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Abstract: When a fault occurs on a distribution line, transient fault signals fade quickly, leaving only
a short period of time for measurement and sampling. In addition, timing discrepancies between
multiple measuring devices affect the accuracy of fault localization. This study proposes a method for
fault detection in distribution lines based on an auxiliary inductance approach, where auxiliary
inductors are introduced after the trip to provide steady-state fault data for localization. For
asymmetrical short-circuit faults, the fault voltage is calculated from current and voltage measurements
at both ends of the line, and the ratio of positive to negative sequence voltages is used to compensate
for the phase angle and generate fault location functions. For symmetrical short-circuit faults, the
voltage ratio between two faulted phases eliminates asynchronous angles, facilitating the derivation of
fault location functions. Simulation results show that this method achieves high accuracy and is robust
to differences in fault location, transition resistance, fault types, and synchronous angles.

Keywords: fault location; distribution network; timing error; additional inductance strategy;
steady-state information

1. Introduction

As distribution network topologies grow increasingly complex, enhancing automation levels and
ensuring both reliability and user satisfaction in power supply have become critical objectives [1-3].
Accurate and prompt fault localization methods are essential for expediting line repairs and
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maintaining power supply dependability. For single-phase earth faults, the fault current is typically
minimal, whereas other fault types generate larger fault currents that decay rapidly, leaving a narrow
window for effective fault information extraction. This challenge is compounded by the limited
availability of universal fault localization techniques applicable across all fault scenarios [4,5].
Currently, methods for finding faults in distribution networks are widely divided into traveling wave
and impedance approaches. The traveling wave approach confronts issues such as difficulty in
detecting wave reflections, stringent requirements for high-speed sampling equipment, and positional
blind spots [6-9]. In contrast, the impedance method takes advantage of the neutral-point low-current
grounding commonly used in medium-voltage distribution networks in China. Under single-phase
earth fault conditions, the system can operate for 1-2 hours in a fault state, presenting a prolonged
steady phase. However, other fault types trigger immediate protective actions, resulting in a brief
transient phase. Based on the nature of fault information employed, the impedance method is further
divided into transient-based [10—12] and steady state—based approaches [13—15]. Using double-end
data minimizes errors caused by transition resistance and achieves high accuracy, making it a preferred
choice for fault localization in distribution networks [16]. The transient approach examines fault-
induced transient signals characterized by large amplitudes, which facilitates monitoring, though the
signals decay quickly, limiting the effective analysis window. In [11], a time-domain method was
introduced for locating single-phase earth faults by analyzing specific moments, which simplifies
computations and enables rapid localization. However, it demands synchronized double-end data and
high-performance sampling devices, making it less cost-effective. In [12], it was highlighted that most
distribution network metering devices, such as feeder and transformer terminals, rely on local
synchronization. Transmission introduces a timing error of 1~3 ms. To mitigate errors from
unsynchronized data, voltage and current conditions are relaxed, transforming the localization problem
into an optimization model. Nonetheless, this adjustment cannot entirely negate the influence of data
asynchrony in principle.

The steady-state approach primarily examines stable signals during faults, where the fault
electrical quantities exhibit low amplitude yet remain consistent and cost-effective. In [16],
formulating a fault location equation based on zero-sequence signals captured during the steady-state
phase following a single-phase earth fault was suggested. Under low-current grounding systems, the
relatively large zero-sequence impedance results in a measurable zero-sequence voltage for the fault
phase. However, while the double-end method helps locate faults, it neglects the influence of
unsynchronized data. To address this issue, a non-synchronous phase angle difference at both ends,
forming positive and negative sequence networks, was introduced in [17]. Since positive and negative
sequence phase angle deviations in the same circuit are identical, these differences can be eliminated
from fault location equations, mitigating non-synchronism effects in principle. This technique is
straightforward and reliable, avoiding complex iterations or searches. Nevertheless, in cases where the
interval between fault occurrence and protection action is brief, higher harmonics complicate the
accurate measurement of positive and negative sequence quantities. In small-current grounding
systems, protection typically remains inactive post-fault, enabling effective detection of steady-state
components once harmonics dissipate. However, in systems with high zero-sequence impedance,
negative sequence voltages are minimal, making precise measurement challenging and limiting fault
location accuracy. Additionally, these methods are generally restricted to single-phase earth faults, as
the rapid three-phase changes in other fault types hinder the acquisition of steady-state data [18-20].
In [20], it was proposed to install limiting resistors post-fault to reduce fault currents, allowing the
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affected line to operate temporarily with the fault. This enables secondary measurement equipment to
conduct fault analysis, though current research on fault location using this approach remains limited.

In summary, extracting fault information after distribution network failures is challenging, and
most existing algorithms struggle to fully resolve non-synchronism issues. To overcome these
limitations, this study introduces a fault location method for overhead lines incorporating additional
inductance. By adding inductance following line tripping, the short-circuit current is constrained,
extending the fault operation period and enhancing the amplitude and measurement window of
negative sequence components. This provides steady-state positive and negative sequence quantities
for fault location. Utilizing double-end data, the method theoretically eliminates non-synchronism
effects, improving localization accuracy. Finally, simulations conducted with PSCAD/EMTDC
validate the method's reliability and precision.

2. Analysis of the matching scheme based on additional inductance
2.1. Coil matching scheme based on additional inductance

In order to solve the problem of determining the amount of power in distribution lines during
faults, this study proposes a system that combines control and protection measures with algorithmic
solutions. An auxiliary inductor is connected in parallel with the bus breaker to activate the faulted line
after the breaker trip. With this setup, steady-state electrical quantities can be obtained for distance
measurements. The equivalent model of the primary side of the line under fault conditions is shown in
Figure 1.
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Figure 1. Equivalent model of the primary side of the distribution network.

In Figure 1, L is the system auxiliary inductor, Q is the auxiliary switch, and QF is the line
circuit breaker.

The cooperation scheme utilizing auxiliary inductance operates as follows: (1) During normal
operation, both OF and the auxiliary switch Q remain in an open position, with the inductance in an
inactive state. (2) When a fault occurs under the small current grounding method at the power system
neutral point, QF is tripped by the protective system (with the current setting determined based on the
original fault current of the line), and the QF circuit breaker disconnects. In the event of a single-phase-
to-earth fault, the alteration in fault current is insignificant and remains below the prescribed threshold,
thereby enabling the line to function with the fault for a designated period. If distance measurement is
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required, OF is tripped, and switch Q is closed. (3) Upon closing switch O, the additional inductance
is connected, and the faulted line enters the steady-state phase following the transient process (referred
to as the post-protection steady-state). Once the steady-state fault information has been collected, the
auxiliary switch Q may be opened to allow for maintenance, or if deemed an instantaneous fault, the
line circuit breaker may be closed to resume operation.

The use of steady-state fault data, after protection has been applied using the symmetrical
component method, has shown that for faults other than single-phase to earth, the power supply
remains intact. When the inductance is connected, a higher fault current flows through the line. In
addition, the introduction of the inductance can reduce the fault current in the faulted phase. The voltage
and current of the positive and negative sequence electrical quantities derived from the three-phase line
provide crucial information about the fault event. In the case of a single-phase-to-earth fault, after the
inductance has been connected and with the power supply still operational, the fault current entering
the fault point remains relatively low. In such a scenario, the power supply is maintained through the
positive sequence network, allowing the effective measurement of a significant positive sequence
electrical quantity on the faulted phase [21]. Figure 2 illustrates the equivalent negative sequence
network of the line for the negative sequence component.

I Measurement point 2
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Figure 2. Negative sequence post-fault network mode.

In Figure 2, Zs2, Z>, and Zeq2 represent the equivalent negative-sequence impedance on the power
supply side, the negative-sequence impedance of the line, and the equivalent negative-sequence
impedance at the fault point, respectively. Up denotes the negative-sequence source.

As illustrated in the figure, the negative-sequence voltage decreases progressively from the fault
point toward the power-side grounding point, with the voltage measured at point 2 being higher than
that at point 1. Consequently, point 2 is selected as the first electrical measurement point in this study.
In the absence of additional inductance, the negative-sequence network impedance along the line is
composed of Zs> and Z>, with points 1 and 2 treated as equivalent. The negative-sequence voltage,
derived from the three-phase voltage at the end of the line, is divided by Zs2. When Zs is small, the
amplitude of the negative-sequence voltage at the first end also decreases, which may obscure fault
information. Therefore, incorporating additional inductance helps to increase the amplitude of the
negative-sequence voltage, enhancing the clarity of the fault signal.
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2.2. Determine the parameters of the auxiliary inductor

Following a system failure, the equivalent circuit representing the network in its faulty state under
the cooperative scheme using auxiliary inductors is shown in Figure 3.

Figure 3. Equivalent circuit of the network in fault condition.

In Figure 3, L represents the additional inductance, while /. represents the current passing through
inductance L during the fault. Es refers to the power supply at the moment of the fault. Z; is the line
impedance preceding the fault point on the line, Zs represents the system's equivalent impedance at the
measurement point, and Rris the transition resistance at the fault location.

After activation of the protection strategy described in this article, the current flowing through the
additional inductance will not undergo a sudden change that may cause a transient overvoltage due to
operation, but the withstand voltage of the distribution lines is generally designed to withstand
lightning over voltages greater than the operational overvoltage at that time, so no special protective
devices are required. In the event of a permanent fault occurring after system operation, /1. is limited
by the inductance of the connection. In the event of a three-phase short-circuit fault, the transition
resistance at the busbar is effectively zero. This is due to the fact that the line is completely short-
circuited after the inductance and the short-circuit current /7. is:

— ES
Jo L+Zg (1)

L

In Eq (1), wo 1s the system frequency. Based on Eq (1), the additional inductance L is obtained as:

LB 7
ljo, jo, (2)

In this approach, once the inductor is connected, the line continues to operate with the fault for a
specific duration. To maintain the safety of the line, the current during this period must not exceed 1.2
times the rated current. Moreover, in order to ensure the accurate measurement of electrical quantities
following a fault, it is essential that the line current is of a sufficient magnitude to exceed the minimum
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detection value of the current transformer. In consequence, the potential range of potential values for
11 is as follows:

1, <1, <121, 3)

In Eq (3), I is the rated current, and /. denotes the smallest amplitude measurable by the current
transformer. Considering the uncertainties associated with the fault location, as well as the attenuating
influence of line resistance and supplementary inductance on the amplitude of the line current, it is
recommended that /2 be set to approximately 1.2 times Ze.

2.3. Analysis of coordination schemes based on additional inductance

The feeder terminal unit (FTU) plays a crucial role in enabling device-level coordination,
supporting cooperative operational schemes. Following a fault event, the system can transition into a
steady-state process by activating an inductor, allowing distance measurement to be performed using
steady-state data. Within this cooperative framework, this study employs a distance measurement
approach based on steady-state data. Compared to methods relying on transient signal analysis at
specific instants, the proposed method imposes fewer demands on sampling equipment, offers superior
economic viability, extends the effective measurement duration, and simplifies the assessment of
electrical quantities.

By adjusting the parameters of the added inductance, the post-fault short-circuit current can be
regulated to approximate the rated value. This adjustment facilitates the calibration of the measuring
transformer and reduces measurement errors. For asymmetrical faults occurring within the system, the
inclusion of inductance enhances the magnitude of the negative sequence component, enabling
accurate measurement of its steady-state value during distance evaluation. This allows both positive
and negative sequence components to be utilized for correcting timing discrepancies. During various
asymmetrical fault scenarios, the line can continue operating with the fault temporarily. Under such
conditions, the positive and negative sequence networks remain equivalent, permitting the application
of a unified distance measurement equation.

3. Principle of error distance measurement for double-ended unsynchronized data

In this study, a lumped parameter n-type equivalent circuit is adopted on both sides of the fault
location to analyze the steady-state performance after the activation of protective measures. The
occurrence of an asymmetrical fault on the transmission line is examined by applying the symmetrical
components method to evaluate the positive and negative sequence networks, which share identical
sequence impedances under fault conditions, as illustrated in Figure 4.

AIMS Energy Volume 13, Issue 2, 250-264.



256

y Isn N
’ Isr N
g
s| L Us1 K7 r (1K), Un| N
—

B R N N
SRR

(a) Positive sequence network

Isn

A

N

A

S ' L Usz K7 r (1,LQZJ UNz N

—

L L1al
| fsc{ 2 IU I

uu—| »—
?
Q
N

(b) Negative sequence network

Figure 4. Positive sequence and negative sequence system of simple lines in the
distribution network.

In Figure 4, K represents the ratio of the distance /sr from the § terminal to the fault point F
relative to the total line length Isnv; Cr and Z; denote the total capacitance and impedance of the line,
which can be derived from the total line length and per-unit length parameters. Us:, Usz, Is1, and Is2
correspond to the positive sequence voltage, negative sequence voltage, and currents at the S-terminal
of the faulted line, with the voltages measured after the inductance is applied. Un; and Un: represent
the positive and negative sequence voltages at the N-terminal of the line. These values can all be
synthesized from the fundamental components of the three-phase electrical quantities, and the recorded
data are expressed in the frequency domain. Isci, Iscz, Inci, and Inc: are the equivalent earth capacitance
currents of the positive and negative sequences at both ends of the line. Es; refers to the power supply
during the fault event. Zs; and Zn: represent the positive sequence resistances on the power supply side
and the load side, respectively. These resistances are difficult to determine during a fault and are not
critical, as they can be disregarded in the derivation.

In Figure 4, the parameter K denotes the ratio of the distance /sr, measured from the S terminal to
the fault point F, to the total line length /sy. The symbols C1 and Z1 represent the overall capacitance
and impedance of the transmission line, respectively, which are determined based on the total line
length and per-unit-length characteristics. Usi, Us2, Is1, and Is2 signify the positive and negative
sequence voltages and currents at the S terminal of the faulted line, where the voltages are recorded
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following the application of inductance. Uni and Unz correspond to the positive and negative sequence
voltages observed at the N terminal. These quantities are synthesized from the fundamental
components of three-phase electrical signals and are represented in the frequency domain. Additionally,
Isc1, Isc2, Inc1, and Inc2 denote the equivalent earth capacitance currents for the positive and negative
sequences at both ends of the transmission line. The term Esi refers to the power source during the
fault condition. The parameters Zsi1 and Zn1 indicate the positive sequence impedances on the source
side and load side, respectively. While these impedances are challenging to measure during fault events,
their precise values are not critical and can be omitted from the derivation process.

The sequence voltages at the fault point ' can be derived from the sequence voltages at both ends
of the transmission line, the sequence currents at the bus side, and the line impedance. These electrical
quantities, measured at the S and N terminals, provide the necessary data to calculate the positive and
negative sequence voltages at the fault location.

Uy, =Ug, — (I, = I)Z,K

Ue; =Uy + Uy, + 1)) Z,(1-K)
Ug, =Ug, —(Ig, = I[,.,)Z,K

Uspr = Uy, + Uy + 1) Z,(1-K)
Ly=Uy/Zy

iNz = UNZ /ZNI (4)

In Eq (4), Usr1, Unr1, Usr2, and Unr2 represent the positive and negative sequence voltages at the
fault point, derived from the measurement data at the S and N ends, respectively.

The voltage at the fault point, derived from the steady-state voltages and currents at both the S
and N terminals within the positive and negative sequence networks, remains constant. This allows the
fault distance to be determined using either the positive or negative sequence electrical quantities
separately. However, to apply dual-ended data for fault distance calculation, synchronization between
the data from both ends is necessary. With the meter at the S end serving as the reference time, there
exists a time synchronization error ranging from 1 to 3 ms between the meter at the N end and the
meter at the S end. If the phase angles of the voltages at both ends are calculated at the same moment,
this timing error impacts the accuracy of the measured phase angles, as noted in reference [17]. We
define the phase angle affected by this timing error as the unsynchronized phase angle d4, which allows
the voltage at the N end to be represented as:

v 7,
UNn _UNne (5)

In Eq (5), n = 1, 2 represent the positive and negative sequences, respectively. It denotes the
synchronized data at the N terminal.

When data from both ends are synchronized, the fault point voltages calculated at each end are
identical. As a result, from Eqs (6) and (7), we can derive:

051 - (i51 _U51ja)C1K 12)Z K = UNlejale (6)

Usz _(jsz _Uszj oC K / 2)Z, K ZUNzejéle (7)
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D, =1+[(1-K)Z, +1/ Z,]joC,(1-K) /2 )

Dividing Eq (6) by Eq (7) yields:

USI _(j51 _USlij]K/z)Z]K — UNlej(il — UNI (9)
Usz - (Isz _UszjwclK/z)ZlK UNzej(sd UN2

At this juncture, it is possible to eliminate the phase angle error, and by simplifying Eq (9), we
can obtain a quadratic equation in complex numbers as follows:

K+2aK+b=0

a= UN.II.S2._ UNZ.I.SI i
ijl (U51UN2 _UNIUSZ)

b=2/jwCZ,

(10)

By solving Eq (10), the ratio K, representing the fault distance relative to the total cable length, is
obtained. While solving the quadratic complex equation might lead to an erroneous root, K should
logically be a real number and cannot exceed 1, given practical constraints. However, errors inevitably
arise in the measurement of electrical quantities, as well as during the calculation of sequence
components concerning amplitude and phase angle, which influence the solution. Therefore, a formula
for determining K is proposed as follows:

{—5, <Re(K)<1+4,
(11)
-1-6,<Im(K) <1+,

Here, o1 represents the ratio of the maximum permissible error in the results to the total length of
the line. Since medium and low voltage distribution network lines are generally shorter in distance, an
accuracy requirement of 5% is reasonable; however, this can be adjusted based on the specific
conditions of different lines.

The application and resolution of Eq (10) are limited to cases of asymmetrical faults. In
symmetrical faults, such as three-phase short circuits, the negative sequence component does not exist
in the faulted line, with only the positive sequence component remaining. Under these circumstances,
the voltages and currents of phases 4 and B at the S terminal, along with the voltage at the N terminal,
can replace the positive and negative sequence components in the earlier expressions. Following this
substitution, the analytical method and resulting equations remain fundamentally unaltered, allowing
for similar correction of phase angle deviations. Further discussion on this topic is beyond the scope
of this paper.

4. Simulation verification
To evaluate the effectiveness of the proposed method, simulations were conducted using

PSCAD/EMTDC. A model of a 10 kV distribution network system was developed, as illustrated
in Figure 5.
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Figure 5. Simulation model of a 10 kV distribution system.

The voltage source is represented by an equivalent impedance of 0.55 + j0.32 Q [22]. The fault
occurs in 0.3 s. After 0.2 s, circuit-breaker QF1 is tripped by protection or manual operation (i.e., the
inductor is connected when the circuit-breaker operates at 0.5 s). Switch K closes, connecting the
inductor, and 0.5 s after it is connected, the switch opens, disconnecting the inductor. It is calculated that
the additional inductance value is 0.1 h. The line parameters per unit length are provided in Table 1.

Table 1. Unit length of distribution lines parameters.

Line parameters

Numerical value

Positive sequence resistance
Positive sequence inductance
Positive sequence capacitance
Zero-sequence resistance
Zero-sequence inductance
Zero-sequence capacitance

0.1700 ©/km
1.2096 mH/km
0.27 uF/km
0.23 Q/km
5.4749 mH/km
2.5 uF/km

To validate the single-phase earth fault analysis presented in Section 2.1, when a metallic fault
occurs at the mid-point of a 10 km line, the steady-state negative sequence voltages at measurement
points 1 and 2, calculated from the three-phase voltages, are shown in Figure 6.

2000
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Negative sequence voltage/V
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Figure 6. Negative sequence voltage steady-state waveform.
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As shown in Figure 6, the inductor is connected at 0.5 s. After a brief period, the three-phase
voltages are recorded. A Fourier transform is subsequently employed to compute the steady-state
negative sequence voltage. The negative sequence voltage at point 2 is significantly greater than that
at point 1. The voltage at point 2 at this stage can be used for distance measurement calculations.

All measurement data in this article are in the frequency domain and are subjected to a Fourier
transform, from which the fundamental voltage and current phasor values can be obtained. The
data are input into MATLARB for calculation. For instance, if the feeder 1 is set with a fault distance
of 2,000 m, and a single-phase grounding fault occurs with a transition resistance of 10 €, the equation
coefficients at this point are a = 43,853.886 + 19,618.4851, and b = —17,541.835 — 7,847.6631. By
substituting these coefficients into the equation, the solutions are obtained: ki1 =0.200343 + 0.0003831,
and k2 = —8.770797x10* — 3.9236970x10%. According to Eq (11), k2 can be excluded, and ki is the
real root, indicating that the distance of the fault point from the beginning is 2,003.243 m. The accuracy
of the method proposed in this article is verified in several aspects below.

4.1. The effect of fault location and type on ranging algorithms

To evaluate the effectiveness of the method proposed in this paper, a comparison is made between
the steady-state method and a fast transient time-domain technique for locating faults in distribution
networks. The distance measurement results for various types of short-circuit faults are presented in

Table 2, with a transition resistance of 10 € in these scenarios.

Table 2. Fault location results at different positions.

Fault location/km Fault type Transient time-domain method/km  Steady-state method/km
2 Single-phase grounding 2.0027 2.0034
Two-phase short circuit 1.9987 2.0012
Two-phase grounding 2.0047 2.0011
Three-phase short circuit 2.0015 2.0032
5 Single-phase grounding 5.0082 5.0152
Two-phase short circuit 5.0061 5.0008
Two-phase grounding 5.0083 5.0015
Three-phase short circuit 4.9821 5.0082
7 Single-phase grounding 7.0081 6.9812
Two-phase short circuit 7.0192 7.0055
Two-phase grounding 6.9921 7.0062
Three-phase short circuit 7.0255 6.9852

The evaluation of the distance measurement results for the distribution lines, as shown in Table 2,
indicates that the proposed steady-state method achieves a maximum absolute error of 18.8 m, a
maximum relative error of 0.36%, and an average relative error of 0.12%. For single-phase earth faults,
the average relative error is recorded at 0.24%. In comparison, the transient time domain method gives
a maximum absolute error of 25.5 m, a maximum relative error of 0.38%, and an average relative error
of 0.20%, with an average relative error of 0.13% for single-phase earth faults. The relatively lower
accuracy of the steady-state method for single-phase earth faults can be explained by the reduced
magnitudes of the steady-state fault current and the negative sequence voltage. However, for other
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fault types, the steady-state method achieves superior accuracy in distance measurement, surpassing
the transient method. Furthermore, the proposed method consistently maintains a relative error of less
than 1%, regardless of fault type or location, ensuring compliance with the required accuracy standards
for fault distance estimation.

4.2. Effect of transition resistance on distance measurement algorithm
To evaluate the accuracy of the proposed methodology and the influence of the transition
resistance on the fault location estimation, Table 3 shows the fault location results for different transition

resistances. In these cases, the fault location is 5 km, and the fault type is a two-phase short circuit.

Table 3. Fault location results with different fault resistances.

Transition Transient time-domain  Relative error Steady-state Relative error
resistance/C2 method/km method/km

10 5.0061 0.12% 5.0008 0.016%

100 5.0095 0.19% 5.0034 0.068%

500 5.0462 0.92% 4.9975 0.050%

Analyzing the ranging results under different transition resistances, it is evident that the steady-state
method outlined in this paper gives relatively small relative errors over a range of transition resistances,
thus meeting the requirements of fault ranging. In contrast, the transient time-domain method
experiences higher measurement errors, as an increase in contact resistance reduces the fault current.
However, the method presented in this paper is less affected by changes in contact resistance due to
the current-limiting effect of the additional inductance. This helps to amplify the negative sequence
component and minimize the effect of junction resistance on the measurement.

4.3. Effect of non-synchronous phase angle on ranging algorithm

To confirm the reliability of the distance measurement approach outlined in this study under
various non-synchronous phase angles, considering the timing error mentioned above, which ranges
from 1 to 3 ms, the range of non-synchronous phase angles is approximately 0-54 degrees. The
simulation results of various fault location algorithms under various non-synchronous phase angles are
shown in Table 4.

Table 4. Effect of different asynchronous angles on fault location.

Asynchronous phase angle/°  Transient time-domain Relative Steady-state Relative error
method/km error method/km

54 5.5215 10.63% 4.9958 0.084%

25 5.1215 2.43% 5.0046 0.092%

0 5.0095 0.19% 5.0034 0.068%

25 4.7862 4.27% 5.0089 0.178%

54 5.6862 13.72% 5.0012 0.024%

AIMS Energy Volume 13, Issue 2, 250-264.
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A comparison of the distance measurement results obtained using the two methods reveals, as
shown in Table 4, that the algorithm that neglects phase angle corrections experiences a maximum
relative error of 13.72% under conditions of severe timing errors. This underscores the substantial
influence of timing errors on phase angle determination, ultimately compromising the precision of
distance measurement. Conversely, the steady-state approach proposed in this study demonstrates
robust resistance to timing errors, preserving a high level of measurement accuracy.

5. Conclusions

To address the challenges of fault information extraction and timing discrepancies in distribution
networks, which affect the accuracy of distance measurement, this paper presents a fault-handling
strategy using an auxiliary inductor. Within this framework, a fault distance calculation method is
applied using asynchronous data from both ends of the line. The effectiveness and advantages of the
proposed algorithm are validated by simulation results. The auxiliary inductor-based fault location
technique is independent of transition resistance, fault type, and fault distance, maintains high accuracy
over a range of asynchronous angles, and satisfies fault location requirements. Compared to
conventional transient-based methods, the approach presented here offers greater adaptability to
varying transition resistances and asynchronous angles. However, for practical lines with intermittent
arcing faults where multiple transient processes occur, achieving steady-state data may require
extending the duration of the auxiliary inductor connection.

This study focuses primarily on the analysis of traditional radial distribution networks. For
meshed networks and distribution systems incorporating distributed energy resources, where circuit
breakers are installed at both ends of the line, future investigations are expected to address the
coordinated operation of these circuit breakers. Such efforts could facilitate the further development
of a fault location methodology for distribution lines using an auxiliary inductor.
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