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Abstract: The research on the diagnosis of XLPE power cable insulation is of
great importance for learning the cable insulation aging status and ensuring the
power transmission system in safe and reliable operation. A new method was put
forward in the paper, that is, using the transmission velocity of electromagnetic
wave in an XLPE cable to determine whether the aging happens in the cable. The
principle and theoretical basis are illustrated followed by the introduction of test
platform. Two cables with different levels of water treeing aging are measured by
the proposed method. During the process of handling the data, how to get the
round-trip time effectively is also determined. Results indicate that using
electromagnetic wave velocity to diagnose the XLPE cable insulation can reflect
the insulation status of the two cables. The comparison between the real value
and theoretical value shows that the method is of high accuracy and reliability,
which can provide new ideas for the diagnosis of XLPE cable insulation.

Key words: XLPE cable, insulation diagnosis, signal detection, dielectric constant,
water treeing, refraction and reflection

Introduction

The XLPE power cables have been
widely applied in the power
transmission system due to many
advantages including high reliability,
small floor area, simple operation and
less maintenance work. The reliability
and operation condition of power
cable is directly related to the safety
and stability of the whole power
system. In order to learn the aging of
cable insulation and avoid the
accidents, it becomes increasingly
important to use the diagnosis test to
conduct the evaluation of cable
conditions.

Research indicates that the water

treeing is a major reason for decrease
in XLPE cable insulation, and that is
inevitable. Under certain conditions,
low AC electric field can make some
areas develop and form water treeing.
The amount of water treeing serves as
an important parameter of reflecting
the insulation aging of cable. Common
methods include DC component
method, DC superposition method,
low frequency superposition method,
tanδ online detection method, PD
online detection method, earthing line
current method and harmonic
component method. However, not
many methods of XLPE cable
insulation diagnosis are massively
applied in real projects.



WWW.HIMALAYAL.COM.CN

T: 86 21 61016212 Himalayal, always by your side. Copy right © HIMALAYAL
info@himalayal.com Page:2 All right reserved.

Based on the mechanism of water
treeing aging of XLPE power cable, the
method of using transmission velocity
of electromagnetic wave in some cable
to decide whether the cable has water
treeing was firstly put forward by the
paper. The diagnosis was made on the
two XLPE cables with different
insulation aging conditions. The
insulation of XLPE cables was
diagnosed through refraction and
reflection waveforms of
electromagnetic waves. The results
proved the reliability of this method.

1. An Introduction to the Principle

1.1 Theoretical basis

The water treeing is the main cause
for the decrease in the XLPE cable
insulation. The XLPE cable absorbs
the moisture from the environment;
hydrated ions diffuse to cable
insulation in a manner of electric
penetration under the influence of
electric field. At that time, the number
of polar groups and space charges
increases greatly and the whole
dielectric constant of insulation also
increases. In addition, the water
treeing area is made of water and
micro-cracks. At the operating voltage,
the micro-cracks open because of
Maxwell stress and water drops are
lengthened and enter micro-cracks. If
the length of water treeing is long,
when the voltage exceeds a certain
amount, the growing speed of cable’s
dielectric response will be more than
that of test voltage. Hence, the whole
dielectric constant of XLPE cable is
closely related to the aging status of
insulation water treeing aging. The
dielectric constant contains the

degradation information of cable
insulation and can reflect the aging of
water treeing well.

Fig.1 shows the field distribution of
TEM wave in the cable. Its feature is
that the conductor leads the
electromagnetic wave to transmit
around its surrounding media. The
electric field line (E line) looks radical
while electromagnetic line (H line)
distributes like a concentric circle. U0
represents the voltage of cable
conductor.

Fig.1 Diagram of TEM wave
distribution in XLPE cable

There is no cut-off wavelength among
TEM waves. The phase velocity is not
related to the group velocity and
frequency. The high or low frequency
electromagnetic wave and even
constant current can be transmitted in
the XLPE cable. The transmission
velocity of electromagnetic wave is
given below:
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 --permeability

 --dielectric constant

r --relative permeability

r --relative dielectric constant

C0--transmission velocity of
electromagnetic wave in the vacuum

1.2 Theoretical calculation of relative
dielectric constant of XLPE power
cable

The structure of cable is shown in
Fig.2. The dielectric constant of XLPE
insulation is not the same as that of
inner and outer semi-conductors.

1--conductor

2--internal semi-conductor

3--XLPE insulation

4--external semi-conductor

5--shield layer

6--sheath

Fig.2 Structure of XLPE power cable

As shown in Fig.2 (b), the capacitance
of XLPE cable is composed of three
capacitance--internal semi-conductor,
external semi-conductor and
insulation layer. The relative dielectric
constants of internal and external

semi-conductor layers ( csr , and isr , )

is smaller than that of XLPE cable

( insur , ). Besides, the insulation layer

of XLPE cable is thicker than that of

semi-conductor layer. Therefore, Ccs＜

Cinsu, Cis＜Cinsu.
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The theoretical value of relative
dielectric constant of XLPE cable can
be calculated through the formula (3)
if the parameters of the cable are
known.

2. Test System

2.1 Test wiring and cable

The test wiring is shown in Fig.3. The
used signal source sends out
continuous periodic rectangle waves.
An internal resistance of signal source
is 50Ω; band width of is 1GHz; the
highest sample frequency is 20GHz.
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Fig.3 Wiring of test

There are two measured XLPE cables.
Parameters of two cables are listed in
Tab.1. The cable A is a new section of
XLPE cable and the model is
YJLV22-3×95mm2, 8.7/10kV; the cable
B (the model -YJLV22-3×185mm2,
8.7/15kV ) operated more than 10
years and was cut off because of
severe decline of insulation resistance.
The signal source is connected with
XLPE cable conductor, and signal
source, oscilloscope and measured
cables are grounded.

Tab.1 Parameters of XLPE cable
structure

Parameters Cable A Cable B

Radius of
conductor
section
area/mm

4.0 8.5

Thickness of
inner
semi-conduc
tor/mm

0.6 0.7

Thickness of
outer
semi-conduc
tor/mm

0.6 0.7

Radius of
earthing
shield/mm

10.5 14.1

Relative 2.30 2.30

permittivity

Cable
length/m

33.1 39.9

2.2 Test circuit

In the test, the signal source sends
rectangle waves with narrow pulse
width. The total reflection occurs at
the end of cable due to open circuit of
cable end. The oscilloscope is used to
collect the data at same side of signal
source. If the length of cable (l) and
round-trip time (tw) are known, the
transmission velocity of
electromagnetic wave in the cable can
be calculated:

w
p t
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 (4)

The signals that signal source sends
out are periodic. To ensure that
reflection pulses do not overlap with
the next incoming pulses, the duty
cycle of incoming signals should be as
small as possible. The cycles need to
be increased to ensure that there is
enough time for each incoming pulse
to have reflections.

3. Test Results

Fig.4 shows the waveform of incoming
signal output by signal source without
connecting the cable. Concrete
parameters are listed in Tab.2.
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Fig.4 Incoming signal

Tab.2 Parameters of incoming signal

Frequ
ency/
kHz

Cycle/
ns

Duty
cycle/
%

Pulse
width
/ns

Amplit
ude/V

370.5
7

2698.
5

8.9 222 23.0

The oscilloscope is used to collect the
data of refraction and reflection
signals. To facilitate the analysis, one
cycle of data is selected to get the
waveforms shown in Fig.5 and 6.

Fig.5 Signal generated by incoming
signal in the cable A

Fig.6 Signal generated by incoming
signal in the cable B

Based on the waves, it is found that
total reflection arises at the end of
XLPE power cable. The amplitude of
reflection signal transmitted to
incoming terminal decreases owning
to the effect of attenuation.

From the Fig.5, the signal in the cable
A distorts slightly; it is typical
rectangle wave and the position of
rising edge is very clear. However,
based on the Fig.6, the signal in the
cable B have distorted obviously; the
waveform is not rectangle; the rising
edge of reflect signal become gentle
while that of incoming signal is clear.
Through the Origin, the time intervals
tw1 (between incoming pulse and first
reflection pulse), tw2 (between first
reflection pulse and second reflection
pulse) and tw3 (between second
reflection pulse and third reflection
pulse) are taken. Results are shown in
Tab.3.

Tab.3 Interval between the impulses

ns

Sample tw1 tw2 tw3

A 384 384 384

B 525 515 519
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From the results, it is found that it
takes 384ns for electromagnetic wave
to go back and forth in the cable A;
while there is the deviation among
measuring results for cable B because
the wave distortion causes great error.
Considering that the rising edge of
incoming signal in the cable B is very
clear, tw1 is selected as round-trip time.
The transmission velocity in the cable
A and B can be calculated:
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The transmission velocity of
electromagnetic wave in the cable A is
different from that in the cable B. That
corresponds with the fact that cable A
is new while the cable B has been cut
off because of severe decrease in
insulation resistance caused by the
aging of water treeing.

4. Discussions

The electromagnetic wave had total
reflection at the end of XLPE cable.
Because of the influence of cable’s
attenuation, the amplitude of
reflection signal back to incoming end
decreases. Take the Fig.5 as an
example. It is clear that the amplitude
of first reflection pulse signal 1 is
higher than incoming pulse signal 0.
The reason is that the reflection pulse


bu1

would have refraction and

reflection if reaching the head end of
cable, which is shown in Fig.7.

Fig.7 Diagram of the wave process

The pulse width of incoming signal is
less than the round-trip time tw of
electromagnetic wave in the cable, so
the amplitude of reflection pulse
signal is listed below:
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r: internal resistance of signal source
(=50Ω)

Z:impedance of cable wave (10-40Ω)

Through the formula (7), it can be
known that the amplitude of first
reflection pulse 1 is higher than that
of incoming pulse signal 0.

Besides, insert XLPE cable parameters
shown in Tab.1 into the formulas (1)
and (3) and the theoretical values
can be obtained:
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The comparison between the
formula (5) and (6) indicates that the
actual value of transmission velocity

http://www.so.com/link?url=http://dict.youdao.com/search?q=theoretical value&keyfrom=hao360&q=%E7%90%86%E8%AE%BA%E5%80%BC+%E8%8B%B1%E8%AF%AD&ts=1487645932&t=6f2a61d50aa3b9de8dc43eee54d7f77
http://www.so.com/link?url=http://dict.youdao.com/search?q=theoretical value&keyfrom=hao360&q=%E7%90%86%E8%AE%BA%E5%80%BC+%E8%8B%B1%E8%AF%AD&ts=1487645932&t=6f2a61d50aa3b9de8dc43eee54d7f77
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in the cable A or B is consistent with
or less than theoretical value. The
comparison between formula (5) and
(6) indicates that the actual value of
transmission velocity in the cable A or
B is consistent with or less than
theoretical value. The reason is that
the cable has serious aging of water
treeing. Hence, it proves that it is of
high accuracy and reliability to use
electromagnetic wave to conduct the
diagnosis of XLPE cable insulation.
Besides, the extent the waveforms
distort can also be an reference to
decide whether the XLPE cable
insulation has aged water treeing.

According to the theoretical analysis,
the greater the actual measurement
value of wave velocity is, the severer
the cable insulation ages. But there is
a lack of sufficient test data for that
now. Therefore, the next plan is to
conduct massive-scale tests and
accumulate more test data. Given that
the length of cable used in service is
much longer than the test cable, the
single pulse power source is
recommended.

5. Conclusions

Through handling of acquired
waveform data, some conclusions are
made as follows:

1) The high-frequency
electromagnetic wave can be
transmitted through the XLPE cable.

2) The difference in the transmission
velocity of electromagnetic wave in
the two sections of XLPE cables
corresponds with the aging of water
treeing. Hence, the transmission
velocity of electromagnetic wave in

certain XLPE insulation can be used to
diagnose whether the cable insulation
has water aging. In addition, the
degree of waveform distortion can
also be a reference.

3) The time interval between
incoming pulse and first reflection
pulse is taken as round-trip time. The
measuring error can be effectively
reduced if the waveform distorts
seriously.


