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GENERAL MOTORS ENGINEERING STANDARDS

Materials and Processes - Metals

METALLURGICAL REQUIREMENTS FOR CAST ALUMINUM
WHEELS
GM4337M

1 SCOPE. This specification covers basic metallurgical
requirements for heat treated cast aluminum wheels. It covers
two grades of wheels differentiated by minimum strength lev-
els; Grade 1 and Grade 2. These grades can be achieved with
different processing methods.

1.1 Drawings which do not specify grades (Grade 1 or Grade
2) of aluminum cast wheels shall be supplied to meet the
requirements of Grade 1.

2 REFERENCED STANDARDS.

GM1000M ASTM B55™ ASTM E155
GM3999M ASTM E142

3 REQUIREMENTS.

3.1 RESTRICTED AND REPORTABLE CHEMICALS
(GM1000M). All materials supplied to this specification
must comply with the requirements listed in GM1000M, 'Re-
stricted and Reportable Chemicals."

3.2 MECHANICAL PROPERTIES.

3.2.1 Determine mechanical properties according to ASTM
B557M using round, small specimens (6.00 mm diameter,
30.00 mm gage length, 36.00 mm reduced section).
Mechanical properties shown below in Table 1 indicate the
minimum performance level required in the outer rim only.
Samples shall be taken as close to the outer rim flange as pos-
sible. See Figure 1 for reference. Tensile bars shall be taken
from wheels that are production heat treated including paint
cures, however, they may be taken from nonmachined wheels.

3.2.2 For PPAP approval, mechanical property data must also
be submitted for sections representative of the spoke, hub and
inner rim after heat treatment. These data are to document the
mechanical properties in other areas of the wheel, for informa-
tion only.

TABLE 1 - MINIMUM MECHANICAL PROPERTY
LEVELS FOR ALUMINUM WHEELS

Grade 1 Grade 2
Tensile Strength, MPa 210 241
Yield Strength, MPa 130 165
Elongation in 30.0 mm, % 7 10

3.2.3 Mechanical property data shall be traceable to raw
material and heat treatment (solution treatment aging, paint
cure) lots.

3.2.4 Separately cast tensile bars may be used for process
control after correlation has been established with the proper-
ties of the finished wheel and a revised process control plan
has been approved by Tire and Wheel Systems Quality and
Engineering (TWS).
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FIGURE 1 - SCHEMATIC CROSS SECTION OF A

WHEEL INDICATING THE APPROXIMATE

LOCATION IN THE RIM AREA FOR TENSILE
SPECIMENS

3.3 METALLURGICAL AND CHEMICAL PROPERTIES.

3.3.1 The chemical composition (% by weight) of whee} cast-
ings shall conform to Aluminum Association (AA), A356.0 -
UNS A03560 or 359.0 - UNS A03590.

3.3.2 The molten metal chemical composition used to cast
wheels shall be such that castings shall meet the requirements
in 3.2. This metal shall consist of primary or secondary (see
NOTE) aluminum ingot and recycled whole wheels, sprues,
runners, gates and risers. Turnings, dross and other forms of
scrap which carry foreign material may not be directly charged
into the furnace for wheel castings.

NOTE: Turnings, dross, etc. may be reprocessed into second-
ary aluminum in a separate furnace with adequate controls
prior to charging into holding and/or cast furnaces.

3.3.3 Photomicrographs (50X and 200X magnification) shall
be submitted for PPAP approval documenting the microstruc-
ture (dendritic cell spacing, microconstituents, etc.) in sections
representative of the spoke, hub and rim, after heat treatment.
The microstructures shall be shown in areas first and last to
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solidify. Specimen location and orientation shall be shown on
a cross section diagram of the wheel.

3.4 HEAT TREATMENT. The castings shall be solution
treated and precipitation hardened to meet the mechanical
properties requirements in 3.2.

3.5 WORKMANSHIP AND FINISH.

3.5.1 Castings shall be smooth, well cleaned, crack free,
inclusion free, and free of other characteristics detrimental to
machinability, appearance or performance.

3.5.2 Minimal but sufficient stock allowance must be pro-
vided on castings to insure complete surface cleanup on all
designated finished areas. The designated finished areas shall
be free from tool marks and scratches which would be detri-
mental to appearance or performance. Designated finished
areas shall be outlined on the engineering drawings of the cast-
ings.

3.6 INSPECTION AND REJECTION.

3.6.1 Shipments of material under contract or purchase order
quoting this specification shall be equivalent in every respect
to samples approved by the purchaser, and new samples shall
be submitted along with appropriate test data when changes in
formulation and/or processing practices are necessary.

3.6.2 Internal Integrity. The maximum acceptable level for
internal integrity (porosity, inclusions, etc.) when evaluated per
ASTM E1S55, per unit area (51 x 51 mm) of the spoke, hub
and rim shall be the following:

Grades Acceptable Levels
Grade 1 4 (Refer Appendix B)
Grade 2 3 (Refer Appendix B)

3.6.3 When changes in formulation and/or processing prac-
tices are made, or for new wheels, the supplier must show the
samples of a wheel, crushed per approved GM test method
(Appendix A), and meet the requirements of 3.6.2 and A4. It is
also recommended that production wheels be crush tested peri-
odically to monitor quality.

For PPAP approval, the supplier shall submit a 50 piece sam-
ple video tape to document the radioscope audit results for real
time X-ray imaging of wheels. The 50 piece sample shall
include the fatigue and impact validation tested wheels as

required by the "validation and PPAP Guidelines for various
wheel design and manufacturing situations”, The video tape
shall document each wheel by number (1-50), validation test,
and by defect type, size and location.

3.6.4 Appendix B shows the requirements for radioscopic
imaging of wheels. These requirements shall be met for
Radioscopic Inspection (100% or an approved sampling plan).

3.7 Traceability. Identifying marks for the purpose of trace-
ability (manufacturer, mold number, cast date, heat treatment
{solution treatment, aging, paint cures} lot, material lot, etc.)
shall be agreed to by the purchaser.

3.7.1 Record Retention. Radioscope video records/data shall
be retained along with traceability data for a minimum of
seven years.

4 INITIAL PART APPROVAL.

4.1 Test methods, procedures and equipment used to validate
components to the requirements of this specification must be
from accredited labs (QS-9000). PPAP submissions must
include documentation of ISO-9000 approvals for the meth-
ods, procedures and equipment used for validation.

42 A supplier shall use statistical methods to demonstrate
capability to meet the mechanical, metallurgical and chemical
requirements of this specification. The methods used must be.
approved by TWS. Approvals of the casting and heat treatment
processes are also required, as documented in the process con-
trol plan and process FMEA provided in the initial supplier
approval documentation.

5 APPROVED SUPPLIERS.  Engineering qualification
of an approved supplier is required for this specification. Only
suppliers listed in the GM Corporate Materials File under this
specification number have been qualified by Engineering as
meeting the requirements of this specification. Sources are
available through the on-line MATSPC System.

6 GENERAL INFORMATION. This standard was origi-
nated by Chevrolet in November 1979, The latest revisions
include:

Rev Date Description
D 3/91 | Editorial Changes
E 5/95 | Complete Revision, Appendix B Revision
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