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Abstract An extrinsic Fabry—Perot interferometer (EFPI) consisted of coupling quartz diaphragm and fiber optic
pigtails is designed to detect acoustic signal generated by partial discharge (PD) in liquid—solid dielectric insulation.
To solve the problem of low sensitivity, based on the theory of elasticity the structure parameters of EFPI diaphragm
are determined using finite element analysis method, and EFPI samples are manufactured. In order to demodulate
acoustic signal, a quadrature intensity demodulation system is established using distribute feedback (DFB) laser.
A piezoelectric transducer (PZT) and EFPI sensor contrast measurement system is designed using needle—plate
electrode to produce partial discharge. Results show that the sensitivity of EFPI sensor is determined by response
frequency and static pressure sensitivity of EFPI. Design method of EFPI diaphragm is improved, and an EFPI sensor
which has the same sensitivity as PZT for partial discharge detection is designed.
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Fig.1 Extrinsic Fabry—Perot sensor structure Fig.2 Reflectance spectra of EFPI versus wavelength
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Fig.3 Normalized intensity versus cavity length
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Fig.4 EFPI intrinsic frequency and sensitivity versus radius under different thickness diaphragm
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Table 1 Parameters of three kinds of EFPI sensors

Sensor Diameter /mm Thickness /pm Static pressure sensitivity /(m/Pa) Intrinsic frequency /kHz
EFPI 1 2.5 100 6.10x10™" 175
EFPI2 2 40 3.86x10™" 110
EFPI 3 1.5 40 1.22x107™" 224
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Table 2 EFPI sensors and PZT signal output amplitude for photoelectric detector

K = (6)

No. EFPI /mV PZT /mV K
1 160 1060 0.159
Group 1 2 46 1020 0.045
3 768 912 0.842
1 462 2760 0.167
Group 2 2 136 2620 0.052
3 2380 2740 0.869
1 670 4010 0.167
Group 3 2 192 3900 0.049
3 3580 4080 0.877
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Fig.7 Results of photoelectric detector acoustic signal by EFPI 1 and PZT. (a) Time domain waveforms; (b) fast Fourier transforms
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Fig.8 Results of photoelectric detector acoustic signal by EFPI 2 and PZT. (a) Time domain waveforms; (b) fast Fourier transforms
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Table 3 Comparison of three kinds of EFPI sensors detection sensitivity

Sensor Intrinsic frequency /kHz Static pressure sensitivity /(m/Pa) K

EFPI1 175 6.10x10™" 0.164
EFPI2 110 3.86x10™" 0.049
EFPI3 224 1.22x10™" 0.863
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