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(57) Abstract

A protection device (1, 10) for connection between an electrical supply and electrical apparatus includes a circuit breaker
to interrupt the supply when an open neutral or live conductor is detected. The protection device includes means (2) for maintain-
ing current flow in the live and neutral conductors, when the protecting device is connected to an electrical supply, whether or not
connected electrical apparatus is drawing current. The protection device also includes a current transformer (6) arranged to detect
current flow in the live or neutral conductor and a circuit breaker (CBI) adapted in use to interrupt the supply of electricity to the
live and neutral conductors when the current transformer detects substantially zero current flow (i.e. open circuit). The protection
device can incorporate or be used in conjunction with a residual current circuit breaker.
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Improvements in or Related to Circuit Breakers

used with Electrical Apparatus

The present invention relates to circuit
breakers used in conjunction with electrical apparatus
connectable to a supply via a supply cable. In partic-
ular the invention concerns protection devices adapted
to disconnect the power supply from a cable supplying a
device in the event of the cable being severed.

Each year a number of people suffer electro-
cution as a result of picking up the severed end of a
supply cable for an electrical device when power is
still being supplied to the cable. Various devices are
available designed to protect against such accidents.
Probably the simplest protection device is a fuse
located in the plug on the supply cable of an electri-
cal device. Should the supply cable become severed and
the live and neutral conductors contact each other then
the resulting current would be sufficient to "blow" the
fuse. More recently, protection dévices known vari-
ously as earth leakage circuit breakers (ELCBs), resid-
ual current circuit breakers (RCCBs$ or residual cur-
rent devices (RCDs) have been developed. RCCBs are
designed to "trip" on the detection of earth leakage
and they are often provided in the plug or an adapter
attached to a supply cable of an electrical device or
within an in-line-connector on the supply cable. 1In
the event of the supply cable becoming severed and the
live conductor contacting the earth conductor the RCCB
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would operate.

However, in the case of the cable to an
appliance being severed without the live conductor
contacting the neutral conductor or earth, neither the
circuit fuse or the RCCB will operate (trip), the user
is then likely to pick up the severed ends of the live
cable and receive a shock between live and neutral.

The current through the human body will be insufficient
to rupture most fuses and unless the user provides a
current path to earth, the RCCB will not operate.

The present invention provides a protection
device including trip means operable on detection of
the severance of the live conductor or of the neutral
conductor when a cable on the load side of the protec-
tion device is severed.

The protection device according to the pres-
ent invention may be provided within a plug or adapter
attachable to the supply cable of an electrical
appliance which may also be protected by a separate
RCCB. Alternatively a composite device may be produced
incorporating both the open circuit detection compo-
nents and an RCCB.

Features and advantages of the present inven-
tion will become clear from the following description
of embodiments thereof, given by way of example, with
reference to the accompanying drawings, in which:

Figure 1 is a diagram showing the electrical
components of a first embodiment of the invention in
which the open circuit detection components are located
in a plug connectable between an RCCB and the supply
cable of a portable appliance,

Figure 1a shows the first embodiment used
with a capacitor, housed in a socket on the supply
cable, for maintaining current in the live and neutral

conductors, and
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Figure 1b shows an in-line connector which
provides an alternative housing for the capacitor for
maintaining current in the live and neutral conductors,
for use in conjunction with the plug of Figure 1a;

Figure 2 is a circuit diagram of a modifica-
tion of the first embodiment in which a relay is used
in place of a circuit breaker, and an integrated cir-
cuit is used in place of an operational amplifier;

Figure 3 is a circuit diagram of a second
embodiment of the invention incorporating both the open
circuit detection components and RCCB components; and

Figure 4 is a circuit diagram of a modifica-
tion of the second embodiment in which an integrated
circuit is used in place of operational amplifiers.

Referring to Figure 1 it can be seen that the
protection device according to a first embodiment of
the invention consists of two parts, one part being a
plug (1) housing the open-circuit detection circuits
and the second part being an appliance socket (10)
(shown in Fig. 1a), or in-line connector (20) (shown in
Fig. 1b), containing a suitably rated capacitor (2)
connected between live and neutral for ensuring that
current flows in the live and neutral conductors re-
gardless of whether or not the appliance is energised.

The plug (1) may be plugged directly into a
mains supply socket, but preferably is to be plugged
into a socket/adapter housing an RCCB which itself is
supplied from the mains. The plug (1) shown in Figure
1 is directly connected to one end of the appliance
supply cable 8 but could easily be made as an adapter
into which a plug attached to the supply cable would be
plugged.

The appliance socket (10), or in-line connec-
tor (20), is located on the supply cable towards the
appliance end so as to enable the detection of sever-

ance of the length of cable between the plug (1) and
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the appliance socket (10), or in-line connector (20).
The capacitor (2) housed in the appliance socket (10),
or in-line connector (20), can be replaced for d.c.
applications by a resistor or other device, but with

" a.c. supplies the capacitor is more suitable as it will
not require to dissipate heat.

The socket (10) or connector (20) may also
incorporate a test device (3) if required, which dis-
connects the capacitor when pressed and causes this
current flow to cease. This can be used to test the
protection device while the user is close to it, and
before he connects it to his appliance.

Alternatively the test device can be incorpo-
rated in the plug (1), but in this case it will be
required to carry the full load current of 13 amps and
may even be called onto interrupts the full load cur-
rent, thus it will be a more rugged and costly device.

The plug (or adapter) (1) contains the cir-
cuit breaker and detection circuits.

The circuit breaker CB1 consists of a holding
coil (4), two normally open contacts CB1/1 and CB1/2
and a push button (5). When the push button (5) is
pressed the armature of CB1 is mechanically actuated to
the operated position and held by the magnetic flux
produced by the current flowing in coil (4), this
current is not sufficient to energise the armature to
the operated position without mechanical assistance.
The push button incorporates a spring loaded member
which closes the contacts C§1/1 and CB1/2 when the push
button is released.

As the circuit breaker is designed so that
the contacts CB1/1 and CB1/2 can only remain closed
while the coil (4) is energised and the spring loaded
member is holding them closed, interruption of the
supply to coil (4) or a short circuit across coil (4)
will cause its armature to release and actuate the

iy
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spring loaded member, opening the contacts CB1/1 and
CB1/2.

A latched circuit breaker could be substi-
tuted but the following circuit would require to be
reversed such that the circuit breaker coil is
energised under trip conditions.

The appliance socket (10), or the connector
(20),is permanently wired to the plug (1), and when
plugged into a live supply socket current will flow in
the live and neutral wires of the appliance cable, the
live (or neutral) conductor carrying this current is
arranged to flow through a transformer (6) having a
secondary winding whose output is connected to the
inverting input of an operational amplifier IC1, thus
all the time current is flowing to the appliance the
operational amplifier output is low and the SCR1 does
not trigger.

When the user severs his cable, all current
flowing through the transformer will cease and the
output of IC1 will go high, triggering the SCR1, short-
ing the coil of CB1 and releasing the circuit breaker,
opening the contacts CB1/1 and CB1/2 isolating the
damaged cable,

It should be noted that the circuit breaker
CB1 will only energise and hold its contacts closed
while current is flowing through this transformer (6).

A modification of the first embodiment is
illustrated in Figure 2 where a relay is utilised in
place of a circuit breaker. '

The relay RL1 is energised when the reset
button PB1 is operated transferring the charge of
capacitor C1 to the coil of RL1, which energises and
closes contacts RL1/1 and RL1/2 enabling current to
flow in the live and thus through the transformer (6)
either enabling an operational amplifier to trigger an
SCR1 or the SCR direct, maintaining current in the
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relay RL1 until the cable is severed. When the cable
is severed the transformer (6) will no longer have a
current flowing through it and thus will cease to
cause triggering of the SCR. Since the SCR is conduc-
‘tive for alternate half-cycles only it will switch off,
releasing the relay.

A composite device incorporating the open
circuit detector and an RCCB is illustrated in Figure
3. It can be seen that the device comprises a conven-
tional RCCB (with a second transformer 7 which acts as
a core balance to detect an out of balance current) and
open-circuit detection circuit and socket (10), or
connector (20), as described for Figure 1.

A further variation is shown in Figure 4
where a custom designed integrated circuit is used
incorporating operational amplifiers and diodes of
Figure 3.

From the foregoing, it can be seen that
personal safety when using portable appliances has been
increased many times over the conventional RCCB, cover-
ing all cases of cable damage except that of the cable
being shaved, exposing both live and neutral conductors
which must be grasped at the same time to receive a
shock, and may prove fatal if the user is not in con-
tact with earth. This circumstance is considered to be
remote and protection against a fatal shock when using
protection devices according to the invention ap-
proaches 100%.

In a modified embodiment, the capacitor (2), re-
sistor or other device may be incorporated within the appli-
ance (not shown) and in parallel with the appliance switch
by Original Equipment Manufacture (0.E.M.), thereby maintaining
current at all times power is presemnt. Such an appliance
would be suitable for use with or without an O0.C.D.P. prot-
ection device, and would be able to plug directly into an
adaptor provided on plug (1).

.



WO 90/09694 PCT/GB89/00148

CLAIMS:

1. Protection device for connection between an
electrical supply and an electrical load, comprising
trip means operable on detection of the severance of
the live conductor or the neutral conductor on the load
side of the protection device.

2. Protection device according to claim 1, and further
comprising current maintenance means adapted for
connection between a live and a neutral conductor for
maintaining current flow in the live and neutral
conductors between an electrical supply and the current
maintenance means when the protection device is connected
to the electrical supply; and detector means adapted for
conenction to the live and neutral conductors between

the supply and the current maintenance means for
detecting current flow in the live and/or the neutral
conductor; wherein the trip means is responsive to the
output of the detector means for interrupting the supply
of electricity to the live and neutral conductors.

3. A protection device according to claim 2, wherein
the current maintenance means comprises a capacitor

adapted for connection between the live and neutral
conductors.

4. A protection device according to claim 2 or 3,
wherein the detector means comprises a current transformer
arranged either to detect current in the live conductor

or to detect current in the neutral conductor.

5. A protection device according to claim 4, wherein
the detector means is adapted to output a high signal
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when substantially zero current flow is detected, and the
interrupting means comprises a silicon controlled
rectifier, receiving at its gate the output of the
detector means, adapted to conduct when the output of

the detector means is said high signal.

o

6. A protection device according to claim 5, wherein
the detector means further comprises an operational
amplifier arranged to receive at its inverting input

the output from the current transformer.

7. A protection device according to claim 5, wherein
the detector means further comprises an integrated
circuit arranged to receive the output £from the current '

transformer.

8. A protection device according to claim 5, wherein
the interrupting means comprises a circuit breaker
arranged to interrupt the supply of electricity from the
electrical supply to the live and neutral conductors

when the silicon controlled rectifier conducts.

9. A protection device according to claim 5, wherein
the interrupting means comprises a relay arranged to
interrupt the supply of electricity from the

electrical supply to the live and neutral conductors
when the silicon controlled rectifier conducts.

10. A protection device according to any one of the
preceding claims, and further comprising a residual
current circuit breaker.

11. A protection device according to claim 5, wherein
the detector means further comprises a core balance

transformer adapted to detect an imbalance in the current
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flows in the live and neutral conductors, and an or a
further operational amplifier arranged to receive the
output of the core balance transformer, wherein

the output of the detector means is further adapted to
output a high signal when an imbalance in the current
flows in the live and neutral conductors is detected

by the core balance transformer.

12. A protection device according to any one of

the preceding claims, and further comprising test means
manually actuatable to interrupt current flow in the
live and neutralconductors when the protection device
is connected to the electrical supply.
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