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a b s t r a c t

Single line-to-earth fault may become double line-to-earth faults. In this case, the procedure for deter-
mining the fault location takes a long time, as a team of experts conducts bypassing the entire network.
A method for fault location of double line-to-earth faults on different power lines of medium-voltage
distribution network is proposed in the article. The method is implemented by determining the impe-
dance of the line-to-earth fault circuit which is proportional to the distances to each of the places of
faults. The results of theoretical calculations coincide with results of simulation performed in MatLab
Simulink software environment.
� 2016 Karabuk University. Publishing services by Elsevier B.V. This is an open access article under the CC

BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

The most widespread faults in the distribution networks
6–35 kV are single line-to-earth faults (SLEF), which account for
approx. 60–80% of total number of faults [1].

Continuous operation of a network with isolated neutral under
SLEF condition may eventually cause occurrence of a line-to-earth
fault at another point of the network [2]. The second line-to-earth
fault usually occurs on the network segment where the insulation
is most degraded. Fault location (FL) in case of line-to-earth faults
is an extremely complicated task nowadays, and usually is
performed by operational mobile teams by tracing the route of a
power line (PL).

Fault location in case of double line-to-earth faults (DLEF) at the
same line is implemented by usage of impedance measuring
elements (IME) which measure the impedance of phase circuits.
The values of inductive reactance of these circuits are proportional
to the distances to the near and to the far places of faults [3,4].

The paper [5] present the methods of SLEF location in networks
with compensated neutral by making artificial low-resistance fault
at line termination. In Russia most networks have isolated neutral,
so this paper is relevant for medium-voltage distribution networks.

In case of DLEF occurring on different lines, localization of faults
basing on the values of the inductive reactance of phase circuits
becomes impossible. Therefore, it is desirable to configure a

connection scheme for IME in such a way that the impedances of
the fault circuits are proportional to the distances to the places
of faults. For the configured connection scheme of IME, it is neces-
sary to calculate the parameters of the fault condition in order to
determine the dependencies on the distances to the places of
faults.

2. Description of the method

Calculations of fault condition parameters in the event of a dou-
ble line-to-earth fault on different outgoing power lines were per-
formed under the following assumptions:

1) load connected to the PL has high impedance, therefore, its
effect on the fault current is excluded;

2) impedance values of the positive sequence and negative
sequence of the supply system and of the power line are

assumed as being equal to each other (Z1 = Z2);
3) capacitive impedance of the PL is neglected;
4) transition impedances at the points of line-to-earth faults

are assumed to be zero;
5) power lines contain no branches;
6) 10 kV distribution network has one power source.

Calculation of current and voltage values in case of DLEF is per-
formed using the diagrams shown in Figs. 1 and 2, which present
the single-line diagram of the network (Fig. 1) and its simplified
three-phase equivalent circuit under fault condition (Fig. 2), where
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Eph1, Eph2, Eph3 mean voltage of the supply system; Zs means equiv-
alent impedances of the system; TV means measuring voltage
transformer; TA1-TA6 mean measuring current transformers of

outgoing lines; Z0
1w1, Z0

2w1, Z0
0w1 mean impedances of positive

sequence, negative sequence, and zero sequence to the place of

fault on the first outgoing line; Z01w2, Z0
2w2, Z00w2 mean impedances

of positive sequence, negative sequence, and zero sequence to the

place of fault on the second outgoing line; Zw1, Zw2 mean impe-

dances of the respective phases of outgoing lines; Zl means impe-
dance of the load connected to PL; Rp1, Rp2 mean transition
resistances at the places of faults; Rg means earth resistance;
IME1, IME2 mean impedance measuring elements on the outgoing
lines.

The individual sequences of the equivalent circuit shown in
[6,7].

General formula for calculating double line-to-earth fault
current is:

Idef ¼ 3
Eph1 � Eph2

6Z1s þ Z0w1 � ðL1k þ L2kÞ � ðnþ 2Þ þ 3Rp1 þ 3Rp2 þ 3Rg
¼ 3I0

ð1Þ
where n ¼ Z0w1=Z1w1 means the ratio of specific impedances of zero
sequence and positive sequence of the PL.

Voltages of the faulty phases at the places of IME installation (at
the substation busbars) are determined by the following
expressions

Uph1 ¼ Idef � 1
3
Z0w1 þ 2

3
Z1w1 þ Rp1 þ Rg

� �
ð2Þ

Uph2 ¼ Idef � 1
3
Z0w2 þ 2

3
Z1w2 þ Rp2

� �
ð3Þ

In order to determine the distances to places of faults, IME must
be configured for sensing the line-to-earth voltage and zero
sequence current [8–13]. In this case the calculated impedance
Zph at IME will be proportional to the distances to fault locations:

Zph1¼Uph1

3I0
¼3I0 � 1

3Z0w1þ2
3Z1w1þRp1þRg

� �
3I0

¼1
3
Z0w1þ2

3
Z1w1þRp1þRg

ð4Þ

Zph2 ¼ Uph2

3I0
¼ 3I0 � 1

3 Z0w2 þ 2
3 Z1w2 þ Rp2

� �
3I0

¼ 1
3
Z0w2 þ

2
3
Z1w2 þ Rp2

ð5Þ

Fig. 2. Equivalent circuit of the network in case of a double line-to-earth fault, phase A fault at the distance L1r and phase B fault at the distance L2r.
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Fig. 1. Diagram of 10 kV network in case of a double line-to-earth fault.
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