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Detection of Breakdown Voltage of Insulating Qil
Based on Ultrasonic Pulse-Echo Method
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Abstract: To overcome current challenges in detecting cumbersome electrical and physicochemical parame-
ters in real-time, this study proposes a method to detect insulating oil breakdown voltage using ultrasonic
pulse-echo and a sparrow search algorithm optimized random forest (SSA-RF) prediction model. Initially,
an ultrasonic pulse-echo detection platform for insulating oil was developed using the STM32F407VGT6
microcontroller core. Using 25 # Karamay oil as an example, accelerated thermal aging tests were conduc-
ted on oil samples, with ultrasonic pulse-echo signals collected using this platform. Then, through time-

domain and frequency-domain analyses of these signals, a total of 162-dimensional ultrasonic echo signal
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feature parameters were obtained. Feature parameter screening using maximum information coefficient i-
dentified 82 feature parameters strongly correlated with the oil sample’s breakdown voltage. Finally, an
insulating oil breakdown voltage detection model based on SSA-RF was developed. The model, trained by
K-fold cross-validation, achieved an average prediction accuracy of 95. 99% across 10 folds. The prediction
accuracy on the test set reached 94.43%, representing an improvement of 14. 80 percentage points com-
pared to the baseline model prior to optimization.

Key words: ultrasonic pulse-echo; insulating oil; breakdown voltage; SSA-RF model
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