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[57] ABSTRACT 
Excess currents due to faults in an electrical power 
system are generally larger than excess currents due to 
the magnetization of distribution transformers. Discrim 
ination has hitherto relied on a threshold detector. Mag 
netizing currents are, however, asymmetrical, whereas 
fault currents are symmetrical. A detects symmetrical 
current waveforms on a conductor 1 and thus discrimi 
nates between a fault and a magnetizing excess current. 
A resistor 4, placed across the output terminals of a 
bridge recti?er 3 has a resistance selected so that the 
voltage across it exceeds the breakdown voltage of 
trigger diodes 7 and 8 when the current in conductor 1, 
in any half cycle, exceeds a desired maximum. Capaci 
tors 13 and 14 will thus only both charge up in response 
to excessive symmetrical current. A logic control 23 is 
connected via lines 21 and 22 to detect such a condition. 

10 Claims, 1 Drawing Sheet 
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SYMMETRICAL FAULT CURRENT DETECTOR 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions made 
by reissue. 

BACKGROUND OF THE INVENTION 

The present invention is concerned with the detec 
tion of fault currents in electricity power lines. It is a 
common practice for electrical power systems to be 
equipped with means for detecting excessive currents so 
that faulty parts of the power system can be automati 
cally isolated. Such devices may be over current relays 
or sectionalisers (such as that disclosed in our U.S. Pat. 
No. 4,553,188). Excessive current can be detected by 
any means that recognizes that the magnitude of the 
current in the power system has exceeded a given 
threshold value. 
A problem with existing fault and over current detec 

tion systems is that they are prone to be actuated in 
response to short term current excursions which may 
occur in a normal healthy [powre] power system. A 
particular problem is that resulting from transformer 
magnetising inrush currents which occur when a sec 
tion of the distribution system is energized, resulting in 
the energisin g of one or more distribution transformers. 
Former current detection devices have typically been 
set with their threshold values sufficiently high to en 
sure that transformer magnetising inrush currents do 
not actuate them. Such threshold values may then be 
considerably higher than the ideal threshold value 
which would be chosen to detect all fault currents if 
transformer magnetisting inrush currents were not a 
problem. As a result the overall protection of the power 
system is sometimes not as good as would be desirable. 

SUMMARY OF THE INVENTION 

It is a purpose of the present invention to provide a 
[faul] fault current detector for a power system where 
the threshold value can be set in accordance with the 
ideal requirements for the protection of the system, 
without having to be made unduly high to accommo 
date transformer magnetising inrush currents. 

In accordance with the present invention, a fault 
current detector comprises current transformer means 
to provide a signal representative of current ?owing in 
an alternating current power line and means responsive 
to said signal to provide a fault current indication only 
if the alternating current ?ow represented by said signal 
exceeds a predetermined threshold in each polarity. 
Preferably, said means responsive to said signal is inde 
pendently responsive to the alternating current flow in 
half-cycles of respective polarity of the supply wave 
form and provides a respective indication of the flow in 
each polarity exceeding a predetermined threshold. 

This invention is based on the understanding that the 
excess currents that can flow in an electrical power 
system due to a fault are symmetrical, having positive 
and negative half-cycles of current which are substan 
tially of the same magnitude, or at least both of an ex 
cessively large magnitude. 0n the other hand, trans 
former magnetising inrush current is commonly charac 
terised by having current excursions of one polarity 
which are substantially greater than the current excur 
sions of the opposite polarity. It is accordingly possible 
to distinguish between excess currents flowing in a 
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2 
power line which are due to inrush currents and those 
which are due to faults, by checking for the symmetry 
of the fault current. Only if the fault current is symmet 
rical, in so far as there is an excessive current excursion 
in both polarities, is a true fault indicated. 

In a preferred example, said means responsive to said 
signal comprises a full wave recti?er rectifying the 
output signal of the current transformer means, a resis 
tance connected across the output terminal of the recti 
?er and a respective threshold switch connected to each 
input terminal of the recti?er and arranged to be trig 
gered in response to the voltage between the respective 
input terminal and a common output terminal of the 
recti?er exceeding a predetermined threshold voltage. 

In another aspect, the present invention provides a 
method of detecting a fault current in a power line 
carrying an alternating current supply comprising mon 
itoring both polarities of the current flow in the power 
line and responding only to a symmetrical current 
above a threshold level to provide a fault current indi 

cation. [dr] 
BRIEF DESCRIPTION OF THE DRAWING 

An example of the invention will now be described 
with reference to the accompanying drawing which is a 
circuit diagram of a fault current detector embodying 
the present invention. 

DETAlLED DESCRIPTION 
Referring to the drawing. a current transformer 2 is 

illustrated monitoring the current flowing in a electrical 
supply line or conductor 1. The secondary winding of 
the current transformer 2 is connected to the input 
terminals of a full wave bridge rectifier 3. The output 
terminals of the bridge recti?er 3 are connected across 
a resistor 4. One output terminal of the bridge rectifier 
3 is connected to a common line 20. One of the input 
terminals of the bridge rectifier 3 is also connected by 
means of a resistor 5 in series with a bi-directional trig 
ger diode 7, a diode 9 and a capacitor 14, to the common 
line 20. Similarly, the other input of the bridge recti?er 
3 is connected by means of a resistor 6 in series with a 
bi-directional trigger diode 8, a diode 10 and a capacitor 
13 also to the common line 20. 
The trigger diodes 7 and B are devices which break 

down to present a low impedance to current in the 
event of a voltage across the trigger diode in excess of 
a predetermined threshold. The trigger diodes recover 
automatically once the current through them drops to 
zero. 
The circuit operates as follows. The value of the 

resistor 4 across the output terminals of the bridge recti 
tier 3 is selected so that the voltage across the resistor 
exceeds the break down voltage of the trigger diodes 7 
and 8 when the current in any half-cycle of the mains 
waveform in the power conductor 1 exceeds a desirable 
maximum level. Initially, the capacitors 13 and 14 are 
discharged so that substantially the full voltage drop 
across the resistor 4 is developed across each of the 
trigger diodes 7 and 8 on respective alternate half: 
cycles of the mains supply. In the event that the supply 
current in any particular half-cycle exceeds the desired 
maximum, so that the voltage across the resistor 4 ex 
ceeds the switching threshold, a respective one of the 
trigger diodes 7 and B breaks down, depending on the 
polarity of the supply waveform. When the trigger 
breaks down, current flows through the respective for 
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ward bias diode 9 or 10 to charge up the respective 
capacitor 14 or 13. It can be seen, therefore, that a re 
spective one of the capacitors 14 and 13 is charged 
dependent on the polarity of the half-cycle of the supply 
waveform which exceeds the switching threshold. 

Lines 21 and 22 from the capacitors l4 and 13 respec 
tively supply logic signals respresentative of the state of 
charge of these capacitors to a control logic unit 23. 
The control logic unit 23 is arranged to monitor the 
logic state on line 21 and 22 and to provide a fault indi 
cation only if both lines 21 and 22 are in states indicative 
of excessive current excursions in both polarities of the 
supply waveform. If only one of lines 21 and 22 indi 
cates an excessive current excursion, it is assumed that 
this is due to a magnetising inrush current and the con 
trol logic 23 is arranged not to provide a fault indica 
tion. 

Referring again to the drawing, the circuit may be 
reset by discharging the capacitors 13 and 14. This is 
achieved by a reset signal on line 24 from the control 
logic unit which makes a power ?eld effect transistor 16 
conduct thereby short circuiting the two capacitors 13 
and 14 via respective diodes l2 and 11 and the resistor 
15. When the circuit is in normal operation awaiting a 
fault current, the reset line 24 is controlled to keep the 
transistor 16 non-conducting. 
The control logic unit 23 can provide control signals 

on line 25 for operating circuit breakers, sectionalisers, 
etc. in the usual way in response to detection of a fault 
current. In normal operation, the control logic will 
respond to only one of lines 21 and 22 indicating an 
excessive current of only one polarity, by generating a 
reset signal on line 24 to reset the capacitorsv In re 
sponse to both lines 21 and 22 indicating excessive cur 
rent in both polarity of the supply waveform, the con 
trol logic unit effects an appropriate response, e.g. to 
isolate the supply line, and substantially resets the detec 
tor circuit as before. 

It can be seen that electrical connections may be 
made to any point of the circuit of the drawing for the 
purpose of making timing and synchronisation informa 
tion available to the control logic 23. Further, it may be 
appreciated that the current transformer 2 need not be a 
high quality protection current transformer. It is only 
necessary for the transformer 2 to provide sufficient 
energy output in response to an over current to drive 
the voltage across the resistor 4 above the trigger 
threshold voltage of the diodes 7 and 8. Provided the 
current transformer 2 provides sufficient energy for this 
purpose, it does not matter if a small transformer is used 
which magnetically saturates. 
The circuit illustrated in the attached drawing is only 

an example of possible circuits which can embody the 
present invention. The trigger diodes 7 and 8 may be 
replaced by any other appropriate means of switching 
response to a voltage exceeding a threshold voltage. 
The described example and other embodiments of the 

invention may be particularly useful when used in an 
automatic sectionaliser as part of the over current de 
tection circuit, thereby rendering the sectionaliser more 
sensitive to actual (symmetrical) fault currents but in 
sensitive to magnetising inrush currents. 
We claim: 
1. A fault current detector comprising: 
current transformer means adapted to be inductively 

coupled to an alternating current power line to 
provide a signal representative of current flowing 
in the alternating current power line; and 
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4 
means responsive to the signal to provide a fault cur 

rent indication if the alternating current flow repre 
sented by the signal exceeds a predetermined 
threshold in each polarity but not to provide the 
fault current indication if the alternating current 
?ow exceeds the predetermined threshold in only 
one polarity. said means responsive to the signal 
being independently responsive to the alternating cur 
rent flow in hal?cycles of respective polarity of the 
alternating current flow to provide a respective indica 
tion of the flow in each polarity exceeding the prede 
tennined threshold and comprising a full wave recti 
?er for rectifying the output signal of the current 
transformer means, a resistance connected across the 
output terminals of the rectifier and a respective 
threshold switch connected to each input terminal of 
the rectifier and arranged to be triggered in response 
to the voltage between the respective input terminal 
and a common output terminal of the recti?er exceed 
ing the predetermined threshold voltage. 

[2. A detector as claim in claim 1 wherein said means 
responsive to the signal is independently responsive to 
the alternating current flow in half-cycles of respective 
polarity of the alternating current flow to provide a 
respective indication of the flow in each polarity ex 
ceeding the predetermined threshold] 

[3. A detector as claimed in claim 2 wherein said 
means responsive to said signal comprises a full wave 
recti?er for rectifying the output signal of the current 
transformer means, a resistance connected across the 
output terminals of the recti?er and a respective thresh 
old switch connected to each input terminal of the recti 
?er and arranged to be triggered in response to the 
voltage between the respective input terminal and a 
common output terminal of the rectifier exceeding the 
predetermined threshold voltage] 

[4. A method of detecting a fault current in a power 
line carrying an alternating current comprising: 

monitoring both polarities of the alternating current 
in the power line; and 

initiating a fault current indication in response to the 
monitoring of current above a threshold level in 
each polarity of the alternating current but not in 
response to the monitoring of current above the 
threshold in only one polarity] 

5. A detector as claimed in claim I, wherein each of the 
respective threshold switches comprises a series connection 
of a bi-directional trigger diode, a second diode. and a 
capacitor, and said respective threshold switches are con 
nected by a common line to the common output terminal of 
the rectifier. 

6. A detector as claimed in claim 5, wherein said means 
responsive to said signal further comprises means for dis 
charging the capacitors to reset the detector. 

7. A detector as claimed in claim 5, wherein said means 
responsive to said signal further comprises respective output 
lines from the capacitors for supplying logic signals repre 
sen tative of the state of charge of the respective capacitors to 
a control logic unit adapted to monitor the logic state on 
said output lines, to provide a fault indication only ifboth, 
of said output lines are in states indicative of excessive 
current excursions in both polarities of the supply wave 
form. 

8. A detector as claimed in claim 7, wherein said means 
responsive to said signal further comprises means for dis 
charging the capacitors to reset the detector. 

9. A detector as claimed in claim 7. wherein said means 
responsive to said signal further comprises respective diodes 
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connected to said capacitor, 0 second resistance, and a 
power ?eld effect transistor coupled by said second resis 
tance to both said respective diodes and responsive to a reset 
signal from the control logic unit to become conducting, 
thereby to discharge both said respective capacitors via said 
respective diodes and said resistor. 

10. A detector as claimed in claim 9, wherein the control 
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logic unit is arranged to respond to a signal an only one of 

said respective output lines, indicating an excessive current 

of only one polarity, by generating a reset signal on said 

reset line. 


