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ABSTRACT
[0001] A GFCI 1s provided that has secondary test switch contacts. In case
closing of the primary test switch contacts fails to trip the GFCI, subsequent closing

of the secondary test switch contacts results in a short circuit between the AC input
terminals of the GFCI. The short circuit blows a fuse disposed on the line side of the
GFCI. The blowing of the fuse disables the GFCI and/or provides an indication to the

user that the GFCI 1s defective.
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GROUND FAULT CIRCUIT INTERRUPTER (GFCI) WITH A SECONDARY
TEST SWITCH CONTACT PROTECTION

Field of the Invention: o

[0002) The present invention relates generally to a ground fault circuit
'mtetruptcr (GFCI) device that has secondary test switch contacts to allow for temovn:|g
power froth the load. Mote particulatly, the invention relates to a GFCI having
secondary test switch contacts that operatc to blow a fuse if actuation of the primary test

switch fails to tnp the GFCI.

B ' f tion:

t0003] ) GFCI devices are designed to trip in response to the detection of a
ground fault condition at an AC load. Generally, the ground fault condition results when
a person comes into contact with the line side of the AC load and an earth ground at the
same time, a situation which can result in serious injuty. The GFCI device detects this

condition by using a sensing transformer to detect an imbalance between the currents
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flowing in the line and neutral condﬁctors of the AC supply, as will occur when some of
the cutrent on the line side is being diverted to ground. When such an imbalance is
detected, 2 mechanically latched circuit breaker within the GFCI device is immediately
tripped to an open condition, thereby opening both sides of the AC line and removing all
power from the load. Many types of GFCI devices are capable of being tripped not only -
by contact between the line side of the AC load and ground, but also by 2 connection
between the neutral side of | the AC load and ground. The latter type of connection,
which may result from a defective load or from improper wiring, is potentially dangerous
because it can prevent a conventional GFCI device from tripping at the intended
threshold level of different cutrent when 2 line-to-ground fault occurs. |
[0004] GFCI devices may be connected to fuse boxes ot circuit breaker panels
to provide central protection for the AC winng throughout 2 commercial or restdential
structure. More commonly, however, GFCI devices are incorporated into electrical
recép tacles that ate designed for installation at vatious locations within a building. A
typical receptacle configuration is shown, for example, in U.S. Pat. No. 4,568,997, to
Bienwald et al., the entire content of which may be referred to for further details.

This type of receptacle includes test and reset pushbuttons and a lamp or light-emitting
diode (LED) which indicates that the circuit is operating normally. When a ground fault
occurs in the protected circuit, or when the test button is depressed, the GFCI device tips
and an internal circuit breaker opens both sides of the AC line. The tripping of the circuit .
breaker causes the reset button to pop out and the LED to be extinguished, providing a
visual indication that a ground fault has occurred. In order to reset the GFCI device, the

reset button is depressed in order to close and latch the circuit breaker, and this also causes

the LED to illuminate once again.

[0005] In addition to ground fault detection/protection, protection from
miswiring is also needed. Specifically, GFCI teceptacles of the typé described above may
be erroneously connected with the incoming AC source conductors being tied directly to
the load or feedthrbugh terminals of the receptacle tather than to the source terminals.

Because of the nature of the internal wiring of the GFCI receptacle, this miswiring

condition is not easily detected. AC power will still be present at the receptacle outlets,
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making it appear that the receptacle 1s operating normally. If the test push button is
depressed, the latching mechanism within the GFCI receptacle will be released and the
reset push button will pop out, again making it appear that the GFCI receptacle is
operating normally and providing the desited ground fault protection. In reality,'
however, no such protecﬁon is being provided because the AC source has been wired
directly to the receptacle outlets without passing through the internal circuit breaker of
the GFCI device.

[0006} Furthermote, a user may not know the state the GFCI is in without
having to operate the test and teset buttons. Therefore a visual indication should be

provided to indicate to a user the different states the GFCI is in.
[0007] Additionally, the safety function of GECI devices depends upon power

being prevented from reaching the receptacle when a trip condition occuts. A potentially
unsafe condition occuts if the test button is pressed and the GFCI fails to trip.
Thetefore, the need exists for a GFCI device with a fail safe system to ensure that when
the test button is pressed and the GFCI device fails to trip, the failed condition of the

GFCI devices 1s indicated to the uset in some manner.

SUMMARY OF THE INVENTION ‘
[0008] = The above and other aspects are substantially achieved by a system and

method employing a ground fault circuit interrupter (GFCI) in accordance with the .
principles of the present invention. The GFCI includes a set of contacts connected to
first and second respective paths. The first and second paths extend respectively between
a first input terminal and a first output terminal, and a second input terminal and 2
second output terminal. At least one of the input or output terminals is coupled to a fuse
citcuit containing a fuse. A control circuit is connected to the contacts and adapted to
cause an imbalance in current flow through the first and second conductive paths that is
indicative of a ground fault condition at an AC load connected to the GFCI. A primary
test switch causes the control circuit to open the contacts and create an imbalance in

current flow. A secondary test switch adapted to be actuated in response to and
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following actuation of the primary test switch completes the fuse circuit and blows the
- fuse. The blown fuse causes a change in operational state of the GFCI.

[0009] The operational state of the GFCI can be one which an imbalance of
cutrent flow is detected by the GFCI, the GFCI operates as a receptacle -withéut
providing GFCI protection, a teverse wiring condition has been detected by the GFCI,
ot the GFCI is operating notmally to provide GFCI protection.

(0010} In one aspect of the invention, the blown fuse results in the GFCI being
disabled. Specifically, the blown fuse results in a loss of power to the control circuit,
causing the contacts to open. | B

[0011] In another aspect of the invention, the blown fuse results in the GFCI
operating as a receptacle without GFCI protection. Curtent is still supplied to the output
terminals, current imbalances do not cause the contacts to open.

[0012] In another aspect of the invention, a visual indicator is provided to
indicate the operational state of the GFCI. When the fuse is blown the visual indicator is
extinguished. Alternatively, the visual indicator is capable of providing at least two colots
to indicate the operational state of the GFCL

[0013] In another aspect of the invention, teverse witing protection is provided
for the GFCI. When a reverse wiring operational state 1s detected the fuse is blown.

Brief Description of the Drawings: |
[0014] Figs. 1-7 illustrate schematic diagrams of a GFCI device constructed in
accordance with embodiments of the present invention; and .

[0015] Figs. 8, 9 and 10 illustrate a test switch used in a GFCI device constructed

~ in accordance with another embodiment of the present invention.
[0016] Throughout the drawing figures, like reference numetals will be

understood to refer to like parts and components.

Detailed Descrintion Of The Preferred Embodiment;

[0017] Generally, it can be seen that Flg 1 illustrates a ground fault circuit
interrupter (GFCI) 100 having an interrupt module comprising relays 124 and 126, and a
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test switch 200 thving ptimary test switch contacts 220 and secondaty test switch
contacts 230. The relays 124 and 126 break a plurality of conducttve paths between
source terminals 108, 110 and load terminals 114, 116 of an AC receptacle in response to

an imbalance of current flow in the paths.

[0018] The test switch 200 is connected between the conductive paths, where
the test switch 200 enables manual generation of an imbalance of current flow between
the paths. The secondary test switch contacts 230 disable the GFCI 100 when the
primary test switch contacts 220 fail to trip the GFCI 100. Specifically, the lockout circuit
pteferably includes a fusing mechanism such as fuse 120 and secondaty test switch
contacts 230 which place the GFCI 100 in a lockout state when operation of the test
switch 200 and pimaty test switch contacts 220 fail to break the conductive paths. Thus,
the lockout circuit breaks at least one of the conductive patﬁs on a source side of the

intetrupt module and prevents restoration of the broken conductive path.

[0019] In the illustrated embodiﬁlent, when test switch 200 is pressed, it first
closes ptimary switch contacts 220. If the GFCI is operating normally, closure of ptimary
switch contacts 220 will result in the solenoid 128 losing power and opening relays 124
and 126. The opening of relays 124 and 126 tesults in an open condition between source
terminals 108 and 110 and load terminals 114 and 116. Thus, test switch 200
subsequently closing sécondary test switch contacts 230 will have no effect on GFCI 100
when relays 124 and 126 are open. The GFCI 100 can later be reset to allow the flow of

power in the conductive paths again.

[0020] The GFCI 100 will now be discussed with refetence to the operation of
the secondaty test switch contacts 230 in conjunction with the fuse 120 and diode bridge -
-156. Fuse 120 is connected in series with the secondary test switch contacts 230, the

soutce terminals 108 and 110, and in series with the diode bridge 156, solenoid 128 and
' relays 124 and 126 and soutce terminals 108 and 110. Assuming that the GFCI failed to
trip upon closure of the primaty test switch contacts 220, the secondary test switch
contacts 230 will selectively generate a shott citcuit between the first conductive path and
the second conductive path in response to operation of the test citcuit 104 as descrbed

in mote detail below. The short circuit blows the fuse 120 when manual operation of the
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test switch 200 and closing of the primary test switch contacts 220 fails to break the
conductive paths. Specifically, the blowing of the fuse 1 20 causes solenoid 128 to
permanently lose power. Relays 124 and 126 will then permanently remain in an open
condition requiring replacement of the GFCI 100. | |
[0021] More particulatly, Fig. 1 illustrates a manually tested ground fault citcuit
interrupter (GFCI) device constructed in accordance with a first embodiment of the
present invention. The GFCI device 100 includes the pair of input (ot source) terminals
108 and 110 which are adapted to be connected to the line (L) and neutral (N) terminals,
 respectively, of an AC power source 107. Within the GFCI device 100, a first conductor |
176 connects the AC line ihput terminal 108 to a corresponding AC line output (or load)
- terminal 114, and a second conductor 174 connects the AC neutral input terminal 110 to
a corresponding AC neutral output (or load) terminal 116. A transient voltage
suppressor 202 is connected across the input terminal 108 and 110 to provide protection
from voltage surges due to hghtmng and other transient conditions. The output
terminals 114 and 116 are connected, respectively, to the line and neutral input terminals
of an AC load (not shown). The conductive paths established by the conductors 176 and
174 are selectively made and broken by first and second relay contact sets 124 and 126,
respectively, in order to selecttvely connect and disconnect the input terminals 108 and
1110 from the output terminals 114 and 116.

[0022] ~ In an embodiment of the invention, relay contacts 124 and 126 are
connected, respectively, to dedicated . receptacle contacts. Specifically, hot receptacle
contact 198 is connected to relay contact 124 and neutral receptacle contact 199 is
connected to relay contact 126. The dedicated receptacle contacts 198 and 199 ate
- structured and arranged to allow the wires of an AC power source 107 to be connected
to the receptacle contacts 198 and 199 of the GFCI 100 and are electrically 1solated from
the load lines 114 and 116 when the i:elay contacts 124 and 126 are open. Thus, power 1s
- removed from the receptacle contacts 198 and 199 when thete is an imbalance 1n current
flow and/or when the GFCI 100 is locked out due to miswiring from being wired ot
powered from the load side rather than the line side. When load contacts 124 and 126 are
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closed, on the other hand, the receptacle contacts 198 and 199 enable the receptacle face

to.receive powet.

[0023] The relay contact sets 124 and 126 are operated simultaneously by
solenoid 128. Energization of the solenoid 128 causes both contacts at 124 and 126 to '
be held in a position opposite to that shown, thereby estﬁb]ishing a continuous
conductive path between the input terminals 108 and 110 and output terminals 1 14 and
116 and delivering power from the AC soutce 107 to the load. When the solenoid 128 is |
de;-enc.rgized, the relay contact sets 124 and 126 are both moved to the position
illustrated in Fig. 1 by means of a biasing spting (not shown) within the relay, thereby
interrupting the conductive path 174 and 176 and removing AC power from the load.
The solenoid 128 is de-energized in response to the detection of a ground fault condition -
or miswiting, in a manner to be described below, and prevents any electrical .sho& '
hazard by immediately and simultaneously removing power from both sides of the AC
load when such a. condition 1s detected.
[0024] It will be appreciated by those skilled in the art that GFCI 100 should be
wired with the AC som:;:e 107 at the line side and not at the load side. GFCI 100 is
structured and arranged to require the electronics to be powered from the line side and

~ to provide no power to the electronics when the GFCI is miswired and powered from
the load side. _ .
[0025] In the embodiment shown in Fig. 1, the ‘relay contacts 124 and 126 are
each of the single-pole double-throw (SPDT) type and when in a closed position, serve

~ to connect the AC line and neutral conductors 176 and 174 across a shunt path |
comprising a diode 129, a diode 133 and a current limiting resistor 131 arranged in settes.
It will be appreciated by those skilled in the art that the diode 129 may be a light
emitting diode to provide a visual indication that the GFCI device 100 is off either
because a ground fault has occurted or the device has not been set.
[0026] For convenience, the position of the relay contact sets 124 and 126
shown in Fig. 1 will be refetred to in the .‘dcsctiption which follows as the "open”

position, the "closed” position being opposite to that shown since it is the opening and
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~ closing of the AC line in neutral conductors 176 and 174 that is of principal interest in
understanding the operation of GFCI device 100.

[0027]

sensing circuit which comprises a pair of transformers 132 and 134, a commercially

The detection of the ground fault condition is implemented by a current

| available GFCI controller 130, and various interconnecting components. It will be
appreciated that the latching system described above selectively completes the

~ conductive paths based on a switching signal. The sensing circuit selectively generates

the switching signal based on whether current flow in the conductive paths 1s balanced
within a predetermined threshold. The GFCI controller 130 is preferably a type RV 4145
integrated citcuit manufactured by the Semiconductor Division of Fairchild
Semiconductor, located in South Portland, Maine. GFCI controller 130 is powered from
AC input terminals 108 and 110.

[0028] The conductors 176 and 174 pass through the magnetic cores 136 and
138 of the two transformers 132 and 134, as shown, with the secondary coil 140 of the
transformer 132 being connected to the input of the GFCI cdntroller 130 and the
secondary coil 142 of the transformer 134 being connected between the GFCI controller
130 and the AC neutral conductor 174. The transformer 132 setves as a differential
transformer for detecting a connection between the line side of the AC load and an earth
ground, while the transformer 134 setves as a grounded neutral transformer for detecting.
a connection between the neutral side of the AC load and an earth ground. - In the
absence of a gfoﬂnd fault, the currents flowing through the conductors 176 and 174 will
be equal and opposite, and no net flux will be generated in the core 136 of the
differential transformer 132. B

- [0029] In the event that a connection occurs between the line side of the AC

load and the ground, however, the cutrent flowing to the conductors 176 and 174 will no

longer precisély cancel and the net flux will be generated in the cote 136 of the
transformer 132. This flux will give rise to a potential of the oufput of the secondary coil -
140, and this output is applied to the inputs of the GFCI controller 130 to produce a trip
signal on the output line 144. If the ground fault condition results from the neutral side
of the AC load accidentally being connected to ground, 2 magnetic path is established
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between the differential ;:rénsfbrmer 132 and grounded neutral transformer 134. . When
this occurs, 2 positive feedback loop 1s cteated around an operational amplifier within the
GFCI controller 130, and the resulting oscillations of the amplifier will likewise give rise
to the trip signal on line 144.

[0030] Since the GFCI conttoller 130 is a commercially available component, its
operation is well known and need not be described in detail. In utilizing this device, the
resistor 146 serves as a feedback resistor for setting the gain of the controller and hence
its sensitivity to normal faults, and the capacitor 148 in parallel with the resistor 146
provides noise filtering. Capacitors 150 and 152 provide noise filtering at the iﬁputs of
the controller, and capacitor 230 provides AC input coupling. Capacitor 154 serves as a
pottion of the oscillatory circuit for the grounded neutral transformer 134.

[0031] The GFCI controller 130 is powered from the AC input terminals 108
and 110 by means of a full-wave power sﬁpply comprising the diode bridge 156, a

current limiting resistor 158 and a filter capacitor 160. Fuse 120 is disposed between
terminal 110 and the diode bridge 156 as discussed above. One end of the secondary
switch 230 is connected between the fuse 120 and the diode bridge 156. The power
output of a diode bridge is also connected to one side of the solenoid 128, and diode 162
~ prevents the capacitor 160 from dxschatgmg from the telajr through the solenoid 128. A
capacitor 164 provides noise ﬁltcx:irig across the outputs of the diode bridge 156. The
line and neutral conductors 176 and 174 pass through the magnetic cores 136 and 138 of
the transformers 132 and 134, as shown, with the secondaty coil 140 of the transformer
132 being connected to the input of the GFCI controller 130 and the secondaty coil 142
~ of the transformer 134 being connected between the GFCI controller 130 and the
- negative output terminal of the diode bridge 156. .

[0032] In the absence of a ground fault condition, no output is produced by the
GFCI controller 130 on line 144. Under these circumstances, current flows through a
trip citcuit to provide a control signal input to a further circuit which controls
energization of the solenoid coil 128. The trp circuit comprises a limiting resistor 166
connected to the positive terminal of the filter capacitor 160, a controlled switching

device in the form of an opto-isolator 168 having its collector connected to the opposite
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terminal of the resistor 166, a push button switch 170 connected actoss the collector and
emitter of the opto-isolator 168 to serve as a set/reset, and a switching or shunting

circuit in the form of a silicon controlled rectifier (SCR) 172 having its anode connected
to the emitter of the opto-isolator 168 and its cathode to the neutral conductor 174.

[0033] A capacitor 135 is bridged across push button switch 170. The anode 180
between the emitter of the output isolator 168 and the anode of the SCR 172 is
connected to the output line 144 connected to the GECI controller 130. A capacitor 178
is connected between the gate of the SCR 172 and the AC neutral conductors 116 to
- serve as a filter 'fo'r preventing narrow noise pulses from triggering the SCR. In the
absence of a gating signal on line 144, the SCR 172 does not conduct. When a ground
fault condition occurs, the GFCI controller 130 causes the output line 144 to go high
thereby gating the SCR 172 into conduction, shorting the emitter of opto-1solator 168
directly to the AC neutral conductor 116, and thus removing the control signal from the
input of the relay coil circuit. Removal of the control signal from the solenoid citcuit
causes the solenoid 128 to become de-energized theteby opening the telay' contact sets
124 and 126 and removing AC power from the load teeminials 108 and 110.

[0034]  Asis well known, a SCR 172 will continue to conduct as loﬁg as current
- flows i)etwcen its anode and cathode, even after the gating signal is removed. Thus, the
SCR 172 will continue to maintain the solenoid 128 in a de-energized condition, and the
' contact sets 124 and 126 open, even after the ground fault condition has disappeared and
the output of the GFCI controller 130 on line 144 has been restored to a zero voltage
level. Thus, the operation 6f the citcuit 100 is similar to that of a receptacle-type GFCI
device employing a mechanical circuit breaker, in that disappearance of a ground fault
condition does not restore power to the AC load unti a manual reset buftbn 170 is
pushed. The button 170 must also be pushed to provide power to the load when the
GFCI device is initially poweted up, or to restore power to the load after a power supply
interruption at the AC souzce 107. | ‘
[0035] The node 180 between the emitter of opto-isolator and the anode of the
SCR 172 corresponds to the input of a circuit which controls the energization of the

solenoid 128. This circuit includes resistors 182 and 184, which are connected in senes
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between the node 180 and the AC neutral conductor 174 to form a voltage divider. The
node 186 between the two resistors is connected to the gate input (G) of a metal-oxide-
semiconductor field effect transistor (MOSFET) 188, and the source terminal (S) of the
MOSFET 188 is connected to the AC neutral conductor 174. The drain terminal D) of
MOSFET 188 is connected to one side of the GFCI controller 130, and the opposite
side of the grounded neutral conductor 174. Thus, when the MOSFET 188 1s gated into
conduction, AC cutrent will flow to the solenoid 128 and maintain the relay contact sets
124 and 126 in a closed position. When the solenoid 128 is de-energized by rendeting
the MOSFET 188 non-conductive, the relay contact sets 124 and 126 will open to ..
remove powet from the AC load. o '

[0036] ‘The gating of the MOSFET 188 in the relay coil circuit is controlled by
the voltage at the node 186 between the voltage divider resistot 182 and 184, and this
voltage will in turn depend upon the presence of a control signal at the input of node 180
of the relay coil circuit as determined by the state of the SCR 172 of the tﬁp citcuit.. A
filter capacitor 190 is connected between the gate terminal of the MOSFET 188 and the
AC neutral conductor 174, in otder to prevent the MOSFET 188 from being gated by
noise pulses. A resistor 192 and diode 194 will allow capacitor 190 to discharge quickly
when the SCR 172 goes into conduction, thereby allowing for a rapid tumoff of the
MOSFET 188. A capacitor 196 is connected between the drain and source terminals of
the MOSFET 188 in otder to prevent the MOSFET from being triggered into
conduction by rapid changes and the drain source voltage a phenomenon known as
dV/dT phase triggering.

[0037] FIG. 2 illustrates a GFCI 100 constructed in accordance with a second

* embodiment of the present invention. This embodiment uses many of the same
components as that of FIG. 1, and the same reference numerals have been used for these
components. In the embodiment of FIG. 2, howevér, the fuse 120 1s connected in seties
with source terminal 108. As in FIG. 1, when test switch 200 closes with primary test
switch contacts 220 and GFCI 100 is operating normally, power is cut off to the solenoid |
128 which results in relays 124 and 126 opening and creating an open circuit between the
line and load sides of GFCI 100. The subsequent closing of secondary test switch
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contacts 230 by test switch 200 will have no effect on the GFCI because relays 124 and
126 will already be open.

[0038]  However, if the GFCI fails to operate by removing power to the solenoid
128 when the primary test switch contacts 220 are closed by operating test switch 200,
the closing of secondary test switch contacts 230 will result in a short circuit between
paths 176 and 174 causing fuse 120 to blow, disabling the GFCI 100 permanently.
Specifically, power is removed from the GFCI 100 via the terminal 108. |

[0039] . FIG. 3 illustrates a GFCI 102 coﬂstmcted in accordance with a third '
embodiment of the present invention. This embodiment is similar in function to GFCI |
100, however the device compnses different components. Specifically, 'GFCI 102
comprises the components listed in the table below.

Capacitor C1 10 microfarad (MIC)) «
3.3 MIC.

.01 MIC.

033 MIC.

01 MIC.

470 picofarad (PIC.)

Capacitor C2
Capacitor C3
Capacitor C4
Capacitor C5
Capacitor C6
Diode D1
Diode D2
Diode D3
Diode D4
Diode D5

TN4004
IN4004
IN4004

Z

7
-

15 K OHM

1.5 MEG OHM
24 K OHM

200 OHM
RV4145AN

Resistor R2
Resistor R3
Reststor R4

—
@

.
v
v’
‘ 1
- - | )
'
.
.

'
L]
-
’
'
'
.
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[0040} The GFCI 102 operates in the following manner. The fuse 120 is in
series with source terminal 108. However, unlike FIG. 1, the solenoid 128 does not
power the relays 124 and 126 and is normally in the deenergized state. Rather, relays 124

and 126 are mechanically engaged. When a ground fault is detected, solenoid 128 is then
powered and opens relays 124 and 126.

[004 1] Specifically, when test switch 200 closes primary test switch contact 220
and GFCI 102 is operating normally, the solenoid 128 is powered and opens relays 124

and 126. Thus, when test switch 200 subsequently closes secondary test switch contacts
230, 1t has no affect on GFCI 102.

[0042]) However, if the closing of ptimary test switch contacts 220 fails to tup
the GFCI 102, subsequent closing of secondary test switch contacts 230 creates a- short
citcuit between the line and the load. The short circuit blows the fuse 120 and
permanently disables the GFCI 102 circuit via the blown fuse 120.

[0043] The pairs of test switch contacts 220 and 230 in test switch 200 which
allow the user to test the operation of the GFCI device Will now be described. Providing
a second pair of contacts 230, along with a fuse 120 between line conductors 108 and
110, ensures 2 fail safe condition for the GFCI circuit 100 as discﬁssed above.

[0044] During a manual test, the primary test switch contacts 220 close before
“the secondary test switch contacts 230. In accordance with the present iﬁirention, this
staged operation of the switch contacts 220 and 230 in the test switch 200 a]lowé for the
primary test switch contacts 220 to create a condition that is detected by the current
sensing circuit which operates the solenoid 128 to open the contacts 124 and 126 before
the secondary test switch contacts 230 close. Operation of the secondary test switch
“contacts 230 and the cortesponding fuse 120 then occurs, as described below, depending

on the state (i.e., open or closed) of the contacts 124 and 126.
[004 5] FIG. 4 illustrates 2 GFCI 104 constructed in accordance with a fourth

embodiment of the present invention. This embodiment uses many of the same

components as that of FIG. 3, and the same reference numerals have been used for these

components. In the embodiment of FIG. 4, however, the GFCI 104 still operates as 2
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receptacle after a failed manual test but does not provide GFCI protection. The green
LED 202 provides a visual indication that GFCI 104 is providing GFCI protection.

[0046] = When test switch 200 is pressed and closes primary test switch contacts
220 and an imbalance is created, the relays 124 and 126 open causing green LED 202 to

be extinguished. Since the relays 124 and 126 are open, when test switch 200

subsequently closes secondary test switch contacts 230, thete is no effect on GFCI 104.

[0047] In contrast, if the closing of the primary test switch contacts 220 fails to
trip the GFCI 104, the subsequent closing of the secohdary test switch contacts 230

‘causes a short circuit which blows the fuse 120 and extinguishes the green LED 202.

However, the GFCI 104 continues, as described above, to operate as an unptotected

~ receptacle.
[004 8] FIG. 5 illustrates a GFCI 105 constructed in accordance with a fifth

embodiment of the present invention. This. embodiment uses many of the same
components as that of FIG. 4, and the same reference numerals have been used for these
components. In the embodiment of FIG. 5, however, the GFCI 105 in addition to
operating as an unprdtected receptacle after a failed manual test, also provides a reverse
wiring indication. | ,

[0049]' When test switch 200 is pressed and closes primary test switch contacts
220 and an imbalance is created, the relays 124 and 126 open causing green LED 202 to
be extinguished. Since -thé relays 124 and 126 are open, the subsequent closing of
secondary test switch contacts 230 by test switch 200 has no effect on GFCI 105.

[0050] In contrast, if the closing of primaty test switch contacts 220 fails to trip
the GECI 105, the subsequent closing of secondary test switch contacts 230 causes a

shott circuit blowing the fuse 120 and extinguishing the green LED 202. As in the

embodiment of FIG. 4, the GFCI 105 continues to operate as an unprotected receptacle.
However, in this embodiment of the invention, even if the GFCI 105 is reversed wited,
the fuse 120 is blown. ' ‘

[0051] FIGs. 6 and 7 illustrate GFCIs 109 and 111, respectively, constructed in
accordance with sixth and seventh embodiments of the present invention. These tv&o

embodiments use many of the same components as that of FIG. 4, and the same
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reference numerals have been used for these components. In the embodiment of FIG. 6,

however, the GFCI 104 has two LEDs a green LED 202 and a red LED 204, to ptowde
a visual indication of the status of the GFCI 109.

[0052] When test switch 200 is pressed and closes primary test switch contacts
220-and an imbalance is created, the relays 124 and 126 open causing green LED 202 to
be extinguished. Since the relays 124 and 126 are open, subsequent closing of .scconda.ty
test switch contacts 230 by test switch 200.has no affect on GFCI 109.

[0053] In contrast, if the closing of primary test switch contacts 220 fails to trap
the GFCI 104, secondary test switch contact 230 causes a short circuit blowing the fuse
120 and extinguishing the green LED 202. However, the red LED 204 1s illuminated to
indicate that the GFCI is operating as an unprotected receptacle and not as a GFCL.
[0054] Similatly, for FIG. 7, a two-color LED 206 is used to provide a visual
indication of the status of GFCI 104. The operation of the GFCI 111 in FIG. 7 is similar
to that of FIG. 6 except that the two-color LED performs a similar function to that of
separate LEDs 202 and 204.

[0055] An exemplary test switch 200 is shown in Figs. 8-10. The test switch 200

- preferably comprises a unitary lever arm 210 which is disposed therein 1n a manner to

actuate primary test switch contacts 220 pror to secondary test switch contacts 230 when
depressed or otherwise activated. With reference to Fig. 2, the test switch 200 can be
configured to have the same contact amngemeﬁt with tespect to the primary test switch
contacts 220 and setondary test switch contacts 230 as shown in Fig. 1. Accordingly,
when the test switch 200 1s depressed, and the lever arm 210 contacts and closes the
primary test switch contacts 220, cutrent passes through cutrent limiting resistor 105,
thus creating an imbalance in the load, which as described above trggers the solenoid
128 to open the relay contacts 124 and 126. |

[0056] If this seties of events fails to happen, secondary test switch contacts 230 ‘

is provided to disable the GFCI device and remove power from the load, with a single
depression of the test switch 200. In other wotds, the lever arm 210 of the test switch
200 is designed to overtravel and subsequently complete an electrical connection
between the secondaty test switch contacts 230. Thus, after the primary test switch
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contacts 220 are closed by the lever arm 210, as shown in Fig. 9, the test switch 200
overtravels such that the lever arm 210 closes the scéondé:y test switch contacts 230, as
shown in Fig. 10. If the relay contacts 124 and 126 are open, then the closing of the
secondaty test switch contacts 230 has no effect. If, however, upon testing, the relay
contacts 124 and 126 do not open, t;hen the secondary contacts 230 create a short circuit -
between line conductor 174 and neutral conductor 174. This short circuit causes the fuse
120 to blow, theteby creating an open circuit condition on the line conductor 174. Since
the short circuit prevents thé. solenoid 128 from being powered, the GFCI 100 cannot be
reset. This disables the GFCI device and removes power from the load, thus creating 2
fail safe condition. | .

[0057] = Those skilled in the art can now appreciate from the foregoing
description that the broad teachings of the present invention can be implemented in a
vaﬁety of forms. T'hetefore, while this invention has been described in connection with
~particular examples thereof, the true scope of the invention should not be so -limited
since other modifications will become apparent to the skilled practitioner upon a study of

the drawings, specification and the following claims.
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What 1s claimed is:

1. A ground fault circuit interrupter (GFCI) for an AC electrical receptacle,
comptising: |

first and second input terminals for connection to the line and neutral sides,

respectively, of an AC source;

first and second output terminals for connection to the line and neutral sides,
respectively, of an AC receptacle outlet;

a fuse circuit containing a fuse and coupled to at least one of said first and
second input terminals and said first and second output terminals;

first and second conductive paths extending, respectively, between said first input
terminal and said first output terminal and between said second input terminal and said
second output terminal;

- a first set of electtical contacts connected in said first and second conductive
paths, respectively, in order to selectively connect said input terminals to said output
terminals when said contacts are closed and to selectively disconnect said input terminals
from said output terminals when said contacts are open; |

# control circuit for causing said contacts to open in response to an imbalance in
current flow through said first and second conductive paths that 1s indicative of a ground
fault conditioﬁ at an AC load connected to said AC receptacle outlet;

a primary test switch for selectively connecting one of said first and second input
terminals to one of said second and first output terminals, respectively, in order to create
an imbalance in current flow through said first and second conductive paths and thereby
cause said control circuit to open said contacts; and -

a secondary test switch adapted to be actuated in response to and following
actuation of said primary test switch to complete said fuse c1rcu1t and thereby blow said

fuse, wherein the blown fuse in said fuse circuit changes the operational state of said
GFCIL. '

B P PIIE TRTIPY P . S ety ot e die e A PRRRe AL ) Sl A b v 2 bk S ML L AL B R B ALY i e s e ' Pt e e a1 e O I r Rk DS AT S BV M Ly s 3 D e e T ’



CA 02370224 2002-01-31

-18 -

2. A GFCI as in clim 1, wherein said blown fuse results in said GFCI being
disabled. '

3. A GFCI as in claim 1, whetein said blown fuse results in said GFCI operating as

a receptacle without GFCI protection.

4, A GFCI as in claim 1, wherein a visual indicator is provided to indicate the
operational state of said GFCIL. |

5. A GFCI as in claim 4, whetein said visual indicator is extinguished in the event

said fuse 1s blown.

6. A -GFCI as in claim 4, whetein said visual indicator is capable of providing at

least two colots to indicate the operational state of said GFCI.

- T A GFCI as in claim 4, whetein said operational state comptises at least one of:
normal operation of said GFC,

an imbalance of cutrent flow 1n said GFCI;

receptacle opetation of said GFCI without GFCI protection; and

reverse wiring of said GFCI.

8. A GFCI as in claim 1, whetein said blown fuse results in a loss of power to said

control circuit.

9. ‘A GFCI as in claim 1, wherein reverse witing protection is provided for said
GFCL

10. A GFCI as 1n clalm 1, wherein said fuse in said fuse citcuit 1s blown in the event

that saitd GFCI 1s tevetse wired.
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11. A method for providing fuse protection for a ground fault citcuit interrupter
(GFCJ) for an AC electrical receptacle having a pair of input terminals, a pair of output
terminals, a pair of electrical contacts, a control circuit, and a pair of conductive paths
extending between said input terminals and said output terminals, said method

comprising:
providing a fuse citcuit containing a fuse and coupled to at least one of said input

and output terminals;

opening said contacts via said control circuit in response to an imbalance mn
. current flow through said conductive paths that is indicative of a ground fault condition
at an AC load connected to said AC receptacle outlet, each of said pair of contacts
connected to a respective conductive path in order to selectively connect said input
terminals to said output terminals when said contacts are closed and to selectively
disconnect said input terminals from said output terminals when said contacts are 6pen;

selectively connecting via actuation of a primary test switch at least one of said
input terminals to at least one of said output terminals in order to create an imbalance in
current flow through said conductive paths and thereby cause said control circuit to open
“said contacts; | |

actuating a secondary test switch in tesponse to and following actuation of said
primary test switch to complete said fuse circuit and thereby blow said fuse, wherein the
blown fuse in said fuse circuit changes the ‘operationé.l state of said GFCI.

12. The method of claim ‘11, wherein said blown fuse results in said GFCI being
disabled.

'13.  The method of claim 11, whetein said blawn fuse results in said GFCI operating
as a receptacle without GFCI protection. - '

14. The method of claim 11, wherein a visual indicator is provided to indicate the

operational state of said GFCI.
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15.  The method of claim 14, wherein said visual indicator is extinguished in the event

said fuse is blown.

16.  The method of claim 14, wherein said visual indicator is capable of providing at

least two colors to indicate the operational state of said GFCI.

17.  The method of claim 14, wherein said operational state comprises at least one of: -
normal operation of said GFCI;
an imbalance of current flow of sa.id GFCI;
receptacle operation of said GFCI without GFCI protection; and

reverse wiring of said GFCI.

18.  The method of claim 11, wherein said blown fuse results in a loss of power to

said control circuit.

19.  The method of claim 11, wherein reverse witing protection i1s provided for said
GFCL |

20.  The method of claim 11, wherein said fuse in said fuse citcuit is blown in the

- event that said GFCI 1s reverse wired.
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