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Abstract--The accuracy of fault location has a direct impact on 

restoration of service and outage management in distribution 
systems. Information on accurate fault location available just 
after the fault helps utility personnel to expedite service 
restoration and to make adequate reconfiguration of the network 
for reducing outage time and operating costs. Therefore, more 
efficient methods for fault location, supply restoration and high 
quality customer service, which reduce the overall costs, are 
highly required. This paper delivers detailed results of an 
extended evaluation of a new fault location method for 
distribution networks with the neutral, which is solidly grounded 
or grounded across small resistance. The fault location algorithm 
is based on impedance measurement principle and uses recorded 
three-phase voltage and current signals as well as the network 
impedance for particular symmetrical components – pre-
calculated after each change in the network configuration and 
stored in the database. The fault location technique is based on 
the fundamental frequency component of voltages and currents 
measured at the line terminal. Extensive sensitivity studies of the 
fault location technique have been done and some of the results 
are included in the paper. Computer simulation showed that the 
proposed algorithm has sufficient accuracy and robustness. 
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I. INTRODUCTION 
ONTRARY to HV and EHV networks, MV Distribution 
Networks (DN) are usually nonhomogeneous and with 

load taps. Moreover, Fault Locators (FLs) are usually assumed 
to be of a centralized type, i.e. they are based on measured 
quantities which are common for the whole substation (bus-
bar voltages and feeder currents) what makes the accurate 
fault location more difficult. Therefore, the algorithms 
proposed for HV lines could not be directly used for MV 
networks. The following factors contribute to this:  
• MV lines may be multi-terminal and/or contain loops what 

creates well known problems in fault location;  
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• MV lines may supply loads of motor-type which are a 
source of infeed effect;  

• when a current of the faulty line is not directly available to 
the FL, certain error is introduced when assuming the feeder 
current during a fault to be a current of the faulty line;  

• single phase to ground faults in ungrounded or 
compensated networks are extremely difficult to locate;  

• the task of fault location in MV networks is often 
combined with alarm processing: in the case of 
malfunctioning of relays and/or Circuit Breakers (CBs), 
prior to locating a fault (in terms of distance to a fault), a 
faulty element is selected on the base of logical 
computations. 
Fault location in MV Distribution Networks (DN) has been 

a subject of interest to utility engineers and researchers [1-3]. 
The accuracy of fault location has a direct impact on 
restoration of service and outage management in distribution 
systems. Information on accurate fault location available just 
after the fault helps utility personnel to expedite service 
restoration and to make adequate reconfiguration of the 
network for reducing outage time and operating costs. 
Therefore, more efficient methods for fault location, supply 
restoration and high quality customer service, which reduce 
the overall costs, are highly required [4-7]. 

This paper delivers detailed results of an extended 
evaluation of a new fault location method for distribution 
networks with the neutral, which is solidly grounded or 
grounded across small resistance. The fault location algorithm 
is based on impedance measurement principle and uses 
recorded three-phase voltage and current signals as well as the 
network impedance for particular symmetrical components – 
pre-calculated after each change in the network configuration 
and stored in the database. Voltage is measured at the 
supplying bus-bar, while three-phase current is delivered from 
the faulty feeder (Fig. 1).  

C

Fig. 1. Equivalent scheme of the considered DN  



The current can also be taken from supplying transformer, 
if only one centralized type digital fault recorder is installed at 
the substation. The fault location technique is based on the 
fundamental frequency component of voltages and currents 
measured at the line terminal. The assumption of the algorithm 
is that the network impedance is obtained for particular 
symmetrical components. The investigation on the accuracy of 
the fault location algorithms in case non-symmetrical structure 
of the line conductors is beyond the scope of this paper. 

In the following sections, short description of the proposed 
algorithm as well as distance to fault estimation for different 
fault types are briefly discussed. The impact of Distributed 
Generation (DG) on the distance to fault location on 
Distribution Network is mentioned. The simulation for a 
particular network is described and showed that the proposed 
algorithm has sufficient accuracy and robustness. 

II. THE PROPOSED ALGORITHM 
The presented method overcomes the above mentioned 

difficulties by utilizing the following two-step procedure for 
fault location in distribution networks (Fig. 2). 
• First, the equivalent positive- (Zf

1k) and zero-sequence (Zf
0k) 

impedance of the network is computed in pre-fault steady-
state for all k = 1,   , M nodes of the network based on 
existing topology, loads and feeder parameters. These 
values represent positive- and zero-sequence impedance as 
seen from the substation up to a given k node of the 
network. 

• Then after the fault the specific fault-loop parameters are 
calculated depending on the fault type (phase-to-phase or 
phase-to-ground) and the place of measurements (at the 
supplying transformer or at the faulty feeder). 
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Fig. 2. Basic block diagram of the proposed fault location algorithm 
 

The fault place is determined as a result of checking the 
following set of conditions for consecutive nodes of the 
network: 
 0)Im( ≥ekZ , Mk ,..2,1=  (1) 
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and: Vph - voltage at the faulty phase, Z1f  - positive-sequence 
fault-loop impedance obtained from measurements, Ip, IpN - 
adequately: fault-loop and residual currents obtained from 
measurements. 

The final distance to fault will be chosen when the 
condition as in (1) is fulfilled. The method of calculation of 
the parameters (Z1f, Ip, IpN) depends on the place of 
measurement (at the substation or at the feeder). 

A. Measurements at the faulty feeder 
As far as only one-end supplied radial networks are 

considered, the positive sequence fault-loop impedance is 
calculated according to well-known equations depending on 
the type of fault (Fig. 3). 
• Phase-to-phase fault loop (phase-to-phase, phase-to-phase-

to-ground or three phase fault): 
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where: 
Vpp - phase-to-phase fault loop voltage, for example: 

BApp VVV −= , 

Ikpp - phase-to-phase fault loop current, for example: 
kBkAkpp III −= . 

• Phase-to-ground fault loop (a phase-to-ground fault): 
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where:  
Vph, Ikph - voltage and current from a faulty phase, 
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the faulted feeder, 
 kCkBkAkN IIII ++=  (7) 

B. Measurements at the substation level  
In this case we assume that the faulty line is identified. 

Moreover, some of the described below pre-fault parameters 
of the network are also known or can be estimated from the 
SCADA information. 

Let a faulty feeder (say feeder k) from the considered radial 
network has the pre-fault equivalent impedance ZLk (Fig. 3). 
The remaining parallel-connected feeders are represented with 
the equivalent branch of the impedance ZL (i.e. 

mL ZZZZ /1.../1/1/1 21 +++= ). Both ZLk and ZL are 
assumed to be the positive sequence impedance. 

The aim of the analysis is to determine the post-fault 
positive sequence impedance Zk under assumption that the 



equivalent impedance ZL remains unchanged during a fault. 
The following equation is valid for the pre-fault state (Fig. 4): 
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where: Vpre, Ipre - are phase-to-phase or phase-to-ground (for 
symmetrical condition) variables. 
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Fig. 3. Diagram of the network: measurements are taken in the faulty feeder 
 

Two post-fault cases should be considered: 
• Phase-to-phase fault loop (phase-to-phase, phase-to-phase-

to-ground or three phase fault). 
The positive sequence impedance seen from the substation 

is obtained from the equation: 
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where: 
Vpp - phase-to-phase fault loop voltage, for example: 

BApp VVV −= , 

Ipp- phase-to-phase fault loop current taken at the substation, 
for example: I I Ipp A B= − , 

Combining (8) and (9) yields:  
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S Lk - power in the faulty line in the pre-fault conditions, 
S Σ - power in all the lines in the pre-fault conditions. 

Combining (8) and (11) one also obtains 
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The coefficient kzk for each line is estimated on the basis of 
the pre-fault steady-state conditions. In a substation with a 
large number of feeders these coefficients are close to zero 
and change only a little, e.g. for two identical lines: kzk =0.5 (if 

only line reactance is taking into account) while for twenty 
lines: kzk = 0.05. One should observe that, in general, kzk is a 
complex number. 
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Fig. 4. Equivalent circuits of the distribution network 

From equation (10) one can calculate the fault loop 
impedance using the measurements from the substation. 
Dividing numerator and denominator of (10) by Zpre and 
substituting (9) for Z, equation (10) can be rewritten in a more 
convenient form: 

 Z
V

I k
V

Z

k
pp

pp zk
pp

pre

=
− −( )1

 (13) 

• Phase-to-ground fault loop (phase-to-ground fault). 
In the case of a phase-to-ground fault, the positive sequence 

fault loop impedance is calculated according to the second 
equation in (2). One can observe that as only a single phase-
to-ground fault is considered (say, in feeder k) the zero 
sequence current measured in the substation contains the 
faulty feeder current IkN and the zero-sequence current flows 
through capacitances of the healthy feeders ICL. Knowing 
voltage and current measurements at the substation and 
network parameters the fault loop impedance can be 
established in the similar way as for measurements from the 
feeder [6]. 

Summarizing the above derivations we can represent 
currents Ip, IpN in (3) as follows: 
- for measurements in the feeder: 
 
 php II = , (14a) 
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- for measurements at the substation: 
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C0k - zero-sequence capacitance of the faulty feeder, 
CC0 - zero-sequence capacitance of all MV network, 
kzk as in (11), 
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supplying transformer, 
index ph stands for the faulty phase. 

Moreover, the positive sequence fault loop impedance Z1f 
seen from the substation can be obtained from division of 
adequate voltage drop by difference of currents: 
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where: Vpp - phase-phase voltage, Ipp - phase-phase current, 
e.g. for A-B fault: BApp VVV −= , BApp III −= . 

Having the network impedance Zf
1k and Zf

0k for steady-state 
condition, and fault loop parameters: Z1f, kl, Z1N given from 
measurements according to (2, 3) with respect to (4-6) it is 
possible to utilize the criterion (1) for distance to fault 
calculation. 

III. DISTANCE TO FAULT ESTIMATION 
Distance to fault can be determined on the basis of criterion 

(1). In the searching algorithm two impedances: first one 
calculated for steady state while the second - obtained from 
measurements should be compared against matching the 
criterion. Two different algorithms are used depending of the 
fault loop type: phase-to-phase or phase-to-ground fault loops. 

A.  Phase-to-phase fault 
In this case the measured impedance in (2) is represented 

by the positive-sequence impedance Z1f  which is compared 
with the impedance Zf

1k for successive Mk ,..,1=  network 
nodes. Let us consider the phase-to-phase fault at node k of 
the network as in Fig. 5. It is assumed that the impedance Zf

1k 
(positive-sequence network impedance as seen from the 
substation under assumption that the fault with no resistance 
occurs at the node k) is known from steady-state calculations 
and Z1f  is obtained from measurements according to (6). 
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Fig.5. Scheme of the network for phase-to-phase fault at node k 
 

For further analysis the fault loop seen from the substation 
is represented with the equivalent scheme as in Fig. 7. The 
following condition is fulfilled for this scheme: 
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The separate impedance in (7) can be easily determined 
from the known impedance Zf

1k by choosing the parameter m 
( 10 ≤< m ). 

Representation of the impedance Zf
1k in a form as in Fig. 6 

gives possibility to include the fault resistance into considered 
fault loop what is depicted in Fig. 6a. The residual impedance 
ΔZf represents the equivalent impedance involved in the fault 
loop due to the fault resistance Rf, if the fault occurs at node k 
or behind them. The equivalent scheme for representing the 
impedance ΔZf is shown in Fig. 6b. Here: 
Z1k - equivalent shunt impedance at node k, 
ZL - impedance of the cable section between nodes k, k+1, 
Zu

1(k+1) - equivalent impedance of the network seen from the 
node k+1 up to the end of the feeder. 
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Fig. 6. Equivalent scheme of the fault loop: a - from the substation up to the 
fault point, b - beyond the fault point 

The impedance Zu
1(k+1) should be also calculated for steady-

state conditions for all network nodes and stored in the 
database. 

The distance to fault df (m) is determined as a sum of a 
distance d (m) from substation up to node k (Fig. 6b) and a 
distance xlk (m) inside a given section: 
 kf xldd +=  (18) 

where lk is a length of the section. 
The algorithm for the distance x calculation is derived as 

follows: 
1. The fault-loop impedance Z1f measured at the substation 

meets the following relation (Fig. 6a): 
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2. After rearranging (19) the value for residuum impedance 
can be obtained as: 
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3. The impedance ΔZf represents the scheme seen from the 
node k up to the fault place (Fig. 6b) what can be determined as: 
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4. Right-hand sides of (20) and (21) should be equal what 
leads to determination of the unknown fault resistance: 
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5. Distance to fault x can be obtained from (22) under 
condition that the fault resistance takes real value: 

 0)Im( 2 =+−= iiif CxBAxR  (23) 

where: )Im(AAi = , )Im(BBi = , )Im(CCi =  
After rearranging one obtains: 
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where: iii CABp 42 −= . 
First root of (24) takes unrealistic value so, finally, a 

distance to fault is determined as x = x2. 

B. Phase-to-ground fault 
For phase-to-ground faults the criterion for distance to fault 

estimation, defined by (1) with respect to the second equation 
in (2) is equivalent to the following condition (for simplicity 
the equality is considered): 
 f
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f
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where: Ik  and Z1N are defined by (3). 
The parameters kl and Z1N in (25) can be calculated from 

measurements whereas Zf
lk and Zf

0k are actual positive- and 
zero-sequence impedance of the assumed fault loop and are 
available from steady-state conditions. 

Equivalent scheme of the fault loop circuit, which satisfies 
the condition (25) is similar to the phase-to-phase one  
(Fig. 7). Instead of Z1f  now the impedance combination Z1N–
kl⋅Zf

0k is used. Bearing this in mind, the algorithm for a 
distance x (p.u.) to the fault at section k, k+1 can be derived by 
repeating points 1-5 from the previous section. Final relation 
is represented by (22), where: 
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Index e  relates to the equivalent impedance of the scheme in 
Fig. 7b. The distance to fault is also calculated according to (18). 
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Fig. 7. Equivalent scheme for A-G fault-loop: a - from the substation up to the 

fault point, b - beyond the fault point. 

IV. SIMULATION RESULTS 
The considered 10 kV substation is supplied from 150 kV 

system [6]. The cable network is operated in a radial way. 
Measurements of current are available at the supplying 
transformer or at the feeders. Cable shield is considered as 
grounded only at the load points. 

For a distance to fault calculation the each feeder should be 
represented by the detail scheme with adequate line and load 
models. In the cable networks grounding system has different 
structure than feeders have (open cables may have connected 
grounding circuits), what should be also represented in the 
model. This requires representing all feeders connected in a 
given substation in the general simulation model. However, 
for proper post-fault transient analysis some simplifications 
can be introduced: - supplying system is described by steady-
state parameters; - analyzed feeder is represented in detail; - 
all other feeders are represented by equivalent schemes with 
reproducing only the grounding system connections. 

Example of the analyzed network is presented in Fig. 8. 
Cable sections are represented by appropriate π -schemes, 
while loads and equivalent circuits are reflected by R L−  or 
R L C− −  scheme.  



 

Fig. 8. Equivalent scheme of the analyzed network; dotted lines are for 
grounding system connection 

EMTP/ATP model [8] of the analyzed network has been 
extensively used for investigation of the proposed fault 
location algorithm. The MV network consists of 16 feeders 
which, except of the particular analyzed feeder, are 
represented by their equivalent schemes. Let us consider an 
example of A-G (phase A to ground) fault at node 17 in the 
analyzed feeder (actual distance to fault - 8138 m, Fig. 8) with 
assuming the fault resistance Rf = 0.1 Ω. Phase voltages and 
currents observed at the substation are presented in Fig. 9. 
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Fig. 9. Phase voltages (a) and currents (b) during A-G fault at node 17 

Results of distance to fault estimation for 3-phase and 
phase-to-ground fault are gathered in Table 1. It can be seen 
that the algorithm gives quite good results. 

V. IMPACT OF DISTRIBUTED GENERATION ON 
FAULT LOCATION ESTIMATION 

The MV Distribution Networks are supplied from HV/MV 
transforming substations. The electrical energy is then 
transported via a series of underground-cable and overhead line 
circuit to the customers. In some cases a Distributed Generation 
(DG) can be connected to the network. The particular line 
sections are of length from a few hundred meters to some 
dozens of kilometers. Although due to different loads and the 
network development, separate feeders are made up of sections 

with different technical data: varying cable cross-section and 
OH line parameters. The configuration layout and complexity of 
distribution networks vary widely depending on the application 
[7]. In order to analyze thoroughly the effects of distributed 
generation on the requirements for the protection and fault 
location of distribution networks, detailed simulation studies 
including dynamic modeling of various types of DG 
technologies are necessary [9,10]. 

 
VI. CONCLUSIONS 

The presented fault location algorithm for MV Distribution 
Networks (DN) is based on impedance measurement principle 
and uses three-phase voltage and current phasor estimation as 
well as the network parameters. The algorithm was 
investigated and proved on the basis of voltage and current 
data obtained from versatile EMTP/ATP simulations. 

The developed algorithm utilizes the current measurements 
delivered from the faulty feeder or from the substation. In the 
latter case the estimation error depends on accuracy of pre-
fault condition determination in the MV substation. The 
distance to fault estimation error depends on the accuracy of 
measurements as well as cable parameters. Extensive tests by 
utilizing fault data from EMTP/ATP detailed model confirmed 
the accuracy and validity of the method presented in the paper. 
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Table 1. 

Type of fault Fault resistance, Ω  Obtained result, m Error, m 

3-phase 0.1 8145 +7 
2.0 8135 -3 

A-G 0.1 8131 -7 
2.0 8081 -57 

 


