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GENERAL MOTORS ENGINEERING STANDARDS

Materials and Processes - Procedures

TEST FOR SHRINKAGE, GRAIN LOSS, GLOSS AND COLOR
CHANGE OF VACUUM FORMING MATERIAL
GM9162P

1 SCOPE. This procedure is used to determine shrink-
age, grain loss, gloss and color change characteristics when
evaluating vacuum forming material. Also, to test material
for change in color, grain and gloss when exposed to
temperatures of the forming range.

2 EQUIPMENT REQUIRED.
2.1 Vacuum Forming Test Die.

2.1.1 305 x 305 mm aluminum die constructed to specifica-
tions on attached print (see Figure 1).

NOTE 1: Distance across the female area of the die is
203 mm, depth of die is 25.4 mm, totaling 250 mm linear
elongation in either direction. Shrinkage is any dimension less
than 2540 mm and may be measured directly as % by a steel
rule divided into tenths.

NOTE 2: Die temperature must be maintained between 21 C
and 38 C during tests.

2.2 Temperature Measurement.

2.2.1 Two Thermalert II Infra-Red Thermometers, available
from: Raytek, Inc., Santa Cruz CA 95060. They are to be
used to measure the temperature of the sheet prior to forming.
It should be sighted on the central back side of the sheet at
the time it is being heated. The sheet must be heated on the
face side.

2.2.2 Thermopaper (6.35 x 12.7 mm) pieces available from
the Paper Thermometer Company, 10 Stagg Drive, Natick
MA, may be used as a substitute. The following temperature
papers should be available: 126 through 176 C. Two pieces
will be required at the desired temperature and 10 degrees
above. The desired thermopaper is to turn aimost completely
black while the other is to remain unchanged. Thermopaper
must be attached to the material with 3M Double-Backed
Tape, No. 400 2DCC. Thermopaper will be attached firmly
(rolled down) to the back side of the sheet. The manufactur-
er’s directions must be followed carefully. The sheet must be
heated on the face side.

2.3 Heating.
2.3.1 The material is to be heated on the face side only.

2.3.2 Heaters will be infra-red elements and may be any of
the following:

Metal Sheath ..........coveiiiiiinn, 76010 870 C
Medium quartz .........cocooveeviiiiiiininia.. 760 t0 980 C
T-3 quartz, or equivalent ................... 1871101982 C

2.3.3 Heaters temperature and/or distances must be con-
trolled so as to heat the material to forming temperature
within the specified time (40 to 70s at 137 to 170 C).

2.3.4 Distance from the sheet to the heating elements shall
be a minimum of 3 times the distance between the elements
when using a flat reflector. Parabolic reflector units or other
type reflector units will be used at the distance recommended
by the manufacturer. The units will be assembled in accor-
dance with the manufacturer’s instructions.

2.4 Vacuum Forming. (Hand drape forming is not accept-
able, a vacuum forming machine must be used).

2.4.1 Material is to be held in frame (318 x 318 mm approxi-
mate inside dimensions), on all 4 sides, while heating and
during forming.

2.4.2 After reaching the desired temperature, the material
must be vacuum formed within 2s.

2.4.3 The vacuum is to be maintained at a minimum of
635 mm of mercury throughout the forming cycle.

2.4.4 The sheet line at forming is to be 2.5 to 7.5 mm below
the base of the die.

3 TEST PROCEDURE.
3.1 Test for Shrinkage.

3.1.1 Cut material to the size required for the holding frame.
The roll direction of the material must be perpendicular to 1
side. Mark the roll direction on each sample. Any marks
made on the sample should not be placed in an area where
forming takes place.

3.1.2 Place the material in the clamping frame with the roll
direction perpendicular to 1 side of the frame.

3.1.3 Heat the material. During the heating cycle, the infra-
red thermometers should be focused on the back side of the
trim material. If thermopaper is used, both pieces should be
placed in the center of the sample on the back side of the
material prior to loading the sample into the frame. The sheet
temperature should vary no more than 5 degrees between the
center of the sheet and 25 mm from the holding frame.

3.1.4 The thermopaper for checking the desired temperature
must turn almost completely black before forming the sample.
The thermopaper is to be located on the sheet such that it
maintains the position shown in Figure 1 after forming. The
other thermopaper (10 degrees above) is to remain un-
changed.

3.1.5 Test samples for shrink are to be made at the following
temperatures: 127, 132, 137, 143, 149, 155, 160, 166, 171 C.
Additional samples should be formed at higher or lower
temperatures if necessary to produce the desirable forming
range.
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3.1.6 The formed sample is to be removed as soon as it cools
to within 2.5 C of the die temperature. Die temperature must
be maintained from 21 C to 38 C. Die must be cooled to
maintain this temperature. Water, air or both may be used to
cool the die.

3.1.7 Shrinkage measurements are to be made 16 h after
forming. Samples are to be held at room temperature
(24 = 2.5 C) and should be allowed to shrink freely without
distortion due to stacking. Before measuring shrinkage, the
comners of the formed pieces must be cut. Measurements are
to be made into and across the roll as illustrated on the
attached sketch (see Figure 2). Since a 250 mm base is used,
shrinkage measurements may be made with a ruler at least
250 mm long that is divided into tenths.

3.1.8 Using the same samples, shrinkage measurements are
also to be made after exposing the samples for 5 minutes at
82 * 1C for the entire 5 minutes.

NOTE 3: The sample must be at 82 C for the entire
5 minutes.

3.1.9 The % shrinkage into and across the roll after 16 h at
room temperature and after 5 minutes at 82 C must be plotted
on a graph as shown on the attached illustration (see
Figure 3).

4 TEST FOR CHANGE IN GLOSS, GRAIN, OR COL-
OR.
4.1 In order to test for any change in gloss, grain, or color, it

is necessary to prepare and run another set of samples.
Samples of the material are cut to the outside dimensions of

9162P
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