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ELECTRICAL FAULT SAFETY DEVICE

ABSTRACT

This invention relates to a safety device that disconnects power to electrical equipment '
if an undesirable current pathway is detected. The net current carried by a multiplicity
of wires is sensed. If this current exceeds a preset threshold, power is removed from
electrical equipment powered by the wires. The invention may also contain additional
circuit protection devices, such as fuses, circuit breakers, and spike protection equipment

to protect against a variety of fault conditions.
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BACKGROUND OF THE INVENTION

Electrical fault safety devices, which are sometimes 'termed ground fault circuit
interrupters (GFCI’s), residual current devices, of carth leakage circuit breakers, are
designed to disconnect electrical circuits in the event of significant difference in the
currents exiting from and returning to the device. The electrical configuration of a typical

ground fault safety device is shown in Figure 1 of the drawings. The ground fault safety

device is connected between a source of AC power 4, and an electrical load 2. In this

example, the electrical load could be a motor 2a. The equipment is also shown with a

metal chassis 3.

In one configuration known in the art, the live and neutral terminals of the power supply

are connected to current-carrying conductors 6, 7 that pass through a current sensing loop

5. The electrical current in each wire generates a magnetic field, which is sensed by the

current transformer (the current sensing loop 5). If the currents carried by the two wires
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are equal in magnitude, but opposite in direction, their magnetic fields would cancel and
the difference in current sensed by current sensing loop 5 would be zero. This would be
the typical case for a two-wire system supplying power to a device - the current entering

the device exactly equals the current exiting the device.

In the event of a fault, for example, current can leak to the metal chassis from the live
terminal shown as 6a, from neutral, shown as line 7a, or from somewhere within the
motor. If this pathway conducts current, for example via a person touching the chassis
to an external ground, the currents carried by lines 6 and 7 would no longer be equal. The
current transformer would sense a current imbalance, amplify the signal, and send it to
circuitry within the GFCI 11. If the signal were above a preset threshold, for example
corresponding to a current imbalance of 5 milliamps, the GFCI 11 would open contacts

9 and 10 removing power from lines 6 and 7.

GFClIs are used in other configurations. In one configuration, used in three phase power
systems, either three or four lines are sensed and controlled by the GFCIL. In another

configuration, the current sensing loop is external to the GFCI, and only two contacts are

controlled.

SUMMARY OF THE INVENTION

The invention provides an electrical fault safety device, comprising a current sensing
loop surrounding electrical conductors connected to electrical equipment, contacts
operative to open when a current imbalance 1n the electrical conductors is sensed, and

means connected to the contacts and operative to open or close electrical pathways 1n
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response to the opening of the contacts

This invention bypasses the limitations of the prior art devices by allowing for the
control of any number of lines. Furthermore, the lines that are controlled may be
separate from the lines on which the net current is sensed. This provides great flexibility

in designing a system to protect against the occurrence of undesirable current pathways.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows the electrical circuit of a prior art ground fault safety device.

Figure 2 shows a ground fault safety device according to this invention, embodied in a

splitter box.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to Figure 2, the splitter box 12 has an input terminal 13 that is connected to a
plug (not shown) for use in a 220-volt AC, 30-amp socket. Two 15-amp output sockets
ére shown as items 14 and 15. The splitter box 1s particularly suited to the three wire,
220-volt system commonly found in the United States, wherein one line 1s neutral and
the other two lines are live (hot) and have a potential of 110 volts AC relative to the
neutral line. It is to be understood that the 110 volt AC and 220 volt AC are nominal

root mean square (RMS) voltage levels.

The splitter box 12 1s particularly suitable for powering a pair of domestic appliances,

such as a dryer and a washing machine, wherein each 1s designed to operate at 220 volts.




10

15

20

CA 02329263 2000-12-20

4 P/62263.CAP/CRE

The input terminal 13 would be connected to a single three-wire 220 volt 30 amp supply

and the two appliances would be plugged into the output sockets 14, 13.

The splitter box 12 incorporates a ground fault safety device to protect the outputs 14,
15, and this employs circuitry formed by a ground fault current interrupter 26, and a
current sensing loop 23. These components are also used in the prior art ground fault
safety device. However, in this case, both live conductors and the neutral conductor pass

through the current-carrying loop 23.

The ground fault current interrupter 26 is powered from the neutral and one of the other
live lines, and the power i1s taken after those lines have passed through the current
sensing loop 23. Alternatively, the power can be taken before the current transformer
loop 23, though a short to ground 1n the GFCI 26 or the contact relay 16 coil would not
be sensed. When the contacts 24 and 25 of the ground fault circuit interrupter are closed,
relay 16 is powered, and this holds closed the three normally open contacts 17, 18, 19
of contactor 20. These contacts are connected to two live conductors and one neutral
conductor, before the lines are split. An alternative design would employ a relay instead
of a contactor. The relay might also contain normally open contacts that are closed when
the current imbalance 1s zero or 1s below a preset threshold, and normally closed contacts

that might be used, for example, to energise an alert or power alternative systems.

Both contactors and relays perform similar functions, namely, opening and closing
circuits in response to an electrical signal. Generally, contactors are primarily used to

switch larger electrical loads, whereas relays are designed to switch signals or smaller
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electrical loads. The construction of contactors and relays differ, in general, since the
contactor’s larger load entails a more robust contact design and layout: typically a
contactor would break the conducting path in two places while a relay would break 1t in

only one place.

Circuit breakers 21, 22 are positioned in the live conductors after they have split. The
circuit breakers are sized, as is known 1n the art, to protect the wiring connected to
sockets 14 and 15 against overheating due to excessive currents. Optionally, fuses,
fusible links, or switches may be used alone or in conjunction with these circuit breakers.
The outputs of the circuit breakers 21, 22 connect to the output sockets 14, 15
respectively. Note that the circuit breakers disconnect the live (hot) lines, but not the

neutral lines.

One example of the use of the splitter box would be for the output sockets 14 and 15 to
be connected to a dryer and washing machine each operating at 220 volts, and for the
neutral conductors to be connected to the casings of the respective appliances. A user
of the appliances will be protected against a potential shock hazard should they touch the
housing of either appliance, if the housing were to develop an excessive voltage potential
relative to ground, for example due to an electrically conductive pathway to one of the
lines. In the event that the housing developed such a conductive pathway, and the
neutral conductor return pathway were compromised, and an individual were to touch
the housing and some point electrically connected to ground, some of the current carried
by lines from sockets 14 or 15 would instead be carried through that individual. This

would result 1n an imbalance between the two live current-carrying conductors for that




10

15

20

CA 02329263 2000-12-20

6 P/62263.CAP/CRE

socket, said imbalance would be detected by the current transformer 23, causing the
GFCI contacts 24 and 25 to open. Opening contacts 24 énd 25 would interrupt power
to the contactor 20, opening contacts 17, 18 and 19, removing power from the lines
attached to sockets 14 and 15. The threshold for deactivation ot the GFCI contacts 24
and 25 may be set at any desired level, for example, 5 milliamps or 30 milliamps might

be used to protect against electrocution hazards.

Protection 1s also available if the output terminals 14 are connected to a socket which

simply uses the neutral and one of the live terminals since, unlike a prior art ground fault

safety device, all three supply conductors pass through the loop 3.

In the preferred embodiment, contacts 17, 18, and 19 will be held closed even when no
loads are connected to the output terminals 14, 15. However, if the neutral connection
from the input terminal 13 1s opened, the contactor will open, since the return path for
the current through coil 16 is no longer available. As a result, contacts 17, 18, and 19

in the contactor will open indicating a fault condition.

Of course, variations may be made to the preferred embodiment without departing from
the scope of the invention. Thus, the invention 1s not restricted to ground fault safety
devices which form part of splitter boxes. For example, there could be any number of
input or output terminals, any number of lines passing through the current transformer,
and any number of contacts in the contactor or relay. Further, in any event, the contactor
may be provided with extra contacts for conductors which do not pass through the

current sensing loop 23, but which it is still desired to disconnect in the event of a
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ground fault arising. The contactor or relay may have more contacts that are normally
open, normally closed, or a combination of both. The GFCI may have multiple contacts
to control multiple devices, one contact to control one line, and said contacts may be
either normally open, normally closed, or both. The invention is also applicable to the
case where a fourth noh current-carrying conductor 1s provided in addition to neutral and

one or two live current-carrying conductors.

Such non current-carrying conductor would also pass through the current-carrying loop
23. The invention is not restricted to US-type supplies with a central neutral tapping
between two equal but oppositely poled AC lines. The invention is also applicable to
European-type supplies of 240 volt AC, for example, and a separate non-current-carrying
earth conducfor. For a typical European style supply, all three lines would pass through
the current-carrying loop 23, and would be connected to the input and output of separate
contactor contacts. Any number of circuit protection devices may be placed in the
circuitry before the GFCI, before the contactor or relay, or before or after the circuit
breakers (if present). Circuit protection devices include fuses, fusible links,
polyswitches, thermal fuses, thermal cut-off devices (TCO’s), thermostatically controlled
devices, switches, IC’s and transistors designed for circuit protection, and surge or spike
protection devices such as metal oxide varisters, zener diodes, filters, and ferrite beads.
Further, the contactor or relay may be any form of electrical or electromechanical device

that opens or closes a circuit including mechanical relays, solid state relays, transistors,

thermostats, and thermal switches.
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What is claimed 1s

1. A ground fault safety device, comprising a current sensing loop surrounding
electrical conductors connected to electrical equipment, contacts operative to
open when a current imbalance in the electrical conductors is sensed, and means
connected to the contacts and operative to open or close electrical pathways in

response to the opening of the contacts.

2. A ground fault safety device as claimed in Claim 1, in which the means operative
to open and close electrical pathways is operative to open the electrical

conductors between the current sensing loop and the electrical equipment.

3. A ground fault safety device as claimed in Claim 1, in which the contacts are
connected to a pair of electrical conductors on the electrical equipment side of the

current sensing loop.

4, A ground fault safety device as claimed in Claim 3, including a coil energized by

said pair of electrical conductors through the contacts.

5. A ground fault safety device as claimed in Claim 1, in which the means operative

to open and close electrical pathways 1s a contactor.

6. A ground fault safety device as claimed in Claim 1, in which the means operative

to open and close electrical pathways is a relay.
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A ground fault safety device as claimed in Claim 1, including additional means

for circuit protection between the input and output terminals.
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