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Analysis on resistive current harmonic components of
metal spike defect in XLPE

LIN Yifu', HE Feng', ZHAO Yan’, ZHU Junwei', ZHENG Shusheng’

(1. State Grid Fujian Electric Power Co., Ltd., Fuzhou 350007, China;
2. State Key Laboratory of Alternate Electrical Power System with Renewable Energy Sources,
North China Electric Power University, Beijing 102206, China)

Abstract: In order to develop an on-line monitoring technology for cable insulation status, we analyzed the harmonic
components of resistive current by simulating the metal spike in XLPE cable insulation, which provided theoretical and
experimental support for cable insulation diagnosis based on the harmonic components of resistive current. Firstly, the
conductivity characteristics of XLPE were simulated and theoretically analyzed based on the jump conductivity model of
polymer. Then, a simulation model of metal spike defect in XLPE was established, and the harmonic components of resistive
current density under different needle curvature radius and needle plate spacing were simulated and analyzed. Finally, three
kinds of XLPE metal spike defect samples with different specifications were made, and confirmatory experiments were
conducted under the conditions of 30 um of needle tip curvature radius and 2 mm of needle plate spacing, 90 um of needle
tip curvature radius and 3 mm of needle plate spacing, and 30 pum of needle tip curvature radius and 3 mm of needle plate
spacing. The results show that there is metal spike defect in XLPE insulation, due to the sharp increase of local electric field
strength, the conductivity characteristics of the insulation material will repeat between the Ohmic and non Ohmic regions
with the change of AC voltage waveform, resulting in the distortion of resistive current waveform and the addition of higher-
order harmonic components. When there is metal spike defect in XLPE insulation, there are obvious 3rd and Sth harmonic
components in the resistive current, which constitutes the main components of resistive current harmonic component. As the
severity of metal spike defect increases, the harmonic distortion rate of resistive current and conductivity distortion rate
increase significantly, and the harmonic distortion rate can be used as a characteristic quantity to judge the severity of defect.
Key words: XLPE cable; AC resistive current; conductivity; harmonic analysis
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Fig.l1 Simulation and fitting curves of XLPE conductivity

under different electric fields
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Fig.8 Average conductivity under
different needle plate spacing
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Tab.7 Conductivity distortion rate under

different needle plate spacing

AR AR ] B /mm 1 2 3 4
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Fig.9 Metal spike defect model
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Fig.10 Experimental wiring diagram
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Fig.11 Withstand voltage and leakage current of

It

metal spike defect sample
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Tab.8 Effective value of resistive current and harmonic

distortion rate

miH 30-2 30-3 90-3
¥t /nA 9416.35 226.03 103.75
T I A 0.3753 0.234 1 0.053 8
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Fig.12 Comparison of harmonic contribution rates between

simulation and experiment
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