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Abstract: - In distribution networks, the existing single-phase ground fault (SPG) protection technology faces challenges in reliably 

detecting high-impedance faults (HIFs). Moreover, the selection of faulty feeders is susceptible to the influence of distribution network 

parameters. To address these issues, a novel method for HIF detection and faulty feeder selection is proposed, which remains unaffected 

by asymmetrical distribution network conditions. The approach involves injecting current into the distribution network via an active inverter 

device. Then, a dynamic sensing criterion for ground faults is constructed based on the characteristics of the injected current and the change 

in zero-sequence current for each feeder. By adjusting the zero-sequence voltage, the difference between the zero-sequence currents of the 

faulty and healthy feeders is enhanced. Therefore, the amplitude characteristics of the zero-sequence current are then utilized to effectively 

identify the faulty feeder. The proposed method is validated through PSCAD/EMTDC simulation, demonstrating its capability to accurately 

identify HIFs and eliminate the influence of asymmetrical distribution network parameters on fault detection and faulty feeder selection. 

Keywords: Asymmetrical distribution network, single-phase ground fault detection, high-impedance faults, faulty feeder 

detection, fault current amplification. 

 

I.  INTRODUCTION  

The 10kV distribution network spans a wide area, but it faces significant challenges related to feeder faults. Single-

phase grounding (SPG) faults account for up to 80% of these issues [1,2]. Additionally, the integration of distributed 

power supply sources complicates the network structure. One specific type of fault is HIF, which occurs frequently 

due to various factors such as tree barriers, feeders falling off the road, and grass interference. HIFs present unique 

characteristics that make them difficult to detect. The fault resistance is high, which affects the visibility of electrical 

quantity changes during faults [3,4]. Moreover, traditional SPG fault detection methods struggle with accuracy and 

sensitivity in the presence of capacitive currents from the distribution network and three-phase feeder asymmetry 

[5,6]. Therefore, HIFs exhibit high fault resistance, making their electrical quantity characteristics less obvious 

during fault conditions. Detecting HIFs promptly is crucial because they can persist for extended periods without 

being detected, endangering both the distribution network and personal safety [7]. 

The resonant grounding method has the advantages of limiting SPG current, automatically eliminating transient 

ground faults, and improving power supply reliability [8]. However, in resonant grounding systems in the 

application of normal operating conditions to avoid the capacitive current, three-phase unbalanced overvoltage 

caused by three-phase ground parameter imbalance, etc. on the traditional zero-sequence voltage overrun start, the 

field is generally used away from the resonance point of the operation of the with the adjustable type of arc-

suppression coil [9]. Alternatively, pre-tuned arcing coils with damping resistors connected in series or parallel to 

the arcing coil are used for unbalanced overvoltage suppression [10-12]. Both methods are at the expense of the 

sensitivity of sensing ground faults, and when a HIF occurs in the distribution network, the neutral zero-sequence 

voltage may be lower than the threshold voltage for fault detection, which leads to fault protection refusal [13].  

With the development of power electronics technology in recent years, the use of active inverters to flexibly change 

the neutral point voltage is a new method for dynamic suppression of neutral point displacement voltage in 

resonantly grounded distribution networks [14-16]. This type of method can dynamically adjust the injected current 

to suppress the neutral displacement voltage to 0 when the system parameters change, thus eliminating the 

unbalanced overvoltage. However, after the device is put into use, the displacement voltage is always suppressed 

to 0. At this time, if a single-phase grounding fault occurs, the zero-sequence voltage relay will not be able to start 
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according to the zero-sequence voltage overrun, which affects the timely perception and treatment of a single-phase 

grounding fault [17]. 

For the influence of distribution network parameters on SPG protection, most of the current studies mainly focus 

on the influence of distribution network parameters on fault phase selection, while there are fewer studies on the 

influence of distribution network parameters on fault feeder selection. Literature [18,19] analysed the movement 

trajectory of neutral point voltage when a SPG occurs in an asymmetrical distribution network. The influence of 

three-phase asymmetry on feeder selection was eliminated by detecting the amount of change in three-phase voltage 

magnitude and phase before and after the fault. However, this method requires a known compensation state of the 

system and is difficult to implement in the field. Literature [20] concludes that the amount of change in the three-

phase current of healthy feeders is the same by analyzing the amount of change in the three-phase current of each 

feeder before and after the fault. Based on this, a faulty feeder selection method is constructed. Literature assumes 

that the three-phase load current is unchanged, but the transient process time of HIF is long, and the effect of load 

current on the amount of current change cannot be completely ignored. Literature [21] based on the traditional zero-

sequence conductor fault feeder selection method combines the characteristic frequency zero-sequence conductor 

measured during the transient process with the industrial frequency zero-sequence conductor for fault feeder 

selection. However, the influence of distribution network parameters on the zero-sequence conductance of the 

feeder is not considered. 

In the context of resonant grounding systems, various techniques exhibit limitations when it comes to HIFs 

protection. To address this, a dynamic sensing approach for ground faults is realized by utilizing the root-mean-

square (RMS) value of the injected current change after a fault occurs. By regulating the zero-sequence voltage 

within the system, the differentiation between the zero-sequence currents of faulty and healthy feeders is enhanced. 

Leveraging the amplitude characteristics of the zero-sequence current, the faulty feeder can be effectively identified. 

To validate this method, a typical 10kV distribution network model with DG is constructed using PSCAD/EMTDC 

simulation software. The simulation results confirm the effectiveness of the proposed approach. 

II. ANALYSIS OF SPGS IN DISTRIBUTION NETWORKS 

A. The impact of DG access 

To ensure the stability of the system, the neutral grounding method of the main network should be unaffected by 

the casting and cutting of DG. Therefore, when the main grid side is grounded by the arc-suppression coil, the high 

voltage side of DG should adopt the neutral point non-effective grounding method. When DG is connected to the 

grid, the capacitive current to the ground can be compensated through the main grid side, so DG does not need to 

install an arc-suppression coil. The use of a neutral non-grounding method further reduces the system cost and 

tuning complexity. 

When the DG grid-connected side transformer adopts the △/Y winding wiring method, the zero-sequence network 

of the system does not change. After a fault occurs, the current flow path between the DG and the main grid side is 

cut off, and the distribution of steady-state zero-sequence current in the network is not affected. Therefore, the fault 

feeder selection method using the steady-state zero-sequence signal is still applicable. 

Inverter-type DGs are more widely used in distribution networks, and their simulation model control framework is 

shown in Fig. 1. 
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Figure 1: Grid-connected inverter control block diagram 
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In Fig. 1, P and Q are the active and reactive power of the inverter, respectively. refP and refQ are the reference 

values of active and reactive power, respectively. _d refi  and _q refi  are the reference values of the d-axis and q-

axis components of the current, respectively. refS  and refC  are the reference values of the sinusoidal and 

cosinusoidal values of the phase angle of the voltage, respectively. The outer loop is a constant power control where 

the PQ measurement module is used to calculate the output power of the inverter. The active and reactive power 

reference values are given by the PQ reference value setting module. The PQ control module is the core of the outer 

loop control. The inner loop controller uses modules that come with the software. 

B. Steady-state zero-sequence current characteristics 
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Figure 2: Schematic diagram of SPG in the distribution network 

The schematic diagram of the distribution network when a SPG occurs is shown in Fig. 2. Where AE  , BE  and CE  

are the three-phase power supply electromotive force. 0U  is the zero-sequence voltage. X1 X1 X1=Y g j C+  (X=A, 

B, C) is the three-phase-to-ground admittance of feeder 1. X1g and X1C  are the three-phase zero-sequence 

conductance and capacitance of feeder 1, respectively. X X X=n n nY g j C+  (X=A, B, C)  is the three-phase-to-

ground admittance of feeder n. Xng  and XnC  the three-phase zero-sequence conductance and capacitance of feeder 

n. fR  is the fault resistance at the faulty point. NY  is the neutral conductance, and ( )N

1
= 1Y j j C

L
 


− = − −  . 

where ( ) /C L CI I I = − , which is less than 0 when the system is overcompensated. L  is the arc-suppression coil 

inductance. C  is the total zero-sequence capacitance of the distribution network. fI  is the faulty current. 

i. Analysis of Factors Affecting the Characteristics of Steady-State Zero-sequence Current Amplitude and Phase 

Angle Faults 

When a SPG occurs in phase C of the feeder n, and the fault resistance is fR . Then, the zero-sequence current of 

the faulty feeder 0 nI : 

0
0 0 C f max

C

= +n n asy n

U
I U Y E Y I

E
 − −     (1) 

Where A B C=n n n nY Y Y Y + + is the total zero-sequence admittance of the feeder n; asy nY − represents the three-phase-

to-ground asymmetry admittance of the feeder n: 

2 ( ) ( )asy n A A B B C CY G j C a G j C a G j C  − = + + + + +    (2) 

Where 120ja e= is the rotation factor; AG , BG  and CG  are the three-phase-to-ground conductance; AC , BC , 

and CC are the three-phase-to-ground capacitance. 

The zero-sequence current of the healthy feeder 0 iI : 

0 0 C=i i asy iI U Y E Y −+     (3) 
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From Eq. (1) and Eq. (2), the zero-sequence current of the faulty feeder contains three components. First, this current 

is the inherent zero-sequence current of the feeder C asy nE Y −  and it is not affected by the fault resistance. Next, the 

feeder zero-sequence conductor current generated by the feeder-to-ground conductor under the effect of the zero-

sequence voltage 0 nU Y , and the fault current generated by the fault resistance 0 f max CU I E . While the zero-

sequence current of the healthy feeder does not contain fault current. The magnitude and phase angle of the inherent 

zero-sequence current are random and affect both the magnitude and phase of the zero-sequence current. In addition 

to the inherent zero-sequence current, all other components of the zero-sequence current decrease with the decrease 

of the 0U  and are related to the fault resistance. 

The feeder equivalent zero-sequence admittance is the ratio of the 0 nI  to the 0U , then the zero-sequence 

admittance of the faulty feeder 0nY  : 

( )
f f N f f

0

f f f s

1 1 1
=

1

n n n
n n

n n n

Y R K Y R Y R Y R
Y Y

Y R Y R Y Y R K

  


   

 + + + +
  −
 +
 

   (4) 

where nK is the asymmetry of the feeder n: 

2

A B C

A B C

+ +
=

+ +

n n n
n

n n n

a Y aY Y
K

Y Y Y
     (5) 

From Eq. (4) and Eq. (5), it can be shown that the feeder asymmetry and the fault resistance affects the magnitude 

and phase angle of 0nY  . 

ii. Analysis of factors affecting steady-state zero-sequence currents 

To investigate the effect of fault resistance on the zero-sequence current of the feeder, the variation of the zero-

sequence current characteristics with the fault resistance is plotted based on the data in Tab. 1 and the results are 

shown in Fig. 3. 

Table 1: Typical 10kV distribution system parameters 

Parameters Value 

System capacitance current 150A 
  -15% 

Distribution network and feeder 

damping ratio 

5% 

Degree of asymmetry of 

distribution networks and feeders 

30.035e j

 

Feeder capacitance current 20A 
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(a)Relationship between feeder zero-sequence 

current magnitude and fault resistance 

(b)Relationship between feeder zero-sequence current 

phase and fault resistance 

Figure 3: Variation of feeder zero-sequence current with different fault resistance 

From Fig. 3(a), it can be shown that the zero-sequence current is strongly influenced by the fault resistance. With 

the increase of fault resistance, the amplitude of the feeder zero-sequence current gradually decreases. The 

difference between 0 iI and 0 nI  gradually decreases, and even the situation that 0 iI is larger than 0 nI occurs. The fault 

current and the zero-sequence admittance current decrease with the increase of the fault resistance. While the 
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inherent  zero-sequence current is not affected by the fault resistance, its effect on the zero-sequence current will 

be highlighted with the increase of the fault resistance. As can be shown in Fig. 3(b), when the fault resistance is 

above 700 Ω, the angle between 0 nI  and 0U  is less than 90°, which exhibits the characteristics of a sound feeder. 

And a healthy feeder due to the effect of asymmetry current aggravation, the angle of feeder zero-sequence current 

exceeding 0U  is over 90°, which is manifested as the characteristics of the faulty feeder. Therefore, the increase 

of fault resistance leads to weak zero-sequence current fault characteristics, coupled with the confusion of 

asymmetry components, seriously affecting the reliability of the faulty feeder selection . 

From Eq. (4) and Eq. (5), it can be shown that the system feeder asymmetry affects the zero-sequence admittance 

of the feeder. The variation of 0nY  under high resistance ground fault is shown in Fig. 4 when the degree of 

asymmetry of the distribution network is obtained with the variation of asymmetry of the faulty feeder with the 

parameters shown in Tab. 2. 

Table 2: Three-phase ground conductance of distribution network and total conductance of feeder n to ground 

Parameters Value 

A
Y /

μS
 152.68 5089.38j+

 

B
Y /

μS
 152.95 5098.33j+

 

C
Y /

μS
 152.54 5084.62j+

 
Y
 /
μS

 452.39 15079.64j+
 

N
Y / mS  16.59j−
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(a)Zero-sequence conductance phase angle of faulty 

feeder 

(b)Zero-sequence conductance amplitude of faulty 

feeder 

Figure 4: Zero-sequence admittance of faulty feeder at different symmetries 

From Fig. 4, it can be shown that feeder asymmetry affects the zero-sequence admittance phase angle and magnitude 

after feeder failure. From Fig. 4(a), it can be shown that the feeder asymmetry degree change has a limited effect 

on the zero-sequence conductor phase angle after the feeder fault. As the asymmetry magnitude increases, the 

greater the effect of the asymmetry phase angle change on the feeder zero-sequence admittance . When the 

asymmetry magnitude is 0.014, the feeder asymmetry phase angle change can cause the faulty feeder zero-sequence 

conductance phase angle to change between 85° and 100°. At this time, the faulty feeder and the healthy feeder 

conductor phase angle (about 87°~89°) are the same, and there is a possibility of faulty feeder identification 

misjudgement. From Fig. 4(b), when the faulty feeder zero-sequence admittance phase angle is close to 180° and 

0°, the faulty feeder selection method based on the active component of the zero-sequence current will also fail at 

this time. 

III. HIGH-IMPEDANCE FAULT DETECTION AND FAULTY FEEDER SELECTION METHOD INDEPENDENT OF DISTRIBUTION 

NETWORK PARAMETERS 

The sensitivity and accuracy of traditional methods for HIFs detection and faulty feeder selection in distribution 

networks are greatly affected by the capacitive current and three-phase asymmetry of the distribution network. In 

this chapter, a high-resistance fault detection and fault feeder selection method that is not affected by distribution 

network parameters is proposed. Firstly, the principle of active intervention of injected current on 0U  and 0I is 

explained. The characteristics of the injected current and zero-sequence current when the regulated 0U  is 0 are 
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analyzed. According to the phenomenon that the variation of injected current is independent of system parameters 

when the regulated 0U  is 0, the ground fault detection criterion is constructed. The faulty feeder selection method 

is carried out by comparing the RMS values of the zero-sequence currents of each feeder. The method is stable for 

HIFs detection and faulty feeder selection and is not affected by system parameters. 

A. Zero-sequence voltage and zero-sequence current active intervention principle 

When the ground fault occurs in phase C of the distribution network through the fault resistance, it is shown in Fig. 

5, where NY is the neutral point grounding admittance, fg is the fault point fault conductance, and iI is the zero-

sequence current injected by the active inverter injection device.  

Feeder n

Feeder 1

Injection unit

AE

BE

CE

0U

NYiI

A1Y B1Y C1Y

AnY BnY
CnYfg

DG

DG

 
Figure 5: Schematic diagram of the C-phase-to ground fault 

As shown in Fig. 5, the neutral point of the distribution network plus the active inverter injection device can be 

regarded as a controlled current source. The 0U  and zero-sequence current of the distribution system after a fault 

can be solved by the superposition principle. When the active inverter injection device does not function, the neutral 

point voltage 0U   can be written as: 

( )A A B B C C f

0

A B C f

+ + g
=

+ + g + N

E Y E Y E Y
U

Y Y Y Y

+
 −

+
     (6) 

where, XY (X=A, B, C) are the three-phase-to-ground admittance. 

The zero-sequence currents of healthy feeder 01I  and faulty feeder 0 nI   are shown in : 

 

( )
( )A A B B C C f

01 A A1 B B1 C C1 A1 B1 C1

A B C f

+ + g
= + +

+ + g + N

E Y E Y E Y
I E Y E Y E Y Y Y Y

Y Y Y Y

+
 − + +

+
  (7) 

 

( )
( )

( )A A B B C C f

0 A A B B C C f A B C f

A B C f

+ + g
= + + g +g

+ + g +
n n n n n n n

N

E Y E Y E Y
I E Y E Y E Y Y Y Y

Y Y Y Y

+
 + − + +

+
  (8) 

The fault current fI   can be written as : 

( )f A A B B C C f

f C f

A B C f

g + + g
= g

+ + g + N

E Y E Y E Y
I E

Y Y Y Y

 +  −
+

    (9) 

 

When the active inverter injection device acts alone, the power supply of the distribution system is equivalent to a 

short circuit. The neutral voltage 0U   can be written as: 

 

( )
0

A B C f

=
+g

i

N

I
U

Y Y Y Y


+ + +
    (10) 

 

The zero-sequence currents of healthy feeder 01I  and faulty feeder 0 nI   are shown in: 
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( )

( )
A1 B1 C1

01

A B C f

=
+g

i

N

I Y Y Y
I

Y Y Y Y

 + +


+ + +
    (11) 

 

( )

( )
A B C f

0

A B C f

+g
=

+g

i n n n

n

N

I Y Y Y
I

Y Y Y Y

 + +


+ + +
    (12) 

The fault current fI   can be written as: 

( )
f

f

A B C f

g
=

+g

i

N

I
I

Y Y Y Y


+ + +
    (13) 

The neutral voltage under the action of the active inverter injection device after the distribution network fault 0U  

can be written as : 

( )

( )A A B B C C f

0

A B C f A B C f

+ + g
=

+g + + g +

i

N N

E Y E Y E YI
U

Y Y Y Y Y Y Y Y

+
−

+ + + +
   (14) 

 

The zero-sequence currents of healthy feeder 01I and faulty feeder 0 nI  are shown in: 

( )01 A A1 B B1 C C1 0 A1 B1 C1= + +I E Y E Y E Y U Y Y Y+ + +    (15) 

 

( ) ( )0 A A B B C C f 0 A B C f= + + g +gn n n n n n nI E Y E Y E Y U Y Y Y+ + + +    (16) 

 

1K and nK  are the asymmetry of feeder 1 and feeder n, respectively: 

2

A1 B1 C1
1

A1 B1 C1

+ +
=

+ +

a Y aY Y
K

Y Y Y
     (17) 

 
2

A B C

A B C

+ +
=

+ +

n n n
n

n n n

a Y aY Y
K

Y Y Y
     (18) 

 

The fault current fI  can be written as: 

( )f 0 f= + gCI U E       (19) 

 

The zero-sequence currents of healthy feeder 01I and faulty feeder 0 nI can be written as: 

 

( )( )01 1 C 0 A1 B1 C1+I K E U Y Y Y= + +      (20) 

 

( )( )0 C 0 A B C f+n n n n nI K E U Y Y Y I= + + +     (21) 

From Eq. (14) to Eq. (16), flexible and active intervention of distribution network 0U and feeder zero-sequence 

currents can be implemented by injecting currents into the neutral point. 

B. High-Impedance Fault Detection and Faulty Feeder Selection Principle Independent of Distribution 

Network Parameters 

The template is used to format your paper and style the text. All margins, column widths, line spaces, and text fonts 

are prescribed; please do not alter them. You may note peculiarities. For example, the head margin in this template 

measures proportionately more than is customary. This measurement and others are deliberate, using specifications 



J. Electrical Systems 20-3 (2024): 3061-3076 

3068 

that anticipate your paper as one part of the entire proceedings, and not as an independent document. Please do not 

revise any of the current designations. 

i. Principle of high-impedance fault detection based on the amount of injection current variation 

From Eq. (14) to Eq. (19), when 0U is regulated to 0 by the active inverter injection device , the injection current 

iI and fault current fI are shown in: 

A A B B C C C f= + + giI E Y E Y E Y E+     (22) 

 

f C f= gI E       (23) 

If there is no fault in the distribution network, the injection current when 0U is controlled to 0 by the active inverter 

injection device, and the zero-sequence currents in healthy feeder and faulty feeder n is shown in: 

 

A A B B C C= + +i bI E Y E Y E Y−      (24) 

 

Eq. (24) represents the current generated in the distribution network due to three-phase asymmetry, which is not 

affected by the 0U  and has a small amplitude. From (22), this current still exists during faults and its value is the 

inherent zero-sequence current. The current is affected by the degree of asymmetry of the three-phase ground 

conductor, and the amount of change is not significant. Subtract Eq. (22) and Eq. (24) to obtain the amount of 

change iI in the injected current after the fault as shown in: 

C f=iI E g       (25) 

 

As can be shown in Eq. (25), the injected current also changes due to the addition of the ground conductance branch 

in the fault phase, and iI  is only related to the fault conductance. In addition, the phase angle of iI agrees with 

the phase angle of CE . Its value is the product of CE and fg . 

Therefore, it is possible to monitor iI to achieve the detection of faults. When iI  exceeds a set threshold, it can 

be judged that a single-phase ground fault has occurred in the system. This detection method is not affected by 

parameters such as capacitive current and three-phase asymmetry of the distribution network. The fault detection 

criterion that is not affected by distribution network parameters is shown: 

iI         (26) 

Where   is the threshold of the dynamic detection criterion for ground faults, the specific values of which are 

discussed in the subsequent section. 

ii. Protection principle for detecting high impedance faulty feeder based on zero-sequence current magnitude 

From Eq. (15) and Eq. (16), 0 nI  consists of three components. 0 iI  consists of only two components. They are the 

inherent zero-sequence current due to the asymmetry of the three-phase ground conductor and the component 

generated by the feeder-to-ground conductor under the action of 0U . It can be shown that the difference between 

0 nI  and 0 iI is mainly attributed to the fault current. Faulty feeder selection requires accurate detection of the 

difference between the healthy feeder and the faulty feeder caused by fault currents, so faulty feeder selection needs 

to amplify the difference caused by fault currents. 

As can be shown by the expressions for the components in the zero-sequence current, the inherent zero-sequence 

current is independent of the 0U . The amplitude of the zero-sequence current component generated by the phase-

to-ground conductor under the action of 0U  varies linearly with the 0U . The fault current amplitude is linearly 

related to the fault phase voltage amplitude. When the control 0U  is 0, the zero-sequence current component 

generated by the feeder-to-ground conductor under the action of the 0U  is 0. The zero-sequence current of faulty 

feeder 0 nI and healthy feeder 0 iI is: 
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0 A A C C fB B C=n n n nI E Y E Y E E gY+ + +     (27) 

 

01 A A1 B B1 C C1=I E Y E Y E Y+ +      (28) 

 

From Eq. (27) and Eq. (28), it can be shown that 0 iI  after adjusting the 0U  to 0 is the feeder inherent zero-sequence 

current, and its amplitude is very small. 0 nI  is the vector sum of the feeder inherent zero-sequence current and fault 

current. The fault current is the product of the fault conductance with the fault phase-to-ground voltage. The fault 

current after adjusting the 0U  to 0 is also increased, increasing the zero-sequence current amplitude difference 

characteristic of the healthy feeder and the faulty feeder. This enables HIF detection: when a ground fault is detected, 

the zero-sequence current amplitude of each feeder is compared, and the feeder with the largest amplitude is the 

faulty feeder. The SPG detection criteria as shown : 

 
0

01 0

=1
max , ,

n
n

n

I
K

I I
=      (29) 

 

Where: nK  is the ratio of the zero-sequence current of feeder n to the maximum value of the zero-sequence current 

in all feeders; the effective value of the zero-sequence current of feeder n is 0 nI . 

C. Analysis of factors affecting fault detection 

Inputting or removing one feeder during normal operation of the distribution network changes the ground 

conductance of the three phases of the distribution network and causes a change in the injected current: 

 

( )A A B B C C=i i i iI E Y E Y E Y  + +     (30) 

 

Where: AiY 、 BiY 、 C iY indicate the three-phase ground conductance of the feeder I, respectively. Take "+" when 

inputting the feeder and "-" when removing the feeder. 

Distribution network feeders are divided into two types: overhead lines and cable lines. For cable lines, the degree 

of asymmetry is equal to 0 because the core of each phase is in a balanced position to the grounded cable metal 

sheath [17]. From Eq. (19), it can be shown that the amount of injected current change when casting and cutting the 

cable feeder is 0, which will not affect the dynamic detection of HIF. 

The asymmetry of the overhead feeder generally does not exceed 3.5% [22]. The State Grid's Technical Guidelines 

for Distribution Network Planning and Design (DL/T 5729-2016) stipulates that the length of the distribution 

network feeder is less than 20km, and the overhead feeder pair capacitance is about 0.05uF/km [23]. At this time, 

the maximum variation of injected current when the 10kV distribution network is casting the overhead feeder is: 

 

2

max A A B B C C A A 0 max3.5% 20 3 1+ =0.19Ai i i i i iI E Y E Y E Y E Y K E C d = + + =      (31) 
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Where iK  denotes the asymmetry of the feeder i. maxd denotes the maximum damping rate of the normal feeder, 

here taken as 0.1. 

From Eq. (22), it can be shown that the maximum amount of injected current variation is 0.19A when the feeder of 

the 10kV distribution network is casting cut. According to Eq. (25), the amount of injected current variation when 

a 5kΩ HIF occurs in the 10kV distribution network is about 1.2A, which is much higher than the variation of 

injected current caused by feeder casting and cutting. Therefore, the influence of feeder casting on fault detection 

is also negligible through the appropriate selection of the fault detection rectification value. 
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Comprehensively analysing the factors affecting the reliability of the protection, the maximum variation of the 

injected current caused by switching the feeder, i.e., 0.19    should be evaded when adjusting the startup 

criterion of the ground-fault protection. Theoretically, when   is set to any value greater than 0.19A, the proposed 

dynamic detection method will not judge the non-fault situation that causes the injection current change as a HIF . 

Thus, reliable dynamic detection of HIF can be implemented. 

D. HIF Handling Procedure 

Existing fault detection and fault feeder selection protection methods are usually capable of detecting low-resistance 

ground faults with a fault resistance of 1kΩ or less. Therefore, the fault detection and fault feeder selection 

protection methods proposed in this chapter are mainly for HIF above 1kΩ. It can ensure that the fault current will 

not exceed the regulations and also maximize the fault detection and fault feeder selection capability of the 

distribution network. 
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Figure 6: Implementation flow of HIF detection and faulty feeder selection protection method independent of 

distribution network parameters 

The implementation flow of the protection method for HIF detection and faulty feeder selection independent of 

distribution network parameters is shown in Fig. 6. The implementation process is as follows: during normal 

operation of the distribution network, the 0U is controlled to 0, and the real-time monitoring of the injected current 

variation RMS value iI . If iI    , then the system is judged to be faulty, and single-phase ground fault 

protection is activated. Compare the feeder zero-sequence current amplitude for fault feeder selection. And end the 

process after removing the faulty feeder. 

IV. SIMULATION ANALYSIS 

The 10kV distribution network model shown in Fig. 7 is built in the PSCAD/EMTDC simulation. The HIF detection 

and faulty feeder selection method proposed in this chapter, which is not affected by the distribution network 

parameters, is simulated and verified. The distribution network model contains four feeders. The feeder simulation 

parameters are shown in Tab. 3, with a system detuning of -15% and an arc-suppression coil inductance of 0.207H. 
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Figure 7: Topology of the simulation system 

Table 3: Feeder simulation parameters 

Parameters Feeder1 Feeder2 Feeder3 Feeder4 

C/ ( )μF  

Phase A 6.23 0.52 0.41 3.90 

Phase B 6.23 0.48 0.42 3.90 

Phase C 6.23 0.53 0.43 3.90 

R/(Ω) 

Phase A 25547 204040 323490 27206 

Phase B 25547 249650 301340 27206 

Phase C 25547 223570 323340 27206 

A. Ground Fault Dynamic detection 

Set the integer value of the dynamic detection criterion =0.2A , and the fault occurs at 0.04s. When a 300Ω SPG 

fault occurs in phase C of feeder 3, the waveforms of the injected current and fault current are shown in Fig. 8. 
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Figure 8: Injection and fault current waveforms 

Before 0.04s 0U is regulated to 0, and the injected current is about 0.01 A. After the fault occurs, due to the variation 

of the asymmetry degree, the waveform of the injected current changes accordingly. As shown in Fig. 8, at this time 

the injected current is consistent with the fault current waveform, and the amount of change in the injected current 

is more than 10A, it is judged that SPG occurs. 

When phase A of feeder 3 is grounded via 8kΩ, the RMS voltage of the conventional distribution network is shown 

in Fig. 9. The maximum post-fault 0U  is 776V, which is less than 15% of the phase voltage (866V). Therefore, 

traditional fault detection methods fail to accurately sense the occurrence of a SPG. The fault will remain until the 

fault resistance falls to within detectable limits before it is sensed and faulted. Moreover, with the increase of cable 

lines and the expansion of the distribution network, the ability of traditional methods to detect HIF gradually 

decreases. 
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Figure 9: RMS voltage of 8kΩ single-phase ground fault system of conventional distribution network 

Observing the three-phase voltage RMS, the C-phase voltage is about 5.8 kV after steady state, which is greater 

than the phase electromotive force and the B-phase voltage. This is because as the fault resistance increases, the 

effect of feeder asymmetry on the 0U  gradually emerges and is even greater than the effect of fault resistance on 

the 0U . The conclusion that the faulty phase voltage is less than the phase electromotive force will no longer apply. 

The traditional phase selection method of taking the phase with the smallest voltage amplitude as the faulty phase 

cannot select the phase accurately. At this time, the ground fault processing method premised on the accurate 

identification of the faulty phase may even lead to changes in the properties of the fault [24-26]. 

The proposed fault dynamic detection method in this chapter is validated. The RMS values of the injected current 

variations are shown in Fig. 10 when phase C of feeder 3 is grounded via 3kΩ, 8kΩ and 10kΩ. 
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Figure 10: Variation of injected current for HIF 

As can be shown in Fig. 10, the RMS value of the injected current variation decreases as the fault resistance 

increases. When the fault resistance is 10kΩ, it is about 0.57A, which is still greater than the integrating value of 

the ground fault detection criterion, and can realize the fault detection. Compared with the traditional fault detection 

criterion method, the fault dynamic detection method proposed in this chapter is not affected by the total 

conductance of the system. 

The ground fault detection results when phase C of feeder 3 is grounded via different fault resistors are shown in 

Tab. 4. 

Table 4: Dynamic fault detection results under different conditions 

Prerequisite iI (A) Start-up results 

f 300R =   >10 activate 

f 700R =   8.24 activate 

f 1kR =   5.78 activate 

f 3kR =   1.93 activate 

f 8kR =   0.73 activate 

f 10kR =  0.59 activate 

f 15kR =   0.39 activate 

Feeder 2 casting 0.08 non-activation 

Tab. 4 shows that the proposed ground fault dynamic detection methods can properly determine the occurrence of 

HIF under different fault resistances. 
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B. HIF faulty feeder selection 

Without regulate 0U , when a 5kΩ HIF occurs in feeder 3, the RMS zero-sequence current and phase angle of each 

feeder are shown in Fig. 11. Among them, 0U  phase angle is 17.16°, and the information of each feeder after steady 

state is shown in Tab. 5. 
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(a) Phase angle of zero-sequence current and phase angle of zero-sequence voltage of each feeder 
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(b) Zero-sequence current RMS value for each feeder 

Figure 11: Zero-sequence current and zero-sequence voltage variation curves of the feeder when f
R =5kΩ 

Table 5: faulty feeder selection results when f
R =5kΩ 

Feeder 

zero-sequence current active current method 
zero-sequence admittance 

method 

effective 

value(A) 

phase 

angle(°) 
effective 

value(A) 

Faulty feeder 

detection results 

phase 

angle(°) 

Faulty feeder 

detection results 

Feeder1 3.33 105.71 1.80 Faulty  88.48 healthy 

Feeder2 0.33 116.55 0.12 healthy 99.32 Faulty  

Feeder3 1.34 113.83 1.01 healthy 96.60 Faulty  

Feeder4 2.08 105.13 1.97 healthy 87.90 healthy 

Feeder5 1.64 105.40 1.63 healthy 88.17 healthy 

As can be seen from Fig. 11 and Tab. 5, when a 5 kΩ HIF occurs in feeder 3, the phase angles of the zero-sequence 

currents in Feeder 1, Feeder 4, and Feeder 5 are approximately equal at 105.39°. The zero-sequence current phase 

angles of feeder 2 and feeder 3 are 116.07° and 113.64°, respectively. The zero-sequence conductance vectors are 

all within the fault region of the zero-sequence conductance of the resonant grounding system. At this time, the 

traditional faulty feeder selection method based on the zero-sequence conductor phase angle will judge that both 

feeder 2 and feeder 3 are faulty feeders. Moreover, since the zero-sequence active current of feeder 1 is the greatest, 

the faulty feeder selection method using the active current component will also incorrectly judge that feeder 1 is 

faulty. 

In the feeder 1 and feeder 3 were set 700Ω, 1kΩ, 3kΩ, 5kΩ, 6kΩ SPG and arcing ground faults proposed in this 

chapter to verify the fault feeder selection method. When feeder 3 occurs 5kΩ HIF and arcing ground fault, the 

zero-sequence current of each feeder is shown in Fig. 12. 
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(a) Zero-sequence current waveforms of each feeder 

during 5kΩ HIF 

(b) Zero-sequence current waveforms of each feeder 

during arcing ground faults 

Figure 12: Zero-sequence current waveform of each feeder when a ground fault occurs on feeder 3 

As can be shown in Fig. 12, before a fault occurs, the three-phase ground conductance of feeder 2 and feeder 3 are 

not exactly equal because the three-phase ground conductance of feeder 2 and feeder 3 are not exactly equal. 

Therefore, the feeder zero-sequence current is not zero, which is consistent with the conclusion of Eq. (28). After a 

fault occurs, the faulty feeder zero-sequence current increases significantly, while the healthy feeder does not 

change due to the feeder-to-ground conductance. Therefore, the zero-sequence current remains constant, and the 

zero-sequence currents of the faulty feeder and the healthy feeder are significantly differentiated. By comparing the 

amount of variation in the zero-sequence current of each feeder， it is possible to accurately identify the faulty 

feeder as feeder 3. 

The faulty feeder selection results when Feeder 1 and Feeder 3 are grounded by different fault resistance are shown 

in Tab. 6. 

Table 6: Faulty feeder selection results 

Fault information Feeder Information Faulty feeder detection 

results Faulty feeder fR (kΩ) 01I (A) 02I (A) 03I (A) 04I (A) 

Feeder 1 

0.7 8.23 0.08 0.03 0.01 Feeder1 

1 5.77 0.08 0.03 0.01 Feeder1 

3 1.92 0.08 0.03 0.01 Feeder1 

5 1.15 0.08 0.03 0.01 Feeder1 

6 0.96 0.08 0.03 0.01 / 

arcing ground fault 2.78 0.08 0.03 0.0 Feeder1 

Feeder 3 

0.7 0.01 0.07 8.22 0.01 Feeder3 

1 0.01 0.07 5.75 0.01 Feeder3 

3 0.01 0.07 1.91 0.01 Feeder3 

5 0.01 0.07 1.14 0.01 Feeder3 

6 0.01 0.07 0.96 0.01 / 

arcing ground fault 0.00 0.08 2.78 0.00 Feeder3 

 

In Tab. 6, when HIF occur on different feeders via the same fault resistance, the healthy feeder zero-sequence 

currents are all the inherent zero-sequence currents of the feeders, with extremely tiny amplitudes. The fault current 

is significantly greater than the inherent zero-sequence current, and the zero-sequence current amplitude of the 

faulted feeder is also greater than the zero-sequence current amplitude of all healthy feeders, which amplifies the 

fault characteristics. Using the faulty feeder selection criterion, the ratio of the zero-sequence current of the feeder 

to the maximum value of zero-sequence current among all feeders is calculated. The calculation results for faulty 

feeders are all 1, and the calculation results for healthy feeders are all 0. Faulty feeders can be accurately selected 

using the faulty feeder selection method proposed in this chapter. 

V. CONCLUSION 

This paper proposes a novel method for HIF protection in resonant grounding distribution networks with distributed 

power sources. Unlike existing approaches, the method remains unaffected by distribution network parameters. 

Before the occurrence of an HIF in the distribution network, the zero-sequence voltage is controlled to zero. Real-

time monitoring of the change in injected current allows the construction of a dynamic fault detection criterion. By 

regulating the system’s zero-sequence voltage to increase the zero-sequence current difference between the faulty 
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feeder and the healthy feeder, the zero-sequence current amplitude characteristics are used to effectively identify 

the faulty feeder. Finally, the feasibility of the proposed method is verified in PSCAD/EMTDC simulation, and the 

following conclusions are obtained: 

1) The fault detection ability of the proposed method is not affected by parameters such as the capacitance current 

and three-phase asymmetry of the distribution network. It can effectively address the problem of decreased fault 

detection ability caused by the increase in the total capacitance of the distribution network to the ground due to the 

rise in the number of distribution network feeders and the proportion of cable feeders. 

2) The primary reason for the failure of the traditional faulty feeder selection method under HIF conditions is that 

the fault impedance is significantly larger than the total impedance to the ground. The influence of the fault 

impedance on the three-phase voltage and feeder zero-sequence current is less pronounced than the impact of three-

phase asymmetry on these parameters. 

3) The proposed faulty feeder selection method demonstrates clear recognition of the faulty feeder. By adjusting 

the zero-sequence voltage, the difference in fault characteristics between the faulty feeder and the healthy feeder is 

increased. A faulty feeder selection criterion based on the zero-sequence current amplitude characteristics is 

constructed, eliminating the influence of ground parameter imbalance on faulty feeder selection. As a result, 

accurate faulty feeder selection for HIFs is achieved. 
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