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Abstract

In the non-effectively grounding distribution system, residual current under single-line-
to-ground (SLG) fault threatens the safety of human being and power supply equipment.
Active arc suppression device has been proved to be effective for SLG fault arc suppres-
sion when the line impedance is ignored. However, in practice, line impedance varies with
the fault location and the load current flowing through the impedance brings about addi-
tional voltage drop, which increases the fault current and is not dealt with by the conven-
tional methods. To achieve accurate SLG fault arc suppression with the existence of line
impedance, the neutral-to-ground voltage reference for full ground-fault current compen-
sation is firstly derived and a detection method is then proposed. The pre-fault and post-
fault line currents are used to eliminate the influence of load current on the line impedance
voltage drop. A dual-loop voltage and current controller is then designed. The prototype
of active arc suppression device was developed. The results of simulation and prototype
experiment validate the effectiveness of the proposed method.

1 INTRODUCTION

In the non-effective grounding distribution network, most of
the power outage accidents are caused by single-line-to-ground
(SLG) fault [1]. The intermittent grounding arc residual cur-
rent and overvoltage caused by SLG faults endangers personal
and equipment safety [2]. If fault isolation or removal mea-
sures are not taken in time, single-phase grounding faults may
evolve into interphase short circuit faults, even cause substa-
tion deflagration, cable ditch fire and other dangerous accidents
[3,4].

Peterson coil is a current arc suppression method which is
the most common neutral grounding method for the medium
voltage distribution network [5,6]. However, Peterson coil can-
not compensate harmonic and active components of the fault
current. It even weakens the influence of fault characteristics
in complex distribution network, which makes it difficult for
the protection device to accurately detect and select the faulty
feeder [7,8].

In recent years, multiple voltage arc suppression methods are
introduced. After the arc is extinguished, the fault point insu-
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lation medium recovery speed is faster than the fault voltage
recovery speed, which can effectively prevent arc reignition.
Thus, as long as the fault voltage is limited, effective arc extin-
guishing can be achieved. In [9,10], ground failover device for
limiting intermittent arc grounding overvoltage is applied. The
fault phase voltage is suppressed to zero by setting fault bypass
grounding branch in the station to prevent the reignition of
fault arc. But it is easy to misjudge the fault phase in the case
of high resistance grounding fault, which may short-circuit the
normal phase or interphase, causing tripping of outgoing circuit
breaker.

Arc suppression based on power electronics devices with
great flexibility has also drawn much attention in recent years. In
[11,12], the controllable zero-sequence current generated by an
active arc suppression device (ASD) is injected into the neutral
point to achieve arc extinguishing effect. In literature [13,14],
the zero-sequence voltage controlled by the ASD is adjusted
to be the negative of the fault phase voltage, which constrains
the recovery voltage at the fault point to zero, so as to achieve
fault arc suppression. A hybrid flexible grounding system,
which combines a large-capacity reactive power reactor with an
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proposed algorithm. 
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FIGURE 1 Topology diagram of injection current arc suppression system

active power compensator for ground current compensation is
mentioned in [15]. Most ASD methods can obtain satisfying
grounding fault current compensation. However, in practical
application, while considering line impedance, the arc suppres-
sion effect of the above methods is limited due to the line volt-
age drop between the fault point and the main line, especially,
when the fault ground resistance is much smaller than the line
impedance, which leads to inaccuracy of zero-sequence voltage
control and results in large residual current of the grounding
point.

In this paper, a novel voltage arc suppression method to
accurately evaluate the line impedance is proposed. The injec-
tion zero-sequence voltage is theoretically analyzed by using
line impedance, which achieves accurate grounding fault current
compensation and reliable arc suppression effect. To accurately
compensate residual current, a dual-loop voltage and current
controller with accurate line impedance calculation is designed.
The line currents before and after the SLG fault are sampled and
calculated by difference to eliminate the influence of variational
load current.

This paper is organized as follows. In Section 2, the novel
principle of SLG fault arc suppression under complex distribu-
tion network is analyzed. An inverter-based dual-loop controller
with line impedance is presented in Section 3. The proposed arc
suppression method is verified in a typical 10 kV distribution
network in MATLAB/Simulink in Section 4, and experimental
results on a prototype are presented in Section 5 to verify the
effectiveness of the proposed algorithm.

2 PRINCIPLE OF ARC SUPPRESSION
WITH CONSIDERATION OF
LINE-IMPEDANCE EFFECT

Figure 1 is a simplified diagram of a 10 kv complex distribution
network with an injected current arc suppression device. EA,

EB and EC are the three-phase power supply voltages of com-
plex distribution network, UN is the neutral-to-ground voltage,
Iip is the injected current of the device. Rf is the ground-fault
resistance. C1 and L0 are the capacitance and inductance of the
filter circuit, while vd is the external power supply voltage. Zeq
is the line impedance from the fault point to the neutral point
of the distribution network. The device consists of an external
380 V three-phase power supply, a single-phase inverter, a recti-
fier, and an isolation transformer, which are all listed in Table 1.
The SLG fault is assumed to be phase C, the fault point is at the
end of the line.

Figure 2 shows voltage vector diagrams of the SLG
fault, where (a) does not take into account the existence of
line impedance, and (b) considers the existence of the line
impedance. UA, UB and UC are three-phase-to-ground bus volt-
ages which are the same to three-phase power supply volt-
ages EA, EB and EC before the SLG fault. Uf is the SLG
fault-point-to-ground voltage and it is the same to the phase-
to-ground voltage UC. Uzeq is the voltage drop of the line
impedance. UN is the neutral to ground voltage. As can be
seen from Figure 2a, the SLG fault-point-to-ground voltage
Uf is constrained to zero, when the amplitude of neutral volt-
age UN is equal to the amplitude of power supply voltage
EC, and the phase UN is the opposite of the EC. However,
as show in Figure 2b, while considering the existence of the
line impedance, Uf and UC are different. The Uf is constrained
to zero, when the UN is equal to Uzeq – EC. Therefore, this
paper proposes an active arc suppression strategy considering
the existence of line impedance to achieve more accurate arc
suppression.

In the proposed paper, the system is divided into two parts,
that is, distribution network module and control module. The
equivalent diagram of complex distribution network is shown
in Figure 3. Notice that the three-phase-to-ground voltages are
UA, UB and UC, and the three-phase symmetric system is stud-
ied, leading to RA = RB = RC = R0, CA = CB = CC = C0. C0
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TABLE 1 Distribution network and Asd variables

Factor Note

UA, UB, UC Three-phase-to-ground bus voltages

EA, EB, EC Three-phase power supply voltages

IA, IB, IC Line-to-line currents

RA, RB, RC Ground resistances

CA, CB, CC Ground capacitances

Rf Ground fault resistance

Zeq impedance of distribution network line

Iip, uNS Inverter output current, voltage

vd DC voltage of the inverter

L0, C1 Filter inductance, capacitance

UNs
*, I* Dual-loop control voltage and current reference value

UN Neutral-to-ground voltage

E0 Equivalent distribution network voltage source

Zs Equivalent distribution network impedance

N Isolation transformer ratio

Ginv Inverter gain

GPR, GPI PR and PI controller coefficient

f0 Fundamental frequency

Uzeq Voltage drops on the line impedance

Uf SLG fault-point-to-ground voltage

Ξ The arc suppression efficiency

IC0 Phase C current simplified by difference calculation

IC1, IC2 Phase C currents before and after the SLG fault

FIGURE 2 Voltage vector diagrams of the SLG fault

and R0 are phase to ground resistance and capacitance, respec-
tively. According to Kirchhoff ’s law, the injection current Iip can
be obtained and is shown as (1):

Iip =
UA +UB

Zeq + Z0
+

UC

Zeq + Rf∕∕Z0
, (1)

where Z0 = R0//(1/jωC0). Since three-phase-to-ground volt-
age is linked with the relationship of three-phase power supply

and neutral-to-ground voltage, shown as follows, UX =EX+UN
(X = A, B or C), EA+EB+EC = 0. Thus, the injected current
can be denoted as,

Iip = UCZ∑
1 + 3UN

(
Zeq + Z0

)−1
, (2)

where Z∑1 = (Zeq+Rf)/(Z0Zeq+RfZeq+Z0Rf)-1/(Z0+Zeq).
Due to the line impedance, the faulty phase voltage cannot be
treated as the fault point voltage Uf, as the voltage on the line
impedance Uzeq is satisfied with Uf+Uzeq = UC. Therefore, if
Uf = 0, then UC = Uzeq; (2) can be replaced as,

Iip = U zeqZ∑
1 + 3UN

(
Zeq + Z0

)−1
(3)

Notice that Uzeq = IC*Zeq. Load current exists in the phase C
line-to-line current, whose load capacity cannot be calculated in
practice.

2.1 Algorithm of the line impedance

According to (3), in order to obtain the reference of injected
current Iip, the grounding impedance Z0, the fault phase cur-
rent IC and the neutral-to-ground voltage UN should be mea-
sured. Because the location of the fault point cannot be known
in advance, and the ground fault resistance Rf oscillates with the
arc, the line impedance Zeq and Rf cannot easily be measured or
calculated. As the faulty phase current Ic includes load current
which varies with time, methods should be adopted to elimi-
nate the influence of the load current. The equivalent circuit dia-
gram of a single feeder in the distribution network is shown in
Figure 4.

To further simply the equivalent circuit in Figure 4, fault
phase sequence network diagram is presented, as shown in Fig-
ure 5. In normal operation, there is only positive sequence in
the system, so the total current IC1 of phase C can be obtained
as:

IC1 = EC∕
(
Zeq + Zload3

)
. (4)

When SLG fault occurs, the Phase C equivalent circuit can
be decomposed into three parts, the zero sequence, positive
sequence, and negative sequence. Thus, the total current of
phase C after SLG fault can be obtained as IC2,

IC2 = EC∕
(
Zeq + Zload∕∕Z0∕∕

(
3Rf + Z0

+ Zeq∕n + Zeq∕∕Zload∕∕Z0
))
. (5)

The instantaneous load before and after the fault can be
regarded as constant. Therefore, by subtracting the phase C cur-
rent before the fault from the current after the fault, the current
IC0 using the differential method has eliminated the influence of
the load current on the distribution network.

IC0 = EC∕
(
Zeq + (Z0∕∕Rf )

)
. (6)



2588 FAN ET AL.

FIGURE 3 Topology diagram of complex distribution network

FIGURE 4 Equivalent circuit diagram of distribution network

Then, the phase C current ignoring the load current is IC0,
and the simplified diagram of the equivalent circuit of the
distribution network after SLG fault is shown in Figure 6.

FIGURE 5 Phase C equivalent sequence network diagram after SLG fault

According to Kirchhoff ’s current laws:

⎧⎪⎪⎨⎪⎪⎩

UA +UB

Zeq + Z0
+

UC

Zeq + Rf∕∕Z0
= 0

UA + UB − 2Uzeq

Z0
+

UC − Uzeq

Z0∕∕Rf
= 0

. (7)
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FIGURE 6 Equivalent circuit diagram of simplified distribution network

Under the conditions of UX = EX+UN (X = A, B or C) and
EA+EB+EC = 0, (1) and (7) can be appropriately simplified as:

{
3UN

(
Z0Zeq + ZfZeq + Z0Rf

)
= −UCZ0

2

UCZ0 + 3UNRf = U zeq (Z0 + 3Rf )
. (8)

There are unknown parameters Uzeq, Zeq and Rf in (8).
Uzeq = IC0*Zeq can be known from Figure 5. So, the formu-
lation can be simplified to (9):

⎧⎪⎪⎨⎪⎪⎩
IC0 =

UCZ0 + 3UN Rf

Zeq (Z0 + 3Rf )

UN =
−UCZ0

2

3
(
Z0Zeq + ZeqRf + Z0Rf

) . (9)

In (9), only Zeq and Rf are unknown, and they can be figured
out as,

Zeq = −
UNUC − 3UN

2 −UNZ0IC0 +UCZ0IC0

2Z0IC0
, (10)

Rf =
−Z0 (3UN + Z0IC0)

3 (UN + Z0IC0)
. (11)

Notice that the line impedance and ground fault resistance
value above can be substituted into (3), further to get the accu-
rate injection current value.

Iip = U zeq

(
Zeq + Rf

Z0Zeq + RfZeq + Z0Rf
+

2
Zeq + Z0

)
− 3EC

(
Zeq + Z0

)−1
, (12)

FIGURE 7 Equivalent circuit of the distribution network

where Uzeq =−(UNUC − 3UN
2 −UNZ0IC0 +UCZ0IC0)/2UN,

and UC = EC + UN, Uf + Uzeq = UC, Uf = 0. It is found
that the injected current can be attained by substituting the line
impedance Zeq and ground fault resistance Rf.

With the purpose of control reliability, the proposed paper
intends to adopt a double closed-loop controller. According to
Figure 6, the neutral-to-ground voltage UN is equal to the differ-
ence between the phase C power supply voltage EC and the volt-
age drops on the line impedance Uzeq, which is shown in (13).

UN = U zeq − EC. (13)

Finally, it is necessary to control the neutral-to-ground volt-
age to force the fault point-to-ground voltage to zero and com-
plete the arc suppression.

The following chapter mainly introduces the application of
dual-loop voltage control method to control the neutral point
voltage in complex distribution network conditions.

3 ACTIVE ARC SUPPRESSION
CONTROL

The distribution network is a 10 kV power system. As the bolted
ground fault rarely happens, the ground-fault resistance Rf is
chosen to be 10 Ω to 10 kΩ in case study [14]. Thus, the power
stage of the distribution network is in fundamental frequency,
in which the distribution network can be treated as series con-
nected voltage source E0 and zero-sequence impedance of the
distribution network Z0, expressed in [15], where R0, C0 are set
as the symmetric phase-to-ground parameters of three-phase,
Zeq is the line impedance.

Figure 7 is a simplified diagram of the equivalent circuit of
the distribution network. Then, (14) and (15) can be obtained
by applying Thevenin equivalent transformation.

E0 = −
EC

N

R0

3sRfR0C0 + 3Rf + R0
, (14)

Zs =
R0Rf

N 2 (3sRfR0C0 + 3Rf + R0)
. (15)

The expressions of E0 and Zs can be obtained by applying
the applied voltage source method. Then can see that a complex
distribution network is reduced to a series of voltage sources and
resistors.
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FIGURE 8 Active arc suppression system with dual-loop control method

FIGURE 9 Block diagram of the dual-loop control method

It can be seen from (3) that the injected current is determined
by the network’s parameters, such as ground admittance and
line impedance of the line. In order to realize the control of
zero-sequence voltage, the closed-loop control technology of
power electronic equipment is adopted [16,17]. The amplitude
and phase of the injected current are feedback controlled, and
the fault phase voltage is forced to be zero, to achieve the pur-
pose of voltage suppression [18,19]. The structure of the control
part is shown in Figure 8.

The proposed paper adopts a double closed loop control sys-
tem, including an inner current loop and an outer voltage loop.
The voltage outer ring provides a reference voltage UNs

* to
the current inner ring, which provides a reference current I*

to the voltage outer ring. Then, through the voltage outer ring,
the neutral-to-ground voltage UN can be controlled. The dual-
loop control block diagram is as follows in the Figure 8, where
PI controller is used for the inner current loop, PR controller is
used for the outer voltage loop, and the inner and outer loops
are in series.

In the Figure 9, UNs
*, I*, I and U are the negative number

of fault phase voltage, output current reference value, output

current detection value and inverter output voltage, respectively.
GPR, GPI and Ginv are the transfer functions of PR controller,
PI controller and inverter respectively. 1/(sL0+r) is the simpli-
fied transfer function of the filter module, and E0 and Z0 are
the equivalent voltage and impedance of the distribution net-
work after Thevenin equivalent change, respectively. By using
the transfer function block diagram, we can simplify it again
and replace a feedback function with a forward channel trans-
fer function, which can greatly simplify the analysis processes.
The diagram is as follows in the Figure 10. New parameters are
obtained after simplification:

Gkb =
sC1

(
Zs + Zeq

)
1 + sC1

(
Zs + Zeq

)
=

sC1R0

(
Rf + Zeq + Zs

)
sR0

(
Rf + Zeq

)
(3N 2C0 +C1 ) +

(
3Zeq + 3Zs + 3Rf + R0

)
N 2

.

(16)

Figures 11 and 12 are the Bode diagrams of the transfer func-
tion Gkb when the fault ground resistance changes/unchanged
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FIGURE 10 Block diagram of simplified dual-loop control method

FIGURE 11 Bode diagram of Gkb when Rf varies and Zeq = 30 + j Ω

FIGURE 12 Bode diagram of Gkb when Zeq varies and Rf = 100 Ω

and the line impedance is fixed. It can be clearly seen in Fig-
ure 11 that it is in low frequency band, and the gain obtained
by high impedance grounding is greater than that by low
impedance grounding. While in Figure 12 the gain of low fre-
quency band increases with the increase of Zeq, and the anti-
interference ability is poor under heavy load.

The output current of the current inner loop is controlled
by the active arc suppression device and the output current of
the voltage outer loop is taken as the reference value. The high
precision real-time control of the output current is realized by
the PI controller. The transfer function of the current inner loop
is,

Gcp =
GPIGinv

SL0 + r + GPIGinv
. (17)

Parameter in the formula, GPI = Kp(1+Ki/s), Kp and Ki are
the proportional coefficient and integral coefficient of PI con-
troller respectively. The Ginv = Kinv, Kinv is the proportional
coefficient of the inverter.

The neutral-to-ground voltage UN is the control target of the
dual-loop. In order to suppress the ground fault voltage to zero,
the reference voltage should be equal to the difference between
the voltage on the line impedance and the phase C power sup-
ply voltage. The outer ring controller compares the difference
between the reference value and the neutral point voltage in real
time, and gets the reference value of the inner current through
PI. So that the neutral point voltage approximates the differ-
ence between the voltage on the line impedance and the phase
C power supply voltage, and then the fault point voltage is lim-
ited to zero. The transfer function of the UNS is:

UNS = G1U∗
NS + G2E0. (18)

According to the transfer function of Figure 9, using the char-
acteristics and principle of the system’s multi-input single out-
put, G1 and G2 can be obtained respectively.

G1 =
GPRGcpGkb

SC1 + GkbGPRGcp
, (19)

G2 =
Gkb

(
Zeq + Zs

)−1

SC1 + GkbGPRGcp
, (20)

where GPR = kp+2krωcs/(s2+2ωcs+ω2), Kp and Kr are the pro-
portional coefficient and resonance coefficient of PR controller,
respectively, and ωc is the resonant cutoff frequency.

As the voltage detection method only provides the refer-
ence voltage instruction for the outer voltage loop, and has no
influence on the controller of the inner current loop, the pro-
posed voltage detection method does not affect the output cur-
rent THD. The current THD limit can be realized by reason-
able selection of output filter inductor, switching frequency and
current inner loop control method [21]. The efficiency can be
improved by selecting switching frequency and reducing para-
sitic resistance parameters [22].

Therefore, the arc suppression process of SLG fault in distri-
bution network is shown in Figure 13. First, three-phase voltage
and acquisition of the neutral point voltage when the neutral
point voltage change is more than 15% of the phase voltage, for
ground-fault recognition, The fault phase is selected by compar-
ing the amplitude and phase changes of three-phase-to-ground
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FIGURE 13 Flowchart of active current suppression method

voltage before and after fault occurrence [20]. By recording the
values of relevant parameters in the distribution network before
and after the fault, the algorithm proposed in this paper is used
to calculate the line impedance, and the voltage drop U on
the line impedance is obtained. The reference voltage is deter-
mined by the voltage drop on the line impedance minus the
faulty phase voltage, and the neutral point voltage is controlled
through the output of the dual closed-loop controller. Hence,
ground-fault voltage and current at the fault point of the com-
plex distribution network are set to zero, to achieve the purpose
of arc suppression. Finally, the injected current is removed when
the fault is eliminated.

4 SIMULATION

A 10 kV distribution network simulation model was established
in MATLAB. In addition, two states are simulated in the control
algorithm. Both considers the line impedance of complex distri-

TABLE 2 Parameters for case study

Parameters Values

Distribution network Damping ratio d 0.08

Leakage resistance R0 12.7kΩ
Nominal distributed capacitance C0 8.36uF

Fundamental frequency f0 50 Hz

Line-to-neutral voltage Ex 5.77kv

Line-to-line voltage UX 10kv

Ground fault resistance RF 0.01-10kΩ
Active ASD Isolation transformer ratio N 10.5∕

√
3 ∶ 0.3

Isolation transformer capacity 100kVA

Isolation transformer leakage
inductance (low voltage side)

0.01mH

Filter inductance L0 0.5mH

Filter inductor ESR r 0.2Ω
Filter capacitance Cp 10uF

Inverter gain Ginv 600

Dc voltage vd 600V

FIGURE 14 Simulation waveforms of conventional method when
Rf = 10 Ω and Zeq = 30+0.01 jΩ

bution network, but one is adapted conventional ASD method
[12], and the other applies the proposed algorithm. Their arc
suppression effects are simulated in the case of high resistance
and low resistance. The parameters of the distribution network
and controller are listed in Table 2.

Figure 14 shows the simulation results of the proposed
method when Rf = 10Ω and Zeq = 30+0.01 jΩ. At 0.1 s, the
ground-fault resistance is connected. And the arc suppression
device is turned on at 0.2s, at this time, the voltage of the control
neutral-to-ground UN is -EC. After 0.3 s, the SLG fault-point-
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FIGURE 15 Simulation waveforms of conventional method when
Rf = 10 kΩ and Zeq = 30+0.01 jΩ

to-ground voltage Uf decreases from 657.5 V to 140.8 V. The
arc suppression efficiency is

𝜉 =
(657.5V − 140.8V)

657.5V
× 100% ≈ 78.6%.

Figure 15 shows the simulation results of the proposed
method when Rf = 10kΩ and Zeq = 30+0.01jΩ. At 0.1 s, the
ground-fault resistance is connected, and the arc suppression
device is turned on at 0.2 s. After 0.3 s, the SLG fault-point-to-
ground voltage Uf decreases from 8479.5 V to 493.3 V. The arc
suppression efficiency is

𝜉 =
(8479.5V − 493.3V)

8479.5V
× 100% ≈ 94.2%.

Figure 16 shows the simulation results of the proposed
method when Rf = 10 Ω and Zeq = 30+0.01 jΩ. The ground-
fault resistance is connected to the distribution network at 0.1
s. And the ASD is activated at 0.2 s, at this time, the voltage of
the control neutral-to-ground UN is Uzeq-EC. After 0.3 s, the
SLG fault-point-to-ground voltage Uf decreases from 657.5 V
to 23.6 V. The arc suppression efficiency is

𝜉 =
657.5V − 23.6V

657.5V
× 100% ≈ 96.4%.

Figure 17 shows the simulation results of the proposed
method when Rf = 10 kΩ and Zeq = 30+0.01 jΩ. Ground-fault
resistance is connected to the distribution network at 0.1 s, and
the ASD is activated at 0.2 s. After 0.3 s, the SLG fault-point-to-
ground voltage Uf decreases from 8479.5 V to 63.3 V. The arc

FIGURE 16 Simulation waveforms of the proposed method when
Rf = 10 Ω and Zeq = 30+0.01 jΩ

FIGURE 17 Simulation waveforms of the proposed method when
Rf = 10 kΩ and Zeq = 30+0.01 jΩ

suppression efficiency is

𝜉 =
8479.5V − 63.3V

8479.5V
× 100% ≈ 99.3%.

Combined with the above two states, different ground
fault resistance waveforms are simulated. It is found that the



2594 FAN ET AL.

TABLE 3 Simulation data in a variety of complex distribution network

Rf Zeq ξ of Conventional ASD ξ of Proposed ASD

10Ω 30+0.01j 78.6% 96.4%

1kΩ 30+0.01j 83.3% 98.6%

10kΩ 30+0.01j 94.2% 99.3%

10Ω 40+0.1jΩ 87.4% 96.3%

1kΩ 40+0.1jΩ 91.3% 98.7%

10kΩ 40+0.1jΩ 94.3% 99.7%

10Ω 50+0.5jΩ 80.2% 96.2%

1kΩ 50+0.5jΩ 82.6% 97.9%

10kΩ 50+0.5jΩ 85.0% 98.8%

conventional method is not satisfactory compared with the pro-
posed ASD method when the line impedance is considered, and
after arc suppression, there is still a large residual current in the
actual line. On the contrary, under the same conditions, the pro-
posed method has better effect, faster response speed, higher
control accuracy and more reliable arc suppression. Found that
under same conditions, when the line impedance value is larger,
the conventional ASD method’s effect is worse, and the pro-
posed ASD method with the new algorithm has more obvious
advantages. Especially when the line impedance is much larger
than the ground fault resistance, the comparison effect is more
notable.

Table 3 shows the data comparison of simulation between the
conventional arc suppression method and the arc suppression
method under various line impedance conditions.

5 EXPERIMENT

In order to verify the arc suppression effect of SLG fault in
complex distribution network, a corresponding physical simu-

TABLE 4 experimental parameters

Coefficients Values Units

Resonant cutoff frequency ωc 3.14 rad/s

Line impedance Zeq 30+0.01j Ω
Grounding fault resistance Rf 10,10000 Ω
Outer-loop Resonant ratio Kp 5 –

Outer-loop Resonant ratio Ki 23 –

Outer-loop Resonant ratio Kr 1 –

Nominal phase-to-ground resistance R0 200 Ω
Nominal phase-to-ground capacitance C0 200 uF

Line-to-neutral voltage Ex 220 V

Isolation transformer ratio N 1:1 –

Isolation transformer capacity 20 kVA

Switching frequency fsw 10 kHz

lation was also carried out in this paper. Figure 18 is the physi-
cal simulation system. The parameters of the distribution net-
work and the ASD are the same as the simulation in MAT-
LAB/Simulink in Section IV. So, the experiment parameter val-
ues are shown in Table 4, and the experiment results are shown
as follows.

As shown in Figure 18, 10 kV power supply system is formed
by 380 V power supply, a self-coupling transformer and a boost-
ing transformer. The main circuit of the active device consist
of a three-phase control rectifier and single-phase full bridge
inverter with an LC type filter. The rated voltage and current
of the IGBT modules of the inverter is 1, 200 V and 400 A,
respectively.

The digital signal controller TMS320F28335 from Texas
Instruments is used as the controller for power electronic
switches. The other parts of the experimental system are the

FIGURE 18 Experimental platform for flexible grounding system of distribution network
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FIGURE 19 Experiment result when Rf = 10 Ω and Zeq = 30+0.01j Ω.
CH1: Power supply voltage (10000 V/div, t:0.1 s/div)
CH2: Zero sequence voltage (10000 V/div, t:0.1 s/div)
CH3: Voltage to ground at fault point (1000 V/div, t:0.1 s/div)
CH4: Voltage drop on line impendence (5000 V/div, t:0.1 /div)

FIGURE 20 Experiment result when Rf = 10 kΩ and Zeq = 30+0.01 jΩ.
(CH3: Voltage to ground at fault point (2000 V/div, t:0.1 s/div))

same as Figure 1. The test scenarios in Section IV are duplicated
in this experiment for comparison.

As shown in Figure 19, at the moment of fault occurrence,
the voltage to earth at the fault point rises sharply and the neu-
tral point generates high voltage. After 0.2 s, the arc suppression
device is connected, since the ground resistance value is small
and the line impedance is large, the resistance to the ground at
the fault point decreases sharply. As shown in Figure 20, the
voltage at the fault point drops from 678.4 V to 28.7 V. The
effect of arc suppression is 95.8%. When the fault resistance is
set as 10kΩ, the voltage measurements are out of the range

Therefore, the experiment results are given in Figure 21.
The faulty phase voltage is reduced to 103 V. Arc suppression
effect reached 98.8%. In Figure 20, fast dynamic response can
be observed from the faulty point voltage. Thus, the proposed
ASD method is effective in complex distribution network.

As we record the information from practical situation, the
relationship among phase C supply voltage, voltage to ground
at fault point, zero-sequence voltage and line impedance volt-

FIGURE 21 Experiment result when Rf = 10 kΩ and Zeq = 30+0.01 jΩ.
CH1: Power supply voltage (10000 V/div, t:0.1 s/div)
CH2: Zero sequence voltage (10000 V/div, t:0.1 s/div)
CH3: Voltage to ground at fault point (10000 V/div, t:0.1 s/div)
CH4: Voltage drop on line impendence (2000 V/div, t:0. 1s/div)

FIGURE 22 Analysis of equation (UN = Uzeq-EC) from Experiment data
of the existing oscilloscope, additional sensors are added to capture the
accurate experiment results

age can be obtained in Figure 22, where the (13) can be proved
as accurate if fault occurs at phase C. Therefore, with the con-
sideration of the line impedance, the distribution network can
still be able to suppress the fault arc, if applying the proposed
method.

6 CONCLUSION

The proposed arc suppression method eliminates the influence
of the line impedance voltage drop on the existing arc suppres-
sion methods and achieves more efficient voltage suppression at
SLG fault points. The contribution and limitation of the paper
is concluded as follows,

1. A Novel algorithm is presented to calculate the line
impedance with the differential method, so that the influence
of load current can be eliminated.
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2. With the assistance of a novel algorithm for line impedance
calculation based on three-phase-to-ground currents and the
presented voltage control method, the injected current of
the device can be calculated by the neutral voltage and fault
phase voltage, which can achieve much better performance
than the traditional current control method.

3. Compared with the conventional active voltage type arc sup-
pression method, the proposed method has more accurate
arc suppression effect under the actual complex distribution
networks.

4. The stability analysis indicates that the stability of the pro-
posed control system could be easily guaranteed. The devel-
oped prototype is set up to operate in a real, complex non-
effectively earthed distribution system.

5. As the active voltage arc suppression device is an impor-
tant primary equipment, further studies need to focus on the
construction of regulations, test, and engineering verification
in the future to popularize and apply the proposed ASD in
power system.
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