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Abstract The study of “fault rapid detection and resolu-
tion” in the power network is particularly important in
sensitive areas of the network. Today, the use of distributed
generation in the distribution network is increasing. In the
event of an accident, if the fault location is quickly iden-
tified, the recovery of the faulty network is accelerated and
the shutdown time is minimized. Since distributed gener-
ation networks do not have the traditional methods of fault
location, accurate and efficient performance, so in this
paper, for the least interrupted power supply, a new method
for locating and identifying the faulted part of the distri-
bution system with the presence of distributed generation is
studied. The proposed method is based on the impedance
matrix of the distribution network which has high speed
and accuracy in fault location and also has high accuracy in
simulations considering the asymmetry of loads and net-
work. In this paper, simulations are implemented in
OpenDSS software under various fault conditions and the
results are processed in MATLAB software.
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Introduction

The continuity of power supply to sensitive centers is of
paramount importance. If there is a problem with power
stations, transmission, and distribution networks, as well as
electricity substations, there is a problem with the conti-
nuity of power supply to these centers. And if this network
failure is not resolved in the shortest possible time, sensi-
tive centers will lose the necessary performance and will
see irreparable damage in the shortest possible time. In this
paper, we attempt to provide a practical way to quickly and
accurately fault location in the distribution network without
the need for network protection devices.

When a fault occurs in the network, the network pro-
tection relays, by detecting the fault, issue the necessary
commands to the relevant keys and, if necessary, the
faulted line is separated from the network. If the fault is
persistent, it is important to know the exact faulted line
because the known lack of a fault location forces repairers
to inspect the full length of the line to find the damaged
point. The solution to this problem is to use systems that
can accurately estimate the fault location. Fault-finding
systems have many tasks that can estimate the probability
of a fault location with a low computational error.

One of the most important problems in distribution
networks is the identification of the faulted section. Distri-
bution networks can be classified into two types of radial
and ring. Radial networks are usually protected by syn-
chronized overcurrent relays, while ring networks are
protected by directional overcurrent relays. Due to the high
number of branches in the distribution networks, the
detection of the fault zone is very complicated.

In recent years, the use of distributed generation sources
in distribution networks is one of the important issues for
electric engineers. Before the introduction of distributed
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generation resources into distribution networks, the pro-
tection scheme was designed based on overcurrent and
directional relays. With the introduction of these dis-
tributed generation resources into the distribution net-
works, the direction of power flow and short-circuit levels
of the network has changed, making it difficult to identify
the fault zone.

The fault situation in power systems has two aspects:
first, to identify and separate the area where the fault
occurred, and second, to accurately determine the location
of the fault in the faulted area. The first is done by the
protection system. The main protections used in a distri-
bution system are fuses, open and close relays, overcurrent
relays, voltage relays, and main network protectors. A
protection system with a combination of these devices that
are in sync with each other has the task of correctly
detecting and separating the faulted zone. In a common
distribution system, the protection system is designed with
the assumption that the system is single source and radial,
and the methods of finding fault locations for these distri-
bution systems also include similar assumptions. The dis-
tribution system with the distributed generation sources is
no longer a single source, so the two-case radial and single
source are not available for fault location. Therefore,
finding fault situations in distribution systems with dis-
tributed generation sources should be reconsidered.

In [1], the author shows that fault currents in protection
equipment change when the source of distributed genera-
tion enters the system. Also, this paper proposes a pro-
tection review optionally at the entry point of each
distributed generation source. However, this solution works
when the production capacity of the distributed generation
resources is low. In [2, 3] the issue of coordination between
fuses is discussed. They have observed that for a given
fault, fault currents may flow in the fault region in the
downstream branches as in the upstream branches. Sce-
narios with different capacities, numbers, and locations for
distributed generation units have been considered by the
fuse protection system [3], and it has been found that, in the
general case, if the protection layout is unchanged, the only
way to maintain coordination is through the arbitrary
power is to cut off all the distributed generation concur-
rently with a fault in the network. This enables the system
to return to its normal radial network and maintain syn-
chronization between the protection units. But it does mean
that distributed generations are disconnected from the
system even for a temporary fault. In [4, 5] a few special
cases have been mentioned including the coordination of
fuses, auto-recloser, and relays. In [6—14], smart meter
devices and artificial neural network techniques are used to
detect the faulted section and fault location in the distri-
bution network.
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The solutions mentioned above are impractical. As
mentioned earlier, in the future, power distribution systems
will depend on distributed generation units for continuous
load supply. Separating all distributed generation units for
all temporary faults, especially in the power distribution
network, most of which are temporary faults, makes the
system unreliable [15, 16]. Also, there is an inadequate
protection system for continuity when the distributed
generation unit is in existence.

The position-fault methods for the initial distribution
feeders with the distributed generation unit are presented
[17-19]. These methods assume that the radial segments
are controlled by relays and power switches. These meth-
ods will not be transferred to controlled side segments by
fuses. Issues that may fault when in power distribution
systems occur with distributed generation units are pre-
sented [20, 21], but no clear solutions are provided. In
some cases, fault location schemes are presented in such a
way that only the distributed generation unit at the end of
the branches is connected to the network [22, 23]. This
topology is very limited. In [24], a network is presented
which is needed for the direction of fault current in dif-
ferent segments as input. In this method, a large number of
sensors are needed for fault detection in a small area and
the location of the fault has not been accurately investi-
gated. A method based on graph theory is presented in [25].

Generally, each feeder consists of a substation at a
voltage level of 20 kV, the main feeder, and side feeders.
The conventional structure of a single-source distribution
network and several radial feeders all lead to a feeder
substation. In this system the loads, phases, and impe-
dances of the lines are unbalanced.

The structure of distribution systems is changing with
the introduction of distributed generation systems. Due to
the decline in fossil fuels, the need for substantial invest-
ment in renewable energy has increased. Therefore, studies
on the effect of interconnecting distributed generation
sources are of great importance. Distributed generation is
defined as the interval of generation a few kilowatts to
several megawatts (from low to high) and the type of
connection to the substation, the distribution feeder, or the
consumption load level. Some of the distributed generation
technologies can be photovoltaic, wind turbines, fuel cells,
micro-turbines, gas turbines, and internal combustion
engines. In recent years, research into micro-grids has
increased, and micro-grid can be distribution feeder to a
circuit as a stacked load and source of connection. These
changes mean that the distribution system is transformed
into an unbalanced multi-source system. It is noteworthy
that the distribution system in the future is dependent not
only on multi-distributed generation for modification of
peak load but also for transient load energy supply.
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Currently, according to International Standard IEEE
1547, 2003, the use of distributed generation sources is not
permitted during a fault, and according to the instructions
of small-scale generators, in the event of an island out-
break, all generators distributed within 2 s must be cut off
from the circuit. Research is currently underway on the
presence of distributed generation generators when the
network fault occurs [26].

In the remainder of this paper, the second part of the
proposed algorithm and method of locating and identifying
the faulted part of the distribution network in the presence
of distributed generation will be introduced. In the third
section, the simulation results of the proposed method will
be presented in the IEEE 37-bus network and finally,
conclusions will be presented along with the
recommendations.

Proposed Method Algorithm

This section presents a method to obtain the exact location
of the fault by assuming distributed generation resources.
These resources, like other sources, have an equivalent
circuit and can be looked at with the same arrangements as
other sources for fault location.

Before presenting the method, it is necessary to note that
this method only locates a fault and does not have multiple
concurrent detections. Voltage and current values are
always measured at the substation and sources output of the
distributed generations. These values are important in two
respects.

e Using these values and performing the necessary
calculations, the 7, matrix of the network can be
obtained.

e Obtaining fault current in each of the phases is
dependent on measuring these values at the output of
all sources.

In short, this method first obtains the impedance matrix
of each source using the positive, negative, and zero
sequences, and consequently the impedance matrix of the
network. Then, using the measured values of the current, it
obtains the fault current. Using these values of the current
and the impedance matrix of the network, it calculates the
amount of voltage change in each of the source feeders
and, by defining its functionality and finding its minimum,
by changing the assumed part of the fault, obtain that part
under fault. Next, to find the exact location between the
two fault feeders, they add a new feeder in the near dis-
tance and continue this work to zero the function value at
one point. Details of this method are presented below along
with the calculations.

Calculations Describing the Fault Location Method

Suppose the voltage and current values are measured
momentarily in the source and distribution feeders.
Assuming that a fault occurs in the network, the other
voltages are not necessarily balanced, thus decomposition
in the voltages and currents before and after the fault into
positive, negative, and zero sequences. Using these values
and the source model in the various sequences of Fig. 1,
obtain the impedance of the source different sequences as
follows:

Before the fault, for any source, it is quite obvious that:

E=Vv, -7 x1I, (1)

The equation that describes the fault condition is:

E=v" -z <1V (2)

It is obtained from Eqs. (1) and (2):
Vi Vi =20 (1~ 1), AV = Z{ A1) (3)

In Eq. (3), the changes in voltage and current of the
positive sequence are shown by AV and AIV,
respectively.

Therefore, for different sequences, the corresponding
sequence impedances are obtained by the following
equations:

a INUY
S AIM

Similarly for the negative and zero sequences we have:

N

(4)

Fuel Cell
Wind Turbine pu— |
Vi)
-
+
Solar Cells Vo)

Ik

—{zw

Fig. 1 Equivalent circuit of positive, negative, and zero sequences
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V
2
zy = -5 (5)
IF
(0)
0 V
7 =~ (6)
F

Voltage and current values before and after the fault can
be measured by measuring devices located at the output
terminals of the distributed generation units. These
voltages and currents are subdivided into sequence
components and are obtained by Egs. (4), (5), and (6) of
the impedance sequence components. We now have
positive, negative, and positive impedances. Using these
values, the Zabc matrix for each source is obtained as an
Eq. (7).

Zsa  Zsab  Zsac 11 1]
Zabe = | Zsba  Zsb  Zspe :% 1 a d
ZSCa ZScb Zsc L 1 a2 a |
2 0 01[1 1 1]
0o ZzZI 0 1 a a
0o 0 zZ||1 & a|

(7)

where a is an exponential operator (a = e%n).

Due to the symmetry between the phases in the trans-
mission and over-distribution networks, the impedance
matrix is a dimensioned matrix with some buses. In dis-
tribution networks for reasons such as differences in phases
length, the existence of only one phase and null or two
phases and null and or two phases in a circuit, asymmetric
loads in buses and line non-transposition, network becomes
asymmetry, and the impedance matrix cannot be liked of
symmetric networks are assumed. Now with information
on the sources three-phase impedance, the Zp,“* impe-
dance matrix of the distribution network can be obtained.
Therefore Zp,s > can be precisely obtained for asym-
metric systems and used for fault location.

Fault Location Method

The purpose of this method is to find the exact location of
the fault without considering the protection system. In the
proposed method, the digital fault recorders (DFRs) will be
located at the source station and the point of contact of
each distributed generation unit and will record the voltage
and current of all phases. Also, it is assumed that the
waveforms obtained from all DFRs as synchronous phasors
are available. These assumptions are available with recent
technology and work did. The proposed method assumes
that the Z,,“”” distribution system is defined in the same
way as presented in Sect. 2.1.

@ Springer

The IF(“b") injector current represents the fault, with and
without the fault resistance, where its location can be
anywhere in the system. In the first part of this method, it
defines the part where the fault is located without depen-
dence on the protection system. Assume that the total
number of buses in the system n and the total number of
sources in the system (taking into account sub-sources) is
m. Sources with the S1, S2, ..., Sm and buses are shown
with the B(1), B(2), ..., B(n). The buses to which these
resources are connected are marked with BS(1), BS(2), ...,
BS(@m). Given the asymmetry in the distribution network,
each phase of the line is considered a separate line.
Therefore, in a three-phase model of the system, Z, “*"
will be a 3n x 3n matrix and the voltage and current
matrices of each bus are 3 x 1 vectors. Manufactured
comparisons include two-phase and single-phase lines and
phases. In the fault condition, the change in three-phase
voltages in a bus I due to a fault in base J is obtained from
Eq. (8) in the three-phase system model.

abc abc abc
AVEY) = 2y (1,0) > i ®)

Index (abc) in Eq. (8) and throughout this article
illustrates the three-phase relationships of the relevant
elements. I5“?® is the three-phase fault current injected
into the J bus. AV, is the change in the three-phase
voltage values in a bus / due to the injection of [“*®
current into the J bus. Since it is assumed that synchronous
phases of three-phase voltages and currents are available in
all sources, the total fault current can be calculated by
summing the fault current of all sources. Therefore Iz*“* is
apparent in Eq. (8). Also, the use of vector elements Iz“*,
the type of fault, and the faulted phase if need be identified.

The fault location algorithm starts with the assumption
that the fault is in the B(1) bus. Using Eq. (8), the algo-
rithm for changing the three-phase voltages at all source
buses (AVBS(D_B(])(“’”), J=1,2, ..., m)is computed in the
system to fault location assumed. The voltage actual
change in the buses BS(1), BS(2), ..., BS(m) is obtained
from the pre-fault and post-fault voltage measurements.
These voltages are indicated by AVgg J)_Obs(abc), J=1,2,

., m. Then the relation of the fault-index is obtained by
using Eq. (9).

Fault ( Z norm (AV (abc) By AVggﬁ%fcbs) 9)

The mean of the vector X(1 x k) is:

norm(X) = Ux(l)2| + X%+ [XG)[ + - ’X(k)z‘]%

(10)
In Egs. (9) and (10), AVisy-s1) " —AVEsyy-obs 7 is
3 x 1. Then the algorithm will expose the fault occurring



J. Inst. Eng. India Ser. B (April 2021) 102(2):227-236

231

in B(1), B(2), ..., B(n), respectively, and in any case, by
using Eq. (9), it will generate faults in the given
assumption, i.e., Fault(1), Fault(2), ..., Fault(n). To
understand this process better, it is assumed that a fault
has occurred in the system of Fig. 2. The total fault current
can be obtained by summing the three-phase current
injections into the BS(1), BS(2), BS(3), BS(4) buses that
are identical to the B(1), B(9), B(19), B(23) buses,
respectively (For example, according to Fig. 2, the
second source bus or BS(2) is the same as B(9)). Using
this fault current vector and Eq. (8) and assuming that the

fault occurred 1n B(1), the AVgg(y). 3(1)
(abc)

ab
9, AVisoy) ",
AVBS(3) B(l) AVBS(4) -B(1) can be calculated. The
observed results of voltage change in source buses are
recorded for fault reasons with AVBS(I)ObS AVBS(z)

be) AVBS(%) ob5 AVBS(4) obs The fault index in

th1s case is:

abc abc
Fault(1) = norm (AV( ())7 B(l) ~ AV]gS(l))—obs)
+ norm (AVW")) B() — AV(dbC) 7obs>
(abc) (abc) (1)
—|—norm(AV S(3)—=B(1 AVBS(3) obs)
(abc) (abc)
+ norm(AVBas<4)7B(1) - AVBaS(it)fobs>

In continuation, the algorithm is assumed that the fault

n=23
m=4

Source

Fig. 2 The distribution network for fault location

in B(2), B(3), ..., B(23) buses and, respectively, Fault(2),
Fault(3), ..., Fault(23) faults are generated.

The impedance matrix definition is used to use the
calculated faults in Eq. (9) to determine the fault zone: A
Zwus(1, J) element is equal to the voltage ratio produced in
node [ to the current injected in J node if all the other
current injected was zero. Mathematically for a Z,,s; we
have N dimensions:

v,
Zbus(l,J):I—I, VI, =0,k=1,...N,K#J (12)

J

It can be seen from this definition that the generated
fault-index, as described in (9), will be the smallest value
of the nearest bus to the real fault situation. For example, if
the fault occurred in the B(6)-B(7) zone, as shown in
Fig. 3, the Fault(6) and Fault(7) fault-indexes would be the
smallest, although one could be larger than the one closest
to the B(6) or the B(7). Then, the fault zone is defined as
the zone between the buses that have the smallest fault
values. Figure 4 shows a flowchart specifying the faulted
zone by the algorithm.

Then in the second part, the algorithm identifies the
exact location of the fault in the faulted zone, with the same
logic as the first part. Figures 5 and 6 schematically illus-
trate the results of the method, assuming that the B(6)-B(7)
zone is under fault. The fault is exactly at the F point, if the

B(2)
B(1) n=23
m=4
BS(1)
— B(3)
—<B®)
B(5)
=58) ——B(11)
@) [~BD _1_gqq
[PAMU | - B(S)
- T~ B(12) BSQ) G B(9)
BS(4) B(23) —A—B13)
—T— B2 x—B(u) [
B(15)
—B(16)
——Ba7)

Fig. 3 Equivalent network for faulted system
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v

Bus Selection B(I)

Start

Calculation of the current before and after
the fault and voltage of the phases in the
source. Calculates the total fault current

v

Calculate source impedance
using the impedance matrix

v

Define the total number of buses with n
and the total number of sources with m

»
>

A4

Calculate AVBS(J')_B(I)(abC),

err(?) = nom{AVps(, 50 - AVBs(t)obs ™)

v
Fault(l) = Fault(T) + err(J)
v

J=J+1

v

N
I=J+1 «——2 J-m=?
I=1
» lYes
\ 4
J=I| I=I+1
| Fault l
1 1=0
No I>n

The faulted field 1s between B(p) — B(q)

S

Fault(p) = The smallest amount of fault
Fault(q) = The second smallest amount of fault

Fig. 4 The faulted zone detection algorithm

fault current is injected into the F the calculated value of
the voltage change at source J, (IAVgg J)_F(“bc)l) will be the
same as the measured voltage change value. Finally, by
calculating the Ig“?® fault current and (IAVBS(,),F(“I’C)I)
voltage change, the fault resistance (Ry) can be obtained
from Eq. (13).

o (abc) (abc)
Rr = ‘AVBS(J)—F ‘ /I

(13)

It should be noted that B(J) is the number of feeders,
BS(J) is the number of feeders to which the sources are
connected. S(J) does have some sources connected to them.
Zbus is a 3n x 3n matrix obtained in the preceding section,
and for each of the voltages and currents, we consider a
3 x 1 matrix which represents the voltage and currents of
each line. If a fault occurs in the network, we know that the
fault current value is obtained by summing the current
changes of all the sources. On the other hand, the amount
of voltage change in the bus number i is obtained by the
fault in the bus number j according to Eq. (14):

@ Springer

AVl = Z@be) (g 1) x 1)

bus

(14)

Suppose that a fault occurred in bus 1 using Eq. (14);
the values of the voltage change in each of the source
feeders are attained. Then, using the measured voltage
values and the obtained voltages, we define the following
function (according to Eq. 15).

o - (abc) (abc)
Fault(1) = Znorm (AVBS(j)_B(l) - AVBS(j)—abc) (15)
=1

In Eq. 14, the norm value of the function is introduced
as the fault of the measured and calculated voltage
difference. Calculate the fault value assuming the fault
occurs in each section. This fault is minimized to the feeder
where the fault occurred. So, using this method, the initial
location of the fault is determined between two feeders.
Next, to find the exact location of the fault, do the
following.
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Start
v Iy

>
>

IDefine the total number of sources with m| 4

A

v .
Select the faulted field with
length L

er()) = norm{A\'Bsg).B(])(abc) - AVBs(J)-0bs

Calculate A\.B S( J)’B(I)(abc),
(abc)}

.

| Select AL=0.01xL,n=100 |

v
Fault(T) = Fault() = err(J)

.

J=J+1

Modify the Zy,,, matrix and create a ‘ v
new matrix by adding a new bus at No Yes
the distance (AL)L from a faulted J=J+1 J=m? —» Fault()=0?
field bus. This bus 1s called B(n = 1). 9
J es
I=1+1 Ho
Fault (I)=0 l The fault point 1s B(n + 1).
No I>n
End
A
l Yes
The fault pomnt 1s not in this section. I—
Fig. 5 Fault location algorithm
B6 B7 and change the new feeder location by changing D and re-
| F1 F F2 | calculating the function value. Continue this process until
| | the fault function value is zero.
(abc) (abc)
Ir E Modeling the Tested Network
IF(abc)
The network bus-37 [27] is shown with three test cases in
|AV(3b°)BS(j)| Fig. 7. The network is connected to the transmission net-

|AV(3PIBS(])-F1] |AV(2PIBS())-F2|

|AV(2P)BS(])-obs|

B6 F1 F F2 B7

Fig. 6 Finding the fault location between the two feeders detected

Suppose there is a fault between the B(6) and B(7)
feeders. At distance D of feeder 6, add a new bus as shown
in Fig. 6. Note that the value of D depends on the accuracy
of us. Now, as in the previous step, calculate the fault value
for the fault feeders, i.e., B(6), B(7), and the new feeder,

work via bus 799 and the locations of the distributed
generation units are assumed in buses 740, 729, and 725.
The network loads are asymmetric over the phases and the
total network loads are 2457 kW and 1201 kVar, respec-
tively. The network specifications are given in Table 1. It
should be noted that in this method, the current and voltage
of the network at the common connection point (PCC) DG
to the network is measured by the PMU.

Distribution networks are asymmetric networks. As can
be seen, the test network is an asymmetric network in terms
of the impedance of the lines as well as unbalanced in
terms of the distribution of loads on each phase. This
network is modeled on OpenDSS software. In the first step
of the OpenDSS software, it is simulated on a test network
without any faults, and the result is simulated as the total
network impedance matrix and source voltages, and
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—— 700

;gg ST @l?by.. :

737 738 711 741

Fig. 7 37-bus IEEE network

OpenDSS software outputs are provided by MATLAB
software via this software link. To test the accuracy of the
proposed method, three sources of distributed generation in
the network are considered for the simulations in three
cases. In the first case, the source of the distributed gen-
eration in bus 740 is considered. In the second stage, the
distributed generation sources of the 740 and 729 buses are
taken into account, and finally, in the third stage, the dis-
tributed generation sources are considered based on the
740, 729, and 725 buses. At each stage, different faults (in

Table 1 Network lines information

terms of fault type), with different fault resistances (in the
range of 1 to 50 ohms) are exposed in different locations of
the network. Fault simulations are performed at each stage
by OpenDSS software on the network, and as outputs of
this software, fault currents and voltages are recorded in a
bus with distributed generation sources and are linked to
the MATLAB software by this software. Finally,
MATLAB software determines the exact location of the
fault using the proposed algorithm program. To illustrate
the accuracy of the proposed method, the estimation error
percentage is defined as Eq. (16).

Actual Location — Estimated Locati
RE(%) = |Actual Location — Es 1m.a ed Location|
Length of Line
x 100% (16)

Table (2) shows the percentage of error estimation
obtained from the simulation of the proposed method. The
second column specifies the type of fault. The third column
refers to the fault resistance, the amount of series resistance
at the short-to-ground (zero potential points), or resistance
is the connection between the two phases. The ground
resistance is usually below 10 ohms, but in this study, the
ohmic resistance value of 50 ohms has also been
investigated to demonstrate the accuracy of the method
in the worst possible conditions. The estimated location
column and its substrates also show the results of the fault
location in the following three different cases.

— The grid has a generating source and a voltage and
current meter.

— Network with two generating sources and two voltage
and current meters.

— Network with three generating sources and three
voltage and current meters.

The “Estimated location” column represents the line
number obtained from the fault location Algorithm, and

Line number Bus beginning Bus bottom Line number Bus beginning Bus bottom Line number Bus beginning Bus bottom
1 701 702 13 707 722 25 720 706
2 702 705 14 708 733 26 727 744
3 702 713 15 708 732 27 730 709
4 702 703 16 709 731 28 733 734
5 703 727 17 709 708 29 734 737
6 703 730 18 710 735 30 734 710
7 704 714 19 710 736 31 737 738
8 704 720 20 711 741 32 738 711
9 705 742 21 711 740 33 744 728
10 705 712 22 713 704 34 744 729
11 706 725 23 714 718 35 799 701
12 707 724 24 720 707
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Table 2 Estimation error percentage using the results obtained from the proposed method test

Line Fault Fault resistance Fault location Estimated location Percentage of error MAS ANN [28] DRTS [29]
number type Q) (%) estimation [27]
One Two  Three One Two  Three Seven  Sixteen Eighteen
DG DG DG DG DG DG DG PMU PMU

1 B-g 50 50 1 1 1 0 0 0 0 0 0
2 A-g 10 5 2 2 2 0 0 0 0 0 0
3 A-B-C 1 50 3 3 3 0 0 0 0 0 0
4 A-B-C 5 95 4 4 4 5 2 0 0 0 0
5 B-C 1 5 5 5 5 0 0 0 0 0 0
6 A-B-C 10 50 6 6 6 8 4 0 0 0 0
7 A-C-g 1 95 7 7 7 0 0 0 0 0 1
8 A-C-g 25 95 8 8 8 0 0 0 0 1 0
9 C-g 5 5 9 9 9 0 0 0 0 0 0
10 A-g 10 50 10 10 10 10 5 0 0 0 0
11 A-g 5 50 11 11 11 4 2 0 1 0 0
12 A-B-C 25 5 12 12 12 0 0 0 0 0 0
13 A-B 1 95 13 13 13 2 0 0 0 0 0
14 A-g 5 50 14 14 14 0 0 0 0 0 0
15 B-g 10 5 15 15 15 0 0 0 1 0 0
16 A-B-g 50 95 16 16 16 4 2 0 0 0 0
17 B-C 5 50 17 17 17 0 0 0 0 0 0
18 C-g 5 18 18 18 0 0 0 0 0 0
19 A-B-C 20 95 19 19 19 0 0 0 0 0 0
20 B-C-g 2 50 20 20 20 0 0 0 0 0 0
21 A-g 5 5 21 21 21 0 0 0 1 0 1
22 B-g 10 95 22 22 22 2 0 0 0 0 0
23 C-A 5 50 23 23 23 0 0 0 0 0 1
24 C-A-g 1 5 24 24 24 0 0 0 0 0 0
25 A-B-C 10 95 25 25 25 0 0 0 1 0 0
26 C-¢g 50 50 26 26 26 15 8 0 0 0 0
27 A-B-g 5 5 27 27 27 0 0 0 1 0 0
28 A-B 1 95 28 28 28 2 0 0 0 0 0
29 A-B-C 10 50 29 29 29 2 0 0 0 0 0
30 C—g 1 5 30 30 30 0 0 0 0 1 0
31 B-C 5 95 31 31 31 0 0 0 0 0 0
32 B-C-g 10 50 32 32 32 0 0 0 0 0 0
33 A-B-C 5 5 33 33 33 0 0 0 1 0 0
34 A-g 50 95 34 34 34 0 0 0 0 0 0
35 C-A 1 5 35 35 35 0 0 0 0 0 0

each of its three segments represents these results in each
case of the network. Given the accuracy of this method and
its precise results, these columns appear to be duplicate but
to compare the algorithm’s results in cases adding sources
and metrics and showing improved solutions, the insertion
of these columns is necessary.

Comparing the results of Table 2 with reference
[27, 28], and [29] methods, it can be seen that in the pro-
posed method, with the installation of only three PMU, the
error percentage has reached zero, while in methods

[27, 28], and [29], although the accuracy of good, this
accuracy is achieved with more PMU, which in turn can
increase the cost of equipment installation.

Conclusion
There are many studies done today to improve the relia-

bility of sensitive networks. With the advent of distributed
generation, the reliability of the network increases, on the
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other hand, when there is a fault in the distribution net-
work, the presence of distributed generation due to
potential disruption in accurate and rapid location using
existing methods. In this article, we tried to provide a
practical and effective way of solving this problem by
expressing the importance of this issue. Experimental
methods have been used in this method, and it has been
shown that in networks involving distributed generation,
the exact location of the fault event can be detected, and, as
the distributed generation increases, the accuracy of the
proposed method increases.
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