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Study on the acoustic wave attenuation of partial discharge in 10 KV XLPE cable

LUO Haijing, LIU Yun
(School of Electrical and Electronic Engineering, North China Electric Power University , Beijing 102206, China)

Abstract: The application of ultrasonic sensing technology is expected to achieve online monitoring of cable partial
discharge. Therefore, it is necessary to study the acoustic frequency and amplitude attenuation rules of partial discharge in
a certain type of cable. Taking the YJV-185 mm® type 10 kV XLPE power cable as research object, this paper carries out
simulation calculations of two sets of different frequency acoustic sources and a set of "needle-hole" partial discharge
experiment. The frequency and amplitude attenuation rules of partial discharge acoustic signals in the cable are studied.
Research results show that the attenuation law of acoustic waves in multi-layer complex media is inconsistent with that in a
single medium. The influence of the frequency composition of the sound source on the detectable sound frequency and
amplitude of the cable surface cannot be ignored. The acoustic source model of the "needle-hole" partial discharge in the
cable can be approximated as a Gaussian pulse with a bandwidth of 1 MHz, a peak time of 1ps, and a frequency in the
range of 0~1.5 MHz. The radial attenuation coefficient of the "needle-hole" partial discharge acoustic signal in the cable
sample is about 8.17 dB/mm, the axial attenuation coefficient on the cable surface is about 0.43~0.52 dB/mm, and the

detectable acoustic frequency range on the cable surface is 0~40 kHz. The center frequency of high sensitivity sensors is
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recommended to be designed at 20~40 kHz, while the design of distribution density of distributed detection sensors

require specific research on specific issues.

Key words: XLPE power cable; partial discharge; acoustic attenuation; attenuation coefficient; center frequency
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Figure 1 Structure of 10 kV XLPE power cable
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Table 1 Structure parameters of 10 kV XLPE cable
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Figure 2 Simulation model of power cable body
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Figure 3 Waveform and spectrum of sound source
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Table 2 Parameters of sound source

IR t/ps fo/MHz A Ll /MHz
1 1.0 1 0~1.5
2 0.2 5 0~7.5
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Figure 4 Position of signal acquisition on the cable model
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Table 3 Exponential fitting parameters of

peak-topeak value of signals

7R Ay/mm A/mm a/(dB/mm) R?
Lom 0 366.47 8.17 0.98
R D 0 2.71x10°* 0.52 0.96
m;  2.08x10* 6.24 < 10" 23.29 0.99

KRS D 3.63x10°7 2.10x10°° 3.39 1.00
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Table 4 Exponential fitting parameters of peak-to-peak

value of acoustic signals created in "needle-hole" discharge

Ao/V AV a/(dB/mm) R?

1.72 0.06 0.43 0.98
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Table 5 Comparison of acoustic signal attenuation

coefficient of frequency and amplitude in

simulation and experiment
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Figure 16 Acoustic reflectance coefficients of

multi-layer structure interfaces of cable
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Figure 17 The first six characteristic modes and their

characteristic frequencies of simulation cable model
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Figure 18 Comparison of signal spectrums
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