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Abstract: Volume shrinkage behavior accompanying the
when assembly processes using polymer materials are

cure of resin formulations might be a critical factor
considered. In this study, cure shrinkage behavior

with respect to resin formulation type and heating method was measured on sandwich structure samples by a
thermomechanical analyzer (TMA). Quartz, used as a cover material for the sandwich structure, indicated the
coefficient of thermal expansion close to 0 ppm/C. When a dynamic heating mode was conducted, a squeeze-
out region and a cross-linking region for each resin formulation could be separated clearly with overlapping
differential scanning calorimeter results on the TMA results. In addition, a cure shrinkage dominant region
and a thermal expansion dominant region in the cross-linking region were distinguished. Consequently,
the degree of cure at the initiation of the thermal expansion dominant region was successfully measured.
Measurement of all resin formulations indicated the thermal expansion behavior exceeded cure shrinkage

before full cure.
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Fig. 1. Schematic illustration of the cure shrinkage testing system
using a sandwich structure in a TMA.
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Fig. 2. Dimension change of quartz and silicon slides measured
in a TMA with respect to temperature.
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Fig. 3. Heat generation of resin formulations with respect to resin
type during dynamic heating.
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Fig. 4. Dynamic degree of cure of formulations with respect to
resin type.
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Fig. 5. Dimension change of an urethane acrylate based formu-
lation during dynamic heating.
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Fig. 6. Dimension change of an epoxy based formulation during
dynamic heating.
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type during rapid dynamic heating and isothermal heating.
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