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Design and research of a micro-sensor for multi-pollutant
detection in hydraulic oil

Huo Dian, Zhang Hongpeng, Shi Haotian, Chen Haiquan, Li Wei

(Marine Engineering College, Dalian Maritime University, Dalian 116026, China)

Abstract: A hydraulic oil micro sensor is designed, which is based on the microfluidic chip technology. The microsensor consists of an
inductive sensor embedded in silicon planar coils opposing silicon. Metal particles are detected in the inductance detection mode. Water
droplets and bubbles are detected in the capacitance mode. Four kinds of pollutants in the oil can be distinguished, which are
ferromagnetic particles, non-ferromagnetic particles, water droplets and bubbles. Experiments verify that the new structure of the micro
sensor improves the detection accuracy of metal particles in the inductive mode. It can detect 28 pwm iron particles and 85 wm copper
particles in the oil. In the capacitance mode, the micro sensor has the best detection effectiveness when the excitation voltage is 2 V and
the excitation frequency is 0.9 MHz. In addition, it can detect 95 wm water droplets and 160 wm bubbles in the oil. This research is
great significant for failure prediction and diagnosis of hydraulic systems.

Keywords : hydraulic system; oil contaminants; microsensor; multi-parameter detection; failure prediction
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Fig. 1 Microsensor structure
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Fig.2 Principle of inductance detection
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Fig.3  Principle of capacitance detection
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Fig.4 Detection system
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Fig.5 70 pm iron particles test results
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Table 1 Test results of 70 pm iron particles with

different structures
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Fig. 6 Detection effectiveness of 155 pwm copper particles
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different structures
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Table 3 The detection results in the inductance mode
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85 pm copper particles
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Table 5 Detection results of 253 pm bubble at different

excitation frequencies
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Fig. 10  Detection results of 95 wm water droplets and
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Table 6 Detection results in the capacitance mode
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