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 Abstract—Conventional flexible arc suppression methods suffer 

from large residual currents under low-resistance conditions and 

prolonged transient suppression times under high-resistance 

conditions, which adversely affect the reliability of arc 

suppression. To address these issues, this paper proposes a 

flexible arc suppression method with adaptive transition 

resistance variation. Upon fault occurrence, the method first 

employs a current-type flexible arc suppression approach to 

reduce the risk of increased fault point currents caused by 

uncertainties in single-line-to-ground (SLG) faults conditions. 

Subsequently, based on the relationship between the transient 

decay characteristics of zero-sequence voltage during fault 

suppression and the transition resistance in the current-type 

approach, an adaptive switching criterion for transition 

resistance variation is established. Finally, the reference values of 

the flexible arc suppression method are automatically adjusted 

according to transition resistance and transient time threshold 

criteria. Under low-resistance conditions, the method switches to 

an adaptive line impedance voltage-drop improved flexible 

current arc suppression strategy to mitigate residual current 

issues caused by voltage drop. Under high-resistance conditions, 

it switches to a voltage-type flexible arc suppression strategy 

based on transient time thresholds to shorten the transient fault 

suppression time and improve arc quenching speed. 

PSCAD/EMTDC simulations and physical experiments verify the 

correctness and effectiveness of the proposed method. 

Index Terms—distribution network, SLG faults, flexible arc 

suppression method, power electronic technology, cascaded H-

bridge flexible arc suppression device. 

I. INTRODUCTION

LG faults are the most prevalent type of fault in 

distribution networks, accounting for over 70% of all 

fault events [1], [2]. These faults often manifest as 

This work was supported in part by the National Natural Science 

Foundation of China under Award 51677030 and in part by the Natural 
Science Foundation of Fujian Province, China, under Award 2023J05106. 

(Corresponding authors: Mou-Fa Guo). 

Guo-Jun Zhao, Mou-Fa Guo, Bin-Long Zhang, and Ze-Yin Zheng are with 
the College of Electrical Engineering and Automation, Fuzhou University, 

Fuzhou 350108, China, and also with the Engineering Research Center of 

Smart Distribution Grid Equipment, Fujian Province University, Fuzhou 
350108, China (e-mail: 230110013@fzu.edu.cn; gmf@fzu.edu.cn; 

220110011@fzu.edu.cn; zhengzeyin@fzu.edu.cn). 

Qiteng Hong is with the Department of Electronic and Electrical 
Engineering, University of Strathclyde, G1 1RD Glasgow, U.K. (e-mail: 

q.hong@strath.ac.uk). 

Color versions of one or more of the figures in this article are available 
online at http://ieeexplore.ieee.org 

electric arcs, which may cause equipment damage, arc-

induced overvoltages, and even forest fires, thereby posing 

severe threats to the safe and stable operation of distribution 

systems [3], [4]. To enhance supply reliability, arc suppression 

coils (ASCs) are commonly employed to ground the neutral 

point, mitigating arc-fault risks during SLG incidents [5]. 

However, with the expansion of distribution networks, 

increased use of underground cables, and the integration of 

numerous nonlinear loads, the active and harmonic 

components of ground fault currents have grown substantially 

[6]. Owing to their inherent limitations, ASCs cannot 

compensate for these components, which may result in 

sustained arcing faults under certain operating conditions [7]. 

As a passive technique, ASCs also lack the adaptability 

required to handle the complex and dynamic characteristics of 

modern SLG faults [8]. 

In recent years, active arc suppression (also known as 

flexible arc suppression) has attracted significant research 

interest due to its strong controllability and broad dynamic 

range, offering a promising alternative for mitigating SLG 

faults [9], [10]. Depending on the suppression target, flexible 

arc suppression can be classified into current-based and 

voltage-based approaches[11], [12]. In current-based methods, 

suppression performance is significantly influenced by the 

transition resistance, especially under high-resistance faults, 

where the zero-sequence voltage fails to accurately represent 

the grounding capacitive current, thereby degrading 

performance. 

Voltage-based flexible arc suppression aims to force the 

fault point voltage to zero by regulating the voltage of the 

faulted phase at the bus through a power electronic converter 

[13]. Flexible voltage arc suppression (FVAS) can be further 

divided into current-type (C-FVAS) and voltage-type (V-

FVAS) schemes according to the control reference [14]. C-

FVAS uses current as the control target, with its reference 

derived from the ratio of the fault phase source voltage to the 

network grounding impedance [15], [16], [17]. This approach 

is less affected by line voltage drops and can simultaneously 

suppress fault point current and voltage; however, it depends 

on accurate grounding parameter measurements, making it 

sensitive to measurement errors [18]. In contrast, V-FVAS 

adopts voltage as the control target, typically setting the 

reference to zero or to the negative of the fault phase source 

voltage [19], [20], [21]. This eliminates the need for parameter 
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measurements, but under low-resistance grounding, line 

impedance voltage drops can increase the fault current, 

thereby reducing suppression effectiveness [22]. 

To enhance V-FVAS performance, several studies have 

sought to compensate for line voltage drops. For example, 

Reference [23] introduces a compensation loop using the fault 

phase source voltage as the converter reference, enabling 

adaptive adjustment to line parameter variations, though 

requiring accurate fault location and load current estimation. 

To simplify implementation, Reference [24] propose injecting 

two distinct currents and measuring the resulting zero-

sequence voltages to calculate a compensated reference value. 

While this method avoids the need for fault location and load 

current measurements, it neglects the transient behavior of 

zero-sequence voltage after current injection, potentially 

introducing transient errors and reducing suppression 

performance. To eliminate the need for direct line voltage 

drop measurement, Reference [25] proposes a current–voltage 

composite suppression scheme, applying the C-FVAS method 

under low-resistance conditions and the V-FVAS method 

under high-resistance conditions. Although this hybrid 

approach leverages the complementary strengths of both 

methods, its adaptive control mechanism for transition-

resistance variations has not been fully addressed. 

Furthermore, the residual current caused by line voltage drops 

in the C-FVAS method under low-resistance conditions 

remains unresolved. 

To address the poor suppression performance of existing 

flexible arc suppression methods under a wide range of 

grounding transition resistances, this paper proposes a flexible 

arc suppression method adaptive to transition resistance 

variations. The proposed method effectively reduces residual 

current and residual voltage at the fault point, while shortening 

the transient suppression time. The main contributions of this 

work are as follows: 

(1) A systematic analysis is performed on the suppression

performance of C-FVAS and V-FVAS methods. The 

relationships between the transient and steady-state variations 

of zero-sequence voltage and grounding fault parameters 

during the suppression process are revealed. In addition, the 

correlations among residual current, residual voltage, zero-

sequence voltage, and fault parameters are clarified, providing 

theoretical guidance for improving and optimizing flexible arc 

suppression methods. 

(2) An adaptive flexible arc suppression method for

accommodating transition resistance variation is proposed. In 

the initial stage of fault suppression, the flexible arc 

suppression device (FASD) first adopts the C-FVAS method 

to achieve rapid fault suppression, thereby mitigating the risk 

of increased fault point current caused by uncertainties in SLG 

faults conditions. Leveraging the inherent relationship 

between the transient decay time of zero-sequence voltage 

during suppression and the transition resistance, an adaptive 

suppression criterion is formulated. Under low-resistance 

conditions, an improved C-FVAS method with adaptive line 

voltage drop compensation is employed to effectively 

eliminate residual current. Under high-resistance conditions, 

the V-FVAS method, combined with a transient decay time 

threshold, is utilized to shorten the transient suppression 

period. 

The organization of this paper is as follows: Section II 

introduces the basic principles of flexible arc suppression and 

analyzes in detail the suppression performance of C-FVAS 

and V-FVAS methods under SLG faults. Section III presents 

the proposed adaptive method for grounding resistance 

variation. Section IV validates the method through software 

simulations and physical experiments. Finally, Section V 

concludes the paper. 

II. PRINCIPLES AND PERFORMANCE ANALYSIS OF FVAS

METHODS 

A. Principles of FVAS

The arc suppression diagram of the cascaded H-bridge

FASD connected to the neutral point of the distribution 

network is shown in Fig. 1. 
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Fig. 1. SLG fault arc suppression schematic of a distribution network. 

In Fig. 1, 
AE , 

BE , and 
CE represent the phase voltages of 

the distribution network; 
AU , 

BU , and CU  denote the bus 

voltages of each phase; 
0U  is the zero-sequence voltage at the 

neutral point after the fault; 
fU  is the fault point voltage; 

fI
is the fault point current; Ar , Br , and Cr represent the phase-

to-ground leakage resistances; AC , BC , and CC are the 

phase-to-ground capacitances; fR is the transition resistance; 

ZI is the output current of the cascaded H-bridge FASD.

In the case of a SLG fault on phase C (Fig. 1), applying 

Kirchhoff’s current law (KCL) yields  

Z A B C fI I I I I  = + + + (1) 

(1) can be further expressed as

0 C

Z 0 A A 0 B B 0 C C

f

( ) ( ) ( )
U E

I U E Y U E Y U E Y
R

+
= + + + + + + (2) 

Assuming that the three-phase sources and the grounding 

admittances are symmetrical, (2) can be simplified to  

0 C

Z 0 0

f

U E
I U Y

R

+
= +       (3) 

Where 0 A B C 03 3 3 1Y Y Y Y Z= = = = denotes the zero-

sequence admittance of the network. 

Let 
0 CU E= − , so that 

f 0U = , and
f 0I = . In this case, the 

injected current 
ZI  can be expressed as 

Z C 0 C 0I E Y E Z= − = −    (4) 

Based on this principle, the flexible arc suppression method 

can be classified into the C-FVAS and the V-FVAS, 
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depending on the reference value provided to the converter 

controller. The reference current of the C-FVAS is calculated 

according to (4), whereas the reference voltage of the V-

FVAS is equal to the fault-phase source voltage 
CE− . 

Due to the differences in controller reference values, the 

two FVAS types may exhibit distinct behaviors in suppressing 

fault current and voltage. Therefore, it is necessary to analyze 

their applicability to different grounding fault conditions, so as 

to provide a theoretical basis for the optimal design of flexible 

arc suppression methods.  

B. Fault Suppression Performance Analysis of the FVAS

Method

Taking Fig. 1 as an example, after a SLG fault occurs in the 

distribution network, the expressions of the neutral-point zero-

sequence voltage, the fault point voltage, and the fault current 

are derived as shown in (5)–(7).  

C

0

f 01

E
U

R Z

−
=

+
 (5) 

f 0 CU U E= +  (6) 

C

f

f 0

E
I

R Z

−
=

+
 (7) 

Based on the relationship between fR and 0Z in the 

equations, the expressions relating 
0U , 

fU , and 
fI can be

derived as shown in (8). 

f 0 0 f f

f 0 0 f f 0

, 0, , 0

, , 0,

C

C C

R Z U U E I

R Z U E U I E Z

   


 −   −

    (8) 

From (8), it can be seen that under high-resistance 

grounding fault conditions, 
f 0I  , 

f CU E . In this case,

suppressing the fault point voltage is conducive to 

extinguishing the arc. Similarly, under low-resistance 

grounding fault conditions, 
f 0U  , and 

f 0CI E Z − . In this 

scenario, suppressing the fault point current helps extinguish 

the arc. 

To further analyze the fault suppression characteristics of 

the two flexible arc suppression methods under different 

resistance conditions, this paper establishes a grounding fault 

suppression circuit model based on the SLG faults model of 

the distribution network shown in Fig. 1, as illustrated in Fig. 

2. 
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(a)                                                 (b) 

Fig. 2. Model diagram of the FVAS circuit for SLG faults. (a) C-

FVAS. (b) V-FVAS. 

Fig. 2(a) shows the grounding fault suppression circuit 

model for the C-FVAS method, while Fig. 2(b) depicts the 

model for the V-FVAS method.  

In Fig. 2, 1i  represents the AC current source; 1u represents

the AC voltage source; 0C denotes the total grounding 

capacitance of the distribution network; Nu is the neutral point

zero-sequence voltage; Ce  is the fault phase source voltage; 

and fi  is the fault point current. 

Assuming C cos( )Ce U t = + , based on the flexible arc 

suppression principle, it follows that 1 0 Ci C de dt= − , and

1 Cu e= − . After the switch 1S  is closed, Nu can be expressed

as 

N1 C 1( ) A cos( )
t

u t e U t  
−

= + +     (9) 

From (9), it can be seen that after the switch 1S  is closed, 

N1( )u t undergoes a transient process. The transient decay time 

is related to f 0R C = . Given that 0C is constant, a larger 

fR results in a longer transient time. Additionally, the transient 

behavior of fi is consistent with that of N1u .

The neutral point zero-sequence voltage Nu in Fig. 2(b) can

be expressed as  

N2 C 1( ) cos( )u t U t = +  (10) 

In (10), after 1S is closed, Due to the voltage clamping 

effect of 1u , N2u  exhibits no transient process. Similarly, fi

also has no transient response. 

The C-FVAS method is influenced by grounding 

capacitance and transition resistance during the suppression of 

fault current and voltage, resulting in transient responses at the 

initial stage. In contrast, the V-FVAS method is largely 

unaffected by grounding capacitance or transition resistance, 

enabling faster suppression of fault voltage and current to 

zero. 

The V-FVAS method uses the fault phase source voltage as 

the controller reference and directly regulates the fault phase 

bus voltage, thereby achieving more effective suppression of 

the fault-point voltage under high-resistance grounding 

conditions. Conversely, the C-FVAS method adopts ground 

current as the reference and directly controls the fault current, 

providing superior suppression performance under low-

resistance grounding conditions. 

In summary, given that the two types of flexible arc 

suppression methods each exhibit distinct advantages under 

different grounding fault conditions, this paper proposes a 

flexible arc suppression method adaptive to transition 

resistance variations, based on their respective suppression 

characteristics. 

III. DESIGN OF A FLEXIBLE ARC SUPPRESSION METHOD WITH

ADAPTIVE TRANSITION RESISTANCE VARIATION 

A. Priority Analysis of C-FVAS and V-FVAS Methods

After a SLG faults occurs in the distribution network, rapid

fault suppression requires evaluating which type of flexible 

arc suppression method—current-type or voltage-type—is 

more effective for fault mitigation. Therefore, this paper 

analyzes the suppression performance of both flexible arc 

suppression methods under different fault locations. 

The fault location affects the grounding fault suppression 

performance of flexible arc suppression methods, primarily 

through the line impedance voltage drop 
LU . Both V-FVAS 

and C-FVAS methods neglect the influence of the load current 

flowing through the faulted line. Therefore, the subsequent 

analysis focuses on the impact of 
LU  on the performance of 

the two methods. 

Taking Fig. 1 as an example and considering the influence 

of 
LU , when the FASD employs the V-FVAS method for 

fault mitigation, the expressions for the neutral point zero-
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sequence voltage, residual voltage, and residual current are 

given in (11)–(13).  

01 CU E= −  (11) 

f1 LU U= −  (12) 

f1 L fI U R= −  (13) 

From these equations, it is evident that the residual voltage 

f1U is related to 
LU . For a fixed 

LU , the residual current 
f1I

increases as fR decreases. When 
LU  is large and fR is small, 

f1I may exceed the fault point current prior to the activation of 

the FASD. 

Conversely, when the FASD adopts the C-FVAS method, 

the expressions for the neutral point zero-sequence voltage, 

residual voltage, and residual current are given in (14)–(16). 

The residual voltage 
f2U depends on 

LU , 0Z , and fR , 

approaching zero as the ratio 0 fZ R increases. For a fixed 

LU , the residual curren 
f2I increases as fR and 0Z decrease; 

however, due to the constraint imposed by 0Z , 
f2I does not 

exceed the fault point current prior to the FASD activation. 

02 C

f 01

LU
U E

R Z
= − +

+
 (14) 

f2

0 f1

LU
U

Z R
= −

+
 (15) 

L

f2

f 0

U
I

R Z
= −

+
      (16) 

In summary, compared with the V-FVAS method, the C-

FVAS approach can effectively avoid the risk of inadequate 

suppression or even amplification of fault point current when 

the grounding fault location and transition resistance are 

uncertain. Therefore, in the first stage of suppression 

following a SLG faults, the FASD prioritizes the C-FVAS 

method to achieve rapid fault suppression. However, this 

method has difficulty eliminating residual current caused by 

line voltage drop under low-resistance conditions, and exhibits 

prolonged transient suppression under high-resistance 

conditions, which may lead to arc re-ignition. Based on this, it 

is necessary to develop a flexible arc suppression method with 

adaptive transition resistance variation that incorporates the 

fault suppression characteristics of the initial stage to achieve 

zero residual current and rapid arc suppression.  

B. Adaptive Switching Criterion for Flexible Arc Suppression

Based on Zero-Sequence Voltage Decay Characteristics

Based on the analysis of the SLG fault suppression 

characteristics of the C-FVAS method and the V-FVAS 

method, it can be concluded that under low-resistance 

conditions, the V-FVAS method is significantly affected by 

the line voltage drop, resulting in a larger residual fault current 

and a weaker current suppression capability compared with 

the C-FVAS method. Under high-resistance conditions, the C-

-FVAS method exhibits a longer transient decay time during

fault suppression and a weaker voltage suppression capability

than the V-FVAS method.

To achieve rapid arc suppression, a fixed time threshold 

based switching criterion between the C-FVAS method and 

the V-FVAS method is proposed by integrating the fault 

suppression characteristics of these two flexible arc 

suppression approaches. 

The fixed time threshold Tht  is determined according to the 

following principle. When the FASD employs the C-FVAS 

method for SLG fault suppression, the transient attenuation 

time t  is associated with the time constant  . The expression 

of   is given in (17).  

f 0R C =     (17) 

According to (17), the time constant   is determined by 

fR and 0C . For a fixed 0C , the transient attenuation time of 

the C-FVAS-based SLG fault suppression increases with fR . 
It is generally accepted that the transient process ends after 

approximately 3 5 − . To be conservative, the end of the 

transient attenuation is taken as 5t = . Therefore, the fixed 

time threshold Tht is selected as 5 , and the calculation of   
in Tht  requires the values of fR and 0C . 

The value of fR is selected based on the high-resistance 

grounding fault condition, under which the residual current 

caused by the line voltage drop in the V-FVAS method can be 

neglected. According to the Chinese 10 kV distribution 

network standard, the maximum allowable voltage deviation is 

±7% of the rated voltage. To ensure power supply quality, the 

bus voltage at the line head is typically increased by 5%, so 

the maximum allowable voltage drop from the line head to the 

end is generally no more than 606 V. Therefore, when the line 

voltage drop reaches its maximum value of 606 V and the 

transition resistance is set to f 1kR =  , the resulting residual 

current at the fault point, calculated from (13), is 0.6 A. In this 

case, the residual current is close to zero, indicating that the 

component caused by the line voltage drop can be neglected. 

Accordingly, f 1kR =  can be used as one of the conditions 

for switching from the C-FVAS method to the V-FVAS 

method, and it also serves as a basis for determining the fixed 

time threshold Tht . 
Under normal operating conditions of the distribution 

network, the 0C can be obtained using the two-step current 

injection method of FASD. With both 0C  and fR determined, 

the fixed time threshold Tht  for switching the C-FVAS method 

to the V-FVAS method can be calculated using (18). 

0

Th

1000

5

C

t





=


=
   (18) 

According to (18), when FASD employs the C-FVAS 

method for fault suppression, a transition resistance f 1kR  

leads to a prolonged transient attenuation period, which is 

unfavorable for rapid arc suppression. By introducing a fixed 

time threshold Tht , the method can switch to V-FVAS before 

the transient attenuation ends. In this case, the fault current 

and voltage are rapidly suppressed, enabling fast arc 

suppression.  

Moreover, although the ground capacitance varies with the 

scale of different distribution networks, it can be directly 

obtained under normal operating conditions using the FASD 

two-step current injection method. A ground-capacitance 

measurement approach based on a FASD is presented below.  

Under normal operating conditions of the distribution 

network, the FASD sequentially injects two different currents 

into the neutral point, and the requirements for these injected 

currents can be found in Reference [26]. Let the reference 

values of the first and second injected currents be 
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01_ref m01 1sin( )i I t = + , 
02_ref m02 2sin( )i I t = + . The zero-

sequence voltages corresponding to the two injected 
currents are denoted as 01u  and 02u respectively. The

deviations of the injected currents and the associated zero-

sequence voltages are defined as 0 02 01i i i = − , 

0 02 01u u u = − . Using the SOGI-PLL[26], the amplitude and

phase of 0i and 0u can be extracted, namely 0i , 0u , 

i , and u . The ground leakage conductance 0G  and ground 

susceptance 0B can then be calculated according to (19) 

0

0

Re[ ] cos( )

Im[ ] sin( )

i u

i u

i u

i u

i i
G e

u u

i i
B e

u u

 

 

 

 

−

−

  
= = −

 


 
= = −

  

(19) 

Consequently, the ground leakage resistance and ground 

capacitance of the distribution network can be obtained as 

0 01r G= , 0 0C B = . 

In summary, by setting a fixed time threshold, a switch 

between the C-FVAS and V-FVAS methods can be realized, 

providing rapid suppression of both current and voltage and 

enabling fast arc suppression.  

C. Performance Enhancement Design of Flexible Arc

Suppression Method Based on Zero-Sequence Voltage

Variation Characteristics

When fR is determined to be low and the C-FVAS method 

continues to be employed, the influence of 
LU  is neglected. 

According to (16), when 0Z is small, this may lead to a 

significant residual current, thereby adversely affecting the arc 

suppression performance. 

Therefore, based on the mathematical relationship between 

fR  and 0Z  in (14) and the zero-sequence voltage steady-

state characteristics revealed by (20) 

f 0 02 C

f 0 02 C L

,

,

R Z U E

R Z U E U

  −


 − +

    (20) 

an improved C-FVAS is proposed to ensure residual current 

suppression under low-resistance grounding faults.  

Taking Fig. 1 as an example and assuming a SLG faults 

occurs on phase C, the expression for the C-FVAS injected 

current considering the 
LU  is given in (21) 

Z C L 0 C L 0( ) ( )I E U Y E U Z= − + = − +    (21) 

The parameters in (16) have the same meanings as 

previously defined and are not repeated here. Since obtaining 

LU  directly is challenging, this paper combines (4), (14), and 

(20) to formulate an equivalent injected current expression

that achieves suppression performance comparable to (21)

without requiring the measurement of 
LU . 

According to (20), if f 0R Z , replacing 
02 C LU E U − +

with the numerator in (3) yields the injected current expression 

Z1 02 0 C L 0( )I U Z E U Z= = − + (22) 

(22) is equivalent to (21). When the FASD uses (22) as the

controller reference current calculation formula and injects 

current into the neutral point, it achieves 
f 0U  , and 

f 0I  . 

The injection current calculation algorithm of the improved 

C-FVAS method is expressed as

Z C 0

Z1 02 0

I E Z

I U Z

 = −


=

 (23) 

Following the occurrence of a SLG faults in the distribution 

network, the FASD initially employs 
ZI from (23) as the 

controller reference for current injection at the neutral point to 

suppress the fault point current and voltage. If the switching 

criterion indicates a low-resistance grounding fault, the 

reference current is adjusted to 
Z1I , and current injection 

continues to achieve 
f 0U  , and 

f 0I  , thereby further

enhancing fault suppression performance and ensuring reliable 

arc suppression. 

Figure 3 illustrates the arc suppression process of the 

proposed flexible arc suppression method with adaptive 

transition resistance. 
Start

Measure the three-phase voltage, zero-sequence voltage, 

and ground parameters of the distribution network.

Select the fault phase

       Measure the zero-sequence voltage and detect the 

rate of change      of the envelope at time 

Distribution network returned to normal operation

C-FVAS  Using Cascaded H-Bridge FASD

Line selection and 

fault isolation

End

YES

NO

NO

YES

The zero-sequence voltage 

decreases proportional when the  injection 

current decreases?

Time delay

？ ？Th   NONO

SLG fault ?

V-FVAS  Using Cascaded 

H-Bridge FASD

Improved C-FVAS  Using 

Cascaded H-Bridge FASD

YES YES

Tht t

t

Fig. 3. Flowchart of the flexible arc suppression method. 

In summary, the proposed strategy operates as follows: after 

fault occurrence, the FASD initiates suppression using the C-

FVAS method while monitoring the zero-sequence voltage 

decay time t . If Tht t , the fault is classified as low 

resistance, and the system switches to the improved current-

type method to ensure 
f 0U  , and 

f 0I  . If Tht t= , the fault 

is classified as high resistance, and the system switches 

directly to the V-FVAS method without waiting for the 

transient process to complete. This dual-mode enhancement 

strategy ensures minimal residual voltage and current under 

low-resistance conditions while enabling rapid and reliable 

suppression in high-resistance scenarios. 

IV . SIMULATION AND EXPERIMENTAL VERIFICATION 

A. Simulation Parameter Settings

To verify the correctness and effectiveness of the proposed arc
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suppression method, a distribution network model, shown in Fig. 

4, was established using PSCAD/EMTDC simulation software. 

G 110/10kV 
L1

OL 1km OL 14km

L2

OL 3km OL 5km

L3
OL 10km CL 5km

L4
CL 2km CL 5km

fault_number

fault _12fault _11

Load

Load

Load

Load

CL 5km OL 8km Load

L5

CL 4km Load

CL 3km Load

10/0.4kV

FASD

fR

Fig. 4. Schematic diagram of distribution network simulation model. 

The parameter settings for the distribution network simulation 

model are as follows: the power supply voltage is 110 kV; the 

main transformer is connected in a Y/Δ configuration with a 

rating of 110 kV/10 kV. A step-down transformer with a ratio of 

10 kV/0.4 kV supplies the load. The distribution line parameters 

are selected based on the reference [27], as detailed in Table I. 

The distribution network consists of five feeders, with line 

types including overhead line (OL), cable line (CL), and 

cable-overhead hybrid lines. The total phase-to-ground 

capacitance ΣABCC  of the distribution network is 34.87 μF. 

TABLE I  

PARAMETERS OF DISTRIBUTION NETWORK LINES 

Line 

type 

Positive-sequence of lines Zero-sequence of lines 

1R

(Ω/km) 

1L

(mH/km) 

1C

(uF/km) 

0R

(Ω/km) 

0L

(mH/km) 

0C

(uF/km) 

OL 0.17 1.21 0.011 0.23 5.48 0.008 

CL 0.12 0.52 0.29 0.35 1.54 0.26 

In addition, fault points on the feeder are set at fault_11, and 

fault_12 in Fig. 4 to simulate the impact of line impedance 

voltage drop at various fault locations on the arc suppression 

method. The transition resistance 
fR is set to 10 Ω, 1 kΩ, and 10

kΩ. The FASD consists of 12 cascaded H-bridge units, with 

each unit having a DC-side voltage of 800 V. The filter 

inductance is 0.05 H. The FASD injects current into the neutral 

point via a grounding transformer.  

B. Simulation Verification

Assuming a SLG faults occurs on phase C in Fig. 4, the

waveforms for fault locations fault_1 and fault_2 are shown in 

Figs. 5 and 6, respectively. Each waveform includes the 

voltage of the faulted phase at the busbar and the current at the 

fault point. In the figures, the red curve represents the flexible 

arc suppression method with adaptive transition resistance 

proposed in this paper, while the green curve corresponds to 

the C-FVAS or V-FVAS methods. The fault occurs at 0.04s, 

and the cascaded H-bridge FASD is energized at 0.12s. For 

the proposed method, switching from the C-FVAS to the 

improved C-FVAS occurs at 0.28 s, and switching to the V-

FVAS occurs at 0.30 s. Here, Tr denotes the transient 

suppression time of the C-FVAS method, Tr1 denotes the 

transient suppression time of the proposed method, and Tr2 

denotes that of the C-FVAS method. The reference quantities 

1_refi , 
2_refi , and refu correspond to the FASD’s operation in

the C-FVAS, improved C-FVAS, and V-FVAS modes, 

respectively. 

From Figs. 5–6 during the fault period from 0.04s to 0.12s, 

the faulted phase voltage at the busbar increases with 

transition resistance and approaches its normal operating 

value, while the fault current decreases and tends toward zero. 

When the FASD is energized at 0.12s in the C-FVAS mode, 

the transient suppression time increases with transition 

resistance, consistent with the earlier analysis of the C-FVAS 

method. 
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Fig. 5. SLG occurs at fault_11. (a) f
10ΩR = . (b) f

1kΩR = . (c)

f
10kΩR = . 

Figs. 5(a)–6(a) present the suppression waveforms under 

f 10ΩR = , comparing the conventional V-FVAS method and 

the proposed method under low-resistance faults. For fault 

location fault_11, which is close to the busbar, the residual 

current caused by the line voltage drop is small (4.03A), 

whereas for fault_12, which is far from the busbar, the 
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residual current reaches 32.21A for the V-FVAS method but 

only 6.37A for the C-FVAS method. This confirms that 

prioritizing the C-FVAS method avoids the risk of poor 

suppression or increased fault current at remote fault points. 

For low-resistance faults, the proposed method sequentially 

adopts the C-FVAS and improved C-FVAS modes to achieve 

adaptive arc suppression. Compared with the conventional C-

FVAS and V-FVAS methods, the improved C-FVAS mode 

provides the most effective fault current suppression. 

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

t/s

fault fault suppression

-150

-100

-50

0

50

100

if
/A

-4

0

4

U
C
/k

V

-8

8

t1

RMS70.01A

RMS 0.47ARMS33.21A

t2

RMS 6.34A 1_ refit1 :
t2 2 _ refi:

:t2 refut1

(a) 

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

t/s

t1 t2

0

8

if
/A

-4

-8

4

-4

0

4

U
C
/k

V

-8

8

RMS  0.59ARMS 0.54A

RMS 5.62A

Tr

1_ refit1 :

t2 : refu

fault fault suppression

(b) 

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

fault fault suppression

RMS  0.05A

RMS 0.56A

RMS 0.06A

0if
/A

-0.4

-0.8

0.4

0.8

t/s

-4

0

4

8

U
C
/k

V

-8

t1 t2

Tr2

1_ refit1 :

t2 :

:t2

refu

t1 1_ refi

Tr1

(c) 

Fig. 6. SLG occurs at fault_12. (a) f
10ΩR = . (b) f

1kΩR = . (c)

f
10kΩR = . 

Figs. 5(b)–6(b) present the suppression waveforms under 

f 1kΩR = , which validate the switching criterion. The 

transient suppression time Tr of the C-FVAS method remains 

consistent across fault locations and satisfies the criterion for 

switching to the V-FVAS method ( Tr=4 ~ 5  ). In Fig. 6(b), 

for fault_12, switching to the V-FVAS increases the residual 

current only slightly (from 0.54 A to 0.59 A), indicating 

negligible influence from the line voltage drop. After 

switching, the faulted phase voltage is rapidly suppressed to 

zero. These results demonstrate that, under a transition 

resistance of f 1kΩR = , the transient response characteristics 

of the FASD using the C-FVAS method provide a reliable 

adaptive switching criterion based on zero-sequence voltage. 

The proposed method effectively achieves rapid fault 

suppression while maintaining low residual current. 

Figs. 5(c)–6(c) compare the suppression performance of the 

C-FVAS method and the proposed method under high-

resistance grounding. In such cases, the fault current is small

and the faulted phase voltage is close to its normal value. For

the C-FVAS method, the high transition resistance results in a

long transient suppression time (Tr2), delaying arc

suppression. In contrast, the proposed method employs a

transient decay time threshold, enabling early switching to the

V-FVAS mode without waiting for the transient to fully settle.

This reduces the suppression transient time to Tr1, mitigating

the adverse effects of prolonged transients and achieving

faster arc suppression.

Simulation results indicate that, compared to the C-FVAS 

method and the V-FVAS method, the proposed flexible arc 

suppression method with adaptive transition resistance 

variation can adaptively adjust according to changes in the 

transient decay characteristics of the zero-sequence voltage 

during fault suppression. Under low-resistance conditions, it 

switches to an improved C-FVAS method with adaptive line 

impedance voltage drop compensation to address residual 

current caused by voltage drop. Under high-resistance 

conditions, it switches to a V-FVAS method based on 

transient time thresholds to shorten the transient fault 

suppression time, thereby achieving rapid arc. 

C. Physical Experimental Verification

To further validate the effectiveness of the proposed flexible

arc suppression method with adaptive transition resistance 

variation, a physical simulation platform for the distribution 

network and a physical prototype of the FASD were developed, 

as shown in Fig. 7.  

SLG fault simulator
Feeder cabinet Bus cabinet 

Main module 

controller

RTW 

Sub-module 

controller

Cscaded H-bridge multilevel converters 

Physical simulation system of distribution network

MATLAB/Simulink

Mainframe

Fig. 7. Physical experiment platform for distribution network and 

prototype of FASD. 

The physical simulation platform was designed according to 

the similarity principle, where a 380 V system was used to 

emulate a 10 kV distribution network. It consists of a distribution 
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network simulation system, a SLG fault device, and a cascaded 

H-bridge flexible arc suppression prototype. The simulation 

system and grounding fault device can reproduce SLG faults for 

both overhead and cable lines, while fault currents are suppressed 

by the cascaded H-bridge prototype. 

The control system of the cascaded H-bridge prototype 

includes a main module controller and multiple sub-module 

controllers. The hardware system is composed of a main module 

and several sub-modules, with each sub-module integrating an H-

bridge unit and its dedicated controller for control and protection. 

The main module coordinates operation and communication 

among all sub-modules to ensure reliable arc suppression 

performance. 

The physical prototype of the cascaded H-bridge converter 

based FASD is shown in Fig. 8. 
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Fig. 8. Schematic diagram of the cascaded H-bridge converter 

physical prototype for SLG fault suppression. 

The cascaded H-bridge converter based FASD prototype 

control system consists of the Real-Time Workshop(RTW), a 

host computer, a main module, and multiple sub-modules. The 

RTW and host computer form the main control unit, while the 

main and sub-modules drive and modulate the H-bridge cells. 

The MATLAB/Simulink control program is compiled on the host 

and transmitted to the RTW via Ethernet. Voltage and current 

signals from the PTs and CT are sampled by the RTW acquisition 

card for control signal generation. These signals are output to the 

main module, which distributes modulation commands to the 

sub-modules over the RS-485 bus to control H-bridge switching. 

The resulting voltage is filtered and injected into the network 

neutral to suppress arcs during SLG faults. 

The reference value calculation and control structure of the 

FASD based on the cascaded H-bridge converter for fault 

suppression are shown in Fig. 9. 

In Fig.9,
1_refi  and 

2_refi  represent the current reference 

values for the cascaded H-bridge converter, while 
X_refe

denotes the voltage reference value. When a SLG fault occurs, 

the converter controller initially adopts 
1_refi  as the reference 

to connect the neutral point and suppress fault current. During 

the suppression process, if the transition resistance fR is 

determined to be low, the reference is switched from 
1_refi  to 

2_refi ; Otherwise, the reference is switched to 
X_refe . The 

calculation methods for the reference quantities 
1_refi , 

2_refi , 

and 
X_refe  are described as follows. 

HB

P

W

M

0u

～
+

HB

HB

L

0u

X_refe

0u

0u

Zi
Zi

sin( )

cos( ) 01 R

0C
s

s PI 1 s
ref

qref 0u =

refU

Xu

u

βu β

dqk
du

qu

f

sin( )

cos( ) 01 R

0C
s

s PI 1 s

qref 0u =

β

dqk
du

qu

f

01u ref1U

ref1
1u

β1u

SOGI-PLL

SOGI-PLL

X_refe

Xe

Nu

Reference value of  current

Reference value of  current

-1
Xu Xe

Nu

2_refi

1_refi

1_refi

2_refi

Reference value of  voltage X_refe

1_refi 2_refi
PI1G

PI2G

Control structure diagram

2K

1K

Fig. 9. Reference value calculation and control structure of the 

FASD.  

In Fig.9, X (X=A,B, C)e  denotes the voltage of the faulted 

phase. The phase voltage Xe  can be expressed in terms of the 

neutral point voltage Nu  and the bus voltage Xu of the faulted

phase, which is calculated by the formula X X Ne u u= − . 
X_refe  is 

calculated as 

X_ref X N( )e u u= − −     (24) 

Since Xe  is a single-phase AC signal represented as 

ref refcos( )U t + , its amplitude refU and phase ref are 

extracted using a SOGI-PLL. The SOGI generates two 

orthogonal components, which are then converted into the 

synchronous rotating reference frame to obtain du  and 
qu , with

the q-axis reference set to 
qref 0u = . Using the SOGI-PLL, refU

and ref  are obtained. 
1_refi  is thus calculated as 

ref

1_ref ref 0 ref

0

cos( )
sin( )

t
i U C t

R

 
  

 +
= + − 

 
     (25) 

After the FASD injects current into the distribution network 

neutral point based on 
1_refi , the resulting zero-sequence voltage 

01u can be measured. The signal 01 ref1 ref1cos( )u U t = + , 

being a single phase AC signal, also requires the extraction of 

its amplitude 
ref_1U and phase ref1  using the same SOGI PLL 

procedure. Therefore, 
2_refi  is given by 

ref1

2_ref ref1 0 ref1

0

cos( )
sin( )

t
i U C t

R

 
  

 +
= + − 

 
(26)

In the physical simulation experiments of this study, the 

cascaded H-bridge converter adopts a composite correction 

control structure based on disturbance input, where the inner 

controller is implemented using a PI regulator. Two switching 

coefficients, 1K and 2K are utilized to enable a smooth 

transition between the current control loop and the voltage 

control loop. 

The switching principle is to first introduce the voltage 

reference and then withdraw the current reference. 

Specifically, when the converter operates in current reference 

control mode, 2K is gradually increased to proportionally 

introduce the voltage control loop. After the voltage control 

loop is fully engaged, 1K is gradually decreased to ensure a 

smooth disengagement of the current control loop. 

The experimental parameters are shown in Table II. 
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TABLE II 

EXPERIMENTAL PARAMETERS  

Parameters Value 

Line-to-line voltage 380 [V] 

Grid frequency 50 [Hz] 

Sample frequency 10 [kHz] 

Switching frequency 5 [kHz] 

Filter inductance 50 [mH] 

Number of H-briges in CHB 6 

DC-link voltage of each HB 60 [V] 

Phase-to-ground capacitance  16.97 [uF] 

Phase-to-ground resistance 5 [kΩ] 

The transition resistance fR of the fault point is set to 10Ω, 

1kΩ, and 10kΩ. It is assumed that a single-phase (Phase A) 

grounding fault occurs at 0.1s, with FASD being activated at 

0.16s. The grounding suppression waveforms under various 

SLG fault conditions are presented in Fig. 10, Fig. 11, Fig. 12, 

and Fig. 13. In the figure, 0u is the zero-sequence voltage at

the neutral point of the grounding transformer; Au is the

voltage of the faulted phase at the bus; 
fi  is the current at the 

SLG faults poin. 

Fig. 10 illustrates the fault suppression waveforms of the C-

FVAS method and the proposed method. Fig. 11, Fig. 12, and 

Fig. 13 present the fault suppression waveforms of the V-

FVAS method. Tables III and IV list the RMS values of the 

fault current and voltage under different flexible arc 

suppression methods. Method 1 and Method 2 correspond to 

the V-FVAS method and the C-FVAS method, respectively. 

As shown in Fig. 10 and Table III, When f 10ΩR = , 

switching from the C-FVAS to the improved C-FVAS method 

markedly enhances the suppression of the fault point current. 

Its RMS value decreases from 0.629 A to 0.221 A, indicating 

that the proposed method effectively mitigates the residual 

current caused by line voltage drop under low-resistance 

conditions. 

When f 1kΩR = , switching from the C-FVAS to the V-

FVAS method results in a negligible RMS increase from 

0.043 A to 0.044 A (only 0.001 A difference). In this case, the 

impact of line voltage drop on the residual current is 

negligible, and the V-FVAS method exhibits shorter transient 

response time while rapidly reducing the faulty-phase busbar 

voltage. This demonstrates that switching to the V-FVAS 

method under high-resistance conditions can further improve 

suppression effectiveness and arc suppression performance. 

When f 10kΩR = , switching to the V-FVAS method 

maintains the same fault current suppression level while 

quickly suppressing the faulty-phase busbar voltage. 

By contrast, Fig. 11 shows that when f 10ΩR = , the V-

FVAS method produces a significantly higher residual fault 

current (up to 1.443 A) than both the C-FVAS method and the 

proposed method, indicating its limited suppression capability 

under low-resistance conditions. 
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Fig.10. Waveforms of SLG fault suppression using the proposed 

method under 
f

10R =  , 
f

1kR =  , and 
f

10kR =  . 
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Fig.11. Waveforms of SLG fault suppression using the V-FVAS 

method under f
10R =  . 
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Fig.12. Waveforms of SLG fault suppression using the V-FVAS 

method under f
1kR =  . 
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Fig.13. Waveforms of SLG fault suppression using the V-FVAS 

method under f
10kR =  . 

TABLE III 

COMPARISON OF FAULT CURRENT SUPPRESSION EFFECTIVENESS  

fR /Ω RMS

fi /A 

RMS

f1i /A 

Method 1 Method 2 This article 
10 2.583 1.443 0.629 0.221 

1k 0.178 0.046 0.043 0.044 

10k 0.018 0.005 0.005 0.005 
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TABLE IV 

COMPARISON OF FAULT VOLTAGE SUPPRESSION EFFECTIVENESS  

fR /Ω RMS

Afu /V 

RMS

Af1u /V 

Method 1 Method 2 This article 
10 110.9 0 35.8 44.2 

1k 231.9 0 18.7 0 

10k 0.018 0 21.4 0 

Based on the waveforms shown in Figs. 12 and 13 and the 

data in Table III, it can be observed that as the transition 

resistance fR increases, the residual fault current of the V-

FVAS method gradually approaches those of the other two 

methods. When f 10kΩR = , the residual fault currents of all 

three methods converge to approximately 0.005 A. This 

indicates that under high-resistance fault conditions, the 

influence of the line impedance on the residual current 

becomes negligible, and voltage suppression becomes the 

dominant factor. 

According to Table IV, When f 1kΩR =  and f 10kΩR = , 

the residual fault currents of Method 1 and Method 2 are 

relatively close. However, Method 1 can suppress the fault-

phase voltage to 0 V, thereby exhibiting superior voltage 

suppression capability compared to Method 2. Therefore, 

Method 1 demonstrates better fault suppression performance 

under high-resistance conditions. Moreover, the proposed 

method can also suppress the fault-phase voltage to 0 V under 

high-resistance conditions, indicating that it maintains 

excellent suppression performance even When fR is large. 

In summary, both simulation and experimental results 

demonstrate that the proposed arc suppression method 

outperforms the C-FVAS and V-FVAS methods. Under low-

resistance conditions, it maintains a high fault current 

suppression rate, while under high-resistance conditions, it 

effectively suppresses the fault phase bus voltage and shortens 

the transient response time. 

V. CONCLUSION

Conventional flexible arc suppression methods face 

challenges in adapting to SLG faults with a wide range of 

transition resistances, often resulting in large residual currents 

due to line voltage drops under low-resistance conditions and 

prolonged transient suppression times under high-resistance 

conditions. 

To address these issues, this paper, based on the revealed 

transient and steady-state variation patterns of the zero-

sequence voltage during fault suppression, proposes a flexible 

arc suppression method with adaptive transition resistance 

variation. The method first employs a C-FVAS approach to 

achieve rapid fault suppression and establishes an adaptive 

switching criterion according to the transient decay 

characteristics of the zero-sequence voltage. Under low-

resistance conditions, an improved C-FVAS method with 

adaptive line voltage drop compensation is proposed to 

eliminate residual currents, leveraging the steady-state zero-

sequence voltage characteristics and their relationship with the 

transition resistance. Under high-resistance conditions, the 

existing V-FVAS method is adopted based on the relationship 

between the transient decay time threshold of the zero-

sequence voltage and the transition resistance, thereby 

shortening the transient suppression time. 

The proposed method fully considers the correlations 

among the transient and steady-state characteristics of zero-

sequence voltage and the transition resistance during fault 

suppression, offering a new perspective for the improvement 

and optimization of flexible arc suppression strategies. 

REFERENCES 

[1] Z. J. Huang, Q. Guo, Z. K. Xiao, C. M. Tu, K. Sun, and L. Wang, “Hybrid 

Multifunctional Arc Suppression Inverter With Its Steady and Transient 
State Operation Optimization Method,” IEEE Trans. Power Electron., 

vol. 40, no. 8, pp. 10313-10323, Aug. 2025. 

[2] M. F. Guo, Y. H. Jiao, Z. Y. Zheng, J. H. Lin, and Q. T. Hong, “Online 
Split-phase Identification of Asymmetric Parameters Between 

Distribution Lines and Ground for Unbalanced Voltage Compensation 

Based on Power Electronics,” IEEE Trans. Power Electron., vol. 39, no. 
8, pp. 1-12, Aug. 2024. 

[3] M. Mitolo, R. Musca, M. Tartaglia, and G. Zizzo, “Electrical Safety 

Analysis in the Presence of Resonant Grounding Neutral,” IEEE Trans. 
on Ind. Applicat., 2019, 55(5): 4483-4489. vol. 55, no. 5 pp. 4483-4489, 

Oct. 2019. 

[4] J. Gao, X. H. Wang, X. W. Wang, A. J. Yang, H. Yuan, and X. X. Wei, 
“A High-Impedance Fault Detection Method for Distribution Systems 

Based on Empirical Wavelet Transform and Differential Faulty Energy, ” 

IEEE Trans. Smart Grid, vol. 13, no. 2, pp. 900-912, March 2022, 
[5] J. R. Tang, Y. Li, C. Q. Yuan, and Y. C. Qiu, “Faulted Feeder 

Identification Based on Active Adjustment of Arc Suppression Coil and 

Similarity Measure of Zero-Sequence Currents,” IEEE Trans. Power Del., 
vol. 36, no. 6, pp. 3903-3913, Dec. 2021. 

[6] B. S. Fan, G. Z. Yao, W. Wen, J. M. Guerrero, K. Yu, and C. Zhuo

“Principle and Control Design of a Novel Hybrid Arc Suppression Device 
in Distribution Networks, ” IEEE Trans. Ind Electron., vol. 69, no. 1, pp. 

41-51, Jan. 2022. 
[7] M. Barzegar-Kalashani, M. A Mahmud, M. A Barik, and A. M. T. Oo, 

“Control of arc suppression devices in compensated power distribution 

systems using an integral sliding mode controller for mitigating powerline 

bushfires,” Int. J. Elect. Power Energy Syst., vol. 134, Jan. 2022, Art. no. 

107481. 

[8] Z. J. Huang, Q. Guo, C. M. Tu, Y. C. Hou, F. Jiang, X. Wang, F. Xiao, 
and Z. K. Xiao, “A Non-neutral alternate arc suppression method for 

single phase grounding fault in active distribution network,” Int. J. Elect. 

Power Energy Syst., vol. 152, no. 3, Oct. 2023, Art. no. 109182
[9] Y. C. Hou, Q. Guo, C. M. Tu, F. Xiao, L. Wang, F. Jiang, K. Yu, and X, 

Wang, “A review of single-phase-to-ground fault regulation devices for 

distribution networks,” Renew. Sustain. Energy Rev., vol. 200, Aug. 2024, 
Art. no. 114602. 

[10] W. S. P. Fernando, M. A Mahmud, “A Nonlinear Discrete-Time 

Backstepping Model Predictive Controller Design for Active Arc 
Suppression Coils in Compensated Power Systems to Mitigate Powerline 

Bushfire Hazards,” IEEE Trans. Ind Electron., vol. 71, no. 11, pp. 15077-

15088, Nov. 2024. 
[11] K. L. Liu, S. Zhang, B. R. Li, C. Zhang, B. Y. Liu, H. Jin, and J. F. Zhao, 

“Flexible Grounding System for Single-Phase to Ground Faults in 

Distribution Networks: A Systematic Review of Developments,” IEEE 

Trans. Power Del., vol. 37, no. 3, pp. 1640-1649, Jun. 2022. 

[12] L. M. Tan, Y. K. Wang, X. G. Yin, J. Qiao, and W. Xu, “Control of arc 

suppression devices in compensated power distribution systems using an 
integral sliding mode controller for mitigating powerline bushfires,” Int. 

J. Elect. Power Energy Syst., vol. 143, Dec. 2022, Art. no. 108513. 

[13] Y. K. Wang, X. G. Yin, W. Xu, J. Qiao, and L. Tan, “Active Arc 
Suppression Algorithm for Generator Stator Winding Ground Fault in the 

Floating Nuclear Power Plant, ” IEEE Trans. Power Del., vol. 37, no. 6, 

pp. 5356-5365, Dec. 2022. 
[14] G.-J. Zhao, M.-F. Guo, B -L. Zhang, Z.-Y. Zheng, and Q. T. Hong, 

“Cascaded H-Bridge Converter-Based Flexible Arc Suppression Method 

Adapting to Line Parameter Variations,” IEEE Trans. Power Electron, 
vol. 40, no. 8, pp. 11809-11819, Aug. 2025. 

[15] B. L. Zhang, M. F. Guo, M. Lak, C. M. Lin, and Q. T. Hong, “Minimizing 

Required DC Sources of Cascaded H-Bridge Multilevel Converter for 
Fault Suppression in Active Distribution Networks,” IEEE Trans. Ind 

Electron., vol. 72, no. 6, pp. 5761-5770, June 2025. 

10

A flexible arc suppression method for single-line-to-ground faults adaptive to transition resistance variations using cascaded H-bridge converters



[16] Z. J. Huang, Q. Guo, C. M. Tu, K. Sun, L. Wang, and F. Jiang, “A 

Multifunctional Arc Suppression Device Based on Hybrid Grid-

Connected Converters,” IEEE Trans. Ind Electron., vol. 72, no. 8, pp. 

8174-8183, Aug. 2025. 

[17] B. L. Zhang, M. F. Guo, Z. Y. Zheng, and Q. T. Hong, “Fault Current 
Limitation With Energy Recovery Based on Power Electronics in Hybrid 

AC–DC Active Distribution Networks,” IEEE Trans. Power Electron., 

vol. 38, no. 10, pp. 12593-12606, Oct. 2023. 
[18] Z. Y. Zheng, J. F. Xu, M. F. Guo, “Online Identification Method of 

Distribution Line-to-ground Parameters and Grounding Online 

Identification Method of Distribution Line-to-Ground Parameters and 
Grounding Transition Conductance During Arc Suppression,” Protection 

Control Modern Power Syst., vol. 10, no. 4, pp. 103-115, July 2025. 

[19] W. Wang, X. J. Zeng, L. J. Yan, X. Y. Xu, and J. M. Guerrero, “Principle 
and Control Design of Active Ground-Fault Arc Suppression Device for 

Full Compensation of Ground Current,” IEEE Trans. Ind Electron., vol. 

64, no. 6, pp. 4561-4570, Jun. 2017. 
[20] L. Li, X. J. Zeng, H. Bai, K. Yu, J. Z. Li, H. H. Peng, Z. Wang, H. J. Luo, 

and F. H. Wang, “Analysis and design of flexible arc suppression device 

based on proportional series lagging control,” Int. J. Elect. Power Energy 

Syst., vol. 143, Dec. 2022, Art. no. 108478. 

[21] X. M. Luan, X. P. Li, S. Y. Wu, C. J. Jia, H. K. Mei, and L. X. Gao, “Arc 

Suppression Control with Adaptive Parameters of Active Grounding 
Device Considering Ground Fault Resistance Uncertainty,” IEEE Trans. 

Power Del., vol. 39, no. 1, pp. 426-435, Feb. 2024. 

[22] B. S. Fan, H. H. Ma, W. Wang, G. Z. Yao, Q. K. Li, X. J. Zeng, and J. M. 
Guerrero, “Active arc suppression device based on voltage-source 

convertor with consideration of line impedance in distribution networks,” 

IET Power Electron., vol. 14, pp. 2585-2596, Dec. 2021.
[23] Y. C. Hou, Q. Guo, C. M. Tu, F. Jiang, L. Wang, X. Wang, and F. Xiao 

“Adaptive Active Voltage-Type Arc Suppression Strategy Considering 

the Influence of Line Parameters in Active Distribution Network,” IEEE 
Trans. Ind Electron., vol. 70, no. 5, pp. 4799-4808, May. 2023. 

[24] M. F. Guo, W. Q. Cai, Z. Y. Zheng, and H. Wang, “Fault Phase Selection 

Method Based on Single-Phase Flexible Arc Suppression Device for 
Asymmetric Distribution Networks,” IEEE Trans. Power Del., vol. 32, no. 

3, pp. 1350-1358, Jun. 2017. 

[25] J. Z. You, M. F. Guo, Z. Y. Zheng, and X. B. Liu, “Flexible composite 
suppression method for ground arc in resonant grounding system,” High 

Voltage, vol. 8, no. 6, pp. 1296-1305, Dec. 2023.

[26] Z. Y. Zheng, M. F. Guo, T. Jin, and J. H. Liu, “A novel method of 
insulation parameters measurement based on hybrid flexible arc 

suppression device in distribution networks,” Int. J. Elect. Power Energy 

Syst., vol. 130, Sep. 2021, Art. no. 106982
[27] J. H. Lin, M. F. Guo, Q. T. Hong, and R. Jiang, “An Earth Fault 

Diagnosis Method Based on Online Dynamically Calculated Thresholds 

for Resonant Ground Systems,” IEEE Trans. Smart Grid, vol. 15, no. 4, 
pp. 3459-3473, Jul. 2024. 

Guo-Jun Zhao(Student Member, IEEE) 

received the B.S. and M.S. degrees in 

electrical engineering from Hubeiminzu 

University, Enshi, China, in 2018, 2023. 

He is currently working toward the Ph.D. 

degree inelectrical engineering with the 

Fuzhou University. Fujian, China. His 

research interests include the protection 

control, and flexible arc suppression of 

single-line-to-ground fault in distribution networks. 

Mou-Fa Guo(Senior Member, IEEE) 

received the B.S. and M.S. degrees in 

electrical engineering from the Fuzhou 

University, Fuzhou, China, in 1996 and 

1999, respectively, and the Ph.D. degree in 

electrical engineering from the Yuan Ze 

University, Taoyuan, Taiwan, in 2018. 

Since 2000, he has been with the Fuzhou 

University, where he is currently a 

Professor with the College of Electrical Engineering and 

Automation. He is currently an Professor with the Fuzhou 

University, Fuzhou, China. His research interests include 

the information processing, protection control, and 

flexible arc suppression of single-line-to-ground fault in 

distribution networks.  

Bin-Long Zhang (Graduate Student 

Member, IEEE) received his B.S. degree in 

electrical engineering from Fuzhou 

University, Fuzhou, China, in 2020. He is 

currently working toward a Ph.D. degree in 

electrical engineering at Fuzhou 

University, Fuzhou, China, and toward 

another Ph.D. degree in electrical 

engineering at Yuan Ze University, 

Taoyuan, Taiwan. His main research interest is the protection 

and control of power systems with a high penetration of 

renewable energy resources with power electronics. 

Ze-Yin Zheng (Member, IEEE) received 

the B.S. degree in electrical engineering 

from the Fuzhou University, Fuzhou, 

China, in 2014, and the Ph.D. degree in 

electrical engineering from the Fuzhou 

University and the Yuan Ze University, 

Taoyuan, Taiwan, in 2021. He is 

currently an Associate Professor with the 

Fuzhou University, Fuzhou, China. His 

research interests include power distribution system 

automation, flexible active arc suppression of singe-phase 

ground fault, protection, and control of distribution systems. 

Qiteng Hong (Senior Member, IEEE) 

received the B.Eng. (Hons.) and Ph.D. 

degrees in electronic and electrical 

engineering from the University of Strath-

clyde, Glasgow, U.K., in 2011 and 2015, 

respectively. He is currently a Professor 

with the University of Strathclyde. His 

current research focuses on power system 

protection and control in future networks 

with high penetration of renewables. Dr. Hong is a member of 

IEEE Working Group P2004 and IEEE Task Force on Cloud-

Based Control and Co-Simulation of Multi-Party Resources in 

Energy Internet. He was a Regular Member of the completed 

CIGRE WG B5.50. 

11

A flexible arc suppression method for single-line-to-ground faults adaptive to transition resistance variations using cascaded H-bridge converters


	Abstract
	I. INTRODUCTION
	II. PRINCIPLES AND PERFORMANCE ANALYSIS OF FVAS METHODS
	A. Principles of FVAS
	B. Fault Suppression Performance Analysis of the FVAS Method

	III. DESIGN OF A FLEXIBLE ARC SUPPRESSION METHOD WITH ADAPTIVE TRANSITION RESISTANCE VARIATION
	A. Priority Analysis of C-FVAS and V-FVAS Methods
	B. Adaptive Switching Criterion for Flexible Arc Suppression Based on Zero-Sequence Voltage Decay Characteristics
	C. Performance Enhancement Design of Flexible Arc Suppression Method Based on Zero-Sequence Voltage Variation Characteristics

	IV . SIMULATION AND EXPERIMENTAL VERIFICATION
	A. Simulation Parameter Settings
	B. Simulation Verification
	C. Physical Experimental Verification

	V. CONCLUSION
	REFERENCES



