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GENERAL MOTORS ENGINEERING STANDARDS

Materials and Processes - Procedures

OUTDOOR WEATHERING OF AUTOMOTIVE EXTERIOR MATERIALS
GM9163P

1 SCOPE. This specification describes the procedures for
evaluating the outdoor weathering properties of materials
used on the exterior of the vehicle. These include paint
materizals, miscellaneous finishing materials for components
or assemblies, and abrasion resistant optical finishes for
lenses.

1.1 Specimen exposure should duplicate the most severe
conditions that may occur. Unless otherwise indicated by the
responsible engineer, Procedure 1 is used for all paint
materials (liquid, powder or laminated films); Procedure 2 is
used for applied parts and components and special paint or
coating evaluations; and Procedure 3 is used for clear lens
coatings. There will be no substitution of other types of
exposure apparatus from that specified by the responsible
engineer.

1.2 Procedure 1-Black Box exposure at a fixed angle of 5°
from horizontal facing due south. The paint or coating is
applied to 100 x 300 mm metal or plastic panels for exposure.
Flexible test samples or small samples such as emblems may
be mounted to metal panels by any method which will insure
that they remain attached throughout the specified exposure

period.

1.3 Procedure 2-Special Tests. These are established on an
as-needed basis by the responsible engineer to duplicate end-
use conditions. Examples are in-service position of large
assemblies or components that cannot be accommodated on
the black box; evaluation of coatings or metal treatments
(anodizing, chrome plating, etc) at exposure angles other than
5° south; use of different types of exposure racks and
conditions (i.e., 45° South plush salt water spray to duplicate
corrosion conditions, or open rack exposure as described in
SAE J1976). Other examples are test apparatus that track the
sun with mirrors with/without additional water spray.

1.4 Procedure 3-Open Rack (direct weathering) at 45°
South. This exposure method is used for headlamp lens
coatings as described in Inland Fisher Guide specification
MGS5060, available from the Materials and Process Develop-
ment Lab of Inland Fisher Guide, Indiana.

2 REFERENCED STANDARDS.

9982075 ASTM D1474
ASTM D523 MG 5060
ASTM D660 SAE J576C
ASTM D714 SAE J1545
ASTM D1654 SAE J1976

3 DOCUMENTATION. A cover letter must be supplied
up front to the responsible test engineer for all test series
required by GM specifications to document the following:
3.1 Test Series No.

3.2 Test Purpose.

3.3 Sample Identification. Include GM part number when
applicable substrate produce code and source of each coating
layer or surface treatment; film build and bake of each layer
where applicable.

3.4 Exposure Test Description. Include type of rack, special
instructions, and duration of exposure.

4 EQUIPMENT AND TEST MATERIALS.

4.1 Black Box. Details and drawings per SAE J1976. The
box must be painted with flat black high temperature paint.
Boxes shall be fitted with a2 64 mm shield to provide an
unexposed area on the test piece. Boxes should be placed on
supports approximately 1.2 m (4 feet) above the ground. Rack
location should be on a clean surface, such as a lawn or a hard
surface such as concrete or gravel that is typical of the
exposure location. Racks should be away from trees and
shrubs that could shade the panels or attract birds and insects
that could damage test specimens.

4.2 General Exposure Racks. For Procedure 2, general
exposure racks, as described in SAE J1976, are designed to
accommodate any samples, such as odd shapes and sizes,
assemblies and other components.

4.3 Open Rack. These are standard panel racks described in
SAE J1976 used for Procedure 3 and for designated speci-
mens or coatings per Procedure 2.

NOTE: Black boxes, panel racks and general usage racks are
available from William Harrison Company, 4595 East 10th
Court, Hialeah FL 33013.

4.4 Instrumentation.

4.4.1 Tristimulus Colorimeter or Spectrocolorimeter. Must
meet the requirements of SAE J1545. (Ultrascan Spectrocol-
orimeter from HunterLab Associates, 11495 Sunset Hills
Road, Reston VA 22020 or eguivalent).

442 Gloss Meter. Must mest the requirements of ASTM
D523 (D48 Modular Gloss Meter or equivalent available
from HunterLab Associates, 11495 Sunset Hills Road, Reston
VA 22090). Report measurement angle and reading,

443 DOI Meter (Distinctness of Image). Measurements
must be made with an ATI Model # 1864 Version II or other
GM approved instrument. Meter is available from ATI
Systems, 32335 Howard, Madison Heights ML

4.4.4 Indentation Hardness Tester. Must meet the require-
ments of ASTM D1474, Method A. (Tukon Micro-hardness
Tester or equivalent, available from the Page-Wilson Meas-
urements System Div., 929 Connecticut Ave., Box 9021,
Bridgeport CT 06002) Report Knoop Hardness.
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4.4.5 Instrumentation, Climatological. Instrumentation
shall be Jocated in the immediate area of the exposure racks.
Data should be recorded daily and be available as requested.

a. Solar radiation, TUV (total ultraviolet 290 to 385
nm) as measured by a TUVR radiometer or
equivalent (available from Eppley Laboratories, 12
Sheffield Ave., Newport, RI 02840). Reporting shall
be in MJ/m%

b. Solar radiation, T (total), as measured by an 8-48
pyranometr (WMO Class 2) or Precision Spectral
Pyranometer (PSP) (WMO Class 1) or equivalent
(available from Eppley Laboratories, 12 Sheffield
A;'e. Newport RI 02840). Reporting shall be in MJ/
m’.

c. Ambient temperature (daily maximum and
minimum) Measurement shall be in °C.

d. Daily maximum and minimum panel temperature
measured at 5° South Black Box and 5° South Open
Rack on painted Black (WA8555) and White (WA
8554) panels. Panels must have minimum gloss and
Distinctness of Image (DOI) of 80. Any prime and
topcoat technology is satisfactory, as long as color,
gloss, and DOI are maintained to standard.
Temperature must be checked on both steel and a
3 mm thick plastic panel. Unless otherwise specified,
use Phase Alpha SMC as the plastic substrate.
Thermocouples are T-type (copper/constantan)
embedded just under the paint surface. For steel
panels, solder the thermocouple to the panel prior to
painting using tin/lead solder. For plastic panels, drill
through the back, to within 250-450 pm but do not
break through the surface. Epoxy the thermocouple
in place.

NOTE: Panels must be replaced as required to
maintain original gloss, DOI and color match.

e. Relative humidity (daily maximum and minimum).

f. Total time of wetness on both black and white panel,
steel and plastic substrates as per d.

4.4.6 Miscellaneous Materials.
a. Deionized or distilled water.

b. Solution of a mild liquid detergent, such as unscented
liquid Ivory or Joy (or equivalent), and deionized or
distilled water at a ratio of 5:95.

c. 3M Finesse It #13084 (9982075).

d. Natural or synthetic sponge for washing.

e. Nonscratching, lint-free, residue-free wiping cloths,
such as Rymplecloth or equivalent (available from
Kendall Company, Industrial Fabrics Div., Boston
MA 02101).

5§ EXPOSURE SITE LOCATION. The standard for field
weathering is based on Miami FL environmental conditions
of high humidity, high temperature and high incidence of
radiant energy. There is also salt atmosphere for shore
exposure sites. Other sites include Arizona (high heat, UV)
Houston TX (high humidity, heavy industrial fallout), Den-
ver CO (large thermal gradients, high UV), Acapuico,
Mexico (similar to Florida). Specific product/test require-
ments will determine location.

6 TEST SPECIMENS. All paint or coatings for exposure
on typical racks should be applied to 100 x 300 mm flat metal
or plastic panels. For proper placement in the Black Box,
panels must have 300 mm as one dimension. If plastic plaques
are smaller than specified, mount them on metal panels of
proper dimension, as indicated in 1.2.

7 FIXTURING.

7.1 Flat Panels. Typical exposure racks will shield a portion
of both top and bottom of test samples. Panels for paint
material testing (Procedure 1) must have a 64 mm section at
the top shielded from direct sunlight by the flap that is part of
the exposure rack (Figure 1). For Black Box exposure, insure
that the entire rack surface is covered with panels to maintain
maximum temperatures. Nontest panels are used to fill the
box if there are insufficient test samples. Any additional
instructions or deviations from standard procedure will be
provided by the responsible engineer to address requirements
of other finishing materials.

7.2 Parts, Components. When testing in accordance with
Procedure 2, assemblies, components, or specific test materi-
als may require an expanded metal or solid backing for
support or to more closely simulate end use applications.
When required, 3 mm holes may be placed 6 mm in from
each corner of the specimen to affix it to the rack so that it
can freely expand and contract. (Size and placement of the
holes may be adjusted to fit a specific sample). Specific
instructions must be obtained from the responsible engineer
for mounting procedures, exposure method and masking
requirements.

8 GENERAL PROCEDURE. Unless specific instructions
are given, the following procedure will be followed for test

specimens:

8.1 Clean all specimens monthly by flushing thoroughly
with clean water at the end of the moring dew formation.

8.2 Prior to evaluation, thoroughly flush the entire surface
of the sample with clean, clear tap water to remove surface
deposits which may damage the-test surface during the
washing process.
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8.3 Wash the entire panel (or part) using a soft sponge and a
mild liquid detergent, such as Ivory, Joy, or equivalent in 2
distilled or deionized water solution (ratio 5:95).

8.4 Rinse entire panel with clean water and dry with clean,
compressed air or pat dry with a clean, lint-free, nonabrasive
cloth.

8.5 After each exposure interval as specified in the pertinent
specification (GMXXXX, 998XXXX) panels and parts must
be evaluated and the results reported.

8.6 For paint material evaluation (and other materials or
parts as specified), if there is a visual difference between the
masked and the unmasked area, hand polish a 50 x 300 mm
strip from the top of the panel along the right side per Figure
2. Use a plexiglas fixture or tape for masking and 9981075

polish (3M Finesse It #13084). Rating areas are indicated in
Figure 3.

9 RATINGS. Both instrumental and subjective ratings
are used depending on the characteristic rated. Subjective
characteristics (Table 1) can be Qualitative (appearance
properties); Quantitative (degree of defect); or Frequency
(how many defects). When an initial rating is required,
measurements must be made on the same test surface before
and after exposure. The rating areas in the following sections
are specified for painted panels. When required for parts or
other finishing materials, similar locations will be used for
rating unless otherwise specified by the responsible engineer.
NOTE: For accuracy, instrumental readings on parts must be
made on flat sections. Low magnification (5X to 7X) may be
used to confirm and classify defects.
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SHIELDING POLISHING RATING AREAS
All dimensions in mm a0
TABLE 1. - SUBJECTIVE RATING SCALES
QUALITATIVE QUANTITATIVE FREQUENCY
10 = Excellent/as Received 10 = No Change/as Received 10 = None
8 = Very Good 8 = Slight 8 = Very Few
6 = Good 6 = Moderate 6 = Medium
4 = Fair 4 = Pronounced/Annoying 4 = Medium Dense
2 = Poor 2 = Severe 2 = Dense
$183-T01(1181)
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