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Design and Implement of In-situ Capacitive Sensor for Monitoring
Debris in the Lubricant Qil

HAN Zhibin  WANG Yishou SUN Hu QING Xinlin
( School of Aerospace Engineering Xiamen University Xiamen Fujian 361005 China)

Abstract: A cylindrical capacitive sensor was developed which has the advantages of high resolution small size and
designability and can be easily installed on lubricant pipeline to monitor the debris in lubricant of aircraft engine.A theo—
retical model of the cylindrical capacitive sensor was set up to analyze several parameters’ effectiveness on the performance
of sensor including the cross sectional area of the sensor the distance between two poles and the permittivity.It is shown
that the capacitance value of the sensor is increased with the increase of the debris number as well with the increase of
debris size; there are approximately linear relations for above two cases.Numerical simulations were conducted to determine
the optimal parameters for preliminary experiments. Experiments were carried out to demonstrate the feasibility of the devel—
oped capacitive sensors.
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Fig 1 Schematic diagram of the presented capacitive sensor model ( a) coaxial capacitive sensor model; ( b) integration scheme of coaxial
capacitive sensor and lubricant oil pipeline
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Fig 2 Simplified model of capacitive sensor ( a) 3D diagram; (b) 2D illustration diagram
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Fig 3 The electric field distribution of the sensors with different distances of two poles
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Fig 5 The electric field distribution of the sensor with different
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Fig 7 Main components of capacitive sensor ( a) inner core; (b) outer core; (c) flange; (d) A—A section drawing
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Fig 8 Experimental setup ( a) experimental device; (b) falling process diagram of debris
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Fig 9 Variation of capacitance with frequency in different medium ( a) air; (b) water; (c) oil
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Fig 10 Variation of capacitance with the number of debris in different medium ( a) water; (b) oil
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Fig 11 Variation of capacitance with the debris size in different medium (a) water; (b) oil
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