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It’s your fault
Guide to power cable fault location 

It is often said that cables don’t carry electricity anymore, they carry 
money. Therefore the pressure on all engineers and technicians 
undertaking fault location is increasing year on year. 
When asked to write an article on cable fault location one of 

the first questions asked is: ‘What are the basic characteristics of an 
engineer or technician responsible for fault location?’

This is probably the easiest question to answer, apart from being 
technically competent and an achiever they have to be masochistic, 
with a sense of humour. The reasoning for this hopefully will become 
apparent. Cables are found at varying depths from just a few centi-
metres to many metres (three, four or more). They consist of bare 
conductors laid in wooden troughs filled with pitch, single or three 
cores, with a multitude of dielectric material.

Another factor is that cable faults are not known for their social 
behaviour, in that they very rarely happen during normal operating 
hours or on nice warm days.

Whilst this article focuses on methods and techniques and the 
Megger ‘Logical Approach’, I thought it only fair to mention the 
people factor.

What is a fault?

A fault can be defined as any defect, weakness, inconsistency or non-
homogeneity that affects the performance of a cable. Although the 
most common types of fault are either contact faults or breaks, these 
can occur in isolation or combination and vary so much in degree 
that faults can take on a multitude of forms.

The following list is made up of fault types derived from these 
basic configurations but described also with respect to their anatomy 
and cause.

•	 Contact	fault

Also described as a short or shunt fault and is a connection or part 
connection between one core and another or others or between 
core(s) and the metallic sheath. The value of the fault resistance can, 
of course, vary between zero ohms and many megohms, a major 
factor in deciding the location method.

•	 Ground	contact	fault

This can be termed an earth fault, sheath fault or serving fault and 
often occurs on unshielded multi-core control and telecommunica-
tions cables and plastic low voltage cables with no metallic sheath 

or armour. It is the contact between a core or cores and the mass of 
earth. The detection, location and repair of such serving faults is vital 
in preventing metal sheath corrosion leading to loss of oil (in oil filled 
cables) or core faults with the consequent damage and disruption to 
supplies or traffic. 

As a matter of interest, such faults which involve contact between 
a metal line and the mass of earth lend themselves to almost 100% 
successful pin-pointing using high voltage dc or audio frequency 
methods. Conversely, pre-location can be very difficult as pulse echo/
time domain reflectometry techniques cannot be used.

•	 Break

Also known as an open-circuit or series fault and can be a ‘clean’ break 
in a conductor, ie with an infinite or a very high resistance reading 
across the break and to adjacent metal. There can also be a ‘dirty’ 
break where there is a measurable resistance across the gap or to 
adjacent metal. A partial break can occur when some of the strands 
of a conductor are broken or burnt through.

•	 Ingress	of	moisture

Moisture usually produces a contact fault involving all cores. Water 
enters a cable at some point of damage and may be present in one 
limited stretch or it may spread many metres along the cable, typi-
cally as far as the next joint. Therefore the site of the breakdown is 
often some distance from the point of entry, particularly if the cable 
slopes. Plastic cables can often perform when wet; paper cables 
cannot. Insulation resistance values vary considerably but tend to be 
of the order of a few kilohms. A change of characteristic impedance 
occurs at the wet section.

•	 Flashing	fault

This is the type of fault that does not manifest itself at lower voltages 
but flashes over at a certain higher voltage threshold. This may be 
hundreds of volts or several kilovolts up to a maximum that is the 
accepted dc test voltage for the cable. 

Such a fault is acting like a spark gap. It can often cause a fuse to 
blow and then disappears! In fact such a fault is arcing over intermit-
tently, the severity and frequency of this arcing depending on the ap-
plied voltage (near or at voltage peaks) and the state of the fault path, 
ie short or long, partly or heavily carbonised, wet or dried out, etc. 
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•	 Partial	discharge

Partial discharge is a well-known phenomenon occurring on high 
voltage ac systems whereby small breakdowns occur at weak points 
in the insulation, e.g. voids. These discharges take place singly, in 
bursts or continuously, and do not cause breakdown. Their energy 
is measured in pC (Pico coulombs). 

Energy levels and general activity invariably increase with time 
until breakdown does occur. ‘Treeing’ is a common manifestation of 
partial discharge activity. This is produced by the lengthening incur-
sion paths of the arcs. 

‘Logical approach’

The most important aspect of locating any cable fault is the devel-
opment of a strategy that will allow the fault location to be quickly, 
accurately and safely identified. This is achieved by following the 
Megger ‘logical approach to fault location’ 

 

Typical fault locating strategy

The most important aspect of locating a cable fault is the develop-
ment of a strategy that will allow the fault location to be safely and 
positively identified. 

Note: Use only suitably rated, equipment, making sure that all 
company and equipment manufacturers' safety guidelines are fol-
lowed.

Fault diagnosis

•	 Identify	the	fault

Before undertaking any fault location it is necessary to positively 
identify the faulted cable, following isolation and earthing or ground-
ing of all of the suspect cables and cores. This can be achieved by 
either using continuity tester, to determine the continuity of each of 
the cables and cable cores, or by using a TDR to see if all of the cores 
appear to have the same characteristics, ie splices, joints, transform-
ers, etc, at approximately the same distance. 

If the TDR data is inconclusive, use the dc (proof/dielectric test) 
function to positively identify the faulted phase. Separately bring each 
phase up to a test voltage as agreed by ‘local’ conditions or regula-
tions. Note the breakdown voltage from the faulty phase or phases.

Identify the type of fault

A multimeter being used as an ohmmeter, or an insulation tester is 
used to determine the type of fault. This is important to help us decide 
on which method of fault location is best suited.
 Warning: On some high voltage insulation testers the lowest 

measurement range will not give the required resolution; ie if a 
fault resistance is less than 5 k Ohm, we need a resolution down 
to low Ohms, typically 300 Ohms down to 0 Ohms. If necessary, 
use a multimeter or Ohms range on the insulation tester

 Warning: A high voltage insulation test does not confirm that the 
cable is healthy, ie a 5 kV Insulation test will not identify a fault 
that requires 8 kV to breakdown.

 

Fault prelocation

Fault prelocation is the first stage of our actual fault location and as 
such gets us into the general vicinity of the fault. It is difficult to define 
as within 2% of 100 m is entirely different from 2% of 14 km. In some 
Countries this is termed sectionalising.

Low Voltage prelocation

Description	of	Pulse	Echo	techniques

Pulse Echo also known as TDR or radar methods of fault location 
use low-voltage pulses to locate changes in impedance along the 
length of the cable. 
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High Resistance = High Voltage Methods should be applied. 
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Low Voltage prelocation 
Description of Pulse Echo techniques 
Pulse Echo also known as TDR or radar methods of fault location use low-voltage 
pulses to locate changes in impedance along the length of the cable.

From these low-voltage pulses, a small amount of energy is reflected back to the 
TDR from a change of impedance and is displayed on the MTDR screen, as either a 
positive going or negative going pulse, depending on the impedance characteristic 
(negative pulse for low impedance to shield faults and positive pulse for high 
resistance faults). 

Pulse Echo: The time which the pulse needs to travel from the Instrument to the end 
of cable and back is measured by means of a cursor which is positioned at the 
beginning of the reflection.
Mathematical representation: L = v . t 
Where: v = Velocity of Propagation,
L = Length ;
t = Time  

Fault Notification 
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Low Resistance = Low Voltage Pulse Echo Methods should be possible
High Resistance = High Voltage Methods should be applied.
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From these low-voltage pulses, a small amount of energy is reflected 
back to the TDR from a change of impedance and is displayed on 
the MTDR screen, as either a positive going or negative going pulse, 
depending on the impedance characteristic (negative pulse for low im-
pedance to shield faults and positive pulse for high resistance faults).

Pulse Echo: The time which the pulse needs to travel from the 
instrument to the end of cable and back is measured by means of a 
cursor which is positioned at the beginning of the reflection. 

Mathematical representation: L = v . t
Where: v = Velocity of Propagation 
L = Length ; 
t = Time 

With Pulse Echo, the output pulse travels twice the distance of the 
cable. ie from the output of the TDR to the change of impedance and 
the returning reflection back to the TDR, so the length to the imped-
ance change = v.t/2 = v/2.t

High Voltage prelocation

For faults that cannot be prelocated using LV methods, High Voltage 
methods need to be applied. Currently these are divided into two 
groups ie Arc Reflection and those using the transients generated at 
the point of breakdown.

Description of Arc Reflection 

Arc Reflection in its many guises has now become the most popular 
and success method now used. This method uses standard pulse 
echo techniques to prelocate high resistance faults, which are not 
identifiable using pulse echo.

 In Arc Reflection we use an impulse generator, arc reflection filter and 
a TDR (Typically Megger MTDR100). The operator takes a standard 
pulse echo trace which is automatically saved as a reference file. Then 
a HV impulse is applied to the cable, this impulse passing though the 
arc reflection filter, which ‘stretches’ the length or time of the impulse. 
The outgoing pulse then ignites the fault, creating a temporary short 
or bridge to earth/ground. During this period the MTDR sends out 
low voltage TDR pulses into what is in effect a short circuit. This trace 
is then memorised and compared to the original trace. The point of 
divergence is the point of fault. 

 Other Arc Reflection based Methods

Arc	Reflection	Plus	(ARP)

The same equipment as previously described is used. However in 
this instance up to 1 024 traces are recorded during the temporary 
short or arc to earth/ground. It should be remembered that at the 
beginning and end of the arc it is ‘unstable’, making accurate fault 
location sometimes impossible. 
The benefit of this method is that it gives the operator the possibility 
of interpreting more than one trace, which is especially useful where 
it is difficult to determine the fault position. 

Differential	Arc	Reflection	(DART)

Equipment as previous:  In Differential Arc Reflection (DART) the 
reference trace is mathematically subtracted from the trace obtained 
during the arc. This removes unwanted and confusing reflection, 
leaving a clean trace with only the fault position being displayed by 
a positive pulse. 

Description	of	Impulse	Current

Impulse current is probably one of the oldest methods of fault prelo-
cation, however its popularity has now been overtaken by arc reflec-
tion techniques. Impulse current is one of the methods that use the 
‘transients’ that are generated at the point of breakdown.

In impulse current we use an impulse generator, inductive coupler  
and a TDR acting as a transient recorder. 

The impulse generator creates a flashover at the point of fault and 
the resultant transients are reflected back and forth between the fault 
and the impulse generator. 

These transients are picked-up by the Inductive couple and fed 
to the TDR where they are subsequently displayed.

Note: The first displayed pulse includes the ‘ionisation delay’ and 
should not be used for measurement. In general the second or third 
pulses can be used; later pulses can distort the measurement as they 
have been attenuated by the cable during the multiple reflections.
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Other Arc Reflection based Methods 

Arc Reflection Plus (ARP) 
The same equipment as previously described is used. However in this instance up to 
1 024 traces are recorded during the temporary short or arc to earth/ground. It 
should be remembered that at the beginning and end of the arc it is ‘unstable’, 
making accurate fault location sometimes impossible.

The benefit of this method is that it gives the operator the possibility of interpreting 
more than one trace, which is especially useful where it is difficult to determine the 
fault position.

Differential Arc Reflection (DART) 
Equipment as previous:  In Differential Arc Reflection (D.A.R.T.) the reference trace 
is mathematically subtracted from the trace obtained during the arc. This removes 
unwanted and confusing reflection, leaving a clean trace with only the fault position 
being displayed by a positive pulse.

Description of Impulse Current 

Impulse current also known as ICE is probably one of the oldest methods of fault 
prelocation, however its popularity has now been overtaken by arc reflection 
techniques. Impulse current is one of the methods that use the ‘transients’ that are 
generated at the point of breakdown. 

Reference�Trace�

With�Arc�

DART�

+�

=�

Typical Traces Typical Traces

Fault distance

This method is extremely effective and the traces are easy to interpret.
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In Impulse Current we use an Impulse Generator, Inductive Coupler (CT) and a TDR 
acting as a transient recorder. The impulse generator creates a flashover at the point 
of fault and the resultant transients are reflected back and forth between the fault 
and the impulse generator. These transients are picked-up by the Inductive couple 
and fed to the TDR where they are subsequently displayed. 

It should be noted that the first displayed pulse includes the ‘ionisation delay’ and 
should not be used for measurement. In general the second or third pulses can be 
used; later pulses can distort the measurement as they have been attenuated by the 
cable during the multiple reflections. 
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Other Impulse Current based methods

Loop-on	Loop-off

Due to the inherent difficulties interpreting the Impulse Current traces, 
and as long as you have at least one good phase, the loop-on loop-
off technique is often used. Here an initial trace is taken, traces as 
in normal impulse current, with the trace being recorded. The high 
voltage is removed and a loop between the faulted phases and a good 
phase is installed preferably, for the best results, at the far end (near 
end can be used but results are not as good as far end loop). With 
the loop in place an impulse of similar voltage is again applied. The 
resultant waveform is then compared to that previously stored. Some 
adjustment is necessary to align the waveforms, but the fault will be 
clearly identifiable as with arc reflection ie by the point of divergence.

 

	Description	of	voltage	decay

Voltage decay uses the oscillating ‘transients’ that are generated at 
the point of breakdown, it is probably only used around 8% of the 
time, so it is often overlooked. However it is especially useful when 
a fault breaks down and then reseals itself. 

This can be termed a ‘flashing or pecking’ fault. Voltage decay can also 
be used where the voltage required to breakdown the fault cannot be 
achieved with the surge generator. In Voltage Decay we typically use 
a High Voltage dc source, a voltage divider and the MTDR100 which 
is operating as a transient recorder. High Voltage dc is applied and 
the voltage increased until the fault breaks down, and a flashover oc-
curs. During this flashover (the point of fault) the resultant transients 
are reflected back and forward between the fault and the dc source. 
These transients are detected by the voltage divider and fed to the 
TDR where they are subsequently displayed. 

Fault Conditioning

If the fault does not consistently breakdown, or is unstable, at the 
maximum allowable voltage, select the proof/burn function on the 
PFL. Raise the voltage to either the maximum allowable voltage or 
until the fault breaks down in a relatively stable manner as indicated 
by stable current and voltage. Continue this proof/burn function until 
the discharge current is stable, after a few minutes of stable discharge, 
return to Arc Reflection. Do not use proof/burn excessively as you 
could create a ‘dead short’ to earth/ground that would be extremely 
difficult, if not impossible to pinpoint using acoustic methods.

Pinpoint Fault Location 

Once the fault has been pre-located by using any of the previously 
referred to methods, the fault can be pinpointed either by acoustic, 
electro-acoustic, or electromagnetic methods. 

Set the PFL to Impulse Current and set the discharge voltage to 
a voltage similar to that used previously. 

Note: The lowest possible voltage should be used (as long as it is 
high enough to ignite the fault and create a flashover) as this ensures 
that the maximum energy is available, making pinpoint location 
easier. Set the discharge rate as desired and use a suitable pinpoint 
receiver to pinpoint the exact location of the fault.

 

Conclusion

Fault location is a field of engineering beset with problems and 
uncertainties. This article should strip away the mystique surround-
ing fault location and help you reduce ‘customer minutes lost’, one 
of the criteria that the majority of electricity supply companies are 
measured by. 

Fault Conditioning 

If the fault does not consistently breakdown, or is unstable, at the maximum 
allowable voltage, select the Proof/Burn function on the PFL. Raise the voltage to 
either the maximum allowable voltage or until the fault breaks down in a relatively 
stable manner as indicated by stable current and voltage.

Continue this proof/burn function until the discharge current is stable, after a few 
minutes of stable discharge, return to Arc Reflection. Do not use proof/burn 
excessively as you could create a ‘dead short’ to earth/ground that would be 
extremely difficult, if not impossible to pinpoint using acoustic methods. 
 

Pinpoint Fault Location  

Once the fault has been pre-located by using any of the previously referred to 
methods, the fault can be pinpointed either by acoustic, electro-acoustic, or 
electromagnetic methods.

Set the PFL to Impulse Current and set the discharge voltage to a voltage similar to 
that used previously.
Note: The lowest possible voltage should be used (as long as it is high enough to 

ignite the fault and create a flashover) as this ensures that the maximum 
energy is available, making pinpoint location easier. Set the discharge rate as 
desired and use a suitable pinpoint receiver to pinpoint the exact location of 
the fault. 

Pinpointing made easy 

 

 

Other Impulse Current based methods 
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Due to the inherent difficulties interpreting the Impulse Current traces, and as long 
as you have at least one good phase, the loop-on loop-off technique is often used. 
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recorded. The high voltage is removed and a loop between the faulted phases and a 
good phase is installed preferably, for the best results, at the far end (near end can 
be used but results are not as good as far end loop). With the loop in place an 
impulse of similar voltage is again applied. The resultant waveform is then compared 
to that previously stored. Some adjustment is necessary to align the waveforms, but 
the fault will be clearly identifiable as with arc reflection i.e. by the point of 
divergence.
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Description of voltage decay 

Voltage decay uses the oscillating ‘transients’ that are generated at the point of 
breakdown, it is probably only used around 8% of the time, so it is often overlooked. 
However it is especially useful when a fault breaks down and then reseals itself. This 
can be termed a ‘flashing or pecking’ fault. Voltage decay can also be used where 
the voltage required to breakdown the fault cannot be achieved with the surge 
generator.

In Voltage Decay we typically use a High Voltage dc source, a voltage divider and 
the MTDR100 which is operating as a transient recorder. 

High Voltage dc is applied and the voltage increased until the fault breaks down, and 
a flashover occurs. During this flashover (the point of fault) the resultant transients 
are reflected back and forward between the fault and the dc source. These 
transients are detected by the voltage divider and fed to the TDR where they are 
subsequently displayed.

Typical Traces 

Distance�plus�
Ionisation�delay�

Fault�Distance�
2

d.c.

Voltage
Devider

Reflections

PFL 
d.c.

Generator

 

Description of voltage decay 

Voltage decay uses the oscillating ‘transients’ that are generated at the point of 
breakdown, it is probably only used around 8% of the time, so it is often overlooked. 
However it is especially useful when a fault breaks down and then reseals itself. This 
can be termed a ‘flashing or pecking’ fault. Voltage decay can also be used where 
the voltage required to breakdown the fault cannot be achieved with the surge 
generator.

In Voltage Decay we typically use a High Voltage dc source, a voltage divider and 
the MTDR100 which is operating as a transient recorder. 

High Voltage dc is applied and the voltage increased until the fault breaks down, and 
a flashover occurs. During this flashover (the point of fault) the resultant transients 
are reflected back and forward between the fault and the dc source. These 
transients are detected by the voltage divider and fed to the TDR where they are 
subsequently displayed.

Typical Traces 

Distance�plus�
Ionisation�delay�

Fault�Distance�
2

Typical Traces

Fault distance

Distance plus 
lonisation delay

Allen Joyce is responsible for the development of Megger 
Cable Fault Location and High Voltage test equipment. He is 
based at Megger in Norristown, Pennsylvania, USA. 
Enquiries: Marius Pitzer. Tel. 031 564 6578 or email Marius.
Pitzer@megger.com www.megger.com.

About the author


