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Abstract: In the case of live working in the distribution network, a live method of live working that satisfies the requirements 

for personal safety and power supply reliability needs to be studied, because of the serious safety accidents caused by misuse and 

weak safety awareness. Based on the zero potential characteristics of the operating point, a new method based on injection 

current for zero-potential uninterrupted operation in distribution network is proposed. The Floyd algorithm is used to calculate 

the shortest electrical distance from the live working point to the substation, and the capacitance value of the ground is 

measured by the resonant grounding system, and the current value injected further to the neutral point is calculated. By 

regulating the zero-sequence voltage, the neutral point voltage is equal to the difference between the operating phase line 

voltage drop and the operating phase power supply voltage, ensuring that the operating point voltage is zero. Finally, based on 

the PSCAD simulation software, the system model is established. The simulation verifies the feasibility of the proposed 

method by comparing the voltage curves of the working phase. 
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1. Introduction 

With the rapid development of China's power grid and the 

continuous improvement of power supply reliability 

requirements [1], the research and standardization work of 

the live working technology has become a new development 

and breakthrough [2]. If the fault cannot be removed within a 

short time, it would affect the reliability of the power supply 

and the quality of the power supply [3-4]. Therefore, live 

working as an important means to improve power supply 

reliability and service quality has received increasing 

attention. It was of great practical significance for the study 

of the methods on distribution network protection [5-6]. 

In recent years, the research on live working in the 

distribution network has been rapidly developed in order to 

meet the diversification of the distribution network operation 

mode and grid structure. In the current study, there were two 

main ways of not stopping power: (1) Working directly on 

live lines or equipment. Reference [7] divided live working 

into ground potential operation method, intermediate 

potential operation method, and equipotential operation 

method; The trial range of live working methods has been 

studied in [8]; In [9], the safety spacing and operation mode 

of live working were studied, and the actual operation 

simulation test of the live working of the insulated bucket car 

was carried out. (2) Continuous power supply to users by 

means of bypass or mobile power. Reference [10] proved that 

the charging operation under bypass conditions is safe; 

Reference [11-12] introduced the method of implementing 

protective grounding for bypass flexible cable in integrated 

unpowered operation of 10kV distribution network; Three 

mobile power operation methods for mobile power 

generation vehicles, load transfer vehicles and EPS 

emergency power supply vehicles were introduced in [13-14]. 

The prior art has certain security risks, so it satisfied the 

requirements for personal safety and power supply reliability. 

Therefore, based on the zero-potential theory and 
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technology of the operating point, this paper studies the 

zero-sequence current to control the phase voltage of the 

operating point to zero, and proposes a zero-potential 

non-blackout method. Finally, the feasibility of the proposed 

method is verified by simulation software PSCAD. 

2. Zero-potential Non-blackout 

Operation Method for Distribution 

Network 

As shown in Figure 1, the current iI
ɺ  is injected into the 

neutral point through the grounding transformer, which causes 

the neutral point to ground voltage NUɺ  to shift. A, B, C three 

relative ground voltage changes, but the line voltage between 

the phases is not affected. Since the general distribution 

network power supply and load are delta connection, the zero 

sequence voltage change does not affect the power supply and 

load, so the power supply and load are not affected by the C 

phase step-down, so the non-effective ground distribution 

system has a single-phase step-down line. The advantage of 

voltage symmetrical operation leads to feasibility of 

single-phase buck symmetrical operation. 

In Figure 1, the C-phase line needs to be energized. 

Assume that the operating point voltage is fUɺ , the neutral 

point voltage is NUɺ , the line unit impedance is z, the 

voltage drop between the power bus and the operating point 

is U∆ ɺ , and the three-phase power supply voltage is 

respectively A B CE E Eɺ ɺ ɺ、 、 . 

 
Figure 1. Working Point Zero Potential Control Principle Diagram. 

The concentrated series impedance can be used as the 

equivalent impedance of the line, due to the lower voltage 

level and lower capacitance current in the distribution 

network of 35kV and below. When the working phase current 

is 
.

cI , U∆ ɺ  can be obtained by Ohm's law: 

. .

CU I Zl∆ =                (1) 

Based on the KCL theorem and the KVL theorem, the 

neutral point voltage and the operating point voltage 

expression can be obtained as shown in equation (2). 
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Where, 
.

iI  is the current injected into the neutral point by 

the active inverter, 0Y is earth admittance when the power 

grid is in normal operation, LY  is ground admittance of arc 

suppression coil. 

When =0fUɺ , the corresponding operating point potential 

is zero. NUɺ  can be expressed as: 
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Considering the formula (1)-(3) comprehensively, the 

expression of the injected current required by the 

zero-potential uninterruptible operation method of the 

distribution network can be calculated. 

. . .

0 0( )(3 )i C CC LI E I zl Y Y I zlY= − + + −ɺ        (4) 

3. Calculation Method of the Shortest 

Electrical Distance from Live Working 

Point to Substation 

In the above method, it is necessary to know the voltage 

drop from the substation to the operating point U∆ ɺ , and it is 

related to the line unit impedance z and the electrical distance 

l  from the substation to the working point. The unit 

impedance of the line can be obtained by the line parameters 

and related measuring equipment. The electrical distance l  
has many complicated branch lines due to the structure of the 

distribution network. There is no direct and convenient 

measurement method. Therefore, a Floyd algorithm based 

method for calculating the shortest electrical distance from the 
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live working point of the distribution network to the substation 

is proposed. 

The method process is as follows： 

1) The branch nodes of the line are numbered (1, 2, , )n⋯  

with the substation as the center, the total number of 

nodes is n, and the node set is N; 

2) The distance matrix D is obtained by the adjacent 

distance between the nodes; 

3) Define the shortest path matrix as minD , let minD D= ; 

4) Determine whether (5) is true when seeking the shortest 

path; 

min min min( , ) ( , ) ( , )

, ,

D i k D i j D j k

j N i j j k

≥ +
 ∈ ≠ ≠

      (5) 

If equation (5) holds, then equation (6) satisfies the 

condition, otherwise equation (7) satisfies the condition.; 

min min min( , ) ( , ) ( , )

, ,

D i k D i j D j k

j N i j j k

= +
 ∈ ≠ ≠

     (6) 

min min( , ) ( , )D i k D i k=             (7) 

Let 1, 2, , , ,j n i j j k= ≠ ≠… . Search all nodes in turn. If 

the elements in matrix minD  have not changed during the 

search, minD  is the final shortest path matrix. If an element 

changes, jump to step (4) until all elements are no longer Until 

there is a change; 

5) Output matrix minD . The arbitrary element of the matrix 

is the shortest distance from branch node i to branch 

node j. 

min ( , )D i j

i N

j N


 ∈
 ∈

                   (8) 

The above steps are shown in Figure 2. 

 

Figure 2. Flow chart for calculating electrical distance based on Floyd algorithm. 
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4. The Measurement Method of Resonant 

Grounding Distribution Network 

Capacitance 

Accurate calculation of the injection current is used to 

achieve zero potential control at the operating point, and it is 

required to accurately measure the insulation parameters of 

the distribution network. Considering the influence of 

damping resistance on the measurement of the grounding 

parameters of the distribution network, a new method for 

measuring the capacitance of the grounding system to the 

ground is proposed, which can improve the accuracy of the 

capacitance measurement of the distribution network to the 

ground. 

A variable frequency current iI
ɺ  is injected into the 

distribution network through the neutral point zero-sequence 

voltage transformer of the distribution network, and the 

frequency 0ω  is a multiple of non-power frequency or 

non-power frequency. Due to the existence of the damping 

resistor, the method does not directly measure the return 

voltage from the neutral point zero-sequence voltage 

transformer of the distribution network, but measures the 

return voltage iUɺ  from the internal voltage transformer of 

the arc suppression coil. 

The equivalent circuit is established by using the impedance 

characteristics of the variable frequency signal circulation 

loop. According to the partial pressure theorem, the neutral 

point to ground voltage can be obtained. 
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Where pL  is the arc suppression coil, 0R  is the damping 

resistance, 1k  is the neutral point zero-sequence voltage 

transformer ratio of the distribution network, and 2k  is the 

internal voltage transformer ratio of the arc suppression coil. 

The series arc suppression coil pL  and the damping 

resistor 0R  are subjected to Thevenin equivalent, and 

converted into an equivalent inductance and an equivalent 

resistance in parallel, and the formula (11) can be obtained. 
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Where g∑  is the relative leakage leakage conductance of 

the distribution network three, and C∑  is the relative ground 

capacitance of the distribution network. 

Using the real and imaginary parts of the total admittance 

equal, the equation (12) is available. 
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According to the variable frequency equivalent circuit, the 

formula (13) can be obtained. 
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Comprehensive analysis of equations (10)-(13), the 

system's expression of capacitance to ground can be obtained. 
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The measurement method eliminates the influence of the 

damping resistance during the measurement of the 

capacitance current from the measurement principle, and does 

not involve the primary side equipment in all operations in the 

implementation process. The method has the advantages of 

simple operation, safety and fastness, and can realize on-line 

measurement of the capacitance to the ground. 

5. Simulation Analysis 

As shown in Figure 1, the single-phase step-down operation 

diagram of the 10kV distribution network is built in PSCAD. 

The active inverter device is connected between the neutral 

point and the earth. It can be equivalent to a controllable 

current source, and the output current is iI
ɺ . 

A B CE E Eɺ ɺ ɺ、 、  is the grid power supply voltage; 

A B Cr r r、 、  are the relative resistance of the grid three, 

A B CC C C、 、  are the relative capacitance of the grid three; 

The neutral point N is grounded by the arc suppression coil, 

and L is the arc suppression coil inductance. The simulation 

parameters are shown in Table 1. 

Table 1. Simulation parameter setting table. 

Variable name value 

The ground leakage resistance /r kΩ  44 

The ground capacitance /C Fµ  14.9
 

The arc suppression coil gear setting /H  0.2 

5.1. Normal Circumstances 

When the charging operation is performed at the point D of 

the C phase, the voltage curve of the phase C of the working 

phase is normally shown in Figure 3. Substituting the 

parameters into equation (4), the neutral point injection 
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current is 12.36 65.99iI A= ∠ɺ . When a current is injected into 

the system at 0.2 seconds, the voltage curve is as shown in 

Figure 4. It can be seen from the figure that after the current 

injection, the C-phase voltage becomes 0, which verifies the 

feasibility of the zero-potential uninterrupted operation 

method of the proposed distribution network. 

 

Figure 3. C-phase voltage change under normal conditions. 

 

Figure 4. Phase C voltage change after taking measures under normal conditions. 

5.2. Small Resistance Ground Fault 

When the system is 0.1s, a small resistance ground fault 

occurs in the C phase (the fault grounding resistance is 

200Ω), and the voltage curve of the phase C of the working 

phase is shown in Figure 5. Substituting the parameters into 

equation (4), the neutral point injection current is 

10.21 55.39iI A= ∠ɺ . When a current is injected into the 

system at 0.2 seconds, the voltage curve is as shown in 

Figure 6. It can be seen from the figure that after the current 

injection, the C-phase voltage becomes 0, which verifies 

the feasibility of the zero-potential uninterrupted operation 

method of the proposed distribution network. 
 

Figure 5. Phase C voltage change with small resistance grounded. 
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Figure 6. Phase C voltage change after taking measures with small resistance 

grounding. 

5.3. Large Resistance Ground Fault 

When the system is 0.1s, a large resistance ground fault occurs 

in the C phase (the fault grounding resistance is 1000Ω), and the 

voltage curve of the phase C of the working phase is shown in 

Figure 7. Substituting the parameters into equation (4), the 

neutral point injection current is 11.66 22.34iI A= ∠ɺ . When a 

current is injected into the system at 0.2 seconds, the voltage 

curve is as shown in Figure 8. It can be seen from the figure that 

after the current injection, the C-phase voltage becomes 0, which 

verifies the feasibility of the zero-potential uninterrupted 

operation method of the proposed distribution network. 

 

Figure 7. Phase C voltage change with large resistance grounded. 

 

Figure 8. Phase C voltage change after taking measures with large resistance 

grounding. 

6. Conclusion 

In the distribution network, serious accidents will occur 

due to misuse and weak safety awareness during live 

working. In order to improve the reliability of power supply 

and personal safety, a new method based on injection 

current for zero-potential uninterrupted operation of 

distribution network is proposed. Here are some 

conclusions as follows: 

By injecting current into the neutral point, the 

zero-sequence voltage is adjusted so that the neutral point 

voltage is equal to the value of the operating phase line 

voltage drop minus the operating phase power supply voltage, 

ensuring that the operating point voltage is zero; 

Adopting the zero-potential uninterrupted operation 

method of the distribution network requires the shortest 

electrical distance from the live working point to the 

substation and the capacitance to ground. The Floyd 

algorithm can be used to calculate the shortest electrical 

distance, and the ground capacitance can be measured by the 

resonant grounding system; 

The simulation is carried out by using PSCAD software, 

and the voltage curve comparison chart is taken when the 

working phase takes measures to provide support for the 

feasibility of the proposed method. 
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