CaSas0Eayv-00 023 AAMEIMECRC RDodbowemndiit 15-iked 05/6@/05/160/29€13. of Ba&deayellh381

UNITED STATES DISTRICT COURT
MIDDLEDISTRICTOFELORIDA = |

Jacksonville Division

LEVITON MANUFACTURING CO., INC,

Plaintiff,
SECOND AMENDED COMPLAINT
AND JURY DEMAND

'
Case No. 3:05-cv-123-J-16MCR
INTERLINE BRANDS, INC , D/B/A
FLORIDA LIGHTING, AF LIGHTING,
SUNSTAR LIGHTING, ALL FIT, and GX
ELECTRIC,

Defendant.

Plaintiff Leviton Manufacturing Co., Inc. (hereinafter “Leviton™), by its attorneys, hereby
sues Defendant Interline Brands, Inc , d/b/a Florida Lighting, AF Lighting, Sunstar Lighting, All
Fit and GX Electric (hereinafter “Interline”) for infringement of United States Patent No.
6,864,766 and Claim 3 of U.S. Patent No. 6,246,558. The following statements made with
respect to Interline are made on information and belief. Statements made regarding Leviton ox
its case are based on personal knowledge as well as best available information and belief under
the law

JURISDICTION AND VENUE

1 This is an action for patent infringement under Title 35 of the United States Code.

2. This Court has original jurisdiction over this action under 28 US C. §§ 1331 and

1338(2).

!
W A. /
EXHIBIT
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3 Venue is proper in this Court pursuant to 28 U.S.C. §§ 1391(b)-(c) and 1400(b)

since it is the Judicial District in which Interline is doing business and/or in which the claims

hereinafter set forth arose.

THE PARTIES

4, The Plaintiff, Leviton, is a corporation organized and existing under the laws of
the State of Delaware, having its principal place of business at 59-25 Little Neck Parkway, Little
Neck, New York 11362.

5. Interline is a corporation organized and existing under the laws of the State of
New Jersey, conducting business throughout this Judicial District from 801 W. Bay Street,
Jacksonville, Florida 32204.

PATENTS IN SUIT

6. On March 8, 2005, United States Patent No. 6,864,766 (hereinafter the ““766
Patent”), entitled “Circuit Interrupting Device With Reverse Wiring Protection,” was duly and
legally issued by the United States Patent and Trademark Office to the Plaintiff, Leviton, as
assignee of Nicholas DiSalvo and William Ziegler. (A copy of the ‘766 Patent is appended as
Exhibit A).

7. On June 12, 2001, United States Patent No. 6,246,558 (hereinafter the “558
Patent™), entitled “Circuit Interrupting Device With Reverse Wiring Protection,” was duly and
legally issued by the United States Patent and Trademark Office to the Plaintiff, Leviton, as
assignee of co-inventors Nicholas L. DiSalvo and William R. Ziegler. (A copy of the ‘558
Patent is appended as Exhibit B).

8. Plaintiff Leviton is the sole owner of all right, title, and interest in the “766 Patent

and the ‘558 Patent including the right to sue and recover for past infringement thereof.
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FIRST CAUSE OF ACTION:

THE-DEFENDANT’S PATENT INFRINGEMENT

9. Leviton repeats and reaffirms all of the allegations contained in the preceding

paragraphs numbered 1 through 6 and 8, with the same force and effect as if fully set forth
herein. -
10.  Interline, in violation of 35 U.S.C. § 271, has been, and is infringing claims 1
through 18 of the ‘766 Patent by making, using, offexing to sell or selling, and/or inducing same
in this Judicial District and/or elsewhere, GFCI products which embody the patented invention,
and will continue to do so unless enjoined by this Court

11.  Interline’s infringement has been, and continues to be, deliberate, willful and
knowing.

12. By reason of the acts and practices of Interline, Interline has caused, is causing
and, unless such acts and practices are enjoined by the Court, will continue to cause, immediate
and irreparable harm to Leviton, for which there is no adequate remedy at law and for which
Leviton is entitled to injunctive relief under 35 U.S.C. § 283

13, As a direct and proximate consequence of the acts and practices of Interline,
Leviton, has been, is being, and, unless such acts and practices are enjoined by the Court, will
continue to be injured in its property rights, and has suffered, is suffering, and will continue to
suffer injury and damages for which Leviton is entitled to relief under 35 U S C. § 284.

14, This is an exceptional case within the meaning of 35 U.S.C. § 285 and Leviton is

therefore entitled to its reasonable attorneys’ fees.
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SECOND CAUSE OF ACTION:

THE-DEFENDANT?S PATENT INFRINGEMENT

15.  Leviton repeats and reaffirms all of the allegations contained in the preceding
paragraphs numbered 1 through 5, 7, and 8, with the same force and effect as if fully set forth
herein.

16.  Interline, in violation of 35 U.S.C. § 271, has been, and is infringing Claim 3 of
the 558 Patent by making, using, offering to sell or selling, and/or inducing same in this Judicial
District and/or elsewhere, GFCI products which embody the patented invention, and will
continue to do so unless enjoined by this Court.

17.  Interline’s infringement has been, and continues to be, deliberate, willful and
knowing

18 By reason of the acts and practices of Interline, Interline has caused, is causing
and, unless such acts and practices are enjoined by the Court, will continue to cause, immediate
and irreparable harm to Leviton, for which there is no adequate remedy at law and for which
Leviton is entitled to injunctive relief under 35 U S.C. § 283

19.  As a direct and proximate consequence of the acts and practices of Interline,
Leviton, has been, is being, and, unless such acts and practices are enjoined by the Court, will
continue to be injured in its property rights, and has suffered, is suffering, and will continue to
suffer injury and damages for which Leviton is entitled to relief under 35 U.S.C § 284.

20.  This is an exceptional case within the meaning of 35 U.S.C. § 285 and Leviton is

therefore entitled to its reasonable attorneys’ fees.
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PRAYER FOR RELIEF

WHEREFORE, Leviton, respectfully prays for a Judgment from this Court that:

a) The Plaintiff, Leviton, is the owner of the entire right, title, and interest in and to
the “776 Patent and the ‘558 Patent, including the right to sue and recover for past
infringement theteof;

b) The 776 Patent and the ‘558 Patent were duly and legally issued, are valid and
enforceable, and ate infringed by Interline;

c) Interline and those acting in concert with Interline be permanently enjoined from
engaging in further acts of infringement of the ‘776 Patent and Claim 3 of the
’558 Patent pursuant to 35 U S.C. § 283;

d) Interline and its officers, agents, servants, and employees be ordered to deliver up
to this Court for destruction, all GFCI products of Interline which infringe upon
the rights of Leviton and that Interline submit in writing, under Oath, a
description of all actions taken to comply with this portion of the Order, within
one month of the issuance of any order;

€) Interline be required to account to Leviton for any and all profits thus derived by
Interline by reason of the acts of patent infringement set forth herein, and that the
damages herein be trebled,;

f) Interline be ordered to pay over to Leviton all of its respective gains, profits and
advantages derived from sales obtained by infringement and, in view of the
willful and deliberate nature of its acts, that such amount be trebled,

£) Interline be ordered to pay the costs of this action and to pay to Leviton the

reasonable attorneys’ fees expended by Leviton in this action for infringement,
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together with all of the other costs and disbursements therein pursuant to 35

US.C. §285;

h) Leviton be awarded damages adequate to compensate for Interline’s infringement

of the 776 Patent and Claim 3 of the ’558 Patent together with prejudgment

interest, said damages to be trebled pursuant to 35 U.S.C. § 284; and

1) Leviton have such other and further relief as this Court deems just and equitable.

JURY DEMAND

Pursuant to Rule 38(b), Fed R. Civ. P, Plaintiff, Leviton demands a trial by jury of any

issue triable of 1ight by a jury.

DATED this 10th day of May 2005.

Respectfully submitted,

/1. William Spivey. 11

I William Spivey, II, Esq
Florida Bar No 701076
GREENBERG TRAURIG, P. A
450 South Orange Avenue
Suite 650

Orlando, Florida 32801
Telephone: (407) 420-1000
Facsimile: (407) 841-1295

and

Paul J. Sutton

Barry G. Magidoff

Joseph M. Manak

Deepro R. Mukerjee
GREENBERG TRAURIG, LLP
MetLife Building

200 Park Avenue

New York, New York 10166
Telephone: (212) 801-9200
Facsimile: (212) 801-6400

Attorneys for Plaintiff,
Leviton Manufacturing Co., Inc. .
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CERTIFICATE OF SERVICE

I hereby certify that on the 10th day of May, 2005, I electronically filed the foregoing
SECOND AMENDED COMPLAINT AND JURY DEMAND with the Clerk of the Court by
using the CM/ECF system which will send a notice of electronic filing to the following:

dwells@mcguirewoods.com; mmurray@meguirewoods.com.

I further certify that I mailed the foregoing document and the notice of electronic filing
via first-class mail to the following non-CM/ECF participants:

Martin J. Black, Esq.
Mare S. Segal, Esq.
Dechert LLP

4000 Bell Atlantic Tower
1717 Axch Street
Philadelphia, PA 19103
(205) 994-4000

/L. William Spivey, 11

I William Spivey, I, Esq.
Florida Bar No. 701076
GREENBERG TRAURIG, P A.
450 S Orange Avenue, Suite 650
Orlando, FL 32801

Telephone No (407) 420-1000
Facsimile No (407) 841-1295
spiveyw(@gtlaw.com

orl-fs MCASTROPMO1004v) INS/10/05
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57 ABSTRACTY

Resettable circuit intermpting devices, such as GFCI
devices, that include reverse wiring protection, and option-
ally an independent trip portions and/or a resct lockout
portion are provided. The reverse wiring protection operates
at both the line and load sides of the device so that in the
event line side wiring to the device is improperly connected
to the load side, fault protection for the device remains. The
trip portion operates independently of a circuit interrupting
portion used to break the ¢lectrical continuity in one or more
conductive paths in the device The reset lockout portion
prevents the reestablishing of electrical continuity in open
conductive paths if the circuit interrupting portion is non-
operational or if an open neutral condition exists.

22 Claims, 21 Drawing Sheets
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FIG.5

58 \
L 0{)’)

) l[l‘llllh

1\\\\ e~ g~ 116

T F
,ﬂﬂ .1||l

l.ll“

N\‘\\\\\\\I\-l"'




CaSasEayv-00 023 AAMEIMCRC RDodbowemn diit 15-iked 05/6@/05/160/2003.4 oP 8§cPhgellb394

U.S. Patent Mar. 8, 2005 Sheet 6 of 21 US 6,864,766 B2
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U.S. Patent Mar. 8, 2005 Sheet 7 of 21 US 6,864,766 B2

FIG.7
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U.S. Patent Mar. 8, 2005 Sheet 9 of 21 US 6,364,766 B2
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US 6,864,766 B2

1

2

CIRCUIT INTERRUPTING DEVICE WITH
REVERSE WIRING PROTECTION

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of application Ser. No.
10/223,284 filed Aug. 19, 2002, which is a continuation of
Ser. No. 09/879,563 filed Jun 11, 2001 now U.S, Pat. No.
6,437,953, which is a continuation of Ser. No 09/379,138
filed Aug. 20, 1999 now Pat. No. 6,246,558, which is a
continuation-in-part of application Ser. No. 09/369,759 filed
Aug. 6, 1999 now Pat No. 6,282,070, which is a
continuation-in-part of application Ser. No 09/138,955,
filed Aug. 24, 1998 now Pat. No. 6,040,967, all of which are
incorporated herein in their entirety by reference

BACKGROUND

1. Field

IThe present application is directed to reset lockout
devices including resettable circuit interrupting devices and
systems such as ground fault circuit interrupters (GFCI’s),
arc fault circuit interrupters {AFCI’s), immersion detection
circuit interrupters (IDCI's), appliance leakage circuit inter-
rupters (ALCI’s), equipment leakage circuit interrupters
(ELCI’s), circuit breakers, contactors, latching relays and
solenoid mechanisms.

2. Description of the Related Art

Many electrical wiring devices have a line side, which is
connectable to an electrical power supply, and a load side,
which is connectable to one or more loads and at least one
conductive path between the line and load sides. Electrical
connections to wires supplying electrical power or wires
conducting electricity to the ore or more loads are at line
side and load side connections The electrical wiring device
industry has witnessed an increasing call for circuit breaking
devices or systems which are designed to interrupt power to
various loads, such as houschold appliances, consumer
electrical products and branch circuits In particular, elec-
trical codes require electrical circuits in home bathrooms
and kitchens to be equipped with ground fault circuit inter-
rupters (GFCI), for example Presently available GFCI
devices, such as the device described in commonly owned
US. Pat. No 4,595,894, use an electrically activated trip
mechanism to mechanically break an electrical contection
between the line side and the load side Such devices are
resettable after they are tripped by, for example, the detec-
tion of a ground fault. In the device discussed in the '894
patent, the trip mechanism used to cause the mechanical
breaking of the cirenit (i e., the conductive path between the
line and load sides) includes a solencid (or trip coil) A test
button is used to test the trip mechanism and circuitry used
to sense faults, and a reset button is used to reset the
electrical connection between line and load sides

However, instances may arise where an abnormal
condition, caused by for example a lightning strike, occurs
which may result not only in a surge of electricity at the
device and a teipping of the device but also a disabling of the
trip mechanism used to cause the mechanical breaking of the
cireuit. This may occur without the knowledge of the user
Under such circumstances an unknowing user, faced with a
GECI which has tripped, may press the reset button which,
in turn, will cause the device with an inoperative trip
mechanism to be reset without the ground fault protection
available

Further, an open neutral condition, which is defined in
Underwriters Laboratories (UL) Standard PAG 943A, may
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exist with the electrical wires supplying electrical power to
such GFCI devices. If an open neutral condition exists with
the neutral wire on the line {versus load) side of the GFCI
device, an instance may arise where a current path is created
from the phase {or hot) wire supplying power to the GFCI
device through the load side of the device and a person lo
ground In the event thal an open newtral condition exists,
current GECI devices, which have tripped, may be reset
even though the open neutral condition may remain.

Commonly owned application Ser. No, 09/138,955, filed
Aug. 24, 1998, which is incorporated herein in its entirety by
reference, describes a family of resettable cirewit interrupt-
ing devices capable of locking out the reset portion of the
device if the circuit interrupting portion is non-operational
or if an open neutral condition exists. Commonly owned
application Ser No 09/175,228, filed Sep. 20, 1998, which
is incorporated herein in its entirety by reference, describes
a family of resettable circuit interrupting devices capable of
locking out the reset portion of the device if the circuit
interrupting portion is non-operational or if an open neutral
condition exists and capable of breaking slectrical conduc-
tive paths independent of the operation of the circuit inter-
mpting portion

Some of the circuit interrupting devices described above
have a user accessible load side connection in addition to the
line and load side connections. The user accessible load side
connection includes one or more connection points where a
user can externally connect to electrical power supplied
from the line side The load side conpection and user
accessible load side connection are typically electrically
connected together. An example of such a circuit interrupt-
ing device is a GFCI receptacle, where the line and load side
connections are binding screws and the user accessible load
side connection is the plug connection. As noted, such
devices are comnscted to external wiring so that line wires
are connected to the line side connection and load side wires
are connected to the load side connection. However,
instances may occur where the circuit interrupting device is
improperty connected to the external wires so that the load
wires are connected to the line side connection and the line
wires are connected to the load connection. This is known as
reverse wiring . In the event the circuit interrupting device is
reverse wired, fault protection to the user accessible load
connection may be eliminated, even if fault protection to the
load side connection remains

SUMMARY

The present application relates to a family of resettable
cirewit interrupting devices that maintains fault protection
for the circuit interrupting device even if the device is
reverse wired

In one embodiment, the circuit interrupting device
inchudes a bousing and phase and neutral conductive paths
disposed at least partially within the housing between line
and load sides Preferably, the phase conductive path termi-
nates at a first connection capable of being electrically
connected 10 a source of electricity, 2 second connection
capable of conducting electricity to at least one load and a
third connection capable of conducting electricity to at least
one user accessible load. Similarly, the neuiral conductive
path, preferably, terminates at a first connection capable of
being electrically connected to a source of electricity, a
second connection capable of providing a neutral connection
to the at least one load and a third connection capable of
providing a neutral connection to the at least onc user
accessible load,




CaSas0Eav-00 023 AAMEIMCRC RDodbamemndiit 15-iked 05/62/05/1020031 oP6§ePabellb211

- US 6,864,766 B2

3

4

The circuit interrupting device also includes a circuif
Interrupting portion that is disposed within the housing and
configured to cause clectrical discontinuity in one or both of
the phase and neutral conductive paths, between said line
side and said load side upon the occurrence of a predeter-
mined condition. A reset portion is disposed at least partially
within the housing and is configured to reestablish electrical
continuity in the open conductive paths.

Preferably, the phase conductive path includes a plurality
of contacts that are capable of opening to cause electrical
discontinuity in the phase conductive path and closing to
reestablish electrical continuity in the phase conductive
path, between said line and load sides. The neutral conduc-
tive path also includes a plurality of contacts that are capable
of opening to cause electrical discontinuity in the peutral
conductive path and closing to reestablish electrical conti-
nuity in the neutral conductive path, between said line and
load sides. In this configuration, the circuit interrupting
portion causes the plurality of contacts of the phase and
neutral conductive paths to open, and the reset portion
causes the plurality of contacts of the phase and neutral
conductive paths to close.

One embodiment for the circuit interrupting portion uses
an electro-mechanical circuit interrupter to cause electrical
discontinuity in the phase and neutral conductive paths, and
sensing circuitry to sense the occurrence of the predeter-
mined condition. For example, the electro-mechanical cir-
cuit interrupter include a coil assembly, a movable plunger
attached to the coil assembly and a banger attached to the
plunger. The movable plunger is responsive to energizing of
the coil assembly, and movement of the plunger is translated
to movement of said banger. Movement of the banger causes
the electrical discontinuity in the phase and/or neutral con-
ductive paths.

The circuit interrupting device may also include reset
lockout portion that prevents the reestablishing of electrical

- continuity in either the phase or neutral conductive path or
both conductive paths, unless the circuit interrupting portion
is operating properly That is, the reset lockout prevents
resetting of the device unless the circuit interrupting portion
is operating properly. In embodiments where the circuit
interrupting device includes a reset lockout portion, the reset
portion may be configured so that at least one reset contact
is electrically connected to the sensing circuitry of the circuit
interrupting portion, and that depression of a reset button
causes al least a portion of the phase conductive path to
contact at least one reset contact When contact is made
between the phase conductive path and the at least one reset
contact, the circuit interrupting portion is activated so that
the reset lockout portion is disabled and electrical continuity
in the phase and neutral conductive paths can be reestab-
lished.

The circuit interrupting device may also include a trip
vortion that operates independently of the circuit interrupt-
ing portion The trip portion is disposed at least partially
within the housing and is configured to cause electrical
discontinuity in the phase and/or neutral conductive paths
independent of the operation of the circuit interrupting
portioa. In one embediment, the trip portion includes a trip
actuator accessible from an exterior of the housing ard a trip
arm preferably within the housing and extending from the
trip actuator. The trip arm is preferably configured to facili-
tate mechanical breaking of electrical continuity in the phase
and/or neutral conductive paths, if the trip actuator is actu-
ated Preferably, the trip actuator is a button. However, other
known actuators are also conteraplated

BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the present application are
described herein with reference to the drawings in which
similar elements are given similar reference characters,
wherein:
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FIG. 1 is a perspeciive view of one embodiment of 2
ground fault circuit interrupting device according to the
present application;

FIG 2 is side elevational view, partly in section, of a
portion of the GFCI device shown in FIG. 1, illustrating the
GFCI device in a set or circuit making position;

FIG. 3 is an exploded view of internal components of the
circuit interrupting device of FIG 1;

FIG. 4 is a plan view of portions of electrical conductive
paths located within the GFCI device of FIG. 1;

FIG. 5 is a partial scctional view of a portion of a
conductive path shown in FIG. 4;

FIG 6 is a partial sectional view of a portion of a
conductive path shown in FIG 4;

FIG 7 is a side elevational view similar to FIG 2,
illustrating the GFCI device in a circuit breaking or inter-
rupting position;

FIG 8 is a side elevational view similar to FIG 2,
illustrating the components of the GFCI device during a
reset operation;

FIGS 9-11 are schematic representations of the operation
of one embodiment of the reset portion of the present
application, illustrating a latching merber used to make an
electrical connection between line and load connections and
to relate the reset portion of the electrical connection with
the operation of the circuit interrupting portion;

FIG. 12 is a schematic diagram of a circuit for detecting
ground faults and resetting the GFCI device of FIG 1;

FIG 13 is a perspective view of an alternative embodi-
ment of a ground fault cireuit interrupting device according
to the present application;

FIG 14 is side elevational view, partly in section, of a
portion of the GFCI device shown in FIG. 13, illustrating the
GFCI device in a set or circuit making position;

FIG. 15 is a side elevational view similar to FIG. 14,
ilustrating the GFCI device in a circnit breaking position,

FIG 16 is a side elevational view similar to FIG 14,
illustrating the components of the GFCI device during a
Teset operation;

FIG 17 is an exploded view of internal components of the
GFCI device of FIG 13;

FIG. 18 is a schematic diagram of a circuit for detecting
ground faults and resetting the GFCI device of FIG 13;

FIG. 19 is side elevational view, partly in section, of
comporents of a portion of the alternative embodiment of
the GECI device shown in FIG 13, illustrating the device in
a set or circuit making position;

FIG 20 is a side clevational view similar to FIG 19,
itlustrating of the device in a circuit breaking position; and

FIG. 21 is a block diagram of a circuit interrupting system
according to the present application

DETAILED DESCRIPTION

The present application contemplates various types of
circuit interrupting devices that are capable of breaking at
least one conductive path at both a line side and a load side
of the device The conductive path is typically divided
between a line side that commects to supplied electrical
power and a load side that connects to one or more loads. As
noted, the various devices in the family of resettable circuit
interrupting devices include: ground fault circuit interrupters
(GFCI’s), arc fault circuit interrupters (AFCH’s), immersion
detection circuit interrupters (IDCI’s), appliance leakage
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circuit interrupters {ALCI’s) and equipment Jeakage circuil
interrupters (ELCI’s)

For the purpose of the present application, the structure or
mechanisms used in the circuit interrupting devices, shown
in the drawings and described hereinbelow, are incorporated
into a GFCI receptacle suitable for installation in a single-
gang junction box used in, for example, a residential elec-
trical wiring system. However, the mechanisms according to
the present application can be included in any of the various
devices in the family of resettable circuit interrupting
devices,

The GECI receptacles described herein have line and load
phase (or power) connections, line and load neutral connec-
tions and user accessible load phase and neutral connections
The connections permit external conductors or appliances to
be connected to the device These connections may be, for
example, electrical fastening devices that secure or connect
external conductors 10 the circuit interrupting device, as well
as conduct electricity. Examples of such connections include
binding screws, lugs, terminals and external plug connec-
tions

In one embodiment, the GFCI receptacle has a circuit
interrupting portion, a reset portion and a reset lockout, This
embodiment is shown in FIGS 1-12 In another
embodiment, the GFCI receptacle is similar to the embodi-
ment of FIGS 1-12, except the reset lockout is omitted.
Thus, in this enabodiment, the GFCI receptacle has a circuit
interrupting portion and a reset portion, which is similar to
those described in FIGS 1-12 In another embodiment, the
GFCI receptacle has a circuit interrupting portion, a reset
portion, a reset lockout and an indepeadeat trip portion. This
embaodiment is shown in FIGS 13-20.

The circuit interrupting and reset portions described
herein preferably use electro-mechanical components to
break {open) and make (close) one or more conductive paths
between the line and load sides of the device However,
electrical components, such as solid state switches and
supporting circuitry, may be used to open and close the
conductive paths.

Generally, the circuit interrupting portion is used to auto-
matically break electrical continuity in one or more conduc-
tive paths (i.¢ , open the conductive path) between the line
and load sides upon the detection of a fault, which in the
embodiments described is a ground fault. The reset portion
is used to close the open conductive paths.

In the embodiments including a resst lockout, the resst
portion is used to disable the reset lockout, in addition to
closing the open conductive paths. In this configuration, the
operation of the reset and reset lockout portions is in
conjunction with the operation of the circuit intercupting
portion, so that electrical continuity in open conductive
paths canrot be reset if the circuit interrupting portion is
non-operational, if an open neutral condition exists and/or if
the device is reverse wired

In the embodiments including an independent trip portion,
electrical continuity in one or more conductive paths can be
broken independently of the operation of the circuit inter-
rupting portion Thus, in the event the circuit interrupting
portion is not operating properly, the device can still be
tripped.

The above-described features can be incorporated in any
resettable circuit interrupting device, but for simplicity the
descriptions herein are directed to GFCI receptacles

Tumning now to FIG 1, the GECI receptacle 10 has a
housing 12 consisting of a relatively central bady 14 to
which a face or cover portion 16 and a rear portion 18 are
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removably secured 1he face portion 16 has entry ports 20
and 21 for receiving normal cr polarized prongs of a male
plug of the type normally found at the end of a lamp or
appliance cord set (not shown), as well as ground-prong-
receiving openings 22 to accommodate a three-wire plug
The receptacle also inchides a mounting strap 24 used to
fasten the receptacle to a junction box

A test button 26 extends through opening 28 in the face -
portion 16 of the housing 12. The test button is used to
activate a test operation, that tests the operation of the circuit
interrupting portion {or circuit interrupter) disposed in the
device. The circuit interrupting portion, to be described in
more detail below, is used to break electrical continuity in
one or more conductive paths between the line and load side
of the device A reset button 30 forming a part of the reset
portion extends through opening 32 in the face portion 16 of
the housing 12 The reset button is used to activate a reset
operation, which reestablishes electrical continuity in the
open condugtive paths. .

Electrical connections to existing household electrical
wiring are made via binding screws 34 and 36, where screw
34 is an input (or line) phase connection, and screw 36 is an
output (or load) phase connection. It should be noted that
two additional binding screws 38 and 40 (seen in FIG 3) are
located on the opposite side of the receptacle 10. These
additional binding screws provide line and lead neutral
connections, respectively. A more detailed description of a
GFCI receptacle is provided in U S. Pat No 4,595,394,
which is incorporated herein in its entirety by reference It
should also be noted that binding screws 34, 36, 38 and 40
arc exemplary of the types of wiring terminals that can be
used to provide the electrical connections Examples of
other types of wiring terminals include set screws, pressure
claraps, pressure plates, push-in type connections, pigtails
and quick-connect tabs.

Referring to FIGS 2-6, the conductive path between the
line phase connection 34 and the load phase connection 36
inchudes contact arm 50 which is movable between stressed
and unstressed positions, movable contact 52 mounted to the
contact arm 50, contact arm 54 secured to or monolithically
formed into the load phase connection 36 and fixed contact
56 mounted 1o the contact arm 54 The user accessible load
phase connection for this embodiment includes terminal
assembly 58 having two binding terminals 60 which are
capable of engaging a prong of a male plug inserted ther-
ebetween The conductive path between the line phase
connection 34 and the user accessible load phase connection
includes, contact arm 50, movable contact 62 mounted to
contact arm 50, contact arm 64 secured to or monelithically
formed into terminal assembly 58, and fixed contact 66
mounted to contact arm 64. These conductive paths are
collectively called the phase conductive path

Similarly, the conductive path between the line neutral
connection 38 and the load peutral connection 40 includes,
contact arm 70 which is movable between stressed and
unstressed positions, movable contact 72 rounted to contact
arta 70, contact arm 74 secured to or monolithically formed
into load neutral comnection 40, and fixed contact 76
mounted to the contact arm 74. The user accessible load
neutral connection for this embodiment includes terminal
assembly 78 having two binding terminals 80 which are
capable of engaging & prong of a male plug inserted ther-
ebetween The conductive path between the line peutral
connection 38 and the user accessible load neutral connec-
tion includes, contact arm 70, movable contact §2 mounted
to the contact arm 70, contact arm 84 secured to or mono-
lithically formed into terminal assembly 78, and fixed con-
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tact 86 mounted to contact arm 84 Thess conductive paths
are collectively called the neutral conductive path.

Referring to FIG 2, the circuit interrupting portion has a
circuit interrupter and electronic circuitry capable of sensing
faults, e g, current imbalances, on the hot and/or neutral
conductors In a preferred embodiment for the GFCL
receptacle, the circuit interrupter includes a coil assembly
90, a plunger 92 responsive to the energizing and
de-energizing of the coil assembly and a banger 94 con-
nected to the plunger 92. The banger 94 has a pair of banger
dogs 96 and 98 which interact with a movable latching
members 100 used to set and reset electrica] continuity in
one or more conductive paths. The coil assembly 90 is
activated in response to the sensing of a ground fault by, for
example, the sense circuitry shown in FIG 12. FIG 12
shows conventional circuitry for detecting ground faults that
includes a differential transformer that senses current imbal-
ances.

The reset portion includes reset button 30, the movable
latching members 100 connected to the reset button 30,
fatching fingers 102 and reset contacts 104 and 106 that
temporarily activate the circuit interrupting portion when the
reset button is depressed, when in the tripped position
Preferably, the reset contacts 104 and 106 are normally open
momentary contacts. The latching fingers 102 are used to
engage side R of each contact arm 50,70 and move the arms
50,70 back to the stressed position where contacts 52,62
touch contacts 56,66, respectively, and where contacts 72,82
touch contacts 76,86, respectively

The movable latching members 102 are, in this
embodiment, common to each portion (ie, the circuit
interrupting, reset and reset lockout portions) and used to
facilitate making, breaking or locking out of electrical
continuity of one or more of the conductive paths. However,
the circuit interrupting devices according to the present
application also contemplate embodiments where there isno
common mechanism or member between each portion or
between certain portions. Further, the present application
also contemplates using circuit interrupting devices that
have cirenit interrupting, reset and reset lockout portions to
facilitate making, breakiog or locking out of the electrical
continuity of one or both of the phase or neutral conductive
paths

In the embodiment shown in FIGS 2 and 3, the reset
lockout portion includes latching fingers 102 which after the
device is tripped, engages side L of the movable arms 50,70
so as to block the movable arms 50,70 from moving By
blecking movement of the movable arms 50,70, contacts 52
and 56, contacts 62 and 66, contacts 72 and 76 and contacts
82 and 86 are prevented from touching Alternatively, ooly
one of the movable arms 50 or 70 may be biocked so that
their respective contacts are prevented from touching
Further, in this embodiment, latching fingers 102 act as an
active inhibitor that prevents the contacts from touching.
Alternatively, the natural bias of movable arms 50 and 70
can be used as a passive inhibitor that prevents the contacts
from touching.

Referring now to FIGS. 2 and 7-11, the mechanical
components of the circuit intermpting and reset portions in
various stages of operation are shown. For this part of the
deseription, the operation will be described only for the
phase conductive path, but the operation is similar for the
peutral conductive path, if it is desired to open and close
both conductive paths In FIG. 2, the GFCI receptacle is
shown in a set position where movable contact arm 50 is in
a stressed condition so that movable contact 52 is in elec-
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trical engagement with fixed contact 56 of contact arm 54
If the sensing circuitry of the GFCI receptacle senses a
ground fault, the coil assembly 90 is ecergized to draw
plunger 92 into the coil assembly 90 so that banger 94 moves
upwardly. As the banger moves upwardly, the banger front
dog 98 strikes the latch member 100 causing it to pivotin a
counterclockwise direction C (seen in FIG, 7) about the joint
created by the top edge 112 and inner surface 114 of finger
110. The movement of the latch member 106 removes the
latching finger 102 from engagement with side R of the
remote end 116 of the movable contact arm 50, and permits
the contact arm S0 to return to its pre-stressed condition
opening contacts 52 and 56, seen in FIG. 7

After tripping, the coil assembly 96 is de-energized so that
spring 93 returns plunger 92 to its original extended position
and banger 94 moves to its original position releasing latch
member 160 At this time, the latch member 100 is in a
fockout position where latch finger 102 inhibits movable
contact 52 from engaging fixed contact 56, as seen in FIG,
10 As noted, one or both latching fingers 102 can act as an
active inhibitor that prevents the contacts from touching.
Alternatively, the natural bias of movable arms 50 and 70
can be used as a passive inhibitor that prevents the contacts
from touching

To reset the GFCI receptacle so that contacts 52 and 56
are closed and continuity in the phase conductive path is
reestablished, the reset button 30 is depressed sufficiently to
overcome the bias force of return spring 120 and move the
latch member 100 in the direction of arrow A, seen in FIG.
8. While the reset button 30 is being depressed, latch finger
102 contacts side L of the movable contact arm 50 and
continued depression of the reset button 30 forces the latch
member to overcome the stress force exerted by the arm 50
causing the reset contact 104 on the arm 50 to close on reset
contact 106. Closing the reset contacts activates the opera-
tion of the circuit interrupter by, for example simulating 2
fault, so that plunger 92 moves the banger 94 upwardly
striking the latch member 100 which pivots the latch finger
102, while the latch member 100 continues to move in the
direction of arrow A, As a result, the latch finger 102 is lifted
over side L of the remote end 116 of the movable contact
arm 50 onto side R of the remote end of the movable contact
arm, as seen in FIGS 7 and 1. Contact arm 50 returns to its
unstressed position, opening contacts 52 and 56 and contacts
62 and 66, so as to terminate the activation of the circuit
interrupting portion, thereby de-energizing the coil assembly
90.

After the circuit interrupter operation is activated, the coil
assembly 9¢ is de-energized so that so that plunger 92
returos to its original extended position, and banger 94
releases the latch member 100 so that the latch finger 102 is
in a reset position, seen din FIG. 9. Release of the reset
button causes the latching member 100 and movable contact
arm 50 to move in the direction of arrow B (seen in FIG. 9)
until contact 52 electrically engages contact 56, as seen in
FIG 2

As noted above, if opening and closing of electrical
contiouity in the neutral conductive path is desired, the
above description for the phase conductive path is also
applicable to the neuiral conductive path

In an alternative embodiment, the circuit interrupting
devices may also include a trip portion that operates inde-
pendently of the circuit intermepting portion so that in the
event the circuit interrupting portion becomes non-
operational the device can still be tripped Preferably, the trip
portion is manually activated and uses mechanical compo-
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nents 1o break one or more conductive paths. However, the
trip portion may use electrical circuitry and/or electro-
mechanical components to break either the phase or neutral
conductive path or both paths.

For the purposes of the present application, the structure
or mechanisms for this embodiment are also incorporated
into a GFCI receptacle, seen in FIGS 13-20, suitable for
installation in a single-gang junction box im a home
However, the mechanistos according to the present applica-
tion can be included in any of the various devices in the
family of resettable circuit interrupting devices.

Turning now to FIG 13, the GFCI receptacle 200 accord-
ing to this embodiment is similar to the GFCI receptacle
described in FIGS 1-12 Similar to FIG. 1, the GFCl
receptacle 208 has a housing 12 consisting of a relatively
central body 14 to which 2 face or cover portion 16 and 2
rear portion 18 are, preferably, removably secured

A tep actuator 202, preferably a button, which is part of
the trip portion to be described in more detail below, extends
through opening 28 in the face portion 16 of the housing 12.
The teip actuator is used, in this exemplary embodiment, to
mechanically trip the GFCI receptacle, i.e., break electrical
continuity in one ot more of the conductive paths, indepen-
dent of the operation of the circuit interrupting portion.

A reset actuator 30, preferably a button, whick is part of
the reset portion, extends through opening 32 in the face
portion 16 of the housing 12. The reset button is used to
activate the reset operation, which re-establishes electrical
continuity in the open conductive paths, ie, resets the
device, if the circuit interrupting portion is operational

As in the above embodiment, electrical connections to
existing household ¢lectrical wiring are made via binding
screws 34 and 36, where screw 34 is an input (or line) phase
connsction, and screw 36 is an output (or load) phase
connection. It should be noted that two additional binding-
screws 38 and 40 (seen in FIG 3) are located on the opposite
side of the receptacle 200. These additional binding screws
provide line and load neutral connections, respectively. A
more detailed description of a GFCI receptacle is provided
in U.S. Pat. No 4,595,894, which is incorporated herein in
its entirety by reference

Referring to FIGS. 4-6, 14 and 17, the conductive paths
in this embodiment are substantially the same as those
described above The conductive path between the line
phase conoection 34 and the load phase connection 36
includes, contact arm 50 which is movable between stressed
and unstressed positions, movable contact 52 mounted to the
contact arm 50, contact arm 54 secured to or monolithically
formed into the load phase connection 36 and fixed contact
56 mounted to the contact arm 54 (scen in FIGS. 4, 5 and
17). The user accessible load phase conmection for this
embodiment includes terminal assembly 58 having two
binding terminals 60 which are capable of engaging a prong
of a male plug inserted therebetween The conductive path
between the line phase connection 34 and the user accessible
load phase connection includes, contact arm 50, movable
contact 62 mounted to contact arm 50, contact arm 64
secured to or monolithically formed into terminal assembly
58, and fixed contact 66 mounted to contact arm 64. These
conductive paths are collectively called the phase conduc-
tive path

Similarly, the conductive path between the line neutral
connection 38 and the load neutral connection 40 includes,
comtact armu 70 which is movable between stressed and
unstressed positions, movable contact 72 mounted to contact
arm 70, contact arm 74 secured to or monolithically formed

45

30

60

65

into load neutral conneciion 40, and fixed confact 76
mounted to the contact am 74 (seen in FIGS. 4, 6 and 17)
The user accessible load neutral connection for this embodi-
ment includes terminal assembly 78 having two binding
terminals 80 which are capable of engaging a prong of a
male plug inserted therebetween The conductive path
between the line neutral connection 38 and the user acces-
sible load neutral connection includes, contact arm 76,
movable contact 82 mounted to the contact arm 70, contact
arm 84 secured to or monolithically formed into terminal
assembly 78, and fixed contact 86 mounted to contact arm
84. These conductive paths are collectively called the neutral
conductive path

There is also shown in FIG. 14, mechanical components
used during circuit interrupting and reset operations accord-
ing to this embodiment of the present application Although
these components shown in the drawings are electro-
mechanical in nature, the present application also contem-
plates using semiconductor type circuit interrupting and
reset components, as well as other mechanisms capable of
making and breaking electrical continuity.

The circuit interrupting device according to this embodi-
ment incorporates an independent trip portion into the circuit
interrupting device of FIGS 1-12 Therefore, a description
of the circuit interrupting, reset and reset lockout portions
are omitted

Referring to FIGS. 14-16 an exemplary embodiment of
the trip portion according to the present application includes
a trip actuator 202, preferably a button, that is movable
between a set position, where contacis 52 and 56 are
permitted to close or make contact, as seen in FIG 14, and
a trp position where contacts 52 and 56 are caused to open,
as seen in FIG 15. Spring 204 normally biases trip actuator
202 toward the set position The trip portion also includes a
trip arm 206 that extends from the trip actuator 202 so that
a surface 208 of the trip arm 206 moves into contact with the
movable latching member 100, when the trip button is
moved toward the trip position. When the trip actuator 202
is in the set position, surface 208 of top arm 202 can be in
contact with or close proximity to the movable latching
member 104, as seen in FIG. 14.

In operation, upon depression of the trip actuator 202, the
trip actuator pivots about point T of pivot arm 210 (seen in
FIG. 15) extending from strap 24 so that the surface 208 of
the trip arm 206 can contact the movable laiching member
100. As the trip actuator 202 is moved toward the trip
position, trip arm 206 also enters the path of movement of
the finger 110 associated with reset button 30 thus blocking
the finger 102 from further movement in the direction of
arrow A (seen In FIG . 15), By blocking the movement of the
finger 110, the trip arm 206 inhibits the activation of the reset
operation and, thus, inhibits simultaneous activation of the
trip aod reset operations. Further depression of the trip
actuator 202 causes the movable latching member 100 to
pivot about point T in the direction of arrow C (seen in FIG
15). Pivotal movement of the latching member 100 causes
latching finger 102 of latching arm 100 to move out of
contact with the movable contact arm 50 so that the am 50
returns to its unstressed condition, and the conductive path
is broken Resetting of the device is achieved as described
above. An exemplary embodiment of the circuitry used to
sense faults and reset the conductive paths, is shown in FIG
18.

As noted above, if opening and closing of electrical
continuity in the neutral conductive path is desired, the
above description for the phase conductive path is also
applicable to the neutral conductive path
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An allernative embodiment of the trip portion will be
described with reference to FIGS. 19 and 20 In this
embodiment, the trip portion includes a trip actuator 202 that
at is movable between a set position, where contacts 52 and
56 are permitted to close or make contact, asseen in FIG 19,
and a trip position where contacts 52 and 56 are caused to
open, as seen in FIG. 20 Spring 220 normally biases trip
actuator 202 toward the set position The trip portion also
includes a trip arm 224 that extends from the trip actuator
202 so that a distal end 226 of the trip arm is in movable
contact with the movable latching member 100 As noted
above, the movable latching member 100 is, in this
embodiment, common to the trip, circuit interrupting, reset
and reset lockout portions and is used to make, break or
lockout the electrical connections in the phase and/or neutral
conductive paths

In this embodiment, the movable latching member 100
includes a ramped portion 1002 which facilitates opening
and closing of electrical contacts 52 and 56 when the trip
actuator 202 is moved between the set and trip positions,
respectively. To illustrate, when the trip actuator 202 is in the
set position, distal end 226 of trip arm 224 contacts the upper
side of the ramped portion 1004, seen in FIG. 19 When the
trip actuator 202 is depressed, the distal end 226 of the trip
arm 224 moves along the ramp and pivots the latching
member 60 about point P in the direction of arrow C causing
latching finger 102 of the latching member 100 to move out
of contact with the movable contact arm 50 so that the arm
50 returns to its unstressed condition, and the conductive
path is broken. Resetting of the device is achieved as
described above

The circuit interrupting device according to the present
application can be used in electrical systems, shown in the
excmplary block diagram of FIG 21. The system 240
includes a source of power 242, such as ac power in a home,
at least one circuit interrupting device, ¢ g., circuit inter-
rupting device 10 or 200, electrically connected to the power
source, and one or more loads 244 connected to the circuit
interrupting device. As an example of one such system, ac
power supplied o single gang junction box in a home may
be conoected to a GFCI receptacle having one of the above
described reverse wiring fault protection, independent irip or
reset lockout features, or any combination of these features
may be combined into the circuit interrupting device
Household appliances that are then plugged into the recep-
tacle become the load or loads of the system

As noted, although the components used during circuit
interrupting and device reset operations are electro-
mechanical in nature, the present application also contern-
plates using electrical components, such as solid state
switches and supporting circuitry, as well as other types of
components capable or making and breaking electrical con-
tinuity in the conductive path.

While there bave been shown and described and pointed
out the fundamental features of the invention, it will be
understood that various omissions and substitutions and
changes of the form and details of the device described and
illustrated and in its operation may be made by those skilled
in the art, without departing from the spirit of the invention

What is claimed:

1. A circuit interrupting device comprising:

a first electrical conductor capable of being electrically

connected to a source of electricity;

a second electrical conductor capable of conducting elec-

trical current to a load when electrically connected to
said first electrical conductor;
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a third electrical conductor capable of being electnically
connected 10 user accessible plugs and/or receptacles
where the first, second and third electrical conductors
are electrically isolated from each other;

at least one movable bridge electrically connected to the
first electrical conductor, said at least one movable
bridge capable of electrically conpecting the first, sec-
ond and third electrical conductors to each other;

a circuit interrupting portion configured to cause electrical
discontinuity between said first, second and third elec-
trical conductors upon the occurrence of a predeter-
mined condition; and

a reset portion configured to reestablish electrical conti-
nuity between the first, second and third electrical
conductors after said predetermined condition oceurs.

2. The circuit interrupting device of claim 1 where the
movable bridge is positioned so as to connect the first
electrical conductor to the second and third electrical con-
ductors when the device is reset and the at least one movable
bridge is positioned so as to disconnect the first electrical
conductor from the second and third electrical conductors
when the device is in a trip condition.

3 The circuit interrupting device of claim 1 where the
condition comprises a ground fault, an arc fault, an appli-
ance leakage fault, an equipment leakage fault or an immer-
sion detection fault

4 The circuit interrupting device of claim 1 further
comprising a trip portion that is configured to cause elec-
trical discontinuity between the first, second and third elec-
tricat conductors.
5. The circuit interrupting device of claim 1 further
comprising a sensing cireuit for detecting an oceurrence of
a predetermined condition. :
6 The circuit interrupting device of claim 1 where the
circuit interrupting portion comprises a coil and plunger
assembly at least one movable bridge and a sensing circuit
used 0 detect a predetermined condition.
7 The circuit interrupting device of claim 1 where the at
least one movable bridge has:
a pair of contacts attached thereto where such pair is
electrically connected to the first electrical conductor
and positioned so as to make electrical contact with a
corresponding pair of load contacts electrically con-
nected to the second electrical conductor; and

another pair of contacts attached thereto where such pair
is electrically connected to the first electrical conductor
and positioned so as to make electrical contact with a
corresponding, pair of user accessible contacts electri-
cally connected to the third clectrical conductor

8 The circuit interrupting device of claim 1 where the first
electrical conductor comprises a contact connected to elec-
tric conducting material.

9. The circuit interrupting device of claim 1 where the
second electrical conductor cornprises a contact connected
to electric conducting material

10. The circuit interrupting device of claim 1 where the
third electrical conductor comprises & contact connected to
a conducting frame forming a receptacle that is accessible to
a user of the device

11, A circuit intercupting device comprising:

a first pair of terminals capable of being electrically
connected to a source of electricity;

a second pair of terminals capable of conducting electrical
current to a load when electrically connected to said
first pair of terminals;

a third pair of terminals capable of being electrically
connected to user accessible plugs and/or receptacles
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where the first , sccona and third pair of terminals are
clectrically isolated from each other;

at least one movable bridge electrically connected to the
first pair of terminals, said at least one movable bridge
being capable of electrically connecting the first, sec-
ond and third pairs of terminals to each other;

a circuit interrupting portion configured to cause electrical
discontinuity between said first, second and third pairs
of terminals upon the occurrence of a predetermined
condition; and

a reset portion configured to reestablish electrical conti-
nuity between the first, second and third pairs of
terminals after said predetermined condition occurs,

12 The circuit interrupting device of claim 11 where the
at least one movable bridge is positioned so as to connect the
first pair of terminals to the second and third pairs of
terminals when the device is reset and the movable bridge is
positioned s as to disconpect the first pair of terminals from
the second and third pairs of terminals when the device is in
a trip condition

13. The circuit interrupting device of claimn 11 where the
condition comprises a ground fault, an arc fault, an appli-
ance leakage fault, equipment leakage fault or an immersion
detection fauit :

14 The circuit interrupting device of claim 11 further
comprising a trip portion that is configured to cause elec-
trical discontinuity between the first, second and third pairs
of terminals.

15 The circuit interrupting device of claim 11 further
comprising a sensing circuit for detecting an occurrence of
a predetermined condition.

16. The circuit interrupting device of claim 11 where the
circuit interrupting device portion comprises a coil and
plunger assembly, at least one movable bridge and a sensing
circuit used to detect a predetermined condition.

17. The circuit interrupting device of claim 11 where the
circuit interrupting portion comprises a coil and plunger
assembly and a mechanical switch assembly for engaging a
sensing circuit used to detect the condition.

18. The circuit interrupting device of claim 11 whers the
at least one movable bridge has:

a pair of contacts attached 1o the at least one movable
bridge where such pair is electrically connected to the
first pair of terminals and positioned so as to make
electrical contact with a corresponding pair of load
contacts electrically connected to the second pair of
terminals; and

another pair of contacts attached to the movable bridge
where such pair is electrically connected to the first pair
of terminals and positioned so as lo make electrical
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contact with a corresponding pair of user accessible
contacts electrically connected to the third pair of
terminals

19. The circuit interrupting device of claim 11 where the
first pair of terminals comprises a pair of contacts connected
to electrical conductors

20 The circuit interrupting device of claim 11 where the
second pair of terminals comprises a pair of contacts con-
nected to electrical conductors.

21 The circuit interrupting device of claim 11 where the
third pair of terminals comprises a pair of contacts con-
nected to a conducting frame forming a pair of receptacles
that is accessible to a user of the device.

22 The cifcuit interrupting device of claim 11 where the
device is a GFCI device comprising:

a housing where the first pair of terminals is a pair of line
terminals, the second pair of terminals is a pair of load
terminals and the third pair of terminals is a pair of face
terminals and the first, second and third pair of termi-
nals each is disposed at least partially within said
housing where the pair of face terminals is connected to
a pair of user accessible receptacles where each face
terminal extends from and is integral with a metallic
structure at least partially disposed within said housing
and the line, load and face terminals are electrically
isolated from each other;

at least one movable bridge baving a pair of bridge load
contacts and a pair of bridge face contacts attached
thereto where the bridge load contact pair and the.
bridge face contact pair are electrically connected to the
pair of line terminals;

a circuit interrupting portion comprising at least one coil
and movable plunger assembly, the circuit interrupting
portion configured to cause electrical discontinuity
between the line, load and face termimals upon the
occurrence of a predetermined condition; and

a reset portion comprising a reset button, which when
depressed is positioned to engage at least a portion of
a sensing circuit causing the coil assembly to be
activated resulting in the at least one movable bridge
being positioned so that the bridge load contact pair
electrically connects to a corresponding pair of load
terminal contacts and the bridge face contact pair
clectrically connects to a corresponding pair of face
terminal contacts where the pair of load terminal con-
tacts arc electrically connected to the pair of load
tertninals and the pair of face terminal contacts are
electrically connected to the pair of face terminals

LI I
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Resellable circuit intarruptiog devices, such as GEC
devices, that inckude reverse wiring prolection, and eption-
ally an independent trp portions andfor a resel lockour
portion are provided. The reverse wirlag protection operates
at both the Hoe and load sides of the device so that in The
cveot Hina side wiring to the devics {s impropecly connected
to the Joad side, fault protection for the device remains. The
trip portion cperates independontly of a circuit interupting
portion nsed to break the electdeal continuity in one or mare
conductive paths in the device. The reset [ockeut portion
prevents the recstablishing of electrical conumnty in cpen
conductive paths if the cireuit intsrrupting portion & non-
operational or if an open neutcal condition exisls.
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CIRCULY INYERRUPTING DEVICE WITH
REVERSE WIRING PROTECEION

CROSS REFERENCE TQ RELATED
APPLICATIONS

This application is 2 contimatios-in-part of application
Ser. No. 09/369,75% filed Avg. 6, 1955, which is a
continuation-in-paxt of zpplication Ser. No. 09/138,955,
filed Aug. 24, 1998, now US. Pat. No. 6,040,967 both of
which are fncorporated hecein in theic eatirety by refecence.

BACKGROUND
1. Held

The present application is directed to a family of reset-
table eircuit interrupting devices and systems thal includes
ground fault elreuit interrupters (GFCE'S), ave faule cirouil
ateraspters (ARCI's), immersion detection ¢ireuil interrupt-
ers {IDCI's), appliance Ieakage circuit imerruplers
(ALCPs), equipment Jeakage cireult interraptexs (ELCI's),
circeit breakess, contactors, latching relays and solenoid
mechanisms, More pacticularly, the present application is
dizected to citenit intexruptiog devicos that include a clxenit
interrupting portion that can break clectrically conductive
paths 2t bath a Xine side and a [oad side of the devices

2. Description of the Related Arl

Maay electrical wiring devices have a line side, which is
connectuble to a eleclrical power supply, and 4 load side,
which is connectable to one ot more lords and et least ose
conductive path between the line and Joad sides. Elcetrical
commections to wires supplying electrical power or wires
conducting electricity to the one ot wmore loads are at line
side and load side connections. The clectrical wiking device
industry has witoessed an increasing call for circuit breakdng
dovices ot systems which are desigoed to Interrupt power (o
various Joads, such as houschold appliances, constumer
cloctdeal preducts and branch civcuits. In particalar, olee-
trical codes require clecirical <irevits in home bathreors
and kitchens to be cquipped with ground fault circuit inter-
rapters (GFCE), for example. Prescafly available GFCL
dewices, such as the devics described in commonty owned
.S, Pat. No. 4,595,894, use an clectrically activated tip
mechanisw 10 mechamically break aa clectrical conmection
betwesa the line side aad the load side, Such devixes are

[
a

s

40

d 45
reseitable after they are tripped by, for sxamyple, the detsc-

tion of & grownd fault. o the device discussed in the *894
patent, the wip mechanism used 10 cause the mechanical
breaking of the circuit (Lo., the conductive path between the
fine and Joad sides) includes a solenoid (or trip coil). A test
butiar is vsed to test the tdp mechaniser apd circuitry used
to sense faulis, and a reset button is used to reset the
eleetrical conneetion between line and Ioad sides.

However, instinges may arise where ap abnorzmal
condition, caused by for example a lightning strike, ccaurs
which may resull not only in a sucpe of electricily at the
devics and a tripping of the device but also a disabling of the
uip roechanism used to cause the mechanical breaking of the
cizenit. This xazy occur without the knowledge of the usern
‘Under such circumstances an wknowing vser, faced wilh &
GFCT which has tripped, may press the reset button which,
in tu, will csuse the device with au Inoperative frip
mechanism 10 be reset without the grownd fanlt proteciion
aveileble.

Further, an open nentrat coodition, which is defined in
Underwriters Laboratories (UL) Standard PAG 943A, may
exist with the clectrical wires supplyfng electrical power to

@
=l

2

stch GRCT devices. If an open poutral condition exisis with
the neutral whe on the line (versus Toad) side of the GECI
Gevice, an instance may arise whees a current path s ¢realed
from the phase (or hot) wire supplying power to the GFCI
device through the load side of the device and a person o
pround In the event that aa open nevtral condition exists,
current GFCE devices, which bave tripped, may be reset
even though the opsn peutral condition toay remain.

Comumouly owned application Ser. No. 09/138,955, fled
Aug, 24, 1998, which is incorporated herein in Its entirety by
reference, describes o family of toscitable cireuit internpt-
ing devices capable of Jocking out the reset portion of the
devics if the ciroull interrupting, portion is noa-operational
or if an open neutral coadition exists. Commooly owned
application Sex. to. 09/175,228, filled Sep. 20, 1998, which
is Incorporated berein in its entirety by refercnce, deseribes
a family of rescltable circuit Tntecrupting devicss capable of
lacking aut the xeset portion of the device if the circuit
inteceupting portion is non-operational or if a0 open neutral
condition exists and capable of breaking clectrical condue-
tive paths independent of the operation of the circait infer-
rupting portion

Some of the cireuit interruptipg devices described above
have 2 user accessible foad side conncction in addition to the
1ine and load side connections, The user actessible load side
connzetion includes one or more connection points where z
user can externally conuect o' electrcal power supplicd
fromz the Hoe side. The load side comnection and user
aceessible Joad side conmection arc typically slectreally
connected together, Aa example of such 2 gireuit interrupt-
ing devics is a GPCE receptacle, where the lins and load side
connections are binding screws aud the usex accessible lord
side connection Is 1he plug comnection. As noted, such
devices ars connecied to extemnal wising 50 that line wires
are connested to the line side conacction and load side wises
ace connected to the load side comocction. However,
nstances may occws where the circull interrupting device is
jmproperly conaected to the external wires 5o that the Joad
wires ate connected, 1o the fine side connection tnd the kine
wites wre comnected o the load connsction, This is known as
yeverse widag Tn the cvent the circudl interrupting device is
reverss wired, fault profection to the user aceessivle load
connection may be eliminzted, even if fault protection to o
1024 side connection remales.

SUMMARY

The present application relates 1o 3 family of rescliable
cirouit futexrupting devices that moaintains fault protection
for the circuit iotemuptiog device even if the device is
reverse wircd

In one embodiment, the circuit intemupting device
joeludes a housing vnd phase and coutrel conductive paths
disposed at least partially within the bousing between line
and load sides. Preferably, the phase conductive path tormi-
pates at a fiest comnsctivn capable of being clechrically
comested to 2 sovrce of eleatdcity, 2 sccond connction
capable of conducting eleciricity 16 at Jeast onc load and &
1hird conuection capable of conducting electricity to at least
one user accessible load, Similady, the ncutral condoctive
path, preforably, terminates at z first conmection capable of
being elecicically conncoted fo & source of electdelty, &
second connéction capable of providing x seutral conaection
1 tho at Ioest one [oad 2nd a third conncction capable of
providing a oeutral conoection to the at least ome user
aceessitle load;

The cheuit intecrupting device alsa includes a circuil
foterrupting portion that is disposed within the housicg and
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configured Lo canse olecirical discontinity in one or both of
the phase and peutral conductive paths, between said lme
side and said Joad side upoa the accurreace of a predeter-
‘mined condition. A rsset poction is disposed at Jeast partially
within the housing aad is confignred 1o recstablish electrical
continuity in the open conductive paths.

Preferably, the phase conductive paih inclndes a plorality
of contacts that are capable of opening to cause electrical
discontinuity in the phase conductive path and closing 1o
recstablish electrical continuity in the phase conduetive
path, between said line and Iéad sides. The neutral conduc-
tive path also inctudes a plucality of contacis that are capable
of cpening to cause electrical discontinuity in the nentral
conductive pait acd closing to reestablish clectrical conti-
puity in (he neutral conductive path, between said Iine and
Toad sides. In this confipuration, the ¢ircuil interupting
portion causcs the plurality of cantacts of the phase and
newtral conductive paths 1o open, and the rosct pociion
causes the plurality of contacts of the. phase and newtrak
conductive paths to close.,

Ones crobodimet for the cireuit iternupting portion uses
0 tlectro-mechanical cirerit infemupler Lo cxuse clectrical
discontinuity fn the phase and neutral conductive paths, and
sensing citcuitry to sease the occurcence of the predeter
mined condition, For cxample, the electro-mechanics] cir«
cuit intermupter inchude a coil assembly, a moveble phunger
attached to the coil assombly and a banger atiached to the
phmger The movable phunger is responsive to energiziog of
the coil assembly, 2nd movement of the plunger is translated
to movement of said banger, Movement of the banger causes
the elgetrical discontimuty in the phass and/or neutral con-
ductive paths, .

The cikewit ntexrupting device may also include reset
lockout portion that prevents the ceestablishing of electrical
contipuity in either the phase or newtral conductive path ox
both conduetive paths, unless the eircuit interrupting porticn
is operating propesy. That is, the reset lockout provents
resetting of the device unless the circult foterrupling portion
is operaling properly. In embodiments where the citcuit
Infertupliog device inclades a ceset Jockout portion, the reset
portion mzy be configared so that at least one reset contact
is ¢lectrically cornceted to the sensing circuitey of the circwit
interrapting portion, and thal depression of z reset button
eanses at feast 4 portioa of the phase conductive paih to
contact a} lcast one reset conlsct When contacl i5 mmade
between ihe phase conductive path and the at least one resel
contact, the circuit iolernupting portion is activated so that
the reset Tockout portion is disabled and electrical continnity
ilfsh the phase and neutral conductive paths cae be reestad-
ished.

The circuit imterrupting device may alsg include 2 trp
portion that operates independently of the circuit interrupt-
ing portion. Ths bip portion is disposed at least partially
within the housing a0d is confignred to cause electdeal
discontimiity in the phase sadfor neutral couductive paths
vdependent of the operation of the circnjt interrupting
portton, In one embodiment, the tip portion facludes 2 trip
actualor recessible from an exterior of (e bousing aud a trip
arm preferably withio the bousing and extendiug from the
trip actuator, The trip avm is preferably coofigured fo facili-
tate mechamicat broaking of clecirical coatinuily in the phase
and/or noutral conductive paths, if the trip acfuator is acte-
ated. Prefersbly, the trip actuatoris a button Howsver, other
Ynown actuators are also contemplated.

BRIER DESCRIPTION OF IHE DRAWINGS
Preforred ombodiments of the present application arc
described herein with refercnce to the drawings in which

similer ¢loments are given similar reference characters,
wheyein:
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FIG, 1 is a perspoctive view of one embodiment of a
ground fault cirenit dnferruptiog device according ta the
present applicaticn;

FIG, side clovational vicw, partly in scction, of & portion
of the GFCI device shown in FIG. 1, Hllusivutiog the GECI
device in a set or citcnit making position;

FIG 3 is an exploded view of fmernal compements of the
cirenit interupting device of FIG. §;

FIG. 4 2 plan view of portions of electrical conductive
paths located within the GFCI device of FIG. ;

FIG, § is partial sectional view of a portion of 2 conduc-
tive path shown in FIG. 4;

FIG. 6 is a parial sectional view of a portion of a
conductive path showa in FIG 4

FIG. 7 is a side clevational view similar to ¥IG. 2,
illustrating the GFCI devies fn a circuit breaking o inter-
nupting position;

FIG. § is a side clevational view similar to FIG 2,
illusiratiog the componcnts of the GFCT device duging 2
reset operation;

FIG, 9-11 are schematic representations of the operation
of ooe smbodimen( of the resol portion of the present
application, flusteating a latebdog merber vsed to make a0
electrical conpection between lins zod load cosnsctions and
16 rclate the veset podion of the electricet conneetion witk
the operation of the circuit faterrupting portion;

F1G. 12 = schematic diagrawn of a circuit for detecting
giound fuulls and reselting the GFCI device of FIG 1;

FIG. 13 is a porspective vicw of an altemative cmbodi-
ment of & ground fault circuit Interrapting devics according
1o the preseot application;

FIG. 14 is side elovational vicw, partly in scction, of a
pottion of the GFCI device showa in FIG, 13, illusteating the
GFCI devics in a set or cirenit making position;

FIG. 15 is a side elevational view sinsilar to FIG. 14,
iTtustrating the GFCT device in a ¢ircuit breaking position;

FIG. 16 is a side elevational view similar to FiG, 14,
iltusteating the components of the GFCI device during a
rssel operation;

FIG.17 is an exploded view of intecnal components of the
GRCY dovice of FIG. 13;

FIG, 18 i 2 schematic diagram of a cicoudt for detecting,
ground feults znd resetling the GFCI device of FIG. 13;

FIG. 19 is side elevational view, pardly in sectioo, of
componcnts of a poxtion of the alternative ebodiment of
the GECI device shown . FIG. 13, fllustrating the device {a
a set ot ciccuit makbeg position;

FIC. 20 is a side clevations] view similar 10 FIG. 19,
ilhustzating of the devics in 2 ciccuit brealdog position; and

FiG. 21 is a block diagram of 2 circnit intermupting systene
according o the present application

DETAILED DESCRIPTION

The present zpplication contemplates. various 1ypes of
cireuit interrupting devices that are capable of breaking at
teast ons conductive path 1t both a Boe side and 4 load side
of the device. The conductive path i typically divided
Betwoen = Noe side fhat comecls to supplied electrical
powerand 2 load side that coonects to one or more loads. As
noted, the various devices in the family of resstiable cireuil
intermpting devices inchude: ground fault clrcuit interrpters
{GFCPs), axo fault circuit intermupters (APCI's), immersicn
detection eircuit intercupters ((DCI's), appliance lodkage
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circuit interruptess (ALCI'S) and equipment leakage cirenit
inteerspters (ELCL's).

For the purpose of the present application, the structise or
mechanisms used in the circuil interrupting devices, shown
{n the deawings and eseribed hersinbelow, are incorporated
into 2 GECI recsptacle suitable for installation in & single-
gaog junction box vsed in, for example,  msidential elec-
irica withog sysiem, However, the mechanisms acconding to
the present application. can be inchuded in any of the varions
devices in the family of rescttable cireudl interrupting
devices.

The GFCI recepiacles describod berein have lige and Joad
phase (or power) comections, line and load nevtral copnee-
Hons and user accessible Joad phase and nevtral connections.
"Yhe conrections peratit ¢xternal conductors or appliances to
be connecied 1o be dovice, These connections may be, for
example, electrical fastening devices that secure or connect
external conductors 1o the cirenit fnterrupting device, as well
1s conduct elecieicity Examples of such conreetions include
b.inding scrows, [ugs, teraioals and extoral phug connee.
tions,

T one embodiment, the GFCI receptacle has 2 cirouit
intezrupting portion, a reset portion and 2 reset Jockout. This
cmbodiment is shown in FIGS. 1-12. 'la anoiber
cmbodiment, the GFCE receptacle is similar 1o the erabodi
ment of FIGS. 1=12, except the reset lockout is omitted.
Thus, in this embodiment, the GECT re:;nptadc has & etrowit
inlerrapting portion and & resel portion, which is siwiler to
thase deseribed dn BIGS, 1=12, In another cnbodicsent, the
GFCL receptacle has & eircuit intesrupting portion, a sesel
porlion, a resct Jockoul and an independent trip portion. This
cmboditoent is shown in FIGS 13-20.

The cirenit interrupting and reset portions dosezibed
horeis preferably uss electro-mechanical components 1o
realk (open) and make {¢lose) one or mere conductive paths
between the Yne and load sides of the device. However,
clectrical componenls, such as solid state switches and
supporting ciceuiley, way be used o open and close the
conductive paths

Generally, the ciccnit interrupting portion is nsed fo auto-
matically brek clectrical contioudty in one ot more condue-
tive paths (i.c., open the conductive path) between, the line
and Toad sides upan the defeetion of a fault, which in lhe
embodiments deseribed s a ground faudt, The reset portion
i used 1o close the open conductive paths.

In the embodirents including a reset Jockout, the reset
poxtion is used 1o disable the reset lockout, in addition to
clostog the open coductive paths. In this configuration, tho
operation of the reset sud resel Jockout portions is o
conjuaction with the operation of the cirewit imerrupting
pestion, so that electrical continuity in open conductive
paths cannot be reset i the cireuit interrupting portion is
non-operational, if an opon newtral condition exists andfor if
the device is roverse wired

In {be embodiments including an indepeadent trip portion,
electrical continuity in one or more cobductive paths canbe

broken independently of the operation of the circuit inler-
rupting portion, "Whus, fo the event the circwit intercupting
portion is not operting properly, the device can still ko
tripped.

The above-described features can be incarporsted in any
rescitable clrcuit interruptiog device, but for stmplicily the
descdiptions kercin are ditected to GFCL seeeptacles

Tuening mow to BIG. 1, the GECI receptack 10 has a
heusing 12 consistiog of 2 relatively central body 14 to
swhich a face ot cover portion 16 and 4 rear portion I8 are

H

6

remavably secured. The face portion 16 has eniry ports 20
and 21 for receiving vormal or polarized prongys of 2 mals
plug of the type normally found #t the eod of a lamp oc
appliance cord set {(not shown), as well as ground-proag-
receiving openings 22 to accommodate a three-wire plug.
The seceptacte abso jocludes a mouatiog steap 24 used to
fasten the receptacle ta 2 junction box.

A test button 26 extends lhrough opening 28 in the face.
poction 1§ of the bousing 12. The test button is used to
retivato a lest speration, thal dzsts the opotation of the cireuil
interrupting portion {or circuit interupter) disposed in the
device. The circuit infermpting portion, ta be described in
more detail below, is used o break electrical continuily iu
onc or mare conductive prths between the fine 2nd load side
of the device. A roset button 30 forming a part of the resel
portion extends fhrough openiag 32 in the face portion 16of
fhe howsiog 12. The reset bwiton s used to activate a reset
aperation, which reeslablishes cleetrical continuily in the
apen conductive paths '

Electrical connections to existing housshold electrical
witing e made via binding screws 34 and.36, where serew
34 is an Input {or lins) phess connection, and serew 36 is e
output (or load) phaso covncction. 1t should be noted that
two addifonal binding scecwes 38 and 40 (seen in FIG. 3) ars

45 located on the opposite side- of the receptacle 10 These

35
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additions] binding scrows provids Hme aud losd peutral
connections, respectively. A more detaifed descripticn of 2
GFCI receptacle s provided in U5, Pat. No. 4,595,854,
which is incorporated hereint in its entirety by reference. Xt

10 should also be noted bt bloding sczews 34, 36, 38 aod 40

are exewplary of tho types of wiring ferminals that can be
used to provide the eleatical connestions, Examples of
other types of wiring terminals fnclude set serews, pressire
Glamps, pressure plaics, push-in {ype connections, piglails
and quick-connest tabs

Reforring to FIGS. 2-6, the conductive path between the
Tine phase connection 34 and the load phase conacction 3¢
inchedes contact arm 50 which is maovable botween stressed
atd unstressed positions, movable contact 52 mounted to the
contact acm 50, contact arm 54 secured to or menclithically
formed into the load phase conncction 36 dnd fixed contact
56 mousted 1o the contact zvm 54, The user accessible Joad
phase canncction for this ¢mbodiment fncludes torminal
assembly 58 baviog Lwo binding terpinals 60 which awe
capebls of engaging 2 prong of a male plug fusexted ther-
ebetween. The conductive path between the line phase
copnection 34 and the user accessTble Toad phase o tion
includes, cootact arm 50, movable contact 62 mounted to
contact zrm S0, contrct sro 64 sccured to or caonolithicatly
foreed ihto tecminal assembly 58, and fixed contact 66
mounied to contact arm 64. ‘These coaductive paths are
collectively cailed the phase conductive path

Simitacly, the conductive path between the line noutrat
comnection 38 and the load newtral comection 49 jnchudes,
contact arm 70 which is movable between suessed acd
nnstressed positions, movable contact 72 ounted to conlact
2o 70, contact arm 74 secured Lo or monokithicelly formed
jato load veutrz] comection 40, and fixed covtact 76
mouated o the contact arm 74, The user zecessivle Joad
neutal comnection for this embodiment includes terminal
asscmbly 78 baving two binding terwinals 80 whick arc
captble of engagiog x prong of a male phig loserted thee-
ebetween. Tho conductive path between the line neutral
conpection 38 2nd the user accessibie load newtral connec-
tion includes, coatact zra 70, movabic contact 82 moznted
to the confact arm 70, contact arm 84 secured (o or mono-
Tithieally formed Into terminal asscrobly 78, and fixed con.
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tact 86 mounted lo contact arcx §4. Thesc conductive paths
are collectively called the ncutral condnctive path,

Referciug to FIG. 2, the cireuit intermuptiog portion has 2
cireult internpter and cleclronic circuiicy eapable of sensiog
favlts, 6.8, cument imbalances, on the hot and/or neutral
conductors. In a preferred embodiment for the GFCT
receptacle, the oircuit interripter Includes a coil assembly
90, a plunger 92 resporsive lo the cocrgizing and
de-coergizing of the coif assembly aud a banger 54 con-
necled to the plungoer $2. The banger 94 has  pair of banger
dogs 96 and 98 which interact with x movable latching
members OO used to set and resct clectdend continuity in
one or moore conductve paths. The coil assembly 99 is
activated in response to thy sensing of a ground favlt by, for
example, the senss circuitry shown in FIG. 12. FIG. 12
shows conventional cireuilry for detecting ground faults that
includes a differcntiat teansformer that ssnses current imbal-
ances.

The reset portion includes teset button 30, the movable
Intching members 100 connected to the feset button 3@,
Iniching $ingers 102 2od xcsct contacls 104 and 106 thal
temporarily activats the circuit intorrupting portion when the
veset button I depressed, when in the teipped position.
Preferably, the reset contacts 104 aod 106 are normally open
momentary contacts. The latchiog fingers 102 arw uscd to
cogage side R of cach contact axm 50,70 and move the arms
50,70 back 1o the stressed position where contacts 52,62
touch contacts 56,64, respectively, and where contacts 72,82
wuch contacts 75,86, respectively.

The movable latching members 102 are, in (Ris
ctbodiment, common to each portion (., the cizcuit
intecrupting, veset and xesct lockont portions) and wsed to
facilitate making, brealking or lockiog out of elscizical
contiavity of one orxmore of the conductive paths. However,
the circuit jnfcrrupting devices according to ihe prosent
application also contemplate embodiments where there is no
common mechanism or member between each portion or
betwezn cortala portions. Furtber, the present application
glso contemplates using circwit intecupting devices that
have circuit interrupting, resct and reset lockaut portions to
facilitate maldng, brealdng or locking out of the clectrical
continuity of onc or both of the phase or neutral conductive
ypaths.

o the embodiment shown o FIGS. 2 and 3, the resct
Tockout portion includes latching fingers 102 which afier the
device is tripped, engages side L of the movable arms 50,70
o as to block the movable ams 50,70 from movig, By
blocking movemont of the movable arres 54,70, contacts 52

s

b
a

ad 56, contacts 62 and 66, contacts 72 and 76 aod contacts yp

82 and 84 are prevented from toucking, Altecnatively, only
on¢ of the movable arms 50 or 70 may be blocked so that
their respective comtsels are preveated from touching.
Further, i this embodiment, latchiog fingers 102 act a5 an
active inhibitor that preveuts the contacts from tauching.
Alternatively, the nawral bias of movable zms 50 zad 70
can bé used as x passive ighibitor that provents the contacls
from touching

Rofortiag now to FIGS. 2 and 7-11, the mechanical
companents of (he circult Intercupting and reses porlions in
various stages of operuion are shown. For this part of the
description, the operation will be described coly for the
phase conductive path, but the operation is similar for the
neutral conductive path, if it is desived to open and close
both cenductive paths. In FIG. 2, the GFCT receptacle is
shown fo 2 set position where movable contact amm 50 is in
2 stressed condition 5o (rat movable contact 52 is in clocs

S
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trical engagement with fixed contact 56 of contast arm 34
If the sensing cicouitey of the GFCI receptacls senscs a
ground fault, lhe coil assémbly $0 is energized to draw
plungrer 92 into the coil assembly 90 so that banger 54 moves
upwardly. As the banger rmoves upwardly, the banger front
dog 98 strikes the latck momber 100 causiog il to pivot in 2
connierclockwise dircotion C{seen in FiG. 7) about the joint
crented by the fop edpge 112 and inner surface 114 of finger
118. The movement of the laich membex 100 removes the
Jatching finger 102 from engagement with side R of the
remote end 116 of he movable contact e 50, and percoits
the contact amn 50 to retem to its pro-stressed condition
opening conlecis 52 and 56, scen in FIG. 7.

Afiex ripping, the cojl asscmbly 90 is de-energized so that
spring 93 teturns plunger 92 10 its odpinal extended position
and baoger 94 moves to its original position releasing Iatch
member T00, At this e, the lakch member 100 is in a
lackout position whore latck finger 102 Inhibils movable
contact 52 from engaging fixed cobtact 56; as ssen in FIG.
10, As noted, one or both latching fingers 102 can act ag an
active iohibitor that prevents the contacls from touching.
Altoenatively, the aatuzal bias of movable ars 50 and 70
can be used as & passive inhibitor that prevents the contacts
frooh tauching,

To resel the GFCI receptacle so that contacts 52 zad 56
ate closed and continuity in the phase conductive path is
reestablished, the reset button 30 is depressed sufiiciently 16
avercome the bias force of returt spring 120 and mave the
Tateh member 100 in the divection of arrow A, ssen in FIG.
8. While the reset button 36 is beiog depressed, latch foper
102 contacts sids L of the movable contact arx 50 and
continued depression of the veset butioa 30 forees the Ialch
member to overcome the steess fores exerded by the arm S0
causing the teset contact 104 on the arm 50 to close on cesot
contacl 106, Closing the reset contzcts activates the opera-
tion of the circuit interrupte by, for example simulating a
fault, so that plunger 92 maoves the banger 94 upwardly
striking the latch mermbes 100 which pivots the katch Sager
102, while the Iatch member 160 continkes to move in 1be
divection of artow A. As 2 resull, the latch finger 102 islifted
aver side I, of the remote exd 116 of the moveble contact
ar 50 onto side R of the remote ¢nd of the movable contact
arm, as seen fn FIGS, 7 and 11, Contact 2om 50 rofars to its
unsiressed position, opening contacts 52 and 56 and contacts
62 und 66, sa a5 to torminate the activation of the cireuit
jaterupting poction, thereby de-ssergizing the coil assembly
90.

Aftex the civeuit fntexrupter operation is activated, the coil
asserably 99 is de-snergized so that so that plunger 92
retuens fo its original extended position, and banger 94
releases the latch member 100 so that the Jatch fingee 102 is
in a yesel position, scon din FIG. 9. Release of the zeset
buttor; causes the latehing member 100 and movable contact
arca 50 to move ia the ditection of arrow B (seen in FIG. 9)
il contact 52 electrieally enpages contact 56, as seen in
FIG 2.

As noted 2bove, i opening and closiog of electrical
contimuity in the neutral conductive path is desired, the
above description for the phasc conductive path is also
appliceble to the newtsal conductive patis.

In an alternative entbodiment, the circuit intorrupting
devices may also fnoluds A teip portion that operates ude-
pendently of the cixeuit iotermupting portion so that in the
event the circuit Ioterruptiog portion becomes non-
optrational the device can still be tripped. Prefersbly, the trip
portion is manually activated 2nd vses mochanical corapo-
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nents 1o break ons or more condvctive paths. However, the
wip portion may use clectrical circuitry andfor elestro-
mechanieal components 1o break either the phase or neutral
conduetive path or both paths

For the purposcs of the present application, the structure
or mechapisms for this cmbodiment are also incorporated
into 3 GFCI roeptacle, seen in FIGS, 13-20, suitable for
installation in a singlk-geag junction box im a home.
Hawrever, the mechanisms according to the prosent applice
tion can be included ia aay of the various devices in the
family of rscitable cireuit ntorrupting devices.

Turning now to FIG. 13, the GFCI receptacle 200 accord-
ing to this cobodiment is sirailar to the GECE receptaclc
described . FIGS. 1-12. Similar to HIG. 1, the GFCI
receptacic 200 has a housinp 12 coosisting of a celatively
ceniral body 14 to which a face or cover portion 16 and a
reur portion 18 ure, preferably, wmovably sceurcd.

Alrip actunior 202, preferably & button, whick is part of
the 1ip postion ta bé described in more detail below, extends
through epening 28 in the face portion 16 of the kousing 12.
The 1ip actuator is used, in this exempliary cmnbodiment, 1o
mechanically irip the GRCI recepiacle, 1., break clecteical
contiowity in one or more of the conduetive paths, indepen-
dent of ik operation of the cireui: interrupting portien.

A teset acteator 30, prefecably a button, which s part of
the reset portion, extends through opening 32 in the face
portion 1§ of the housing 12, Tho reset bukon is used o
activate the reset operation, which re-establishes electrical
contiouity in the open conductive paths, ie., rescts the
device, if the circuit inferrapting portion is operational.

As in the above embodiment, elecizical connections to
existing houschold electrical wining ave made via binding
screws 34 and 36, whers screw 34 is an inpul (ox line) phass
counection, and serew 36 is an output (or load) phese
comection. 1t should be soted thl two additional binding
sceews 38 and 40 (seen in FIG. 3) are Iocated on the opposite
side of the receptacte 200, These additional binding sczews
provide Lo and foad neutcal conutotions, respectively. A
more detailed descrdption of 2 GFCI receptacle s provided
in U.8. Pat. No, 4,595,804, which is incorpomied herein in
its entirety by reference.

Referdng to FIGS 4-6, 14 and 17, tbe conductive patbs
in this embodiment ars substentially the same as those
deseribed above. The conductive path between the line
phass connection 34 aad the load phase connection 36
foelades, contact arm 50 which is movable betwesn stressed
2nd unstressed positions, movable contact 52 monnted o the
contact arm 50, contact acm 54 secured Lo or monotithically
formed into the load phase conneclion 36 and fixed contact
56 mountedt ta the contact 2rm 54 (sesa in FIGS. 4, § and
17). Tho user accessible load phase connection for this
embodiment includes terminal assembly 5§ having two
binding terminals 60 which are capable of engaging 2 proog
of 4 mate plug Insericd thersbotween. The conductive path
between the ine phase comnection 34 and the user accessible
load phase connection includes, contact ame 50, movable
contact 62 mounted to contact arm 50, contzct atm 64
secured to or monolifiically formed into terminal assembly
58, and fixed contact 66 mounted to contact arm 64 These
conductive paths are collectively called the phase condue-
tive path,

Similarly, the conductive path between the Yine neutral
conneclion 38 and the load neutral comection 49 includes,
coatact am 70 which is movable between stressed and
uostressed positions, movable contact 72 roounted to¢ontact

n
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into load mewtral connection 40, and Sxed contact 76
mounted (o the contact avm 74 (seenin FIGS 4,6 and IT).
The user accessible load neutral consection for this erfodi-
meet facludes terminal assembly 78 having, two bioding
terminals 849 which are ¢zpable of enpaging a prong of a
male plug inserted therebetween, The conductive patk
between the Iine neutral connection 38 and the uscr acces-
sible Yoad neuiral connection includes, contact amu 70,
moveble contact §2 mounled to the contact arm 70, contact
atrn B4 secured to or monolithiczlly formed fute terminal
assembly 78, and fixed contact 8§ mounted 10 ¢ottact arm
84, These conductive palhs are collectively calied theneutral
conductive puth

Thers is dlso shown in FIG, 14, mechanical components
used during sircuit intesrupting and resct operations accord-
ing to this ecabodiment of the prosent application, Although
these components shown in the derwings are clecto-
raechanical in natuce, the present applicalion also contem-
plates using semiconductor type circuil interrupting and

g0 ToSCL componenls, a3 well s other mechanisms capable of

making and brealiog clectrival continuity.

The cirewd! internspling device according to this embodi-
ment incorporales an independent trip portion into the cirmuit
intermupling device of FIGS. 1-12. Therefore, a description

25 of the clreuit inlorupting - teset and tesel lockoul poztions
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arm 70, contact arm 74 secured 1o or monelithically formed

are omitted

Refeering to FIGS. 14-16 an cxcmplary cmbodivent of
the tdp portion according to the present application jocludes
a trip actuator 202, preferably a button, that is movable
between a Selb position, where contacts 52 and 56 are
permitted to closs or make contact, 2s seen in FIG 14, and
a tap pesition where contacts 52 and 56 are caused to open,
5 seen in FIG. 15, Spring 204 normally biases tdp acluator
202 toward the set position. The trip portion alse includes u
1cip acm 286 that extends from the trip actuator 202 so that
a surface 208 of the trip are, 206 moves into contact with the
movable Iniching member 100, when the Wrip button is
raoved towaed the trip position, When the trip actvator 202
is in the set position, surface 208 of tdp arfme 202 can be in
contact with or close proxdmity to the movable latebing
roeeber 100, as sccn in FIG, 14

In operation, upott depression of the tdp aciuator 202, the
teip actuator pivots about point T of pivot arm 210 {seen in
FIG. 15) extending from steap 24 so that the susface 208 of
the irip zrm 205 can contact the movable laiching member
100. As the Wip actuator 202 is moved toward the trip
position, trip arm 206 also enters the path of movement of
the finger 110 associated with reset button 3¢ thus blocking
loc finger 102 from further movement i the dizection of
arow A (seqq in FIG. 15). By blocking the movoment of the
Buoger 110, the trip anm 206 inhibits the activation of the reset
operation and, thus, inhibits simultancous activation of the
tip aud resct operations. Puyther depression of the teip
actuator 202 causes the movable latching menber 100 lo
pivat about poist T in the dircction of arow C(seen in FIG,
15}, Pivota) movement of the latching member 108 causes
latehing finger 102 of Jatching zon 100 to move out of
contact with the movable contact arm 50 so that the ams S0
retuees to its unsiressed conditioa, and the condvctive path
is brokea. Resetting of the device is achieved as described
above. An exercpliry cmboditasat of the ciraudtry used to
scosc favits and resot the canductive paths, Is showa in FIG
18

As gokd sbove, if opening aad closing of clectrical
continuity fo the veittesl conductive path Is desired, the
above description for the phase conductive path is also
applicable to the neutral conductive path.
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An alternstive embodiment of the tdp portion will be
desexibed with xefocence to FIGS. 1% and 20, In this
embodiment, the tip portion includes 2 tip actuator 202 that
a1 is movable between a set position, where contacts 52 and
56 are pormitted to close or make contact, as seen M EIG. 19,
and a trip position where contacts 52 and 56 are causcd to
opea, 28 szen fo FIG. 20. Spring 220 normally blases tzip
actuator 202 toward the st position. The idip portion also
incledes & tp arm 224 that extends from the wip actoator
202 so thal % distal end 226 of the trip arm is iz movable
contact with the mewable latching membar 100, As noted
above, the movable Iatching member 100 is, in this
embodiment, common to the irig, eircuit intermpting, resel
and zeset Jockoul portions and is wsed to make, break or
Tockout the clectrical conncetions in the phase agd/or neutral
conductive paths.

Tn this embodimeat, the movable latehing member 100
includes a ramped portion 100 which facilitstes opening
avd closing of elecirical contacts 52 xud 56 when the trip

15

actuztor 202 is maved between the set and trip positions, 20

tespectively. To illustrate, when the trip actuator 202 is in the
set position, distal cad 226 of tiip arm 224 contacts the upper
side of (he ramped portion 1004, seen in FIG. 19, When the
1rip actuator 202 is depressed, the distal end 226 of the trip
srm 224 moves alopg the ramp wad pivots the Jatching
member 60 about point P in the divection of arcow C cavsing
latching finger 102 of the Jatchiog member 100 o mave aul
of voutact with the movable contact arm 50 so that the aym
50 returas 1o its nostressed condition, nd the conductive
path is broken. Resetting of the device is uchieved as
described above,

The clzeuit Interrupting device according 1o the prescnt
application can be used fu cleclrical systeres, shown in the
cxemplary block diagram of FIG, 2% The system 240
inchades 2 source of power 242, such 33 e power in 2 home,
at foast one circuit ioternupting device, 6., circuit joter-
rupting device 10 or 200, electrically conaected % the powet
source, and onc or more foads 244 connected to the cirenil
intermpting device. As an oxample of one such system, ac

power supplicd o single gang juuction box in 2 home may «

be cotiaecied to 8 GECE recoptacle having ooe of the above
described reverse wiring faull protection, indspondent tripor
resct Jockout featiees, or any combination of these features
may be combioed into the cizeuit interupting device.
Houschold appliances that are then plugged iato the recep-
tacle bocome the load or foads of the system.

As noted, aithough the compenents used during circuit
jaterrupting and device vesel operations are electro-
mechanteal ia nalure, the present application also conlem-
plates using clectrical components, suck as solid smie
switches and suppozting cirewitry, as well as othec types of
components capable or meking and broaking slechrical con-
tinuity fn the conductive path.’

While there have been shown snd described and pofuted
out the fundamentat features of the invention, it will be
understood that various omissions and substitetions and
chaages of the form and details of the devics deserbed wod
iltustrated and in its operation may be made by those skilled
in the art, wittout departing from the spirit of the invention

‘What is clajmed:

1 A cirenit intermupting device comprising:

# housing

a phase conductive path and a neutcal conductive path

cach disposed at least partially within sxid housing

a

5

w,

£

£5

between a line side and a load side, said phase con- .

Suctive path {enninating at a first connection capable of
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being eleatrically connecled fo a scurce of elecieieity, 2
second connection capable of conducting cleclricity 1o
uf least one load and a third copnsetion capable of
conducting electricity to at Jeast one user a¢cossible
Jozd, and szid neutrad conductive path serminating at a
ficst connection capable of being electrically connected
10 & source of electricity, 2 second connection capable
of providing 2 noutral comnection to said at Jeasl one
Jozd and = Uird connection capeble of providing a
nentrzl copnection (a sald at Jeast one user accessible
load; .

a circuit intermapting poxtioa disposed within said housing
and configured to cause eloctricat discontinuity fn said
yhase 20d nentral canductive paths between said Jioe
side apd said Joad side upon the cctumcncs of a
predetermined condition; and

2 resst portion disposed at least pastiadly within said
housing and configured to reestablisk elecirical conti-
puity in said phase and newtral conductive paths;

said cireuit internupting dovice furthor comprising a sesct
Jockout portion thatl prevents reestablishing electrical
continuity ke said phase and neutcal conduetive paths if
said ciceuitinterrupting poction is non-operationa), if 20
open mewtral condition exdsts or if @ reverse wiring
condition exists, wherein said reset portion comprises:
t reset butlon; and
at least one xesel contacl which when depressed is

capable of contacting at least a portion of said phase
conductive path. to cause said predetermined
candition, wherein if safd cireuit joterruptiog portion
is operatibnal, the circuit intorrupting portion is
activated 1o disable said reset lockour portion aud
facifitate recstablishing electrical continuity in said
phase #ud neutrsl conductive palbs, and whorcin if
said eirouit interrupting portion is non-oporational,
sa¥d reset Jockout portion remaiss enabled so that
reestablisbing electrical continuity ju sald phase and
nentral conductive paths is prevented.

2. A circuit interrupting devics comprising:

2 housing;

& first clectrical conductive path disposed ot least partially
within said housing and terminating al a first
conacetion, s2id fiest connection being capable of elec-
tieally eonpecting to a source of electrcity,

1 second clectrical conductive path disposed at loast
partially within said housiog aod teainating at =
second connection, said second comacction being
capable of clectrcally convecting to at least one load
when slectrical continuity betweensaid first und second
electrical conductive paths Is mades

a third electrical conductive path disposad at least par-
tially within seid housiog and terminating at a thind
connection, said third commcction being capable of
clectrically connccting to at least ono vser accossible
Ioad when electrical continuity between s«id first sad
third clectrical conductive paths is roade;

a cixenit foterruptiog portion disposed withinsaid bousing
and configured o break eleclrical continuity between
said Brst 20d second conductive patbs and between said
first 2nd thivd couductive palds upon the occurrence of
a predetercained condition; md

A resct portion disposed at least pactially within said
housing acd configured to make electrcal contiouity
between said first and second conductive patbs avd
botween said first znd Whird conductive paths;

said circuit interrupting device further compising 2 rosel
Tockout portion ilrat provents the making of electrical
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contipuily between said first and second conductive
paths and between said fiest and third conductive paths,
if s2id circoit interrupting portion s non-operational;
and wherein said resot pottion comprises:
a reset buitan; and :
at Jeast one pesst contact which when depressed is
capabledf contacting at least a portion of one of said
fixst or seecond conductive paths to cause said prew
determined condition, wheeein if said cirenit inter-
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a circult Interrupting device baving fault profection at
both Hoe and lord sides of said device, conmecled 0
said source of power;

at Ieast one load connected to said cireuit intermuptiog
device;

wherein said eireuit fnterrupting device comprises:
a housingy
a phase eonductive path and a neuteal conductive path

rupting portion is operational, said circult internipt 10 each disposed at least pantially within said housing
ing porton is zctivated 10 disable suid reset lockout betoreen 2 line side and 2 lead side, said phase
portion and facititate making of electrical continiity comductive pafh terminating at a fist conncetion
between said fisst and scoond conductive paths and capable of being electrically cannected to asoures of
botween said fiest and hird conductive paths, and clectricityy  second conuection capable of conduct-
wherein if said circuit intemupling portion is noa- 18 Ing clectricity ta aft least one load and e third con-
operational, said reset lockeut portion rewmains mection capable of condueting electricity o at least
enabled so that making of electrical continuity one user n?ces:mblu Iead, and said ncu_tral conductive
between said fitst and second conductive paths and g“.h lfr]lggfiauﬁg a2 ﬁfg tconncctu:lu EC']?“‘:: _f‘f
between said ficst and third conduclive paths is cIRg & catly conagcctoq 1o a source oL clectrictly,
preveated. P 20 a second conncctigu cq]:i:lc of p::)viging da nm:::zﬁ
3. A cireuit i 1 i ising: conncction o said at least one load and a thi
hot\Asing m::g:rruptmg dovice comprisiog conn_sction capable of providing & neatral comnection
first electrical conductive path weans for conduct to S%ld- 3¢ Jeast one user aot-:essi‘bls kfad:; 7
eiecinieal conducuee pal RduGig a cireujt fnterrupting pertion disposed within said hous-
clectrfcuy within sa‘1d housiog means, aod 'ca'pablc. of 25 fog and configered Yo cause electrical discontiouity
eleetrically connealing o a soures of electricity; in sajd phase and neutral conductive paths at both
scoond eloctrical conduclive path meuns for conducting said linc side and said load side upon the occurrence
electricity within said housing means, and capeble of of 2 predetermined condition; and
cl-cclncale c?nnccu'ng_lo al tcust one load when clec- a teset portion disposed at least partially within said
weicud, congintity betweon said first and second clectdeal 39 housing and configured to reestablish electrical con-
conductive path means is madc; Bouily in said phase and neutral conductive paths;
third clectrical conductive path means for conducting said circult intermpting devico further comprsing a
eloctricity within said hovsing means, and capable of reset lockeut portion that prevents xeestablishing
elsctrically connecling to at loast ome user accessible . electrical continuity in said phase and newwal con-
Ioad when cloctrical continuity betweor szid Grst and 35 dugtive paths if said circuit intecmptiog portion is
third electrical conductive path means is made; non-operational or if an open neutral condition
circuil interrupting moans dispascd within said housing exists; . .
means for E]::teaﬁing electrical continnity between said and whereln said reset portion coraprises:
fisst and second conductive path means and between a resel button; and . .
said fixst and third conductive path meaps, upon the 40 at least one resel contact which when depressed is
oceurrence of a predetermined condition; aod capable of contacting at least a portion of said
reset means dispased at loast partially within said housiog phase “:onduci:‘hvc‘pai;h w.:“.lse said mdetgmmsd
means for raestablishing electrical continuity between condition, wherein i said circuit intermpting por-
said first and second conductive palb weans and ton I3 operational, said circwit intecruping portion
botweon sald frst and third conductive pathk means; A i a.ctw.ated to disable said resct‘lockout_po_mo_n
- . * and facilitate reestablishing eleetrical continuity in
whezelnt said reset mesns comprisos: stid phasc and psutral condnctive paths, and
a rozet button; sd wherein if said eirouit intereupting postion is con-
teset contact means opsratively associated with said xeset operational, said resel Jockout pastion reraains
button for activating said cireuit intorrupting meaos by g snabled so that xeestablishing, clectrlex] contimuity

causieg said predstermined condition when suld reset
button 35 depressed.

4. A cirewit interrupting System comprising:

a sourcs of power;

o said phese aod oeutral conductive paths is
prevented.




