wo 2012/131508 A 1[I I 000 00 A0 O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2012/131508 A1

(51

eay)

(22)

(25)
(26)
(30)

1

(72)
(73)

74

31

4 October 2012 (04.10.2012) WIPOIPCT
International Patent Classification:
GOIR 31/00 (2006.01)
International Application Number:
PCT/IB2012/051049

International Filing Date:
6 March 2012 (06.03.2012)

Filing Language: English
Publication Language: English
Priority Data:

S2011/0147 30 March 2011 (30.03.2011) IE
Applicant (for all designated States except US):

SHAKIRA LIMITED [IE/IE]; Atreus Place, Poolboy
Ballinasloe, County Galway (IE).

Inventors; and

Inventors/Applicants (for US only): WARD, Patrick
[IE/IE]; Atreus Place, Poolboy Ballinasloe, County Galway
(IE). LEGATTI, Ray [US/US]; 1567 Alexander Road,
Belleair, FL 33756 (US).

Agent: BOYCE, Conor; FRKelly, 27 Clyde Road, 4 Dub-
lin (IE).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

(84)

AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW,ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

(54) Title: A DEVICE FOR DETECTING A FAULT IN AN AC SUPPLY

Swi1
L

AC Supply

N

}m

36
/

cT

100

Pulse
WAD50

Generator
Cet
RCDIC

vt
l

Figure 2

(57) Abstract: A device for detecting a fault in an AC supply comprises a circuit (CT, 100) for detecting a fault in an AC supply to a
load (LD) and providing a corresponding output (IO), and an electromechanical switch means (SOLI, SWI) to disconnect the load
from the supply if said output persists for at least a certain period of time. The device includes a generator (30) of intermittent test
pulses each simulating a fault. In certain embodiments the duration of each test pulse is less than said certain period of time, and the
circuit includes means (D2) for providing a visual and/or audible indication in response to the detection of test pulses by the detect -
ing circuit.
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A Device for Detecting a Fault in an AC Supply

This invention relates to devices for detecting a fault in an AC supply, for example residual

current devices (RCDs) and arc fault detectors (AFDs).

Residual current devices, which are also referred to as ground fault circuit interrupters
(GFCls), have been in use worldwide for over forty years, and these devices have contributed
significantly to the reduction in fatal accidents arising from electric shock. The principle of
operation of RCDs will be well known to those versed in the art, but detailed information can

be found in the article "Demystifying RCDs", at www.rcd.ie.

RCDs are fitted with a test button to enable the user to verify the correct operation of the
device, but users cannot be relied upon to carry out such testing. Furthermore, such testing
may be carried out at intervals of many months, and a faulty device could therefore go
undetected for long periods during which time the RCD may be required to operate and may

not be able to do so.

An object of the invention is to provide an RCD which incorporates self-test circuitry to

indicate to the user whether or not the RCD is capable of performing its protective function.

According to the present invention there is provided a device for detecting a fault in an AC
supply, comprising a circuit (CT, 100) for detecting a fault in an AC supply to a load (LD) and
providing a corresponding output, means (SOL1 or RLA) to disconnect the load from the
supply if said output persists for at least a certain period of time, a generator (30) of
intermittent test pulses each simulating a fault, the duration of each test pulse being less than
said certain period of time, and means (D2) for providing a visual and/or audible indication in

response to the detection of test pulses by the detecting circuit.

In certain embodiments (Figures 1-5, 7-9) the indication may be the momentary lighting or
sounding of a normally-off light emitting or sound emitting device in response to the detection

of each test pulse, whereas in others (Figure 6) the indication may be the momentary turning
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off of a normally-on light emitting or sound emitting device in response to the detection of

cach test pulse.

From another aspect the invention provides a device for detecting a fault in an AC supply,
comprising a circuit (CT, 100) for detecting a fault in an AC supply to a load (LD) and
providing a corresponding output, means (SOL1 or RLA) to disconnect the load from the
supply if said output persists for at least a certain period of time, and a generator (30) of
intermittent test pulses each simulating a fault, the duration of each test pulse being less than
said certain period of time, said disconnect means being arranged to disconnect the load if said

detecting circuit fails to provide an output in response to said test pulses.

From a still further aspect the invention provides a residual current device (RCD) comprising a
circuit (CT1, 100) for detecting a differential current in an AC supply to a load (LD) arising
from a residual current fault and providing a corresponding output (10), an electromechanical
switch comprising a coil (SOL1) controlling a set of contacts (SW1) in the AC supply to the
load, the load contacts (SW1) normally being maintained closed in the absence of a residual
current fault, an output (10) from the detecting circuit (CT1, 100) sufficiently changing the
current flow in the coil (SOL1) to cause the load contacts (SW1) to open, and a generator
(Q3, R6-R8, C2, C4) of intermittent test pulses each supplied to the detecting circuit (CT1,
100) for generating a differential current simulating a residual current fault such that the
detecting circuit (CT1, 100) provides an output (10) in respect of each test pulse, wherein the
device includes means operative in respect of each test pulse to prevent said output (10)
causing a sufficient change in the current flowing in the coil (SOL1) so that the load contacts

(SW1) are maintained closed in respect of the test pulse.

The fault to be detected may be a residual current fault or an arc fault.

Embodiments of the invention will now be described, by way of example, with reference to the

accompanying drawings, in which:

Figure 1 is a circuit diagram of an RCD with a test function according to the prior art.
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Figures 2 to 11 are circuit diagrams of first to tenth embodiments of the invention.

Figure 1 shows, in simplified form, a typical mechanically latched (ML) type RCD according to
the prior art. The live and neutral conductors L, N of an AC mains supply pass through the
toroidal core 20 of a current transformer CT en route to a load LD and form the primary
windings of the CT (the term "winding" is used in accordance with conventional terminology
even though the conductors pass directly through the core rather than being wound on it). The
output of the current transformer, which appears across a secondary winding W1, is fed to an
RCD integrated circuit (IC) 100, which may be a type WA050 supplied by Western
Automation Research & Development and described in US Patent 7068047. The IC 100 is

supplied with power via a diode D1 and resistor R1.

In the absence of a ground fault (residual) current, the vector sum of the currents flowing
through the core 20 will be zero since the currents flowing in the L and N supply conductors
will be equal and opposite; thus the voltage developed across W1 will be zero. The function of
the CT and IC 100 is to detect a differential current (i.e. a non-zero vector sum of currents)
flowing through the CT core 20 having a magnitude above a predetermined threshold, such
threshold corresponding to a particular level of residual current to be detected according to the
desired sensitivity of the RCD. When such a differential current is detected the IC 100
provides a high output voltage on line 10 indicating that a residual current fault has been
detected, such voltage being sufficient to turn on a normally-off bipolar switching transistor

TRI1.

The mains supply is fed to the load LD via a pair of load contacts SW1, controlled by a
solenoid coil SOLI1. In this embodiment the load contacts SW1 are normally mechanically
latched closed but can be opened by a sufficiently high current flowing through an associated
solenoid SOL1. As stated, if there is a differential current flowing through the CT core having
a magnitude above a predetermined threshold, the IC 100 will produce an output on line 10
which will turn on TR1. This will allow supply current to flow through the solenoid SOL1

which will open its mechanically latched contacts SW1 and remove power to the load LD.
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The RCD also includes a test switch comprising a manually operable test button TS which,
when pressed, bridges normally-open contacts SW2. Pressing the test button TS diverts a
portion of the supply current through a further winding W2 on the core 20, via a resistor Rt (in
this case W2 is a single conductor which passes straight through the core 20, the term
"winding" again being used in accordance with conventional terminology). The current
diverted through the core 20 will produce a differential current (i.e. a non-zero vector sum of
currents) flowing through the CT core 20, and the magnitude of the diverted current is selected
such that the differential current is above the predetermined threshold, thus simulating a
residual current fault. Accordingly, provided the RCD is operating correctly, the CT winding
W1 will produce an output which will be detected by the IC 100 which will, in turn, produce
an output on line 10 to turn on TR1 and energise the solenoid and open the contacts just as in
the case of an actual residual current fault. Windings W1 and W2 may be separate windings or

formed from a bifilar winding.

Verification of the correct operation of the RCD requires the user to operate the test button,
but there could be intervals of several months between such testing, and if the RCD becomes
mmoperable in the interval, the user will have no way of knowing that the RCD is no longer
capable of providing protection. Figure 2 shows an arrangement for automatic self-testing of

the RCD on a continuous basis, and means to alert the user to the possible failure of the RCD.

Figure 2 comprises substantially the same circuitry as Figure 1, with the addition of a pulse
generating circuit 30, a further winding W3 on the CT core 20, a capacitor C1, resistors R2
and R3, a diode D2 and a silicon controlled rectifier SCR1. R2 and D2 form a first circuit
branch in series with the solenoid coil SOL1, and SCR1 forms a second circuit branch also in
series with the solenoid SOL1 and in parallel with the first circuit branch. The manual test

circuitry TS, SW2, Rt and W2 of Figure 1 has been omitted for simplicity.

The pulse generator 30, which is powered via the diode D1, generates a continuous stream of
relatively short duration test pulses at regular intervals, and during the period of each pulse a
current will flow through the CT winding W3, causing a corresponding short duration
differential current to flow through the core 20 of the current transformer. The amplitude of

the test pulses is sufficiently high that the differential current caused thereby has a magnitude
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above the predetermined threshold and therefore sufficient for detection by the IC 100 as a
residual current fault and consequent generation of an output on line 10. This will cause TR1
to turn on momentarily for the duration of each test pulse. When TR1 turns on it will draw a
current through both the solenoid SOL1 and also through R2 and D2 in series therewith.
Resistor R2 has a value large enough to limit the current through the solenoid SOL1 to a level
insufficient to open the contacts SW1 during each short duration test pulse. Diode D2 is a
light emitting diode (LED) which will be lit momentarily each time TR1 is turned on by the
detection of a test pulse by the IC 100. Thus on the occurrence of each test pulse, the circuit
will detect a simulated residual current fault and verify its correct operation by lighting the

LED D2, which will flash on and off at regular intervals during correct operation of the device.

In addition, each time TR1 is turned on by the detection of a test pulse by the IC 100, the
capacitor C1 will charge up via R3. However, the duration of each test pulse is insufficient to
allow the voltage on C1, which is applied to the gate of the normally-off silicon controlled
rectifier SCR1, to build up to a level high enough to turn SCR1 on. Between test pulses (i.c.
during periods when TR1 is off) the capacitor C1 will discharge, either by inherent charge

leakage in the circuit or via a bleed resistor (not shown) placed across C1.

However, in the event of a sustained actual or simulated residual current fault arising under an
actual fault condition or on operation of the manual test circuit, TR1 will remain turned on for
the duration of the residual current fault which will be substantially longer than the duration of
a test pulse. In this case C1 will charge up via R3 and ultimately the voltage on C1 will
increase to a level at which the normally-off SCR1 will be turned on. This will provide a low

impedance path for current flow through the solenoid SOL1 to activate the solenoid.

The described circuit simulates an actual residual current fault and continuously checks key

operating components of the RCD circuit, such as SOL1, D1, W1, W2, WA050, TR1, etc.

Whilst the addition of a self test circuit is a valuable feature, the RCD may be installed in an
areca which is not readily accessible, for example in a switchboard or a panel, in which case the

audible or visual indicator may not be noticed. It would therefore be advantageous to
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automatically alert the user to failure of the RCD. Figure 3 shows such an arrangement, based

on the embodiment of Figure 2.

Figure 3 shows the same circuit as Figure 2 with the addition of the following end-of-life
(EOL) components: diode D3, resistor R4, silicon controlled rectifier SCR2, capacitor C2 and
bipolar transistor TR2. Under normal conditions, after the application of power to the device,
capacitor C2 will start to charge up via R4 and D3. The voltage on C2 is applied to the gate of
the normally-off SCR2, so that if the voltage on C2 rises high enough SCR2 will turn on.
However, as described above, TR1 will conduct momentarily for the duration of each test

pulse and since the emitter of TR1 is connected to the base of TR2 this will cause TR2 also to
turn on momentarily during each test pulse. This will discharge any charge on C2 which has
built up since the last time TR2 was momentarily turned on. Thus under normal operating

conditions C2 will not acquire a sufficient voltage to cause SCR2 to turn on.

However, if, due to a fault, TR1 does not conduct in response to test pulses then TR2 will
remain off. Eventually, therefore, the voltage on C2 will reach a level sufficient to turn on
SCR2. This will provide a low impedance path for current flow through the solenoid SOLI to
activate the solenoid and open the contacts SW1. If the contacts SW1 are manually reclosed
and SCR2 is not prevented from turning on by the self test arrangement, the device will
automatically re-open and continue to do so on each reclosing. In addition to providing
automatic end of life shutdown or disabling of the RCD in the event of failure of key
components of the RCD, this arrangement also verifies the correct operation of key
components of the self test circuit and defaults to end of life mode in the event of failure of the

RCD or the self test circuitry.

The solenoid energisation current will flow through SCR1, TR1 and the base of TR2, but if
this current is relatively large TR2 may be over-stressed. This problem can be overcome by

the arrangement of Figure 4.

In Figure 4, C2 charges up via R4 and D3 as before. However, TR2 is omitted and diode D4

provides a path to discharge C2 via transistor TR1 on the occurrence of each self test pulse.
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Resistor RS provides more control over the turn on threshold for SCR2. Resistor RS may be

replaced by a diac to provide more precise control of SCR2 turn on.

To provide security against the failure of the main solenoid coil SOL1, a second solenoid coil
SOL2 has been added which can operate the contacts SW1 independently of SOL1. Thus if
SOLI1 fails, SOL2 will be activated by SCR2. The two solenoids SOL1 and SOL2 may be
disposed on a common former. However, if desired, SOL2 could be omitted and SCR2 used

to activate SOL1 as in Figure 3.

A key benefit of the EOL circuitry is that it not only verifies the correct operation of the RCD
circuitry, but also verifies the self testing circuitry because if the self testing pulses cease to
flow the RCD will auto trip as described. In the arrangement of Figure 4 the EOL feature will
be activated in the event of failure of key components including but not limited to the CT and
its windings, the RCD IC 100, R1, R2, SOL1, D1, D2, TR1 and the pulse generating circuitry
30, etc. An additional advantage of this end of life circuit is that if SCR2 turns on
inadvertently, for example due to noise or a voltage surge on the mains supply, the user will be
able to reclose the RCD and if it remains closed there will be an immediate indication of
normality because power will be restored to the load and D2 will light up on the occurrence of
cach test pulse as before. On the other hand, if the RCD or the self test circuitry has developed
a fault, the RCD will auto trip each time it is reclosed and thereby force the user to replace the

RCD.

For reasons of safety, failure of the RCD will merit automatic disabling of the device.
However, in cases where continuity of supply is also important, it may be desirable to avoid
end of life operation in the event of failure of the self test circuit alone and to only allow EOL
operation in the event of failure of the RCD circuitry. Figure 5 shows an arrangement whereby

this option can be facilitated.

In the arrangement of Figure 5, which is a modification of Figure 4, the test pulses produced
by the pulse generator 30 are used to directly charge up the capacitor C2 via the resistor R6.
After a predetermined time, set by the values of C2 and R6, the voltage on C2 will rise to a

value sufficient to turn SCR2 on and activate SOL2, which will automatically open the load
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contacts SW1 (diodes D5 and D6 are used to clamp the test circuit pulses to a certain level).
Each test pulse will be detected by the IC 100 via winding W1 and will cause TR1 to turn on
momentarily as previously described. The bipolar switching transistor TR2 will be turned on
momentarily when TR1 conducts, and will feed current via resistor R4 to momentarily turn on
a further switching transistor TR3. This latter will, in turn, discharge C2 via diode D4 and
prevent SCR2 from turning on. As before, the RCD will not trip solely in response to the
short test pulses but will trip in response to a prolonged output on the line 10 from the IC 100.

In this embodiment, as in the preceding embodiments, SCR1 forms the second of the first and
second mutually parallel circuit branches in series with the solenoid SOL1. However, in this
case the first circuit branch also includes the emitter-base path of the transistor TR2, as well as
D2 and R2. Nevertheless the result is the same - to indicate correct operation of the test
circuit, the LED D2 will flash momentarily each time a test pulse turns on TR1, by current

flow through the emitter-base path of TR2.

For as long as the test circuit is operational, failure of any part of the main RCD circuit (IC
100, TR1, C1, R2, SCR1) will cause automatic activation of the end of life function since C2
will not be intermittently discharged through TR3 as previously described. However, in the
event that the self test circuit itself fails to function the EOL function (which depends on the
charging of C2 by the test pulses) will not be activated and the RCD will continue to provide

protection for the AC supply as normal.

Figure 6 shows an embodiment of the invention based upon the electrically latching (EL type)

RCD circuit described in Irish Patent Application No. S2011/0068 (P1003251E00/cb).

In Figure 6, an AC mains supply comprising live and neutral conductors L, N is connected to a
load LD via normally-open load contacts SW1 controlled by an electromechanical relay RLA.
The circuit is supplied with power via a bridge rectifier X1, and the relay is supplied with a DC
current. The RCD circuit is built around an RCD integrated circuit (IC) 100, which may be a
type WAO50 supplied by Western Automation Research & Development, supplied with current

via a resistor R2.
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The relay RLA is known as an electrically latching relay because it needs a constant current
flow through a solenoid coil forming part of the relay to maintain the contacts SW1 in the
closed position. Thus when a current of sufficient magnitude (known as the closing current) is
passed through the coil the resultant magnetic flux causes the load contacts SW1 to close.
Thereafter, the load contacts will remain closed provided a minimum holding current, less than
the closing current, continues to flow through the relay coil. However, should the current
flowing in the relay coil fall below the holding current the load contacts SW1 will automatically
open and can then only be re-closed manually (if a manual reset, not shown, is provided) or by
increasing the magnitude of the current through the relay at least to the closing current. This

relay design is simple and well proven.

The live and neutral conductors L, N pass through the toroidal core 20 of a current
transformer CT en route to the load. The output of the current transformer, which appears
across a secondary winding W1, is fed to the IC 100. In the absence of a ground fault
(residual) current, the vector sum of the currents flowing through the core 20 will be zero since
the currents flowing in the L and N supply conductors will be equal and opposite; thus the
voltage developed across W1 will be zero. The function of the CT and IC 100 is to detect a
differential current flowing through the CT core 20 having a magnitude above a predetermined
threshold, such threshold corresponding to a particular level of residual current to be detected
according to the desired sensitivity of the RCD. When such a differential current is detected
the IC 100 provides a high output voltage on line 10 sufficient to turn on a switching transistor

TRI1.

In Figure 6 a resistor R1 and a diode D1 provide current to the relay RLA coil via the bridge
rectifier X1. A capacitor C1 smoothes the voltage across the relay RLA to prevent chatter. A
Zener diode ZD1 limits the voltage to a specified maximum level. For supply voltages at or
above a minimum operating voltage of the RCD, C1 will acquire a charge which will be at or
above a voltage sufficient to provide a holding current through the relay RLA but insufficient

to provide a closing current through the relay RLA.

Transistor TR2 will be turned on via resistor R1 and R4 to provide this current path through

RLA and a current of sufficient magnitude will therefore flow continuously through RLA coil
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to enable the contacts SW1 to remain closed once they have closed. A capacitor C2 will
acquire a charge via a resistor R3, and for supply voltages at or above the minimum operating
voltage of the RCD, C2 will acquire a charge which will be at or above a voltage sufficient to
provide a closing current through the relay RLA, although clamped by a Zener diode ZD2 at a
safe level. The charge on C2 is supplied via the resistor R3, but this current flow is limited to a
relatively low value so as to minimise power dissipation in R3. When a reset button MR is
closed by manual means, the voltage on C2 will be applied to the RLA coil and the momentary
application of this higher voltage will cause the relay RLA to close its contacts SW1. The
voltage applied from C2 will quickly collapse but RLA will be held in the closed state by the
holding current supplied via R1 and C1.

In the event of a residual current fault, as evidenced by an output on line 10 of the IC 100, the
transistor TR1 will be turned on and remove the base current from TR2 and cause TR2 to turn
off. The resultant reduction in RLA current to a level below its holding current will cause the
load contacts SW1 to open and remove power to the load LD. TR1 will turn off and C1 will
charge up to its previous voltage and TR2 will turn on again, but RLA will not automatically

reclose until the reset button MR is closed again.

Figure 6 includes automatic self-test circuitry similar to that of Figure 2, comprising pulse
generator 30, winding W3, resistor RS and light emitting diode D2. R5 and D2 form a first
circuit branch in series with the relay RLA, and TR2 forms a second circuit branch also in
series with the relay and in parallel with the first circuit branch. For convenience, manual test

circuitry corresponding to TS, SW2, Rt and W2 of Figure 1 has been omitted for simplicity.

The pulse generator 30 generates a continuous stream of relatively short duration test pulses at
regular intervals, and during the period of each pulse a current will flow through the CT
winding W3, causing a corresponding short duration differential current to flow through the
core 20 of the current transformer. The amplitude of the test pulses is sufficiently high that the
differential current caused thereby has a magnitude sufficient for detection by the IC 100 as a
residual current fault and consequent generation of an output on line 10. This will cause TR1

to turn on for the duration of each test pulse, as before.
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Turning TR1 on will in turn cause TR2 to turn off. The current flow through RLA will then be
diverted through D2 and RS, causing D2 to light up. On expiration of the test pulse TR1 will
turn off and TR2 will turn on again, restoring the full current flow through RLA. When TR2 is
turned off, the resultant current flow through RLA will be less than its holding current, so
opening of RLA will be initiated. However, due to the inherent magnetic hysteresis in the relay
RLA its contacts SW1 will not open immediately when TR2 is turned off but only after a
certain response time. By ensuring that the duration of the test pulses is shorter than the
response time of the relay RLA, the period during which RLA holding current is reduced will
be correspondingly short such that the contacts SW1 will not be opened and no interruption in
the supply to the load LD will occur. However in the event of a sustained output on the line
10 from the IC 100, due to a sustained residual current fault or operation of the manual test
circuit, TR2 will remain turned off for a much longer period, longer than the response time of

the relay RLA, and the load contacts SW1 will open.

If the RCD fails at any time the user will notice that the diode D2 is not flashing at regular
intervals as normal and will be inclined to operate the test button and verify the non functioning

of the RCD.

Figure 7 shows another example of how the self test and end of life circuitry can be

incorporated into an electrically latching (EL) RCD.

In the arrangement of Figure 7 resistor R1 provides a supply to normally-open relay RLA,
which may be the same type as the relay of Figure 6. Capacitor C1 smoothes the DC supply
from bridge rectifier X1 and zener diode ZD2 clamps the relay voltage to a safe operating
level. Transistor TR2 is normally held in the on condition by a current supply via resistor R3.
The relay contacts SW1 are initially latched by manual means (not shown) to enable power
supply to the load LD. SW1 will then remain closed by a holding current through RLA
supplied via R1 and TR2. Under a residual current fault condition the RCD IC 100 will turn
on TR1 as previously described. This in turn will cause TR2 to turn off and the relay RLA will
de-energise and its contacts SW1 will open and disconnect the load LD. The RCD load

contacts SW1 can only be reclosed by manual means.
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The self testing circuitry comprises the pulse generator circuit 30 which provides a stream of
short duration pulses at regular intervals through the CT via winding W3. These pulses are
detected by the RCD IC 100 and cause TR1 to turn on. TR2 turns off as previously described,
but in this case the off period is very short and although RLA is momentarily de-energised, it
requires a period of 1-2 msec for its contacts to open. By the time RLA contacts SW1 start to
open, TR1 turns off and TR2 turns on again due to the short duration of the test pulse and the
voltage on Cl1 is instantly re-applied to RLA and prevents its contacts SW1 from opening. As
before, the diode D2 is an LED which is lit when TR2 is on. Thus the flashing LED will
indicate that the self testing circuit is operational. In this case, however, the LED D2 flashes
on in the periods between test pulses, and turns off momentarily during the occurrence of each

test pulse, the opposite of the other embodiments.

EL type RCDs have certain inherent failsafe features in that failure of certain key components
will cause the relay RLA to automatically open its contacts SW1. For example, in the case of
Figure 7, failure of X1, R1, RLA coil or TR2 will activate the fail safe mode by causing the
contacts to open and the user will be alerted. Nonetheless, some component failures could
occur which would disable the RCD protection function without the user being alerted, and to
some extent the self test circuit will provide indication of such a failure. However, it can be

advantageous to disable the RCD in the event of an end of life (EOL) failure condition.

The EOL circuitry comprises the silicon controlled rectifier SCR2, capacitor C2, switching
transistor TR3, and resistors R4 and R5. When power is applied to the RCD circuit, capacitor
C2 will start to charge up via R4 and should the voltage on C2 reach a certain level, SCR2 will
turn on and will effectively short out the relay RLA coil and de-energise it. However, the test
pulses that cause TR1 to turn on momentarily and TR2 to turn off momentarily will also cause
TR3 to be turned on momentarily by the rise in voltage at the collector of TR2 which is fed to
the base of TR3 via R5. This causes C2 to discharge via TR3 and thereby the voltage on C2
does not rise high enough to turn SCR2 on. However, in the event of TR2 failing to turn off
within a predetermined time, the voltage on C2 will rise sufficiently to turn SCR1 on and
disable the relay RLA. The circuit can be reset by removing power from the supply side of the
RCD, but if the failure mode persists, the relay RLA will be automatically disabled again.
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Figure 8 shows a further embodiment which is a modification of Figure 2.

In the arrangement of Figure 8, a capacitor C2 has been placed in series with R2 and D2, but in
all other respects the auto testing circuit operates as previously described for Figure 2. Each
time a pulse flows through C2, TR2 is turned on for the pulse duration. This in turn causes a
pulse of current to flow into capacitor C4 via D3 and R4. The charge on C4 keeps transistor
TR3 turned on for a duration longer than the test pulse, and as long as TR3 is turned on, SCR2
gate will be held low and prevented from turning on. In the event that the auto test pulses do
not flow in the circuit for any reason TR2 will not conduct and TR3 will turn off and remain
off. SCR2 gate will then be pulled high via R4 with a time delay based on the time constant of
R4 and C3. Once the charge on C3 exceeds ZD1 breakover voltage SCR2 will turn on and
activate the solenoid. The time constant of R4/C3 is critical in ensuring that SCR2 does not
turn on prematurely. It follows that the arrangement of Figure 8 provides for auto testing of
the RCD on a continuous basis, and in the event of failure of the RCD itself or the auto test

circuit, the RCD will automatically trip and prevent its further use.

The self test and end of life circuitry previously described can also be incorporated into an arc

fault detector (AFD) as shown in Figure 9, which is a modification of the circuit of Figure 4.

In this embodiment, for the detection of arc faults, the current transformer CT has its core 20
surrounding just one of the supply conductors, in this case the live conductor L. The design of
the CT is such that it has minimal response to slowly rising or sustained load currents at the
mains supply frequency but is highly responsive to current pulses with very fast rise times

which would be generated by arcing.

Arc fault current pulses in the live conductor L induce voltage spikes across the secondary
winding W1. When these are above a certain threshold and/or persist for longer than a certain
period of time the IC 100, here configured as an arc detector, will produce an output on the
line 10 to turn on TR1. This triggers the circuit to open the load contacts SW1, as described

for Figure 4.
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In this case each test pulse produced by the pulse generator 30 comprises a short burst of high
frequency oscillations with very fast rise times similar to those that would be generated by
arcing. These test pulses (bursts) are designed to produce a differential current in the CT
having characteristics which simulate the differential current produced by an actual arc fault
(actually, due to the live conductor L passing though the core 20, there will always be a non-
zero vector sum of currents flowing through the CT, but the characteristics of the detection
circuitry are designed not to respond to it). Each burst will be detected by the winding W1 and
fed to the IC 100 to cause the latter to produce a momentary output on line 10 to turn on TR1.

The further operation of the device is as described for Figure 4.

In the preceding embodiments, a sound emitting device can be used instead of, or in addition
to, the light emitting diode D2 to provide an audible indication that the self-test function is

operating correctly.

Figure 10 shows a further embodiment of an electrically latched (EL) type RCD. The live and
neutral conductors L, N of an AC mains supply pass through the toroidal core 20 of a current
transformer CT1 en route to a load LD. The mains supply is fed to the load LD via a pair of
load contacts SW1, controlled by a solenoid coil SOL1. The load contacts SW1 are of a type
which are maintained closed by the associated solenoid coil SOL1 provided a sufficient current
passes through SOL1. The combination of the solenoid coil SOL1 and the load contacts SW1
are embodied in an electro-mechanical relay of known type. A metal oxide varistor MOV 1

provides overvoltage protection.

The conductors L, N constitute primary windings for the current transformer, the term
"winding" being used in accordance with conventional terminology even though the
conductors pass directly through the core rather than being wound on it. The output of the
current transformer, which appears across a secondary winding W1, is fed via resistor R1 and
capacitor C1 to an RCD integrated circuit (IC) 100 which may be a type WAO050 supplied by
Western Automation Research & Development, Ireland. The circuit is supplied with power
from the live L and neutral N conductors, with positive half cycles of the supply flowing via
capacitor C5, diode D4, resistor R2 and a voltage regulator within the integrated circuit 100,

and negative half cycles flowing via capacitor C5 and diode D2. Capacitor C7 provides
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smoothing and storage of the rectified supply so that the circuit can operate continuously. C7
also provides power to the solenoid coil SOL1 via resistor R10. In normal operation, i.e. no
residual current fault, the voltage on C7 ensures that a current flows through SOL1 which is

sufficient to maintain the load contacts SW1 closed.

In the absence of a ground fault (residual) current, the vector sum of the currents flowing
through the core 20 will be zero since the currents flowing in the L and N supply conductors
will be equal and opposite; thus the voltage developed across W1 will be zero. The function of
the CT1 and IC 100 is to detect a differential current (i.e. a non-zero vector sum of currents)
flowing through the CT core 20 having a magnitude above a predetermined threshold, such
threshold corresponding to a particular level of residual current to be detected according to the

desired sensitivity of the RCD.

When such a differential current is detected the IC 100 provides a high output voltage on line
10 indicating that a residual current fault has been detected, such voltage being sufficient to
turn on a normally-off silicon controlled rectifier SCR1. The base of a bipolar transistor Q4
will normally be held high by a resistor R15 but Q4 will not be able to conduct until SCR1
turns on. When SCRI turns on, a low impedance path will be established from the top of
SOLI1 coil to neutral via Q4, diode D5, SCR1 and the base-emitter path of bipolar transistor
Q1, with the result that C7 will discharge through this path via resistor R10. When the voltage
on C7 falls below a certain level, the current through SOL1 will fall below a level necessary to
maintain the load contacts SW1 closed, i.e. SOLI is deactivated, so the latter will open
automatically to disconnect the load LD and provide protection against the fault. The
conduction path of Q4, D5, SCR1 and Q1 will be sustained unless the supply is removed.
However, operation of the manual reset button SW2 will short out the conduction path to
ground and cause it to cease conduction. Upon release of the reset button the capacitor C7 will

charge up as before and cause automatic reclosure of load contacts SW1.

Current transformer CT2 together with capacitor C6 and resistor R3 are used for the detection
of a fault between neutral and earth. The operation of this part of the circuit will be obvious to

those familiar in the art of RCD operation, and will not be further described.
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The RCD also includes a normally open test switch comprising a manually operable test button
TS which, when pressed, bridges normally-open contacts SW3. Pressing the test button TS
diverts a portion of the supply current through a further winding W2 on the core 20, via a
resistor R13 (in this case W2 is a single conductor which passes straight through the core 20
but, as before, the term "winding" is used in accordance with conventional terminology). The
current diverted through the core 20 will produce a differential current (i.e. a non-zero vector
sum of currents) flowing through the CT core 20, and the magnitude of the diverted current is
selected such that the differential current is above the predetermined threshold and thus
simulates a residual current fault. Accordingly, provided the RCD is operating correctly, the
IC 100 will produce an output on line 10 to turn on SCRI1 resulting in opening of the contacts

SWI just as in the case of an actual residual current fault.

Verification of the correct operation of the RCD requires the user to operate the test button,
but there could be intervals of several months between such testing, and if the RCD becomes
mmoperable in the interval, the user will have no way of knowing that the RCD is no longer

capable of providing protection.

The above opening and reclosing cycle as described for the operation of the test button will be

repeated in the event of the occurrence of a persistent residual current fault.

If SW2 has a stable closed position and a stable open position, it can be moved to the fixed
closed position to enable manual opening of the contacts for any length of time, and moved to

the open position to enable automatic reclosing of the contacts.

A pulse generating circuit is supplied with power via diode D1 and resistor R12, the pulse
generating circuit comprising unijunction transistor Q3, resistors R6, R7, R, and capacitors
C2 and C4. Q3 produces a continuous stream of test pulses which are fed via resistor R9 and
winding W2 through the CT core 20. Each test pulse is configured to produce an output from
CT1 secondary winding W1 which is of sufficient amplitude and duration as to be detected by
IC 100 as a residual current fault. For each such test pulse the IC 100 therefore outputs a
respective pulse on IC output line 10. Each output pulse from IC 100 turns on SCR1 to

initiate the discharge of C7 as previously described.
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However, each test pulse also turns on Q2 via resistor R11 which in turn turns off Q4 and thus
prevents the sustained discharge of C7, so SOL1 will not normally be deactivated during the
automatic test pulses. As soon as SCR1 turns on in response to a test pulse LED1 will light up
because of the current path through it from the test pulse generator via R16, D6, SCR1 and Q1
Thus LED1 will flash on and off in sync with the test pulses indicating the correct functioning
of the RCD circuit.

SCR1 cathode could go directly to ground, the common connection point of the circuit. The
provision of Q1 facilitates the automatic termination of the test pulse when SCR1 is turned on.
This in turn will turn off LED1 and Q2 and restore the positive bias to Q4. Under normal
conditions the resultant ON time of LED1 will be relatively short due to the truncated test

pulses, and the user will become familiar with the pattern of short pulses at regular intervals.

Thus the automatic test circuit verifies the correct operation of the detecting circuit, provides
indication of the occurrence of each test pulse, provides indication of the successful detection

of each test pulse, and automatically terminates the test pulse on each successful detection.

If SCR1 and Q1 do not turn on, for example because the detecting circuit IC100 or another
vital circuit component is faulty, the test pulse will be sustained to its full duration and will
cause capacitor C8 to acquire a charge via R16, LED1, ZD1 and R4. When C8 acquires
sufficient charge, which may occur after one or more test pulses as desired, SCR2 will turn on
and cause C7 to discharge via R10 and LED2 and thereby cause SOL1 to deactivate and
automatically open the contacts SW1 and disconnect the load. The self test circuit will thus
automatically disable the RCD in the event of failure of the detecting circuit. LED2 will remain
lit to indicate an "end of life" condition, and the LED1 will remain lit for the full duration of the
test pulse. The lighting of LED2 and the longer ON time of LED1 will indicate to the user that
an abnormal condition exists. R14 is a bleed resistor to prevent C8 holding a charge

indefinitely.
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The user may operate the reset switch SW2 to reclose the load contacts, but the contacts will
again open automatically in response to the failure of the detecting circuit to detect the test

pulses.

It can be arranged for the automatic test circuit to function by omitting Q2 and connecting
SCR1 cathode to ground. In this case the test pulses will not be truncated but will be of a fixed
duration. In that case it will be necessary to ensure that C8 cannot acquire sufficient charge

from a single test pulse to cause SCR2 to turn on and inadvertently indicate an abnormal state.

If the pulse generating circuit fails for any reason, the automatic test function will no longer be
operational.

The non-flashing of LED1 will indicate that the automatic test circuit is not operating. In this
event the user should operate the manual test to ascertain if the RCD is still operating correctly
or not. If the RCD is operating correctly, the contacts will open in response to the manual test
as previously described. If the RCD does not open automatically in response to the manual test
current, resistor RS will provide a current to charge capacitor C8 via D3, ZD1 and R4. When
the charge on C8 reaches a certain level SCR2 will turn on and cause SOL1 to deactivate.
LED2 will light up and remain lit to indicate the end of life condition. The user may operate the
reset switch SW2 to reclose the contacts and turn LED2 off, and may decide to continue to
use the device to maintain continuity of supply, but each subsequent operation of the test
switch will result in automatic tripping and illumination of LED2 to indicate the End of life

condition.

Figure 11 shows an embodiment of a mechanically latched RCD. In this case the load contacts
SW1 are held mechanically latched closed, and will be opened by a sufficiently large current
flowing in the coil SOL1.

A supply is provided to RCD IC 100 via diode D101 and resistor R102. This supply is
smoothed by capacitor C101 and by a voltage regulator in IC 100. As before, the live and
neutral conductors L, N of the AC mains supply pass through the toroidal core 20 of a current
transformer CT1 en route to a load LD, and the mains supply is also fed to the load LD via a

pair of load contacts SW1 controlled by a solenoid coil SOL1. As stated, the load contacts
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SW1 are of a type which are maintained closed mechanically, and are opened by a sufficiently

high current flowing in the associated solenoid coil SOLI.

The conductors L, N constitute primary windings for the current transformer CT1. The output
of the current transformer, which appears across the secondary winding W1, is fed via resistor

R101 and capacitor C102 to the RCD IC 100.

In the event of a residual current fault, i.e. a differential current above a predetermined
threshold, IC 100 will produce an output signal on line 10 to turn on a silicon controlled
rectifier SCR103. SCR102 will already be biased on, so a conduction path will be established
from live L to common ground through solenoid winding SOL1, diode D104, SCR102, diode
D107 and SCR103. The current flowing through SOL1 will be sufficient to open the load
contacts SW1 and disconnect the AC supply from the load LD and the RCD circuitry. The

contacts SW1 may be reclosed by manual means (not shown).

The circuit is provided with a normally open test switch SW101. When this switch is manually
closed a test current will flow from live L to neutral N via the test switch SW101, resistor
R105 and winding W2 of CT1. The resultant differential current induced in W1 is fed to IC
100 via resistor R101 and capacitor C102. The test current produces a differential current
from W1 which is sufficiently large as to simulate an actual residual current fault, so that IC
100 produces an output on line 10 to turn on SCR103 resulting in opening of the contacts
SW1 as before. Thus the test button operation confirms the correct operation of the RCD

circuit.

Pulse generating circuit 102 is as described for the EL embodiment of Figure 10 and is shown
in block form for convenience. The test pulses are passed via resistor R115 to ground via
through CT1 winding W2 Each test pulse is configured to produce an output from CT1
secondary winding W1 which is of sufficient amplitude and duration to be detected by IC 100
as a residual current fault. For each such test pulse the IC 100 therefore outputs a respective
pulse on IC output line 10. Each output pulse on line 10 is applied to the gate of SCR103 to
enable it to turn on. However, each test pulse also turns on bipolar transistor Q101 which in

turn removes a positive bias from SCR102 to turn it off. Thus, despite SCR103 being turned
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on, current cannot flow through SOL1 and the load contacts SW1 remain closed. Each time
SCR103 is turned on, LED101 is lit until the end of the test pulse. The intermittent lighting of
IED101 indicates a successful test.

Each test pulse is also fed to C105 via D106 and R112 to enable C105 to acquire a charge.
However, each time SCR103 turns on in response to successful detection of a test pulse, C105

is discharged via D109 and SCR103.

If IC 100 fails to produce an output pulse on line 10 in response to a test pulse, for example
due to failure of a key component such as CT101 or IC 100, SCR103 will not turn on and
LED101 will no longer light up as previously. C105 will continue to charge up on successive
pulses until such time as the voltage on C105 exceeds the breakover voltage of ZD101 and
causes SCR101 to turn on. This will cause LED102 to turn on and indicate an abnormal or end

of life state.

In the configuration of Figure 11 as shown, SW102 contacts will not open automatically in
response to an end of life condition. This may be a desirable response for RCDs installed in a
panel to protect a sub-circuit or a complete circuit in an installation. This contrasts with the
arrangement of figure 10 where an end of life condition resulted in automatic disconnected of
the load. In general, EL type devices are used at the end of a circuit and are often referred to
as “point of use” devices, so automatic opening of such devices will generally remove power
from a single. Automatic opening of a panel mounted device may result in removal of power
from several loads, which may cause considerable inconvenience. However, where an ML type
device is intended for “point of use” applications, it may be advantageous to provide for
automatic disconnection of the supply under an end of life condition. This can be
accommodated in several ways by slight modification of figure 11. For example, the anode of
SCR101 could optionally also be connected to the lower end of solenoid coil SOL1 so that the
current through SCR101 flows through SOL1 to automatically open the contacts of SW102.
Another option would be to provide SOL1 with a second winding connected only to SCR101
to facilitate opening of the contacts under an end of life condition. Another option would be to

have a separate solenoid operated only by SCR101.



10

15

20

25

30

WO 2012/131508 PCT/IB2012/051049

21

In the event of failure of the pulse generating circuit, LED101 will not flash. A user could
operate the test button SW101 under this condition, and the contacts of SW102 would open
automatically if the IC100 detecting circuit was functioning correctly. However, if the
detecting circuit was not functioning correctly under this condition, manual operation of test
switch SW101 would provide a current via D102 and R104 to charge up C104 and thereby
cause SCR101 to turn on after a predetermined time, after which LED102 would be lit to
indicate end of life. R107 is a bleed resistor for C104.

The automatic truncating of the test pulses as described for Figure 10 could also be facilitated

within the arrangement of Figure 11, but has been omitted for simplicity.

In the foregoing embodiments each indicator LED (LED1, LED2, LED101 and LED102) may

be replaced or supplemented by a suitable audible indicator.

Preferably LED1 and LED 101 will be green to provide a positive indication of the state of the
device whereas LED2 and LED102 will be RED to indicate a warning of a negative state of

the device.

In Figures 10 and 11, a respective sound emitting device can be used instead of, or in addition
to, each light emitting diode to provide an audible indication that the circuit is operating

correctly.

The foregoing has described various means for self testing and automatic end of life disabling
of RCDs and AFDs whereby the end of life circuitry verifies the correct operation of the
protective device and also verifies the correct operation of the self test circuitry. These means

can be applied to mechanically latching and electrically latching protective devices.
It should be noted that the term SOL has been used as an abbreviation for solenoid. However,
a permanent magnet relay (PMR) may also be used in all cases where a solenoid has been

shown in the various embodiments.

The invention may be applied to single phase or multiphase AC supply systems.
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The invention is not limited to the embodiments described herein which may be modified or

varied without departing from the scope of the invention.
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Claims

1. A device for detecting a fault in an AC supply, comprising a circuit (CT, 100) for
detecting a fault in an AC supply to a load (LD) and providing a corresponding output, means
(SOLIT or RLA) to disconnect the load from the supply if said output persists for at least a
certain period of time, a generator (30) of intermittent test pulses each simulating a fault, the
duration of each test pulse being less than said certain period of time, and means (D2) for
providing a visual and/or audible indication in response to the detection of test pulses by the

detecting circuit.

2. A fault detecting device as claimed in claim 1, wherein the detecting circuit comprises a
circuit (CT, 100) for detecting a differential current in the AC supply to the load (LD), said
differential current having a characteristic indicative of a type of supply fault to be detected,
and providing a corresponding output (10), the disconnect means comprises an
electromechanical switch comprising a coil (SOL1 or RLA) controlling normally-closed
contacts (SW1) in the AC supply to the load (said normally-closed contacts referred to herein
as load contacts), said electromechanical switch being responsive to said output (10) subsisting
for greater than a certain period of time to disconnect the load from the supply by opening the
load contacts (SW1), and the generator (30) generates said intermittent test pulses each
simulating a fault of the said type by causing a differential current, having a characteristic
indicative of the said type of fault, to flow in said detecting circuit in the absence of said supply
fault, said detecting circuit providing an output during each said test pulse, the duration of each

test pulse being less than said certain period of time.

3. A fault detecting device as claimed in claim 2, wherein the electromechanical switch is
of a kind whose load contacts (SW1) are normally mechanically latched closed but can be
opened by a sufficiently high current flowing through the coil (SOL1), wherein the device
includes first (R2, D2) and second (SCR1) mutually parallel circuit branches in series with the
coil, wherein during each test pulse the current flowing through the coil flows through the first
circuit branch (R2, D2), the first circuit branch including a light emitting device (D2) and an
impedance (R2) which limit the current flowing through the coil to a level insufficient to open

the load contacts (SW1), and wherein during occurrence of a fault persisting for longer than a
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certain duration, said certain duration being longer than the duration of a test pulse, the second
circuit branch (SCR1) is switched to a relatively low impedance state so that the current

through the coil increases to a level sufficient to open the load contacts (SW1).

4. A fault detecting device as claimed in claim 3, in which the output (10) of the detecting
circuit causes a charge storage device (C1) to progressively charge up during the subsistence
of said output, wherein the second circuit branch includes a normally-off solid state switch
(SCR1), and wherein when the voltage on the charge storage device (C1) reaches a certain
level the solid state switch (SCR1) is turned on to provide said relatively low impedance state,
the voltage on the charge storage device (C1) reaching said certain level only after a period
longer than the duration of a test pulse, the charge storage device (C1) being discharged after

cach test pulse.

5. A fault detecting device as claimed in claim 2, wherein the electromechanical switch is
of a kind whose load contacts (SW1) are maintained closed by a holding current flowing
through the coil (RLA), wherein the device includes first (R5, D2) and second (TR2) mutually
parallel circuit branches in series with the coil, wherein each test pulse causes the second
circuit branch (TR2) to switch from a relatively low impedance state to a relatively high
impedance state for the duration of the test pulse so as to divert current through the first circuit
branch (RS, D2) and reduce the current flow through the coil to below the holding current, the

duration of the test pulses being less than the response time of the electromagnetic switch.

6. A fault detecting device as claimed in claim 2, including further means for causing the
electromechanical switch to open the load contacts (SW1) if said detecting circuit fails to

provide an output in respect of said test pulses.

7. A fault detecting device as claimed in claim 6, said further means including a further
charge storage device (C2) which is progressively charged up in periods between test pulses
but discharged each time the detection circuit provides an output in response to a test pulse,
the voltage on the further charge storage device (C2) being applied to a further solid state
storage device (SCR2) and wherein when the voltage on the further charge storage device

(C2) reaches a certain level the further solid state switch (SCR2) changes state, the voltage on
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the further charge storage device (C2) reaching said certain level only after a period longer
than the period between test pulses and the charge storage device (C1) being discharged upon
the occurrence of each test pulse, the device further including means for opening the load

contacts (SW1) when the further solid state switch (SCR2) changes state.

8. A fault detecting device as claimed in claim 6, said further means including a further
charge storage device (C2) which is connected for being progressively charged up by the test
pulses but being discharged each time the detection circuit provides an output in response to a
test pulse, the voltage on the further charge storage device (C2) being applied to a further solid
state switch (SCR2) and wherein when the voltage on the further charge storage device (C2)
reaches a certain level the further solid state switch (SCR2) changes state, the voltage on the
further charge storage device (C2) reaching said certain level only if the detection circuit fails
to provide an output in response to the test pulses, the device further including means for

opening the load contacts (SW1) when the further solid state switch (SCR2) changes state.

9. A device for detecting a fault in an AC supply, comprising a circuit (CT, 100) for
detecting a fault in an AC supply to a load (LD) and providing a corresponding output, means
(SOLIT or RLA) to disconnect the load from the supply if said output persists for at least a
certain period of time, and a generator (30) of intermittent test pulses each simulating a fault,
the duration of each test pulse being less than said certain period of time, said disconnect
means being arranged to disconnect the load if said detecting circuit fails to provide an output

in response to said test pulses.

10. A fault detecting device as claimed in claim 9, wherein the detecting circuit comprises a
circuit (CT, 100) for detecting a differential current in the AC supply to the load (LD), said
differential current having a characteristic indicative of a type of supply fault to be detected,
and providing a corresponding output (10), the disconnect means comprises an
electromechanical switch comprising a coil (SOL1 or RLA) controlling normally-closed
contacts (SW1) in the AC supply to the load (said normally-closed contacts referred to herein
as load contacts), said electromechanical switch being responsive to said output (10) subsisting
for greater than a certain period of time to disconnect the load from the supply by opening the

load contacts (SW1), the generator (30) generates said intermittent test pulses each simulating
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a fault of the said type by causing a differential current, having a characteristic indicative of the
said type of fault, to flow in said detecting circuit in the absence of said supply fault, said
detecting circuit providing an output during each said test pulse, the duration of each test pulse
being less than said certain period of time, and said disconnect means further comprises means
for causing the electromechanical switch to open the load contacts (SW1) if said detecting

circuit fails to provide an output in respect of said test pulses.

11. A fault detecting device as claimed in claim 1 or 9, wherein the fault to be detected is a

residual current fault.

12. A fault detecting device as claimed in claim 1 or 9, wherein the fault to be detected is

an arc fault.

13. A residual current device (RCD) comprising:

a circuit (CT1, 100) for detecting a differential current in an AC supply to a load (LD)
arising from a residual current fault and providing a corresponding output (10),

an electromechanical switch comprising a coil (SOL1) controlling a set of contacts
(SW1) in the AC supply to the load, the load contacts (SW1) normally being maintained closed
in the absence of a residual current fault, an output (10) from the detecting circuit (CT1, 100)
sufficiently changing the current flow in the coil (SOL1) to cause the load contacts (SW1) to
open, and

a generator (Q3, R6-RE, C2, C4) of intermittent test pulses each supplied to the
detecting circuit (CT1, 100) for generating a differential current simulating a residual current
fault such that the detecting circuit (CT1, 100) provides an output (10) in respect of each test
pulse,

wherein the device includes means operative in respect of each test pulse to prevent
said output (10) causing a sufficient change in the current flowing in the coil (SOL1) so that

the load contacts (SW1) are maintained closed in respect of the test pulse.

14. A residual current device (RCD) as claimed in claim 13, wherein the electromechanical
switch is of a kind which requires a sufficiently high level of current to flow in the coil (SOL1)

to maintain the load contacts (SW1) closed, the device including means (C7) providing said



10

15

20

25

30

WO 2012/131508 PCT/IB2012/051049

27

sufficiently high level of current in the absence of a residual current fault, and a current path
(Q4, D5, SCR1, Q1) in parallel with the coil (SOL1) and including a first switching device
(SCR1) which is normally off in the absence of a residual current fault, an output (10) from the
detecting circuit (CT1, 100) turning the first switching device (SCR12) on to divert current
from the coil (SOL1) through the current path so that the current through the coil falls below
said sufficiently high level to cause the load contacts (SW1) to open, wherein the current path
(Q4, D5, SCR1, Q1) includes a second switching device (Q4) which is normally on but which
is turned off by each test pulse so that insufficient current is diverted from the coil (SOL1)
whereby the current through the coil does not fall below the sufficiently high level.

15.  Aresidual current device as claimed in claim 14, further including means (LED1) for
providing a visual and/or audible indication each time the first switching device (SCR1) is

turned on.

16. A residual current device as claimed in claim 15, wherein the indication means (LED1)
is connected in series with the first switching device (SCR1) in a second current path, the test
pulses also being supplied to the second current path such that the indicating means (LED1) is

activated each time the first switching device is turned on.

17.  Aresidual current device as claimed in claim 14, further including means (Q1) for

truncating each test pulse when the first switching device (SCR1) turns on.

18. A residual current device as claimed in claim 17, wherein if due to a faulty RCD the
first switching device (SCR1) does not turn on in response to the test pulses, the test pulses are
not truncated and the circuit includes a normally-off third switching device (SCR2) which is
turned on by the un-truncated test pulses, the third switching device (SCR2) diverting current

from the coil so that the current through the coil falls below the necessary level.

19. A residual current device as claimed in claim 18, wherein a charge storage device (C8)
is charged up by one or more of the un-truncated test pulses and turns on the third switching

device (SCR2) when the voltage on the charge storage device (c8) reaches a certain level.
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20. A residual current device (RCD) as claimed in claim 13, wherein the electromechanical
switch is of a kind whose load contacts (SW1) are normally mechanically latched closed but
are opened by a sufficiently high level of current flowing in the coil (SOL1),the device
including a current path (SOL1, D104, SCR102, D107, SCR103) including the coil (SOL1) in
series with a first switching device (SCR103) which is normally turned off in the absence of a
residual current fault, an output (10) from the detecting circuit (CT1, 100) turning the first
switching device (SCR103) on to allow a current flow in the coil (SOL1) which is of
sufficiently high level to open the load contacts (SW1), and wherein the current path (SOLI,
D104, SCR102, D107, SCR103) includes a second switching device (SCR102) which is
normally on but which is turned off by each test pulse so that said sufficiently high level of

current cannot flow in the coil (SOL1) and the load contacts (SW1) remain closed.

21.  Aresidual current device as claimed in claim 20, further including means (LED101) for
providing a visual and/or audible indication each time the first switching device (SCR103) is

turned on.

22. A residual current device as claimed in claim 21, wherein the indication means
(LED101) is connected in series with the first switching device (SCR103) in a second current
path, the test pulses also being supplied to the second current path such that the indicating

means (LED101) is activated each time the first switching device is turned on.

23. A residual current device as claimed in claim 20, wherein the test pulses are applied to
a charge storage device (C105) which is discharged each time the first switching device
(SCR103) is turned on, and wherein if due to a faulty RCD the first switching device
(SCR103) does not turn on in response to the test pulses the charge storage device (C105) is
charged up by the test pulses sufficiently to turn on a third switching device (SCR101) which

causes activation of a further indicating means (LED102).
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