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Abstract: Aiming at the problem of blind reclosing in permanent fault in active distribution network, 
a non-fault identification method before three-phase reclosing based on parameter identification is 
proposed. After the three-phase trip of the fault line, the distributed generation （DG）is used to 
simultaneously apply three-phase symmetrical low-frequency voltage excitation to the isolated line. 
When there is no fault that is the transient fault arc is extinguished, the three-phase network is 
symmetrical and each phase equivalent circuit is consisted of its own loop resistance and inductance. 
But in the case of permanent fault, the three-phase is asymmetry and the fault phase equivalent 
circuits are related to the transition resistance and fault location etc., which cannot be characterized 
as the aforementioned linear relationship. Therefore, using the differences to identify the fault 
condition before reclosing. Based on the principle of parameter identification, the R-L network in the 
non-fault is used as the reference model. Using the voltage and current information on the line side 
during the excitation period, and the least squares algorithm is used to calculate the resistance and 
inductance parameters of each phase circuit. When the calculated values of the resistance and 
inductance are consistent with the corresponding actual values, it is determined that the arc is 
extinguished and there is no fault. Simulation was conducted using PSCAD in different situations, 
and the results showed that the proposed non-fault detection method can effectively identify the fault 
condition before reclosing, and it does not require additional disturbance source equipment, which 
is helpful for the application and practice of adaptive three-phase reclosing in distribution lines. 

Keywords: active distribution network; distributed generation; adaptive three-phase reclosure; non-
fault detection; parameter identification 
 

1. Introduction 

With the rapid development of clean and renewable distributed generation (DG)[1,2], traditional 
passive distribution networks have become active networks, and this transformation not only 
improves the complexity and diversity of the distribution network [3], but also brings new challenges 
to the traditional protection and fault handling modes. Relevant statistics show that more than 80% 
of the faults occurring in distribution networks are transient faults [4], so the use of pre-accelerated 
reclosing can significantly shorten the outage time and further improve the reliability of power 
supply in distribution networks. The current main strategy for DG access is to increase the check no-
voltage step, but since most of the existing distribution network lines are configured with circuit 
breakers only on the system side, the implementation of the check no-voltage usually requires the 
new energy downstream of the fault point to stop operation, and the reclosing on the permanent fault 
may cause a secondary impact on the system, further worsening the fault condition and aggravating 
the damage of the equipment [5]. 

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and 
contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting 
from any ideas, methods, instructions, or products referred to in the content.
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In order to overcome this shortcoming of traditional auto-reclosure, scholars have proposed 
adaptive reclosing that identifies the nature of the fault before the circuit breaker recloses, so as to 
avoid reclosing on the faulty line [6]. At present, for the high-voltage transmission line adaptive 
reclosing technology has been carried out a lot of research [7–9], distribution lines in the voltage level 
and the structure is obviously different from the transmission line [10], resulting in the transmission 
line existing fault detection technology directly used in the distribution network effect is not ideal, 
therefore there is a need to study adaptive reclosing methods for distribution networks. Existing fault 
detection methods for distribution networks are divided into two main categories, one is the fault 
detection technique using the line's own electrical quantity [11], but it is susceptible to fault location, 
and transition resistance, and is difficult to measure when the electrical quantity decays too fast. The 
second category is mainly fault detection techniques using applied disturbance devices, which utility 
the response characteristics of the line to applied disturbances for phase-to-phase fault discrimination 
[12,13]. One of the methods in this category is based on the scheme of identifying the nature of faults 
by perturbation signals from traditional electrical equipment. [14] uses a DC source to cast a pre-
charged additional capacitor to the fault line several times, and screens the fault circuit according to 
the attenuation characteristics of the capacitor current. In [15], the external disturbance is applied to 
three phase-to-phase circuits in turn. The fault circuit is identified by the significant difference 
between the disturbance current of the fault phase-to-phase circuit and the other two non-fault phase-
to-phase circuits. The disturbance signal is further applied to the fault phase-to-phase circuit, and the 
fault type is identified by the difference between the two disturbance currents. The other is based on 
the high controllability of power electronic equipment to provide effective fault characteristics for 
fault screening. [16] adds the inverter power supply to the distribution transformer, and uses the 
relationship between the line wave impedance and frequency to identify the faulty line. [17] applies 
a voltage perturbation signal to the grid using the inverter power supply and estimates the resistance 
and inductance at the excitation end through parameter identification techniques, and compares the 
parameter values obtained from the estimation with the real values of the actual circuit. The 
estimated parameter values are compared with the real values of the actual circuit to discern the 
nature of the fault. The use of external perturbation fault detection scheme has become an effective 
way to solve the lack of available signals after the tripping of distribution lines, but requires 
additional configuration of the corresponding dedicated perturbation source. Along with a large 
number of distributed DGs accessing the distribution network, it has become possible to apply short-
duration perturbation excitation using the additional control of the line-accessed DG own power 
electronics after the tripping of the system-side circuit breaker after a fault [18], which provides a new 
way of thinking to implement the injective fault detection scheme. 

In recent years, the parameter identification principle has been extensively investigated in novel 
protection schemes for high-voltage transmission lines [19], transformer protection [20], and adaptive 
reclosing [21]. It has demonstrated advantages such as immunity to decaying DC components and 
reduced requirements for filtering devices, attracting significant attention from researchers. Based on 
the concept of parameter identification, this paper investigates a non-fault phase detection method 
for active distribution networks to achieve adaptive three-phase reclosing. After three-phase tripping 
of the faulted line outline breaker in the distribution network, the connected DG inverter is utilized 
to briefly inject three-phase symmetrical low-frequency voltage excitation signals into the de-
energized line. Using the non-fault RL equivalent network as the parameter identification reference 
model, the discrimination of fault-free conditions is achieved by analyzing the deviations between 
the identified resistance, inductance values and their corresponding actual measured values. 
Extensive simulation studies have verified the validity and effectiveness of the proposed method. 
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2. Fault Characterization 

2.1. Fault Detection Scheme Using DG Injection 

Taking Figure 1 as an example, this paper illustrates the non-fault detection scheme based on 
DG injection for distribution lines before three-phase reclosing [22]. After the three-phase tripping of 
the circuit breaker on power supply side due to a fault occurs in a distribution line, the residual 
electrical quantities are released after a fixed delay to avoid their impact on subsequent fault state 
detection results. At the same time, using the flexible and controllable characteristics of the DG 
inverter, the three-phase symmetrical voltage excitation is applied to the line to be detected by the 
DG for a short time. Using the difference in the characteristics of the circuit response at the point of 
common coupling (PCC) of the detected line during the excitation period, the fault state is further 
identified based on the results of model parameter identification. If it is judged to be a non-fault state, 
the three-phase reclosing on the line side avoids the risk of blind reclosing failure. 

Bus
Transformer
10kV/0.4kV

Load

PCC

Transformer
100kV/10kV

DG
Injected 
Signal

 

Figure 1. Fault detection system based on injection by DG in active distribution network. 

Among them, the amplitude and frequency of the three-phase voltage excitation applied by DG 
are the key parameters of the injection fault detection scheme. Considering that the measurement 
accuracy of 10kV voltage transformer is not less than 5% of the rated voltage NU , that is, the 
amplitude of the injected voltage xU should be satisfied the relation, i.e. x N5%U U≥ . At the same time, 
reference [23] stipulates that the permissible deviation of supply voltage of 10kV and below is ±7% 
of the rated voltage. The range for the amplitude of injected voltage excitation is limited by the 
relation, i.e. N x N5% 7%U U U≤ ≤ . 

At the same time, the frequency of DG injection voltage excitation should be under the premise 
of satisfying the inverter own working parameters and performance constraints, so that the 
permanent fault and the instantaneous fault characteristics of arc extinction are significantly different 
to improve the sensitivity of fault detection [24]. In this paper, the idea of parameter identification is 
used to identify the time domain method of fault identification [25]. It involves the calculation of 
differential substitution derivative of sampling value, which requires high sampling frequency. 
Usually, the calculation step size is -4 -510 ~10 s . In order to reduce the influence of line capacitance and 
communication and detection results, the frequency of the excitation signal should be selected as low 
as possible, usually its frequency is limited by10Hz 30Hzxf≤ ≤ [17]. 

2.2. Fault Modelling 

Taking an AB phase-to-phase fault on the line as an example, this paper conducts a comparative 
analysis of the equivalent networks under transient fault (non-fault) conditions and permanent fault 
conditions 

2.2.1. Transient Fault (i.e., Non-Fault) 

When the distribution line is non-fault or the transient fault has been cleared, its equivalent 
network is shown in Figure 2. Where, ( a,b,c)uφ φ =  are the voltages at the PCC, and ( )i tφ ( )a,b,cφ =  
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is the current in each phase, 1R  is the self-resistance of each phase line, 1L  is the self-inductance of 
each phase line, '

TL  is the equivalent inductance of the distribution transformer, and N is the virtual 
neutral point. 

a ( )u t

( )bu t

( )cu t

a ( )i t

( )bi t

( )ci t

TL ′

TL′

TL′

lR

lR

lR

lL

lL

lL

N

 
Figure 2. Non-free equivalent network of distribution network 

Obviously, when the three-phase symmetrical low-frequency voltage excitation is applied 
simultaneously by the DG, if the line is in a non-fault state at this time, the three-phase is symmetrical. 
The three-phase equivalent network shown in Figure 2 is equivalent to the single-phase equivalent 
network shown in Figure 3 for analysis. 

+

-

( )i tφ

( )u tφ

lR lL TL′
N

 

Figure 3. Non-fault equivalent network diagram 

The equivalent network equations shown in Figure 3 can be obtained as shown in equation (1): 

( ) ( ) ( ) ( ) ( ) ( )
l l T eq eq

di t di t
u t R i t L L R i t L

dt dt
φ φ

φ φ φ′= + + = +
 

(1)

From equation (1), the excitation voltage ( )( , , )u t a b cφ φ =  of any phase is consisted by a linear 
relationship between eqR and eqL  of each phase circuit of the line. 

2.2.2. Permanent Fault 

Similarly, if the phase-to-phase fault still exists when voltage excitation is applied, the line 
equivalent network is shown in Figure 4. In which, fR is the fault transition resistance, m is the 
distance from the fault point to the first end of the line as a proportion of the total length of the line. 

1Z  is the equivalent impedance from the point of failure to the end of the line. 

a ( )u t

( )bu t

a ( )i t

( )bi t

lmR lmL

lmR lmL

fR

l1 )m R−（ l1 )m L−（ TL′

TL′l1 )m L−（l1 )m R−（

1Z

 
Figure 3. Distribution line AB permanent fault equivalent network 
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The equivalent network equation shown in Figure 4 can be obtained as shown in equation (2): 

( ) ( ) ( ) ( )a
a l f 1 a l b[2 // ] 2

di t
u t mR R Z i t mL u t

dt
= + + +

 
(2)

where 1 l l T2(1 ) 2j (1 ) +2jZ m R m L Lω ω ′= − + − , 
Obviously, the excitation voltage for any of the faulted phases is related to the fault point 

location m, the transition resistance fR and the excitation voltage ( )u tφ of the other phase, and it 

cannot be characterized as a linear relationship as shown in equation(1). For a two-phase ground 
fault, a similar relationship exists as in equation (2). 

In addition, since three-phase fault is symmetrical fault, it can also be analyzed as a single-phase 
equivalent circuit, and the relationship is shown in equation (3). 

( ) ( ) ( )
l l

di t
u t mR i t mL

dt
φ

φ φ= +
 

(3)

From equation (3), it can be seen that the excitation voltage ( )u tφ =a,b,cφ（ ） of each phase 
generated by the DG is related to the resistance lR  and inductance lL of the line itself from the fault 
point to the DG access point, i.e., the fault location m is related to the resistance parameter and the 
inductance parameter in the model, which are significantly different from those in the case of non-
fault condition.  

From equation (1) to equation (3), it can be seen that there is a significant difference between the 
non-fault equivalent network and the permanent fault equivalent network, so the difference can be 
utilized for the screening of the fault state of the three-phase circuit. Based on the principle of model 
parameter identification, the R-L equivalent network in non-fault state is used as the reference model, 
and the voltage and current at the PCC during the excitation period are collected to calculate the 
equivalent resistance and inductance of the line to be detected, and the fault state is identified based 
on the difference between the recognized values of resistance and inductance and the corresponding 
actual values. 

3. Non-Fault Detection Principle and Criterion Based on R-L Parameter 
Identification 

3.1. Fundamentals 

After the exit circuit breaker trips after a fault in the distribution line, the DG simultaneously 
produces a low-frequency voltage excitation to the three phases of the detection line after the fault 
has disappeared if the fault has disappeared before applying the excitation, at this time, the excitation 
voltage at the PCC has a linear relationship with the response current and the response current 
derivative, and the corresponding expression is: 

( ) ( ) ( )
eq eq

di t
u t R i t L

dt
φ

φ φ= +  (4)

According to the sampling value 1 1( , ),u iφ φ ( ) ( )2 2, ,n nu i u iφ φ φ φ， ， of excitation voltage and response 

current at different times, the matrix expression is obtained as follows: 

1
1

1
2

eq2 2

eq

n
n

n

di
i

dtu
di Ru i
dt L

u
di

i
dt

φ
φ

φ
φ

φ φ

φ
φ

φ

 
 
  
       =         

    
 
  


 

 (5)
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In this paper, the R-L non-fault equivalent network shown in Figure 3 is used as a calculation 
model, for the non-fault line, eqR is the line resistance value lR  , eq l T=L L L′+ while for the faulty line, 
the existence of the transition resistance leads to the change of the equivalent circuit, at this time, eqR ,

eqL is related to the fault location and transition resistance. 
In order to calculate eqR  and eqL  , the collected excitation voltages ( )( )a,b,cu tφ φ = and 

currents ( )( )a,b,ci tφ φ =  are fit to linear equations using the least squares method [25], thus obtaining 
two linear equations, eqR and eqL , for solving coefficients. For the presence of faults, there is a 
significant difference between the identified resistance value of line parameters eqR  and the 
corresponding true resistance lR  and there is a significant difference between the identified 
inductance value eqL  and the corresponding true inductance value. And when the parameter 
identification results are highly consistent with the corresponding true values, that is eq lR R= and

eq l TL L L′= + . And it indicates that the actual model is consistent with the reference non-fault model, 

i.e., the line is in non-fault state. 
Construct the objective function as follows 

( ) ( ) ( )
2

2
eq eq

1

N

k
k

di k
F R i k L u k

dt
φ

φ φ
=

 
= + −  

 
  (6)

Where ( )u kφ  is the excitation voltage at the kth sampling point, ( )i kφ  is the current at the kth 

sampling point, and N is the number of sampling points. 
Taking the partial derivatives for eqR ， eqL  and their extremes, respectively 

( )( ) ( ) ( )

( ) ( ) ( )

( ) ( )

( ) ( )

1
2

1 1 1eq
2

eq

11 1

ˆ

ˆ

N N N

j j j

NN N

jj j

di j
i j i j u j i j

dtR
di jL di j di j u ji j dtdt dt

φ
φ φ φ φ

φφ φ
φφ

−

= = =

== =

   
        =                   

  

 
 (7)

Using equation (7), the identification values of the equivalent resistance eqR̂ and equivalent 

inductance eqL̂  of the line can be obtained. 

3.2. Non-Fault Identification Criteria 

The fitting evaluation coefficients eqR̂  and eqL̂  obtained through linear fitting using the least 

squares method can be used to identify the nature of the fault. For transient fault, the calculated eqR̂

and eqL̂ are equal to the actual values realR and realL . But for permanent fault, the calculated values of 

eqR̂  and eqL̂  are significantly different from the actual values of realR  and realL . Aiming at the 

difference between eqR̂ and eqL̂  obtained by parameter identification and the actual values realR  
and realL  ,the non-fault identification criterion is proposed as shown in equation ( 8 ) : 

th_ 1rel real set

th_ 2rel real set

φ

φ

Δ < =
Δ < =

R K R R

L K L L
 (8)

Where，the identification deviation values of resistances and inductances are represented as

( )th_ eq real
1

1 ˆ
n

j
R R j R

nφ
=

Δ = − and ( )th_ eq real
1

1 ˆ
n

j
L L j L

nφ
=

Δ = − respectively . 

And more, n is the length of the sequence of calculation results, eq ( )R j  is the least squares 
calculation of resistance sequence, eq ( )L j  is the least squares calculation of inductance sequence, 

1rel 2relK K、  are the margin factors. Due to the influence of model error and algorithm calculation error, 
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the criterion needs to reserve a certain margin. The coefficients 1rel 2relK K、 are set from 0.1 to 0.2, which 
can meet the requirements of fault nature discrimination. When the two conditions of equation (8) 
are met, it can be judged as a non-fault state (i.e. a instantaneous fault with arc extinction). Otherwise, 
it is judged as a persistent state fault，i.e., a permanent fault. 

3.3. Realizing Scheme 

The implementation of the active distribution network phase-to-phase fault state identification 
proposed in this paper is shown in Figure 5. 

Begin

Distribution line occurs 
Interphase fault three-phase tripping

Apply low-frequency voltage 
disturbance signals to the three 

phases A, B and C at the same time.

Collect the voltage at the PCC of the 
line and current data

Calculation according to formula 
(7) Loop resistance       and  

inductance

Transient fault and arc 
extinguishing

Yes

End

Whether satisfied (8)? No

Reclosing closure Reclosing lockout

Maximum allowable 
discrimination time to 

reach?

Permantent fault

Delay 50ms-100ms

eqR
eqL

No

Yes

 
Figure 5. Realizing scheme. 

Step 1：In order to avoid the influence of residual electrical quantities in the fault line on the 
discrimination results after the three-phase trip of the distribution line fault, a low-frequency voltage 
excitation is applied to the three phases of the tested line by DG after the breaker trips with a 50ms-
100ms delay. 

Step 2：Collect voltage ( )( =a,b,c)u tφ φ and current ( )( =a,b,c)i tφ φ data at PCC, then sequentially solve 

the three-phase resistance and inductance parameter identification values using equation (7). 
Step 3：If the criterion shown in equation (8) is satisfied, it is determined as a non-fault state 

(indicating the arc extinction state of transient fault), and the circuit breaker will issue a reclosing 
command. If the criterion remains unsatisfied until the maximum discrimination time is reached, it 
is determined that the inter-phase loop still contains a fault (i.e. considered as permanent fault), the 
reclosing operation will be blocked. When the maximum allowed discrimination time is not yet 
reached, the process returns to step (2) for iterative determination. 
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4. Simulation Verification 

4.1. Simulation Model 

The 10kV distribution network model is constructed using PSCAD/EMTDC as shown in Figure 
6. The distribution line parameters are shown in Table 1. 

L1 

L2 

L3 

L4 

L5 

G

50MVA
T1:110/10kV

0.63MVA
T2:10/0.4kV

Overhead line 8km

Cable 8km

Overhead line 8km

Overhead line 10km

Cable 10km Overhead line 10km

Cable 5km

f

DG
+

-  
Figure 6. 10 kV distribution network model. 

Table 1. Distribution line parameters 

Line type Phase  
sequence 

 Resistance 
(Ω/km) 

Inductance 
(mH/km) 

Capacitance 
( Fμ /km) 

overhead line positive sequence 0.125 1.299 0.040 
zero sequence 0.275 4.586 0.012 

cable line 
positive sequence 0.270 0.254 0.339 

zero sequence 2.700 1.019 0.280 

4.2. Simulation Calculations 

4.2.1. Identification Criterion Principles Verification 

It is assumed that the AB phase-to-phase fault with a transition resistance of 10Ωoccurs at the 
midpoint of the line L5, the fault occurs in 0.3s, the three-phase tripping of the outlet circuit breaker 
in 0.32s, and the voltage of 20V/10Hz is applied to the three-phase of the line L5 to be detected at the 
same time by the DG in 0.6s. The voltage excitation of 500V/10Hz can be obtained through the step-
up transformer. The transient fault lasts for 0.7s, and the permanent fault lasts until the end of the 
simulation. The sampling frequency is 10 kHz, and the length of the calculation data window is 20ms, 
that is, 200 sampling data is used to calculate a set of resistance and inductance. 

The actual values of resistance and inductance of each phase of the corresponding non-fault 
circuit are calculated as follows 

real L1
2

T1
real L1 T L1 T

1 T

= 10 1.25

= 10 = =63.49mH

R R
UL L L L L
Sω∗

× = Ω

 ′× + +

 (9)

Where, L1R is the positive sequence resistance of the line, L1L is the positive sequence 
inductance of the line, TL ∗ is the nominal value of the distribution transformer, T1U is the rated 
voltage of the primary side of the distribution transformer, TS is the rated capacity of the distribution 
transformer, and 1ω is the angular frequency at the industrial frequency. 
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After calculating the actual values of resistance and inductance, the threshold value of the 
criterion can be further calculated. The reliability coefficients 1relK and 2relK are 0.2. According to 
equation (8), the action threshold corresponding to the criterion is 

th_ set set 1rel real

th_ set set 2rel real

, 0.25
, 12.69mH

φ

φ

Δ < = = Ω
Δ < = =

R R R K R
L L L K L  (10)

When both the identified resistance and inductance values satisfy the relationship defined in 
equation (10), it is reliably judged as non-fault condition. When at least one parameter (resistance or 
inductance) fails to satisfy the equation (10), it indicates the existence of an permanent inter-phase 
fault on the line. 

To demonstrate the effectiveness of the proposed discrimination method, Figures 7–8 present 
the identification results of the three-phase resistance and inductance parameters for line L5 under 
AB phase-to-phase permanent fault and transient fault conditions. 
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(b) Identification results of the inductance 

Figure 7. Results of permanent fault. 

As can be seen from the results shown in Figure 7, when a permanent fault occurs, the actual 
fault model is inconsistent with the recognition model, and the corresponding resistance and 
inductance recognition values are significantly different from the actual resistance and inductance 
parameters, of which the three-phase resistance parameter recognition deviations are th_aΔR =1.654
Ω、 th_bΔR =0.400Ωand th_cΔR =0.010Ω respectively. Moreover, the three-phase inductance parameter 
recognition deviations are th_aΔL =13.7mH、 th_bΔL =23.4mH and th_cΔL =0.010mH respectively, which 

means that the relationship between the three-phase resistance and inductance identification results 
and the corresponding real values has at least one item that does not satisfy the relationship shown 
in equation (10), which indicates that the fault is on the line L5 and the arc has not been extinguished. 
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(a) Identification results of the resistances 

realL

eq_aL

eq_ bL

eq_cL

In
du

ct
an

ce
 id

en
tif

ic
at

io
n 

va
lu

e/
m

H

 

(b) Identification results of the inductance 

Figure 8. Results of transient fault. 

Figure 8 shows the the results of a transient fault. Before the fault disappears at 1.0s, the actual 
fault model and the identification model are inconsistent. Significant discrepancies exist between the 
identified resistance, inductance values and the corresponding actual values, and the exhibiting 
characteristics is similar to those of permanent faults described aforementioned. 

After the fault disappears at 1.0s, The actual fault model aligns with the identification model. 
The identified resistance and inductance parameters match the actual parameters, with maximum 
deviations of th_aΔR =0.013 Ω for resistance and th_a 0.010mHΔ =L for inductance. During this phase, 

the relationship between the three-phase resistance or inductance identification results of line L5 and 
their true values consistently satisfies the relationship defined in equation (10). Thus, line L5 is reliably 
judged to be in a non-fault state. 

4.2.2. Performance Analysis Under Different Fault Conditions 

In order to verify the applicability of the proposed method in the first section and the end of the 
line, this paper designs the following 4 scenarios according to different transition resistances. The 
calculation results of AB phase-to-phase faults under different conditions of line L5 are shown in 
Figure 9 and Figure 10. 

Scenario 1: Transient fault occurs with 1 Ω transition resistance.   
Scenario 2: Permanent fault occurs with 5 Ω transition resistance.  
Scenario 3: Permanent fault occurs with 10 Ω transition resistance.  
Scenario 4: Permanent fault occurs with 20 Ω transition resistance. 
Next, simulation calculations are carried out separately for the four fault scenarios mentioned 

above at the beginning and end of the line. The result of AB phase-to-phase short circuit at the head 
of the line (m=0.1) and at the end of the line (m=0.9) are shown in Figure 10 respectively. 
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(a) Identification results of the resistances 

 

(b) Identification results of the inductance 

Figure 9. Results of the faults occurring at the beginning of the line (m=0.1). 

The results of an AB phase-to-phase short circuit at the beginning of the line are shown in Figure 
9. 

In scenario 1，both the resistance and inductance deviations are smaller than the threshold values, 
so the line is judged as no fault. And in scenarios 2–4，even with a transition resistance of 20Ω (the 
transition resistance for phase-to-phase faults generally does not exceed 20Ω), the deviations of the 
three-phase resistance identification values ( eq_aR =1.36Ω, eq_bR =0.328Ω) differ from the actual 
resistance value realR =0.25Ω. Additionally, the identified inductance value eq_bL =17.09mH 

significantly deviates from the actual inductance value realL =12.69mH. These discrepancies violate 
the relationship defined in Equation (10), failing to meet the non-fault criteria, and are thus identified 
as permanent faults. 

 

(a) Identification results of the resistances 
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(b) Identification results of the inductance 

Figure 10. Results of the faults occurring at the end of the line (m=0.9). 

The results of an AB phase-to-phase short circuit at the end of the line are shown in Figure 10. 
In scenario 1, the differences between the calculated values and actual values of both resistance and 
inductance satisfy equation (10), thus it judges as a non-fault condition. In scenarios 2-3, even with a 
transition resistance of 20Ω (the transition resistance for phase-to-phase faults generally does not 
exceed 20Ω), there remains significant discrepancy between the calculated resistance values ( eq_aR

=0.961Ω and eq_bR =0.53Ω) and the actual resistance value ( realR =0.25Ω). In these cases, at least one 
parameter (either the actual resistance realR  or actual inductance realL ) shows significant deviation, 
failing to satisfy the non-fault criteria. Therefore, the criteria proposed in this paper can reliably 
identify inter-phase permanent faults 

4.2.3. Comparison with Other Methods 

To validate the superiority of the proposed method, voltage deviation analysis is designed based 
on the aforementioned four scenarios. During non-fault disturbance conditions, ignoring the line 
impedance and transformer impedance, the voltage difference ( a b c)Uφ φΔ = 、 、 between the PCC 
voltage ( PCCU ) and the injection source voltage referred to the high-voltage side ( GU  ) is zero. When 
a phase-to-phase fault occurs, an inter-phase loop forms with fault current circulation, causing 
elevation of PCCU . In this case, significant deviation emerges in the voltage difference 

( a b c)Uφ φΔ = 、 、  between PCCU  and GU . Considering the transformer impedance voltage drop, 

system modeling errors, and voltage transformer measurement accuracy, the discrimination criterion 
can be established as follows 

rel T ( a b c)U K Uφ φΔ < Δ = 、 、  (11)

In this paper, the transformer impedance voltage drop TUΔ  is set to 1%~2% of the source 
voltage. Additionally, the discrimination criterion requires a safety margin, where relK  is ranged 
from 1 to 3 meets the requirements for fault type identification. Therefore, set rel TU K UΔ = Δ

2 2% 500V 20V< × × = .  
When the line voltage deviation satisfies equation (11), the condition is determined as non-fault. 

Conversely, failure to meet equation (11) indicates the occurrence of a phase-to-phase fault on the 
line. 

Figure 11 shows the voltage deviations during an AB phase-to-phase fault at the sending 
terminal of the line. In Scenario 1, both voltage deviations of phases A and B a 15.200VUΔ = , 

b 15.199VUΔ =  satisfy the criterion shown in equation (11), leading to a non-fault determination. In 
scenarios 2-3, the voltage deviations of faulted phases AB exceed the threshold, resulting in 
permanent fault identification. 
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Figure 11. Results of criterion using voltage deviation. 

To compare the sensitivity of both methods, the sensitivity coefficients for the aforementioned 
criteria are calculated using equation (12), where eq_R φ , eq_L φ , and PCC_U φ  all adopt the maximum 

values in each phase. The calculation results for the four predefined scenarios are summarized in 
Table 2. 

real eq_
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real

real eq_
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U
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R R
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R
L L
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U U
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U

φ

φ

φ

 −
 =

 − =

 − =



 (12)

Table 2. Sensitivity coefficient 

Scenario RK  LK  UK  
scenario 1 0.0072 0.0003 0.0310 
scenario 2 1.2720 0.6379 0.1930 
scenario 3 1.6056 0.4339 0.1252 
scenario 4 1.0880 0.26918 0.1184 

The sensitivity comparison of both methods for an AB phase-to-phase fault at the sending 
terminal of the line is presented in Table 2. Although the inductance sensitivity drops below 0.5 after 
fault occurrence, the resistance sensitivity consistently remains above 0.5. The proposed method only 
requires either resistance or inductance sensitivity to meet the 0.5 threshold for reliable fault 
discrimination. Voltage sensitivity remains below 0.5 across all test scenarios in this study, 
confirming the superior sensitivity of the proposed method. 

Furthermore, to validate the adaptability of the proposed scheme, extensive simulation studies 
verify that the method reliably discriminates pre-reclosing fault conditions: it enables successful 
reclosing when non-fault status is identified, and securely blocks reclosing for permanent faults. This 
effectively mitigates the risk of secondary impacts caused by blind reclosing onto permanent faults. 

5. Conclusions 

This paper proposes a three-phase reclosing fault condition detection method for distribution 
networks integrated with DG. The method leverages model parameter identification under transient 
disturbance excitation from DG connected to the target line. Key conclusions are: 

After three-phase tripping due to an inter-phase fault, in the case of non-fault condition (i.e. a 
transient fault with arc extinction), the equivalent network consists of linear combinations of 
equivalent resistance and inductance in each phase circuit. Permanent fault condition: The fault 
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equivalent network depends on transition resistance and fault location, which cannot be represented 
as linear relationships. 

Moreover, adopting the principle of parameter identification, the non-fault R-L equivalent 
network is used as the identification model. The resistance and inductance parameters are identified 
using the response voltage and current values during the DG disturbance on the line side, and a non-
fault discrimination scheme before three-phase reclosing is constructed by using the difference 
between the identified values of resistance and inductance and the actual values. 

Furthermore, the proposed method directly utilizes time-domain voltage and current signals 
without high filtering requirement, and is independent of additional disturbance injection equipment. 
It enables rapid and reliable non-fault discrimination in various fault scenarios, and the simulation 
results verify the correctness and effectiveness of the proposed approach. 
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