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Filler dispersed polymer composite is often used for an electric power device because it has
high thermal conductivity and good electric insulation simultaneously. However, the dielectric
breakdown voltage of the composite material tends to be lowered by increasing the volume
ratio of the ceramic fillers so as to improve the thermal conductivity. Therefore,
understanding of the phenomena of heat conduction and dielectric breakdown in the
composite material is important to obtain the knowledge for better material design. The
thermal conductivity and dielectric breakdown strength of composite is determined by
properties of polymer and filler properties, filer content ratio as well as the filler shape and
orientation. The conventional methods could not predict the thermal conductivity and
dielectric breakdown voltage correctly, because of these methods ignore the interaction
between the fillers.

In this study, we proposed a prediction method for heat conduction and dielectric breakdown
in the composite to obtain the better material design guidelines. In the proposed method, the
thermal conductivity and dielectric breakdown voltage under the structure imitated the real
composite material was calculated by numerical simulation, and the simulated results were
compared with the experimental results for verification. The obtained results successfully
showed that the variation of thermal conductivity and dielectric breakdown reasonably agreed
with the experimental results.

According to the results obtained through the numerical simulation, a chart map that can
comprehensively consider the balance of thermal conductivity and dielectric strength was
introduced. By using the chart map, desirable condition of filler dispersion is easily
determined by the ratio of physical properties (thermal conductivity and dielectric breakdown
strength) value of the filler and matrix polymer material.
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