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Abstract 
This paper presents the design of an algorithm to detect, 
identify, and locate faults in radial distribution feeders of 
Provincial Electricity Authority (PEA). The algorithm 
consists of three major steps. First, the adaptive 
algorithm is applied to track/estimate the system 
electrical parameter, i.e. current phasor, voltage phasor, 
and impedance. Next process, the impedance rule base is 
used to detect and identify the type of fault. Finally, the 
current compensation technique and a geographic 
information system (GIS) are applied to evaluate a 
possible fault location. The paper also shows the results 
from field tests of the automate fault location system and 
illustrates the effectiveness of the proposed fault location 
scheme. 
 

1. Introduction 
Fast and accurate determination of a fault location in 
electrical power system is a vital part in power 
restoration. A range of fault location techniques have 
been proposed in many literatures [1]-[3]. However, they 
were mainly developed for transmission systems. The 
methods can be divided into two categories, which are 
based on travelling waves and based on impedance 
calculation seen from the line terminal and estimate the 
distance of fault. Nonetheless, very few methods were 
proposed for distribution networks due to the following 
reasons. Variety of configuration: Typical distribution 
feeders are arranged in various configurations. As a 
result, there is no linear relationship between line 

impedance and a distance between a fault location and a 
substation. Branch lines: Unlike transmission-lines, 
typical distribution feeders have several lateral branches. 
The fault location procedure may result in several points 
of possible locations. Distributed load along the feeder: 
The current measured at a substation during fault 
occurrence is a sum of load currents at each node. In 
contrast to transmission systems, fault current in the 
distribution system is fairly low comparing with load 
current. Consequently, it is impossible to accurately 
determine fault current. Incorrect fault type identification: 
Impedance-based fault locating methods require 
fundamental voltage and current quantities corresponding 
to the fault for calculating for fault locations from the 
apparent impedance. According to field tests data, it is 
found that most of faults in PEA’s distribution system are 
started as a single line to ground fault. Then, it can 
develop into other types, e.g. double line to ground fault. 
As a result, to improve the accuracy and ability of 
automated distribution system fault locator the algorithm 
should be able to track the change in type of fault types. 
Extract Phasor: Accurate tracking of the instantaneous 
phasor in power-disturbance waveforms is the most 
essential function of the automate fault location. There 
are special conditions in a power system, e.g., small 
frequency deviation, distortion of voltage and current 
waveforms from arcing fault, requirements with regards 
to accuracy, which have to be taken into consideration. 
Basically, there are two different approaches for locating 
faults in distribution system. One is based on the 
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algorithms that use measurements of voltage and current 
signals from a fault recorder at a substation [4]-[6]. The 
latter is based on fault detectors installed along a feeder 
[7]. Both approaches can combine to determinate the 
position of fault in distribution feeders. For example, the 
scheme is used to determinate possible fault locations in 
the main line, while fault detectors at lateral branches are 
applied to locate possible fault locations between main 
and lateral line. Provincial Electricity Authority (PEA) 
in Thailand is responsible for supplying electricity to the 
customers in 73 provinces. PEA service areas account 
for 99% of the territory. The procedure to identify fault 
location of PEA is still based on customer calls, line 
visual inspection and trial and error method. After 
receiving customer calls feeder maps and protection 
design manuals will be used to identify an outage area. 
Afterward, the crews are sent out to fix the problems. As 
can be seen, fault locating in this manner is time-
consuming.  This paper is concerned with the design of a 
new algorithm to detect, identify and locate faults on 
inhomogeneous distribution feeders of PEA. The 
algorithm is based on the previous work [8]-[11] and 
applied the following techniques: 
1. A new adaptive algorithm is used to track dynamic 
voltage-current phasor, and frequency of the power 
system [8]-[9]. The accuracy of this algorithm in 
tracking orthogonal coefficients and real-time frequency 
is very high. Besides, it is easy to implement. 
2. The new fault classification index (FI) and 
impedance rules based are used to detect and identify 
the type of fault. The performance of this module is fast 
and robust. The module detects and classifies a fault type 
within 3.8 ms using a low sampling rate at 16 samples 
per cycle. 
3. The algorithm applies one-ended method to 
calculate the apparent reactance. 

4. The fault boundary factor (K) represents possible 
faulted areas. In real situation, the only information 
available is where to start and to stop searching. 
5. Geographic Information System (GIS) provides 
information about network topology and electrical 
parameters. The implementation of the algorithm is fairly 
easy by using a set of computer with a data acquisition 
board inside. In addition, the algorithm reduces errors 
caused by load current, fault resistance and incorrect fault 
type identification. The paper also shows the obtained 
results from the field test of the automated fault location 
system employing the techniques mentioned above. This 
system integrates the information of feeder configuration 
and geographic information system (GIS). The service 
restoration process will be significantly sped up. The 
method proposed by [12] describes a fault location 
algorithm based on the voltage and current input signals 
provided by digital disturbance recorders installed at the 
substations. The fault location algorithm uses the 
symmetrical components of the voltage and current 
phasor quantities derived from these records. Fault 
location system based on artificial intelligence methods 
(fuzzy logic) [6], [13]. Nonetheless, the proposed system 
requires a large set of information which are short-circuit 
currents information provided by fault detection devices 
installed along the feeders. The estimation of a fault 
distance is obtained from the current measured by the 
digital over current relays while fault resistance is not 
considered. As a result, this method will estimate a fault 
location that, in most cases, is far from the actual one. 
Other recent efforts have focused on developing fault 
diagnosis systems using knowledge based approaches 
[14]-[15]. Knowledge-based techniques often rely on 
external information, e.g. SCADA alarms, substation and 
feeder switch status, feeder measurements, load voltage 
sensors, etc. However, in many distribution systems, 



วิศวกรรมสารฉบับวิจัยและพัฒนา ปที ่21 ฉบับที่ 1 พ.ศ. 2553       RESEARCH AND DEVELOPMENT JOURNAL VOLUME 21NO.1, 2010 

 

70 
 

knowledge-based approaches may not be feasible since 
measurements are usually only available at the 
substation and information about the operation of feeder 
protective devices are normally unknown. 
 

2. Design of An Algorithm 
The flow chart in Fig.1 shows fault location and 
diagnosis scheme that consisting of three sequential 
processes. The first block is on-line process, the adaptive 
algorithm used to track voltage-current phasor of the 
distribution feeder. The second block is on-line process, 
the impedance rule base used to detect and identify the 
type of fault. After fault was detected, pre-fault and 
during fault of voltages signal and currents signal were 
recorded and alarmed by the automate fault location. 
The third block, evaluates possible fault locations with 
one-ended method using fault boundary factor and GIS 
in off-line process. The following will be explanations of 
each individual process. 

 
Figure 1 Fault location and diagnosis scheme 

2.1 Adaptive Algorithm for On-Line Tracking 
Voltage-Current Phasor 
Firstly, the adaptive algorithm is used to track/estimate 
voltage-current phasor of power system. Fig. 2 illustrates 
structure of ADALINE for tracking dynamic voltage-
current phasor and frequency of the power system. The 

structure is formed by the linear combination of its input 
vector [ ]s scos(ω t) -sin(ω t)   at any given time. The 

input vector is multiplied by the weighting vector 
[ ]   ww 21 (orthogonal coefficients), and then summed 
up to produce the linear output y(t) . 
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Figure 2 ADALINE structure for tracking voltage-current 

phasor  

The weighting vector can be adjusted using Least Mean 
Square algorithm (LMS). This will provide output y(t)  
that is close to the input signal x(t)  (voltage or current 
signal). Different from other methods, the proposed new 
algorithm assumes that the phasor and frequency are 
dynamic. The main procedure is divided into two stages. 
First, weighting vector is estimated. Then, the angular 
speed of fundamental frequency of input vector will be 
adjusted by ωΔ  to obtain the actual value.  
Stages 1: Let assume that the observation model of an 
input signal (voltage or current) at the measurement 
location can be expressed as (1). 

sy (t) = Acos(θ+Δωt+ω t)   (1) 
Where, A is the magnitude of signal. θ  is the phase 
angle. Sω  is the angular speed of fundamental frequency. 
Δω  is a small change in  angular speed of fundamental 
frequency. t  is the time of observation. Applying the 
trigonometry relationship of cos(a b) =+  
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cos(a) cos(b)-sin(a) sin(b)  ⋅ ⋅ to the above 
equation will result in 

s

s

y (t) = Acos(θ+Δωt) cos(ω t) 
         - Asin(θ+Δωt) sin(ω t) 

⋅
⋅

 (2) 

Equation (2) can be rewritten in a matrix form as 
following.   

s sX(t) = [cos(ω t)  -sin(ω t)]   (3) 

1w  = Acos(θ+Δωt)   (4) 

2w  = Asin(θ+Δωt)   (5) 

[ ]1 2W(t) w w=  (6) 
ty (t) W(t) X (t)= ⋅  (7) 

e (t) x(t)-y(t)=  (8) 
Where, X(t) is the input vector. W(t)  is the 
weighting vector representing the orthogonal 
coefficients of voltage-current. 1w  is the orthogonal 
coefficient representing a real part of voltage-current 
phasor. 2w  is the orthogonal coefficient representing an 
imaginary part of  voltage-current phasor. y(t) is the 
output signal from the observation model. x(t)  is the 
input signal (voltage or current). k is the index of 
iteration. α is the learning parameter. For discrete-time 
signal, the weighting vector can be updated by using 
Widrow-Hoff delta rule as following. 

t

e(k) X(k)W(k+1)  W(k)+   
X(k) X (k)
α ⋅ ⋅

=
⋅

 (9) 

Substituting tX(k) X (k)=1⋅ into (9), one can obtain 

1W(k+1)  W(k)+ e(k) X(k)  α= ⋅ ⋅        (10) 
A perfect learning in (10) is completed when the error 

( 2e ) is brought to zero. The weighting vector ( W(k) ) 

of voltage and current signal at the measurement 
location will be represented in phasor or complex form. 
Therefore, the system can track voltage and current 
phasor. 
Stages 2: A study of previous work has revealed that 
most of voltage and current phasor estimation are not 
suitable for extracting the fundamental components. This 

is because the observation model neglects a small change 

in angular speed of fundamental frequency ( ωΔ ). In this 

paper, the effect of  ωΔ  must be considered and being 
adjusted to its actual value. A small change in angular 
speed of the fundamental frequency is computed 
accurately from the weighting vector according to (11). 

1 2 2 1
2 2
1 2

w (k) w (k)-w (k) w (k)=   
(w (k)+w (k))

ω
′ ′⋅ ⋅

Δ            (11) 

From (11), 1w (k)′ and 2w (k)′  are the derivative of 
weighting vector respect to time. A differentiation method 
can be used to compute 1w (k)′ and 2w (k)′  according 
(12) and (13), where Δt  is the sampling time interval. 

1 1
1

w (k)-w (k-1)w (k)=   
Δt

′                      (12) 

2 2
2

w (k)-w (k-1)w (k)=   
Δt

′                     (13) 

For discrete-time signal, the angular speed of the 
fundamental frequency according to the observation model 
in (1) can be updated to the actual value by using (14). 

S S(k+1)= (k)+ω ω ωΔ                         (14) 
2.2 Fault Detection and Fault Type Identification 
Algorithm  
Fault detection is an important step in the fault location 
procedures. The task of fault detection includes two  
major parts. The first part is to create fault classification 
index, using as the indicator. The second part is the 
design of a decision rule to detect and classify the fault 
type. The process can be described as follows. The 
magnitude of phase impedance a, b and c was calculated 
by applying Ohm’s law according to (15). 

a b c
a b c

a b c

V (k) V (k) V (k)Z (k)= , Z (k)= , Z (k)=  
I (k) I (k) I (k)

 (15) 

Where, a bV (k),V (k) and cV (k)  are the voltage 
phasor quantities. a bI (k), I (k) and cI (k)  are the 
current phasor quantities. a b(k), Z (k)Z and c (k)Z  
are phase impedance. The average magnitude of phase 
impedance AZ (k) can be calculated by using (16) and 
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phase impedance a, b and c can be normalized by using 
(17) - (19). 

a b c
A

Z (k)+Z (k)+Z (k)Z (k)=
3

                  (16) 

a
Na

A

(k)Z (k)=  
(k)

Z
Z

                            (17) 

b
Nb

A

(k)Z (k)=  
(k)

Z
Z

                            (18) 

c
Nc

A

(k)Z (k)=  
(k)

Z
Z

                            (19) 

Where Na NbZ (k),Z (k) and NcZ (k)  are normalized 
impedance of phase a, b and c. According to observation 
and experiment, the values of normalized phase 
impedance relates to unsymmetrical faults as shown in 
Table 1. The letter H means that the normalized 
impedance of a particular fault type is equal or greater 
than 1. In contrast, the letter L means that the normalized 
impedance is less than 1. Table 1 gives the inter-
relationship between the fault types and the position of 
letter H. It is noticeable that there are three Hs in each 
fault type.  
 
Table 1  Logic relation for asymmetrical fault 

Normalized 
  impedance 

Fault type 

a-g b-g c-g 
ab 
ab-g 

ac 
ac-g 

bc 
bc-g 

NaZ (k)  L H H L L H 

NbZ (k)  H L H L H L 

NcZ (k)  H H L H L L 

Na1-Z (k)  H L L H H L 

Nb1-Z (k)  L H L H L H 

Nc1-Z (k)  L L H L H H 

The letter H means the normalized impedance is more than 
or equal to 1. The letter L means the normalized 
impedance is less than 1. 

As a result, it is possible to formulate fault classification 
index (FI) by adding H terms corresponding to the “Fault 
Type” in column as follows. 

a-g Na Nb NcFI = (1-Z (k))+Z (k)+Z (k)             (20) 

b-g Nb Na NcFI = (1-Z (k))+Z (k)+Z (k)             (21) 

c-g Nc Na bcFI = (1-Z (k))+Z (k)+Z (k)             (22) 

ab,ab-g Na Nb NcFI = (1-Z (k))+(1-Z (k))+Z (k)      (23) 

ac,ac-g Na Nc NbFI = (1-Z (k))+(1-Z (k))+Z (k)      (24) 

bc,bc-g Nb Nc NaFI = (1-Z (k))+(1-Z (k))+Z (k)      (25) 

Where FI is fault index and the subscript a-g, b-g, c-g, ab, 
ab-g, ac, ac-g, bc and bc-g denote the type of 
unsymmetrical fault. After obtaining the fault indices from 
the equations above, the new rules base can be formulated 
by using the fault classification index and can be explained 
according to flowchart in Fig.3. 

FI<3 a b a N I , I , I <I

( )Max FI a-gFI

V(t), I(t)

 
Figure 3 Fault Detection and indentify type of fault 
 
If FI<3  and a b c

I , I , I < NI  , distribution feeder is 

normal, where NI is a pick phase current. 
If FI<3  and a b c

I , I , I ≥ NI , the fault is symmetrical 

or three phase fault. 
If FI 3≥ , The fault is unsymmetrical and the maximum 
value of fault classification index in equation (20)-(25) 
are used to identify the type of asymmetrical fault. For an 
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example, if a-gFI is the maximum value and more than 3, 

the fault type is phase a to ground fault.  
 
2.3 Fault Location Algorithm with Load Current 
Consideration 
One-ended method calculates a fault location from the 
apparent reactance seen by looking into the line from 
one end. In fact, the current that flows through the feeder 
consists of load and fault current as shown in Fig. 4. 

Load 1 Load 2 Load 3

FS

Substation

Fault locator

fI

f LI +I

f LI +I

SV

L

 
Figure 4 Effects of the load current to evaluation the     
                fault location 
 
Therefore, load current needs to be eliminated in the 
algorithms for distribution systems fault locations to 
reduce the error. When considering the effect of load, 
the apparent impedance seen by looking into the line 
from the measuring point can be expressed by 

S
app app app

f L

V =Z =R +jX
I +I

                     (26) 

Multiply (26) by f L(I +I ) , then 

S app f app LV =Z I +Z I⋅ ⋅                          (27) 

Divide (27) by fI , then 

S L
app

f f

V I=Z (1+ )
I I

                            (28) 

Where, fI  is the fault current. LI  is the load current 
during fault. appZ  is the apparent impedance. appR  is 

the apparent resistance. appX is the apparent reactance. 

pre-faultI  is the pre-fault current. during-faultI is the 

during-fault current. Let assume that L pre-faultI I≈ and 

f during-fault pre-faultI I -I≈ . Subsequently, the ratio of load 

current to fault current is estimated according to (29). 
This ratio is defined in this paper as the fault boundary 
factor ( K ). 

pre-faultL

f during-fault pre-fault

II =K
I I -I
≈                      (29) 

Substitute K from (29) into (28), then 

S
app

f

V =Z (1+K)
I

                             (30) 

The errors of the fault distance are compensated by fault 
boundary factor ( K ) in (30). The boundary of the faulted 
area can be determined between the starting point (SP) 
and the ending point (EP) as shown in Table 2. The 
apparent reactance ( appX ) is calculated from the 

imaginary part of the selected voltage ( selectV ) divided by 
the selected current ( selectI ) according to the fault type. 
 
Table 2 The ratio of the selected voltage to the selected 
current 

Fault 

Type 
selectV

 
selectI
 

SP 

(km) 

EP 

(km) 

a-g aV  aI  
app

s

X
x

 app

s

X (1+K)
x

 b-g bV  bI  

c-g cV  cI  

ab, 

ab-g 
a bV -V

 
a bI -I

 

app

s m

X
x -x

 app

s m

X (1+K)
x -x

 ac, 

ac-g 
a cV -V

 
a cI -I

 

bc, 

bc-g 
b cV -V

 
b cI -I

 

a-b-c Same as phase-to-phase faults. 

Where sx , mx  is self and mutual reactance of feeder 

line per one kilometer. In table 2, the fault location was 

calculated from the imaginary part of the selected voltage 
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( selectV ) divided by the selected current ( selectI ) 

according to the fault type such as example a single line 

to ground fault in phase a, then  select aV = V  and 

select aI = I . Phase quantities are easier to understand 

when one has to calculate fault location. Assume the 

power system has been reduced to a three phase thevenin 

equivalent circuit, seen from the fault location, with the 

matrix equation. 

a s m m a

b m s m b

c m m s c

V z z z I
V =L z z z × I
V z z z I

⎡ ⎤ ⎡ ⎤ ⎡ ⎤
⎢ ⎥ ⎢ ⎥ ⎢ ⎥⋅⎢ ⎥ ⎢ ⎥ ⎢ ⎥
⎢ ⎥ ⎢ ⎥ ⎢ ⎥⎣ ⎦ ⎣ ⎦ ⎣ ⎦

              (31) 

Where a b cV ,V ,V are voltage phasor quantities, 

a b cI ,I ,I are current phasor quantities, sz and mz are 
the self and mutual impedances per kilometer in phase 
quantities and L is fault location. For the example a 
single line to ground fault in phase a, one simply sets 

bI = 0 and cI = 0. The fault location which 
uncompensated by fault boundary factor then becomes. 

( )a
s

a

Vimag =imag z L
I

⎛ ⎞
⋅⎜ ⎟

⎝ ⎠
                   (32) 

Replace the term of a

a

Vimag
I

⎛ ⎞
⎜ ⎟
⎝ ⎠

by apparent reactance 

( appX ) and the term of ( )simag z L⋅ by 

( )simag x L⋅ then  

app

s

X
L=

x
                                    (33) 

Also, the phase to phase fault, the phase to phase to 
ground fault and three phase fault are easy to find from 
(34). 

app

s m

X
L=

x -x
                                   (34) 

The error of the fault location ( L ) from effect of load 

current in (33) and (34) are compensated by fault 

boundary factor ( K ) in (30). So, the boundary of the 

faulted area can be summarized in Table 2. 

 

3. Implementation and Field Test Results 
Automated distribution system fault location developed 
by using the techniques described above is presented in 
Fig. 5. The data acquisition system based on personal 
computer is composed of an analog to digital converter 
(A/D) with sampling rate at 16 samples per cycle. This 
A/D digit is 16 bits with anti-aliasing RC filter of cut off 
frequency 1.0 kHz.  The current signal is delivered to the 
data acquisition system from a 600/5 A current 
transformer.  
 

 
 
Figure 5 The Automated fault location system 
 
In order to evaluate the performance of the developed 
system, field tests have been conducted on several 
distribution feeders. The paper uses a power distribution at 
Phuket as an example to show the performance of the 
proposed method. 
Case1: The operating voltage of Phuket’s distribution 
system is 33kV, 50Hz. The actual fault location was at 
3.25 km in the main feeder. Fig.5 (Check figure and table 
number again) illustrates the fault current-voltage and the 
digital signal for fault detection and type identification 
according to Fig.6.  According to the waveforms, the 
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faults started on phase a-b.  Afterward, in less than half a 
cycle, the fault changed into phase c-a. It is obvious that 
the algorithm can correctly detect and identify the type 
of fault.  
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Figure 6  Current-voltage signal and digital signal  

for fault detection and type identification 
 

The apparent reactance is the imaginary part of the 
selected voltage phasor divided by the selected current 
phasor according to the type of fault. Adaptive algorithm 
was used to track/estimate the selected voltage and 
current phasor quantities and the apparent reactance as 
shown in Fig. 7. It is apparent that the new adaptive 
algorithm can effectively calculate the phasor quantities 
though the magnitude of each component changed. 
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Figure 7  Current-voltage phasor and apparent reactance 
 
All parameters for determining the position of fault were 
reported by automated distribution system fault locator. 
The parameters are initial fault type, fault type on 

steady-state, pre-fault current phasor quantities 
( pre-faultI ), select voltage phasor quantities ( selectV ), 

select current phasor quantities ( selectI ), apparent reactance 
( appX ), fault boundary factor ( K ), self reactance of line 

per kilometer ( sx ), mutual reactance of line per 
kilometer ( mx ), start point of finding (SP) and end point 
of finding (EP). The parameters can be summarized in 
Table 3. 
 
Table 3  The parameters for determining the position of fault.  
Type of fault ( initial) a-b 
Type of fault (on steady-state) a-c 

pre-faultI (at t = 0.05 s of Fig 7.) -24.86+j90.65 A 

selectI = (at t = 0.15 s of Fig 7.) 5429.93+j6299.64 A 

selectV = (at t = 0.15 s of Fig 7.) -1679.31+j12040.92 V 

appX =imag( selectV / selectI ) 1.10  Ohms 

K =abs( pre-faultI /( selectI -

pre-faultI )) 
0.01 

sx (see as appendix) 0.74 Ohms/km 

mx (see as appendix) 0.40 Ohms/km 

SP = app

s m

X
x -x

= 1.10
0.74-0.4

 3.24 km 

EP 
= app

s m

X (1+K)
x -x
⋅ = 1.10 (1+0.01)

0.74-0.4
⋅  3.27 km 

 
When considering the effect of the load current, the 
boundary of faulted area is calculated. The reactance of 
the fault is compensated by K = 0.01 factor in Table 3. 
The estimated error boundary around the calculated fault 
location can be obtained by searching the network in 
outward direction from the source. The actual fault 
location is at AP = 3.25 km in the main feeder. The 
algorithm estimate the fault location to be located from 
SP = 3.24 km to EP = 3.27 km. Accordingly, the possible 
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fault location areas are mapped on the geographic 
information system (GIS) as shown in Fig. 8. 

 

 
Figure 8  Fault location results in GIS 
 
Case2: The actual fault location was at 7.0 km in the 
main feeder. Fig.9 illustrates the fault current-voltage 
and digital signal for fault detection and type 
identification. According to the waveforms, the faults 
started on phase c-g.  
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Figure 9  Current-voltage signal and digital signal  

for fault detection and type identification  
 

The selected current-voltage phasor quantities and the 
apparent reactance are shown in Fig. 10. 
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Figure 10  Current-voltage phasor and apparent reactance 
 
All parameters for determining the position of fault are 
summarized in Table 4. 
 
Table 4  The parameters for determining the position of fault.  

Type of fault (on steady-state) c-g 

pre-faultI (at t = 0.05 s of Fig 10.) 7.64+j250.47 A 

selectI = (at t = 0.15 s of Fig 10.) -1113.23+j2200.10 A 

selectV = (at t = 0.15 s of Fig 10.) 4300.73-j18426.84 V 

appX =imag( selectV / selectI ) 4.93  Ohms 

K =abs( pre-faultI /( selectI -

pre-faultI )) 
0.11 

sx (see as appendix) 0.74 Ohms/km 

mx (see as appendix) 0.40 Ohms/km 

SP= app

s

X
x

= 4.93
0.74

 6.66 km 

EP= app

s

X (1+K)
x
⋅ =

4.93 (1+0.11)
0.74
⋅  

7.40 km 

 
The actual fault location at AP = 7.0 km in the main feeder. 
The algorithm estimate the fault location to be located 
from SP = 6.66 km to EP = 7.40 km. Table 5 presents 
field test results for six cases in Phuket. As one can see, 
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the entire actual fault points (AP) lie within the starting 
point (SP) and ending point (EP).  
 
Table 5 Summary of field test results   

Case 
Fault 
type 

Start 
point to 
finding 

End 
point to 
finding 

Actual 
fault 

location 
Error 
(%) 

SP (km) EP (km) AP (km) 

1 
a-b/ 
a-c 

3.24 3.27 3.25 0.31 

2 c-g 6.66 7.40 7.00 4.86 
3 b-c 7.73 8.25 8.00 3.37 
4 c-g 3.70 3.85 3.75 1.33 
5 a-g 4.09 4.32 4.20 2.62 

6 
b-g/ 
b-c 

6.48 6.77 6.50 0.31 

The percent of error of the fault location is calculated by 
the following equation. 

SP-AP
%Error = ×100

AP
                    (31) 

Where 
SP   is start point to finding fault. 
AP   is actual point to finding fault. 

 

4.   Conclusion 
This work presents a complete algorithm to detect, 
identify, and locate all fault types on power distribution 
feeders. The field test results prove the robustness and 
performance of the algorithm and encourage for 
practical use with promising result. The errors from field 
test results are within 5%. Consequently the service 
restoration process will also be significantly sped up.  
Several benefits can be obtained by using the proposed 
algorithm. The method helps decrease the time spent by 
maintenance crews for locating the fault considerably, 
from 4-5 hours to approximately 1 hour per case in 

daytime and from 8-12 hours to approximately 2 hours 
per case during nighttime. As a result, reliability of the 
distribution system improves. Furthermore, fast and 
accurate estimation of the fault location can help speed up 
crew work and reduce the total number of stand by crews 
Cost of operational maintenance and supply interruptions 
are also reduced. Consequently, utility will receive a good 
feed-back from the crews and customers. 
Appendix 
Distribution-feeder is radial system. 
Frequency = 50 Hz. 
Operating voltage = 33kV. 
System ground is solidly ground. 
Main line is partial insulation conductor 185 sq.mm.  
Self impedance sz  = 0.27+0.74i Ohms/km. 
Mutual impedance mz = 0.06+0.40i Ohms/km. 
Self reactance sz  = 0.74 Ohms/km. 
Mutual reactance mz = 0.40 Ohms/km. 
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