Ine. under agreement with

the owner, General Motors Corporation, NAO

istributed by Information
Technical Standards Dept.

The materials contained herein have been
reproduced and di

Handling Services,

B 900k379 0004309 199 m

GENERAL MOTORS ENGINEERING STANDARDS

Materials and Processes — Metals

SPECIFICATIONS FOR ALUMINUM ALLOY CASTINGS
GM3999M

1 SCOPE. The following specifications cover aluminum
alloys used in castings made by sand cast, permanent mold, die
cast or lost foam methods.

2 REFERENCED STANDARDS.

GM1000M ASTM B85 SAE J1086
ASTM B26 ASTM B108
ASTM B26M  ASTM E10

3 SPECIFICATION FORMAT. The ASTM and UNS
(refer to SAE J1086) designation system shown below must be
called out to assure that all properties and procedures are spec-
ified. An example specification for a Permanent Mold 319
alloy casting is:

Product Standard: ASTM B108

Alloy: 319.0

International Equivalent: UNS A03190
Temper: F

Please refer to Appendix A for a detailed specification format.

3.1 Any modifications to the hardness or chemistry require-
ment as shown in the ASTM/UNS standard requires that
mechanical properties be established for the new alloy.

4 CHEMICAL COMPOSITION.

4.1 Castings furnished to this specification, except GM spe-
cific alloys indicated in Table A, shall conform to limits shown
in the appropriate ASTM standards for the alloy number speci-
fied by the purchaser. Conformance shall be determined by the
producer by analyzing samples taken at the time the castings
are poured, or samples taken from castings or tension test
specimens representative of castings.

4.2 RESTRICTED AND REPORTABLE CHEMICALS
(GM1000M). All materials supplied to this specification must
comply with the requirements listed in GM1000M, "Restricted
and Reportable Chemicals."

5 MECHANICAL AND PHYSICAL PROPERTIES.

5.1 Mechanical properties of sand and permanent mold cast-
ings shall conform to limits shown in the appropriate national
standards. The tensile strength, yield strength, and elongation
properties indicate the performance level of the alloy as mea-
sured in cast-to-shape test bars poured from the same batch of
alloy as the casting. Properties of castings will vary depending
on solidification rate and cooling rate of individual castings
which are significantly influenced by casting section size.
Because of this, the properties of bars machined from castings
may vary from those machined from cast-to-shape test bars.

5.1.1 The purchaser may specify the value of the mechanical
properties from castings. However, these values are deter-
mined by a statistically significant number of test bars from
designated sections of castings produced by a stable process.

5.2 Acceptance criteria of die castings is based on composi-
tion and shall be as specified by purchaser. Typical properties
of die castings are shown in ASTM B85 and are not a manda-
tory part of the specification. Mechanical properties may be
determined from test specimens cast in a separate tensile test
bar die. Test bars machined from castings do not provide a
reliable measure of the mechanical properties of the alloy
being cast and thus this method should not be used to deter-
mine conformance to the specification.

5.3 The methods of obtaining cast-to-size bars for mechanical
property tests are explained in the appropriate ASTM stan-
dards for the casting process. Sand and permanent mold
castings are based on standard 12.5 mm diameter test bars. Die
castings are based on standard 6.40 mm diameter die cast bars.

5.4 Hardness specified applies both to test bars and to the
castings poured from the same melt except for die castings
unless specifically indicated. When the hardness required is for
castings the test location must be specified.

5.5 The physical properties of sand and permanent mold cast-
ings are given in the AA Standards for Aluminum Sand and
Permanent Mold Castings, and for die castings in the NADCA
Product Standards for Die Castings.

5.6 The composition and the required properties of GM spe-
cific alloys are listed in the following tables:

Table A: Chemical composition limits for GM specific alu-
minum castings

Table B: Mechanical limits and typical physical properties
for GM specific lost foam, sand, and permanent mold alu-
minum castings

Table C: Typical mechanical properties for GM specific
aluminum die castings

5.7 Conversions for obsolete GM specific cast Aluminum
alloys are given in Table D.

6 WORKMANSHIP AND FINISH. Castings furnished
to these specifications shall be uniform in composition and
shall be free of detrimental discontinuities such as blowholes,
cracks, cold shuts, misruns, shrinks, etc., within mutually
established acceptance limits which assure adequate perfor-
mance of the part.

6.1 Die castings to be polished or plated shall be free from
detrimental die marks, file marks, fins, ejector pin depressions,
etc., as agreed between supplier and purchaser.

6.2 Castings shall not be brazed, soldered, welded, impreg-
nated, peened or plugged without permission of the purchaser.

7 HEAT TREATMENT. When castings are specified to
be heat treated the supplier shall be responsible for the use of
proper temperatures, heating and cooling cycles, and handling
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techniques with respect to the material involved, for the pro-
duction of correct microstructures, and for satisfactory
cleaning or work after heat treating.

7.1 The temper designation is used for all forms of cast alu-
minum alloys and tempers are registered with the AA, It is
based on the sequences of basic treatments used to produce the
various tempers. A complete explanation for the AA Temper
Designation System is given in the Aluminum Standards and
Data.

7.2 Registered tempers and recommended heat treatments for
sand and permanent mold castings are given in AA Standards
for Aluminum Sand and Permanent Mold Castings - Table
AA-CS-M11-XX. Some additional tempers registered with the
AA but not included in the above mentioned table are listed in
the AA Tempers for Aluminum and Alloy Products.

8 TEST METHODS. Unless otherwise specified, all
tests shall be made according to methods described in ASTM
standards.

8.1 Percent elongation shall be determined in a section of
standard test bar 50.0 mm gauge length after stressing to fail-
ure. Unless otherwise specified by the purchaser, a minimum
elongation of less than 1% is not to be considered a mandatory
requirement because it is difficult to properly measure such
low elongations accurately.

8.2 Brinell hardness number shall be determined with 500 kg
load and 10 mm ball. The load shall be applied for at least 30
seconds. For thin materials, conversion from Rockwell E scale
may be used.

9 MARKING.
drawing.

Shall be as specified on the engineering

10 INSPECTION AND REJECTION. All shipments of
material or parts under contract or purchase order manufac-
tured to this specification shall be equivalent in every respect
to the initial samples approved by materials engineering. There
shall be no changes in either formulation or manufacturing
processes permitted without prior notification and approval by
materials engineering. Lack of notification by the supplier con-
stitutes grounds for rejection of any shipment. While samples
may be taken from incoming shipments and checked for con-
formance to this specification, the supplier shall accept the
responsibility for incoming shipments meeting this specifica-
tion without dependence upon purchaser’s inspection.

10.1 Completed copies of the Material Safety Safety Data
Sheet meeting GM information requirements must be submit-
ted with any new submissions or whenever a composition
change has occurred.

11 PACKAGING, LABELING, HANDLING AND
SHIPPING. These requirements are applicable to the com-
ponents made from the above materials, unless specific
packing and marking requirements are outlined in the pur-
chased order.

11.1 Packing and Identification Shipping (GM1738),
(GM1724), and Delivery (GM1997).

12 REFERENCES.

AA (ALUMINIUM ASSOCIATION STANDARDS. The
Aluminium Association, Inc., 900 19th Street NW,
Washington DC 20006, (202) 862-5100, FAX (202)
862-5164.
Registration Record of Aluminium Association Alloy
Designations and Chemical Composition Limits for
Aluminium Alloys in the Form of Castings and Ingots.
Standard for Aluminium Sand and Permanent Mold
Castings. :
Aluminium standards and data.
Tempers for Aluminium and Aluminium Alloy
Products.

NADCA (North American Die Casting Association), 9701
West Higgins Rd., Suite 880, Rosemont IL 60018-4721,
(708) 292-3600, FAX (708) 292-3620.

Product Standards for Die Castings.

FEDERAL SPECIFICATIONS AND STANDARDS.

Federal Supply Service Bureau, Specifications Section,

470 E. Lé‘enfant Plaza SW, Suite 8100, Washington DC

20407, (202) 755-0325, FAX (202) 755-0285.
QQ-A-601E

13 GENERAL INFORMATION. This specification was
originated prior to September 1959. The latest revisions
inchude:

Rev Date Description
C 11/92 | Complete Revision
D 5/95 | Revised Sec 4, added GM6012M Tables

A and C, Deleted GM6012 Table D,
Added Appendix A
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