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Introduction 
 

Smart Grid is the electric power network which is 
more reliable, more secure, more economic, 
environmentally friendly and safer. According to the 
European Regulators Group for Electricity and Gas the 
smart grid is an electricity network that can efficiently 
integrate the behavior and actions of all users connected to 
it –generators, consumers and those that do both – in order 
to ensure economically efficient, sustainable power system 
with low losses and high levels of quality and security of 
supply and safety. Smart power grid combines the 
traditional power supply technology, modern 
communication systems and information technologies 
extended by the new network state estimation and control 
algorithms. New generation power networks must be 
flexible and essentially eliminate the divide between the 
power generators, power grid operators and consumers. 

Generally, the smart grid is the vision of the future 
electric power network with high density of the 
distribution generation and high level of electric power 
supply reliability. 

Some of the smart grid technologies are in the 
development phase while others are ready for using or 
have already been applied. But the main purpose of all 
smart grid technologies is to establish technical feasibilities 
for the network operator to provide reliable service to 
market participants, taking into account the reliability level 
of the main elements of the electrical network. The 
existing electric power distribution network has the 
following peculiarities: 

1. Mixed structure of the network: overhead lines 
and cable lines; 

2. Full compensation of the one phase to ground 
fault and significant asymmetry of the phase 
voltage; 

3. Big number of events in the network such as 
temporary one phase to ground faults, electrical 
breakdown of the insulator; 

4. Significant currents of the higher harmonics; 

5. Intensive partial discharges in the cable lines 
which have significant impact on the cable aging 
processes; 

6. Growing number of the consumers and generators 
at the distribution level. 

For the power distribution network with such 
characteristics the new model of smart grid should be 
created with the following functions: 

1. Fast recognition of the network state and regime 
that includes the fast registration of the voltages 
and currents during an event in the network, the 
registration of the components of the higher 
harmonics, fast data selection and analysis, multi 
coordinate recognition technology of the fast 
electromagnetic transients; 

2. Fast and secure selected data transmission to the 
higher level of the power network control system; 

3. The prognosis of indexes of the electric power 
quality and electric network reliability for the 
decision making; 

4. Data analysis for the optimal network 
reconfiguration according to the current network 
state and regime; 

5. The development of the smart relay protection 
devices. 

Sometimes the smart grid is described as the 
compound of computer intelligence and fast 
communications with the electro-technical basement. For 
the utilization of the possibilities of this structure the new 
power network control systems should be created. 

In this topic the principles of the fault detection, 
location and isolation system for the smart grid are 
described and appropriate methods for one phase to ground 
fault location are proposed. 
 
The structure of the fault location system for the smart 
electric power distribution network 
 

The key challenges of the smart grid networks are to 
evaluate the processes taking place in the electric power 
network, recognize them and make appropriate control 
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actions. According to the proposed model of the smart 
grid, the location and insulation of the fault is carried out 
automatically. In case of the fault in the smart grid the 
fully automated control system in the minimum possible 
time should carry out the actions to recognize the fault 
type, to find its location, change the network configuration 
so that the minimum number of the higher reliability group 
consumers does not remain connected to the network and 
electrical network maintenance staff obtains the 
information about the fault type, location and scale. For 
this purpose, the fault recognition and isolation system can 
be used. It has the following structure: 

 Fast registration of the processes and indexes 
(faulted line, fault place, stationary and transient 
processes of voltages and currents); 

 Transmit the registered data to the control 
terminal; 

 Control terminal, which has permanent 
communication link with dispatching center, 
stores the registered data, performs analysis of the 
situation and selects the optimal post fault 
configuration of the electricity distribution 
network; 

 Control terminal independently or after 
permission of the dispatching center performs 
necessary control actions or network switching. 

The system continually traces the state of the network 
and its elements and periodically performs the analysis of 
the reliability indexes of the electric power network. 
 
Challenges of smart grid fault location system 
 

Due to commutations or external impact, the voltage in 
electrical network during transient process can exceed 
maximum permissible operating value. Such voltage rise 
(overvoltages) is dangerous to the proper operation of the 
equipment insulation. Overvoltages level depends on 
different transient processes. In electricity distribution 
network with insulated or compensated neutral, the 
transient process can start due to phase grounding fault, arc 
re-ignition in fault place, idle transformer disconnection, 
capacitor bank disconnection, line switching-on, resonance 
and ferroresonance in the network. The most dangerous 
overvoltage in distribution networks can form during the 
phase to earth fault and arc re-ignition in such fault place, 
in case of line commutation when the phase to earth fault 
exists in the network or in the case of line tripping when 
the residual charge remains in the disconnected line due to 
short disconnecting time. It should be noted that transient 
wave spreads through the whole galvanically connected 
electrical network and can cause dangerous overvoltages in 
the lines, and it can damage the weak insulation of healthy 
phases in different lines [1-4]. 

That is why the development of the diagnostic and fault 
location technologies are needed for the operation of smart 
grid [5]. These technologies must integrate the following 
elements: 

 The registration and automatic characteristics 
analysis of fast electromagnetic processes, 
overvoltages, overcurrents and non-stationary 
disturbances; 

 One phase to ground fault detection after the 
insulation damage in distribution network with an 
insulated or compensated neutral; 

 One phase to ground fault spot location according 
to the initial current transient process in the 
distribution network with cable and overhead 
lines; 

 The control of the resource of the equipment 
insulation. 

The basis of all of these technological elements is the 
registrations and analysis of the fast electromagnetic 
processes. 

Fast electromagnetic transient processes of current and 
voltage initiated by disturbances in electric distribution 
system are usually registered at the beginning of the 
feeder. The registering equipment of processes was 
connected to the voltage transformer open triangle and 
zero sequence transformer terminals of the line. 
Installation of the circuit of the registration system of the 
fast electromagnetic transients is shown in Fig. 1 [6,7]. 
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Fig. 1. Registration system of the fast electromagnetic transients 
 

The registrations results of the zero sequence current 
and voltage transient processes are shown in Fig. 2. The 
curves show the initial process of the first phase to ground 
fault in line. 
 

 
Fig. 2. The initial processes of zero sequence current and voltage 
during one phase to ground fault 
 

As it can be seen from the curves, after 5 ms seconds 
earth faults occur in another line and in a different phase. 
The earth faults in different phases are two-phase short 
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circuit and they are recognised by relay protection 
equipment and they are disconnected. 

The analysis algorithms of the fast electromagnetic 
transients are a good basis for the development of the 
diagnostic, fault location and isolation technologies which 
can be integrated into the structure of the smart grid 
control system. One of these algorithms is a one phase to 
ground fault location algorithm. 
 
Method for one phase to ground fault location 
 

One phase to ground fault is the most common event in 
the distribution network with insulated or compensated 
neutral. Nearly 80 percent of ground faults are temporary 
and have negative impact on the condition of the electrical 
equipment insulation. That is why the evaluation of the 
processes, taking place in the electric power network in 
case of temporary ground fault, is very important for the 
network state evaluation and control action making. In case 
of permanent fault it is necessary detect the faulted line 
fast and reliably and to clear the ground fault to prevent 
other faults as shown in Fig. 2. Especially, it must be done 
quickly in cable lines. Fault place location permits the 
maintenance services of the electricity distribution network 
to eliminate efficiently the occurred earth fault and/or to 
prevent possible faults, which might occur for some 
reasons (the spark, touch of the tree branches, etc.). Well-
known methods allow the identification of a permanent 
one phase to ground faults, but short term self-disappearing 
fault detection is still an unsolved problem [8]. For this 
reason, a new fault location method has been created. It 
allows not only to detect the faulted line and the fault place 
more precisely but also to find a place of the short term 
self-disappearing earth faults [9-11]. 

The method is based on the registrations of the fault 
initiated zero sequence voltage and current transients. The 
registration is obtained using fast transient processes 
registration system (Fig. 1). The better accuracy and speed 
of the fault location are achieved by using smaller than 
100 ns discretization step and small analysis window 
which is no longer than 100 s. 

For the solution of the processes identification tasks 
according to transient processes analysis, it is necessary to 
have an accurate numerical model of electrical network 
evaluating asymmetry of line parameters, parameters of 
lumped capacitances in nodes, number of lines connected 
to bus-bars and line parameters dependence on frequency. 

The place of earth fault and model element parameters, 
i.e. the simulated voltage and current transient 
characteristics in a model as well as the feeder’s wave 
parameters and node capacity are found by minimising 
goal function, which is the function of the difference 
between the registered and simulated process [12]. 

The results of the calculations are the fault distance 
from the beginning of the section to the earth fault place, 
section number and identification reliability where earth 
fault has occurred. This information is delivered to the 
control terminal or directly to the dispatching center for 
appropriate control actions to be taken. 

The process of the on phase to ground location in the 
feeders’ sections contains the following stages: 

1) At the first stage it is checked whether the earth 
fault has occurred in the line protected by the device. One 
phase to ground is supposed to occur in the line if number 
(1) has a positive sign 
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here ij – current j registration; uj – voltage value j 
registration; n1 – number of part of current values of all N 
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2) If the first stage confirms earth fault occurrence 
in the line, i.e. if number (1) is positive – it fulfils the 
second stage, during which by minimising goal function f1 
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here 1I  – vector: ],...,,[ 2211 niiiI , 1U  – vector: 

],...,,[ 2211 nuuuU , 1F  – n2 value vector of a definite 

form impulse function (n2< N ),   21 ...,1, ,1 n1 ; rem  and 

derem  – algebra operations for equal clearance vectors 
characterised by the following formulas: 
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3) The third stage by minimising goal 

function 2f determines the feeder’s section where the earth 

fault has occurred and the distance in meters from the 
beginning of the section to the place of the earth fault 
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here 2F  – M  values vector of a definite form impulse 

function ( LMN  ; 1L ); L – positive integer; S  and 

S
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 – vectors obtained from registrations and found in a 
model are calculated using the following formulas: 
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here û  and î  – voltage and current values obtained in 
registrations and calculated in a model; w  – non-negative 
rational number. 
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The proposed method is tested in different substations 
of the electric distribution network with different grid 
structure and total line length [13]. The tests results show 
that the new one phase to ground location method works 
more reliably and precisely than well-known methods and 
is able to locate short term self-disappearing earth faults. 
 
Conclusions 
 

1. The smart grid automatic control system should 
continually trace the state of the network and its 
elements, periodically perform the analysis of the 
reliability indexes of the electric power network and 
make appropriate control actions. 

2. New methods of fast initial processes analysis in 
electric power network can be used for the processes 
recognition and evaluation, fault identification and 
location, and they are the primary information source 
for the smart grid automatic control system. 

3. The accuracy of proposed method of the one phase to 
ground fault location depends on how precisely the 
transient process was registered, and how exactly the 
mathematic analysis of the process was carried out. The 
accuracy of the detection of the earth-fault location is 
predetermined by the process discreet registration. 
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