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Fig. 6.4; inducitive 
connection via frame 
antenna RA10 

 

6 Cable Route Tracing 
 

Cable route tracing is applied to determine the exact route of the 

underground cable. Depending on the availability of cable laying maps, route 

tracing is of very high importance as prior step to cable fault pin-pointing.  

 

Route tracing can be performed either active or passive. At live cables the 

harmonics of the mains frequency can be heard as ‘mains hum’. However, all 

grounded conductors, water pipes and parallel running cables which are 

connected to the 50Hz mains system also have this ‘mains hum’. To avoid 

confusion, it is recommendable to disconnect the conductor and feed the cable 

with an audio frequency to perform an active cable route tracing. 

6.1 Coupling of Audio Frequency Signal  
 

Galvanic connection 

As far as this method can be applied, galvanic coupling is always the best 

method for cable route tracing. By direct galvanic connection the ideal signal 

values can be obtained. 

Too high signal current might cause the signal to be induced to the 

surrounding lines too. 

Certain circumstances, where the total signal is returned might be difficult to 

detect. If the input signal running through the cable is returning over the same 

cable´s sheath, the resulting signal is abolished to nearly zero. The way of 

connection in such a case is to conduct the inverse current artificially via any 

other earth path back to the audio frequency generator.  

  

Inductive connection with current clip-on device (AZ 10) 

The clip-on device can be applied on dead cables if the termination is not 

accessible (house connection, water, telephone, gas), as well as on live cables 

for route tracing.  

 

Inductive connection with frame antenna (RA 10) 

The RA 10 frame antenna is designed for inductive audio frequency signal 

feeding into metallic pipes and lines which are galvanic not accessible. The 

Fig. 6.2; galvanic connection 

Fig. 6.1; galvanic 
connection of audio 
frequency generator TG 
20/50 

Fig. 6.3; inducitive 
connection via CT clamp AZ 
10 
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Fig. 6.8; Cable Locator 

Fig.6.5; Maximum method 

Fig.6.x Maximum method 

Fig.6.7; Depth 
determination 

Fig.6.6; Maximum method 

loop antenna RA 10 is used together with the Audio Frequency Transmitter TG 20/50 and is positioned 

above the cable.  

This way of signal coupling can also be used for routing, cable tracing, and terrain examination as well 

for location of water pipes with rubber joints.  

6.2 Signal detection  
Above the ground, the electromagnetic signal transmitted via the audio frequency generator can be 

measured along the cable trace. Depending on the pick-up coil direction, the signal can be coupled 

differently.  

 

Maximum method 

The detecting coil is horizontal to path of line. Maximum audio signal is directly 

above the line. The maximum method is used for cable routing as well for 

terrain examination. 

 

Minimum method  

The detecting coil is vertical to the path of the line. The minimum audio 

frequency signal is directly above line. The minimum method is used for depth 

determination measurement as well for exact cable tracing and pinpointing. 

 

Depth Measurement according to the Minimum Method 

For the depth determination with a simple surge coil, the characteristic of an 

isosceles triangle 

- first determine the exact position of the cable  

- subsequently, the coil has to be rotated to 45° 

- The minimum audio-frequency signal is heard at the depth “d” at a 

corresponding distance from the path of the cable. 

 

 

 

 

 

 

 

 

Instruments designed specifically for route tracing are operated with two 

integrated antenna covering the functions of minimum and maximum method 

as well as depth determination. 
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Fig. 6.10; signal shape,  
terrain examination 

Terrain examination 

Another application where the cable locating set 

can be applied is the so called terrain 

examination. The signal is injected into the soil 

via two earth spikes. In case there is any metallic 

conductor, the signal will return along the 

conductor. The electromagnetic signal along the 

conductor can be detected and the conductor can 

be found.  

 

To examine a particular area for existing cable/pipes system, the follow 

procedure is recommended: 

- dividing the area into squares of approx. 25x25 m 

- the audio frequency generator has to be set up in the centre of the 

cable run 

- the ground rods need to be set into the ground to the left and right of 

the generator at approx. 12 to 15m 

- the output power of the generator is kept low 

    

 

If there is a metallic conductor within the set out area, it will propagate a magnetic field in its vicinity. The 

magnetic field has in most cases the shape of a single-sided maximum; e.g. with a steep edge to the 

audio frequency waveform. 

6.3 Selection of Audio Frequency 
Every audio frequency generator is offering the possibility to select different signal output frequencies.  

The different characteristic of the frequencies is the induction effect. The induction of a signal into a 

neighbouring metal conductor is increasing with the frequency.   

 - The higher the frequency, the higher the inductive coupling effect 

 

Basically the frequency has to be selected as following: 

 

Low frequency e.g. 2kHz:   

- for galvanic signal coupling 

- the signal induction to other cables and pipes can be minimized 

High frequency e.g. 10kHz: 

- for inductive signal coupling with current clamp or frame antenna 

- high inductive coupling effect is required to couple the signal into the cable   

Fig. 6.9; connection for terrain examination 
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Fig. 7.1; signal pick up set 
UL30 / BM30 

 

7 Cable Fault Pin-Pointing 

7.1 Acoustic Fault Location 

7.1.1 Acoustic Fault Location in direct buried cables 
 

For pin-pointing of high resistive and intermittent faults in buried cables the 

acoustic method is used to pin-point the exact fault location. 

As signal source, a surge generator is used in repetitive pulsing mode.  

High energy pulses which are released by a surge generator (SSG) force a 

voltage pulse to travel along the cable. At the fault the 

flashover happens. This causes a high acoustic signal 

that is locally audible. Depending on the pulse energy, 

the intensity of the acoustic signal varies.  

These noises are detected on the ground surface by 

means of a ground microphone, receiver and headphone.  

The closer the distance from the fault to the microphone, 

the higher is the amplitude of flashover noise. At the fault 

position the highest level of flashover noise can be 

detected. 

 

 Propagation Time Measurement 

The acoustic fault location set comprising the receiver UL30 and 

the ground microphone BM 30 offers the special feature of digital 

propagation time – distance measurement. 

Fistly, the ground microphone is measuring the electromagnetic 

signal that can be recorded all along the cable where the HV 

impulse is travelling before finally flashing over at the faulty 

position. As this signal is available all along the cable trace 

towards the fault, it can further be used to make sure that the 

“cable trace” is followed. The maximum signal confirms to be 

directly above the cable. 

Secondly the ground microphone will receive the flashover noise 

next to the fault on the ground surface as soon as the very close 

area around the fault is reached.  

 

Fig.7.2; schematic connection and shape of 
acoustic signal – acoustic fault location 

Fig. 7.3; magnetic signal along the 
whole cable, acoustic signal at point 
of flashover 

Fig. 7.4; cable fault,  
1-core 11kV XLPE cable 
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Fig. 7.5; UL30 display, indication of 
magnetic and acoustic signal, 
indication of distance to fault 

Fig. 7.6; field application  
acoustic fault location 

Therefore, every flashover activates two trigger situations. – 

magnetic trigger and acoustic trigger 

The two signals are of different propagation velocity. Further the 

distance to the fault influences the difference in trigger of acoustic 

trigger compared to the trigger of the electromagnetic signal.  

As soon as the magnetic trigger is reacting on the bypassing HV 

impulse in the cable underneath, a timer is started. When the ground 

microphone receives the delayed acoustic signal, the measuring cycle 

is stopped.  

 

   The receiver UL automatically indicates the measured time distance 

(propagation time) to the fault via a digital meter indication. According 

to the meter indication, the faulty position, where the distance 

indication is lowest, can be found.  

By means of the audible acoustic signal the final exact location of the 

cable fault can be determined. This special feature increases the 

performance compared to convenient acoustic pick-up sets, as the 

magnetic indication offers an integrated tracing feature.  

 

 

 

 

7.1.2 Pin-pointing of cable faults in pipe 
arrangements 

 

When cables are laid in pipes the acoustic signal is no more 

audible right above the cable fault. The acoustic signal in that 

case is travelling through the air in the pipe and therefore only 

audible at both ends of the pipe or on the manhole covers. 

By means of the previously carried out cable fault prelocation, 

the section of pipe can be determined. Up to today, the final 

step to determine the exact fault position in the pipe was very 

difficult or by most pick-up sets impossible. 

The latest model of pick-up set UL/BM therefore uses a special 

feature to determine the exact fault position also in manhole 

arrangements.  

Fig. 7.7; manhole arrangement, cable laid 
in PVC pipe, acoustic signal only audible 
on manhole cover  
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Acoustic Fault Location at Manholes 

For this method, no additional instrument is requested. Every 

latest UL receiver offers the mode of pinpointing in manhole 

arrangement. 

In a first step, the ground microphone is placed on the first 

manhole cover, where the acoustic signal and the magnetic 

signal are shown up in a certain propagation time value. By 

confirming the signal, this value is stored in the receiver.  

In a second step, the ground microphone is placed on the 

second manhole cover. Also at this location, the ground 

microphone can pick-up an acoustic signal and the magnetic signal that is showing up in a second 

propagation time value.  

By entering the distance between the manholes, via the propagation time ratio over the distance, the 

direct distance to the fault in the pipe is indicated.  

Fig. 7.8; UL30 display, manhole mode, 
display of two propagation time values used 
for distance calculation 
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Fig.7.10; discharge of HV pulse; voltage drop in shape of 
a voltage funnel, zero position above the fault, step 
voltage can be measured at the surface 

shirla 

 

7.2 Fault pin-pointing of low resistive cable faults 
 

Cable faults that are showing up in a solid grounded condition do not 

enable to create a flashover at the faulty point by means of a surge 

generator. Therefore also no acoustic signal is audible and the cable 

fault pinpointing according to the acoustic fault location is not possible. 

This condition is mainly resulting from a completely burnt cable fault 

that is furthermore also low resistive to the surrounding soil. These 

kinds of cable faults can be pinpointed by means of the step voltage 

method explained below.  

 

Faults in low voltage cables as well as pilot cables (signal lines) are often 

difficult to be pin-pointed, because the maximum voltage that may be 

applied to these cables does not enable to force sufficient surge energy 

to create a strong flashover that can be pinpointed by means of the 

acoustic method. As these cables are mainly unshielded, the fault in most 

cases also appears towards the surrounding soil. Also here, the step 

voltage method is the suitable pin-pointing method.  

 

Another difficult fault condition to pin-point in low 

voltage cables is if the fault is not related to 

ground and therefore only showing up between 

two cores. For these conditions, the Twist 

Method enables successful pointing out the fault.  

 

 

The 3rd fault type showing similar conditions is the 

cable sheath fault. A fault in the outer protective 

PVC insulation of a XLPE cable can not be located 

via the acoustic method, as no defined potential 

point, where the flashover can take place, is given. 

Here, also the step voltage method enables the 

localisation. This method also enables to locate 

several sheath fault locations along a cable. 

           

Fig. 7.9; step voltage method, two 
earth probes connected to UL30 
receiver 
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7.2.1 Step voltage method 
 

Pinpointing of:  

- Any earth contacting low resistive faults 

- Cable Sheath Fault  

 

As a signal source, a high voltage impulse 

sequence or impulse block sequence is sent into the 

cable under test. The HV pulse is discharged via the 

resistive fault to the surrounding soil without a 

flashover. The voltage drop into the soil at the fault 

location results in a voltage funnel, which can be 

measured by means of the step voltage method. 

By using two earth probes, the voltage distribution 

field is indicated. The multifunctional receiver UL 

indicates the positive or negative voltage (left or 

right side from the fault location) via a bar graph as well as an acoustic tone. As soon as the earth sticks 

are placed symmetrical above the fault, the resulting voltage is zero and the fault position is 

determined.  

 

Useable HV signal sources: 

- SSG / STG surge generators 

- Shirla Cable and Cable sheath fault location system 

- Any BAUR VLF generator with cable sheath fault function 

Useable receivers: 

- UL of latest version in combination with cable sheath fault location accessories 

- KMF 1 in combination with cable sheath fault location accessories 

 

 

     

 

In case of multiple sheath faults, e.g. 3 faults, all faults can be located as explained above during one 

passage over the cable route. This requires appropriate practice and one should know that the step 

voltage shows several passing through zero position that might irritate (5 passing through zero).  

Fig.7.11; multiple sheath fault can be determined in 
one sequence, several zero points indicated 
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Fig. 7.13; signal sequence Twist Method 
1. Audio frequency generator 
2. surge coil 
3. receiver 
4. low resistive fault 
5. open cable end 
6. head phone 

7.2.2 Twist method 
 

The twist method can be applied for pin-pointing of low resistive faults in 

twisted cables. In this method, the effect that the cores are longitudinally 

turned-in is used. The basic signal used is a high frequency audio signal 

causing equivalent signals like used for cable route tracing. Differing to 

route tracing, where the signal is sent through a healthy core, for this 

method the signal is forced over the fault. Therefore the application is 

depending on the fault resistance. Higher resistive faults request a very 

powerful audio frequency generator. The audio frequency signal is 

passing back and forth in the same cable up to the fault where the signal 

faces the return point. Due to the twist, what means the steadily change of 

geometrical position of the cores in the cable, the maxima and minima of 

signal resulting can be followed on the surface. The twist length in the cable 

is depending on the type of cable but is roughly 1meter. According to this, 

the point where the signal ends can be determined as the cable fault. 

 

An audio frequency signal (2 kHz) with high current (10 to 30 A) is supplied into the faulty pair of cores. 

Despite reverse current directions, a resulting magnetic field can be measured above ground surface.  

Powerful audio frequency generators (600 VA) with incorporated reactive current compensation are 

needed for successful use in practical application.  

Due to the twisted design of a multi core cable the field amplitude continuously changes by following the 

core position.  

When a search coil is moved along the cable trace 

a typical twist field is detected. The field amplitude 

is alternating between high and low signal. 

Furthermore, the twist method can be used for 

detection of cable joints, where the twisted field 

is interrupted according to the length of the joint. 

 

   The twist method offers a major advantage in 

T-branched networks as the twist signal is 

always in direction to the fault. All healthy cable 

branches give a continuous low signal. The twist 

signal disappears as soon as the fault has been 

passed. 

 

Fig.7.12; detecting the 
twisted field signal 
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Fig. 7.14; Locator Set and ground microphone 

   The twist method is most successful if the fault between the two cores is low resistance (< 2 Ω). 

   If the fault is conductive to the metal screen of the cable, the fault finding becomes more complicated. 

   If then the metal screen is separated from ground, the twist method can be applied as well. 

 

 

Locator set: 

based on the multi receiver UL – the universal 

fault and cable locating set can be used for: 

 

- cable route tracing 

- twist method in combination with 600VA 

audio frequency generator 

- step voltage method with sheath fault 

location accessories 

- acoustic fault location in combination 

with the ground microphone BM 
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8 Cable identification 
 

Cable identification is the most critical and safety related sequence 

during all the procedure of cable fault location. The correct 

identification of a cable out of a bundle of cables, where most of them 

can be cables in service, has to be carried out not only carefully, but 

also by means of an instrument widely eliminating the possibility 

of human error or misinterpretation.  

Additionally, it is highly recommended to use cable cutters according 

to EN 50340 and / or a cable shooting devices. The local safety and 

accident precaution instructions are always applicable, and 

mandatory. The BAUR cable identification system KSG 100 was 

designed to fulfil these most important safety aspects. 

 

Principle of operation of the KSG 100 

 

The transmitter of the KSG contains a capacitor that is charged and 

then discharged into the target cable. During this process the test 

sample must be connected in such a way that current can flow through 

it. The flexible coupler is used to couple the current pulse at the target 

cable. The direction of flow of the current pulse and its amplitude 

are indicated on the display of the receiver.  

 

The amplitude of the current pulse 

is dependent on the loop resistance. 

To be able to clearly determine the 

direction of current flow, the 

positive output is colour-coded red 

and the flexible coupler marked 

with an arrow.     

The current difference that is 

calibrated can be measured very 

accurately. As there are no relevant 

losses, the displayed current is 

nearly equivalent to the calibration 

signal.  

Fig. 8.1; KSG 100  

Fig. 8.2; pulse signal flow scheme 

Fig. 8.3; field application of cable identification 
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Depending on the cable arrangement, the signal loop is changing. The application of cable identification 

can be carried out on any cable arrangement. 

 

Before the actual process of cable identification begins, the instrument is performing a self calibration 

whereby the target cable is analysed. During this sequence the receiver analyses the test sample for 

interference and the amplitude of the pulse. As the signal amplitude is dependent on the loop resistance, 

the receiver automatically sets the internal amplifier to 100% output amplitude. In this way it is ensured 

that not only the direction in which the current pulse flows, but also the amplitude is used for the 

evaluation. 

In the final calibration step, the transmitter is synchronised to the receiver using a defined cycle time. 

This synchronisation is performed because during the subsequent cable identification the receiver will 

only evaluate the pulses during a period of 100 ms (Phase). This impulse is not affected by any magnetic 

field, as a high current impulse is used. 

Finally there is only one single core fulfilling all the calibrated values with positive direction on site, 

independent how many cables are faced in the tray or manhole.  

 

These relevant signal characteristics mentioned above can be mentioned shortly as  

ATP - signal acquisition:  

A …   Amplitude and direction of signal;  

T …   Time interval of released signals synchronized with  

 transmitter;  

P …   Phase: same signal direction in the correct cable, all  

 neighbouring cables are used as  

return wire or do not carry any signal.  

 

The BAUR KSG 100 is the only instrument available providing 

such high safety certainty. The fully automatic setting 

adjustment and calibration minimizes the risk of operating error. 

 

The signal coupling can be done on either dead cables as well 

as on live cables:  

On dead cables, the direct coupling can be performed to the 

core of the cable. In such arrangements, where the core is 

used as the conductor, there is no limitation in regards to 

voltage rating or diameter of the cable. The flexible Rogowski 

coil can loop a diameter of 200mm and therefore is applicable 

even on high voltage cables.  

 

Fig. 8.4; galvanic connection on single core 
cables, off-line connection 

Fig. 8.5; inductive connection to live cable 
via CT clamp AZ10 
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Fig. 8.8; Full cable not accessible, 
application of Expert mode enables 
the safe cable identification. 

For the application on live cables, it is independent 

whether the load rating is high or low or whether the line 

voltage is low voltage or even high voltage. As the 

coupling in that case is done via a current clamp, the 

restriction is given by the diameter of the clamp only.  

 

KSG 100 Expert Mode 

Certain substation arrangements in combination with 3-

core cables do not allow an access to the full diameter of 

the cable in the substation. The calibration as explained 

above can not be done similar. The Rogowski coil has to 

be connected around the core without the sheath 

involved.  Therefore the calibration signal is not equal to 

the signal that is measured on the whole cable diameter 

on site. For these arrangements the KSG 100 is equipped 

with an Expert mode that enables to adjust the gain of 

the received signal. The indication of direction as well 

as the phase synchronisation is still corresponding to 

the calibration performed in the substation. Therefore, it is 

enabled to perform the safe cable identification even on 

very difficult arrangement. 

The application of cable identification in PILC cables may 

be influenced by the characteristic that the outer protective 

layer is conductive and therefore the cable sheath is also 

conductive to soil. If the signal return path is defined via the 

cable sheath, a certain amount of signal may be leaking and 

travelling via surrounding conductors. These so called 

vagabonding currents are then no more routed along a 

defined path. This effect is the reason, why on such 

arrangement not the full signal value may be available on 

site.  

By using the KSG 100 in the Expert mode, also the effect of 

vagabonding currents can be considered. As long as 

possible, the forward and return path of the signal should be 

defined via the cable cores. Like this, the effect of 

vagabonding currents in PILC cables can be eliminated. 

  

Fig. 8.6; accessible cable termination; 
calibration on full cable diameter 

Fig. 8.7; KSG 100 receiver display 
indicting direction, value, line 
conductivity 
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Fig. 9.1; Cross Bonding System Diagram 

9 Practical cable fault location examples 
 

9.1 Cable fault location in HV cables with cross bonding joints 
 
Single core high voltage cable networks are commonly designed with cross bonding joints. By 
interchanging of the cable sheath at the joint locations the losses in a high voltage cable can be reduced.  
 
For the application of cable fault location methods as well as for partial discharge diagnosis the 
influences of cross bonded joints have to be kept in mind. Very often, in 66-69kV, 115-132kV or 220kV 
cables, cable sheath are grounded and/or overvoltage protection device are connected to the cable 
sheath in the so called link-boxes at the joint locations. These link-boxes are usually designed to be 
accessible for maintenance. 
 

 
 
 
The above shown cross bonding system diagram is an example, 
where the total cable is consisting of 6 spans. After two cross 
bonding link boxes, a solid bond link box is following. At the solid 
bond link box all three sheath are connected to ground. 
 
 
 
 
Influence to cable fault prelocation: 
 
Cable fault prelocation methods that are based on travelling impulse techniques are influenced by the 
cross bonding joints. Every cross bond is creating a significant change of the line impedance 
(impedance between core – sheath). The pulse of every TDR instrument is heavily reflected from the 
joints. For the TDR impulse this impedance change shows similar characteristic like a cable end.  
Therefore, on such arrangements, the cable fault prelocation methods like TDR, SIM/MIM, Impulse 
Current Method or Decay Method are highly influenced.  
 
To eliminate the effect of high impedance change all cross bonding connections have to be bridged 
by means of solid short circuit wires with clamps or lugs that can be fixed directly. The solid-bond link 
boxes do not need to be considered, as they only connect all sheaths together to ground. The ground 
connection is not influencing the whole procedure of cable fault location.  
 
The only prelocation method that is not influenced by cross bonding is the bridge-method. As 
the methods according to Glaser or Murray are not based on travelling pulses these methods are not 
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influenced at all. Whenever the cable fault shows resistive characteristic the high voltage measuring 
bridge can be used for fault prelocation directly.  
 
Influence to route tracing and fault pinpointing: 
For route tracing, preferably the cable conductor shall be used. Inductive coupling may cause problems 
as the signal will leak to ground at the solid bonded link-boxes.  
 
For fault pinpointing, the acoustic pin-pointing method shall be used. The flash-over sound as well as the 
travelling HV-impulse towards the fault is not influenced as it is running in the cable core.  
 
Cable identification:  
For cable identification it is important to know that the network comprises cross bonded joints. For the 
coupling of the cable identification signal it is very important to use only the conductors as back and 
forth path. Like this the influence of interchanging sheath path can be come around. 
 
Required cable fault location equipment:  

 
with bridged cross bonding:  

- Cable Fault prelocation  with TDR, SIM/MIM, 
ICM, Decay – Methods 

- Surge generator and ground microphone for 
acoustic fault location 

 
circuit including cross bonding influence: 

- Cable Fault prelocation with measuring bridge 
Shirla according to Murray or Glaser 

 Requirement: low - or high resistive fault 
characteristic, no intermittent fault 

  If the fault is intermittent the fault can be 
changed to resistive fault by means of a strong 
surge generator. 

-  Surge generator and ground microphone for 
acoustic fault location 

 
Sheath-testing and sheath fault location: 
 
For cable sheath testing, the solid bonded link-boxes have to be 
opened and the ground connection to be removed. In case 
additional overvoltage protection device are connected to any of 
the link-boxes, these need to be disconnected as well.  
In case of a sheath fault the fault prelocation can be carried out 
with the measuring bridge. The result leads to the relevant section. As the prelocation result can be 
influenced by a multi-fault along the whole trace, the cable section where the fault is located shall be 
disconnected as a next step. By repeating the fault prelocation with the measuring bridge at the relevant 
link-box the location can be confirmed finally.  
 
By using Shirla in DC-pulsing mode, the fault pinpointing according to the step voltage method can be 
carried out directly.  
 

 

Fig. 9.2; accessible link-boxes, with 
conected bridge wires for bridge 
methods 
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9.2  Cable fault location in airport lighting arrangements 
 
 
Airport run field lighting arrangements are fed by power cables that need to be considered for cable fault 
location. Depending on the design, different ways of application of cable fault location have to be 
considered. Basically two different designs of these networks are commonly installed.  
 
 
Parallel arrangement of lights 
 
All lights are wired parallel so that the direct supply voltage is forwarded to every light. To be able to 
deliver the low voltage (230/400 V) also to the end of the trace, it is necessary to use large conductor 
diameters.  
In these systems it is possible to use standard cable fault location systems. All lamps need to be 
disconnected from the supplier cable and therefore a normal low voltage network is given. Disconnecting 
the lights normally only requires unplugging fuses. In some arrangements the lights are looped and 
therefore do not have joints.  Here it is possible to perform the TDR and SIM/MIM methods, as well as 
the bridge measurement for prelocation. 
 

 
Some other arrangements are realized by T-brunch connections for each lamp. In that case the TDR and 
SIM/MIM methods are influenced by reflections at the T-branches. In those cases only the bridge 
methods are suitable for fault prelocation.  

Line 1 
Light 1, 3, 5 
T-brunches 

e.g. 
Light 1   L1 
Light 3   L2 
Light 5   L3 

Line 1 
Light 1, 3, 5 
Looped line 

L1-3 
 

N 

L1-3 
 

N 

e.g. 
Light 1   L1 
Light 3   L2 
Light 5   L3 

L 
 

N 
 

PE 

Fig. 9.3; schematic drawing, parallel arrangement of lights  

Fig. 9.4; schematic drawing, parallel arrangement of lights,  
T-branch connection and looped line connection 
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The required equipment therefore is consisting of the following instruments: 
 
In networks without T-branches 

- Low Voltage cable fault location system STG600 + IRG 2000  
o For prelocation of low-, high resistive and intermittent faults according to TDR and 

SIM/MIM  
- Surge Generator STG 600 in surge mode  

o for fault pinpointing according to the acoustic fault location method in combination 
with the ground microphone UL / BM  

 
In network with T-branches 

- High voltage measuring bridge Shirla  
o For prelocation of low and high resistive faults according to Murray or Glaser bridge 

methods 
- Surge Generator SSG 500  

o For fault pinpointing according to the acoustic fault location method in combination 
with the ground microphone UL / BM 

 
 
Serial arrangement of lights with transformers 
 
A way of network design that was used in earlier installations of airport lighting was comprising a high 
voltage cable ring. Every light is linked to the high voltage cable by means of a transformer. The primary 
sides of the transformers is connected in line to each other. Depending on the number of transformers, 
the feeding voltage is set by means of an adjustable high voltage transformer.  
 
 

 
The lights are again divided into several circuits that are arranged, as shown in the schematic diagram. 
For this type of network it is not necessary to use big diameters for the conductors, as the network is 
operated with high voltage. Furthermore it is more flexible and more capable for enlargement and 
extension. Every lamp is equiped with a separation transformer, so that every transformer causes a 
voltage drop defined by the each transformer primary winding. For every light the same voltage drop and 
the same voltage is obtained. All lights are designed to be unplugged easily at the transformer.  
All primary sides of the transformer are connected in line. When performing a resistance measurement 
the value of measurement is including all resistances of the primary sides of all transformers connected 
in line. To be able to perform a fault prelocation measurement it is required disconnect all lamps to 
prefent any damage.  
 

L 
 

N 
 

PE 

Fig. 9.5; schematic drawing, serial arrangement of lights with 
transformers  
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Fig. 9.7; shirla (SHeath, Insulation 
test, fault Resistance and Location 
Analyzer) 

For cable fault prelocation only the bridge method can be applied successfully. The cable circuit can be 
considered a serial circuit of line-resistances of the cable sections and winding-resistances of the 
transformer primary sides. Old measuring technology based on a simple measuring bridge required to 
work with complicated calculations to bring the resistances into relation with the actual positions. 
According to this calcualtion, the measured galvanometer reading could be transferred to the field.  
 
The modern high voltage measuring bridge shirla has been designed 
in consideration of such an applications. With this instrument it is 
possible to define the line characteristic by means of sectors. The 
resistance of the first sector up to the first transformer is defined by the 
diameter, material and length of the cable section. The resistance of 
the primary winding of each transformer can be measured and 
recalculated  

out of the substituting relation of 
V

C

A

l
PR

*ρ
= ,  

whereby the parameters are: 
 Rp …  Resistance of primary winding,  

 Cρ … . Copper (selectable),   

 l …  approx. 0.2m,  

 Av…  virtual cross section received out of calculation        
P

C
V R

l
A

*ρ
=  . 

 
The operation menu of shirla enables to enter the individual sections (cable, transformer, cable,… ) 
accordingly. The measured result is then automatically calculated based on the entered sections with 
their individual parameters. Already after the first measurement, the relevant section can be 
determinated.  
 
For fault pinpointing the relevant cable section can be disconnected at both sides. By means of 
application of a surge generator the cable fault pinpointing according to the acoustic method can be 
applied.  
 
 
The required equipment therefore is consisting of the following 
instruments: 
 

- High voltage measuring bridge Shirla  
o For prelocation of low and high resistive 

faults according to Murray or Glaser bridge 
methods 

- Surge Generator SSG 500  
o For fault pinpointing according to the 

acoustic fault location method in 
combination with the ground microphone UL 
/ BM 

 

Plugging 

Rp 

Fig. 9.6; airport light connected via 
separation transformer 
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Fig. 9.8; vaporized core after cable fault, 132kV XLPE 

Fig. 9.9; exploded 132kV joint after cable fault, 132kV XLPE,    
  explosion lifted soil above the faulty spot. 

9.3 Cable Fault location in High Voltage cables e.g. 115kV 
 
High voltage cables such as e.g. 115kV cables, 230kV cables or similar are mainly operated at high load. 
In case of a cable fault the flash over energy is very high.  
 
XLPE cables: 
 
In XLPE cables most often a big explosion is happening and the cable parts around the fault are burnt 
and/or vaporized completely.  
 
Also the other cores as well as neighbouring 
cables are very often damaged beside. Due to 
this reason cable fault location can be carried 
out easily with basic cable fault location 
equipment used for medium voltage cables. 
A fault location system based on a surge 
generator up to 32kV is mostly fully sufficient 
to prelocate these cable faults.  
 
The comparison of TDR graphs of a healthy 
core in comparison with the faulty phase leads 
to precise cable fault prelocation graphs in low 
resistive fault conditions.  
Depending on the current load of the cable at 
the moment of flash over the conditions may 
also remain high resistive or intermittent. In general the 32kV surge generator combined with the 
SIM/MIM or ICM method can cover these fault conditions.  
 
 
 
If the fault condition 
shows solid grounded 
conditions the pin 
pointing may not be 
possible by means of 
the acoustic fault 
location method as no 
flash over can take 
place at a short circuit 
fault. In such a case the 
step voltage method 
is the only method to 
perform the cable fault 
pin pointing in 1-core 
cables.  
 
 
In 3-core cables, which 
are used rarely, also 
the Twist Method can 
be used for pin 
pointing.   
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Fig. 9.10; cable fault in a 132kV PILC cable 

PILC cables: 
 
High voltage PILC cables are more resistant to the flash over. In these cables the remaining fault 
condition may be an intermittent fault with a certain breakdown voltage possibly higher than 32kV.  
 
To prelocate such faults the Decay method based 
on a HV DC or VLF instrument that is covering the 
breakdown voltage is required. Basically all these 
available HV instruments enable to be used in burn-
mode. Most of the fault conditions can be changed 
by application of the burn mode over a certain time. 
During this fault burning the paper insulation is 
carbonizing and the break down voltage of the 
fault can be reduced.  
Finally for pin pointing a surge generator with a 
maximum output voltage of 32kV can be applied.  
Only very seldom it is required to use a surge 
generator with higher output voltage.  
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