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1 Introduction

Cable discharge mapping is a technique regularly used for the condition assessment and
monitoring of high voltage cables. The technique has been used for well over a decadc to
obtain condition information on installed cable circuits. Although originally developed (o
assess the condition of ageing paper insulated cables, the technique may also be applied in the
commissioning of new cable circuits.

The main difference between traditional discharge measuremenis and partial discharge
mapping is that discharge mapping allows location of partial discharge activity within cablc
systems. Since discharge pulses travel at a finitc speed along a cable and are reflected at
jmpedance mismatches along the route, these characteristics may be used to identify where
discharge activity originated along a cable route. By combining information from a number of
partial discharge cvents, a final graphical plot, known as a ‘discharge map’ may be produced.
This displays discharge magnitude as a function of distance along the cable route.

The ability to identify specific deteriorating areas allows remedial work 10 be planned and
often saves on replacement costs. On new XLPE cables, some defccts may not be detected by
a simple withstand test leading 10 a defective circuit being put into service.

2  Test Equipment
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Figure 1: Test circuit
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The simplified test circuit used for the measurements is shown in Figure 1. Tt consists of a
discharge free AC power supply to energise the circuit; a coupling unit (coupling capacitor
and detection impedance) to filter out the high frequency dischargc pulscs; asmeans of
displaying the high frequency signals and a computer for processing the data.

At the beginning of the test, the cable length is calibrated in terms of the time taken for a pulse
{o trave) from the test site to the remote end and back. This gives the ‘calibration time" for the
cable to be tested.

The cable is then encrgised and any high frequency signals generated are recorded and
analysed. Each time a discharge takes place, two pulscs propagate towards the ends of the
cable from the discharge site. If we are recording at end A in Figure 2, we scc the pulse which
has travelled djrectly to A from the discharge site followed by the pulse which has travelled to
the remote end and been reflected back towards A. The time difference between these pulses,
A, allows us to calculate the location of the original discharge. The pulses are altenvated as
they trave) along the cable resulting in a signal which deviates from the ideal.
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Figure 2: Partial discharge waveform generation

The traces from individual partial discharge events give information on the size and location
of each discharge. This information is then stored to be included on the final map.

3 Site Measurements

Carrying out partial discharge mapping measurements on site presents a number of issucs.
There are some issues associated with noise immunity and how to capture and analyse the data

produced when testing. However, the main issues are those of the physical difficultics '

associated with the size of test equipment, reliability and convenience.
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3.1 Equipment Size

For short lengths of cable, it is possiblc to carry out tests using a mains frequency transformer,
applying a voltage which matches the service conditions exactly. But even for short lengths of
cable the power requirements arc large and quickly make high voltage transformer test
supplies impracticable, both from a physical size point of view and also a low voltage supply
point of view.

For example:
Assuming 500m of 33kV single core 185mm’ XLPE cable

Capacitance = 0.22uF/km
33.10°
J3
=19.05-10°kV
Test Frequency, f = SOHz

Test Voltage ,V =

Power =V?*-2nf-C
=(19.05-10°)* x2.7-50x 0.11-10°°
=12.5kVA

Alernatives to the traditional test power supplics arc available to address this issue.

Discharge free Very Low Frequency, VLF, generators will reduce the power requirements by
the ratio of the frequencics used. For example testing a 50H2 sysiem at 0.1Hz will reduce the
required power by a factor of 500. The equipment, cven for testing several kilometres of
33KV cable at twice the normal voltage, can be mounted in a medium size pancl van. Smaller,
portable tost sets are also available for lower voltages.

A furthor alternative is the usc of high voltage resonant test scts. These use an inductor in the.
test circuit to create a resonance condition with the cable capacitance. This may be achieved
by varying the frequency of the test voltage or the valuc of the inductance. Fixed.frequency
test sefs operate al the mains frequency while variable frequency sets typically operatc’ at
between 20-200Hz. The cquipment is large and heavy requiring good vehicular access which
is often difficult for some 11kV substations. For testing of cables up to 33kV the equipment
would normally be mounted in a 7.5 tonne vehicle while a test set for 132kV cables may be
mounted on a 40 tonne trailer. A tailer mounted generator is also normally requircd to
provide the Jow voltage supply.

3.2 Rellabllity and Convenience

The equipment must be able to withstand the rigours of road travel on a daily basis. It must
also be discharge free in the environmental conditions usually found in substations.
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The efficiency of testing is also important, particularly if trying to minimise the cost of testing.
Tt must be possible to carry out tests in a short time - tests on a cable circuit typically take
about 1.5 hours.

I

3.3 Nolse Immunity

During laboratory measurements, external interference can be successfully screencd.
However, using wide band detection techniques in substation environments often leads to
unwanled radio frequency interference being detected.

Since the pattern of the waveform gencrated by partial discharge activity from within cables
contains three characteristic peaks (Figure 3), it is possible to gate oul activity which does not
correspond to this patiern (Figure 4). It is also possible to distinguish between partial
discharge activity from cables and interference from other sources during the analysis of data.
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Figure 3: Partial discharge waveform
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Figure 4: Interference waveform
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3.4 Length Limitations

The attenuation of high frequency signals in cables leads to limitations on cable lengths which
might be tested. The limitation is usually as a result of the oss of the pulse reflected from the
remote end of the cable. If this pulse cannot be identified from the background noise then the
location data is lost. It may still be possible to detect and Jocate very large discharge sitcs but
the fina) discharge map may not give a complete picture of the activity.

The attenuation in paper insulated cables is much greater than in XLPE cables and generally
results in & Jimit of approximately 3km. This means that at 3km, it is likely that some

significant data will be lost. For XLPE cables, circuits as long as 8km have been tested
successfully.

q Tost %Results

The following examples show results from a number of different tests on installed cables.
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Figure 5:

Discharge map from 33kV polymeric cable circuit

Figure 5 shows the results from a test on a new polymeric cable circuit. Partial discharge
activity can be clearly seen at a number of the joint positions.
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Figure 6:

Discharge map from 33kV paper cable circuit

Figure 6 shows the result from a 33kV paper cable circuit. There is an arca of activity near to
a part of the circuit where failures have occurred in the past. Patterns such as this suggest
further failures arc likely. Barlier tailoring of fault repairs would have eliminated the suspect
arca and improved reliability.
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Figure 6:

Discharge map from 33kV mixed insulation cable circuit
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Figure 6 shows the result from a mixed dielectsic circuit.
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cable types shows up clearly as being suspect.

The joint between the different
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Figure 7: Discharge map from faled 33kV cable circuit
Failure  1003m (3 years following lest)
Felluro 04%
l -
R | —1
|l i I
il -
r T v 1 v Y v T v \
0% ¢ 10074
Joiats = |4 t ) 1l S|
End 1 End &
RED YT LOW  BLUE Tarminatinn and offocte: 2%
Incoplion volioge (kV rms). - - - Cablo longth: 1067 m
Number of cable events: 51 4 60 Cable return tima: 13.60 ps
Max. cablo diechargo (pC): 1004 1108 1274 Cablo type: 33KV 3 CORE {3D03ymm)
Ave. cable diecharge (pC): 203 LK 923 CA Technology
Max, term. discherge (pC): 0 et 1310

Parliol Discharge L.ocalion Systam

Figure 8:

Discharge map from a 33kV failed cable circuit

M1I=1 47 21731

P.@8




Lan Scuv vy VI Y S b I ey SU 18 Lt AEUra VA TR

The failures of the circuits shown in Figures 7 and 8 have both occurred at sitcs of partial
discharge activity. The magnitudes of activity arc similar at the two failure sites are similar
(2000-3000pC) but the time to failure following the test are very different. Although it is
possible to predict where failures will occur, the two failure examples illustraje that the
prediction of exactly when failures will occur is very much more difficult.

As more data is compiled, it may be possible to improve predictions about the time 1o failure.

However, even without this added information, it is still possible to make firm
recommendations based on the data.

5 Benefits

The main benefits of carrying out work of this type are clear.

By building a picture of the condition cable network, it is possible to delay replacement
schemes and make large capital savings.

By replacing known suspect arcas following faults, it is possible to reduce operational
expenditurc on finding and repairing subsequent failures near to the original failurc site.
Network reliability may also be improved.

By carrying out quadity checks on newly installed cables, it is possible to identify defective
parts before switching the cable onto the network.

6 Summary

Partial discharge mapping techniques can provide valuable information on the condition of
existing installed cable circuits. The technique may also be used as a guality control check on
new installation,

The technique has been used reliably and successfully for over a decade.

hnmediate financial benefits can be obtained from better informed replacement and repair
decisions. .
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