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Fault section location of a single-phase grounding fault is affected by the neutral grounding mode of the system,
transition resistance, and the blind zone. A fault section locating method based on an amplitude feature and an
intelligent distance algorithm is proposed to eliminate the influence of the above factors. By analyzing and
comparing the amplitude characteristics of the zero-sequence current transient components at both ends of the
healthy section and the faulty section, a distance algorithm with strong abnormal data immune capability is
introduced in this paper. The matching degree of the amplitude characteristics at both ends of the feeder section
are used as the criterion and by comparing with the set threshold, the faulty section is effectively determined.
Finally, simulations using Matlab/Simulink and PSCAD/EMTDC show that the proposed section locating method can
locate the faulty section accurately, and is not affected by grounding mode, grounding resistance, or the blind
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1 Introduction

Improving intelligence level [1] and enhancing power
supply reliability are some of the development foci in
distribution networks. The wiring mode of a distribution
network adopts an ungrounded neutral point or
grounded neutral point via an arc suppression coil. Be-
cause single-phase earth faults account for 80% of all
failures [2], research on the locating method of this type
of fault has become a hotspot. When a single-phase
grounding fault occurs in a distribution system with an
arc suppression coil, the zero-sequence current of the
fault section tends to be the same as the healthy sections
[3], making conventional fault section locating methods
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difficult to apply. Therefore, it is necessary to propose a
new method.

[4-8] realize fault location using line mode head infor-
mation, but the accuracy of the traveling wave method is
not high because of the interference of the branch line
in the distribution network [9-11]. propose the use of
wavelet transform, proxy algorithm and other analysis
tools, and the characteristics of the transient information
are obtained to achieve fault location by comparison
[12-15]. propose a fault section locating method based
on a linear correlation method using the differences of
fault transient zero sequence current at two ends of the
fault point. The Pearson correlation coefficient is used
to measure the similarity of the transient zero sequence
current waveforms at two detection points, and the fault
location is realized.

Among the existing fault section locating methods, the
linear correlation method has the best location effect.
However, this method is greatly affected by grounding
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resistance and has blind spots. A novel fault section lo-
cating method based on the Hausdorff distance algo-
rithm is proposed in [16] and is applied to image
processing to measure the similarity between graphics.
This algorithm considers the overall feature difference of
images while discarding the detailed features between
images. The image feature matching function of the
Hausdorff distance algorithm uses the zero-sequence
current waveform information more comprehensively,
so the fault section location based on this algorithm can
be more accurate than other methods.

Relying on the faulty feeder, this method uses wavelet
decomposition to extract the high-frequency coefficients
and reconstructs the zero-sequence current transient
components. The transient components at both ends of
the section are normalized and the translated data infor-
mation is used in the Hausdorff distance algorithm after
the translation of a data window, and then is traversed
to obtain the minimum distance value H. This step can
eliminate the influence of asynchronous data on meas-
urement accuracy. The distance value is used to deter-
mine the matching degree HS and by comparing the
matching degree with the set threshold, the faulty sec-
tion can be effectively determined. The method can lo-
cate the faulty section accurately under different neutral
grounding modes and different grounding resistances,
while it is also valid in the blind zones of the linear cor-
relation method.

2 Transient characteristics analysis of zero-
sequence current

2.1 Distribution network equivalent model

To facilitate the analysis, centralized parameters are
used. The equivalent circuit of a zero-sequence distribu-
tion network in single-phase grounding fault is shown in
Fig. 1. In developing the equivalent zero-mode network,
the accuracy of the equivalence between the fault point
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Fig. 1 Equivalent circuit of zero-sequence network
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and feeder bus is the key to the correctness of the transi-
ent characteristics.

In Fig. 1, Co, Con and Cg, are the equivalent capaci-
tances of the upstream line of the fault point, the sound
feeder, and the downstream line, respectively. Lo, and
Lo are the equivalent inductances of the fault point to
the bus and the downstream, respectively. Ro, and Rg
are the resistances of the upstream and downstream,
respectively.

According to Fig. 1 and [13-15], the instantaneous
value of the zero-sequence current transient components
of the upstream and downstream are:

, U,0Coy
lox = 3
\/ (¢ sing)” + cos? ¢

sin(wyt 4 a,)e %t (1)

where Uy, is the peak of system phase voltage, ¢ is the
initial fault phase angle. The subscript x indicates the up
(b) or down (1) stream. The related parameters and ex-
pressions are given in the table below.

Parameter Expression

wy (oscillation frequency) 2
LovCox

UnwCox
(& sing)’+ cos? @

lo mx (Amplitude)

ay (Initial phase angle) arctan(m% tang) (4)

6y (Attenuation coefficient) ;Lo ©)
0x

2.2 Analysis of amplitude characteristics of zero-sequence
current transient components
The difference of the transient currents at the two ends
of healthy section in the faulty feeder is only the
capacitive current of the section. The amplitudes of the
transient currents at both ends are close and the
waveforms are also similar. The frequency of the zero-
sequence current transient component at the upstream
of the fault point is mainly determined by the capaci-
tance parameter of the upstream line of the fault point
and the healthy feeder. The downstream node is mainly
determined by the capacitance parameter of the down-
stream line of the fault point. As the parameters of the
upstream and downstream are quite different, the ampli-
tudes of the transient components of the upstream and
downstream nodes are inevitably different, as will be fur-
ther shown in Fig. 2.

From (3), the amplitude and amplitude ratio of the
transient components at the two ends of the faulty
section are:
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Fig. 2 Three-dimensional surface map of amplitude ratio
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where L, is the zero-mode inductance of unit length
line and Cy, is the distributed capacitance to ground. I,
is the line length from the fault point to the exit of the
bus, and I is the length of the entire feeder of the fault
line. Iy is the sum of all outlet lengths of the system. Iy
and Ioy, are the amplitudes of the transient components
downstream and upstream of the fault point, respect-
ively. k is the amplitude ratio of the transient compo-
nents at the two ends of the faulty section.

To obtain the general characteristics of the amplitude
ratio, its three-dimensional surface map is shown in Fig.
2. The value of amplitude ratio is shown in Table 1.

k(lp, ¢)
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Table 1 The value of amplitude ratio
k ¢ % % = 2n

(rad)

Iy (k) / / / / /
0.1 / 1.36 135 136 5.66
02 / 197 1.96 197 573
44 / 3097 31.29 30.97 10.78
99 / 40,269 41,384 40,269 329
10 / 162,197 166,739 162,197 659

When the distance between the fault point and the
feeder bus is constant, the amplitude ratio is almost un-
changed, while when the initial phase angle is constant,
the amplitude ratio is proportional to l,. From Fig. 2 and
Table 1, it can also be seen that when the fault point is
at the exit of the bus and the initial phase angle is /50,
the amplitude ratio k is greater than 1.3.

According to the above analysis, it can be concluded
that the amplitude difference of the zero-sequence
current transient components at the two ends of the
healthy section is small, while the two ends have high
similarity in waveforms [17, 18]. In contrast, the ampli-
tudes of the zero-sequence current transient compo-
nents at the two ends of the fault point are significantly
different.

2.3 Analysis of influencing factors of the correlation
coefficient method

At present, the correlation coefficient method is in the
mainstream of fault location methods. According to
[13], the location criterion of the correlation coefficient
method will fail at special fault points (transient current
oscillation frequency of the two ends are similar).
Combined with phase, frequency, and attenuation
coefficient characteristics, if the transient component
frequencies at the two ends of the faulty section are
equal (v, = w)), the distance from the fault point to the
bus /s can be obtained using (2), as shown as:

12
")
PN

©)

It can be deduced from (9) that there is a set of fault
points F' in any feeder line of the distribution network,
including the I¢ point and its nearby area. The transient
current frequencies at the two ends of the set F' are
similar, while [, < 31s. That is, the set is located in the
upstream section of the feeder line.

When a fault occurs, according to (4) and (5), there
are:

Ro.

a arctan al’l(])
! ! 2L0[
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ap = arctan (co%, tamp) &y = 2RL—00bb
When the fault point is in the set F', jhere are:
a = ap (10)
6 = 0y (11)

The phases, frequencies and attenuation coefficients of
the zero-sequence current transient components at the
two ends of the faulty point set F' are approximately
equal. Thus the correlation coefficient of the faulty sec-
tion is relatively high, and the criterion of the correlation
coefficient method will fail to work. The simulation re-
sults of the correlation coefficient method will be shown
in Table 3 in Section 6.1 to verify the existence of the
blind zone.

The timing error, initial fault current angle, data
window length and grounding resistance of the wave
recording terminal can also influence the correlation
coefficient. For the timing error, the correlation
coefficient method has a feasible way to solve it [15].
Combined with the simulation model and parameters in
Section 6, the attenuation performance of the transient
component amplitudes under different transition
resistances are shown in Table 2.

From Table 2, the characteristics of the transient
attenuation process are as follows. With the increase in
transition  resistance, the transient component
attenuation rate increases and a weak signal with small
amplitude in the data window increases as shown in
Fig. 3. The existence of a blind zone makes the
correlation coefficient higher. When the fault occurs at a
different time, the initial fault current angle is different,
so the transient current information also changes.

According to the above analysis, the initial fault current
angle and transition resistance affect the attenuation rate
of the transient component. This can lead to the failure of
the correlation coefficient method. Therefore, it is
necessary to adapt to the special amplitude characteristics
and avoid the influence of the above factors.

Table 2 Transient attenuation process

Transient Grounding method

amplitude yeallic (0 0) 50 100 1000
100% 0.500's 0.500's 05005 0.500's
80% 0.504 s 0.502's 0.501s 0.5002 s
60% 0.506's 0.503 s 0.502s 0.5005 s
40% 0.509's 0.504 s 05035 0.5008 s
20% 0.518s 0.507 s 0.504s 0.501 s
0% 0.552s 0.520s 0517s 0511s
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Fig. 3 transient attenuation process

3 Matching degree principle and optimization
scheme

3.1 Acquisition of zero-sequence current transient
components

The accurate extraction of zero-sequence current transi-
ent components is the premise of the matching degree
principle. Wavelet transform can analyze local character-
istics in the time and frequency domains at the same
time, and use the expansion and translation of the wave-
let base to adjust the analysis window adaptively. These
characteristics show that the method is suitable for tran-
sient information analysis and can be applied to the de-
composition analysis of a zero-sequence transient
current.

Deriving from [19, 20], this paper designs a wavelet
decomposition layer and function by considering
sampling frequency and wavelet decomposition
characteristics. Wavelet decomposition is used to
process the fault transient information and extract the
high frequency coefficients after wavelet decomposition,
and the transient component is reconstructed using the
high frequency coefficients.

3.2 Basic principles of distance algorithm

The matching function of image features is used to
measure the waveform distance H, which is calculated as
[16]:

H(A,B) = max[h(A, B), h(B,A)] (12)
where.
h(A,B) = max ﬂi]ﬂﬂi—b/’ (13)



Li et al. Protection and Control of Modern Power Systems

h(B,A) = max mm’b ~aj| (14)

beA a;eB

A and B are the set of electrical sampling points with
ay, ay, as, L, a,€A and by, by, bs, L , b,€B. |a; - bj|
and |b; - aj| are the distance norms between point sets
A and B in(13) and (14), respectively. For any points
a,€A or b,eB in A or B, |a,-bj| and |b —a,| are

calculated in turn and then the minimum of b B |aq

| and bjeB |ag—b;| is obtained. Considering g=1, 2, 3, L,
n, many minimum distance values can be obtained in
turn, and then the maximum of these minimum values
can be calculated according to (13) and (14). The
maximum value is the one-way Hausdorff distance /(A,
B) and h(B, A), while the Hausdorff distance /4(A, B) can
be obtained by (12).

The schematic diagram of the Hausdorff distance
algorithm is shown in Fig. 4.

According to the calculation principle, the Hausdorff
distance algorithm is not affected by the weak signal
mentioned above. The algorithm can measure the
amplitude difference between the two waveforms and
find a new angle of the amplitude feature to avoid the
blind zone.

3.3 Transient information normalization and locating
criterion threshold setting based on the distance
algorithm

The data source of the Hausdorff distance algorithm is
the zero-sequence current transient components ex-
tracted using the wavelet transform. The distance H is
calculated by the transient components of the zero se-
quence current at the two ends of the faulty section, and
the matching degree value HS (HS =1 - H)is determined

amplitude

Time/s

Fig. 4 The schematic diagram of the Hausdorff
distance algorithm
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to measure the matching degree of the transient compo-
nent waveforms at the adjacent node. The closer H is to
0, the closer HS is to 1, and the matching degree of the
two waveforms is higher. In the converse situation, the
matching degree is lower.

In order to facilitate the setting of the criterion
threshold and measure the distance value H at the two
ends of the section visually, the data in the data window
of the transient components are distributed to [0, 1] by
normalization. The normalized data of the transient
components are put into the Hausdorff distance
algorithm, and the distance H of the adjacent node can
be calculated according to (12)—(14). The distance value
H reflects the overall difference between the two
sequences and is proportional to the difference.

The distance value H at the two ends of the healthy
section is close to zero. Thus the theoretical matching
value of the healthy section can be set to HSt=1. The
matching degree value HS is used as the basis for
setting. As the HS value at the two ends of the healthy
section is close to 1, the criterion threshold setting can
be based on the theoretical matching value of HSt.

The principles of setting are as follows:

HSger = HST/Krel (15)
where K, generally takes a value between 1.15 and 1.3.
Because HS7=1 and K,; = 1.2 in this paper (K,,; can be
adjusted according to the actual project), HS, = 0.83
based on (15,

4 The optimization scheme of matching degree
The existing time setting mode of the data acquisition
equipment (FTU) has an error of 1~3ms, so it will
affect the accuracy of the criterion and cannot reflect
the actual characteristics of the data, according to [13].
In order to eliminate the error, one sequence can be
fixed and the data window of another sequence can be
translated back and forth to obtain a matching degree.
For the faulty feeder, the amplitude and frequency
differences between the two ends of the healthy section
are small, so the waveform matching degree is the
highest when data are synchronized. However, the
amplitudes of adjacent nodes at the fault point are
obviously different. Therefore, the matching degree of
synchronized or asynchronized data is less than the
threshold. Therefore, it is necessary to ensure the
calculation accuracy of the matching degree at the two
ends of the healthy section.

Setting the single move step size of the data window
to AT =1/f; (f; is the system sampling frequency), the
moving data width is +3ms and the maximum value of
total moving steps is N =2x3x10?x f, The switch
number and corresponding section number is x, and the
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switch number of the feeder section is X. The matching
degree HS, ., (the matching degree of the x™" and
the (x + 1)™ sampling points) is:

HS,_x41 = {HS|HS = (1_ min hausdorff (Iox(i)", (To41) (i s:ep))*))
step=1
,i, step,xeN™ i€[1, N|, stepe [I,N’},xe[l,X—l]}

(16)

where N is a periodic sampling point in the data window
(including the complete transient information after the
fault), N is the movable step, and (Io,) and (Lo(x+1))

are the normalized sequence of zero-sequence current
transient components of node x and node x + 1.

The data window selection principle in the
optimization method should consider the actual
duration of the transient process to adjust the
optimization scheme. The transient process lasts around
1 cycle, and the construction of the matching
optimization scheme requires a certain length of data
translation step. In order to satisfy the matching
optimization scheme, the input data of the Hausdorff

(START)

‘Determine fault feeder ‘

v

Acquire transient zero-sequence current data 'ox
at terminal x
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Fig. 5 Process of the new section locating method
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Fig. 6 Multi-feeder distribution network topology

distance algorithm can maintain the same number of
sampling points N after the data window is moved. The
data window needs to have a margin of 2+N while
considering the maximum 3 ms error of time setting
mode and f; = 10kHz, so the margin can be determined
as 100 sampling points and the length of the data
window is 1.5cycles. Thus, 50 sample points are
extended to the left and right, respectively, based on the
N sampling points.

5 Section locating process
The fault section locating process is shown in Fig. 5.

6 Simulation and discussion

6.1 Results of the correlation coefficient method and
distance matching degree method

Matlab/Simulink is used to build a simulation model
according to a typical topology of a 35kV distribution
network shown in Fig. 6. The system is grounded via an
arc suppression coil or ungrounded, and the exit lines
are L1-L5. The line lengths and electrical distribution
parameters of the lines are:

I, = 9km, AB = 2km, BC = 1.5km,
CD = 1.5km, DE = 2km,
EF = 2km.L; = 0.9297mH /km,
C; = 0.07052pF/km, Ly = 4.1882mH /km,
Co = 0.0446uF/km.

The compensation degree of the arc suppression coil
is set to 10%, so L, =0.81 H. For the simulation model,
l 1 2.6km is calculated according to (9), and it can be

determined that the set of F, and its nearby fault points
are within the blind zone.

In feeder 2, F1-F5 are the single-phase grounding fault
points at different times and under different grounding
resistances. The sampling frequency is 10kHz and the
data window is 1.5 cycle.

() The linear correlation method
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The linear correlation method has the best location
performance in section location at present. The linear
similarity of the two waveforms is described by the
correlation coefficient as:

N-1

> )y

N-1 N-1

Py = (17)

=0 n=0

3

The results for different grounding resistances (R,)
and fault points (F1 - F5) are shown in Table 3.

(b) The proposed positioning method

Using the positioning method proposed in this paper
the results are shown in Tables 4, 5, 6, 7, 8 and 9. Tables
4, 6, 8 are the results with different initial fault current
angles and grounding resistances for an ungrounded
system, while Tables 5 7, 9 are the corresponding
results for the arc suppression coil grounding system.

6.2 Comparison and discussion

The general threshold pg, is 0.6 ~0.8. Thus when the
correlation coefficient of the two waveforms is greater
than the threshold value, it is a healthy section.
Otherwise it is a faulty section. In general, the linear
correlation method can locate the faulty section, e.g., F1
and F5 can be accurately located. As the grounding
resistance increases, the similarity of transient
components at the two ends of the fault section become
higher, so F2, F3, F4 may be misjudged. When the fault

Table 3 Results of the correlation coefficient method (¢ =0)
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Table 4 Results of the proposed positioning method (¢ =0,
ungrounded system)

Ry/Q F  HSas HSsc HScp  HSpe  HSge  section
0 FI 04445 / / / / AB
F2 09873 04562 / / / BC
F3 09871 09895 04453 / / D
F4 09867 09890 09931 04737 / DE
F5 09860 09879 09921 09911 04998 EF
100 F1 03820 / / / / AB
F2 09871 04324 / / / BC
F3 09870 09901 04518 / / D
F4 09850 09890 09933 04799 / DE
F5 09859 09888 09935 09939 04769 EF
500 F1 04536/ / / / AB
F2 09895 04820 / / / BC
F3 09848 09931 04969 / / D
F4 09850 09744 09960 04951 / DE
F5 09858 09758 09750 09950 04856 EF

point is in the blind zone (section BC), the correlation
coefficient at the two ends of the faulty section is high
and the faulty section cannot be accurately located. The
possibility of misjudgment increases and the accuracy of
section location is affected.

It can be concluded that the matching degree method
can locate the fault section for different initial fault
current angles (0°. 30°. 60°) and different grounding
resistances (0 Q2. 100 Q. 500 Q2). The matching degree
between the healthy section and the faulty section under

Table 5 Results of the proposed positioning method (¢ =0°, arc
suppression coil grounding system)

Ry/Q F |PAB| |PBc| |PCD| |PDE| |PEF| Ry/Q F HSas HSgc HScp HSpe HSgr section
0 F1 0.5135 / / / / 0 F1 04162 / / / / AB
F2 0.9999 0.9344 / / / F2 09794 040% / / / BC
F3 0.9999 0.9999 0.7525 / / F3 09311 09633 04427 / / cb
F4 0.9999 0.9999 0.9999 0.7421 / F4 09529 09042 09477 04030 / DE
F5 0.9999 0.9999 0.9999 0.9999 0.6073 F5 09166 09303 09578 09058 04093 EF
100 F1 0.7581 / / / / 100 F1I 04602 / / / / AB
F2 0.9999 0.9486 / / / F2 09263 04292 / / / BC
F3 0.9999 0.9999 0.8212 / / F3 09654 09133 04258 / / ch
F4 0.9999 0.9999 0.9999 0.8185 F4 09689 09176 09203 04943 / DE
F5 0.9999 0.9999 0.9999 0.9998 0.7336 F5 09748 09298 09219 09113 04125 EF
500 F1 0.8125 / / / / 500 F1 04451 / / / / AB
F2 0.9999 0.9358 / / / F2 09084 04320 / / / BC
F3 0.9999 0.9999 0.8876 / / F3 09229 09241 04546 / / ch
F4 0.9999 0.9999 0.9999 0.8607 / F4 09913 09123 09505 04331 / DE
F5 0.9999 0.9999 0.9999 0.9998 0.7769 F5 09152 09478 09383 09289 04451 EF
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Table 6 Results of the proposed positioning method (¢ = 30,
ungrounded system)
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Table 8 Results of the proposed positioning method (¢ = 60,
ungrounded system)

Ry/Q F  HSpy  HSse HScqp  HSpe  HSge  section RgQ F  HSpg  HSge  HScp  HSpe  HSg  section
0 F1 04198 / / / / AB 0 FI - 04335 / / / / AB
F2 09873 04572 / / / BC F2 09875 04557 / / / BC
F3 09860 09892 04334 / / @b F3 09861 09894 04305 / / D
F4 09865 09895 09940 04628 / DE F4 09863 09886 09929 04848 / DE
F5 09861 09881 09923 09914 04988 EF F5 09877 09909 09946 09938 04874 EF
100 F1 04313/ / / / AB 100 F1 05289 / / / / AB
F2 09871 04516 / / / BC F2 09926 05471 / / / BC
F3 09866 09901 04617 / / D F3 09930 09883 05498 / / D
F4 09869 09900 09943 04693 DE F4 09931 09898 09863 05400 / DE
F5 09867 09898 09943 09930 04699 EF F5 09854 09876 09921 09912 04879 EF
500 F1 04264/ / / / AB 500 F1 05606 / / / / AB
F2 09866 04489 / / / BC F2 09879 05830 / / / BC
F3 09758 09892 04613 / / @b F3 09884 0979 05807 / / )
F4 09866 09894 09921 04721 / DE F4 09885 0979 09781 05571 / DE
F5 09867 09895 09923 09898 04770 EF F5 09891 09806 09790 09607 04870 EF

different fault conditions is significantly different, so the
location is accurate. At the same time, the data window
selected by this method is unchanged (the data input to
Hausdorff algorithm is a one-cycle wave). The increase
of weak current signal in the data window does not
affect the calculation results of the Hausdorff algorithm.
The fault point F2 on feeder L2 has been analyzed and
determined as the fault blind zone. The results show

Table 7 Results of the proposed positioning method (¢ = 30,
arc suppression coil grounding system)

that the matching degree method is not affected by the
fault blind zone.

The section locating method in this paper is not
affected by the system grounding mode, the initial fault
current angle nor the grounding resistance. Compared
with the linear correlation method, the fault section can
be located more accurately, and there is no blind zone.
In summary, the matching degree method is better than

Table 9 Results of the proposed positioning method (¢ = 60,
arc suppression coil grounding system)

Ry/Q F HSap HSgc HScp HSpe HSge section Ry/Q F HSag HSgc HScp HSpe HSgr section
0 F1 04682 / / / / AB 0 F1 04624 / / / / AB
F2 09498 04346 / / / BC F2 09312 04624 / / / BC
F3 09281 09564 04404 / / cD F3 09193 09621 04020 / / (@)
F4 09411 09365 09068 04573 / DE F4 09323 09506 09105 04462 / DE
F5 09321 09121 09274 09582 04562 EF F5 09077 09042 09279 09369 04292 EF
100 F1 04061 / / / / AB 100 F1 05106 / / / / AB
F2 09192 04466 / / / BC F2 09754 05125 / / / BC
F3 09099 09109 04599 / / cD F3 09765 09134 05300 / / CcD
F4 09147 09577 09688 04511 / DE F4 09460 09409 09075 04634 / DE
F5 09192 09296 09066 09419 04330 EF F5 09048 09487 09490 09447 05024 EF
500 F1 04334 / / / / AB 500 F1 0518 / / / / AB
F2 09040 04446 / / / BC F2 09283 05202 / / / BC
F3 09722 09422 04271/ / cD F3 09657 09324 05297 / / CcD
F4 09756 09239 09425 04134 / DE F4 09012 09170 09642 05188 / DE
F5 09393 09453 09475 09445 04662 EF F5 09034 09146 09496 09165 05084 EF
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Fig. 7 The IEEE 13-node simulation model

the linear correlation method in locating the faulty
section.

6.3 IEEE 13-node verification simulation

An IEEE 13-node simulation model is built using PSCA
D/EMTDC according to Fig. 7. The transformer and
overhead lines are set according to standard parameters
in the model library. Load parameters are shown in
Table 10 and the system is ungrounded.

For an ungrounded system, the zero-sequence current
of the fault line is significantly greater than the healthy
section. When faults occur in the sections 632-671 and
671-684, the downstream of the sections will be affected
by the branch line capacitance. In Fig. 8, Iy, is the zero-
sequence current of the downstream, while Iy; and Ig;
are the zero-sequence capacitance current of the branch
lines. The downstream zero sequence current of the
faulty section increases, and the difference between the

Table 10 Load parameters in the IEEE13 node model

node Rated Active Negative Transformer
voltage(kv) power(kw) power(kvar) capacity(kva)

645 105 1000 200

646 04 50 12 10,000

633 105 2000 300

634 105 500 90

671 105 1500 250

684 04 100 40 10,000

611 04 80 10 10,000

652 04 80 10 10,000

680 04 800 150 10,000

692 105 5000 800

675 04 600 120 10,000
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Fig. 8 Influence of branch zero sequence
capacitance current

upstream and downstream zero sequence current be-
comes smaller. Because the length of the branch line is
short, the impact will not be significant and there are
still enough differences at the two ends of the faulty sec-
tion for positioning.

F1-F5 are the single-phase grounding fault points
under different grounding resistances, and are set in sec-
tions 632-671, 671-680, 671-692, 671-684, and 684—
611. Based on the faulty section locating process, results
of the matching degree method in the IEEE 13-node sys-
tem are shown in Table 11. The sampling frequency and
the data window are the same as the simulation in Sec-
tion 6.1.

As shown in Table 11, when the downstream of the
faulty section is connected with branch lines, the
matching degree at the two ends will increase. However,
the criterion of the faulty section is still satisfied and all
faults in the simulated IEEE 13-node system can be lo-
cated using the proposed positioning method.

In summary, the matching degree method can be
applied to different models and is not affected by the
grounding resistance.

7 Conclusions

In this paper, a novel fault section locating method
based on the Hausdorff distance algorithm is proposed.
By analyzing the zero-sequence equivalent circuit of the
distribution network, the amplitude characteristics of the
zero-sequence current transient components are studied,
and matching degree is used to determine the faulty sec-
tion. This method can avoid the influence of data win-
dow length, grounding resistance and position blind
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Table 11 Results of the matching degree method in the IEEE 13-node system (@ =0)

Ry/Q F HS HS HS HS HS section
632-671 671-680 671-692 671-684 684-611

0 F1 0.5086 / / / / 632-671
F2 0.9860 04548 / / / 671-680
F3 0.9877 / 04473 / / 671-692
F4 0.9910 / / 04667 / 671-684
F5 0.9846 / / 0.9782 04588 684-611

100 F1 0.5053 / / / / 632-671
F2 0.9892 04656 / / / 671-680
F3 0.9869 / 04588 / / 671-692
F4 0.9840 / 04833 671-684
F5 0.9921 / / 0.9841 0.4696 684-611

500 F1 0.5320 / / / / 632-671
F2 0.9850 04889 / / / 671-680
F3 0.9882 / 04928 / / 671-692
F4 0.9896 / / 0.5045 / 671-684
F5 0.9916 / / 0.9854 04762 684-611

zone. The simulation shows that the method can accur-
ately detect the faulty section under these influencing
factors, thus improving the reliability of fault
positioning.

When new energy is connected to the distribution
network, the characteristics of the amplitude ratio of
adjacent nodes at the point of failure will not be
significantly different, and thus, the criterion may fail
Therefore, further research is required on new energy
access.
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