as follows;
ysis Specimen

h melt after the last melt addition and shall be tested to qualify the melt |
ed for each additional 8 hours of holding:time.

3.4.2 Tensile Specimens

mens cut from castings are. specified by the purchaser, separately cast spg
all be cast from each meltafter the last melt addition. Specimens shall be cas

the mold formulation used for castings.Chills are not permitted on test specimen cavity
of the specimen when approved.intaccordance with 4.4.2. A tensile specimen shall b¢ processed with each
heat-treat lof and tested for conformance to 3.6.1.1.

3.4.2.1 Unless spec
ASTMES, s
3.4.22 When the

rchaser speeifies specimens cut from castings, such specimens shall |

treatment, shall be machined to conform to ASTM ES8, and shall be either 0.500-inch (12.]
reduced pafallel gage/section, subsize specimens proportional to the standard, o
specimens, as required in 3.6.1.2 or 3.6.1.3.

3.5 Heat Treatment

pe 3.4.1) cast after the

pt as in 3.1. Additional

cimens, conforming to
t in molds representing
bxcept on the end face

e removed after heat
0-mm) diameter at the
I standard sheet-type

Castings and representative tensile specimens shall be solution heat treated and tempered in accordance with the following;
unless specimens cut from a casting are specified, one or more sets of separately cast tensile specimens shall, during each
stage of heat treatment, be put into a batch-type furnace with each load of castings or into a continuous furnace at intervals
of not longer than 3 hours.

3.5.1

for solution heat treatment, and quenched.

3.5.2

for tempering, and cooled in air.

Castings and tensile specimens shall be heated to not lower than 1600 °F (871 °C), held at heat for the proper time

Castings and tensile specimens shall be heated to not lower than 1100 °F (593 °C), held at heat for the proper time
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3.6 Properties

Castings and representative tensile specimens produced in accordance with 3.4.2 shall conform to the following
requirements:

3.6.1  Tensile Properties

Shall be as follows, determined in accordance with ASTM E8; conformance to the requirements of 3.6.1.1 shall be used as
the basis for acceptance of castings except when the purchaser specifies that the requirements of 3.6.1.2 apply:

3.6.1.1  Separately Cast Specimens

Shall be as shown in Table 2.

Table 2 - Minimum tensile properties

Property Value
Tensile Strength 85.0 ksi (586 MPa)
Yield Strength at 0.2% Offset 45.0 ksi (310 MPa)
Elongation in 4D 5%

3.6.1.2 Specimens Cut From Castings
The average of not lesg than four, and preferably ten, specimens shall be-as shown in Table 2 for sedtions of castings 1 inch
(25.4 mm) and under in nominal thickness. Tensile properties of castings)over 1 inch (25.4 mm) in pominal thickness shall
be as shown in Table 3 (see 8.5).

Table 3 - Minimum tensile properties

Property Value
Tensile Strength 72.0 ksi (496 MPa)
Yield Strength at 0.2% Offset 36.0 ksi (248 MPa)
Elongation in 4D 5%

3.6.1.21  When properties other than those specified in 3.6.1.2 are required, specimens mdchined from locations
indicated dn the drawing from a.casting chosen at random to represent the lot shall have fhe properties indicated
on the draying for such specimens. Property requirements may be designated in accordance with AMS2360.
3.6.2 Castings shall have hardness of 200 to 235 HB or equivalent, determined in accordance with ASTM E10.

3.7 Quality

Castings, as received by-the—purehaser—shal-be—driform-in—quality-and-condition—seund—and-free from foreign materials
and from imperfections detrimental to usage of the castings.

3.7.1  When acceptance standards are not specified, Grade C of AMS2175 shall apply. ASTM E272 may be used to
define radiographic acceptance standards.

3.7.2 Methods of inspection and frequency of inspection shall be as agreed upon by the purchaser and producer. A
“Casting Class” of AMS2175 may be selected to specify the method and frequency of inspection (see 8.5).

3.7.3 Castings shall be produced under radiographic control. This control shall consist of 100% radiographic inspection
of castings until process control factors (see 4.4.2) have been established to ensure production of acceptable
castings. Unless otherwise specified by the purchaser, continued radiographic inspection of production castings
shall be performed at a frequency determined by the producer to assure continued maintenance of internal quality.

3.7.3.1  Radiographic inspection shall be conducted in accordance with ASTM E1742, unless otherwise specified by
the purchaser.
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3.7.4 When specified by the purchaser, castings shall be fluorescent penetrant inspected using a method specified by
the purchaser or, if not specified, a method in accordance with ASTM E1417/E1417M (see 8.5).

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

3.7.5.1

the purchaser may be used.

3.8 Exceptions

Any exceptions shall be authorized by the purchaser and reported as in 4.5.1.

4. QUALITY ASSURANCE PROVISIONS

When authorized by the purchaser, welding in accordance with AMS2694 or other welding program approved by

4.1 Responsibility fo
The producer of castin
all required tests. The
to ensure that the cast

4.2 Classification of
421 Acceptance Te
Except as specified in 4

specified, tensile propq
acceptance tests and {

4211 Tensile prop
separately o
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4.2.2 Periodic Tests

Radiographic inspectig
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All technical requiremg
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[ Inspection

gs shall supply all samples for the producer’s tests and shall be responsible

for the performance of

purchaser reserves the right to sample and to perform any confirmatory testing deemed necessary

ngs conform to specified requirements.
Tests
sts

1.2.1.1, composition (see 3.1), tensile properties.of separately cast specimeng

(see 3.6.1.1) or, when

rties of specimens cut from a casting (see 3.6:1.2), hardness (see 3.6.2), and quality (see 3.7) are

hall be performed to represent each melt oreat-treat lot as applicable.

brties of specimens cut from a casting.shall be determined when specified by

the purchaser or when

ast specimens are not available. Tensile properties of separately cast specimens need not be

vhen tensile properties of specimens cut from a casting are determined.

n (see 3.7.3) following'the establishment of process control (see 4.4.2) are

periodic tests and shall

lency selected by the)producer unless frequency of testing is specified by th¢ purchaser.

Tests

nts of this-specification are preproduction tests and shall be performed on the first-article shipment

ser, When a change in material and/or processing requires reapproval by the
P, and~when the purchaser and/or cognizant engineering organization deems

cognizant engineering
confirmatory testing to

be required.

4.3 Sampling and Testing

Shall be in accordance

4.3.1

432

with the following:

purchaser requires properties of specimens cut from castings as in 4.3.4.

4.3.3 One or more p

reproduction castings in accordance with 4.4.1 of each part number.

One or more chemical analysis specimens in accordance with 3.4.1 from each melt for conformance to 3.1.

Three separately cast tensile specimens in accordance with 3.4.2 from each heat-treat lot except when the
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434

One or more castings from each heat-treat lot when tensile properties of specimens are machined from a casting.

For determining conformance to the requirements of 3.6.1.2.1, if specimen locations are not shown on the drawing,
two specimens from the thickest section and two specimens from the thinnest section shall be cut from a casting or
castings from each lot.

4.4 Approval

441

Sample castings from new or reworked patterns or molds and the casting procedure shall be approved by the

cognizant engineering organization before castings for production use are supplied, unless such approval be waived
by the cognizant engineering organization.

442

The producer shall establish, for production of sample castings of each part number, parameters for the process

control factors that will produce acceptable castings; these shall constitute the approved casting procedure and
shall be used for producing production castings. The producer shall also establish a single procedure for production

of separately

consistent for all material cast to this specification. Control factors for producing separately

need not be th
the process cd
statement of t
Production caq
cognizant engi

4421
conformancs

Control factg
following. Th
factors for sq
used for cas

4422

Type of furnace
Furnace atmosphere
Alloy additions, fluxing
Gating and risering prg
Mold composition and
Core composition and
Melt hold time

Metal pouring tempera
Solidification and cooli
Solution heat-treat and
Straightening procedur
Cleaning operations
Methods of inspection

Unless othenwise specified by the purchaser, one casting from each lot shall be tested for]

ast tensile specimens. The method tor production or separately cast tens

b same as those used for production of castings. If necessary to makesany ch
ntrol factors, the producer shall submit for reapproval to the cognizant eng
e proposed changes in processing and, when requested, sample“¢astings
tings incorporating the revised operations shall not be shipped»prior to rece
heering organization.

with 3.6.2.

rs for producing castings and separately cast {ensile specimens include, bu
e supplier's procedures shall identify tolerances, ranges, and/or control limits|
parately cast tensile specimens must generally represent, but need not be id
ings:

deoxidation, and gas removal-procedures
ctices

molding practice

fabrication method,-when applicable

ure
g procedures
stabilization cycles
e, when:applicable

le specimens shall be
cast tensile specimens
ange in parameters for
neering organization a
and/or test specimens.
pt of reapproval by the

hardness to determine

t are not limited to, the
, as applicable. Control
bntical to, those factors

Radiographic inspecti

4.4.2.2.1

TSampting ptam, if used

Any of the above process control factors for which parameters are proprietary by the producer may be assigned

a code designation. Each variation in such parameters shall be assigned a modified code designation.

45 Reports

The producer of castings shall furnish with each shipment a report showing the results of tests for chemical composition of
each melt and the results of tests for tensile properties of separately cast specimens representing each heat-treat lot or,
when specified, of specimens cut from a casting from each lot and the results of tests for hardness of castings from each
heat-treat lot. This report shall include the purchase order number, melt and heat-treat lot numbers, AMS4873G, part
number, and quantity.
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