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The Influence of Polypropylene Film Surface Roughness on the Internal Electric Field
Characteristics of Capacitor Elements
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Abstract: High-voltage oil-immersed capacitors are widely used in important applications such as reactive
power compensation and filtering. They withstand high voltages during operation, and the surface micro-
morphology of the polypropylene film has a significant influence on the internal electric field distribution of
the capacitor element. This paper focuses on the influence of surface roughness, which has been neglected
in previous electric field calculations. Considering the coexistence of metal foils, insulating oil, and
roughened polypropylene films within a capacitor element, a calculation model for the internal electric
field distribution is established. The influence of film surface roughness on the internal electric field
distribution is studied. The protrusions and depressions on the surface of the roughened film can cause
electric field distortion and lead to localized field concentration. As the oil gap increases, the relative
electric field intensity at the characteristic points in the film and oil at depressions gradually decreases. The
rougher the surface, the greater the electric field distortion. The influence of film thickness on the relative
electric field intensity is relatively small. Under AC electric field , the higher the relative dielectric constant
of oil, the larger the non - uniform degree of electric field. Under DC electric field, the lower the oil
conductivity, the higher the relative field intensity in the film and oil at protrusions, and the lower the
relative field intensity in the film and oil at depressions. Based on the results of this study, subsequent
optimization of capacitor element design methods can be conducted.
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Fig. 1 Internal structure of an oil-immersed capacitor
element
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Fig. 3 Electric field distribution at the rough film gap
under AC electric field
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Fig. 4 Electric field distribution along the vertical line
between the electrodes under AC voltage
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Fig. 5 Influence of different parameters on the relative
electric field intensity under AC electric field
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Fig. 8 Influence of different parameters on the relative electric field intensity under DC electric field
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