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Abstract: The physical process of initiation and development of surface flashover in oil-paper insulation of
transformer is complicated, and the discharge mechanism remains unclear. In this paper, through experimental
measurement and numerical simulation of the needle-plate electrode model for oil gap discharge and the needle-
plate electrode model for oil-paper insulation surface flashover, the discharge characteristics and discharge
mechanism of oil gap discharge and oil-paper insulation surface flashover under different thickness of paperboard
and different surface distance were obtained and analyzed. The results show that under DC voltage, oil-paper
insulation surface flashover voltage is lower than the breakdown voltage of oil gap, this is because the paperboard
not only changes the distribution of electric field, increases the parallel electric field component at the needle tip,
and decreases the initial voltage of the streamer discharge, but also hinders the spread of space charge, enhances
the distortion of electric field, and increases the development speed of streamer. In addition, due to the presence of

paperboard, the initiation process of streamer in oil-paper insulation surface flashover discharge is completely
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different from that of oil gap discharge, that the streamer gradually propagates from the tip to the oil-paper

interface. Increasing the thickness of paperboard can increase the parallel component of the electric field at the tip,

decrease the initial voltage of the discharge, decrease the development speed of the streamer and reduce the surface

flashover voltage. The surface flashover voltage of oil-paper insulation increases with the increase of the surface

distance, but its nonlinear variation is due to the effect of applied voltage weakens gradually and the effect of space

charge distortion electric field is dominant in the process of the streamer developing to the self-supporting

discharge stage.

Key words: oil-paper insulation; surface discharge; streamer discharge in transformer oil; physical mechanism;

numerical simulation
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Fig.1 Partial discharge pulse current measurement

platform under DC voltage
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discharge needle-plate electrode simulation model
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voltage and surface flashover voltage in oil-paper insulation
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Fig.13 The variation trend diagram of streamer length

with applied voltage under different board thickness
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Fig.14 Comparison diagram of experimental results and
simulation results of flashover voltage with

different board thicknesses
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Fig.15 The variation trend diagram of different

parameters with different board thicknesses
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Fig.16 The variation trend diagram of the simulation

results and test results of the streamer development speed
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Fig.17 Weibull distribution diagram of surface flashover

in oil-paper insulation with different surface distances
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Fig.18 The variation trend diagram of streamer length

with applied voltage under different surface distances

A HER SRS R EHAME . RERARAIX
Fv B G 7= A f SRR, 43 ) &2 f1) 17 AN Ti) 90 T B2 8 T
BB AL P47 HL 3 43 B VUL K R (1)~ 1)
DL TE S S, S5 R E 19 R

1 2 3
Y TH 6 55 /mm
E19 AREEESETARSHTHERE

Fig.19 The variation trend diagram of different

parameters with different discharge models
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Fig.20 The variation trend diagram of the simulation
results and experimental results of the streamer

development speed
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