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Abstract It has been a long sought goal for the field of high voltage engineering to obtain the
discharge voltage of air gaps by mathematical calculations instead of experiments. Therefore, a new idea
for the discharge voltage prediction of air gaps was proposed in this paper, which is based on the physical
thought that the insulation breakdown is due to the out-of-limit of the stored energy. The complicated air
discharge process study was moved forward to the study of the energy storage status of the gap structure
and its influence factors. The feature set used to characterize the energy storage status of air gap was
defined from two aspects, including the electric field distribution and the impul se voltage waveform. The
air gap discharge voltage prediction model was established by support vector machine (SVM). By the
proposed model, the 50% discharge voltage prediction of rod-plane and rod-rod long air gaps with
different gap lengths was successfully achieved, under positive and negative switching impulse voltage
with different wavefronts. The mean absolute percentage errors of the predicted results of 4 test sample
sets are respectively 3.6%, 3.25%, 3.5% and 3.8%. This method contributes to promoting the digital design
of external insulation, and provide reference for establishing the discipline system of computational high
voltage engineering.

Keywords: Air gap, discharge voltage prediction, energy storage features, electric field distribution,
impulse voltage waveform, support vector machine (SVM)
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Fig.1 Schematic diagram of the discharge channel and
discharge path of rod-plane air gap
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Tab.2 Sample data of the 50% discharge voltage of rod-plane and rod-rod gap under switching impulse
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Tab.3 Optima parametersand error indexes of the prediction model
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Fig.3 Predicted results of the positive switching impulse
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