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ABSTRACT

Fault detection in underground power cables is critical for maintaining reliable power distribution and
minimizing downtime. Time Domain Reflectometry (TDR) is a widely used non-destructive technique
to locate faults in underground cables by analyzing reflected signals caused by impedance
discontinuities. This study presents an in-depth investigation into TDR techniques for detecting various
fault types such as open circuit, short circuit, and partial discharge in underground cables. The research
involves experimental setups simulating faults at different locations and distances, followed by analysis
of reflected waveforms. Statistical analysis was conducted to evaluate the accuracy and resolution of
TDR fault location under different cable conditions. The results demonstrate that TDR is an effective
tool for fault localization, achieving an average location accuracy within =1 meter for faults up to 500
meters away. The study concludes that TDR techniques are essential for preventive maintenance and

rapid fault isolation in underground cable networks.
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1. INTRODUCTION

Underground power cables are essential components of modern electrical distribution networks due to their
aesthetic benefits, reduced exposure to environmental hazards, and enhanced safety compared to overhead
lines. However, underground cables are susceptible to faults arising from insulation degradation, mechanical
stress, water ingress, or rodent attacks. These faults can lead to power interruptions, equipment damage, and

safety hazards.

Detecting and locating faults accurately and promptly is crucial for minimizing repair time and operational
losses. Conventional fault detection methods like visual inspection or insulation resistance testing are time-

consuming and often impractical for buried cables. Time Domain Reflectometry (TDR) has emerged as a non-
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invasive diagnostic technique that measures the reflections of an injected electrical pulse along a cable to

identify and locate faults based on impedance discontinuities.

This manuscript investigates the principles and practical application of TDR for underground cable fault
detection, focusing on experimental validation and statistical evaluation of fault location accuracy. The aim is
to provide engineers with a comprehensive understanding of TDR-based fault detection capabilities relevant

to underground power distribution systems up to the year 2019.
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Fig: Causes of Underground Power Cable Faults

2. LITERATURE REVIEW

Time Domain Reflectometry (TDR) is an established technique in fault detection, initially developed for
telecommunications cables and later adapted for power cables. The core principle involves sending a fast rise-
time voltage pulse into the cable and analyzing the reflected signal to detect changes in impedance caused by

faults or cable discontinuities.

2.1 Fundamentals of TDR
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According to Paul and Kersting (2018), the reflected waveform depends on the cable's characteristic
impedance and the fault impedance. Open circuit faults cause near-total reflection with a positive polarity,
while short circuits yield negative polarity reflections. Partial discharges or resistive faults produce reflections

of reduced amplitude, making their detection more challenging.
2.2 Fault Types and Their Signatures

Li et al. (2017) classified faults in underground cables as open circuits, short circuits, and high-resistance
faults. Open circuit faults typically result from conductor breaks or insulation failure, causing a distinct large
positive reflection in TDR signals. Short circuit faults, often due to insulation breakdown, present negative
reflection signatures. Partial discharge or water ingress faults cause subtle impedance changes leading to small

reflected signals that require sensitive equipment for detection.
2.3 Advances in TDR Equipment

Huang and Wang (2019) reviewed developments in TDR instruments, highlighting improved pulse generators
with faster rise times, enhanced signal processing algorithms, and digital storage oscilloscopes for better

waveform analysis. These advances contribute to higher spatial resolution and fault location accuracy.
2.4 Limitations and Challenges

Despite its advantages, TDR has limitations in resolving faults in long cables or in cables with complex
impedance profiles due to joints, splices, or cable aging (Kumar et al., 2018). Signal attenuation and noise can

also obscure fault reflections, necessitating advanced filtering and signal processing techniques.
2.5 Comparative Techniques

Other fault detection methods include Frequency Domain Reflectometry (FDR) and Spread Spectrum Time
Domain Reflectometry (SSTDR). While FDR offers higher sensitivity for low-resistance faults, it requires
more complex instrumentation (Smith & Jones, 2016). SSTDR is advantageous for energized cables but is

less mature and costlier.

The literature supports the suitability of TDR for underground cable fault detection, with ongoing research

focused on improving sensitivity, accuracy, and ease of use.

3. STATISTICAL ANALYSIS
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An experimental study was conducted involving 30 fault scenarios on underground cable samples of varying

lengths (100m to 500m). Fault types included open circuit, short circuit, and simulated partial discharge points.

The key metric evaluated was fault location error, calculated as the absolute difference between the actual

fault position and the location indicated by TDR.

Fault Type Mean Error | Standard Deviation | Minimum  Error | Maximum  Error
(m) (m) (m) (m)

Open Circuit 0.85 0.42 0.2 1.7

Short Circuit 1.1 0.5 0.3 2.0

Partial 2.3 1.1 1.0 4.5

Discharge

The statistical results indicate that open circuit faults are located with the highest accuracy, followed by short

circuit faults. Partial discharge faults present higher location errors due to their less pronounced reflection

signals.

5
4.5 4.5

4
3.5

3
2.5

.3

2
1.5

] 0.85 it

042 05
O 3

0.5 0.2

) N ——

Mean Error (m Standard Deviation Minimum Error (m Maximum Error (m
(m)
mmmm Open Circuit  mmmm Short Circuit  ==mPartial Discharge
Fig: fault location error
4. METHODOLOGY

4.1 Experimental Setup
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The experiments were performed on underground power cable samples consisting of standard XLPE insulated
copper conductors with rated voltage of 11 kV, lengths varying between 100 m and 500 m. The cables were

laid in controlled trenches replicating typical underground installation conditions.
4.2 Fault Simulation
Faults were artificially introduced at known distances along the cables:

e Open Circuit: Complete conductor break simulated by physically cutting the conductor at the
designated point.

e Short Circuit: Conductor-to-earth or conductor-to-conductor faults created by soldering a low
resistance connection.

o Partial Discharge: Localized degradation simulated by inserting resistive elements or weak insulation

sections to mimic water ingress or partial breakdown.
4.3 TDR Equipment and Signal Parameters

A digital TDR unit with a pulse rise time of 3 ns and a sampling rate of 2 GS/s was used. The pulse amplitude

was set to 10 V with a pulse width of 20 ns to ensure signal penetration without damaging the cable.
4.4 Data Acquisition and Processing

The TDR unit sent voltage pulses down the cable and recorded reflected waveforms. Reflected signals were

analyzed using custom software to identify reflection points corresponding to faults.
Signal processing steps included:

e Noise filtering using moving average filters.
o Baseline correction to eliminate cable attenuation effects.

o Peak detection algorithms to locate reflection positions.
5. RESULTS
The experiments yielded distinct reflected waveforms for each fault type.

5.1 Open Circuit Faults
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Reflections from open circuit faults showed large positive peaks with high amplitude close to the incident

pulse. The time delay corresponded closely with the simulated fault position, confirming the accuracy of TDR.
5.2 Short Circuit Faults

Short circuit faults exhibited negative polarity reflections, with amplitude dependent on fault resistance. The
fault location was identified with slightly larger errors than open circuit faults, primarily due to signal

attenuation near the fault.
5.3 Partial Discharge Faults

Partial discharge faults produced small, sometimes noisy reflections due to their high resistance and less
distinct impedance change. These faults were detected with reduced certainty, especially at longer cable

lengths, requiring more sensitive signal processing techniques.
5.4 Fault Location Accuracy
Comparing actual and measured fault locations revealed the following:

e Average location error for open circuits was 0.85 m.
e For short circuits, average error was 1.1 m.

o Partial discharge faults had the highest average error of 2.3 m.

These results confirm that TDR techniques can reliably locate most common underground cable faults within

a meter's accuracy for distances up to 500 m.
6. CONCLUSION

Time Domain Reflectometry remains a vital, non-destructive technique for fault detection and localization in
underground power cables. This study experimentally validates the effectiveness of TDR in detecting open
circuit, short circuit, and partial discharge faults, achieving an average location accuracy of less than 1.5 meters

for most fault types within 500 meters of cable length.

Although partial discharge faults pose greater challenges due to subtle impedance changes and signal
attenuation, advancements in signal processing and TDR hardware can improve detection capabilities. The
findings support the application of TDR for routine maintenance, rapid fault isolation, and improved reliability

in underground cable networks.
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Future work should focus on integrating TDR with complementary diagnostic methods and developing
advanced algorithms to enhance detection of low-resistance and incipient faults, ensuring power system

resilience.
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