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I nvention is concerned with residual current devices. A typical el gjg?ggdimpv
residual current device (RCD) operates by using Detector D to detect

i mhal ance between live and neutral currents. If the difference bgt vﬁ@n“-l}t?@]
and neutral currents exceeds a pre-determ ned threshold |evel a Ji'hyr‘l stor
(SRC1L in Figure 1) is triggered into conduction allowing a current to flow
fromthe l'ive line to neutral line through the coil of a solenoid S.

Mechani cal energy produced by the solenoid is used to trip a switching
mechani sm M whi ch opens contacts disconnectinpg the faulty circuit. A test
circuit is usually also provided to apply a/simulated fault current when a
button is préEisled. ThResidaals€artent Déeicese fo trip in exactly the same way

as for a real fault

Description of Invention
This invention is concerned with residual current devices.

A typical electronic residual current device (RCD) operates by using
Detector D to detect imbalance between live and neutral currents. If the
difference between live and neutral currents exceeds a pre-determined threshold
level a Thyristor (SRC1 in Figure 1) is triggered into conduction allowing a
current to flow from the live line to neutral line through the coil of a solenoid S.
Mechanical energy produced by the solenoid is used to trip a switching
mechanism M which opens contacts disconnecting the faulty circuit. A test circuit
is usually also provided to apply a simulated fault current when a button is
pressed. This causes the device to trip in exacﬂ.y the same way as for a real fault
as described above.

If the neutral becomes disconnected there will be no path for current
to flow through the solenoid in the device shown in Figure 1. This device will
therefore no longer provide protection against a live to earth fault. To provide
protection in the event of loss of neutral supply, the earth conductor can be used
to provide a return path for the solenoid current. A typical device employing this
technique is shown in Figure 2. The coil current can now flow either to neutral
or to earth. The pair of diodes D1 and D2 are required to prevent currents
flowing from neutral to earth.

A problem with the device shown in Figure 2 is that if the test button
is pressed in a healthy circuit the coil current will split between the neutral and
earth return paths. The coil current can be significant (typically 1A). If there is
another RCD upstream of this device it will sense the imbalance caused by the
current flowing to earth. The upstream device will therefore also trip. If the test

button is used regularly as instructed then a significant nuisance could result.



as described above. If the neutral becones disconnected there will be no
path for current to flow through the solenoid in the device shown in Figure
1. This device will therefore no | onger provide protection against a live
to earth fault. To provide protection in the event of |oss of neutral
supply, the earth conductor can be used to provide a return path for the
sol enoid current. A typical device enploying this technique is shown in
Figure 2. The coil current can now flow ehther to neutral or to earth. The
pair of diodes D1 and D2 are required to prevent currents flow ng from
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true for most healthy circuits. A typlcal value might be 10V, and when the test
button is pressed, no significant current flow into the earth line is produced.
However, if the neutral becomes disconnected and a fault signal is produced,
when the SCR is triggered into conduction the voltage across ZD1 will exceed the
Zener voltage. The Zener diode will conduct and the current will flow to earth
thus allowing the device to operate.

The circuit shown in Figure 3 will prevent nuisance tripping when the
test button is pressed for single pole switching devices that disconnect only the
live conductor. However, many devices use double pole switching that
disconnects the neutral as well. When the contacts separate an arc is drawn
between the contacts raising the voltage at the neutral connection point to
typically 40-50V. As the contacts separate the voltage increases to typically 160V.
These voltages are much higher than a Zener voltage of typically 10V and the
current flows preferentially to earth. If a very high Zener voltage is used, say
200V, insufficient current will flow to operate the device on loss of neutral.

This problem is reduced or overcome in accordance with this invention
by a residual current device comprising a circuit element to permit flow of current
from the switching device to earth in the event of loss of neutral, the circuit
element comprising a first circuit member which resists flow of current up to a
first threshold value, and a second circuit member which permits flow of current
at low impedance, the second circuit element being triggered by flow of current
from the first circuit element when the voltage applied thereto exceeds said
threshold voltage.

Thus the first threshold value may exceed the voltage developed as the
contacts are separated during testing of a double pole device: e.g. for a circuit

operating at 230V, the threshold value may be 200V. The second circuit member



current flowing to earth. The upstreamdevice will therefore also trip. If
the test button is used regularly as instructed then a significant nuisance
could result. 2 Atypical solution is to place a Zener diode in the
earth path as shown in Figure 3. This will ensure that no current flows to
earth as long as the neutral voltage is below the Zener voltage. The Zener
voltage is selected so that this is true for nost healthy circuits. A

typi cal value m ght be 10V, and when the F“ﬁSt' button is pressed, no
significant current flowinto the earth lihe is produced However, if the
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low impedance.

The first circuit member may comprise one or more Zener diodes, and
the second circuit element may comprise a thyristor.

Preferably in addition to the first and second circuit members, the
circuit element comprises a resistor and a capacitor.

A circuit element which is a preferred embodiment of this invention
will now be described with reference to Figures 4 to 7 of the accompanying
drawings, in which :-

Figure 4 is a graph showing the circuit characteristics desired for the
performance of the invention;

Figure 5 shows a circuit element used in the performance of the invention;

Figure 6 is a circuit diagram of the circuit breaker which is the preferred
embodiment of the invention; and

Figure 7 is an alternative form of execution of the invention.

The circuit breaker which is the preferred embodiment of this invention is

designed to withstand up to a given threshold VT without conducting under

normal operation but which will trigger into a low impedance state when the

voltage across it rises above VT as will happen in the event of loss of neutral. A

suitable value of VT may be 200V for a 230V supply. Such a device will

withstand the voltages encountered in normal double pole operation but will

automatically open a low impedance path to earth in the event of loss of neutral,

(see Figure 4).

The circuit element of the preferred embodiment of the invention is
shown in Figure 5 (the single Zener diode shown will probably need to be
constructed from a number of lower voltage Zener diodes in series). If an
increasing positive voltage is applied across the circuit element (TA to TB) no
significant current will flow until the voltage rises above the Zener voltage ZD?2 -

typically 200V. When this voltage is exceeded a current limited by resistor R will

flow into the gate of SCR2. When this current exceeds the gate current required



Zener voltage. The Zener diode will conduct and the current will flowto
earth thus allow ng the device to operate. The circuit shown in Figure 3

wi |l prevent nuisance tripping when the test button is pressed for single
pol e switching devices that disconnect only the live conductor. However,
many devi ces use double pole switching that disconnects the neutral as
wel | . When the contacts separate an arc is drawn between the contacts

rai sing the voltage at the neutral connec%ion point to typically 40-50V. As
the contacts separate the voltage increases to typically 160V. These
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permt flow Qfmeye HolNe from the gate current thus preventing spurious triggering.

The circuit element may be incorporated into the RCD circuit of
Figure 2 in series or in parallel with SCR1. The series arrangement is shown in
Figure 6. With no neutral the solenoid will only operate when SCR1 and SCR2
are conductive i.e. when a fault current flows. The device shown in Figure 6 will
therefore continue to provide protection when neutral supply is lost. The parallel
arrangement is shown in Figure 7. The solenoid will operate when SCR1 or
SCR2 becomes conductive i.e. the device will trip on loss of supply neutral. The
preferred arrangement will depend on the application.

With both of the above arrangements it may be necessary to place a
diode D3 across the coil as shown to prevent an inductive voltage spike as the coil
current approaches zero and SCR1 starts to turn off. Such a voltage spike can
trigger SCR2 into conduction when not required.

The features disclosed in the foregoing description, or the following
claims, or the accompanying drawings, expressed in their specific forms or in
terms of a means for performing the disclosed function, or a method or process
for attaining the disclosed result, as appropriate, may, separately or in any
combination of such features, be utilised for realising the invention in diverse

forms thereof.



fromthe switching device to earth in the event of loss of neutral, the

circuit elenment c | B i circuit nenber which r}galls?'; U5 -f row=6f.,
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triggered by flow of current fromthe firgt circuit el ement when
vol tage appl i reto exceeds said threshold voltage. Thus the first
t hreshol d vafﬁgApQ§ exceed the voltage devel oped as the contacts are
separated during testing of a double pole device: e.g. for a circuit

operating at 230V, the threshold value may be 200V. The second circuit
menber 3 1L A residual current device comprising a circuit element to permit flow

of current from the switching device to earth in the event of loss of
neutral, the circuit element comprising a first circuit member which
resists flow of current up to a first threshold value, and a second
circuit member which permits flow of current at low impedance, the
second circuit element being triggered by a flow of current from the
first circuit element when the voltage applied thereto exceeds said

threshold voltage.

2. A residual current device according to Claim 1 wherein the first circuit

member comprises a Zener diode.

3. A residual current device according to Claim 2 wherein the first circuit

member comprises a plurality of Zener diodes in series.

4, A residual current device according to any one of the preceding claims

wherein the second circuit element comprises a Thyristor.

S. A residual current device according to any one of the preceding claims

wherein the circuit element comprises a resistor and a capacitor.

6. A circuit breaker according to any one of the preceding claims

wherein the circuit element is in series with a Thyristor.

7 A residual current device according to any one of Claims 1-5 wherein

the circuit element is in parallel with a Thyristor.

8. A residual current device constructed and arranged substantially as
herein report described with reference to 4, 5, 6 and 7 of the
accompanying drawings.

eet Has Been Replaced

"



earth at | ow inpedance. The first circuit nmenber nay cofprise
Zener diodes, and the second circuit element nay conpri $e—a_t
Preferably in addition to the first and second circuit nenbers, the circuit
el ement conprises a resistor and a capacitor. Acircuit elenment which is a
preferred enbodinent of this invention will now be described with reference
to Figures 4 to 7 of the acconpanying drawings, in which :- Figure 4 is a
graph show ngBSTRATTCuUit characteristics desired for the performance of
the invention, Figure 5 shows a circuit elenment used in the performance of
t he i nventi oAitlesj gur Regidupk Cyrrent Dgvicedi agr am of the circuit breaker which
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A two pole residual current device (RCD) comprises a Detector to detect
imbalance between live and neutral currents. A Thyristor (SRC1) is triggered to
allow conduction, allowing a current to flow through the coil of a Solenoid to trip
a switching mechanism (M) which opens the contacts, disconnecting the faulty
circuit. To allow protection of the circuit in the event of a disconnection in the
neutral supply, diodes D1, D2 are provided to allow current to flow through the
Solenoid selectively to the neutral or earth line. To reduce tendency for current
to flow to the earth line, particularly on test, a circuit element E is provided which
may be connected in parallel or in series with the Thyristor SCR1 comprising a
first circnit member ZD2 which resists flow of current up to a first threshold
value, and a second circuit member SCR2 which permits flow of current at low
impedance, the second circuit element being triggered by a flow of current from
the first circuit element when the voltage applied thereto exceeds said threshold

value.
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enbodi nent of the invention; and Figure 7 is an alternative form of
execution of the invention. The circuit breaker which is the preferred
enbodi ment of this invention is designed to withstand up to a given
threshold VT wi thout conducting under normal operation but which wll
trigger into a | ow i npedance state when the voltage across it rises above
VT as will happen in the event of |ogs of neutral. A suitable value of VT
may be 200V for a ZSQM upply1 Such a device will withstand the voltages
encountered in nornah=égab#e=pole operation but will gutomatically open a
| ow i npedance path to earth in the event of |oss of utral, (see Figure
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i'ncreasing positive voltage is applied across the circuit element (TAto
TB) no significant current will flow until the voltage rises above the
Zener voltage ZD2 - typically 200V. Wen this voltage is exceeded a current
limted by resistor Rwill flowinto the gate of SCR2. Wen this current
exceeds the gate current required 4 to trigger the SCR2 (typically
200[err]A) SCR2 will becone conductive wth a volt drop of typically 1V.
Conduction will persist until the curréfit reaches zero. A capacitor C may
be used to forma |ow pass filter with resistor R This will renove noise
fromthe gate current thus preventing spurious triggering. The circuit

el ement may be incorporated into the RCD circuit of
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Figure 2 in series or in parallel wth SCRL. The series arrangenent is
shown in Figure 6. Wth no neutral the solenoid wll only operate when SCR1l
and SCR2 are conductive i.e. when a fault current flows. The device shown
in Figure 6 will therefore continue to provide protection when neutral
supply is lost. The parallel arrangdnment is shown in Figure 7. The sol enoid
w || operate when SCRL or SCR2 becones conductive i.e. f4ghe device will trip

on | oss of supply neutral. The prgferred arrangenent wiAl depend on the
application. Wth both of the abd@qﬁﬁrrangenents it y be necessary to
as

pl ace a diode D3 across the coil shown B0 preveny an i nductive voltage
spi ke as the coil %Lrent approachesjzero gnd SCR1 starts to turn off. Such
a vol tage spi ke can 4% r-gger—SCR2 -ntb—condyecti-gr—whep—hot .qu|red The
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terms of a neans for performng the disclosed function, or a nethod or
process for attaining the disclosed result, as appropri at e, By separ ately
or in any conbination of such features, be utilised for yEahrsildly"
i nvention in diverse forns thereof. REPLACEMENT SHE WS
doubl e pol e residual current device confrising a cont /e | BENTY O prevent
current flowing to earth during normal double pole sw ' SpErAt Kans
whilst allowing current flowto earth in the event of ' i

t her eby ABSTRACT

Title: Residual Current Device

A two pole residual current device (RCD) comprises a Detector to detect
imbalance between live and neutral currents. A Thyristor (SRC1) is triggered to
allow conduction, allowing a current to flow through the coil of a Solenoid to trip
a switching mech_éﬁism (M) which opcns the contacts, disconnecting the faulty
circuit. To allow protection of the circuit in the event of a disconnection in the
neutral supply, diodes D1, D2 are provided to allow current to flow through the
- Solenoid selectively to the neutral or earth line. To reduce tendency for current
to flow to the earth line, particularly on test, a circuit element E is provided which
may be connected in parallel or in series with the Thyristor SCR1 comprising a
first circuit member ZD2 which resists flow of current up to a first threshold
value, and a second circuit member SCR2 which permits flow of current at low
impedance, the second circuit element being triggered by a flow of current from
the first circuit element when the voltage applied thereto exceeds said threshold

value,

(Fig. 6) "
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he pr ep%?rqlttrl}% tﬁé %EViEe to continue to provide protection in the event of loss of

neutral, the control circuit comprising a first circuit member which resists
flow of current up to a first threshold value, and a second circuit member
which permits flow of current at low impedance, the second circuit element
being triggered by a flow of current through the first circuit element with the

voltage applied thereto exceeds said threshold value.

A residual current device according to Claim 1 wherein the first circuit

member comprises a Zener diode.

A residual current device according to Claim 2 wherein the first circuit

member comprises a plurality of Zener diodes in series.

A residual current device according to any one of the preceding claims

wherein the second circuit element comprises a Thyristor.

A residual current device according to any one of the preceding claims

wherein the circuit element comprises a resistor and a capacitor.

A circuit breaker according to any one of the preceding claims wherein the

circuit element is in series with a Thyristor.

A residual current device according to any one of Claims 1-5 wherein the
circuit element is in parallel with a Thyristor.

A residual current device constructed and arranged substantially as herein
report described with reference to 4, 5, 6 and 7 of the accompanying

drawings.
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CLAIMS

1. A double pole residual current device comprising a control circuit to prevent
current flowing to earth during normal double pole switching operations
whilst allowing current flow to earth in the event of loss of neutral thereby
permitting the device to continue to provide protection in the event of loss of
neutral, the control circuit comprising a first circuit element which resists
flow of current up to a first threshold value, and a second circuit element
which permits flow of current at low impedance, the second circuit element
being triggered by a flow of current through the first circuit element with the

voltage applied thereto exceeds said threshold value.

2. A residual current device according to Claim 1 wherein the first circuit

element comprises a Zener diode.

3. A residual current device according to Claim 2 wherein the first circuit

element comprises a plurality of Zener diodes in series.

4. A residual current device according to any one of the preceding claims

wherein the second circuit element comprises a Thyristor.

5. A residual current device according to any one of the preceding claims

wherein the first circuit element comprises a resistor and a capacitor.

6. A residual current according to any one of the preceding claims wherein the
first circuit element is in series with a Thyristor.

7. A residual current device according to any one of Claims 1-5 wherein the
first circuit element is in parallel with a Thyristor.




