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Abstract

Partial discharge (PD) detection is a powerful tool to diagnose the defects and
degradation in high voltage electrical insulation systems. It can be performed
in both on-line and off-line conditions. Unlike the on-line PD measurement,
the off-line PD test can be performed at other voltages or frequencies besides
power-frequency (50 Hz or 60 Hz) sinusoidal voltage. The PD studies in
this work were done with other types of voltage waveforms to initiate the
discharge, aiming to obtain a better understanding of PD features and its
physics, mainly focused on how the charges on the insulating surface affect the
discharge process. In particular, this method was studied for application in the
stator insulation of high-voltage rotating machines. Several types of arbitrary
voltage waveforms have been explored, such as periodic negative step voltage,
triangular voltage, trapezoidal voltage and ''square'' voltage.

The PD measurements in this work can be summarized in two parts. One is
the fundamental study of corona, surface and cavity discharges in the canonical
test cells, using some common insulation materials such as polycarbonate and
epoxy. The effect of different materials on corona discharge at periodic negative
step voltage pulses was studied in the needle-plane geometry, in comparison
with the corona discharge without the insulation material. The evolution of
corona pulses shows that the PD repetition rate is strongly dependent on the
charges deposited on the insulating surface, and the material properties such as
conductivity have a significant effect on the charge decay process during the PD
activities. Surface and cavity discharges were compared by the phase resolved
PD patterns at several periodic voltage waveforms. The results indicate that the
arbitrary voltage waveforms, particularly the square voltage, in off-line PD tests
are a potential method for better identification of these two PD sources.

The other part is the practical study for stator winding insulation materials,
which consists of mica, epoxy resin and glass-fiber. Specific PD sources that
are sphere-plane discharge and crossed-bar discharge based on the stator
insulation were created in the laboratory, in order to imitate real insulation
such as slot discharges and dielectric bounded cavities. The trapezoidal voltage
waveform, including triangular and square voltages was mainly used. Varied
ambient conditions such as relative humidity (RH) and temperature were
introduced into this part. Slot discharge was modelled by placing a spherical
metal electrode above the mica-epoxy insulating surface, leaving a small air
gap where PD may occur. The effect of humidity on the sphere-plane discharge
shows that a few big discharge pulses in dry air will turn into a larger number
of small pulses in humid air probably due to the increasing surface conductivity
in a higher humidity condition. Crossed-bar discharge which took place in the
air gap between two mica-epoxy surfaces of the cured samples was studied,
combined with the influence of the temperature. The variation of PD patterns
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shows that the effect of temperature on the PD behavior is mainly due to the
decreasing PD inception voltage with the increasing temperature.  
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