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Abstract

The paper presents a digital fault locator by dynamic system
parameter estimation for a double end fed transmission line.
The method uses about 1/6 cycle of recorded fault data and
doesn’t require filtering of dc offset and high-frequency
components. The system differential equations are based on a
lumped parameter line model, Thevenin equivalents at both
ends of the line and an unknown fault resistance. The
accuracy is demonstrated by a representative set of tests
results obtained with computer simulation.

Key words

Fault location, Transmission lines, Parameter

estimation.

1. Introduction

Transmission line faults must be located quickly and
accurately in order to repair the faulted section, restore
power delivery and reduce outage time as soon as
possible. Therefore the development of fast and
accurate fault location techniques has become a highly
important research area. Several papers have been
published in recent years on fault location methods.
Most of them involve two main approaches. One is
based on the travelling wave theory. When a line fault
occurs a sudden change in voltage or in current at the
fault point generates high frequency components. Fault
generated travelling waves appear as disturbances
superimposed on the power frequency signals; by
processing these signals, recorded by the relays, it is
possible to determine the fault distance. However this
method depends on the travelling wave propagation,
that is a complex phenomenon difficult to analyze
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perfectly; this is critical to the accuracy of the fault
location [1]-[3].

The other approach relies on information supplied by
the line currents and voltages at some observation
points on an energized system within the first instants
after fault inception [4]. In both cases the recordings of
voltage and current constitutes the initial data for an
estimation problem leading to fault location.

Most fault locating devices measure impedance, or
more exactly reactance, between the short circuit and
the end of the line where they are installed. The
measured reactance provides an exact distance to the
faulted point when the fault resistance is zero. This
latter, unfortunately is not zero in actual faults, causing
the impedance to deviate from its true value. This is
because the current that flows through the fault
resistance is slenderly shifted in phase with respect to
the current measured at the end of the line, due to the
effect of the prefault load current. As a result, the fault
resistance is recognized as an apparent impedance with
both resistive and reactive components, which is
responsible for an error in the fault location. The error
may be positive or negative, depending on the direction
of the load current. Many algorithms that correct this
error were presented [5]-[10]. Further publications on
fault locacation can be found in [11]-[13]. In this paper
another way of producing fast and accurate fault
location is proposed. The line is represented as a
lumped parameter circuit. The system model includes
Thevenin equivalents with resistances and inductances
at both ends of the line and an unknown fault resistance.
A method of dynamic parameter estimation will be used
in this paper to find fault distance. The fault location is
quickly obtained by comparing the response of the
actual system with that of the lumped parameter model.
The model’s parameters are varied until an adequate
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match is obtained with the actual system response. This
procedure permits to estimate not only the fault distance
but also the fault resistance which may be or may not be
of interest.

2. System model

The most complete representation of the system model
includes not only the series impedances but also the
parallel parameters of the line. Generally the shunt
conductance is neglected due to its very small
contribution to the shunt admittance; moreover, for
transmission lines less than about 100 km long, the
effect of the earth capacitance on the power frequency
component is very small and is usually neglected.
Furthermore neither the high frequency transient
components due to the capacitance, immediately after a
fault occurs, effect in a negative way the estimation
process if a model without capacitance representation is
used and the sampling rate of the signals is at least
twice the highest frequency of the observed transient
components. Therefore in this analysis it has not been
taken into account the shunt admittance of the line.

The overall system model is shown in fig. 1, where both
ends of the line are represented by three-phase
Thevenins equivalents for transient.

Vo and Vo are the instantaneous voltages of the
Thevenin equivalents at the measurement and remote
ends of the line, respectively. Similarly Z,(p) and Z,(p)
are the the operational impedances (p=d/dt) of the
Thevenin equivalents at the measurement and remote
ends of the line, respectively.

Z(p)=(R+Lp) and Rs are the operational line impedance
per kilometer and the fault resistance, respectively,
while Iy is the total line length.

Fig.1 Faulted system configuration

All types of faults that are likely to occur on a three-
phase power system can be led back to the study of a
single phase equivalent circuit in which the relation
between the parameter of the equivalent system and real
system, that depends on the type of fault (3 phase,
phase-phase,  phase-ground), is obtained by
appropriately  altering the sequence network’s
interconnection. By application of the superposition
principle to fig. 1, the fault voltages and currents can be
resolved into prefault (fig. 2) and fault caused
components (fig. 3)
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Fig. 3 Circuit describing fault caused variables

If the fault occurs at distance | from the measuring
point, the prefault sinusoidal voltage at fault location V;
and the fault caused currents can be expressed, in terms
of Rf and I, both in steady-state systems and under
transient systems conditions.

In particular the operational impedances of the
Thevenin equivalents behind the measurement point are
eliminated by inserting the observable voltage V,. The
expression of V; can be written

V, =V, -(IR-jloL)T )
Vv, (H=/2V,sin(ot+6,)

where Vy and 6; are function of V,, |, and I.

Moreover the expressions of the fault caused currents
can be written in terms of V; Ryand .

i,(H)=C,e™ +C, e +C,sin(ot)+C, cos(ot)

(2)

i, (1)=C,,e™ +C,,e™ +C, sin(wt)+C,,cos(wt)

where Cia, Coay Csay Caay Civ, Covy Cap s Capy P, P2
are function of Vs, Rfand I.

In the parameter estimation process the voltage V, and
the current I, in the model are the known inputs
derived from the recorded data of the real circuit while
the current i,, forming the model output, is compared
with the corresponding current obtained from the the
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recorded real line fault caused current in order to find
the unknown parameters | and Ry.

3. Estimation Algorithm

The equation describing the fault caused current i,(t)
can be expressed as a function of the parameters |, R;
and time t

ia(t) = ia(l, R, 1) @)

Expanding i,(t) in a Taylor series in the neighborhood
of given values I*, R¢* of parameters |, R; gives

. i, (1 ai, (0
Ia(t)_la(t)a+|: 3 lAH{ R, lARf 4)

where the higher order terms of the expansion are
ignored and o = (I*, R¢*).

The principle of operation of the estimation technique is
based, as above mentioned, on the comparison between
the real values of the fault current at measurement end
of the line and the estimation values of the model output
[14]-[15].

Thus the problem consists in determining the
parameters I, R able to minimize the error between real
sampled values and estimation values. If the input
quantities are sampled with sampling rate fs, a set of n
samples is obtained.

The error, at instant tg, is expressed as

e(ts) = [iar (tg) — ia(tg)] ©)

where iy(ts) and iy (ts) represent the sampled outputs

of the model reference and the real system at the
measuring point at time ts. The total square error is

given by

£= 31, )4 (0)] ©

s=1

Substitution of (4) into (6) yields

E=S {.a,(t)u (t.), _Pa(lt)} Al+

AW | gy
R, |

U]
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The total square error is minimized by solving the
partial derivatives of (7) relative to | and R; evaluated
at I*and R¢*

E_, oE

i — = 8
al oR, ©

There results after rearrangement

i[a' (”} [i, (), ()],

s=1

n i, (t,) oi,(t,)
Z{ al H[ a lAH
ol (”} AR,)

oR,
€)

Z{a;ét )} . 4,0,

zi{agét)} {[ai%(lts)} Al

This system can be written in compact form

c11 Al + c12 ARf = bp

(10)

c21 Al + c22 ARf = b2

where cjk and bj are known values and Al and AR¢
are the unknown of the linear system. Solution of
system (10) gives the corrections Al and AR necessary
for updating parameters | and R for each iteration step.

4. Computer Simulation Results

A 80 km transmission line model was used for testing
the fault location algorithm by computer simulation.
The model power system is similar to fig. 1, with
parameter data taken from a typical 275 kV
transmission line, given in Table 1.

Table 1 - 275 kV, 400 MV A transmission line model
parameters

Line resistance
Line reactance

0.078 Q/km
0.338 Q/km

To cover various situations in actual power systems,
computer simulations have been carried out extensively
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in order to determine the minimum data window
required to locating a fault with good accuracy.

The elaboration for generating new values of | and R
each iteration step is carried out on a set of 3 samples of
the input quantities, which are sampled with sampling
ratio f=5 kHz, corresponding to 100 samples per
period.

The fault inception was selected such that both high
frequency components and dc offset in the recorded
fault current are present.

Fig. 4 shows the waveforms of currents i,, i, and error
(iy - iy for a fault distance of 40 km and fault
resistance of 30 Q.
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Fig. 4 Waveforms of currents i,, i, and error (iy - i,)

Typical convergence characteristics are shown in fig. 5
for a fault distance of 40 km and fault resistance of
30 Q. The initial estimates for fault distance and fault
resistance are chose near zero; six iteration steps are
required to get to the convergence
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Fig. 5 Convergence of the estimation algorithm

Rf (=30Q) converges to 29.87 Q
I (=40 km) converges to 40.15 km
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Fig. 6 shows the ratio of estimate to true value of the
distance against the data window width for three values
of the fault resistance (1Q, 302, 100€Q2) with an actual
fault distance of 40 km.

The accuracy of the distance estimate is within 0.7% in
each case.

Resistances over 100Q have not been considered
because might not be detected as a fault at all because
of the relatively small fault current.
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Fig. 6 Effect of fault resistance on location accuracy at
1=40 km

Rf=1Q  converges to 40.05 km
Rf=30Q converges to 40.15 km
Rf =100 Q converges to 40.28 km
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Fig. 7 Effect of fault location distance on location accuracy
at Rf=30Q

I=24km  converges to 24.09 km

I=40km  converges to 40.15 km
I=64km  converges to 64.50 km
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Fig.7 shows estimates for several fault distances, 24, 40
and 64 km with 30Q fault resistance; the final estimates
are within 0.8% accuracy in each case.

Line switchings and load changes may cause variations
in the actual value of the Thevenin operational
impedances at the remote end of the line.
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Fig. 8 Effect of errorsin Zb(p) and L on location accuracy
at Rf=30Q and |1 =40 km

Z,(p)=0.6 of true value
Zy(p)=true value
Z,(p)=2 times true value
L=1.1times true value

converges to 40.15 km
converges to 40.15 km
converges to 40.15 km
converges to 40.13 km

Fig. 8 shows the effects of using a value for Thevenin
impedance Zy(p) in the estimator that is 60% of the
actual value used in the simulation studies; in a second
test the Thevenin impedance Z,(p) is assumed to be
twice the actual value.

The same figure shows also the effect of errors in the
value of the line impedance L, caused by variations of
earth resistivity along the line.

As observed from fig. 8 the final estimates of the fault
distance, that was actually 40 km with a fault resistance
of 309, are within 0.4% accuracy in each case and are
practically insensitive to variations both of the
Thevenin operational impedance Z,(p) both of the line
impedance L.

5. Conclusion

The paper has described an algorithm for the extremely
rapid and accurate location of faults on high voltage
transmission line.

Useful estimates of fault distance are obtained using
about 1/6 cycle of recorded fault data at the
measurement end of the line.

The method doesn’t require filtering of dc offset and
high-frequency components from the recorded signals
and can be used for any type of fault on a three-phase
transmission line by appropriately altering the sequence
networks’ interconnection.

No information about fault resistance is required apriori
for the algorithm to work.

The sources of errors due to the parallel parameters of
the line have not been included in the analysis.
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Computer simulation tests indicate that fault location
accuracy is relatively insensitive to fault resistance and
fault distance. Moreover during these tests it has been
taken into account the effect of the errors introduced by
measurement instrumentation.
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