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Abstract. Fault components in the fault path and the non-fault path differ due to the unbalanced
distribution of positive, negative and zero-sequence components in the line in the case of a single-phase
earth fault in the power distribution network. Therefore, this paper proposes an improved fault section
location algorithm based on phase current, which obtains the fault component current by the subtraction of
currents before and after the fault and the fundamental wave amplitude of the corresponding current through
Fast Fourier Transform (FFT). Meanwhile, considering that the fault section location cannot be completed
accurately with the amplitude relationship alone, the Minkowski distance calculation formula is introduced
to strengthen the difference between the fault path and the non-fault path, and the relationship between the
calculation results of different sections and the threshold is compared by threshold setting to complete the
section location. This paper proposes the specific fault section location process and criteria and verifies the
feasibility of the algorithm through simulation experiment.

1 Introduction

The safe and reliable operation of the distribution
network as a link between users and the power system
directly concerns the production and living quality of
people [-2], In recent years, the capacitance current of the
system has increased due to the increasing proportion of
electrical and electronic equipment in the distribution
network, changing the neutral grounding mode of the
distribution network gradually from the isolated neutral
mode to the mode of grounding via arc suppression coil.
With the continuous development of social economy, the
expansion of coverage area of the distribution network
and the complication of its topological structure, the
reason above results in the poor application effect of
traditional distribution network fault location technology,
which greatly reduces the power supply reliability of the
distribution network -1,

Location methods can be divided into two categories
based on the judgment signal of the distribution network
fault location technology: first, algorithms completing
fault location based on signals of the distribution
network line itself [*7; second, algorithms completing
fault location based on external injected signals (-1,
Due to the continuous development of artificial
intelligence technology, some location technologies have
adopted the idea or algorithm of artificial intelligence
technology, which further improves the reliability of the
algorithm 'Y However, the algorithms above still
have some problems. Fault location algorithms based on
the signal of the line itself mostly use the zero-sequence
signal in the line to complete fault judgment. However,
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zero-sequence signals that can meet the location
requirements of algorithms cannot be collected due to
the old equipment in the distribution network in some
areas or the lack of zero-sequence current or voltage
transformers in ring main units or branch boxes of cables,
thus reducing the adaptability of the algorithm and
making the practical application of fault location
algorithms based on the signal of the line itself limited.
For fault location algorithms based on external input and
output signals, it is required to install additional fault
location signal injection and detection devices in
distribution network lines. Due to the complex structure
and wide coverage of the distribution network, a large
number of such devices need to be installed in order to
meet the reliability requirement of algorithms, which
will greatly affect the efficiency of the algorithm. Most
fault location technologies based on intelligent
algorithms require a lot of calculations, which will
reduce the speed of algorithms. Meanwhile, most of the
above algorithms need to upload the signals collected to
the master station to complete fault location, which will
depend heavily on the communication system. When the
communication system is interfered or failed, the
algorithm will fail.

To solve the above problems, researchers have
proposed a location algorithm that uses the phase current
as the fault criterion signal. There is a lot of fault
information in the phase current after occurrence of a
single-phase earth fault, which can fully support the
algorithm to complete fault location. At the same time,
the algorithm based on the phase current which is a
signal easier to be obtained than the zero-sequence signal,
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is more adaptable. Literature [15] proposed that the fault
location could be completed as the variation of phase
currents differed in the fault path and the non-fault path
in the case of a single-phase earth fault of the
distribution network. However, the fault component
current is much smaller than the load current in the
distribution network, making the algorithm easy to make
an error during judgment of the phase current variation
and resulting in the failure to guarantee its reliability.
Literature [16] proposed that the fault location could be
completed as the direction of the sudden change of the
fault phase was opposite to that of the non-fault phase in
the fault path while the three phases had the same
direction of sudden changes in the non-fault path at the
moment of the fault. However, considering the
complicated ecarthing conditions in the distribution
network, the current transient process easily becomes
inconspicuous in the case of high-resistance earthing,
making the algorithm unable to locate the sudden change
direction accurately and resulting in wrong results of
judgment.

This paper puts forward a section location algorithm
based on the Minkowski distance of three-phase
asymmetric current components. The algorithm first
subtracts the currents before and after the fault to extract
the fault component current in the line, reducing the
influence of the load current on the fault component
current. Second, it uses FFT to obtain the fundamental
frequency amplitude of the signal and obtains the
calculation results of different lines through the
Minkowski distance formula to enhance the difference
between the non-fault path and the fault path. The fault
section location is completed based on the relationship
between the calculation results of lines and the adaptive
threshold set. The algorithm only uses the phase current
as the criterion signal, avoiding the poor adaptability of
algorithms caused by the failure to collect the zero-
sequence signal. Meanwhile, it can complete the in-situ
judgment of lines based on the adaptive threshold or
upload the signal to the master station to identify the
fault section, thereby reducing dependence on the
communication system.

2 Analysis of fault component current

Taking the system with neutral point grounded via arc
suppression coil as an example, this paper analyzes the
change process of the phase current with the symmetrical
component method. The distribution network system is
shown in Figure 1:
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Figure 1: System structure diagram

ua, ug and uc are power supply voltages. Cj (j=1,
2...K) is the ground capacitance of each line. The fault

occurs in phase A of line K. X is the ground
capacitance downstream of the fault point.

Positive, negative and zero-sequence voltages can be
input equivalently at the earthing point of the system
based on the symmetrical component method, as shown
in Figure 2:
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Figure 2: System structure diagram of symmetrical component
method
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voltages of phases A, B and C at the fault point; DA@),

DB(z)' and DC(Z)

T

are negative sequence voltages of
C]PA(O), DB(O) and

phases A, B and C at the fault point;

€9 are zero-sequence voltages of phases A, B and C
at the fault point.

After a fault occurs, the current in the system is
generated by the combined action of the power supply
voltage and positive, negative and zero-sequence
voltages. According to the circuit superposition theorem,

the phase current Iy on the line after the fault is

equivalent to the sum of the load current Ly generated by
the power supply of the generator and the fault

1 .. .
component current / generated by positive, negative
and zero-sequence voltages, as shown in Formula 1.

I,=1,+1 p )]

Considering that the generator power is basically

unchanged before and after the fault, the load current on

the line after the fault is approximately equal to that

before the fault, and the load current before the fault is
the line phase current.

I, =1, )

. . i,
On this basis, the fault component current ~/ after the
fault can be obtained by subtraction of the phase current

Iy after the fault from that before the fault.
i,=1,-1, 3)

Most of the positive and negative sequence currents
are centered on the fault path since the positive and
negative sequence currents in the fault component only
form a loop between the power source and the fault point.
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There will be a zero-sequence current in each line of the
system since a shunt current of the zero-sequence current
on the fault line will be formed between the ground
capacitance on each line and the earth fault line. The
zero-sequence equivalent circuit is as follows:

R

Figure 3: Zero sequence current sequence network diagram

% is the zero-sequence voltage; /is the ground

capacitance value of each line (j=1, 2..K) ; Lis the

inductance value of the arc suppression coil; ~ X is the
ground capacitance value of the line upstream of the

fault point; Cy is the ground capacitance value of the

line downstream of the fault point; R is the ground
resistance.

According to Figure 3, the zero-sequence current is
shunted at the fault point and flows to the lines upstream
and downstream of the fault point respectively. The
zero-sequence current in the line upstream of the fault
point at the busbar is shunted and flows to the non-fault
lines respectively. For ease of description, the line
upstream of the fault point is called the fault path, and
the line downstream of the fault point and the normal

line are called the non-fault paths. Vi is the shunt

coefficient. The shunt coefficient Vi of the zero-
sequence current on line i is:

joL
= 4)
a-(joL, Y. C, +1)
m=1

Vi=

i is the ground capacitance on line i (i=1, 2...L);
X s the impedance value corresponding to the ground
capacitance or arc suppression coil on a certain line.
Since the zero-sequence current on the fault path is
the sum of zero-sequence currents excluding those
downstream of the fault point, the shunt coefficient is:

oL,
1 J@ 0 (3)
oc Y 02 C,+1)

K m=1

Y =1-

2.1 Analysis of the fault component current on
the fault path

Considering that positive and negative sequence currents
in the fault current form a loop between the fault point
and the power supply through the busbar and that the
zero-sequence current in the fault current forms a loop
between the ground capacitance on each line and the
fault point through the busbar, the current fault

component on the fault path includes positive, negative
and zero-sequence currents.

For the sake of generality, assuming that the positive,
negative and zero-sequence currents at the fault point
obtained by the system with the symmetrical component

method are 7 respectively, the three sequence currents
[1, 1 and 1y on the fault path are as follows.
L=hL=J (6)

Iy=yxJ @)

7K is the shunt coefficient of the zero-sequence
current on the fault path, and the direction factor is

10 J.. I
a=é . Therefore, the fault components Tz B

and ]fC of each phase on the fault line are as follows:
Ly=ly+1,+1,=J+J+y,J=Q+y)-J (8)
Iy=Iy+lp+ly=al+a’J+yJ=(,-1)-J (9)

ILe=lg+l,+lg=ad+al+y.J=(-1-J

(10)

Where, IAI , B Land "€ are positive sequence

components in the three-phase current fault components
[ B2 ICZ i

on the fault path; “42 | and ~¢Z are negative

sequence components in the three-phase current fault

' 1
components on the fault path; £.40, IBO and ~ €0 are
zero-sequence components in the three-phase current
fault components on the fault path.

2.2 Analysis of fault component current on non-
fault paths

Non-fault paths include the normal line and the line
downstream of the fault point. Since the positive and
negative sequence currents in the fault current only form
a loop between the fault point and the power supply
through the busbar and do not pass through the non-fault
path, and the zero-sequence current in the fault current
forms a loop between the ground capacitance on each
line and the fault point through the busbar, the current
fault component on the non-fault path is mainly
composed of zero-sequence currents on its own line.

To ensure the unity, assuming that the positive,
negative and zero-sequence currents at the fault point
obtained with the symmetrical component method are

respectively /| the positive, negative and zero-sequence
currents on the non-fault path are:

I,=1,=0 (11)
I,=yJ (12)
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7iis the shunt coefficient of the zero-sequence

current on the non-fault pathi. Fault components ~ /4,

Iy T
and © f€ of the three-phase currents on the non-

fault path are:
ijA:1'Al+I'AZ+I'AO:7/iJ (13)
I.ifle"Bl_{—]”BZ_{—]"BO:]/iJ' (14)
IH/C:[‘YCI_{—I”CZ_‘_["CO:}/:'J‘ (15)

jl ICl

1
Where, ~ 4l, "Bl and are positive sequence
components in the three-phase current fault components
R | :
on the non-fault path; .~ 42, ~ B2 and ~ €2 are negative
sequence components in the three-phase current fault

components on the non-fault path; 1 A0, IBO and ]CU
are zero-sequence components in the three-phase current

fault components on the non-fault path.

3 Section location algorithm analysis
and flow chart

3.1 Analysis of section location algorithm

According to the analysis above, the fault component
current of the fault phase on the fault path is much
higher than that of the non-fault phase; the three phases
have the same fault component current on the non-fault
path. However, considering the complex fault conditions
of the distribution network, it is difficult to ensure the
reliability of the algorithm based on the amplitude
relationship alone. Therefore, it is proposed to strengthen
the difference of lines with the Minkowski distance

formula which is given below:
1

p)=( Sk o | 16

The Minkowski distance formula can reflect the
distance between points x and y. In this paper, we take
the fundamental wave amplitude of phase-A, phase-B
and phase-C fault component currents of each line as the
coordinate axis to calculate the distance between the
point corresponding to the fundamental wave amplitude
of each line and the origin of coordinates. Meanwhile, as
the parameter p increases, the calculation result will get
closer and closer to the larger value of the three phases.
In this way, the parameter p can be adjusted based on
actual conditions of the line to highlight the large
difference of the three-phase fault component currents
on the fault path and complete the section location.

To meet the requirement that the algorithm can
complete in-situ judgment, this paper proposes to set an

p

. k,=e"-1 S
adaptive threshold "¢/ 0. Considering that the

zero-sequence current of each line is different, the

fundamental wave amplitude of the =zero-sequence
current of the line is used as a parameter during
threshold setting so as to improve the adaptability of the

P
algorithm. At the same time, an adaptive parameter € 1
is set in the threshold. When the parameter p in the
Minkowski distance calculation formula is adjusted, the
threshold can be adjusted adaptively, which improves the
reliability of the algorithm.

3.2 Algorithm flow chart

( The section location algorithm starts to detect the fault.

|

Using three phase current to calculate zero sequence current after
fault.10=(la+Ib+Ic)/3

The zero sequence current corresponding to the fault time is subtracted
from the phase current corresponding to the two periods after the fault time|
and the two periods before the fault time.
1(i)=1(t0+N)-1(t0-3*N)-10(t0+N)
i=1,2...3N

)

The processed three-phase current value I(i) is transformed by FFT, and the
fundamental amplitude Ifa, Ifb,Ifc of three currents and the fundamental
amplitude 10 of zero sequence current are obtained.

The minnowitz distance is calculated for the fundamental amplitude
Ifa,Ifb,Ifc, and the result Di and the threshold Krel of the line are obtained.

This line is normal  ——

Protection
action

Figure 4: Algorithm flow chart

4 Test simulation

This paper sets up a distribution network model with the
ATP power system simulation software for simulation
experiment. Two grounding modes were used in the
experiment - isolated neutral mode and the mode of
grounding via arc suppression coil. The fault time was
set to 0.0624 s and the number of sampling points in
each cycle was 100. The experiment was carried out for
25 cycles in total. To facilitate modelling, three outgoing
lines were set up in the system, including fault lines and
non-fault lines. A single-phase earth fault occurred in the
middle section of the fault line. The non-fault lines were
divided into no-load lines and load lines. In the
experiment, the fault path and the non-fault path were
detected. The non-fault paths include the normal line and
the line downstream of the fault point.

4.1 Isolated neutral system test

The test circuit diagram is as follows:
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Table 2: Calculation results of neutral grounding system
through arc suppression coil

Fundame | Fundame | Fundame
ntal wave | ntal wave | ntal wave

amplitude | amplitude | amplitude Min
of A- of B- of C- distance
phase phase phase calculati
fault fault fault on

componen | componen | componen results
t current t current t current

Figure 5: Simulation structure diagram of neutral ungrounded (A) A A)
system N‘l)i;rzal 0.4615 0.4615 04615 | 0.5653
The table below shows the fundamental wave Fault
amplitude of the three-phase fault component currents q pomt 0.3415 0.3415 0.3415 0.4183
and the calculation results after FFT: OWRSIe
am line
Table 1: Calculation results of ungrounded neutral system 1;3;‘;1}1: 11.2684 2.2616 22616 11.8201

Fundame | Fundame | Fundame
ntal wave | ntal wave | ntal wave
amplitude | amplitude | amplitude Min

of A- of B- of C- distance
phase phase phase calculati
fault fault fault on

componen | componen | componen results
t current t current t current

A A A
N‘l)irnrgal 0.6257 0.6257 0.6257 0.7235
Fault
point 0.5426 0.5426 0.5426 0.6826
downstre
am line
Fault 12.6254 3.6289 3.6289 12.9263
path

According to the experiment, the calculation result of

the fault path is far greater than that of the non-fault path.

The algorithm proposed in this paper can locate the
single-phase earth fault section of the isolated neutral
system.

4.2 Test of system with neutral point grounded
via arc suppression coil

The test circuit diagram is as follows:

g v Fart

T

Figure 6: Simulation structure diagram of neutral grounding
system through arc suppression coil

The table below shows the fundamental wave
amplitude of the three-phase fault component currents
and the calculation results after FFT:

According to the experiment, the calculation result of
the fault path is far greater than that of the non-fault path.
The algorithm proposed in this paper can locate the
single-phase earth fault section of the system with
neutral point grounded via arc suppression coil
accurately.

5 Conclusion

This paper proposes an improved algorithm for single-
phase earth fault section location based on phase current.
This method obtains the fault component current of the
line itself by the subtraction of phase currents before and
after the fault, and then obtains the fundamental wave
amplitude of the fault component current through Fast
Fourier Transform. The results of different lines are
calculated by the Minkowski distance calculation
formula with parameters pre-designed according to
actual system characteristics. The fault section location
can be completed by comparison of the relationship
between the line calculation results and the threshold.
Finally, the feasibility of the algorithm is verified
through the simulation experiment.

With the Minkowski distance formula introduced as a
criterion, the algorithm can adapt to the characteristics of
different regional distribution networks through
adjustment of formula parameters and is therefore more
adaptable. The threshold setting can allow the algorithm
to both transmit the collected signal to the master station
for judgment and complete section location in situ, thus
realizing its ability of in-situ judgment and reducing the
dependence on the communication system.
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