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Abstract:

Fast fault clearance and fault localization is of great interest in the context of power systems

operations and economics. Conventional distance protection schemes provide adequate information
in fault isolation but do not provide sufficient information for fault localization and characterization in
required accuracy. This study develops a distance relay observer model using fault transient analysis
to be used in radial and in branched networks. Wavelet analysis together with traveling wave
behavior of fault transients obtained from wide band substation voltage transformers are used to
retrace the fault transient history. Modal transform associated with Daubechies filtration of fault
transients identifies successive impulses. The resulted fault transient voltage graph together with
network topology is used to calculate the fault distance and fault category. The polarity, magnitude
and timing of the reflections originated from network boundary discontinuities and from the fault are
analyzed to locate the fault. Simulation studies in MATLAB/SIMULINK environment demonstrate
that this scheme is capable of locating and characterizing the faults accurately.

1. Introduction

Electric power systems are susceptible to
various types of faults caused by transient
weather or animal induced situations as well as
maintenance circumstances with human and
asset related failures. The fault locating, fault
clearing and power restoring functions have
more expert systems based control than human
decision based control.

Tire conventional distance protection schemes
used in transmission and primary distribution
networks employ impedance based fault
identification techniques using pre fault and post
fault power frequency signal analysis. It provides
the combination of fast fault clearance with
selective tripping. But it will not reveal the
accurate information about fault location since
calculated line impedance based on relay
measurements is influenced by harmonics and
DC components when fault occurs. Further
distance relay is normally set at 80% of the length
of the line to ensure the relay reliability due to
overreaching and under reaching effects.

Thus once receiving the feeder circuit breaker
trip information, the fault clearing teams have to
identify the faulty feeder for fault localization
and remedial action. It can be a rigorous and
time-consuming task and the reconnection time
primarily depends on the fault localizing
duration than the remedial duration.

Among the presently available fault localizing
techniques, Impedance based fault location

95

algorithms [1,2] make use of voltage and current
signals at pre-set locations to calculate the line
impedance. [1] uses an apparent impedance
based technique for multiple fault location
predictions by continuously updating the
voltage and current vectors, extracting the
fundamental components and then determination
of fault type and phasors. But it does not address
the ranking of multiple fault locations and the
compensation for modeling errors.

Knowledge-based techniques [3-5] often rely on
external information such as SCADA alarms,
substation and feeder switch status, feeder
measurements, load voltage sensors, etc. These
approaches may not be feasible since
measurements are usually only available at the
substation and information about the operation
of feeder protective devices is normally
unknown.

[6,7] Describe methods based on integration of
disturbance fault recorder data with  network
topology characteristics.  [6] consists  of
calculating the complex power at each node
during the fault by modeling its behavior
according to the voltage variations and then
fault distance in a recursive algorithm. [7]
calculates the faulted regions based on
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probabilistic modeling and analysis to deal
with uncertainties in system modeling and
phasor estimation.

Travelling wave based fault detection
techniques [8-14] based on fault transient
analysis can address the fault location problem
for power networks more accurately. Selection
of accurate fault point among multiple fault
location predictions, fault distance calculation
to a higher degree of accuracy and fault type
clarification can be easily obtained through a
proper algorithm developed.

Information for fault localization is mostly
available in the fault transient waveforms. Thus
the fault localization by fault transient analysis
is a preferred scheme. This approach is more
viable due to the rapid growth of
microprocessor power and hence improved
digital relaying techniques.

Thus this research focuses on analysis of fault
transients to develop an observer model for
distance protection relay agent in fault
localization.

2. Proposed fault location scheme

The proposed research work has developed a
fault transient based fault locating scheme which
can act as an observer model to the
microprocessor based distance relay. The
principle of the proposed fault location scheme
is based on the identification of successive high
frequency travelling waves arriving at the
substation end relay. The faulted voltage records
rich with non periodic signals containing both
high frequency oscillations and impulses apart
from power frequency are converted by modal
transforms to eliminate significant
electromagnetic coupling. The modal signal with
sufficient transient information is processed
using Wavelet Transform [8,16] in mapping
transients in to time - magnitude - frequency
plane to produce high frequency notch analysis
of fault characteristics. Fault distance is
calculated by using an algorithm which retraces
the processed transient signal history subjected
to Wavelet analysis.

The fault transient information is obtained by
simulating different types of faults on a 132kV
power transmission network model developed
in MATLAB/SIMULINK environment. The
Modal analysis and Wavelet analysis are built

into the model by SIM Power systems signal
controls block set available.

The resulted fault transient graph provides
basic information for fault distance calculation
together with the power network’s physical
characteristics. Further a modified fault location
algorithm is presented to look after the faults in
a branched power network.

2.1 Fault Transient Analysis using Wavelet
Transformation (WT)

Wavelet Transform is a multi resolution analysis
based technique which provides non stationary
signal analysis at different frequencies with
different resolutions to give a good time
resolution with poor frequency resolution at
high frequencies and good frequency resolution
with poor time resolution at low frequencies. A
key part in fault transient based algorithms is the
detection of transients and extraction of their
magnitude, time and frequency information.

2.1.1 Continuous Wavelet Transform (CWT)

In mathematical terms, the WT of a continuous
signal X (¢) is given by W,(a, b);

W, (a; B) = —1—f+mX(t)h* (ﬂ) dt......(1)
Val a
a -scale parameter defining the support
width of the wavelet
b - Translation parameter localizing the

wavelet functions in the time domain.
h(t) - Mother wavelet (a finite window function)

The mother wavelet (h(t)) is short and oscillatory
having zero average and decay quickly at both
ends. This restriction is to ensure that the
integral in (1) is finite and gives the name
wavelet or ‘small wave’ to the transform.

CWT 1is a correlation between a wavelet
(mother wavelet) at different scales and the
signal with the frequency being used as a
measure of similarity. It is computed by
changing the scale of the analysis window,
shifting the window in time, multiplying by
signal and integrating over all times.

2.1.2 Discrete Wavelet Transform (DWT)

Since the computation of CWT requires a
significant amount of computation time and
resources, DWT 1is introduced to provide
sufficient information for both analysis and
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synthesis of the original signal with a
significant reduction in computational time.

In DWT, a time-frequency representation of a
digital/ sampled signal is obtained using digital
filtering techniques. The sample signal is passed
through a series of high pass and low pass filters
to analyze high frequencies and lo frequencies
respectively. Therefore implementation of DWT
involves successive filtering of the signal at each
scaling stage using low pass and high pass filters
whose coefficients are determined by the shape
of the mother wavelet.

In mathematical terms, DWT of a sampled
signal is given by,

1 (k — nag*
xoon |2 )
v Z

m
ag' Qo

DWT(m, k) =

Where h(n) is the mother wavelet and scaling
and translation parameters a and b in (1) are
functions of an integer parameter m, in such a
way; a = ag' and b = b{".

The equation in (2) can be represented in a
different format to show the similarity in
between general equation for finite impulse
response for digital filters with the DWT as
follows.

DWT(m,n) = 1mZX(k)h” (&5™n-k) ..(3)
0 &

Ja

Finite impulse response is;

y(n) = = T xkIh[n = K] o (4)
Equations (3) and (4) suggest that h*(ay;™n-k)
is the impulse response of a low pass digital
filter for a given transfer function.

2.2 Wavelets for Power System Transient
analysis

Fault transients are difficult to analyze with
conventional time domain analysis as well as
with traditional Fourier transform analysis as
their frequency response varies with time.

It has been shown that wavelet coefficients [8,
12, 13] can be successfully used for the
classification of different power system
transients such as faults, capacitor switching
and load switching by selecting a proper
mother wavelet function. But this study does
not investigate that aspect, but assumes the
availability of a technique such as the one
proposed in [13] to discriminate fault transients
from the others. Thus, among those wavelets,
Daubechies is the most widely used mother
wavelet in the analysis of fault transients in
electrical networks and found to be well suited
for power system applications. In addition, the
higher number of wavelet levels used, the
closer the reconstructed function is to the
original. Therefore proposed scheme uses
Daubechies 4 wavelet where number 4
represents the number of wavelet coefficients.
Sampling frequency selected is 200 kHz to
extract the transient travelling waves in 40 - 80
kHz [8,9] frequency range.

Fault

2.3 Modal Measurements for

characterization

Three phase power lines are characterized by
their mutual coupling effects. Modal Transform
is used to transform a group of coupled
quantities into decoupled ones. Thus the
solution of three phase quantities will be
simpler since the decoupled equations can be
treated as equivalent single phase line model.
So it is convenient to analyze the transients in
Modal domain in identification of correct fault
configuration.

Nyquist at 200 kHz Scale 20
sample rate
50-100 Scale 2!
100 kHz
25-50 kHz Scale 22
0-50 kH.
Z 25-12.5 kHz Scale 23
0-25 kHz 12.5-6.25
0-12.5 kHz
0-6.25 kHz

Figure 1. Wavelet decomposition for travelling wave sampled at 200 kHz
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For a three phase system, the relationship
between phase and modal quantities is given by,

[Vinl = [T1[Ve]

Where [V;] - Phase quantity matrix
[Vn] - Modal quantity matrix
[T] -Modal transformation matrix.

Transformation matrix can be selected
considering the characteristics of power
network. For non transposed multiphase lines,
an eigen vector based matrix which is
frequency dependent would be preferred, for
balanced or equally transposed multiphase
lines, a matrix can be easily chosen to one of the
different real value transformation matrices
such as wedepohl, karrenbauer and Clarke
transformation.

Clarke Transformation is used in this study
assuming 132kV power line is well balanced
and transposed.

For the Clarke transformation [17], the
relationship between modal and phase
quantities is given by,
g o | 1
VB —[T][ ] Where T=§Iz -1 —1]
0 V3 -3
VaVg, Ve - Phase voltages
Vs - Ground mode component
Vo - Aerial mode 1 (Mode a)
Vg - Aerial mode 2 (Mode P)

2.3.1 Appropriate mode selection according to
fault type

For Clarke transformation used, mode a is
valid to deal with all type of faults except the
fault of B-C. In such a case it is appropriate to
take fault distance of p modal. The transients
observed in ground mode components are
sufficient only for the faults involved with
ground. Therefore either single component or
combination of modal components can be used
to identify the fault type with the transients
observed [9,10].

In this study, a trial and error based approach is
used to find the most suitable mode at the time
of fault simulation to accommodate all types of
faults.

3. Fault location approach

Assume a fault occurs at a point F, x distance
away from the substation end of the radial line
as shown in figure 2.

Substation end
Relay agent

1

Fault

"/

]

Figure 2. Simulated faulted line

During a fault, system voltage and current will
experience in transients, in which way they
propagate in both directions subjected to
transmissions and reflections at every
discontinuity point [15]. The initial values of
these surges depend on the fault position, fault
path resistance and instance of fault occurrence.
Transmission and reflection coefficients at
every discontinuity point depend on the line’s
characteristic impedance.

Collection of these successive voltage surges at
the substation end relay makes the base for
calculating fault distance as these transients
reflect fault characteristics uniquely once they
are processed with Modal and Wavelet
transforms. The processed information in
voltage transient graph provides a distribution
of significant voltage pulses for different
frequency scales.

‘Scale 1" plot in figure 3 contains high frequency
components of (50 - 100) kHz which is fallen
into the range of fault characteristic frequencies
of (40-80) kHz. Thus it is used for further

analysis.

Figure 3. Scale 1 plot of Transient voltage
graph resulted from 3 phase fault.

The impulse distribution is subjected to retrace
back in time to find out the origins of these
waves by analyzing their traveling wave
history. Thus a hypothetical time axis of 7
period (equal to the line transit time) is
considered and the impulse record is placed on
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it in reverse order assuming time t=0 s point
corresponds to far end of the line as impulse
record is fed to the line from the far end of
the line (not substation end) as shown in
figure 4.

Substation end

: L

v

v

Figure 4. Placement of impulse record over
time axis

For the radial line configuration, all the surges
arriving at the substation are resulted from
consequent reflections at the fault point. Thus
the successive surges change their polarity in
alternate way.

Therefore signal history is retraced back with
‘Scale 1" plot as shown in table 2 to calculate the
fault distance as follows.

Net time of intersecting 2 impulses on the time

; t
axis =1, — — s

Equivalent fault distance (From far end of the
line) = (7, — %) X C km

Equivalent fault distance (From substation end)
=[n— (= D] x € =2 km

Where C is the velocity of light.

3.1 Fault location algorithm

Flow chart arrangement for the proposed fault
location algorithm is shown in figure 5.

All three phase voltage measurements are
transformed to modal domain containing three
new voltage components, namely ground
mode, aerial mode 1 (mode a) and aerial mode
2 (mode P). Depending on the fault type, more
significant modal voltage component is passed
through wavelet filters to extract high
frequency components of desired frequency
ranges. When a fault situation is detected, “scale
1" plot of the transient graph is used for further
derivations.

w

P1

N

4

A4

1, P2 start
travelling
along  the
forward
direction.

P1

N

A 4

A

P2 is still in
forward
direction
motion
since 11> t;.

N

t=0s

X

At the line
end, P2
reflects
backwards.

(1%

t/2)

t=0s

N

X

P1, P2 meet
up at the
fault point
and
proportion
al distance
given by
net  time
period
along time
axis

(t= T1- t1/2)

Table 2. Signal retracing procedure

As the first step, surge magnitudes are
expressed as a ratio of the first impulse
magnitude to identify the pulse generation or
check whether it's resulted from which
reflection or transmission. Then they were
retraced on the hypothetical time axis
equivalent to line transit time to find out the
crossover point of original surge with reflected
surge at fault point. That provides the fault
distance.
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B Voltage measurements at SS

\ 4

Modal Transformation

A4

Discrete Wavelet Transform

Check for

Transients

Scale 1 — Transient graph
successive voltage impulses

A

Calculation of impulse magnitude
as a ratio of 1* imnulse

(<0.25) Check
magnitude

ratio

r Reflected wave from fault point J

Measurement of transient time of
the impulse with 1" impulse

Traverse both impulses along a
time axis of transit time in a
reverse order

A

Calculation of crossover point

A 4
Expected fault point

v

Fault distance calculation

Figure 5. Proposed fault location
algorithm

3.2 Modified fault location algorithm for a
branched network ‘

Substation end
Relay agent

I,

Fault

7

Figure 6. Simulated branched network

In this scheme, detailed analysis of surge
magnitude and polarity provides more
ground information for verifying fault
location. Once impulse record is traversed
along the power line in reverse direction
starting from all line ends, reflected surge at
a branched point will meet the original
surge at the respective branched point. That
location can be verified as a branched point
since the network topology is already
known. Further reflected surges from the
fault point will meet up with the original
surge on the same point.

This will lead to identify healthy branches
and faulty branch separately. Once faulty
branch is found, pulse track can be fed from
the end of that line to verify the fault point
accurately.

4. Simulations

132kV, 50HZ power line is simulated in
MATLAB/SIMULINK environment for
developing the proposed fault location
algorithm. DWT required for the algorithm
described in section 2.1.2 was incorporated in
the same model by modeling a wavelet filter
bank with required parameters.

4.1 Feeders

Simulated 132kV, 3 phase power line is in
double circuit line configuration. All the
relevant data about these lines were offered
by the Ceylon Electricity Board and are
given in Table 3. and figure 7. Calculated
RLC line parameters are amended in
Appendix i.
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Table 3. Transmission line data 3 Phase fault

Conductor type ACSR Zebra
No. of phase conductors | 06
No. of Ground wires 02
Conductor size 428mm?
Conductor DC 0.069Q/km
resistance at 20 °C
Ground resistivity 100Qm
Earth wire GS7/3.25
Earth wire size 58 mm?
Conductor sag 9.5m
Tower span 335m
p, o= ‘ D P, (31.23m)
75m
S p - Figure 8. ‘Scale 1’ plot of modal voltages
Py o= Pa  (19.95m) resulted from 3 phase fault

For a three phase fault, a- modal voltage
impulse distribution is more significant than
that of other two modes. Mode 0 voltage is
insignificant compared to other two since the
simulated fault is not involved with ground.
Therefore with the Clarke transformation
matrix selected mode a is valid to deal with
three phase faults.

Figure 7. Double circuit line configuration

4.2 Discrete wavelet filter bank

3- Phase Ground fault

DWT described in section 2.1.2 is achieved by
implementing specified low pass and high pass
Finite Impulse Response (FIR) filters.

Table 4. DWT filter characteristics

Data sampling rate 200kHz
Filter selected Daubechies
Wavelet order 04

No. of levels 04

Scale 1 output provides the transient
information which contains high frequencies in
between 50 kHz - 100 kHz range and that
transient graph is used for identification of fault

locations.
5. Results 5053

. - l
5.1 Modal Analysis Figure 9. ‘Scale 1’ plot of modal voltages

resulted from 3 phase ground fault

Scale 1 plot of voltage transient graph for . .
different modes resulted from fault simulations All the modal components contain considerable
are shown in below. voltage impulse distribution for a three phase
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ground fault. Mode 0 voltage is significant as
the fault is involved with ground and a-modal
shows good impulse distribution since all three
phases are short circuited. Thus mode a or
mode 0 voltages can be processed for fault
distance calculations for three phase ground
faults.

Phase B- C fault

Mode g

Figure 10. ‘Scale 1’ plot of modal voltages
resulted from Phase B-C fault

For a phase B-C fault, B-modal voltage is more
significant than other two components.

Therefore with the Clarke transformation
matrix selected, based on the above analysis
mode a is valid to deal with all types of
faults except the fault of B-C. In such a case
B modal is considered. The transients
observed in ground mode components are
sufficient only for the faults involved with
ground.

5.2 Fault distance calculation

Simulation results shown in figures 11 and 12
are used to calculate the fault distance
illustrating the performance of proposed fault
location algorithm.

Case 1: Radial transmission line - 100km length
3 phase fault at 50km distance - mode

Figure 11. ‘Scale 1’ plot of a- modal voltage
resulted from 3 phase fault

Table 5. Details of simulated 3 phase fault

Simulated fault description | Fault Erro
(For branched power distanc | r %
network) e (km)

3 phase fault at 30km- 31.5 5
branch 1- mode 0

3 phase fault at 60 km- 60.5 0.83
branch 2- mode a

A-B Phase fault at 80 km- 78 2.5
branch 3- mode a

B-C Phase faultat 50 km - | 51 2
branched point- mode (3

Time duration between 2 pulses = 0.00034s
Calculated fault distance= km

0.00034 , s

=51 km

Actual fault distance =50 km.

Case 2: Branched 132 kV transmission line -
100km length. Branch point is at 50 km
Three phase fault at 60 km distance along
the main feeder (branch 2) - Mode a

Figure 12. Scale 1’ plot of a- modal voltage
resulted from 3 phase fault

Resulted impulse record listed in table 5 is
traversed over the line model from both branch
ends to locate faulty branch first and then fault
location is found as the crossover point of two
surges excluding known discontinuity points of
the line.

Faulty branch = branch 2;

Impulse crossover point (1 and 2) = 10.5 km
away from junction point along branch 2.
Calculated fault distance = 60.5 km (from
substation end)

Actual fault distance = 60 km
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Tables 6 and 7 present a summary of fault
calculation details for different types of faults.
According to it, proposed technique gives the
fault point accurately within 0.5 - 2.0 km faulty
region irrespective of the fault type.

Table 6. Summary of fault calculation details-
radial power line.

Im | Receivi | Distance | Polarit | Comment

pu | ngtime | from 1+ y

Ise (s) impulse

1 10.02053 | - - Original

surge from
fault
point.

2 | 0.02060 | 21km Same Reflected
as surge at
original | load end

3 10.02066 | 39 km Same or
as subjected
original | to2

consequent
reflections
at junction
and fault
point.

4 10.02087 | 102km | Opposi | Reflected
te to surges at
original | junction

5 10.02094 | 123km | Opposi
te to
original

Table 7. Summary of fault calculation details -
branched power network

Simulated fault fault Error
description distanc | %
(For radial power line) e (km)

3 phase fault at 50km, 51 2
mode a

3 phase ground fault at 80 | 81.5 1.9
km, mode 0

A-B Phase fault at 40 km, 39 2.5
mode a

B-C Phase fault at 10 km, 95 5
mode

3 phase ground fault at 60 | 60.5 0.83
km, mode 0

6. Summary and Conclusions

Proposed study has presented a fault transient
analysis based fault location algorithm which

can be incorporated as an observer function
into a microprocessor based distance relay
application. New scheme is intended to be used
in radial as well as in branched networks with
single relay agent located at the substation end.

It is developed wusing transient voltage
recordings through wide frequency response
voltage transformer installed at the supply end
of the feeder. The voltage signals are analyzed
in modal domain for fault characterization and
further investigated using wavelet transform.
Daubechies 4 wavelet is used to discriminate
fault transients from other types of power
system transients. Simulations were carried out

by modeling a 132kV transmission line
using SIMPOWER SYSTEMS  block set
available in MATLAB / SIMULINK

environment. Simulation results have proved
that this scheme is capable of locating faults to
an accepted degree of accuracy irrespective of
the fault type. Calculated fault distances
provide up to maximum of 1.5 km boundary as
the faulty region in case of radial power line
and it has been extended to 2.0 km span for the
branched network configuration.

Though multi relay agent based protection
schemes can process synchronized information
at different locations to give more precise
results in fault localization, this technique
performed in single relay agent is also provides
quite accurate results.

As a further study, applicability of this
proposed concept in fault localization can be
investigated for power distribution networks
with high degree of branching and diverse
network topology.

References

1] A. A Girgis, C. M. Fallon, D. L Lubkeman * A
fault location technique for rural distribution
feeders’, IEEE Transactions on Industry
Applications, Vol. 29, No. 6 pp 1170-1175,

November 1993

2] K. Zimmerman, D. Costello, Schweitzer
Engineering Laboratories, USA, ‘Impedance
based fault location experience” pp211-221

3] A. A Girgis, M. B. Johns, "A Hybrid Expert

System for Faulted Section Identification, Fault
Trpe Classification and Selection of Fault
Location Algorithms", IEEE Transactions on
Power Delivery, Vol. 4, No. 2. April 1989, pp.
978-985.

103

ENGINEER



4]

5]

Yuan-Yih Hsu, F. C. Lu, Y. Chien, J. P. Liu, J. T.
Lin, H. S. Yu, R. T. Kuo, "An Expert System for
Locating Distribution System Faults", [EEE
Transactions on Power Delivery, Vol. 6, No. 1,
January 1991, pp. 336- 372.

P. Jarventausta, P. Verho, ]. Partanen, "Using
Fuzzy Sets to Model the Uncertainty in the Fault
Location Process of Distribution Networks",
IEEE Transactions on Power Delivery, Vol 9, No
2, April 1994, pp 954-960

6] E. C. Senger, G. Manassero, Jr., C.Goldemberg, E.

7)

8]

9]

10]

L. Pellini, “Automated Fault Location System for
Primary  Distribution =~ Networks’.  IEEE
Transactions on Power Delivery, Vol. 20, No. 2,
pp 1332-1340 April 2005

A. A. Girgis, ]J. Zhu,. D. L. Lubkeman,
‘Automated Fault Location and Diagnosis on
Electric Power Distribution Feeders’ IEEE
Transactions on Power Delivery, Vol. 12, No. 2,
pp 801-809 April 1997

D. C. Robertson, J. S. Mayer, W. B. Gish.
‘Wavelets and Electromagnetic Power System
Transients” [EEE Transactions on Power
Delivery, Vol 11 No. 2, pp 1050-1056 April 1996,

N. Perera, and A. D Rajapakse, ‘Agent-Based
Protection Scheme for Distribution Networks
with Distributed Generators” IEEE Power eng.
Society general meeting, 2006

El Sayed Tag EI Din, M. Gilany, M. M.A. Aziz,
D. k. Ibrahim ‘A Wavelet-Based Fault Location
technique for Aged Power Cables’, IEEE Power
eng. Society general meeting, pp430-436, 2005

11] M. L. Gilany, El Sayed M. Tag Eldin, M.M. A.

Aziz, D. K. Ibrahim “Travelling wave based fault
location Scheme for Aged Underground Cable
Combined with Overhead Line, International
Journal of Emerging Electric Power Systems

“Volume 2, Issue 2 2005 Article 1032

[12] C. Fann K K Li, W L Chan, Weiyong Yu, ‘Study

13]

14]

15]

of protection scheme for transmission line based
on wavelet transient energy’, International
Journal of Electrical Power & Energy
Systems, Vol 28 pgs 459-470, September 2006

CH. Kim, H. Kim, Y.H. Ko, SH. Byun, RK.
Aggarwal and A.T. Johns, “A Noval Fault-
Detection Technique of High-Impedence Arcing
Faults in Transmission Lines Using the Wavelet
Transform”, IEEE Transactions on Power
Delivery, volume 17, pp. 921-929, Oct. 2002.

F. H. Magnago and A. Abur, “Fault location
using wavelets,” IEEE Trans. Power Delivery,
vol. 13, No. 4 pp. 1475-1480, Oct. 1998.

Prof. JR Lucas ‘High Voltage Engineering’,
Course Textbook. University of Moratuwa, Sri
Lanka. 1995

16] Robi Polikar, ‘The Wavelet Tutorial’ Second
edition. Jowa State University, 1994

17] E. Clarke, “Circuit Analysis of AC Power
Systems, Symmetrical and, Related
components”, New York, Wley, 1943

Appendix

132kV radial transmission line - RLC line
parameter calculation-Report generated by
running ‘RLC line parameter computation tool’
available in SIMPOWER SYSTEMS control
block set

132kV line

Double circuit configuration

1L1

R, L, AND C LINE PARAMETERS:

Resistance matrix R_matrix (ohm/km):
0.0558 0.0207 0.0206
0.0207 0.0558 0.0207
0.0206 0.0207 0.0558

Inductance matrix L_matrix (H/km):
1.0206e-003 4.7511e-004 4.1121e-004
4.7511e-004 1.0793e-003 4.7511e-004
4.1121e-004 4.7511e-004 1.0206e-003

Capacitance matrix C_matrix (F/km):
1.6473e-008 -4.0756e-009 -2.5778e-009
-4.0756e-009 1.5989¢-008 -4.0756e-009
-2.5778e-009 -4.0756e-009 1.6473e-008
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