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Impact of Liquid Insulation on Characteristic Parameters of Fiber
Fabry-Perot Partial Discharge Induced Ultrasound Sensor
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Engineering Dielectrics and Its Application, Ministry of Education, School of Electrical and

Electronic Engineering, Harbin University of Science and Technology, Harbin 150080, China

Abstract  Extrinsic fiber Fabry-Perot (F-P) sensor could detect partial discharge in liquid-solid composite
insulation, but natural frequency and sensitivity of F-P sensor are affected by viscous damping and added mass of
liquid insulation. We use finite element analysis method to simulate the amplitude-frequency response characteristics
of F-P sensor under forced vibration in air and liquid insulation medium, and analyze the amplitude-frequency
characteristics and sensitivity of F-P sensor at different temperatures. We propose the F-P sensor with isolating
liquid insulation structure to eliminate the effect of medium and design an experiment system to measure amplitude-
frequency response curves of F-P sensors at different temperatures. The experimental results show that due to
viscous damping and added mass of liquid, natural frequency of F-P sensor in liquid insulation transformer oil is 0.
58 times of that in air, the bandwidth of amplitude-frequency curve becomes wider, and the harmonic response
amplitude decreases. Furthermore, the temperature of liquid medium increases, the natural frequency of F-P sensor
increases, the bandwidth of amplitude-frequency becomes narrower, and the harmonic response amplitude and

sensitivity increase. It’s found that F-P sensor with isolating liquid insulation structure are immune to media viscous
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Table 1 Air and transformer oil parameters vary with temperature
Temperature Density p /(kg* m *) Acoustic Velocity ¢ /(m « s') Dynamic viscosity z /(mPa+ s ')
T /C Air Transformer oil Air Transformer oil Air Transformer oil
20 1.205 879 343 1420 0.0181 18.48
30 1.165 873 348 1355 0.0186 12.45
40 1.128 867 355 1290 0.0191 8.64
50 1.093 860 360 1225 0.0196 6.30
60 1.060 854 366 1160 0.0200 4.27
70 1.029 848 371 1095 0.0205 3.35
80 1.000 842 377 1030 0.0210 3.06
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Table 2 Related material parameter list at 20 °C
Density Young’s modulus Poission Acoustic velocity Dynamic viscosity
Material )
o /(kg*m™*) E /GPa ratio v ¢/(m=s™") #/(mPa -« s™")
Quartz 2210 73.73 0.17 — —
Transformer oil 879 — — 1420 18.48
Air 1.204 — — 343 0.0181
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Table 3 Natural frequency of F-P sensors

/kHz /kHz /kHz
FP £ /kH. £ £

(20°C) (50 °C) (80 °C)
F-P1 133 58 63 67 0.56
F-P2 323 132 137 143 0.59
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(a) Structure diagram; (b) photograph of real product
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