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Abstract: To shorten the relative time required for detecting hydraulic oil contaminants and improving
detection accuracies of solid contaminants, a high-throughput annular flow channel sensor with a
built-in glass tube was designed. A pair of silicon steel plates was embedded in the glass tube to
polymerize the magnetic field in the detection zone to improve the detection accuracy. The flow path
passed through the inner bore of the double planar coil. By changing the manner in which the planar
coil connects to the circuit, the sensor can switch between two different modes of operation:
inductance detection and capacitance detection. Inductance detection can distinguish between
ferromagnetic and non-ferromagnetic solid particles. Capacitance detection can distinguish between
droplets and bubbles. Theoretical analyses and experimental verifications of the inductance and
capacitance detection were conducted, respectively, and the simulation and experimental comparison
of the silicon steel sheets for inductance detection was performed. The experimental results show that
the design of the annular flow channel shortens the detection time, and the effect of the magnetic field

of the silicon steel plate can improve the detection accuracy of solid pollutants. The detection limit of
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ferromagnetic particles (iron particles) was found to be 40 pm, and the lower limit of detection of non-

ferromagnetic particles (copper particles) was 130 pm. When capacitance was used for detection, 200

pm droplets and 270 pm bubbles were detected. This study thus proposes a new method for rapid

differential detection of experimental hydraulic oil contaminants.
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Fig. 2 Sensor overall design
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Fig. 3 Detection area profile
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Fig. 5 Parallel equivalent circuit diagram
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