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(57) Abregée/Abstract:

A method of detecting for a fault on one of a plurality of adjacent, alternating current carrying conductors; the method comprising
the steps of detecting the waveform of a first component of a magnetic field vector representative of the magnetic field arouna
the plurality of conductors at a location along the conductors; detecting the waveform of a second component of the magnetic
fleld vector; monitoring, at the location, the two waveforms for any change in the waveforms; and detecting for a fault on one of
the plurality of the conductors as indicated by a change in either one or both of the waveforms.
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(87) Abstract

A method of detecting for a fault on one of a plurality of adjacent, alternating current carrying conductors, the method comprising
the steps of detecting the waveform of a first component of a magnetic field vector representative of the magnetic field around the plurality
of conductors at a location along the conductors; detecting the waveform of a second component of the magnetic field vector; monitoring,
| at the location, the two waveforms for any change in the waveforms; and detecting for a fault on one of the plurality of the conductors as

indicated by a change in either one or both of the waveforms.
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APPARATUS AND METHOD

FOR FAULT DETECTION ON CONDUCTORS

Field of the Invention

This invention relates broadly to a method and an
apparatus for detecting faults on any one of a plurality otf
adjacent conductors utilising magnetic field measurements.
The invention will be described herein with reference to
fault indicators for overland power distribution cables, 1t
will be appreciated, however, that the invention does have
broader applications for various conductor arrangements 1in
which faults may be experlenced.

Background of the Invention

Equipment for detection and location of faults on a
plurality of overland power distribution cables involves
typically the measurement of the magnetic field produced by
the alternating currents flowing in the cables, using a
single magnetic field sensing coil. Such equipment derives
a signal indicative of the average magnetic field, and this

is used for the detection and location of faults. When one

or more of the cables experience a fault, high currents
flow in the cables, producing a rapid increase in the
magnetic f£iedd around the cables. Therefore, 1f an
increase is detected by the equipment, this is indicative
of a fault current in one or more of the cables having
passed the magnetic field sensing coil.

However, the applicant has found that the use of a
single coil has the disadvantage that there 1s usually at
least one set of fault currents for a given cable
configuration that will produce a change 1n the magnetic
field around the cables that is not detectable by the
single coil. This is because a single coil measurement
cannot be utilised to monitor changes in the magnetic field
that vary the relevant magnetic field vector at the polnt
of the measurements in a direction perpendicular to the

central axis of the coil.
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Summary of the Invention

In accordance with a first aspect of the present
invention there 1s provided a method of detecting for a fault
on one of a plurality of adjacent, alternating current
carrying conductors; the method comprising the steps of
detecting the waveform of a first component of a magnetic
field vector representative of the magnetic field around the
plurality of conductors at a location along the conductors,
detecting the waveform of a second ( i.e., angularly
displaced) component of the magnetic field vector;
monitoring, at the location, the two waveforms over a
continuous time interval for any changes in the waveforms;
and detecting for a fault on one of the plurality of the
conductors as indicated by a change over the continuous time
interval in either one or both of the waveforms.

Preferably, the method further comprises the step of
determining whether the fault experienced is a phase to phase
or a phase to earth fault as indicated by a change in both

waveforms.

n one embodlment, the first and second components are

at 90° with respect to each other.

Advantageously, the first component is the horizontal
component of the magnetic field vector and the second
component 1s the vertical component of the magnetic field
vector.

In one embodiment, the step of monitoring the two
waveforms comprises the steps of monitoring a first amplitude
of the first waveform over a period of the alternating
current, and monitoring a second amplitude of the second
waveform over the period, and the step of detecting for a
fault comprises detecting for the fault as indicated by a
change 1n either one or both of the amplitudes.

Preferably, the step of monitoring the two waveforms
comprises the step of monitoring a phase difference between
the first and second waveforms, and the step of detecting for

a fault comprises detecting for the fault as indicated

AMENDED SHz::
IPEA/AU
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by a change in the phase difference.

In accordance with a second aspect of the present
invention there 1s provided an apparatus for detecting for a
fault on one of a plurality of adjacent, alternating current
carrylng conductors, the apparatus comprising first detecting
means for detecting the waveform of a first component of a
magnetic field vector representing the magnetic field around
the plurality of conductors at a location along the
conductors; second detecting means for detecting the waveform
of a second (i.e., angularly displaced) component of the
magnetic field vector; monitoring means for monitoring the
two waveforms over a continuous time interval for any changes
1in the waveforms; and a detecting unit arranged to generate a
fault i1ndication signal depending on a change over the
continuous time interval in either one or both of the
waveforms.

Preferably, the detecting unit is further arranged to
determine whether the fault experienced is a phase to phase
or phase to earth fault depending on reference data stored in
a database of the apparatus.

In one embodiment, the monitoring unit 1is arranged to
monitor a first amplitude of the first waveform over a period
of the alternating current, and to monitor a second amplitude
of the second waveform over the period, and the detecting
unit generates a fault indication signal depending on a
change 1n elther one or both of the amplitudes.

Preferably, the monitor unit 1s further arranged to
monitor a phase difference between the first and second
waveforms and the detecting unit is further arranged to
generate the fault i1ndication signal depending on changes in
the phase difference.

The present invention may be more readily understood
from the description of preferred forms of an apparatus for
electrical measurements on conductors given below with

reference to the accompanying drawings.

AMENDED SHc..
IPEAJ/AU
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Brief Description of the Drawings

Figure 1 is a schematic diagram illustrating a set of

three conductors mounted on a pole. The earth acts as a

fourth conductor during earth faults.

Figure 2 is a graph illustrating the changes of a

magnetic field vector produced at point A of Figure 1 for a
balanced three phase set of currents flowing 1n the'
conductors.

Figure 3 is a graph illustrating the changes in the
magnetic field vector for a 50 ampere earth fault on phase

1 of the set of currents of Figure 2.

P

Figure 4 is a graph illustrating the changes of the

magnetic field vector for a 50 ampere earth fault on phase
> of the set of currents of Figure 2.

Figure 5 is a graph illustrating the changes 1n the
magnetic field vector for a 50 ampere phase to phase fault
on phases 1 and 3 of the set of currents of Figure 2.

Figure 6 is a schematic diagram illustrating the use
of an apparatus for detecting faults on a plurality of
conductors in accordance with one embodiment of the present

invention.

Figure 7 is a perspective view of the apparatus 1n

Figure 6.

Detailed Description of the Preferred Embodiment

In Figure 1, the conductors 10, 1z and 14 carry
currents 1., i, and i3, and the earth carries any imbalance.
The magnetic field vector at a point A on the pole has

horizontal and vertical components By and By.

At point A, the magnetic field vector follows an

A

elliptical shape over the period of the sinewave. The shape

of the ellipse varies depending on the amplitudes and

phases of the currents i,, 1, and 1s.

The ellipse of magnetic fields produced by four sets

of currents is shown in Figures 2 to 5.

1N

Turning to Figure 2, the graph 20 shows the ellipse O:

magnetic fields produced by a balanced set of three phase
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magnetic fields produced by a balanced set of three phase

currents, with amplitude equal to 5 ampere:

11=5cos (wt) i,=5cos (wt-21/3) 13=5cos (wt-4mn/3)

1.22uT

I

meax ! 2 2

0.33uT, Bymax, 24

In Figure 3, the graph 30 shows a phase to earth fault
on phase 1. Compared to graph 20 of Figure 2, the peak
horizontal and vertical magnetic fields 32 and 34

respectively have increased as shown below:

11=51.67cos (wt) 1,=4 .41cos (wt+101°) 1;=4.41lcos(wt-101°)
meax=6o35#T, Byma_x=7.42#T

Fault Fault: pre-fault ratio

Turning now to Figure 4, the graph 40 shows a phase to

Pre-fault

Bxmax, 32 | 0.33uT
Bymax, 34 [ 1.22uT

earth fault on phase 2. Compared to graph 30 of Figure 2, the
peak horizontal magnetic field 42 has increased but the peak
vertical magnetic field 44 has not changed. If one was only

measuring the vertical magnetic field, the fault current

would not be detected:

11=4.41lcos(wt+19.1°) 1,=51.67cos (wt-271/3)
13=4 .41cos (wt-139.1°)

Turning now to Figure 5, the graph 50 shows a phase to

Fault Fault: pre-fault ratio

9.80uT
1.22uT

29.7
1.0

phase fault on phases 1 and 3. Compared to graph 30 of Figure

AMENDED SHEET
IPEA/AU
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2, the peak vertical magnetic field 54 has increased but the
peak horizontal magnetic field 52 has not changed. If only
the horizontal magnetic field is measured, the fault current

would not be detected:

11=50cos (wt) +2.5cos (wt+300°) i,=5cos (wt-2n/3)

13=50cos (wt-m) +2.5cos (Wwt+300°)

Bymax=0.33uUT, Bymax=14.08uT

Pre-fault Fault Fault: pre-fault ratio

1.22uT 14 .08uT 11.54

Figures 4 and 5 illustrate the limitations of only

meax ’

52
Bymax, 54

measuring one of the horizontal or vertical components of the
magnetic field vector.

Use of a single coil at a fixed angle to the horizontal
shows similar limitations. This is because there is usually
at least one set of fault currents (for one of the conductor
configurations in general use) that will produce a change in
magnetic field that will not be detectable by the single
coil.

A possible solution is to mount the magnetic field
sensing point A away from the axis of the middle conductor.
This 1s troublesome in practice, requiring special mounting
equipment and calculation of the optimum position for each
conductor configuration.

The measurement of both vertical and horizontal magnetic
fields removes the limitations found above, and decreases the
possibility of missing the passage of fault current.

Turning now to Figure 6, a device 100 embodying the
present i1nvention comprises two coils 102 and 104 to measure
the horizontal and vertical components 106, 108 respectively
of a magnetic field vector 110 indicative of the magnetic

field around an arrangement of three

AMENDED SHEET

IPEA/AU
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conductors 112, 114 and 116 at a location along the

conductors.

The device 100 further comprises a detecting unit 120

for detecting analogue voltage signals derived from the

coils 102, 104. The detecting unit 120 generates signals

122 indicative of the waveforms of the components 106 and

108 respectively.

In the monitoring unit 124, a fault detection signal

126 can be generated depending on changes 1n the wavelorms.

Changes in the waveforms can be indicatilve of the
occurrence of faults on one or more of the conductors 110,
114 and 116, as illustrated in the example scenarios of
Figures 2 to 5. For example changes 1n the parameters
measured for the waveforms of the components 106 and 108,
such as e.g. their amplitudes, phase difference, harmonic
content etc., over a period of the alternating current 1in
the conductors 110, 114, and 116 may be utilised.
Alternatively, the waveforms of the components 106 and 108
may be compared with reference data stored in a database
(not shown) .

The embodiment described above utilises two coils to
measure the horizontal and vertical components of the
magnetic field vector. The direction of the component
measured is determined by the central axis of the coils.
It will be appreciated by a person skilled in the art that

the present invention is not limited to the measurement of

rhe horizontal and vertical components, but rather any two

components may be measured, provided that the components

are angularly displaced. It 1s advantageous that the angle

between the components is 90°.

It will also be appreciated by a person skilled 1in the

art that the present invention is not limited to the use of

two coils for measuring the respective components of the
magnetic field vector. The measurements may be performed

utilising a movable coil which can be angularly displaced

_ £
to perform sequences oOf measurements IOY the respective
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components.

It will be appreciated by a person skilled in the art

that numerous variations and/or modifications may be made

to the present invention as shown in the specific
embodiments without departing from the spirit or scope ot
the invention as broadly described. The present

embodiments are, therefore, to be considered 1n all

respects to be illustrative and not restrictive.

In the claims that follow and in the summary of the
invention, except where the context requires otherwlse due
to express language or necessary implication, the word
“comprising” is used in the sense of “including”, 1.e. the
features specified may be associated with further features

in various embodiments of the invention.
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The Claims Defining the Invention are as Follows:

1. A method of detecting for a fault on one of a
plurality of adjacent, alternating current carrying
conductors; the method comprising the steps of:

- detecting the waveform of a first component of a
magnetic field vector representative of the magnetic field
around the plurality of conductors at a location along the
conductors;

- detecting the waveform of a second component of the
magnetic field vector;

- monitoring, at the location, the two waveforms over a
continuous time interval for any change in the waveforms;
and

- detecting for a fault on one of the plurality of the
conductors as indicated by a change over the continuous time
interval 1n either one or both of the waveforms.

2. A method as claimed in claim 1, further comprising
the step of determining whether the fault experienced is a
phase to phase or a phase to earth fault as indicated by the
change 1n either one or both of the waveforms.

3. A method as claimed i1n claim 1, wherein the first
and second components are at 90° with respect to each other.

4. A method as claimed in claim 1, wherein the first
component 1s the horizontal component of the magnetic field
vector and the second component is the vertical component of
the magnetic field vector.

5. A method as claimed in claim 1, wherein the step of
monitoring the two waveforms comprises the steps of
monitoring a first amplitude of the first waveform over a
period of the alternating current, and monitoring a second
amplitude of the second waveform of the second component
over the period; and the step of detecting for a fault
comprises detecting for the fault as i1ndicated by a change
in either one or both of the amplitudes.

6. A method as claimed in claim 1, wherein the step of

monitoring the two waveforms comprises the step of

AMENDED SHEE"
IPEAJAL
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monitoring a phase difference between the first and the
second waveforms, and the step of detecting for a fault
comprises detecting for the fault as indicated by a change
in the phase difference.

7. An apparatus for detecting for a fault on one of a
plurality of adjacent, alternating current carrying
conductors, the apparatus comprising

- first detecting means for detecting the waveform of a
first component of a magnetic field vector representing the
magnetic field around the plurality of conductors at a
location along the conductors;

- second detecting means for detecting the waveform of
a second component of the magnetic field vector;

- monitoring means for monitoring the two waveforms
over a continuous time interval for any change in the
waveforms; and

- a detecting unit arranged to generate a fault
indication signal depending on a change over the continuous
time interval 1n either one or both of the waveforms.

8. An apparatus as claimed in claim 7,wherein the
detecting unit 1s further arranged to determine whether the
fault experienced 1s a phase to phase or phase to earth
fault depending on reference data stored 1in a database of
the apparatus.

9. An apparatus as claimed in claim 7, wherein the
monitoring unit 1s arranged to monitor a first amplitude of
the first waveform over a period of the alternating current,
and to monitor a second amplitude of the second waveform
over the period; and the detecting unit 1s arranged to
generate the fault i1ndication signal depending on a change
in either one of both of the amplitudes.

10. An apparatus as claimed 1in claim 7, wherein the
monitoring unit is further arranged to monitor a phase
difference between the first and second waveforms, and the
detecting unit is arranged to generate the fault indication

signal depending on the phase difference.

AMENDED SHEET o
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