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Insulation Deterioration Diagnosis Technique for Switchgears Using Machine Learning
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Switchgears are a key type of power supply equipment that contain circuit breakers in a metal casing. If a switchgear’s insulation performance
deteriorates due to aging, there is a possibility that failure of the switchgear might occur, resulting in a serious incident in the electric power system
including a blackout. Demand has therefore been increasing in recent years for insulation deterioration diagnosis techniques for various types of
switchgears, in order to eliminate the dependence on inspection work currently being carried out by a limited number of skilled engineers.

With this as a background, Toshiba Infrastructure Systems & Solutions Corporation is developing an insulation deterioration diagnosis technique
for switchgears focusing on the phenomenon of partial discharge, which is a precursor of insulation deterioration in solid insulators. This technique
makes it possible to perform a diagnosis based on the inference of locations and types of defects from the relationship between partial discharge

signals and defects caused by insulation deterioration, by means of machine learning. We have confirmed the effectiveness of this technique

through experiments using different types of samples.
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Structure of solid-insulated switchgear
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Flow of diagnostic processes for switchgear
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Relationship between applied voltage and partial discharge signal

BHEZLEa—Vol.74No.5 (201949 8)



q (BRXEMNICARDLSICHEI/IE)
o

o (rad)

X4. O-g-nINZ—Df

B-q-n Y — VI RIGREIC K> TREEZDT, HHREHEZTCNN TR#T
5ILT, REgEE#HITES,

Example of phase (®)-discharge magnitude (q)-discharge frequency
(n) pattern

4% % SPECIAL REPORTS

"1 BORBEORENEEENBERIERMEE

List of locations and types of defects causing partial discharge
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Confusion matrix of recognized deterioration degrees
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Schematic diagram of convolutional neural network (CNN) to
recognize defect types
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®-g-n patterns of coil and void models
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Time-varying ®-g-n patterns during accelerated deterioration test
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Changes in average @-g-n pattern for each cluster
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Change ininternalinsulation condition
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