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Design of an Automatic Oil Extraction and Injection System for Transformer
High-voltage Bushings Based on Fuzzy and PID Composite Control

LI Fang, CHEN Xia, WANG Xiaohui, FENG Shuting, TIAN Ming, PAN Qijie
(Langfang Power Supply Company, State Grid Jibei Electric Power Co., Ltd., Langfang 065099, China)

Abstract ; To cope with cumbersome operations, long duration, sample distortion, and bushing moisture absorption in the process
of insulating oil extraction and injection for transformer high—voltage bushings, this paper proposes an automatic oil extraction
and injection control system based on fuzzy control and PID control principles. The upper—level fuzzy controller infers the target
speed based on environmental and state parameters, while the lower—Ilevel fuzzy —PID controller dynamically adjusts the PID
parameters based on the error and its rate of change between the target speed and the measured speed, achieving precise control
of the DC motor and vacuum pump. Through Simulink simulation and experimental verification assisted by 3D printing
technology, the system demonstrates high precision, strong adaptability, and reliability, not only reducing the oil extraction and
injection time to approximately 30 seconds, but also increasing the oil sample gas concentration by 10%, significantly, which
enhances the accuracy of oil chromatography test data. The proposed system effectively mitigates the impact of environmental
factors and human operations on test results, enabling a more precise and comprehensive assessment of transformer high—voltage
bushing conditions, thereby providing robust support for the stable operation of the power system.
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