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Water tree diagnosis of XLPE cable based on combination of
macro and micro parameters

ZHU Bo', ZHU Yagqi', WANG Tianyu’, ZHANG Tao', FU Weigiang'

(1. School of Electrical and Electronic Engineering, Harbin University of Science and Technology,
Harbin 150080, China; 2. State Grid Shandong Binzhou Zhanhua District Power Supply Company,
Binzhou 256600, China)

Abstract: In order to solve the prediction problem of water tree density of XLPE cable, an analysis method combining the
macro detection data with the micro water tree profile of aged cable was proposed. Two new parameters (carbon and oxygen
index and water content index) were proposed to quantitatively describe the changes of EDS and FTIR results in the water
tree region. Firstly, the polarization and depolarization current method (PDC) was used to detect the water-tree ageing cables
under different experimental conditions. A series of macroscopic parameters such as cable ageing factor, DC conductivity,
and 0.1 Hz dielectric loss factor were obtained. Then, the micro parameters of water tree were obtained by microscopic
observation of cable slice. The water tree growth model was established to calculate the water tree density of cable, and the
correlation between the macroscopic parameters of cable and the microscopic water tree density was analyzed. The results
show that the longer the ageing time, the greater the carbon oxygen index and water content index, and the faster the rate of
increase. Based on the correlation coefficient, a new mathematical model for predicting the growth density of water tree
inside XLPE cable is established, which realize the combination of microstructure of water tree inside cable and macro test
parameters.
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Tab.1 Ageing factor criterion of German cable
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Fig.3 Depolarization current of three-phase cable in

different ageing stages
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Tab.2 Relationship between cable ageing factor and

ageing time of water tree
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Tab.3 The DC conductivity of three-phase cables with

different ageing time
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Fig.4 Dielectric loss factor at 0.1 Hz of three-phase cables

with different ageing time
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Tab.4 Average volume and density of water tree inside the

(1D

cable at different ageing times
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Kzl 0 0 0 0 0 0
30 0.380 0.324 0.426 0.377 0.013  0.042 4
60 0.642 0.579 0.604 0.608 0.008 0.068 3
90 1.483 1.284 1.594 1.454 0.028 0.1633
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Fig.6 SEM observation results in water tree area of
XLPE cable
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Tab.5 Chemical element composition of cable EDS test at

different ageing times
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C 85.91 97.42
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C 83.41 94.46
60

(6] 4.30 3.66

C 82.69 92.28
90

(6] 7.72 6.47
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Tab.6 Carbon and oxygen index of cable EDS test with

different water tree aging time
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Fig.7 FTIR of phase A cable with different ageing times
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Fig.8 Variation trend of water content index of

three-phase cable with ageing time
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Tab.7 Pearson correlation coefficient discrimination method
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Tab.8 The results of correlation calculation between macro

parameters and water tree density
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