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GENERAL MOTORS ENGINEERING STANDARDS

Materials and Processes -~ Procedures

EVALUATING BRITTLENESS OF PAINTED PLASTICS AND SEALANTS BY MEANS
OF A MANDREL
GM9503P

1 SCOPE. This standard describes the method to evaluate
the amount of cracking that takes place when a painted
plastic material is flexed around a designated mandrel] at a
designated temperature. This standard also describes the
method to evaluate the ability of sealant materials to flex
around a designated mandrel without cracking or loss of
adhesion to a substrate.

2 EQUIPMENT REQUIRED.

2.1 Mandrel fixture capable of accommodating the speci-
fied mandrel.

2.2 Environmental chamber capable of maintaining the
specified test temperatures.

3 TEST PROCEDURE.

3.1 Test Procedures for Painted Flexible Plastics. (Flexible
plastics, for the purpose of this test, are defined as those
plastic materials with a tangent flexural modulus of 1000
MPa or less.)

3.1.1 This procedure shall be used when testing painted
materials for conformance to the requirements of GM4350M
Class AO with the suffix M1 or M2 added to the call-out (ex:
GM4350M Class AO/GD.M2.Z). See Table 1 for the descrip-
tion of the specific test conditions for testing for suffix M1
and M2. (When specifically stated, this procedure can also be
used to evaluate the cracking that occurs using combinations
of temperature and mandrel diameter that are different from
those defined for suffix M1 or M2.)

3.1.2 Unless otherwise specified, painted samples shall be
subjected to a minimum aging period of 72 h following the
baking or drying cycle prior to sample preparation or start of
testing. A shorter aging period may be used provided it is
recognized that this represents a more severe condition of test
and that results obtained at different aging times under 72 h
are not a good basis for comparing the relative performance
characteristics of paint finishes.

3.1.3 Cut a 150 mm long by minimum 25 mm wide test
sample from the part or plaque to be evaluated (150 x 75 mm
sample size is preferred if part size permits). The sample shall
be carefully cut to avoid any nicks in the edges of the sample
which would cause an unnatural stress concentration and
consequently premature failure.

3.1.4 Expose the test samples and mandrel fixture to the
specified test temperatures for a minimum of 4 h. The
mandrel fixture shall be rigidly attached within the environ-
ment to allow both hands of the operator to be free to perform
the test.

3.1.5 Quickly wrap the conditioned sample 180° around the
mandrel so that the width of the sample is paraliel to the axis
of the mandrel. The wrapping action shall take no more

than 2 s. Painted samples shall be wrapped so that the
painted surface is in tension. The operator shall wear gloves
when testing the samples at subambient temperatures to avoid
warming the surface of the sample.

3.1.6 Evaluate the tested samples for the type of eracking or
breakage that may have occurred. Make this evaluation with
the specimen flexed on a mandrel of the same size as was used
to make the test; however, special mandrels maintained at
23 C outside the test chamber may be used to facilitate the
evaluation. Use Table 2 to assign a crack rating number to
each sample tested.

3.1.7 Report the test temperature, mandrel diameters (4T,
9T, 19T, etc) and the crack rating numbers.

TABLE 1 - TEST CONDITION FOR
SUFFIX M1 & M2

. . Test Mandrel
Specification Temperature Dia (a) (b)
GM4350M Class AO 23 C 4T
with suffix M1
GM4350M Class AO 23C 4T
with suffix M2 -15C 9T
-30 C 19T

(a) Mandrel diameter is expressed as a function of test sample
thickness; for example, 4T is a mandrel with a diameter that
is 4 times the sample thickness.
(b) The following equation can be used to relate outer paint
film strain to mandrel diameter:

( T
E=

T+ D
E = % Strain
T = Sample Thickness, mm

) (100), Where

D = Mandrel Diameter, mm
(c) Suffix M2 requires tests to be made at all 3 of the
conditions shown.

3.2 Test Procedure for Sealants.

3.2.1 Sample Preparation. Prepare panels as described
in GM9801P.

3.2.2 Test Conditions. Use the test temperature and mandrel
diameter detailed in the applicable material specification. The
test temperature shall be ~29 C and the mandrel diameter
shall be 25 mm unless otherwise specified.

3.2.3 Test Procedure. Condition the test panel(s) and man-
drel fixture at the specified test temperature for a minimum of
4 hours. The mandrel fixture shall be rigidly attached within
the environment to allow both hands of the operator to be free
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to perform the test. The operator shall wear hand gloves when
testing the samples to avoid warming the sample.

TABLE 2 - CRACK RATING SYSTEM

3.24 Quickly wrap the conditioned sample 90 degrees
around the mandrel so that the sealant bead is outside the
radius of the bend. The wrapping action shall be completed
within 4 seconds.

3.2.5 The surface of the sealant shall be carefully examined
for any cracking. The adhesion of the sealant to the panel
substrate shall also be examined.

3.2.6 Report the test temperature, mandrel diameter and the
crack rating numbers.

4 SAFETY. This standard may involve hazardous mate-
rials, operations and equipment. This standard does not
intend to address all the safety problems associated with its
use. It is the responsibility of the user of this method to
establish appropriate safety and health practices and deter-
mine the applicability of regulatory limitations prior to use.

5 GENERAL INFORMATION. This standard was issued
in July 1986, revised from FBTM 58-5, and was completely
revised in October 1987,

Crack
Rating Description of Cracking or Breakage
Number
10 No cracks
9 Interrupted short line cracks
A maximum of 4 uninterrupted line cracks
in the paint
6 5 to 15 uninterrupted line cracks in the
paint
4 More than 15 uninterrupted line cracks in
the paint
2 Loss of adhesion or other serious deficiency
Cracks into the substrate
0 Substrate breaks
9503P
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