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Abstract
With the rapid development of modern distribution network and the access of distributed generation, the network
structure is becoming increasingly complex. Frequent single-phase break faults have seriously affected equipment
and personal safety and stable operation of the power system. However, with the development and application of
the composite neutral grounding modes, the protection of single-phase break fault is facing new challenges. This
paper proposes a protection method of single-phase break fault for distribution network considering the influence
of neutral grounding modes. The characteristics of neutral voltage and sequence current are analyzed under
normal operation and single-phase break fault with different grounding modes. Following this, the protection
criterion based on neutral voltage and sequence current variation is constructed. The protection method of singlephase break fault for distribution network is proposed, which is applicable for various neutral grounding modes.
Theoretical analysis and simulation results show that the protection method is less affected by system asymmetry,
fault location and load distribution. The method has higher sensitivity, reliability and adaptability.
Keywords: Distribution network, Single-phase break fault, Protection, Neutral grounding

1 Introduction
With the expansion of modern distribution network, the
demand of power supply reliability is increasing.
However, the frequency of single-phase break fault is
also increasing because of the complex structure of distribution network, the interlacing of old and new lines,
and the influence of natural disasters, external mechanical forces or other reasons. Single-phase break fault
causes unbalanced voltage between power supply side
and load side, seriously affecting the power quality.
Phase-deficient operation will also reduce equipment
service life and damage motors [1]. If the fault is not discovered in time, it is very likely to develop into a shortcircuit fault, increasing the severity of the accident and
threatening personal safety [2, 3]. In addition, with the
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access of distributed generation and electric vehicles,
single-phase break fault will cause voltage to rise beyond
the tolerance threshold of sensitive power electronic devices and damage it [4–6]. Therefore, the protection of
single-phase break fault is especially important.
For a long time, single-phase break fault has not been
paid enough attention because it will not cause high
current and voltage. Reference [7–10] deduced the voltage
and current characteristics of the ungrounded and
grounded break fault of small current grounding system.
Reference [11] used the positive sequence current modulus maximum to realize the line selection and location of
the break fault, but did not consider the difference with
the short-circuit fault and the influence of the actual noise
on the signal processing. Reference [12] proposed a line
selection method based on negative sequence current energy measurement, but its accuracy is greatly affected by
the fault location and load distribution. Reference [13]
proposed a combined line selection criterion of phase
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current and phase voltage, but only for ungrounded systems. According to the variation law of break fault voltage
of ungrounded distribution network, the fault section location method based on phase voltage and line voltage is
proposed in [14], but the influence of system asymmetry
is not considered. Reference [15] used load monitors to
collect negative sequence voltage to detect the break fault,
but the data processing capacity was large. Reference [16]
is based on the zero sequence voltage difference between
the power supply side and load side of the fault line, but
requires high communication and data synchronization.
On the one hand, the existing single-phase break fault
protection method is greatly affected by system parameters and fault location, with limited accuracy and low reliability. On the other hand, since small current grounding
mode is mostly adopted in distribution network, the existing methods are only applicable to the specific neutral
grounding mode, and the low resistance grounding mode
is not considered. However, with the acceleration of
urbanization and the widespread use of cables, capacitance
current is increasing, and the low resistance grounding
mode is widely used. Definitely, there is a certain gap in
the study of single-phase break fault in medium voltage
distribution networks. And the intelligent multi-mode
grounding, arc suppression coil with parallel resistance
grounding and other modes are gradually applied to the
distribution network [17–19], so that the neutral grounding mode may change during actual operation. The break
fault protection methods under the specific neutral
grounding mode are difficult to meet the requirements.
This paper proposes a protection method of singlephase break fault for distribution network considering the
influence of neutral grounding modes. The method is basically not affected by the change of system parameters,
fault location and load distribution, effectively improves

Fig. 1 Schematic diagram of distribution system
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the protection sensitivity, and is applicable to various
grounding modes. Firstly, considering the asymmetry of
line parameters, this paper respectively deduces the expressions of the neutral voltage and sequence current of
the normal operation and single-phase break fault under
various grounding modes, and the variation characteristics
before and after the fault are analyzed. On this basis, the
neutral voltage and sequence current variation are extracted as the protection characteristic parameter and the
protection criterion is constructed which is applicable for
various grounding modes. Finally, the accuracy of the protection criterion in typical grounding modes is verified by
simulation. The results show that the protection method
has high reliability and wide applicability.

2 Distribution network operation characteristics
considering three-phase asymmetry
The line parameters are related to not only the material, sectional area and insulating medium, but also the arrangement of conductors. In practice, the distribution
network lines are short, and most of them are
arranged horizontally or vertically, so that the
phenomenon of three-phase capacitance unbalance is
common [20]. The medium voltage distribution network generally operates in a radial mode. And the
main transformer neutral point is mainly grounded in
four ways: ungrounded, arc suppression coil
grounded, low resistance grounded and arc suppression coil with parallel resistance grounded, as shown
in Fig. 1. CiA, CiB, CiC represent the three-phase capacitances to ground of the ith feeder. Ė A , Ė B , Ė C are
transformer three phase induced electromotive force.
İ A , İ B , İ C are three phase current flowing into the bus
from the upper-level grid. U̇ O is neutral voltage. İ O is
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(

neutral branch current. Rd is neutral grounding resistance. Lp is arc suppression coil inductance.
2.1 Neutral voltage

Ignoring line impedance and distributed conductance to
ground, there is

jω

j
X

ð6Þ
½C iAĖ A þ C iBĖ B þ C iCĖ C  þ jωC Σ U̇ O þ İ O ¼ 0

i¼1

ð1Þ
Where, CΣ is the sum of the three phase capacitances
of the system.
Due to the asymmetry of the three-phase capacitance,
the unbalanced voltage of the neutral point to ground
U̇ unb can be obtained as follow
U̇ unb ¼ λ̇Ė A

ð2Þ

Where, λ̇ is system asymmetry, depending on system
parameters and grounding modes.
When the neutral point is ungrounded, the system
asymmetry is
λ̇ ¼

C AΣ þ α C BΣ þ αC CΣ
CΣ
2

ð3Þ

When the neutral point is grounded by the arc suppression coil, the system asymmetry is
λ̇ ¼

C AΣ þ α2 C BΣ þ αC CΣ
1
CΣ − 2
ω Lp

C AΣ þ α2 C BΣ þ αC CΣ
1
CΣ þ
jωRd

Where, İ iload is load current of the ith feeder; CiΣ =
CiA + CiB + CiC, where CiA、CiB、CiC are each phase
capacitance of the ith feeder.
Under the three-phase asymmetry of the distribution
network, the neutral voltage shifts. At the same time, the
negative and zero sequence current appear on feeders.
Since the asymmetry of the distribution network is usually quite small, which is about 0.5% to 1.5%, and the
cable has a smaller asymmetry than the overhead line.
Therefore, the neutral voltage, negative and zero sequence current generated by the asymmetry can be
ignored.

3 Single-phase break fault characteristics of
distribution network
3.1 Neutral voltage

Suppose the feeder i has a single-phase break fault at the
distance d from the bus. Compared with the normal operating condition, the single-phase break fault further
deepens the asymmetry of the three-phase capacitor, so
the neutral voltage will further shift. According to
Kirchhoff’s law, the current flowing through the neutral
point satisfies
İ A þ İ B þ İ C þ İ O ¼ 0 ð7Þ

ð4Þ

(

Where,

When the neutral point is grounded by the low resistance, the system asymmetry is
λ̇ ¼

jω½λ̇ðC iA þ αC iB þ α2 C iC Þ þ C 1Σ 
Ė A þ İ iload
3
İ i2 ¼ jω½ðλ̇ þ 1ÞC iA þ αð1 þ αλ̇ÞC iB þ αðλ̇ þ αÞC iC 
Ė A
3
İ i0 ¼ jω½ðλ̇ þ 1ÞC iA þ ðλ̇ þ α2 ÞC iB þ ðλ̇ þ αÞC iC 
Ė A
3
İ i1 ¼

ð5Þ

∘

Where, α ¼ e j120 ; ω is angular frequency; CAΣ, CBΣ,
CCΣ are each phase capacitance of the system.

!
j


X
İ A ¼ jω xC iA þ
C nA Ė A þ U̇ O þ
İ nAload
n¼1
n¼1
n≠i  X
n≠i
j

İ B ¼ jωC BΣ Ė B þ U̇ O þ
İ nBload
j
X

n¼1

j

 X
İ C ¼ jωC CΣ Ė C þ U̇ O þ
İ nCload

İ O ¼

U̇ O
ZO

n¼1

ð8Þ

2.2 Sequence current

Asymmetry of the capacitance to ground of system will
lead to the asymmetry of three-phase current. The
feeder phase current is equal to the sum of the capacitance to ground current and load current. Consequently,
the positive, negative and zero sequence current on the
ith feeder are

Where, İ nAload , İ nBload , İ nCload are three phase load currents of the nth feeder, n = 1,2, …,i, …,j; ZO is neutral
grounding branch impedance.
When the neutral point is ungrounded, ZO is infinity.
Substituting eq. (8) into eq. (7), the neutral voltage after
the single-phase break fault is
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U̇ O ¼

3.2 Sequence current

j3ð1−xÞ2 Z Li ωC iA þ 3ð1−xÞ
Ė A
j3Z Li ωC iA ð1−xÞ½ðx þ 2Þ þ 3ðk−1Þ þ 6k
ð9Þ

Where, ZLi is the load impedance of the fault feeder;
x = d/Li is the ratio of the distance from the fault point
to the bus to the length of the fault feeder Li; k is the ratio of total feeders capacitance to fault feeder
capacitance.
k¼

ð10Þ

x reflects the degree of capacitance loss of the fault
feeder, which is related to the fault location. k measures
the degree of impact of a certain feeder single-phase
break fault on the system, determined by the line parameters. Since 0 ≤ x ≤ 1, the high order terms of (1-x) are
omitted, and eq. (9) can be simplified as:
1−x
j Ė A j
2k

ð11Þ

When neutral point is grounded by the arc suppression coil, ZO = jωLp, the neutral voltage after singlephase break fault is
U̇ O ¼

−ð1−xÞ−jð1−xÞ2 Z Li ωC iA
Ė A
2pk þ jωC iA Z Li ð1−xÞð3kp−x þ 1Þ

ð12Þ

Similarly, eq. (12) can be simplified as
j U̇ O j¼

1−x
j Ė A j
2pk

ð13Þ

Where, p is the overcompensation degree of the arc
suppression coil.
When neutral point is grounded by the low resistance,
ZO = 1/Rd, the neutral voltage after single-phase break
fault is
2

U̇ O ¼

−3ð1−xÞ Z Li Rd ω C iA þ j3ð1−xÞRd ωC iA
Ė A
2−jωC iA ½6kRd þ 3Z Li ð1−xÞ
2

2

n

0

0

0

İ A1 þ İ A2 þ İ A0 ¼ 0
0
0
0
ΔU̇ A1 ¼ ΔU̇ A2 ¼ ΔU̇ A0
0

0

0

Where, İ A1 , İ A2 , İ A0 are positive, negative and zero se0
0
0
quence current at the fracture; ΔU̇ A1 , ΔU̇ A2 , ΔU̇ A0 are
positive, negative and zero sequence voltage difference
across the fracture.
The impedance of distribution line and system are
very small and can be ignored. The zero-sequence load
impedance can be approximated to infinity. According
to eq. (16), the composite sequence network in case of
phase-A break fault of feeder i can be established as
shown in Fig. 2(a). İ A1 , İ A2 , İ A0 are positive, negative and
zero sequence current at the outlet of the fault feeder;
Zeq1, Zeq2 are positive and negative sequence equivalent
impedance of all non-fault feeders; Ceq0 is the equivalent
zero sequence capacitance for all non-fault feeders; CiA1,
CiA2, CiA0 are positive, negative and zero sequence capacitance of the fault feeder; ZiM1, ZiM2 are the positive
and negative sequence load impedance of the upstream
of the fault feeder respectively; ZiN1, ZiN2 are the positive
and negative sequence load impedance of the downstream of the fault feeder.
Figure 2(b) is a simplified circuit of the composite sequence network. Where Z2 is the equivalent impedance
of the negative sequence network; ZM1 and ZN1 are the
positive sequence equivalent impedances of the fault
feeder at the front and back of the fracture.
Z M1 ¼ Z iM1 ==ð1=jωxC iA1 Þ

ð17Þ

Z N1 ¼ Z iN1 ==½1=jωð1−xÞC iA1 

ð18Þ

Solving the simplified circuit, the sequence current at
the fracture is
ð14Þ

Similarly, eq. (14) can be simplified as
j U̇ O j¼

The single-phase break fault causes the fault phase
current at the fracture to be 0, and the non-fault phase
voltage is continuous at the front and back of the fracture. When phase A is broken, using the symmetrical
component method [21], the boundary condition is

ð16Þ

CΣ
C iA þ C iB þ C iC

j U̇ O j¼
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3Rd ωC iA ð1−xÞ
j Ė A j ð15Þ
2

It can be seen from eq. (11), (13) and (15) that the
neutral voltage is mainly affected by the single-phase
break fault location, the grounding mode and parameters
of neutral point, and the proportion of the line
capacitance.

(

Z2 þ Z0
Ė A
Z N1 Z 0 þ Z N1 Z 2 þ Z 2 Z 0
−Z 0
0
İ A2 ¼
Ė A
Z N1 Z 0 þ Z N1 Z 2 þ Z 2 Z 0
−Z 2
0
İ A0 ¼
Ė A
Z N1 Z 0 þ Z N1 Z 2 þ Z 2 Z 0
0

İ A1 ¼

ð19Þ
And the sequence current at the outlet of the fault
feeder is
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Fig. 2 Composite sequence network of single-phase break fault (a) Composite sequence network (b) Equivalent circuit

(




Z2 þ Z0
1
Ė A
þ
Z N1 Z 0 þ Z N1 Z 2 þ Z 2 Z 0 Z M1
−Z 0
0
Ė A
¼ İ A2 ¼
Z N1 Z0 þ Z N1 Z2 þ Z 2 Z 0

3Z O == 1=jωC eq0 ==ð1=jωxC iA0 Þ 0
İ A0
¼ 1−
ð1=jωxC iA0 Þ

İ A1 ¼
İ A2
İ A0

ð20Þ
It can be seen from eq. (19) and (20) that the amplitude and phase of the sequence current at the fracture is
affected by the single-phase break fault location, and
network parameters. And the sequence current at the
outlet of the fault feeder is also affected by load
distribution.
The deviation of neutral voltage is different under different grounding mode, no matter in normal operation
or single-phase break fault. According to eq. (3) to (5),
the system asymmetry is minimum when grounded by
low resistance, and is maximum when grounded by arc
suppression coil. Furthermore, the smaller the overcompensation degree is, the larger the deviation is. The
amplitude of the feeder sequence current mainly depends on the asymmetry under normal operation, and

depends on the system parameters under single-phase
break fault. As a result, the sequence current under different neutral grounding modes also shows a certain
difference. Therefore, in order to improve the applicability of protection, it is necessary to consider the influence of the neutral grounding mode.

4 Single-phase break fault protection method for
distribution network
4.1 Protection characteristic parameter

From eq. (3) to (5) and eq. (9) to (15), it can be seen that
the neutral voltage and feeder sequence current under
normal operation and single-phase break fault of the distribution network are significant different when the
grounding mode is different. The neutral voltage is affected by x and k after the single-phase break fault, and
has a maximum value.
When the neutral point is ungrounded, combined with
eq. (11), the maximum variation of the neutral voltage is
U Omax ¼

1
Uφ
2k min

ð21Þ
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Fig. 3 Logic diagram of single-phase break fault protection

When the neutral point is arc suppression coil
grounded, combined with eq. (13), the maximum variation of the neutral voltage is
U Omax ¼

1
Uφ
2pk min

ð22Þ

When the neutral point is low resistance grounded,
combined with eq. (15), the variation maximum of the
neutral voltage is
U Omax ¼

3Rd ωC max
Uφ
2

ð23Þ

Where, kmin is the ratio of system capacitance to maximum feeder capacitance; Cmax is maximum capacitance
to ground in all feeders; Uφ is normal operating phase
voltage.
Since the sequence current under normal operation is
very small, combined with the eq. (19), the positive and
negative sequence current changes at the outlet of the
fault feeder before and after the single-phase break fault
are

(

Ė A
Z0
Ė A
¼−
Z N1
Z N1 Z 0 þ Z N1 Z 2 þ Z 2 Z 0
Z0
0
Ė A
¼ İ A2 −0 ¼ −
Z N1 Z 0 þ Z N1 Z 2 þ Z 2 Z 0
ð24Þ
0

Δİ iA1 ¼ İ A1 −
Δİ iA2

According to eq. (24), the changes of the positive and
negative sequence currents are equal before and after
the single-phase break fault. Moreover, since the difference in the grounding mode only affects the zerosequence impedance, the relationship of the positive and
negative sequence current variations is always

established in various grounding modes, which is independent of the zero sequence impedance.
Before and after the single-phase break fault, the nonfault feeder positive sequence current change is 0, and
the negative sequence current change is
0

Δİ jA2 ¼ İ A2

Z S2
Z eq2 þ Z S2

ð25Þ

Where, ZS2 is the system negative sequence equivalent
impedance.
The negative sequence current mostly flows from the
fault feeder to the upper grid since the negative sequence equivalent impedance of the medium voltage distribution network system is much smaller than the line
negative sequence impedance [11]. As a consequence,
the negative sequence current on the non-fault feeder is
much lower than that of the fault feeder. The ratio of
positive and negative sequence current change of the
non-fault feeder is less than 1.
Therefore, the neutral voltage and the sequence
current variation are selected as the protection characteristic parameter, which can accurately reflect the occurrence of the single-phase break fault and distinguish
the fault feeder from the non-fault feeder.
4.2 Protection criterion

This paper proposes a protection method of singlephase break fault for distribution network considering
the influence of neutral grounding modes. In view of the
significant change of the neutral voltage before and after
the fault, it is selected as the starting criterion, which
can quickly reflect the occurrence of the single-phase
break fault. The expression is
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Fig. 4 Neutral voltage under different grounding modes (a)
Ungrounded (b) Arc suppression coil grounded (c) Low
resistance grounded

K rel U unb < U O < K rel U O max

ð26Þ

Where, Krel is reliability coefficient.
Nonetheless, some short-circuit faults will also cause
the neutral voltage to shift. However, the single-phase
break fault does not cause a rise in current. Selecting the
bus phase current as the blocking criterion can effectively distinguish the single-phase break fault from the
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Fig. 5 Positive and negative sequence current under
different grounding modes (a) Ungrounded (b) Arc
suppression coil grounded (c) Low resistance grounded

short-circuit fault. Considering the light or no load of
the line, the expression is
I φ ðt Þ−I φ ðt−T Þ ≤ 0

ð27Þ

Where, Iφ(t) is the sample value of bus phase current
at the present moment; Iφ(t-T) is the sample value of
bus phase current at the previous cycle.
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Table 2 Neutral voltage variation with fault location
Fault
location
(km)

Neutral voltage (V)
Ungrounded

Arc suppression coil grounded

Low resistance grounded

1

531.69

5176.02

64.96

2

475.16

4631.55

58.05

3

418.64

4101.22

51.15

4

362.12

3528.46

44.24

5

305.61

2941.56

37.34

6

245.59

2390.02

30.00

7

189.92

1845.55

23.20

8

134.30

1311.68

16.40

9

78.79

767.21

9.62

Based on the different variation characteristics, the ratio of positive and negative sequence current variation is
used to construct the line selection criterion, which can
accurately distinguish the fault feeder from the non-fault
feeder. The expression is
1−K set < ni < 1 þ K set

ð28Þ

Where, ni is the ratio of the positive and negative sequence current amplitude variation at the outlet of the
feeder i; Kset is the margin, generally 0.1~0.2(It is required that the setting of Kset can clearly identify the
fault feeder. Taking the influence of asymmetry degree,
measurement error and noise into account, it is more
appropriate to take Kset = 0.1).
In addition, the blocking criterion is mainly used to
distinguish short-circuit faults and break faults. The protection of short-circuit fault is generally quick-acting.
Therefore, a certain time delay can be set, which can not

Fig. 6 Bus phase current variation with fault location

only cooperate with short circuit fault protection, but
also realize segment protection of the line.
According to the eq. (26) to (28), the single-phase
break fault protection method of the distribution network is as shown in Fig. 3, including the starting component, the line selection component, and the blocking
component.
The specific action logic is: when the neutral voltage is
higher than the normal unbalanced voltage and less than
the maximum voltage of the single-phase break fault, the
starting component acts; when the amplitude of the bus
phase current increases, the blocking component acts to
prevent misjudgment, otherwise, the blocking component
does not act, determining that the single-phase break fault
occurs; when a certain feeder i satisfies 1 − Kset < ni < 1 +
Kset, the line selection component acts and sends the
warning or tripping signal, determining that the feeder
does have a single-phase break fault.
When the neutral point is grounded in different ways,
it is only necessary to adjust the minimum and
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Table 1 Line parameters
Feeder
number

Length
(km)

Capacitance (μF/km)
A

B

C

1

10

0.26

0.28

0.27

2

8

0.30

0.30

0.31

3

9

0.27

0.27

0.27

4

7

0.32

0.31

0.33

5

6

0.29

0.29

0.28

6

5

0.30

0.30

0.30

maximum values of the neutral voltage corresponding to
the starting criterion without changing the protection
principle, while the blocking criterion and line selection
criterion are fixed. Therefore, this protection method is
applicable to any grounding modes.
For fault phase selection, it can be achieved in the following two ways. First, since the fault phase voltage is
larger than the non-fault phase voltage [14, 16], phase
selection can be realized by comparing the phase voltages. Second, the non-fault phase current is continuous
after the single-phase break fault, while the fault phase
current is discontinuous, which is equal to the upstream
load current and changes more significantly [13]. Therefore, the fault phase selection can be realized by comparing the change of the phase current.

5 Simulation and results
In order to verify the reliability of the proposed protection
method under the ungrounding, arc suppression coil
grounding and low resistance grounding modes, the 10 kV
typical structural distribution network model shown in
Fig. 1 is built in Matlab/Simulink. There are 6 feeders in
the distribution network. The neutral low resistance Rd is
10 Ω, and the arc suppression coil is overcompensated by
10%. The line parameters are shown in Table 1.
From Table 1, according to the numerical analysis, when
the neutral point is ungrounded, the asymmetry is 0.43%,
the Uunb is 24.8 V in normal operation, and the UOmax is
600 V in single-phase break fault. When the neutral point
is arc suppression coil grounded, the asymmetry is 4.3%,
the Uunb is 248.3 V, and the UOmax is 5989 V. When the
neutral point is low resistance grounded, the asymmetry is
0.05%, the Uunb is 2.9 V, and the UOmax is 76 V.
According to eq. (26) to (28), take Krel = 1.1, Kset = 0.1,
and the protection criterion when ungrounded is

(

27 < U O < 660
I φ ðt Þ−I φ ðt−T Þ ≤0
0:9 < ni < 1:1

and when arc suppression coil grounded is

ð29Þ

Fig. 7 Positive and negative sequence current amplitude
change ratio variation with fault location (a) Ungrounded (b)
Arc suppression coil grounded (c) Low resistance grounded
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Table 3 Influence of system asymmetry on neutral voltage and sequence current ratio
Group

Ungrounded

Arc suppression coil grounded

Low resistance grounded

λ(%)

Uunb(V)

UO(V)

n1

λ(%)

Uunb(V)

UO(V)

n1

λ(%)

Uunb(V)

UO(V)

n1

1

0

0.28

410.55

1

0

2.26

4016.37

1

0

0

48.31

1

2

0.29

16.05

412.44

1

2.88

113.27

4058.79

1

0.03

1.97

50.10

1

3

0.43

23.86

418.64

1

4.30

235.21

4101.22

1

0.05

2.91

51.15

1

4

0.83

45.61

437.84

1

8.25

403.05

4115.36

1

0.09

5.59

53.46

1

5

1.10

60.88

454.32

1

10.9

551.54

4131.93

1

0.12

7.42

55.15

1

(

273 < U O < 6588
I φ ðt Þ−I φ ðt−T Þ ≤0
0:9 < ni < 1:1

ð30Þ

and when low resistance grounded is

(

3 < U O < 84
I φ ðt Þ−I φ ðt−T Þ ≤0
0:9 < ni < 1:1

ð31Þ

The load of feeder 1 is set at 5 km and 10 km. The
feeder 1 has a phase-A single-phase break fault at 3 km
and 7 km from the bus respectively when t = 0.7 s. The
neutral voltages at different fault locations are shown in
Fig. 4. The neutral voltage rises significantly after the
single-phase break fault. And the positive and negative
sequence currents are shown in Fig. 5. The drop amplitude of the positive sequence current is similar to the
rise amplitude of the negative sequence current on fault
feeder, whereas the sequence current of the non-fault
feeder has little change.
Change the fault location from 1 km to 9 km, and the
corresponding neutral voltage is shown in Table 2. It
can be seen that the neutral voltage is related to the fault
location and grounding mode. The closer the fault distance is to the bus, the higher the neutral voltage is. And
the voltage is the highest when arc suppression coil
grounded, and the lowest when low resistance grounded.
In contrast to eq. (29) to (31), the neutral voltage is

within the range of the criterion, and the protection can
be started reliably.
The change of bus phase current is shown in Fig. 6. It
can be seen that the current of each phase is influenced
by load distribution, and the closer the fault location is
to the bus, the more the phase current drops. But each
phase current is always lower than the normal running
phase current. Among them, the phase-A current is the
smallest, so it can be determined that the fault phase is
the phase A. The blocking criterion does not work.
Combined with the starting criterion, it can reliably
judge the occurrence of single-phase break fault.
The ratio of the positive and negative sequence
current amplitude changes of each feeder variation with
the fault location is shown in Fig. 7. In different grounding modes, there are always n1 ≈ 1 for the fault feeder,
and ni < 0.5(i ≠ 1) for non-fault feeders, which have obvious boundaries. Therefore, the line selection criterion is
not affected by the grounding modes and fault location,
and the fault line can be accurately and reliably selected.
At the same fault location(d = 3 km), the neutral voltage and the positive and negative sequence current amplitude change ratio of the fault feeder under different
system asymmetry can be obtained by changing the
three-phase capacitance to ground of feeders, as shown
in Table 3. With the increase of the system asymmetry,
the neutral voltage tends to increase whether in normal
operation or single-phase break fault state, but the
change of amplitude is small. All of them are within the

Table 4 Single-phase break fault with high resistance grounding
Grounding resistance(Ω)

Ungrounded
MG

Pure resistance

Arc resistance

700

NG

MG

NG

MG
1.0

Low resistance grounded

UO(V)

n1
NG

MG

UO(V)

n1
NG

MG
1.0

NG

MG

NG

700.1

527.2

5011.3

4916.5

83.7

63.8

1000

613.8

476.2

4871.9

4687.9

74.5

57.7

1500

513.4

445.8

4651.3

4435.2

62.4

54.1

2000

473.2

434.5

4539.6

4138.4

57.6

52.8

700

1.0

Arc suppression coil grounded
UO(V)

n1

656.2

491.4

4702.3

4625.5

78.5

56.2

1000

1.0

548.4

456.1

1.0

4468.9

4302.1

1.0

66.1

53.5

1500

480.8

435.7

4256.8

4189.6

58.2

52.0

2000

455.4

428.5

4186.7

4125.9

55.2

51.6

Xiao et al. Protection and Control of Modern Power Systems

(2020) 5:10

Page 11 of 13

Table 5 Comparison of the line selection criterias
Fault location (km)

Negative sequence current(A)

Sequence current changes ratio

0

450.6

1.0

2

350.3

1.0

4

253.5

1.0

6

163.2

1.0

8

78.9

1.0

10

74.6

1.0

range of the starting criterion, and the protection can be
reliably initiated. Moreover, the positive and negative sequence current amplitude change ratio of the fault
feeder is basically unaffected. The line selection criterion
can still accurately identify the single-phase break fault
feeder, which has high reliability.
The single-phase break fault may also be accompanied
by a grounding fault. In order to adapt to a variety of
complex break faults, the power supply side and the load
side are grounded by resistance and arc resistance respectively at the break fault location (d = 3 km). The protection characteristic parameters are shown in Table 4,
where MG represents the terminal M (the power supply
side) is grounded, and NG represents the terminal N
(the load side) is grounded. It can be seen that the additional grounding fault exacerbates the deviation of the
neutral voltage, the neutral voltage decreases with the
increase of the grounding resistance, and gradually approaches the value under the ungrounding break fault.
The ratio of the positive and negative sequence current
amplitude changes is always 1.0, which guarantees the
accuracy of the line selection criteria. Therefore, the protection method is also applicable to the break fault with
high resistance grounding.
The negative sequence current method is the most
commonly used existing method, and its setting value
needs to avoid the maximum negative sequence current
of the line when a single-phase break fault occurs on
other lines. However, the negative sequence current is
greatly affected by the fault location, the size and distribution of the load, and the system impedance. The load
is evenly distributed on feeder 1. Make a comparison between the proposed criterion and the negative sequence
current criterion. It can be seen from Table 5 that as the

fault distance increases, the negative sequence current
decreases. When the fault occurs at the end of the
feeder, the negative sequence current is lower than the
setting value 77A, causing the negative sequence current
protection refuses to act. But n1 is always about 1.0,
which is within the action range of the selection criterion. Therefore, compared with the negative sequence
current criterion, the proposed protection criterion is
simpler to set, and can accurately distinguish short circuit fault from the break fault, which has higher reliability and applicability.
When a single-phase grounding fault, two-phase short
circuit fault and the load disappearance occur on feeder
1 respectively, the change of protection characteristic parameters are shown in Table 6. Combining eq. (29) to
(31), it can be known that in the case of other fault types
or changes in operating conditions, the system neutral
voltage and the bus phase current changes cannot meet
the starting criterion and the blocking criterion at the
same time. The line selection criterion does not work.
Therefore, the protection method can accurately distinguish the single-phase break fault and other conditions.

6 Discussion
It can be seen from the above simulation results that the
proposed protection method has the following advantages. This method can reliably identify the fault type,
accurately select the fault line, and is weakly affected by
the fault location and load changes. Compared with the
existing methods, it has higher reliability, and is suitable
for various neutral grounding modes, which is better
adapted to the development of modern distribution network. However, this method also has some limitations.

Table 6 Protection characteristic parameters in other cases
Type

Ungrounded

Arc suppression coil grounded

Low resistance grounded

UO(V)

ΔIφ(A)

n1

UO(V)

ΔIφ(A)

n1

UO(V)

ΔIφ(A)

n1

Single phase grounding

5523.9

25.1

0.34

5482.7

5.2

0.86

5345.3

454.5

0.93

Two-phase short circuit

16.3

21,607

1.04

141.7

21,607

1.04

2.0

21,607

1.04

Load disappearance

23.8

− 804.1

5426.7

216.4

−804.1

5426.7

2.9

−804.1

5426.7
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Because the non-fault line has a very small negative sequence current, it requires a higher sensitivity to the
current acquisition device. The smaller the line capacitance and the farther the fault location is, the weaker
characteristics of the neutral voltage change will be.
However, with the extensive application of cables, the
capacitance of distribution network becomes larger and
larger, so the neutral voltage characteristics of the
single-phase break fault are stronger. Therefore, the sensitivity and applicability of the method can be
guaranteed.

7 Conclusion
In this paper, the neutral voltage and sequence current
variation characteristics of distribution network singlephase break fault under typical grounding modes are studied, and a fault protection method of single-phase break
considering the influence of neutral grounding modes is
proposed. The protection principle is based on the fact
that the neutral voltage change is significant before and
after the fault and the positive and negative sequence
current amplitude changes of the fault feeder are equal,
which have a great difference from non-fault feeders. In
addition, the criterion of bus phase current is added to
distinguish single-phase break and short-circuit fault,
which can reliably identify the occurrence of single-phase
break fault and accurately select the fault line. This protection method is simple to set, and is basically not affected
by the fault location, load distribution and system asymmetry, which has high sensitivity and reliability, and is applicable for various grounding modes.
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