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Abstract The process of water tree deterioration of underground cables takes decades and is usually
found in very old underground cables. These underground cables are in hard-to-reach locations, making
it costly and time-consuming to detect water treeing. Therefore, there is a need for efficient and
accurate cable degradation diagnostics that can detect the presence or absence and progression of water
tree growth in the insulation of power cables. In this study, the growth pattern of the water tree in an
XLPE underground cable was dynamically modeled and verified through Matlab simulation in order to
analyze the time for the insulation layer to completely deteriorate. A surfaced-originating vented tree is
the main cause of cable deterioration in the field. In order to model the growth pattern of the water
tree, the shape of the increase in the length of a surfaced-originating vented tree was analyzed and
approximated as a parabola. In addition, a time function was derived, in which the growth of the
horizontal axis of the water tree decreased with time, and the vertical axis toward the conductive layer
grew. The growth time function and capacitance calculations of the modeled water tree were
implemented in Matlab and simulated. As a result, based on an insulation layer thickness of 5.28 mm
on an XLPE cable, it was found that it takes 23 years to increase the length of the water tree in the
insulation layer from 0.05% to 100%. As the water tree length increased, the capacitance of the water
tree area decreased, and the overall capacitance of the cable insulation layer increased.
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where, Ly is the length of water tree.

R is radius of cable.
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Fig. 3. Classification of capacitance area

Cw
11
11

_“_

Cp2

11
11
Cp1

Fig. 4. Equivalent capacitance circuit of a water tree

Co®} Cor BEIZ0|1 Cpre= AEI2=E HEE
tt. SEZ|7F RS Alo]&9] MA| AL Ciomr TF

St 2t

O _ (C;u_’_c;l)xq;?
total (CerOm)jLCZﬂ

where, Cioral is the total capacitance of the cable.

®

Cy is the capacitance of the water tree.

Cp1 is the capacitance of the insulation
with water tree.

Cp2 is the capacitance of the insulation
without water tree.
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where, €0 is the permittivity of free space
&y is the permittivity of the Water-tree

&pe is the permittivity of the insulation
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