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Of all the major asset classes on electricity networks, HV cables are regularly shown
to have a high contribution to overall network risk and significantly impact network
performance. Unfortunately they will often have the least amount of available

condition data to help manage the risk.

By Neil Davies and Paul Blackmore, EA Technology

o effectively manage high voltage electricity networks, owners

and operators have a very real need to understand the condition

of their assets. EA Technology has over 45 years of experience
working in the electricity sector to improve network performance and
implement Condition Based Risk Management with over 60 global
utility clients operating Generation, Transmission and Distribution
networks, as well as numerous large private network operators.
From this body of data a common recurring theme extracted from
fault data is the high impact that unexpected failure of HV cables has
on network performance and cost to an organisation.

When maintained in good condition, underground cable
distribution systems provide high security of supply. Failure rates can
vary considerably between different organisations, often dictated
by issues introduced at the manufacture, installation and operation
stages of cable lifecycle and also the amount and impact of third
party damage caused by excavation around cable networks.

Cable failure rates can be reduced by eliminating root causes
from cable installation for new cables and detecting hidden
faults on aged cables by applying partial discharge testing in the
maintenance stage.

A high proportion of reported cable faults and failures occur on
cable terminations, typically caused by faulty installation, one
example is shown in Figure 1. The use of non-intrusive handheld
PD instruments using Transient Earth Voltage (TEV) and ultrasonic
techniques is well established and effective in detecting termination
problems and this should be the first thing to introduce in the quest
for reducing cable faults. In order to look at the condition of the
complete cable and joints away from the terminations requires
additional technigues.

Pressure testing or Hi-Pot testing has often been used on HV
cables, particularly as part of commissioning. Although useful in
the commissioning phase it is not a good method for detecting
insulation defects or providing useful condition information. Much
more valuable condition data can be gathered through the detection

Figure 1 Partial discharge caused by incorrect installation found on a
cable termination using non-intrusive PD ‘UltraTEV" instrument

and location of PD activity along the cable route and to a lesser
extent through assessing the dielectric strength of the cable system
as a whole using tan-delta measurement.

The traditional method for the measurement of PD has been to
take the cables off line and energise using a power supply operating
at Very Low Frequency (VLF). A typical VLF test set used for PD
mapping of HV cables will often have integrated tan delta diagnostic
capability so both tests can be carried out during the same session.
While PD measurement is suitable for detecting electrical trees, tan
delta measurement provides an indication of the overall health of
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the insulation. Although it is a bulk measurement which can limit its
usefulness, it can detect ageing of the insulation e.g. through the
presence of water treeing or impurities.

A significant drawback on the use of the VLF diagnostic testing is
that it is time consuming and complex to perform the testing. This
tends to limit off-line techniques to more of a reactive test e.g. after
failure and repair or targeted at specific circuits under consideration
for replacement or overlay. To gain more widespread use of PD
testing across the cable network, there has been a trend to explore
the application of on-line testing techniques.

NON-INTRUSIVE DETECTION OF PD ON CABLES

Once a PD event has occurred through the electrical insulation
of a cable, a set of radio frequency current pulses both equal in
magnitude but opposite in polarity are seen on the line conductors
and the earth conductor. In addition, if a PD event occurs between
two phases, the effect of equal magnitude and opposite polarity
is seen on the phase conductors that the PD event occurred. On-
line PD detection utilises this effect by measuring these pulses using
Radio Frequency Current Transformers (RFCTs) placed on the earth
sheath of the cable as shown in Figure 2. There is a very important
and practical consideration that needs to be considered when
assessing the applicability of taking on-line measurements. If the
RFCT is placed over both the line conductor and the earth cable at
the same time, the discharge currents are cancelled. The connection
must therefore always be made by monitoring the earth cable only,
or the line conductor after the earth has been taken off (provided
the line current is relatively low).

Figure 2 RFCTs installed on the earth conductor of single-core cables.

DEALING WITH NOISE
When carrying out on-line testing with the cable in service a difficulty
that will be encountered is noise on the cable earth system. Noise
will often occur in the same frequency band as PD signals and will
be detected by the RFCT sensor. Simply measuring amplitude can
therefore provide false alarms of PD and will only have very limited
application. Simple devices will typically utilise in-built filters to try
and overcome the effect of noise e.g. a high pass filter in the 1.4
- 1.8MHz range. This has the effect of blocking much of the noise
on the earth system but at the same time reduces the ability of the
instrument to detect PD signals far down the cable. As the current
pulses transmit down the conductor and earth from the discharge
source, the signals attenuate and ‘flatten’ effectively cutting off the
higher frequencies to the point that they are filtered out. Despite
the use of high pass filters, simple measurements can still be prone
to false alarms and have not been found to be particularly effective
for initial widespread screening of cables for PD.

To improve the diagnostic capability from this simple amplitude-
only measurement we need to capture information on the pulse
shape and reference captured signals to the 50Hz supply frequency.
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Additional processing capability is therefore required, as available
in the CableData Collector shown in Figure 3.

Flgure 3 Equipment for 3- phase On-line measurement of cable PD

To aid analysis, the equipment makes use of a supply reference
or detects a reference from the connected RFCTs. The CableData
Collector automatically applies a series of filters during the capture
process as well as capturing raw unfiltered data. With automatic
application of filters the data capture process is simple, quick
(typically 5 minutes per set of 3 cables), accurate and a non-
specialist function. This ensures all the requisite information
required for effective analysis of the data is captured every time.
The improved analysis is demonstrated in Figure 4 and Figure 5.
Both of these shows similar amplitudes recorded by the instrument
of 3000 - 4000pC, safely above the red threshold for XLPE cable.
Looking at the waveform and the phase-resolved plot of Figure 4
it is a relatively simple matter to conclude that there is no phase
locked signal and the waveform is not consistent with partial
discharge. Figure 5 on the other hand shows as clear phase resolved
nature to the activity with a unipolar pulse shape indicative of PD.
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Figure 4 On-line measurement of cable measuring noise on the
earth system
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Figure 5 On-line measurement of cable measuring partial discharge
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Without the ability to look at the waveform or reference signals
to the 50Hz supply, both sets of these measurements would be
classified as serious PD. It is therefore important for any instruments
used for screening of cable networks to have this ability to phase
reference the data and capture the waveform information.
Without this there will be a high, unacceptable number of false
positives which will quickly lead to loss of confidence in the use of
on-line technology to detect PD and be a barrier to adoption of a
useful tool for the asset manager.

PD Levels recorded on 191 solid 33kY
cables tested using on-line CableData Collector

Percentage of cable faults
Iin each category within 2 years

Figure 6 Results from CableData Collector Testing of 33kV Cables
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CASE STUDY

An electricity utility with an objective of improving the efficiency
of their HV cable investment programme introduced non-intrusive
testing of HV cables using the CableData Collector. Figure 6 shows a
breakdown of the data collected from a sample of 191 of their 33kV
cable circuits. This demonstrates the effectiveness of the instrument
in quickly assessing the likelihood of failure of the cables.

To undertake this programme of work and produce these
results using off-line techniques would have taken approximately
6 months’ work for 2 skilled technicians in a test van; coupled with
the disruption and risk caused by switching out 191 circuits.

The use of the CableData Collector was able to provide a much
quicker snapshot on the condition of the cable network and target
the more disruptive and costly VLF testing towards circuits where
it could produce most benefit rather than on the 80% or more of
cables that were in good condition.

CONCLUSION

On-line partial discharge measurement on cables using the CableData
Collector is now being deployed to quickly gather valuable condition
information on HV cable networks, an asset class where data is
typically sparse. This information can be used to inform capital funds
submissions, improves safety, reduces down-time and allows better
asset management decisions to be made.
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