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Abstract: - Considering roundly reliability and accuracy of
one terminal fault location system for transmission lines, an
impedance-traveling wave assembled algorithm, which combines
measurement impedance method with traveling wave method, is
presented. At first, it uses measurement impedance method to
calculate roughly fault distance. Then regions of reflected waves
from fault point and opposite bus to detective bus are confirmed
respectively through the distance. At last, exact time of reflected
wave from fault point to detective bus and that of reflected wave
from opposite bus to detective bus are identified respectively in
corresponding regions, and fault location is implemented
according to the result detected. It has complementarities of both
methods, because measurement impedance method guarantees
reliability and traveling wave method improves accuracy. Results
of simulation are that located errors are within 100m if fault
location based on traveling wave algorithm is available. It is
improved that assembled algorithm proposed is correct.
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I. INTRODUCTION:

Transmission lines are vital in electric power systems,
because they shoulder missions of transmitting power energy.
However, they are also the parts which are bounded to have
faults, and it is very difficult to find the faults. Thus, fast and
accurate fault location for transmission lines, which is an
imperative problem to be solved, plays an increasingly
important role in electric power systems. It not only saves a
large amount of manpower and material resource, but also
makes it easy to find some covert faults, such as the insulator
puncture. Various fault location methods have been developed
and fault location techniques have been a subject for many
researchers [1].

One-terminal fault location system just installs fault
location device on one terminal of transmission lines, and
doesn’t have to use communication device, so it is more
economical than two-terminal fault location system [2], [3]. In
one-terminal fault location system, there are two categories,
one is based on power frequency quantities, and the other is
based on traveling wave. The former is economical and easy to
implement, especially, measurement impedance algorithm is
the most robust algorithm of one-terminal fault location based
on power frequency quantities [4], [5], but has no high
accuracy. The latter has high accuracy except of reliability [6].
However, both reliability and accuracy are vital in fault
location technology. Thus, considering roundly reliability and
accuracy of one-terminal fault location system, an impedance-
traveling wave assembled algorithm, which combines
measurement impedance method with traveling wave method,

is presented. The assemble algorithm have complementarities,
because measurement impedance method guarantees reliability
and traveling wave method improves accuracy [7], [8].

ILIMPEDANCE -
ALGORITHM:

The algorithm proposed includes two parts, one is
measurement impedance method, and the other is traveling
wave method.

TRAVELING WAVE ASSEMBLED

A. Measurement impedance method:

An algorithm named measurement impedance method is
proposed in document [9]. It eliminates fault resistance for
calculating fault distance according to measurement
impedance, transmission line positive-sequence impedance
angle and detective currents.
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Fig.1 Fault diagram of three-phase power system

According to fault location algorithm based on

measurement impedance method, fault distance can be
calculated by Equation (1).
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Where a =Re[lyy / v ], b =Ll / Iv ] , x is fault distance
from bus M to fault point F, X, is positive-sequence reactance
per kilometer of transmission lines, ¢; is transmissions’ line
positive-sequence impedance angle, /s is fault component
current, Uy and Iy are respectively detective voltage and
current with the definition of distance protective measurement
impedance, that’s Ry + jXu =Uy / Iy .

In the algorithm named measurement impedance method,
it’s assumed that the phase angle between fault current /; and
fault component current I, is zero, so the fault error will be
inevitably led.

Simplicity and reliability are the main characteristic of
algorithm based on measurement impedance. It’s basic
principle is the same as the one of distance protection. With
measurement impedance, distance relay determines the fault
section and trip fault line selectively. So the algorithm based
on measurement impedance can be taken to boundary the fault
section of transmission lines [8].



B. Traveling wave method:

When a fault occurs in transmission lines, fault traveling
wave will transmit from fault point to detective bus and
opposite bus along the transmission lines. Because of
discontinuous impedance, fault traveling wave to detective bus
will be reflected at detective bus and transmit to fault point,
then will be reflected at fault point and transmit to detective
bus for the second time. For the same reason, fault traveling
wave to opposite bus will be reflected at opposite bus and
transmit to fault point, and may be refracted at fault point and
transmit to detective bus.
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Fig.2 Diagram of fault traveling wave propagation

As shown in Fig.2, L is the length of the fault lines, x is the
fault distance from detective bus M, %, is the time when fault
occurs, ¢ is the time when initial traveling wave arrives at
detective bus, t, is the time when traveling wave reflected at
fault point arrives at detective bus, #; is the time when
traveling wave reflected at opposite bus and refracted at fault
point arrives at detective bus.

A great deal of computer simulation showed that the
largest error of algorithm based on measurement impedance is
within the limit of 10% under different fault case [8]. So the
actual distance to fault point is sure in the region of
(x-10%L, x +10%L). tu , tv and O, are defined as the needed
time that fault traveling wave transmits from fault point to
detective bus M, the needed time that fault traveling wave
transmits from fault point to opposite bus N, and the
corresponding time error of the distance error of 10%L .

They are expressed as in (2).
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Where v is defined as velocity of traveling wave which can be
calculated according to lines’ parameters or be obtained from
former velocity of traveling wave modified by (4).

Using 1 as time reference, 2 is in the region of
( ti+2ty -2 6, , ti+2tyt2 J, Jand t; is in the region of
(ti+2ty-2 0., ti+2ty+2 0, ).

In case of that both 2 ¢ and 3 ¢ can be detected,
simultaneous
equation will be expressed as in (3).
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Where V', #, and x' are unknown, denoting respectively as the
true velocity of traveling wave, the time when fault occurs and
fault distance.

The equation as in (4) can be obtained from equation as in

3).
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In case of that #, can be detected, but #; cannot be,
simultaneous equation will be expressed as in (5).
{1'{:: - f.:,:l = I'
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The equation as in (6) can be obtained from equation as in

(5).
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In case of that #; can be detected, but ¢, cannot be,
simultaneous equation will be expressed as in (7).
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The equation as in (8) can be obtained from equation as in
(7).
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In worst case of that both #, and ¢; cannot be detected, ¢
and x' will be expressed as in (9).
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C. Analysis in theory:

Simplicity and reliability are the main characteristic of
algorithm based on measurement impedance. Its basic
principle is the same as the one of distance protection. With
measurement impedance, distance relay determines the fault
section and trip fault line selectively. So algorithm based on
measurement impedance can be taken to boundary the fault
section of transmission lines.

In the algorithm, exact time of reflected wave from fault
point to detective bus and that of reflected wave from opposite
bus to detective bus are identified respectively in the regions of
( t+2ty-20,, t;+2ty+26, ) and ( t;+2ty-20,, t;+2ty+20, ). So
it’s unnecessary to detect ¢ and # in full region of
[t,t;+2L/v], but in its sub-regions of (z,+2ty -20, ,



t1+21M+25[) and (t1+2t1v-2 (Sf s ti+2tyt+2 (Sf) As a
result, total length of its sub-regions is v L ¢ 801 =0.8 , only
40% of the length of full region. Moreover, the algorithm can
also decrease the disturbance of traveling wave reflected from
neighbor buses.

In case of that both #, and #; can be detected, the precision
of fault location can avoid the effect of traveling wave velocity,
what’s more, the velocity of traveling wave can be modified
online [11]. Because of the velocity of traveling wave modified
endlessly, it will approach the true velocity. In case of that just
t,or t; can be detected, the precision of fault location calculated
by Equation (6) or (8) is hardly affected by the effect of
traveling wave velocity. In worst case of that both 7, and 73
cannot be detected, fault location based on traveling wave
algorithm isn’t available, but fault location algorithm based on
measurement impedance method can guarantees reliability.

II. SIMULATION TEST:

In order to demonstrate the correctness of the assembled
algorithm proposed, a model with length of 300km, voltage
grade of 500kV and frequency of 50Hz is built for simulation.
As shown in Fig.3, single transmission lines between bus M
and bus N connect Equivalent system M and Equivalent
system N. Fault distance can be set by the means of changing
the lengths of line partl and line part2. Fault type and fault
resistance can be set through the module of Fault Setting. Ports
for measurement are set at bus M. Waveforms of currents and
voltages at bus M can be detected by the way of oscillograph
module, and data of voltages and currents will be put out
through the outputs of Outl and Out2.

Transmission lines’ distributed parameters are given as
following:

r1 =0.0270 Q/ km , x,=0.2783 Q/ km ,
¢1=0.0127 uF/ km , ro=0.1948 Q/ km ,
X0 =0.6494 Q/ km, ¢, =0.0090 puF/ km .

Parameters Equivalent system M and Equivalent system N
are given as following:

Zwi=Zni =2.534 +120.46 (),
ZM() = ZN() :1121+] 40.23 ( Q)

The velocity of traveling wave can be obtained from the
transmission lines’ distributed parameters [11]:

v=\(1/1,c,)=2.98137% 10° km /s [
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Fig.3 Model for simulation

Single phase-to-grounded fault with distance of 100km
from bus M is taken as an example. Setting sample frequency
at 2 kHz and sampling ten power frequency cycles, fault
distance of x=102.4km is calculated via Equation (1) with
Fourier transform, and results of #,=343.5us, tv=662.8 us
and 0, =100.6 ps are also calculated. Then just
keeping the current output of Outl and setting sample
frequency at 2MHz and sampling half power frequency cycles,
data are treated with using digital filter, modal transform and
wavelet analysis [12],[13]. According to maximum likelihood
estimation, time reference of ¢=2817 s is obtained, and
times of #,=3488 us and #= 4158 ps are identified
respectively in corresponding regions of (3302.8,3705.2) and
(3941.4, 4343.8) as shown in Fig.4. The results of #, = 2481.5
ws, v'=2.98211000° km/ s and x'=100.05 km are calculated
finally.

Changing respectively fault resistance, fault distance, fault
type and so on, a number of results of fault location are gained
using assembled algorithm proposed. Results of simulation are
that located errors are within 100m if fault location based on
traveling wave algorithm is available. So it is improved that
assembled algorithm proposed is correct.
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Fig.4 Wavelet analysis

IV. CONCLUSION:

Considering roundly reliability and accuracy of
oneterminal fault location system for transmission lines, an
impedance-traveling wave assembled algorithm, which
combines measurement impedance method with traveling
wave method, is presented. The assemble algorithm have
complementarities, because measurement impedance method
guarantees reliability, especially when fault point is very near
to the detective bus, and traveling wave method improves
accuracy, especially when fault point is far from the detective
bus. Results of simulation test have improved that assembled
algorithm proposed is correct. In the case of that exact time of
reflected wave from fault point to detective bus and that of
reflected wave from opposite bus to detective bus can both be
detected, traveling wave velocity has no relation with fault
accuracy, and can be corrected to its actual velocity online. In
the worst situation, measurement impedance method can still
guarantees reliability in despite of that traveling wave method
is no available. So it is prospected that the assemble algorithm
will have a positive effect on fault location technology for



transmission lines of electric power systems and be applied
practically.
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