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1. SCOPE:
1.1 Form:
This specification covers an aluminum alloy in the form of castings.
1.2 Application:
Primarily for $tructural aircraft components (See 8.3) requiring DAS quality control.

1.3 Safety - Hazgrdous Materials:

While the maferials, methods, applications; and processes described or referenced in this
specification may involve the use of hazardous materials, this specification does nqt address the
hazards which may be involved invsuch use. It is the sole responsibility of the userfto ensure
familiarity with the safe and proper use of any hazardous materials and to take necgssary
precautionary measures to ensure the health and safety of all personnel involved.

2. APPLICABLE DOCUMENTS:

The following publications form a part of this specification to the extent specified hergin. The latest
issue of SAE pupblications shall apply. The applicable issue of other publications shall be the issue in
effect on the date-of-the pulbhaac ofdet:

2.1 SAE Publications:
Available from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001.
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 2000 Society of Automotive Engineers, Inc.

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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3. TECHNICAL R

3.1

(Continued):

AMS 4246
ARP1947

Aluminum Alloy Welding Wire, 7.0Si - 0.52Mg

Dendrite Arm Spacing of Structural Aircraft Quality D357 Aluminum Alloy Castings,

Determination and Acceptance of

ASTM Publications:

Available fro

n ASTM,_1916 Race Street, Dhilndnlphin’ PA_19103-1187

ASTM B 557
ASTM B 557

ASTM B 660
ASTM E 10
ASTM E 34
ASTM E 155

U.S. Governr

Available fron
Philadelphia,

MIL-H-6088
MIL-STD-453
MIL-STD-686

Tension Testing Wrought and Cast Aluminum- and Magnesium-All
M Tension Testing Wrought and Cast Aluminum- and Magnesium-All

(Metric)

Packaging/Packing of Aluminum and Magnesium Products

Brinell Hardness of Metallic Materials

Chemical Analysis of Aluminum and Aluminum.Alloys

Reference Radiographs for Inspection of Aluminum and Magnesiu

hent Publications:

PA 19111-5094.

Heat Treatment of Aluminum-Alloys
Inspection, Radiographic
6 Inspection, Liquid Penetrant

AlA Publicati¢ns:

Available fron

NAS 823

N National Standard Association, Inc., 1321 14th Street, N.W., Washin
Cast.Surface Comparison Standard

FQUIREMENTS:

by Products
by Products

M Castings

N Standardization Documents Order Desk, Building 4D, 700 Robbins Avenue,

jton, DC 20005.

Composition:

Shall conform to the percentages by weight shown in Table 1, determined by wet chemical methods
in accordance with ASTM E 34, by spectrochemical methods, or by other analytical methods

acceptable to

purchaser.
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TABLE 1 - Composition

Element min max
Silicon 6.5 7.5
Manganese 055 0.6
Titanium 0.10 0.20
BC|y”iun| 004 GG_l’
Iron -- 0.12
Manganese - 0.10
Other Impurities, each - 0.05
Other Impurities, total - 0.15
Aluminum remainder

3.2 Condition:
Solution and precipitation heat treated to T6 condition.

3.3 Casting:

Castings shall be produced from metal conforming to 3.1.

3.3.1 A melt shall be a single homogeneous batch of molten metal on which all process
completed and the temperature-has been adjusted ready for pouring castings.

3.3.2 Aot shall be all castingspaured from a single melt in not more than eight conseg
solution andl precipitation-heat treated in the same heat treat batch.

3.4 Test Specimgns:

3.4.1 Chemical Andlysis Specimens: Shall be cast from each melt.

ing has been

utive hours and

3.4.2 Integrally-Attached Coupons: At least two coupons shall be integrally-attached to each casting.
The two coupons shall represent a variation of size of dendrite arm spacing (DAS). The chilled
coupon exhibiting a small DAS shall be identified as coupon "A"; the unchilled coupon of large DAS
shall be identified as coupon "B". These coupons shall be tested for tensile property determination
specified in 3.6.1 and microstructure evaluation specified in 3.6.3. Additional coupons may be

added for retest and for foundry purposes at the option of the foundry.

3.4.2.1 Location and size of integrally-attached coupons are optional with the following exceptions:
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3.4.2.1.1 The coupons shall be flat and at least large enough to permit excision of a sub-size round
tensile specimen of 0.250 inch (6.35 mm) diameter conforming to ASTM B 557 or ASTM B

557M w

ith a gage length of 1 inch (25 mm).

3.4.2.1.2 The coupons shall be located in such a manner as to avoid any interference with inspection

tooling.

minimum DAS

3.4.2.2 Thetwo c upons shall be prnr‘lllr‘nr‘l with \/nr\lling solidification rates to dn\/nlnp c

size differ
to 393 MH

3.4.2.3 Theradio
Table 2.

3.4.2.4 Removal
a testing 1

3.4.25 Alinearp
DAS. Thi

3.5 Heat Treatms

Castings and
accordance W

3.5.1 The solutio

3.5.2 The quench
required ca

3.6 Properties:

Castings and

ence of 0.0010 inch (0.025 mm) within a tensile strength range of 47.(
a).

to 57.0 ksi (324

graphic quality of the coupons shall meet the requirements fQP designated areas of

and testing of integrally-attached coupons for casting’acceptance shall
acility acceptable to purchaser.

be performed by

ot shall be made from ultimate tensile strength results of coupons A gnd B relative to

s will give the needed DAS to meet the tensile requirements of 3.6.1.
nt:

integrally-attached coupons shall be solution and precipitation heat tr
ith MIL-H-6088 except as specified in 3.5.1 and 3.5.2.

1 heat treat temperature shall be 1010 °F + 10 (543 °C % 6).

ing and precipitation heat treating procedure shall be established to d
5ting properties.

integrally-attached chilled coupon "A" shall conform to the following re

pated in

evelop the

pquirements:

3.6.1 Tensile Properties: Shall be as follows, determined in accordance with ASTM B 557 or ASTM B
557M and properties in either 3.6.1.1 or 3.6.1.2 shall be used as basis for acceptance of castings:

3.6.1.1 Integrally-Attached Chilled Coupon "A": For heat treat control, tensile properties shall be as
shown in Table 2.
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TABLE 2 - Tensile Properties

Property Value

Tensile Strength, minimum 51.0 ksi (352 MPa)

Yield Strength at 0.2% Offset 42.0 to 47.0 ksi
(290 to 324 MPa)

3.6.1.2 Specimer
shall be a

3.6.1.2.1 Design3g

3.6.1.2.2 Casting

s Cut from Castings: Tensile properties of specimens cut from’a casti
S shown in Table 3 or Table 4:

ited Casting Areas:

TABLE 3 - Minimum Tensile, Properties

Property Value
Tensile Strength 50.0 ksi (345 MPa)
Yield Strength at 0.2% Offset 40.0 ksi (276 MPa)

Elongation in 4D (See3.6.1.2.4) 3%

Areas Other Than Designated Areas:

TABLE 4 - Minimum Tensile Properties

Property Value
Tensile Strength 45.0 ksi (310 MPa)
Yield Strength at 0.2% Offset 36.0 ksi (248 MPa)

Elongation in 4D (See 3.6.1.2.4) 2%

g or castings

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 lot, shall have the properties indicated on the drawing for such specimens.
Property requirements may be designated in accordance with AMS 2360.

3.6.1.2.4 Excised specimens shall be subsize and proportional to the standard round or sheet-type
specimens defined in ASTM B 557 or ASTM B 557M. For sheet-type specimens, elongation

shall be

measured based on a gage length of 4.5 times cross-sectional area.
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3.6.2 Hardness of Castings: Should be not lower than 90 HB/10/500, determined in accordance with
ASTM E 10. Castings shall not be rejected on the basis of hardness if the tensile property

3.6.3

3.7

3.7.1

3.7.1

3.7.2

3.7.3

.1 Castings

requiremen

ts of 3.6.1.2 are met.

Microstructure: The microstructure of the casting surface in purchaser designated areas of the

casting shall not exceed the maximum size coarseness, determined in accordance with ARP1947
and results from tests of coupons A and B. Castings which exhibit an unacceptable microstructure
shall be held for disposition by purchaser’s cognizant engineering personnel. Castings shall not be

rejected, hg

wever ifthe rnnlnirnmnntc of 3.6.1.2 are met

Quality:
Castings, a
foreign mat

and shall

Castings sh

examination of castings until proper foundry technigque’and controls are establishg

brials and from imperfections detrimental to usage of the ©astings.

shall have a surface finish in accordance with the efqgineering drawing
be well cleaned. NAS 823 may be used to specify~surface finish acce

all be produced under foundry control. Thisieontrol shall consist of pr

5 received by purchaser, shall be uniform in quality and condition, sound, and free from

and NAS 823
ptance criteria.

pproduction
bd which will

produce castings that will meet the drawing quality and dimensional requirements.
Radiographfic inspection shall be performed on each casting in accordance with MIIL-STD-453.
Type 1 radipgraphic film shall be used, ane:a maximum unsharpness value of 0.003 inch (0.08
mm) and equivalent penetrameter sensitivity of 1% shall be maintained. ASTM H 155 shall be
used to deflne radiographic acceptance standards in accordance with Table 5.
FABLE 5 - Radiographic Requirements
Radiograph Designated Othar
Defeet.Indications Reference Areas Areds
Gas holes 1.1 1 2
Gas ‘porosity (round) 1.21 1 3
as pnrncif\ll (nlnngnfnd) 1 22 1 3
Shrinkage cavity 2.1 1 2
Shrinkage porosity or sponge 2.2 1 2
Foreign material (less dense) 3.11 1 2
Foreign material (more dense) 3.12 1 2
Segregation none none
Cracks none none
Cold shuts none none
Laps none none

Maximum acceptance defects in aluminum alloy castings (maximum

P

ermissible radiograph in accordance with ASTM E 155)
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3.7.3.1 When two or more types of defects are present to an extent equal to or not sign

ificantly better

than the acceptance standards for respective defects, the parts shall be rejected.

3.7.3.2 When two or more types of defects are present and the predominating defect is

not better than

the acceptance standard, the part shall be reviewed for disposition by the cognizant engineering

personnel.

3.7.3.3 Gas holes or sand spots and mclusmns aIIowed by Table 5 shall be cause for rejection when

closer tha

3.7.4 Each casting shall be subjected to fluorescent penetrant inspection in accordarce
MIL-STD-6866, sensitivity Level 2.

3.7.4.1 Linear indications, cold shuts, cracks, and seams are not acceptable:

3.7.4.2 Surface plorosity is not acceptable if the individual pores are-gloser than twice th
dimension to an edge or extremity of the casting or the pares’form a linear indic
or more are in a line and the distance between any twosindications is less than {
maximum| dimension of either adjacent indication.

3.7.4.3 Any individual indication which is three times longer than it is wide shall be cons
indication{and is not acceptable.

3.7.5 Castings shall not be reworked by peening,-plugging, welding, impregnation or ot
except as specified in 3.7.5.1.

3.7.5.1 Defects in non-critical areas of the casting may be removed and the castings re
welding inp accordance with, AMS 2694, using AMS 4246 alloy filler metal. The
procedurgs shall have prior;approval by purchaser.

4. QUALITY ASSURANCE PROVISIONS:

4.1 Responsibility for inspection:

with

eir maximum
ation, i.e., three
wice the

idered a linear

her methods,

worked by
endor’s weld

The vendor o castings shallbe rncpnnclhln for r‘nnrdmnhng all acceptance testing

castings at facilities acceptable to purchaser. Tensile testing of specimens excised

f production
periodically from

castings and DAS determinations, when required, shall be performed at a testing facility acceptable
to purchaser. 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.

4.2 Classification of Tests:

4.2.1 Acceptance Tests: Tests for composition (3.1), tensile properties of integrally-attached coupons
(3.6.1.1), tensile properties of specimens cut from castings (3.6.1.2), and quality (3.7) are

acceptance tests and shall be performed on each casting, melt, or lot as applicab

le under 4.3.
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4.2.2 Periodic Tests: Tests for hardness (3.6.2) and microstructure (3.6.3) are periodic tests and shall be
performed at a frequency selected by the vendor unless frequency of testing is specified by

purchaser.

4.2.3 Preproduction Tests: Tests for all technical requirements are preproduction tests and shall be
performed prior to or on the first-article shipment of a casting to a purchaser, when a change in
material and/or processing requires reapproval as in 4.4.2, and when purchaser deems

confirmator

4.2.3.1 Fordirect
test mate
contractin
4.3 Sampling and

Shall be in ad

4.3.1 For Accepts

4.3.1.1 One chemical analysis specimen in accordance with 3.4.1 from each melt.

4.3.1.2 Destructiv
following

4.3.1.2.1 First30

destructive testing.

4.3.1.2.2 Casting
product
reverts

4.3.1.3 Determ
casting.

/ tncting tohe rnnlnirr:\rl

U.S. Military procurement, substantiating test data and, when requests
ial shall be submitted to the cognizant agency as directed by the’proc
g officer, or request for procurement.

Testing:

cordance with the following:

ince Tests:

e testing of castings for evaluation of excised test specimens shall oc
requency:

Castings Received: Ong ¢asting from each 10 production castings shg
5 Received Thereafter: If no failure occurs in 4.3.1.2.1, one casting frg

on castings consecutively received thereafter. If a failure occurs, the
o one fromeach 10 production castings from the next 30 castings rec

d, preproduction
uring activity,

cur at the

1l be selected for

m each 25
fest frequency
eived.

ne tensile properties of one integrally-attached coupon required by 3.6.1.1 from each

4.3.2 For Periodic Tests and Preproduction Tests: As agreed upon by purchaser and vendor and the

following:

4.3.2.1 When required, specific test locations on the casting and frequency of evaluating castings for
surface microstructure shall be defined by purchaser at time of preproduction approval.

4.4 Approval:

4.4.1 Sample castings from new or reworked patterns shall be approved by purchaser before castings
for production use are supplied, unless such approval be waived by purchaser.
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4.4.1.1 Two preproduction castings of each part number shall be furnished to purchaser. One casting
shall have been dimensionally inspected by the vendor and the results shall be forwarded with
the casting for approval. The second casting shall be supplied to purchaser for metallurgical
evaluation. All vendor test results obtained to substantiate the metallurgical quality of the casting
shall be included.

4.4.2 Vendor shall document the parameters for the process control factors which will produce
acceptable i i i hall be used for
producing groduction castings. If necessary to make any change in parametersdof process control
factors, vendor shall submit for reapproval a statement of the proposed changes in material and/or
processing,|and, when requested, integrally-attached coupons and/or sample castings. Production
castings indgorporating the revised operations shall not be shipped prior-to receipt|of written
reapproval.

4.4.2.1 Control factors for producing castings include, but are not lindited to, the followirg:

Melting practice regarding control of:

Chemisgry

Gas cotent
Melt temperature
Grain size

Molding procedure regarding:
Materialls and assembly
Gating gnd risering systems

Solidifichtion rate in designated areas

Heat treajment practiceregarding:

Load dgnsity.
Quenchjngprocedure

Temperélature and time parameters

Shop traveler describing the sequence of processing, inspection, and testing.

4.4.2.1.1 Any of the above process control factors for which parameters are considered proprietary by
the vendor may be assigned a code designation. Each variation in such parameters shall be
assigned a modified code designation. Details of the process control shall be available for
purchaser’s review/audit at the foundry facility.
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