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Abstract 
According to the shortcoming of single-phase ground fault line selection method in the resonant 

grounded system such as the uncertainty of its device by fast compensation with the automatic 
compensation equipment, an arc suppression and residual flow incremental method is proposed to 
effectively choose the earth fault line. Firstly, when the single-phase ground fault occurs, the arc 
suppression coil parameters are adjusted to realize compensation and arc suppression. Then the arc 
suppression coil inductance values are modulated to make the zero-sequence current of fault line 
changed, at the same time, the zero-sequence current value is detected and its change will be captured to 
select the fault line. The simulation experiments prove that the arc grounding over voltage damage can be 
effectively reduced by arc suppression coil full compensation and fault line can be effectively selected by 
arc suppression and residual flow increment method. 
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1.  Introduction 

In China, the resonant grounded system is mainly used in low-voltage power grid. This 
method can effectively limit the single-phase grounding fault current, which greatly reduce the 
harm caused by the fault of power system. 

However, for the resonant grounded system, fault current is smaller, and, by the current 
compensation, it is not easy to measure zero sequence current to select the fault line. 

In order to solve the problem above, an arc suppression and residual flow increment 
method is proposed, which change the arc suppression coil inductance values at neutral point 
to adjust the compensation degree and then change the zero-sequence current size. Firstly, arc 
suppression coil parameters are adjusted to fully compensate the arc, which reduced the 
grounding arc hazards, and then the fault line is determined by detecting the change of the zero 
sequence current magnitude. It overcomes the effect of grounding resistance, and solves the 
problem of fault line selection effectively. Finally, system simulation experiments are made to 
prove that this method is effective [1-4]. 
 
 
2. Arc Suppression and Residual Flow Increment Method 
2.1. The Basic Principle of Residual Flow Increment Method  

During the period of single-phase earthing fault, if appropriate changes in arc 
suppression coil detuning, only the zero-sequence current of fault line will become incremental, 
so fault line can be accurately determined. When single-phase permanent grounding fault 
happened, detuning of arc suppression coil is increased automatically, at the same time, the 
zero sequence current of each feeder is real-time acquired, synchronously recorded, intensively 
processed and analyzed, and compared by use of microcomputer, then the feeder whose zero 
sequence current (residual current) appears increment is the fault line.  
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Figure 1. The Zero Sequence Current Circuit Diagram 
 
 

2.2. The Residual Flow Increment Method Criterion 
2.2.1. Single Phase Metal Grounding Fault 

If the fault type is metal grounding, the zero sequence voltage is constant and the 
capacitances current to lines are constant whether the arc suppression coil parameters are 
changed or not, then the variation of the zero sequence current in the fault path is equal to the 
arc suppression coil inductance current variation, and the zero sequence current variation in 
other path is equal to 0. When arc suppression coil reactance is changed, if the change of the 
zero sequence current mode value of this point is very big, which is approximately equal to that 
of the arc suppression coil inductance current, the detection point is located at the fault path, 
and if the change of the zero sequence current mode value of this point is very small, which is 
approximately equal to 0, the detection point is located at a non-fault path [5-9].  

The derivation of principle of remnant current increment method criterion under metal 
grounding conditions is shown as follows: 

In Figure 1, the zero sequence current distribution pattern is shown after single-phase 
ground fault occurred in resonant grounded system. The system has 3 lines, where phase A is 
metal grounding, and the equivalent capacitances of the lines are 

1 2 3, ,C C C . The effect of line 

resistance can not be considered for metal grounding temporarily, and will be analyzed for 
resistance grounding. Therefore, the zero sequence equivalent network circuit diagram can be 
made as Figure 2. 

 
 

 
 

Figure 2. Zero Sequence Equivalent Network Circuit Diagram 
 
 

Zero-sequence current of non-fault line : 
 

0 0 ( 1, 2)3i i iI U j C                                (1)  

 
Zero-sequence current of arc suppression coil branch : 
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Zero-sequence current at the outlet of the fault line : 
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 According to the formula (3), zero sequence current at the outlet of the fault line is 

equal to the sum of all non-fault line zero sequence current and arc suppression coil inductance 
current, and the phase between zero-sequence current and zero-sequence voltage is 
determined by arc suppression coil inductor current.  
The short-circuit current of fault point : 
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After analysis, zero sequence voltage of the arc suppression coil is the same as voltage 

across equivalent capacitance, therefore, the gear of arc suppression coil can be adjusted to 
change the coil inductive current to compensate the capacitive current, so as to change zero 
sequence current at the outlet of the fault line [10]. And because both zero sequence voltage 
and equivalent capacitance of line are constant, the zero-sequence current of non-fault lines will 
not be changed, which can be used to distinguish the fault line. 
 
2.2.2. Single Phase Resistance Grounding Fault 

 For resistance grounding fault, according to the formula (5), when arc suppression coil 
parameters are changed, zero sequence voltage mode value will lead to the changes on the 
non-fault line, and residual flow increment method can not be directly used to select the fault line, 
and should be improved [7]. 

Therefore, before and after the change of arc suppression coil, the corresponding zero 
sequence current should be converted to that corresponding to the metal grounding conditions 
respectively, and the difference between them can be used to detect the fault line, that is, its 
change is great for fault path, and its change is approximately 0 for non-fault path. 

The derivation of principle of remnant current increment method criterion under 
resistance grounding conditions is shown as follows: 

 
 

 
 

Figure 3. The Zero Sequence Current Circuit Diagram with Resisitance Grounding  
 
 

 As shown in the Figure 3, neutral point is single-phase grounding via arc suppression 

coil system with resistance. Supposing that, , ,A B CU U U  are the power supply voltage, 0U  is 

neutral point voltage, 0C is the equivalent capacitance, and dR  is transition resistance. If in the 
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formula (4), the short point is as the node, the sum of the branch inflow current is zero according 
to Kirchhoff's current law, thus: 

 
0 0 0 0( ) ( ) ( ) 0A A B B C C LU U Y U U Y U U Y U Y                               (5) 

0 0
1 1
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d

Y Y j C Y j C Y
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And formula (6) is substitued for the corresponding part of formula (5), we get formula (7). 
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According to the formula (7), when the fault occurs, the gear of arc suppression coil is 

adjusted and inductor value is changed, then the inductor current LI becomes LI  by the formula 

(2), neutral zero sequence voltage 0U becomes 0U 
, at the same time, zero sequence current of 

the sequential circuit changes. 
At this time, all currents are converted to that corresponding to the metal grounding 

conditions. Since the line's capacitance to ground is unchanged, and the zero sequence voltage 

0U  of metal grounding is taken as a reference value, the zero sequence voltage is changed for 
the non-fault line, and the change value of zero sequence current is：  

                                                                                                
0 0 0 0
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                 (8) 

 
Both the zero-sequence voltage and zero sequence current are changed, and because, 

according to the formula (5), zero sequence current at the outlet of fault line is：  
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Where, U  is zero sequence voltage. 
After adjusting arc suppression coil and converting the current to that corresponding to 

the metal grounding conditions, the change value of zero sequence current of fault line is：  
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According to formula (8) and (10), after converted, the change of zero-sequence current 

at the outlet of non-fault line is 0, while the change of zero sequence current at the outlet of the 
fault line is equal to that of inductance current, which can be used to find out the fault line. 

Because of the system voltage fluctuation, the measurement error and other factors, 
there are some difference between the actual measured variation of zero sequence current and 
the theory, and the threshold limitation should be set [9-12]. 
 
2.3. Arc Suppression and Residual Flow Increment Method 
2.3.1. Harm of Overvoltage to the Power Grid for Arc Grounding 

For power grid, when its neutral point is not grounding, the overvoltage or arc grounding 
is 3~5 times as the phase voltage, and even higher. Therefore, when the grid voltage of single-
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phase grounding extend over a longer period of time, if effective measures do not be taken in 
time, the network equipment insulation may be affected, and the insulation weak device can be 
destroyed by the electric shock, which can further lead to interphase short circuit, equipment 
damage and severe accident. With the middle and low voltage network continuing to expand, 
and the length of power supply bus wire loop growing, capacitive current of the single phase 
grounding is significantly increased, which lead to that single-phase grounding arc cannot 
automatically extinguish and appear ground arc. Then, the arc reignition and quenching process 
will lead to intermittent power capacitor and inductor circuit of electromagnetic oscillation, so as 
to generate overvoltage of arc grounding [11]. 
 
2.3.2. The Limitation of Traditional Zero Sequence Current Increment Method 

Since zero sequence current increment method was introduced, it began to to get 
recognition for its simple principle. In practice, to ensure the line selection, it need to have at 
least 4 to 5A current increment, which makes the grounding residual current increased,and it is 
not conducive to extinguish the arc, and can also aggravate the fault degree. 

 
2.3.3. Arc Suppression and Residual Flow Increment Method 

 According to the shortcoming of traditional increment method, in this paper, Arc 
suppression and residual flow increment method is proposed to effectively solve the arc and 
greatly improve the reliability of fault line selection, while keeping the advantage of the original 
incremental method. The automatic tuning arc suppression coil grounding compensation is 
adopted to realize full compensation, and damping resistance is added in primary circuit in 
series to reduce the neutral resonant overvoltage, which makes the amplitude is 5~10% that of 
the phase voltage. In the formula (4), we change arc suppression coil inductance to compensate 
the capacitive current fully, and limit the neutral point voltage to permissible values. Thus, we 
can achieve the best way to work with minimal residual flow (the full compensation way) without 
causing arc grounding overvoltage. In all, this method firstly suppress the arc of the ground 
point to reduce the adverse effect of arc extinction, then after 2s, the traditional residual flow 
increment method is used [11-13]. 

 
 

3. Implement of Arc Suppression and Residual Flow Increment Method 
3.1. Zero Sequence Current Signal Acquisition Method 
3.1.1. Peripheral Structure Design 

FPGA can be used to design, programe, test, modify and analyze in the workplace, 
thereby to realize digital system design and application of single chip. The peripheral structures 
of system is shown in Figure 4, mainly used for data acquisition. FPGA peripheral signals such 
as the analog signal can be acquired into conversion chip, then be transferred to the FPGA. 
Among this system, the conversion chip AD7641A is controlled by EP3C40F484C6, and a MCU 
joined in peripheral chips is used to control FPGA, and most of the treatments are mainly the 
inside the FPGA. 

 

 
Figure 4. The FPGA and A/D Converter Connection Diagram 

 
 

 The internal functions of FPGA are mainly based on the specific design, and the 
scalability of the system is considered for hardware platform design, and the system resource is 
assessed from the choice of devices.This paper adopts FPGA SMD chip EP3C40F484C6 with 
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240 pins, 39600 LE, and 26 RAM of 4K (239616bits in total), containing 2 high performance PLL 
and 185 IO defined by user. After received MCU signal, FPGA chip control A/D conversion chip 
and receive the converted digital signals. And flow chart of the program is shown in Figure 5 [6]. 

 
 

 
 

Figure 5. Flow Chart of the Program 
 
 

3.2. System’s Simulation Model and Parameters 
Topological structure of 10kV network simulation system is shown in Figure 6. The 

system model is equipped with 3 feeders with   type equivalent circuit, where, 
0 4.126 /L mH km , 0 0 .00775 /C F km , and 150, 100, 60km in length respectively [11]. 

Supposed, single phase ground fault of route 3 occurs at 0.01s. 
 
 

 
Figure 6. Simulation Circuit Diagram 

 
 

3.2.1 Fault of Metal Grounding 
Before and after adjusting arc suppression coil parameters, the zero sequence voltage 

is almost the same, and the changes of zero sequence current magnitude in each measuring 
point are shown in Table 1. 
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Table 1. Metal Grounding Fault 

 
 
 
3.2.2. Fault of Resistance Grounding 

Grounding resistance is 100 ohms, and arc suppression coil inductance is adjusted and 
converted to that corresponding to the metal grounding fault condition, and the changes of zero 
sequence current magnitude in each measuring point are shown in Table 2. 

 
 

Table 2. The Resistance Grounding Fault 

 
 

 
From Table 1 and 2, according to the residual flow increment method, with the change 

of arc suppression coil parameters, the change of the zero sequence current mode value of fault 
line is very big, while the change of the zero sequence current mode value of non-fault line is 
constant or very small for the error changes. Then, fault line can be found by the numerical 
comparison. 

Simulation results indicate that, for a metal grounding or resistance grounding, arc 
suppression and residual flow increment method can be used to select the fault line accuratelly. 
 
 
4. Conclusion 

According to the shortcoming of single-phase ground fault line selection method in the 
resonant grounded system, a new method named arc suppression and residual flow increment 
method is proposed, which has the advantages as follows: 
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(1)  The principle of arc extinction residual flow increment protection is very simple, and zero 
sequence current increment is only produced in the fault line. 

(2)  For arc suppression and residual flow increment method, the harm of arc grounding 
overvoltage can be effectively reduced by arc suppression coil full compensation. 

(3)  The method is not only suitable for the metal grounding fault, but also for the resistance 
grounding fault after converted. 

(4)  The method combines FPGA with computer to realize zero-sequence variables’ 
acquisition, simultaneous recording and centralized treatment, and finally identifies the fault 
line [11]. 
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