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Abstract— In this paper, an analytical case study has been done on the fault location technique used in Chandrapur – 
Padghe transmission line. The Chandrapur – Padghe ±500KV 1500MW Bipolar HVDC transmission line is 752KM long 
link. It inter connects the Eastern and the Western part of Maharashtra State and evacuates the power from Eastern part to 
the Western part of the State. It is in operation since November 1999 till the date, successfully fulfilling the power demand 
of the State. There are times when fault occurs on the transmission line and thus creating obstacles in the power 
transmission. It is very necessary to clear the line fault as soon as possible in order to keep the performance going of the 
power plant and the Eastern part of the State. For clearing the fault within less possible time, the power engineer must find 
out the location of the fault. But when the length of the transmission line is taken into account, it is very hard to trace the 
exact location of the fault. Technology used for fault location in HVDC Chandrapur – Padghe transmission line is 
travelling wave transducer i.e. TWT. The paper considers, the working of travelling wave transducer, its limitations and 
suggestions for better fault locating method has been presented. It is based on continuous wavelet transform.  

 
Index Terms— Fault location,Transmission lines, Transducer, Travelling waves, Wavelet transform. 

 
I. INTRODUCTION 
 
1.1 Background  
In Maharashtra State, power demand is maximum in 
the Western part of the State i.e. in Mumbai, Pune, 
Nashik, Aurangabad etc, and the Maximum power 
generated is in the Eastern part of the State i.e. in 
Chandrapur, Koradi, Khaparkheda etc., due to 
abundant amount of the coal and water. The present 
generation of the Chandrapur Super Thermal Power 
Station (CSTPS) is 2340MW and 1000MW will be 
added to this power in future as soon as the project of 
unit no. 8 and 9 is done. The 1500MW power can be 
transmitted safely via 752KM long HVDC 
Transmission line without considering any sudden 
outages. The real problem occurs when there is any 
fault in the long transmission line because it is very 
time consuming job to detect the location of fault 
accurately and then clear the fault. 
 
1.2 Necessity 
The fault location accuracies in power transmission 
systems can save time and resources for the electric 
utility industry. Mostly line searched faults are costly 
and also cannot be concluded fast. Thus, it is very 
important that the information must be accurate, 
immediate and acquired promptly in a form which is 
most useful to the person handling the power system.  
Most of the power projects are situated far away from 
the load centres, because of the availability of the raw 
material required for the power plant such as coal, 
water etc. Thus, it requires an efficient power 
transmission in order not to lose the much needed 
power in the transmission line. If higher is the 
transmission voltage, then lower are the transmission 
losses. It is well known that High voltage is required 
for the transmission of electrical power in order to 

reduce the energy loss in the line. The length of the 
transmission line considered here is long i.e. 752km 
long line. Now, if fault occurs in such line, it is very 
tedious work to locate the exact point where the fault 
has been occurred. Accurate fault location in such 
long dc lines is a challenging task. The transmission 
line patrolling can be done but it would require much 
time which may lead to the loss which is not 
affordable.  Hence, it is very necessary to establish a 
technique which gives the precise location of the fault 
to power engineer, in the minimum possible time. 
 
1.3 Theme  
Theme of this paper is, to studytheTravelling Wave 
Transducer (TWT) technology which is used for 
investigating location of fault in Chandrapur – 
Padghe HVDC transmission line. The line is752km 
long, ±500KV 1500MW bipolar transmission line. 
Travelling Wave Transducer Technology as the name 
itself reflects is based on theprincipal of two-terminal 
travelling wave method along with the transducer 
connected. This paper proposes study the working of 
TWT; the problems occurring while using TWT, its 
limitations and suggestion for better method for 
locating the fault.  

 
II. LITERATURE REVIEW 
 
2.1 Typical HVDC system at Chandrapur power 
station 
The Chandrapur power station is called Super power 
station or Giant power station because it is a very 
huge Power station which fulfills the Electricity 
demand of nearly whole Maharashtra State. Presently 
7 units are in working position in the Power station 
and generate upto 2340MW power. The unit no. 8 
and 9 are under construction and soon will be paying 
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their service for the State by generating additional 
1000MW power. In future the super power station 
will be generating 3340MW of power. The simplified 
single line diagram of typical HVDC system is shown 
in fig. 1. The HVDC converter is arranged in 12 Pulse 
Bridge as two monopoles each identical in lay out but 
the polarity is different. At both the converter 
stations, the converter transformers are single phase 
three windings, with three valve winding bushings 
which are then given into the valve hall. Each 
monopole is rated for 750MW at nominal parameters 
of 500KV DC voltage rating and 1500A current 
rating. The DC converter can also be loaded above its 
normal rating (i.e. 1.1pu for 2hrs). AC filters of 800 
MVAR are installed on both the HVDC converters, at 
both the terminal stations. These filters are configured 
as 6 switchable units of 2 × 200MVAR, 2× 
120MVAR and 2× 80MVAR each at Chandrapur 
station and 4 switchable units of 200MVAR each at 
Padghe station. 2/6 Band pass filters and 12/24 High 
pass DC filters are provided on DC side of each 
converter. 

 
Fig. 1 Simplified single line diagram of HVDC Bipolar Link 

 
2.2Travelling Wave Phenomenon 
The transmission line conductors have resistances and 
inductances distributed uniformly along the length of 
the line. Travelling wave fault location methods are 
usually more suitable for application to long lines. 
Transmission lines cannot be analysed with lumped 
parameters, when the length of the line is 
considerable compared to the wavelength of the 
signal applied to the line. Power transmission line, 
which operates at 50-Hz and is more than 80-km 
long, is considered to have distributed parameters. 
These lines have the properties of voltage and current 
waves that travel on the line with finite speed of 
propagation. Travelling wave methods for 
transmission lines fault location have been reported 
since a long time. Successive developments engage 
high speed digital recording technology by using the 
travelling wave transients created by the fault. It is 
well known that when a fault occurs in overhead 
transmission lines systems, the abrupt changes in 
voltage and current takes place, at the point of the 
fault. This generates high frequency electromagnetic 
impulses called travelling waves which propagate 
along the transmission line in both directions away 
from the fault point. These transients travel along the 

lines and are reflected at the line terminals. 
Propagation of transient signals along multiphase 
lines can be better observed by decomposing them 
into their modal components. 
If the times of arrival of the travelling waves in the 
two ends of the transmission line can be measured 
precisely, the fault location then can be determined 
by comparing the difference between these two 
arrival times of the first consecutive peaks of the 
travelling wave signal. Travelling-wave-based line 
fault location principle has been successfully applied 
to transmission line fault location in the conventional 
HVDC systems with two terminals.  
 
2.3 Transducer  
Transducer is a device that converts one form of 
energy into other, i.e. it converts a signal in one form 
of energy into another form of signal. Transducers are 
used widely in the field of automation, measurement 
and control system, where electrical signals are 
converted to any other physical quantity and vice 
versa.   
 
III. TRAVELLING WAVE TRANSDUCER 
TECHNIQUE FOR FAULT LOCATION 
 
The technology used for the location of the fault at 
Chandrapur power station, is Travelling Wave 
Transducer (TWT), whenever fault occurs on the 
Chandrapur-Padghe Transmission line.The operating 
principle of the TWT method is a travelling-wave-
based which is used along with the combination of 
transducer attached to the receiving and sending end. 
Whenever the fault occurs on the transmission line, 
abrupt changes occur in the travelling wave which 
gives birth to the electromagnetic impulses. These 
impulses travel all over the transmission line and 
come back to the faulty point. Exactly this nature of 
the traveling eave is observed and is used for the 
detection of distance of the fault point form the 
sending or receiving terminal. Thus wavefront of 
such impulses is taken by recording the time instant 
at the arrival point of the travelling wave. This time 
instant is recorded by the transducer attached to the 
receiving and sending terminal. Thus transducer 
converts it into the required form of data.  The 
Transducer connected to the is fixed in the black box 
which is connected to the pole. Black box is nothing 
but the analog circuitry that converts received signal 
to the analog data form which is further given to the 
PC. This PC continuously receives the signal of 5V, 
50A but whenever any fault occurs the value of signal 
voltage and current changes and thus the time instant 
is recorded for that particular signal. The 
programming for recording time instant is fed in the 
card which is fixed in the small card.  
The value of time recorded then is put in the 
following equation:  
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Where Xf is the distance of fault from the either of the 
receiving or sending terminal, T1 and T2 are the time 
instant recorded, 376 is half of the total length of 
transmission line i.e. 752/2km and 149137.5 is 
assumed as the velocity of the travelling wave. By 
applying this formula we can calculate the distance of 
location of fault. 
TWT sometimes does not show any response to the 
signal other than the reference signal if the signal is 
not that strong. So it is sometimes very difficult to 
analyze the location of fault. Hence now-a-days the 
power engineer has to tune the TWT to its maximum 
sensitivity point so that any change in the signal other 
than the reference signal, is recorded. But, the major 
limitation of this technique is, it is online type of 
technique. It cannot give the fault location if only one 
terminal record the fault i.e. if the Chandrapur station 
receives the abnormal signal but Padghe station does 
not record any faulty signal, the fault location is not 
achieved. If due to miscommunication, or any 
problem in the optic fibre, the other terminal couldnot 
record the abrupt change in the signal, thus location 
of fault cannot be measured. Then in such case the 
power engineer is left with no option than line 
patrolling, which is tedious, hectic and mostly time 
consuming which may lead to the severe damage to 
transmission line or the load or bus connected to the 
faulty line. Also it may result in major loss as the 
electricity will be cut off for some timebecause the 
fault is not cleared soon. To overcome this problem 
with TWT a new technique Continuous Wavelet 
Transform can be helpful to the power engineer 
handling the power system. 
 
IV. USE OF CWT IN TRAVELLING WAVE 
BASED DC LINE FAULT LOCATION 
 
4.1 Wavelet Transform 
A wavelet is a waveform of effectively limited 
duration that has an average value of zero. On 
comparing wavelets with sine waves, which are the 
basis of Fourier analysis, it is seen that sinusoids do 
not have limited duration - they extend from minus to 
plus infinity. And where sinusoids are smooth and 
predictable, wavelets tend to be irregular and 
asymmetric. Fourier analysis consists of breaking up 
a signal into sine waves of various frequencies. 
Similarly, wavelet analysis is the breaking up of a 
signal into shifted and scaled versions of the original 
(or mother) wavelet.  
 
4.2 Continuous Wavelet Transform 
In the CWT, the analysing function is a wavelet, i.e. 
ψ. The CWT compares the signal to shifted and 
compressed or stretched versions of a wavelet. 
Stretching or compressing a function is collectively 
referred to as dilation or scaling and corresponds to 
the physical notion of scale. By comparing the signal 
to the wavelet at various scales and positions, a 
function of two variables is obtained. If the wavelet is 

complex-valued, the CWT is a complex-valued 
function of scale and position. If the signal is real-
valued, the CWT is a real-valued function of scale 
and position. For a scale parameter, a>0, and 
position, b, the CWT is: 

 
 
Where denotes the complex conjugate. Not only do 
the values of scale and position affect the CWT 
coefficients, the choice of wavelet also affects the 
values of the coefficients. By continuously varying 
the values of the scale parameter, a, and the position 
parameter, b, you obtain the cwt coefficients C(a, b). 
Note that for convenience, the dependence of the 
CWT coefficients on the function and analysing 
wavelet has been suppressed. Multiplying each 
coefficient by the appropriately scaled and shifted 
wavelet yields the constituent wavelets of the original 
signal. 
Travel times of the fault initiated surges are used to 
find the dc line fault location in the travelling wave 
based fault location method. Fig. 1 shows the flow of 
the travelling waves along a dc line with length L. 
Assume that these waves are initiated due to a fault 
located at distance Xf away fromterminal-T1 and the 
waves travel at a constant velocity denoted by v. 
DC line fault location can be calculated as shown in 
equation (3) using the travelling wave arrival time 
with respect to a single terminal (T1). This method is 
called a single-ended method or Type A method. 
 

 ƒ = (  ଵି  ଶ)× 
ଶ

…………. (3) 
 
Fault location can also be found as shown in (4) using 
the initial travelling wave arrival time at both the 
terminals. This method is called double-ended 
method or Type D method. 
 

 ƒ = ( ି (  ଵି  ଵ)× )
ଶ

………………. (4) 
 

 
Fig. 2 - Lattice diagram to illustrate the travelling wave flow 

along the dc line 
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In the single-ended method the analysis of the 
waveforms has to be more sophisticated. As an 
example consider the case shown in Fig. 2, where the 
fault location Xf is greater than L/2. The reflected 
wave from the T2 terminal arrives before (Wave 
arrival time: tr1) the second reflection (Wave arrival 
time: tr2). Therefore, signature analysis may be 
required to distinguish the two waveforms. The 
double-ended method is based on timings from the 
initial surges and hence the reflected waves are not 
involved. However double-ended method requires 
both an accurate method of time synchronization and 
an easy means of brining the measurements from the 
two terminals to a common point. 
 
4.3 Identification of the Surge Arrival Time 
Wavelet transform is a linear transformation similar 
to the Fourier transforms. However, it is different 
from Fourier transform because it allows time 
localization of different frequency components of a 
given signal. In the case of the wavelet transform, the 
analysing functions are called mother wavelets and 
are defined as (5), 
 

 
   

A given mother wavelet (φ) has a location or time 
shift (τ) and a scale or duration (p). In the wavelet 
transform these shift and scale values are adjusted. 
This is called multi resolution analysis and it is useful 
for analyzing fault transients. The CWT still uses 
discretely sampled data, however the shifting process 
is a smooth operation across the length of the 
sampled data, and the scaling can be defined from the 
minimum (original signal scale) to a maximum 
chosen value. Therefore CWT provides finer 
resolution. The trade-off for this improved resolution 
is an increased computational time and memory 
required to calculate the wavelet coefficients. The 
trade-off can be compensated for the accuracy since 
the dc line fault locator performs off-line calculations. 
The corresponding DWT values are poor in time 
resolution and also are smaller in magnitude 
compared with CWT coefficients. That is the main 
reason why the CWT based fault location method 
gives better accuracy than DWT based fault location 
method. 

 
4.4Algorithm for Fault Location in the HVDC Line 
The proposed simplified fault location algorithm 
which is an offline calculation is illustrated in Fig. 3. 
This calculation can be initiated once the primary 
protection scheme identifies the dc line fault. The 
fault location scheme maintains a runtime input data 
buffer, which will be saved when a fault is detected. 
The size of this buffer depends on factors such as the 
primary protection time delay, sampling time and the 
transmission line length of the specific HVDC 
scheme. 

The largest time delay in the system is used to 
estimate the buffer size. 
In this, both terminal voltage and surge capacitor 
current measurements are tested as potential input 
signals. Sampling is assumed synchronized and time 
tagged using GPS clock signals. Wavelet transform 
either CWT is applied to the input signal and the 
magnitude values of the wavelet coefficients are 
extracted. A threshold to identify the surge arrival 
point is set about 15% above the maximum value of 
the wavelet coefficient of the corresponding input 
signal under the normal conditions. The safety 
margins are required to allow for the noise. Different 
threshold values are found for each coefficient scale 
considered in the algorithm.  
The time when the magnitude of the considered 
coefficient rises above the threshold is recognized as 
the time of arrival of a surge at the terminal, from the 
measurements at the other end of the transmission 
line, the time of arrival of the surge in that terminal is 
received via telecommunication channel. Fault 
location is calculated by using the travelling wave 
principle according to equation (4). 
 

 
Fig.3 - Simplified fault location algorithm 

 
As different coefficient scales or levels represent 
different frequency bands in the signal, the velocity 
of propagation at each of these frequency bands could 
slightly differ. The algorithm attempts to find an 
arrival of surge in the current data buffer, and if it did 
not find an edge, then the buffer window is shifted 
and the procedure is repeated. If the signal processing 
can be done in real time, the occurrence of a fault can 
be detected by continuously observing the wavelet 
coefficients, without depending on an external 
initiation signal. 

 
CONCLUSION 
 
In this paper, the concept of traveling wave, its 
behavior when fault occurs and hence, to use this 
quality of a travelling wave for the purpose of 
location of the fault, is presented. The traveling wave 
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based fault detection methods are developing the 
interests of the power engineer because of accuracy 
and prompt measurement of the location of the fault 
from the receiver or sending terminal. Also the fault 
locating technique TWT i.e. Travelling Wave 
Transducer is explained in this paper. The working of 
TWT and its flaws has been presented in the paper. 
The newly developed technique, use of continuous 
wavelet transform has been also discussed in the 
paper. This CWT method is very useful to locate the 
fault within fraction of time and works exactly on 
those points where TWT fails.   
The wavelet transform technique is more reliable for 
the power engineers because of its accurate and 
precise measurement of the faulty segment and the 
exact location of the fault. It saves the time as well as 
the further damage which happens due to the fault. 
The CWT technique works offline which again saves 
the time irrespective of the internet. Thus, the Fault 
detection in long transmission line using Continuous 
Wavelet Transform method is becoming the field of 
attraction for many of the electrical power system 
engineers.  
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