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Abstract. With the rapid development of distribution networks, two-terminal overhead lines have been
used on a large scale for higher power supply reliability, thus the fault location has attracted much attention.
Accurate fault location is helpful to shorten the outage time and improve the economy of operation greatly.
However, since insufficient standardization of equipment selection and poor management, line parameters
are usually inaccurate or even unknown, mature fault location methods based on impedance can’t be applied
anymore. Also, the asymmetry caused by non-transposition in distribution networks affects the accuracy of
fault location. This paper proposes a fault location method for two-terminal untransposed overhead lines
without requiring line parameters. Firstly, this paper considers parameter asymmetry, and the mutual
impedances between the three phases are set as different values. Secondly, the location equations rely on
three-phase networks, then the self-impedance and mutual impedances are regarded as unknowns and
solved directly. Finally, this method takes the average value of fundamental frequency components from
different data windows, which reduces error and improves accuracy. The simulation results show that the
fault location method has high accuracy, and can effectively overcome the influence of unknown line
parameters and non-transposition.

which calculates the fault distance by solving the circuit
equations. The impedance method can be divided into
the single-terminal impedance method and the two-

1 Introduction

With the rapid growth of electric power systems, the
scale of distribution networks is becoming increasingly
larger. The distribution network is the last link that
directly faces the user. The fault in distribution networks
tremendously destroys the safe operation of the power
system. Accurate fault location is of great significance to
restore power supply.

The existing fault location methods for two-terminal
overhead lines can be divided into three categories:
traveling wave method, active fault location method and
impedance method. The traveling wave method is a
transient-based method, which makes use of the
propagation characteristics of traveling waves generated
when a fault occurs[1]. The load of distribution networks
changes frequently, which may cause interference to the
method. Because the traveling wave method uses high-
frequency transient information, it requires high
sampling frequency and high investment cost. The active
fault location method is different from the passive
method only depending on the measurement data in the
fault state. The main principle is to amplify the fault
feature by injecting a signal into the system or
temporarily changing the neutral grounding mode after
the fault, such as the injected signal tracing method. The
disadvantage of this method is not only high investment
cost but also a certain threat to personal security. The
impedance method is a method based on the steady state,
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terminal impedance method. When the fault occurs via a
fault resistance, the single-terminal location method
cannot achieve accurate distance measurement
theoretically. The two-terminal fault location method can
avoid the error caused by fault resistance in principle, so
it has better development and application prospects[2].
Compared with transmission networks, the poor
maintenance conditions and non-transposition in
distribution networks make the fault location more
difficult. References [3-4] convert fault location into an
optimization problem and calculate it through iteration,
but it is necessary to provide a relatively accurate initial
value for line parameters. If the initial value and the
actual result differ greatly, a complete error will appear
in the final results. Moreover, these two methods are
only applicable to fully transposed transmission lines.
References [5-6] can only identify the faulty section in
untransposed networks, and make the protection device
act correctly, but cannot locate the fault point.
References [7-8] study the harm caused by untransposed
lines in distribution networks and the solutions
for asymmetry. These two methods need high investment,
and the actual effect is greatly affected by the operation
mode, which has certain limitations. References [9-10]
solve the phase-mode transformation matrix and then use
the mode component theory to locate the fault. In
references [11-12], the theory of modular analysis is used
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for fault location. Most of the references above have
certain requirements for line parameters in distribution
networks, but line parameters in distribution networks
are usually inaccurate or even unknown. Adopting the
theoretical line parameters in distribution networks will
cause large errors. Reference [13] proposes a fault
location algorithm without requiring line parameters in
transmission networks, which cannot be directly applied
to distribution networks.

The emerging puMPMU (micro-multifunctional
phasor measurement unit) provides a new technical

—

method for locating the fault accurately without line
parameters. It utilizes the precise timing of GPS to
realize synchronous sampling of all points in the network
and sends the measurement data with time tags through
high-speed communication networks. The typical
structure of a pMPMU is shown in figure 1 below. With
the improvement of distribution automation level, it is
expected that pMPMU will be popularized on a large
scale in distribution networks.
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Figure 1. Typical structure of the ytMPMU

To solve the problems above, this paper proposes a
fault location method for untransposed overhead lines
based on uMPMU. This method has the following
advantages: (1) The line impedance parameters are not
needed in fault location. Line parameters and the fault
distance are taken as unknowns to be calculated together
in the equations, so the location results are not affected
by inaccurate line parameters and asymmetry. (2) The
use of pMPMU guarantees the precision of
synchronization angle, so this method does not need to
consider the problem of unsynchronized sampling results.
(3) The fault location method based on two-terminal
measurement overcomes the influence of fault resistance,
operation mode and system impedance.

In the rest of this paper, Section 2 indicates the
establishment and solution of the fault location equations.
Section 3 evaluates the performance of the method and a
summary is presented in Section 4.

2 Fault location method

2.1 Extraction of fundamental frequency
components and filtering algorithm

In this paper, the voltage and current phasors of
fundamental frequency components are used in the
location method, so there is a need to calculate the
amplitude and phase angle. DFT (Discrete Fourier
Transform) algorithm is chosen to extract the
fundamental frequency component and the algorithm
itself has a filtering function.

In order to further reduce the error and improve the
accuracy, based on the characteristics of the fundamental
frequency component’s amplitude and phase angle, this
paper proposes a filtering algorithm of taking the average
value of multiple measurements. Firstly, more groups of
UMPMUs' sampling data can be formed by sliding the

sampling data window over one sampling period At.
Each fundamental frequency component can be obtained
using any one cycle of sampling data based on the DFT
algorithm, the amplitude and angle of the fundamental
frequency component from the i-th data window are
denoted as A; and a; (i = 1,2,3 ...n). The real amplitude
and angle are denoted as A and a. Without error, {4;} is
a constant sequence and A; = A, = -+ = A, = A, while
{a;} is an arithmetic sequence and the common
difference is h = w,4t, w; means the angular frequency
of the fundamental frequency component. It is very clear
thata; = a; + (i — Dh (i = 1,2,3..n) and @ = a, with
no error. Now that random error is inevitable, the
calculated value fluctuates around the real value.
Therefore, we can reduce error by taking the average
value of multiple measurements.

Then the amplitude can be calculated by:

n

A== A (1)
As for phase angle, the sum of the arithmetic

sequence is shown below:
n

nn-1
Zai=na1 +¥h (2)
i=1
Then,
nn—1
nog,— (T) h
a= - 3)
Hence, random error can be restrained very

effectively and the accuracy of fault location can be
improved based on the filtering algorithm in this section.

2.2Establishment of fault location equations

The diagram of the two-terminal overhead line structure
is shown in figure 2. The neutral point of the system is
grounded through a small resistance. Two terminals are
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named terminal M and N. Considering overhead lines in
distribution networks are usually short, this method

neglects the shunt capacitances.

Il Lmn >
Source M A/ﬁ_ d—>| ]T/ Source N
f’%ﬁ@? U, I = RV

Figure 2. The two-terminal overhead line with a fault

In this paper, the line parameters and fault distance
are regarded as unknowns and the impedance matrix is

set as
Zs Zab Zac
zZ = Izab Zs Zbcl
Zac  Zpc Zs

The variables are defined as follows:
Zs self-impedance per unit length for all three

4)

The two-terminal fault location method proposed in
this paper is based on the length of the whole line
provided already and the assumption that the line
parameters are evenly distributed along the line. It takes
the self-impedance and phase-to-phase  mutual
impedance as unknowns to be calculated. The location
equations are established based on the principle: the
voltage at fault point F can be derived from the two

phases terminals along different paths respectively, and the
Zgp  mutual impedance per unit length between result should be equal in every phase. This principle is

phase A and Phase B suitable for the networks either before or after the fault
Zqc  mutual impedance per unit length between occurs. Then the fault location equations based on post-

phase A and Phase C fault and pre-fault data can be established as equations
Zp. ~ mutual impedance per unit length between (5):

phase B and Phase C

U o~ mapoxz xd—1,, ,xz,xd=1I,  xz,xd
Una o na_po xz x(L,, —d)- I'n,,_po xz,x(L, —d)— inc_po xz, x(L,, —d)
Ume)o Imajo x Zab Xd _I.meO x Zs X d _Imcjo XZbc Xd

=U,y po =Ly po ¥ 2y X (L, —d)= 1 o x 2, x (L, —d) =1, . xz, x(L,, —d)
Umc)o maJOXZaCXd—[.meOXZbCXd—ijJmXZSXd
=U,e o =Ly o X 20 X (L —d)=1,, o %2, (L, —d) =1, o x 2, x(L,, —d) (%)
Uma_prc —I'ma_prc xz xd - Im,,_prc Xz, xd —I'mc_prc Xz, xd
=U,y e =Ly e x2, X (L, =)= 1, X2y x (L, —d) =1, . %z, x(L,, —d)
UnzbJre maJreXZ Xd Inlb)rexz Xd [chrcXZchd
Unb pre I, pre X Zap X (L,,—d)- Ian)re xz x(L,, —d)- I‘ncﬁpre xz,, x(L,, —d)
Umc_prc ma_prcXZ Xd [mb_prcxzbcxd_lmc_prcXzsxd

=U, e =L e 2o X (L, =)= 1, o %2, X(L,, —d)— 1, . xz x(L,, —d)

Among them,
Uma_poy Umb_por Umc_po .
at the terminal M

post-fault power frequency voltage in Phase A, B, C

Ima pos Imb por Ime po post-fault power frequency current in Phase A, B, C

flowing from the terminal M
pre-fault power frequency voltage in Phase A, B, C
at the terminal N
pre-fault power frequency current in Phase A, B, C
flowing from the terminal N
Linn the length of line MN
d fault distance, the length of line MF
so the nonlinear equations can be solved using the trust-
region algorithm illustrated in Section 2.3 next.

Una_pre’ Unb_pre’ Unc_pre

Ina_pre: Inb_pre) Inc_pre

The unknown quantities are the fault distance (d),
impedance matrix per unit length of line (2, Zap, Zac, Zpe)-
The number of unknowns is less than that of equations,
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2.3Solving the fault location equations using the
trust-region algorithm

The conventional iterative method is to appropriate the
objective function with its Taylor series around the
current iteration point and find its descent direction. The
basic idea of the trust-region method is to make the
neighborhood more proper and the approximation of the

Taylor series more accurate. Compared with the Newton-
Raphson method, the trust-region algorithm can
guarantee global convergence and higher robustness, so
it is preferred to solve complex and nonlinear equations.
More information on the trust-region algorithm can be
found in Reference[14].

The flowchart of the proposed fault location method
is shown in figure 3.
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Figure 3. Flow chart of fault location method

3 Simulation results

In this paper, a 10kV two-terminal power supply
distribution network model with neutral grounding via
low resistance is built in Simulink. The total length of the
overhead line is 4 km, which belongs to the short line, so
the lumped parameter model is adopted and the shunt
capacitance is ignored. The resistance matrix is defined
as R, the reactance matrix in power frequency is defined
as X. The line parameters are set as follows:
0.0627452 0.0415193 0.0461325
R =10.0415193 0.0627452 0.0507458(Q/km (6)
0.0461325 0.0461325 0.0461325

0.567624
X =0.242636
0.265595

0.242636 0.265595
0.567624 0.296555|Q/km (7)
0.296555 0.567624

Z=R+jX (8)

Because of the space limitation, table 1 only presents
the results when the fault occurs at the point that is 2 km
from terminal M, more traversal results are presented in
figures 4-7. It can be seen that errors are all less than 10
m. The error of fault distance is calculated by (9).

errory = |dralrulated - dactua]l

9

Table 1. The representative results of calculated fault distances

Faulty F ault Fault F ault : Calculated Results .

Line Dl(j(t;n)ce Type Reszz;?)mce Faultﬂ]{)lS)tance Locatzon) Error

m m

1 2.0006 0.6

a-g 10 1.9983 1.7

100 2.0095 95

1 2.0001 0.1

a-b 10 1.9977 2.3

100 2.0068 6.8

VN 2 1 2.0002 02

a-b-g 10 1.9992 0.8

100 1.9923 7.7

1 1.9998 0.2

a-b-c 10 2.0031 3.1

100 2.0075 75
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Error of calculated fault distance (m)

Figure 4. Errors of calculated fault distances for a-g fault

Error of calculated fault distance (m)

Figure 6. Errors of calculated fault distances for a-b-g fault

4 Conclusion

The problem of parameter asymmetry caused by
untransposed lines in distribution networks can be solved
by the location method proposed in this paper. The
method does not require precise line parameters, which is
suitable for distribution networks. It is only required that
line parameters are uniformly distributed, which
overcomes the influence of inaccurate line parameters on
traditional location algorithms. The proposed method
uses synchronous measurements of the voltage and
current at each terminal before and after the fault to
locate the fault accurately. Considering the
characteristics of the amplitude and phase of the
fundamental frequency components, a filtering algorithm
taking the average value of multiple measurements to
restrain random error is presented as well. A large
number of simulation tests verify that the fault location
accuracy is not affected by fault type, fault position and
fault resistance.
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Figure 5. Errors of calculated fault distances for a-b fault
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Figure 7. Errors of calculated fault distances for a-b-c fault
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