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A Study on Estimation of Water_tree Occurrence in Power Cables
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Abstract In this study, a very-high-frequency (VHF) technique was applied to analyze the voltage
waveform response to a high-frequency surge pulse current source for a simulation to estimate the
occurrence and progress of the water treeing in a power cable. Simulation was performed using
PSCAD/EMTDC, and the circuit constant of water treeing was calculated by Matlab and applied to
implement an XLPE cable in which water treeing occurs. A high-frequency surge pulse was applied by
connecting a surge current source of 10 kA to the modeled cable. The response voltage waveform of
a normal cable and a cable with water treeing were compared. As a result, it was possible to check the
points where the magnitude of the voltage was different, and it was confirmed that the magnitude of
the voltage deviation was changed according to the magnitude of the frequency of the surge pulse. The
biggest difference was found in the surge pulse of 360 kHz, so it was selected as the reference VHF for
simulation. It was possible to analyze the voltage deviation trend that occurred in the waveform
compared to the normal cable. By substituting this voltage deviation trend into Matlab's curve fitting
function, a function that can estimate the progress of the water treeing in a cable was produced when

the maximum deviation value was confirmed.
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Table 1. Properties of power cable model
Parameters
XLPE conductor radius 12.37mm
XLPE insulation radius 17.65mm
XLPE relative permittivity 2.3
Water-tree relative permittivity 6.9
Water-tree conductivity 5x10-2
Insulation conductivity 10x10-16
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Fig. 1. Equivalent Circuit of Simulated Capacitance
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Fig. 2. 750kcmil tape shield cable capacitance with
water tree growth by using Matlab
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where, k is controls the magnitude of the pulse,

@, B is controls the frequency of the pulse.
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Fig. 5. 360[kHz] Surge pulse and voltage response

waveform without Water_tree
(a) 360[kHz] surge pulse, (b) Voltage response waveform
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Fig. 6. Voltage response waveform to 1300[kHz] surge

pulse
(a) Overall shape of the voltage response waveform,
(b) Zoomed in the voltage response waveform
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Fig. 7. Voltage response waveforms to different surge

pulse

(a) Response to 90[kHz] surge pulse, (b) Response to
360[kHz] surge pulse, (c) Response to 25000[kHz]
surge pulse

Table 2. Maximum difference in voltage according

to VHF
VHF [kHzl Tlmein?;maln Max ]?lf\g]erence
45 0.0842 0.35582
90 0.0837 0.39400
70 0.0557 0.43346
210 0.0552 0.47031
360 0.0273 0.49686
495 0.0271 0.42490
1300 0.0272 0.47524
2330 0.0272 0.47183
3290 0.0272 0.46750
9250 0.0272 0.46792
16666 0.0272 0.46801
25000 0.0272 0.46803
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AlE#old 23, Fig. 83 o] SEF 9] S w7}
37kl met B4 Aolee] AY SHIEH vluFE
o AskE AgAtel gho] F7HE AT 4 A+
FEZ|7F APH Alolext A AlelEzte] AYAel=
7|EHos $EFY Szt HAE oF 400[VIHE
AT, AlFAR] S o g ddAte] o] ST
0.5[V] ~ 1[V] Hielz ui-¢- 22 HalFdS & < Ut

l

25 $E2| SANYE TES 93t

710 Agdeld At FEY] SAHES
oAl O5[%1714] 7HA71E AT Aol kel e
% o]t oF 496IVISIA S00IVIHA S7HEe

F 2 olek. olefst H) AU} Fol2 o] gl

o

+ =5

1ot

5[%]
%k
ol

=

mok g,

553

Rouz MY
0|83t $EZ9
3~5 Matlab®] Curve
Eq (2)¢ Zo] Z&5F%

LT

Fitting Functio

oH7L.

)
where, pl = 7.917e-08, p2 = -7.707e-06, p3 =
0.0002901, p4 = 0.01432, p5 496.8,

Maximum difference in voltage according to

f(x) = finverse (pz* + pyx® + pyz® +pyx)

X is
Water-tree growth
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Table 3. Maximum difference in voltage according

to VHF

Water-tree Max Difference Matlab Error

depth [%] kV] [%] [%]
5 0.4968 4.11 17.77
10 0.4971 15.08 -50.75
25 0.4972 17.66 29.37
35 0.4974 28.25 19.29
40 0.4976 43.93 -9.82
55 0.4977 47.49 13.66
60 0.4981 61.53 -2.55
65 0.4983 66.59 -2.45
75 0.4988 75.62 -0.82
80 0.4992 80.36 -0.45
85 0.4993 82.23 3.26
90 0.4999 89.00 1.12
95 0.5007 95.68 -0.72
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