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Since the Great East Japan Earthquake of March 11, 2011, the demands of high efficiency and low loss of
electrical energy is more increasing. DC power transmission by cable or hybrid/electric vehicle is one of the
candidates for solving these problems. The surface or inside of the insulation part in these electrical equipment
is easily charged due to being driven by DC or high frequency. The electrical field is distorted by the surface
or inside charge of the insulator and the field became higher than the designed field of these electrical
equipment. Consequently, the partial discharge occur easily, and it may lead to dielectric degradation and
finally breakdown of the insulation. In this study, it is clarified the influence of the charge behavior on the
partial discharge for actual insulating systems.
1. Influence of surface charge behavior on partial discharge in insulating paper-high viscosity insulating oil
system

The surface charge movement in the high viscosity insulating oil is more suppressed than that in low
viscosity insulating oil. In general, the insulation performance with small number of polarity reverse or
without polarity reverse is maintained because the field is relaxed by the surface charge. In addition, the
insulation performance with polarity reverse is lower due to the field enhancement by the surface charge. The
tests recommended by CIGRE or IEC does not contain the partial discharge measurement, but this result
suggests that the partial discharge measurement plays an important role in diagnosing the condition of the DC
power cable with high viscdsity insulating oil.
2. Influence of space charge behavior on breakdown strength in insulating paper-liquid nitrogen system

When the insulating paper-liquid nitrogen system is applied to the insulation of DC high temperature
superconducting cable, the insulation performance is decreased because of the charge injection into the
insulating paper. .It is clarified that the breakdown strength of the insulating paper became lower due to
negative charge injection. By using the high density insulating paper, the decrease of the breakdown strength
by negative charge injection is small. From the results, it is suggested that the reliability of the DC high
temperature superconducting cable is improved by changing the insulating paper according to the mechanism
of the charge injection.
3. Influence of surface charge behavior on partial discharge inception voltage in insulating sheet-air gap

system




Polyimide is mainly used in the insulating material in motors of hybrid/electric vehicle. It is suggested that
the measurement scatters of partial discharge inception voltage can be reduced by controlling the surface
charge on the insulating sheet. In addition, it is clarified that the partial discharge inception voltage became
higher or lower in accordance to the surface charge amount.

4, Basic study of new method for onsite test in diagnosis of insulating degradation

In general, the radiation of electromagnetic waves generated from partial discharge source can detect by
antennas. It is clarified that the partial discharge characteristics can also be investigated by the radiation of
electromagnetic waves generated from the circuit current of the partial discharge. This new detection method
can contribute to the diagnosis of the existing electrical equipment since it is not necessary to install antennas
at the design stage of the electrical equipment. Furthermore, from the investigation of the relationship between
the nonlinearity of dissipation current waveform and the space charge behavior, it is suggested that a small
amount of space charge can be estimated by using the phase shift of the dissipation current waveform.

From above results, the degradation mechanism of insulation performance from the aspect of the charge

behavior can contribute to the insulation design of actual equipment and diagnosis methods.
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