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Influence of Inverter Surge Voltage Waveform and Environmental Change
on Partial Discharge Phenomena in Automobile Main Motor Magnet Wire
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Evaluation was conducted of the partial discharge
inception voltage resulting from inverter surge voltage
in the magnet wire, also known as winding wire, of
the main motor used in an electric-powered vehicle.

Having clarified the influence of the waveform
on partial discharge, the voltage waveform used
for evaluation was configured to include waveform
conditions under which partial discharge is most
likely to occur during operation of the inverter in
an electric-powered vehicle. With use of the inverter
surge voltage, it was found that the partial discharge
inception voltage rose 22% higher than the usual
sine wave voltage. Envisioning the environment in
which the main motor would be used, the influence
of the environmental factors of ambient temperature,
atmospheric pressure, and relative humidity on the
partial discharge phenomena was also clarified. The
use of inverter surge voltage for evaluation based
on the above results yields the expectation that a
rise in the partial discharge inception voltage can be
expected. It also indicated that insulation design that
takes the influence of the environmental factors into
consideration can contribute to a reduction in the
thickness of the insulation film.
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Fig. 1 Appearance of arrow pair test sample and
single R pair test sample
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Fig. 2 Schematic diagram of PDIV measurement
system
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Fig. 3 Example of measurement of applied voltage
and discharge quantity
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Fig. 4 Process of initial electron growth to electron
avalanche
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Fig. 5 Square wave pulse controlled by PWM and
inverter surge wave features

Table 1  Test conditions for pulse width, frequency,
and rise time
Scope | Pulse width Frequency Rise time
Test W us] flkHz] Tr{ps]
Condition 1 1-500 1.0 0.06
Condition 2 10 0.1-50 0.06
Condition 3 10 1.0 0.06-0.35
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Fig. 8 Relationship between PDIV and rise time of
pulse as inverter surge voltage features
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Fig. 9 Basic conditions of sine wave voltage and
inverter surge voltage
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Fig. 15 Simulation of electric field strength at air gap
with 1.0 pum thick water layer on insulation
film
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Fig. 16  Surface resistivity measurement method
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Fig. 17 Relationship between surface resistivity of
polyimide film and relative humidity
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