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Abstract

This thesis examines the main circuit modelling fundamentals and fault location techniques
that may be applied to electricity transmission networks. Using a statistical comparison, it
then investigates both impedance and travelling wave based fault location methods. This
appears to be a novel comparison as no publications have been identified which draw
conclusions on the accuracy of these fault location techniques. This work subsequently led
TransGrid to install a new commercial travelling wave fault location system on the New

South Wales 330kV transmission network.

Following the commissioning of this system, there was an ongoing process to store data
that was being observed by the travelling wave recorders. This data was later cross-
referenced to determine the fault location, and the waveform interpreted to identify the
source of the travelling wave transient. However, this analysis has revealed that the
theoretical accuracy of this travelling wave system was not as good as previously expected

from publication.

The source of the degradation was tracked down and found to centre on the frequency
response of the coupling transducers used by most conventional travelling wave recording
hardware. These errors are not currently considered in publication but can result in several
kilometres of uncertainty in a fault location calculation. Hence, it can be concluded that the
use of conventional substation current transducers can introduce additional uncertainty into

travelling wave fault location calculations.

The source and nature of this uncertainty has subsequently led to the development of a
novel unsynchronised fault location algorithm based on the continuous wavelet transform.
This new technique also uses an assessment of waveform polarity to distinguish between

signals generated by solid or incipient line faults.

Several unusual events have also been observed which have led to a number of new
developments in fault location and forewarning. These include specific requirements for

impedance algorithms during unearthed inter-circuit faults on double circuit lines.

Page iii



Similarly, this thesis presents the development of a new method to forewarn of faults within
oil impregnated current transformers. This has been based on the high frequency transients

observed by the travelling wave system prior to the failure of a 330kV current transformer.

This thesis also identifies significant potential for travelling wave techniques to forewarn of

developing insulator faults on overhead circuits.
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&
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e, exp

EMTP
EST
FFT

Fr

GE
GPS
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Institute of Electrical and Electronics Engineers
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an integer
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an integer
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minimum calculated breaking load

an integer, number of turns in a winding
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an integer

charge, coulomb
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system control and data acquisition
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<
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A NV § >R B 9 8

<
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time step or relative change in time, s
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permeability of free space, 41x107 N.AZ (or Wb A'm™ ,Hm™)
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surge impedance, Q

1120
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time delay, s

radians per second

wavelet function

Page xviii



Subscripts
A

B

G

AA

BB

e iy

AB

BC

kamxgh\gng@mmbg

0, 00
I, 44
2, 22

Symbols which are not defined above will be specified in the text.

phase A (red phase)

phase B (white phase)

phase C (blue phase)

self interaction on the A phase

self interaction on the B phase

self interaction on the C phase
interaction between A and B phases
interaction between B and C phases
interaction between C and A phases
discharge

earth

excitation

cable sheath on the A phase

cable sheath on the B phase

cable sheath on the C phase

fault

line

mutual

remote busbar

series

phase X on a coupled circuit

phase Y on a coupled circuit

phase Z on a coupled circuit

zero sequence

positive sequence

negative sequence
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