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Fig.1 Point charge three-dimensional electrostatic

induction diagram
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Fig.3 Schematic diagram of arbitrary circumference
division of sensor side
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Fig.5 Diagram of electrostatic induction on bottom surface
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Fig.7 Schematic diagram of motion trajectory of
charged particles
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Fig.8 Schematic diagram of sensitivity distribution simulation

results based on hybrid mathematical model
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Fig.18 Change diagram of induced charge with time
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Sensitivity Analysis of Electrostatic Sensor in Gas Path Based on Hybrid
Mathematical Model

Zhang Yin, Hu Yu*, Sun Zhensheng, Zhang Hao, Zhou Wei
Rocket Force University of Engineering, Xi’an 710025, China

Abstract: The accurate characterization of the static signal and variation law of particulate matter in aeroengine is the
theoretical basis for the design and monitoring of the static signal in aeroengine. Aiming at the problem that the
simplified mathematical model of electrostatic induction is not reasonable and the model accuracy is not high, this
paper starts from the analysis of the structure of bar electrostatic sensor, on the basis of deducing the side and bottom
surface induced charge mathematical models, the static and dynamic sensitivity of the static sensor is analyzed by
using the static induction hybrid mathematical model. The results show that the induced charge is related to the
charge quantity, space position and motion characteristics of the electrostatic particles. The longer the length of the
sensor, the stronger the static sensitivity in the projection center of the bottom surface of the sensor, and almost the
same in the projection surface of the bottom surface. Static sensitivity increases gradually from the top to the bottom
along the sensor axis equidistant from the side, then tends to be stable, and finally decreases. The larger the diameter
of the bottom surface of the sensor, the greater the static sensitivity through the projection center of the bottom
surface of the sensor. Under the premise of the same charge, particles with different velocities produce the same
induced charge amplitude, and the faster the velocity, the narrower the output signal band. The particle with fast
velocity has more induced charge, and the amplitude of induced charge rate increases with the increase of particle
velocity. This will provide a theoretical basis for the structural optimization design and component fault diagnosis of
aeroengine electrostatic sensor.
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