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GENERAL MOTORS ENGINEERING STANDARDS

Materials and Processes - Paint

EXTERIOR TOPCOAT PANEL PREPARATION REQUIREMENT
GM4494M

1 SCOPE. This specification defines the basic parame-
ters and covers the procedure for preparing test panels for
qualification of exterior topcoats covered in GM4367M. It
includes film build, bake, and process range definitions and the
specific combinations required for each test.

1.1 RESTRICTED AND REPORTABLE CHEMICALS
(GM1000M). By 1997 start of saleable vehicles, all materials
suppliers to this specification must comply with the require-
ments listed in GM1000M, "Restricted and Reportable
Chemicals."

2 REFERENCED STANDARDS.

GM1000M GM9533P 9984123
GM436™™ GMP.ABS+PC.016 9984143
GM4389M GMPE/P.025 9984301
GM4465P GMPE/P.039 9984807
GM4496M GMP.PU.003 9984808
GM¥71P GMPPU.020 9984810
GM9163P GMP.PUR.004 9984815
GM9501P 9984016 9984825
GM9502P 9984032 9984909
GM9503p 9984046 ASTM D1186
GM9504P 9984068 ASTM D1308
GMO9505P 9984070 ASTM 1474-92
GM9I506P 9984090 ASTM D4366
GM9508P 9984094 SAE J1545
GM9509P 9984120 SAE J1960
GM9522P 9984121 SAE J2020

3 EQUIPMENT.

3.1 TEST EQUIPMENT. All equipment used for panel
preparation and testing must be listed by general description,
manufacturer, and model number.

3.1.1 Film Build Gage. Fisher Permascope Multi 650C or
equivalent that is capable of providing a 99% confidence level
that the average of no more than 10 readings is accurate to +
0.6 pm (0.25 mils).

3.1.2 Temperature Recorder. Data Pac or equivalent.

3.1.3 Gloss Meter 20° & 60°.
equivalent.

Byk Gardner, Hunter, or

3.1.4 Gas Fired Oven.

3.1.5 Orange Peel Meter. Byk Gardner Wave Scan (GM4800
Line) or equivalent.

3.1.6 DOI Meter. Hunter Dorigon, ATI #1792 or 1864, or
equivalent.

3.1.7 Pant Inspection Gage. Tooke Gage Model 0G202 or
equivalent. Available from Micro-Metrics, Atlanta, GA.

3.1.8 Microtome.
3.1.9 Microscope.

3.1.10 Colorimeter or Spectrocolorimeter. Must meet the
requirements of SAE J1545.

3.2 APPLICATION EQUIPMENT. Basic test panels must be
processed on a spramation machine to insure uniformity of
pancls. Appearance panels and other designated tests require
use of typical plant equipment and processing parameters. For
general approvals, use Sames 502 guns and Behr bells. (The
processing parameters to be provided by responsible engineer.)
If a plant is targeted at the initiation of the approval program,
use the same application equipment as in the plant.

4 PROCESS DEFINITION. Qualification intent is to
establish typical working ranges for both film build and bake
and to establish the outer limit boundaries that will cause per-
formance dropoff.

4.1 FILM THICKNESS (ASTM D1186). The target film
build (a range of upper and lower limits) and maximum allow-
able total film thickness after recoat will vary by color, family,
and technology. This is detailed in the appropriate 998XXXX
specification for an existing technology or recommended by
the supplier for new technology concepts. Regardless, specific
film build targets and upper/lower limits are established by ini-
tial screening and up front agrecment with the responsible
engineer. The requirements and limiting factors are shown in
Table 1.

TABLE 1 - BASIC TEST FILM BUILD DEFINITION

Item| Descrip | Perform/Limits | Workability/Limits
T | Target - Meets initial Meets gloss, DOI,
Typically a  |[tests criteria, color, orange peel
mid-point accelerated criteria
weathering,
long term
exposure
H | Upper limit | Chip Sag, mottle
L |Lower limit |UV Color, peel, gloss,
transmission, DOI
weathering

4.1.1 Expanded Film Build Range. Additional test points
may be required to establish process limits and sensitivity.
Typical test ranges are defined in Table 2. Specific values will
be determined at the onset of the technology qualification by
the supplier and the responsible engineer.
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TABLE 2 - PROCESS LIMIT FILM BUILD TABLE 3 - BAKE DEFINITIONS
DEFINITION
Minutes
Workability or Bake @ Substrate
Item Descrip Perform/Limits Limits Type Symbol | Description | o . o Temp
10-30% <L May fail some |May fail some Temp
performance appearance 99 - 149°C
requirements in | requirements in Target 25 (210-300°F)
Min conjunction conjunction with . .y  sg-
with other other abuse High Lower limit 20 '(I:I- _5160%
abuse conditions gr}geg — -
conditions ) H | Upper limit 920 T+ 1255%
10-20% >H | May fail some | May fail some : : T+ 2
performance appearance In line repair * *
rcql}in:ments in |requircments in T 25 99 - 130°C
Max conjunction conjunction with arget (210-265°F)
with other other abuse High -y .
abuse conditions (Type Lower limit 20 TT- 71?,
conditions D) I-15F)
H Upper limit 90 T+7C
(T + 15°F)
4.1.2 Film Build Measurements. When nonmagnetic sub- .
strates are uscd, film build is determined from steel film build ~ pov " | 1 | UE 2 e
panels sprayed adjacent to the test substrate. For paint applica- Dry — -~
tion on plastic parts, rough measurements can be made with a (T L Lower limit 25 T-7°C
Tooke Gage. Sectioning, polishing, and microscopic measure- A};’}z)eB (T-15)F
ments can improve accuracy. Caution must be used with these D) ’ H Upper Limit 90 T+ 7°C
last two methods when measuring elastomeric films. Freezing (T + 15)F
may be required to prevent stretching of the film. Final F Target >0 82 - 99°C
42 BAKE. Bake is defined as the time the SUBSTRATE is  po. (180-210°%)
at the target temperature. Panel temperature must be monitored (TP
with thermocouples or thermistors using a Data Pac or agreed A)ype

upon equivalent to insure that test panels are processed at
specified times and temperatures. If there is a specific plant
targeted for the material, try to duplicate plant loading and part
or body positioning.

NOTE: Oven loading and panel position may affect actual
cure.

4.2.1 Target Bake Definition. A target bake must be identi-
fied by the supplier such that the topcoat meets all appearance
and performance criteria over a minimum range of time and
temperatures (basic box). The size of the box and the upper/
lower limit temperature variance from target will be dictated
by the type of technology. Typical requirements are shown in
Table 3. All deviations from this minimum performance win-
dow should be discussed with the responsible engineer prior to
test initiation.

4.2.2 Expanded Bake Window Definitions. MIN1 is defined
as a temperature lower than the lower limit temperature, L.
MIN?2 is defined as a temperature lower than MIN1. MAX1 is
defined as a temperature greater than the upper limit, H.
MAX?2 is defined as a temperature higher than MAXI1. The
temperature ranges will vary based on technology. These tem-
peratures should be discussed with the responsible engineer
prior to test initiation.

¥Details of OEM bake time and temperature are indicated in
Tables 1 & 2 and in the text. OEM bake time will be either
90 minutes or 25 minutes at temperature H, depending on
the specific test. Recoats will have a max bake of 25 minutes
for temperatures that are T or H.

4.2.3 Target Bake D.O.E. The target bake and bake range
must be established by use of a designed experiment (D.O.E.)
that varies time and temperature. For two component systems
(catalyzed or urethane), catalyst level/mix ratio should be
included. Use red mica only for the initial screening. The spe-
cific design or any vanations from this specification must be
discussed with the responsible engineer prior to test initiation,
and points must be selected such that failures occur. Specific
tests to be done are shown in Chart 1.

4.2.4 Basic Testing Window. Results of the bake D.O.E.
must be discussed with the responsible engineer to reach
agreement on the target bake and range to be used for qualifi-
cation testing of the technology. The panel preparation
conditions for the required testing are shown in Chart 1. (Four
colors will be used.)

4.2.5 Expanded Bake Window. Additional test points must
be used to establish formulation latitude, process sensitivity
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and overall process latitude. This is to account for both test
measurement variations and variations that frequently occur in
production processes. Data generated will be used to finalize
the cure chart initiated by D.O.E. This testing will also verify
whether there is a significant difference in cure response from
color to color. The supplier and responsible engineer will
jointly select the upper and lower points and run standard tests
shown in Chart 1. Specific tests will be Limited by color. For
example, yellowing on white will be used to establish an upper
limit bake.

NOTE: Test failure does not indicate technology failure, It
indicates only that the limits and target bake definition may
require adjustment!

§ PANEL PREPARATION. Prior to start of panel
preparation, contact the responsible engineer to insure proper
selection of substrate, pretreatment, clectrodeposition, primer,
and/or surfacer.

5.1 DOCUMENTATION. All panels must be documented by
source, code, batch, paint layers, film builds, and bake descrip-
tion. Panels must be dated and labeled with a lab book
reference. All bakes are to be done in a gas fired oven unless
otherwise specified. Primers, surfacers, and miscellaneous
coatings will be applied at target films and bakes unless other-
wise specified.

5.2 TEST COLORS. New topcoats shall be qualified with 4
colors: White (W), Lt. Metallic (M) (Blue or Silver), Med. Red
Mica (R), and Black (B). WAXXXX numbers must be
reported, and the responsible GM engineer must be consulted
to insure that the most current colors are used. Chart 1 indi-
cates which colors are required for a specific test.

5.3 CONTROLS. Control materials are to be current,
approved production materials. The specific material used as
the control will be established by the responsible engineer
when the test program is initiated. The supplier is expected to
incorporate procedures into all programs to insure that the
right material and processes are used during panel preparation,
that testing equipment is properly calibrated and run, and that
any unusual defects on outdoor exposure panels can be dem-
onstrated to be an unusual weathering incident.

5.4 PAINT APPLICATIONS. All test materials will be
sprayed at the target application viscosity. Target spray nonvol-
atiles, weight per gallon, viscosity, and reduction solvent will
be established by agreement before testing begins. Control
samples must be sprayed at production viscosity, and with pro-
duction reducers where applicable.

5.5 SAMPLE SIZE. Ouly one test panel per variable will be
required. Multiple tests may be performed on the same panel
to minimize quantity of panels.

5.6 TEST SUBSTRATES. Substrate selection must be veri-
fied with the responsible engineer prior to test initiation.
Unless otherwise agreed upon, use the materials specified in
Table 4.

5.6.1 Plastic Substrates. Materials selected must be approved
to a GMP.XXX.XXXX specification and previously docu-
mented as part of an APOPS combination comprised of
plastic, pretreatment and primer. Substrate selection for topcoat
testing should be per Table 4 or specific up front agreement
with the appropriate GM engineer. The specific material(s) are
determined by the type of topcoat being evaluated. Where pos-
sible, testing should be done on plaques cut from production

parts.

TABLE 4 - APPROVED PLASTIC SUBSTRATES

Topcoat | Plastic Plastic
Type* Type Specification Treatment

Rigid Type| RRIM | GMP.PU.003 Post cure,

A, B, C powerwash

Rigid Type ] TPE |GMPPA66.PPE Powerwash

AB C

Rigid Type| ABS [GMPABS+PC.016] Powerwash

B, C

Flex Type RIM, |GMPPUR.004 Post cure,

D, E RRIM powerwash

Flex Type TPO |GMPE/P039 or |Powerwash,

D, E GMPE/P.025 adhesion
promoter, flame
treat

*Other substrates may be selected per engineering agree-
ment.

5.6.2 Metal Substrates. Use standard 100 x 300 x 0.81 mm
(4" x 12" x 0.032") steel panels from Advanced Coatings
Technology (A.C.T.) that have been phosphated and primed
with electrodeposition primer.

5.6.3 Control Substrate for Plastic/Special Metals. Use stan-
dard steel A.C.T. panels.

5.6.4 Repair Panel Preparation. Unless dictated otherwise by
a Designated Experiment, both in-line and final-line repair
panels shall be prepared over first coats which have low film
and high bake temperature. For typical systems, first coats are
baked 90 minutes. See Table 3 for details. Recoats must be
applied within 24 h after each topcoat bake. Document the
time between bakes. Basic repair adhesion should be evaluated
without sanding. The responsible engineer should be consulted
immediately if sanding is required for either in line or end-of-
line repair so that long term weathering tests and process con-
trols can be appropriately established. Depending on the
specific program, additional final line variables such as cata-
lyst level, bake time and temperature, and time between OEM
and FLR application.

5.6.5 Primer and Surfacer Bake and Film Definitions.

These materials will typically be applied at target film condi-
tions. Upper limit bake is the same as in Table 3, except that
maximum time is 60 minutes instead of 90 minutes.
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