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(57) Abrégée/Abstract:

A circuit interrupter including a ground fault circuit interrupter circuit (10) structured to detect a ground fault based on current
flowing In line (15) and neutral (16) conductors of the circuit interrupter, a ground fault circuit interrupter monitor circuit (20)
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(57) Abrege(suite)/Abstract(continued):

structured to perform a self-test on the circuit interrupter to determine the functional status of the ground fault circuit interrupter, and
a bridge circuit (30) structured to harvest power from the line and neutral conductors and supply said harvested power to the
ground fault circuit interrupter circuit and the ground fault circuit interrupter monitor circulit.
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round fault circuit mterrupter circuit (10) structured to detect a ground fault based

on current flowing in line (15) and neutral (16) conductors of the circuit interrupter, a ground fault circuit interrupter monitor circuit
(20) structured to perform a self-test on the circuit mterrupter to determine the functional status of the ground fault circuit mter -
rupter, and a bridge circuit (30) structured to harvest power from the line and neutral conductors and supply said harvested power to

the g

round fault circuit interrupter circuit and the ground fault circuit mterrupter monitor circuit.
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SELF-TESTING GROUND FAULT CIRCUIT INTERRUPTER

CROSS-REFERENCE TQ RELATED APPLICATION
This apphication claumns priorgy from and claims the benefit of ULS,

Provisional Patent Application Serial No. 62/065,194, filed Qctober 17, 2014, which

¥ 2

{s incorporated by reference herein.
BACKOROUND
Field

The disclosed concept relates generally 1o circult interrapters, and in

<

10 particular, to self-festing cirawt mterrupterss.
Background lnformation
Crrenit mterrupiers, such as for example and without limitation, circuit
breakers, are typically used to protect electrical cwcwtry from damagse due 1o an
overcurrent conditton, such as an overload condition, g short circuit, or another fault
15 condition, such as an arc fault or a ground fanlt. Circnit breakers typically include
separable contacts. The separable contacts ruay be operated either manunally by way
of an operator handle or automatically in response {0 a detected fault condition.
Typically, such circust breakers inclode an operating mechanism, which 1s designed to
rapidly open the separable contacts, and a trip mechanism, such as a tnp umt, which
20 senses a number of faull conditions 1o trip the breaker automaticaliv, Upon sensing a
fault condition, the trip unit tips the operating mechanism to a tnp state, whi ch moves
the separable contacts to their open position.
An existing ground fault cawent mterrupter {GFCEH cirewt 100 18 shown

m FiG. . The GFCT eircust 100 18 structured 1o detect a ground fault on a profected

™
A

circutt and trnip open separable contacts 102 in response to the detected ground fault.
An exusting GFCI monitor circuit 11018 shown in FIG. 2. The GFCI monitor cirenst
11615 structured to monitor the functional statas of a GFCT crrcuit by performing a
self-test on a cucu mterrapter. However, the GFCLarcust of FiG. T and the GFCI
monitor circutt of FIG. 2 have not previousty been used together in g cireust

30 interrupter.
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Furthermore, UL943 includes a self-test requirement, effective on June
29 20135, The GFCT circudt of FIG. 1 does not comply with UL943 because i does
not have a self-test capabihity.
FIG. 2 both require power to operate. The GFC carcuit 100 of FIG. 1 includes a
standard bridge rectifier 104, However, 1f any of the diodes fail in the bridge rectilier,
the power to the GFCI circuit 100 would be compromised. A powaer supply is not

Al

shown for the GFCI monitor circuat 110 of FiG. 2, but if a standard bnidge rectifier
were used 1o provide power 10 the GFCE monttor curcuit 110 of FIG. 2, a diode fathwre
coutd compromise the power to the GFCT monitor circust 110 of FIG. 2. 1 a GFCE
circust or a GFCT monstor crireuit loses power, it becomes metfective. Reliable power
is therefore desirable for GFCI ctreuits and GFCT monitor cireuits,

There s therefore 8 room for improvement in cirenit interrupters.

................................

concept 1 which a circuit interrupter cludes a GFCI eircuit, a GFCT mouitor cireuit,
and a bridge circuit structured to provade power to the GFCT circwt and the GFCH
monitor et

In accordance with one aspect of the disclosed concept, a circnit
interrupter comprises: a ground fault crrcuit wterrapter circuit structured to detect a
ground fault based on curreat flowing in hine and neutral conductors of the circunt
mnterrupter; a ground fault circult interrupter monitor ciroust structured © parform a
self-test on the cucmt mterrupter 1o determume the functional status of the ground fanlt
crrcuit interrupter; and a bridge circuit structured to harvest power from the hine and
neutral conductors and supply said harvested power to the ground fault curcunt

mterrupter cirewt and the ground fault crcut mtecrupter monitor erewit,

A full understanding of the disclosed concept can be gained from the
followmg description of the preterred embodiments when read i conjunction with the

accompanving drawmgs m which:

b
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Figare 115 g ctreuit diagram of & GFCT airowit;
Figare 2 is a circuit diagram of a GFCE monstor civawt; and
Figure 3 13 a crrcuit diagram of a self-test GFCI circntt in accordance

with an example embodiment of the disclosed concept.

Directional phrases used hergin, such as. for example, left, right, front.
hack, top, bottom and dernvatives thereot, relate to the onentation of the elements
shiown 10 the drawings and are aot hmiting upon the claims unless expressiy recited
therem.

As emploved herein, the statement that two or move parts are

“coupled” together shall mean that the parts are joined together etther directly or

jomed through one or more mtermediate parts.

A circuit diagram of a self-test GFCI circuit 1 in accordance with an
example embodiment of the disclosed concept 15 shown m FHG. 3. The self-test GFCI
circuit | mav be meluded i a circuit interrupter (e g, without limutation, a GFCI.
The setf-test GFCH circuit 1 inclades a GFCT civeuit 10, a GFCT monitor eircuit 20,
and a bridge cureuit 30,

The GFCT cirentt 10 13 a crcust that 1s structured 1o detect when a
ground fault occurs on a protected circuit based on current flowmg through line and
neytral conductors 15,16, The GFCI circuit 10 intiates a trip to cause separable
contacts 14 to trip open whea a ground fault 15 detected. The GFCI circuit 10
ncludes sensing transtormers 18 {o sense the cwrent fowimng through the line and
neutral conductors 13,16 and an integrated circuit (IC) GFCT chip 12 to determine
GEFCT chap such as, without limsation, a Fairchild KA2807D IC or a Faurchild
EMIEST I {(both marketed by Fairchild Semiconductor Corporation of San Jose
California).

The GFCE monitor circunt 20 1s a circnit that is stractured to perfonm a
self*test on the GFCI to detenmine the funciional status of the GFCI circuit 10 {e.g .
whether 1t is operational or not}. The GFCI monitor circust 20 meludes an 1IC GFCI

momtor chip 22, The IC GFCE monistor chip 22 may be any suttable 1C GFCT monitor
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chip such as, without limitation, a Fairchild FAN41501 IC {marketed by Fairchild
Senuconductor Corporation of San Jose Califormia). The IC GFCT momitor chup 22
has two non-user programmahle mternal timers set at § second and 90 minutes. The
IC GFCT momtor chip 22 periodically imbiates a self-est to determine the functional
status of the GFCT acrrcuit 10, and i particular, the functional status of the U GFCH
chip 12 as well as a solenoid 11, a sense coid 17, and a silicon controlied rectifier

(SCRY 13 included in the GFCI circuit 10

anode of the SCR 13 and the solenoitd 11, The GFCI monutor circust 20 generates a

ground fault current polse during a self-test cycle. The ground faull current polse 1s

e

o

senerated at 1707 of the postiive cvele preceding the negative cyele of the hine in
which the self-test will be performed. The ground faall current pulse lasts ess than 4
ms. When the GFCI circut 10 18 working property, it will detect the ground fanlt
current pulse generated by the GFCT monitor circuit 20 and output a signal to activate
the SCR 13, Diode D3 will be reverse biased during the negative cyele when the
stimulated ground fault current pulse occurs. Thus, the solenoid 11 will be 1solated
and will not canse the separable contacts to trip open during the self-test, even though
the SCR 13 s dEIi‘saiﬁﬁ

During the positive cvele of the ine, the IC GFCI montor chip 22 wall
sense voltage across the SCR 13, and if it 1s above a predetermined threshold, it
means that the solenoid 11 15 workung properly and that the SCR 13 15 not activated.
The ¥ GFCY monstor chip 22 will latch the positive result. 1 the GFCT circuit 10 s

working properiv, the IC GFCT monitor chip 22 will detect that the IC GFCI ¢lup 12,

Ny
T

the sense coil 17, and the SCR 13 are working, latch the negative cycle result, and
start the timer for the next self-test.

13 during the positive cycle or detects that the SCR 13 does not turn on during the
negative cycle, it determiines that the GFCI civeuit 10 is not workng properly. The IC
GFCE monstor chirp 22 will repeat the self-test eyele four times. H the GFCE circust 10
continues to fail, the 1€ GFCI monitor chip 22 will cutput an end-of-life signal to

trigger the SCR 13 1o cause separable contacts 14 to trip open.
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The bridpe circnit 30 #s structured to supply power to the GFCI circuit
10 and the GFCY monstor ¢ireuit 20, The bridge circust 30 supplies power to the
GFCI circutt 10 and the GFCI momtor cirenit 20 via a supply point VPS. The bridge
circuxt 30 obtains power by harvesting i from current Howing on the hine and neutral
conductors 15.16.

The bridge circuit 30 includes diedes 121, D2, D3 and 4. Diodes DI,
12, D3, and D4 perform a bridge rectifier function to rectify power harvested from
the line and neutral conductors 15,16 and provide 1 to the GFCI circnit 10 and the
GFCY monstor circuit 200 Diode D1 is electrically connected between the neutral
conductor 16 and 8 ground point 32, Driode D2 15 electrically connected between the
neutral conductor 16 and the supply pomt VPSS, Dhode D3 15 electnically connected
between the fine conductor 15 and the supply point VPS. Diode D4 i electrically
connected between the line conductor 15 and the ground pomt 32,

The briduee cireuit 30 further includes redundant diodes DA and D3A.
Redundant diodes DIA and D3A allow the bridue circwnt 30 to continue providing
power even if diodes D1 and D3 fail. That 18, redundant diode DI A will conmtmued to
provide power harvested from the line and newutral conductors 13,16 to the GFCI
D1 fails open (e, diode DI fasl 1o allow current 1o flow through them in exther
direction). Redundant diode D3A will continued to provide power harvested from the
Ime and neutral conductors 15,16 to the GFCI circuit 10 and the GFCI monitor circuit

20 via the supply point VPS even when diode D3 fails open. Redundant diode DIA 18

'
g

clectrically connected o paraliel with diode D1 and redundant diode D3A 13
electrically connected in parallel with diode D3,

The bridge cacwt 30 turther includes current limiting resistors R1.D2,
R1.D2A, R1.D3, and R1.D3A. Current tuniting resistors R1.1D2 and R1.DZA are
electrically connected in paraliel with each other and the parallel combination of
crrent limitin g vesistors K12 and R D2A is elec trically comnnected n series with
digde D2, Current luniting resistors R1.1D03 and R1.D3A are electnically connectad mn

paraliel with each other and the paraliel combination of current limiting resistors

R1.D3 and R1.D3A 1s electrically connected between the me conductor 15 and diode

D3, Current linuting vesistors R1.D2, R1.D2A, R1.D3, and R1.D3A serve as current
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fimiting resistors and allow the self-test GFCI cireuit 1 to function even it a diode in
the bridge circut 30 becomes shovted.

The bridge civcwt 30 further mcludes a fuse R1.D4 {e.i., without
fimiation, a fusible resistor or a fustble printed cirawit board trace) electricatly
connected 1 series with diode D4, The fuse R1.D4 15 structured to open 1n the event
that either of diodes D1 and D4 become shorted.

The bridge circunt 30 15 connected on the load side of sensing
transformers 18 of the GFCT circuit 16, Connecimg the bridge circunt 30 at the load
side of the sensing transformers 18, rather than the line side, makes it easter for the IC
GECE monttor chip 22 to generate the simulated ground faslt current signal.

A dropping resistor bank n the GEFCI errawnt 10 inclodes resistors
R1.1,R1.2, and R1.3 Resistors R1.1 and R1.2 are electricallv connected in parallel
with each other. The paralle! combination of resistors RE1 and R1.2 15 electrically

connected in series with resistor R1.3. The dropping resistor bank is electrically

voltage 1s positive with respect to the line neutral voltage), current flows through
resistors R1.1D33 and R1.D3A to the droppi ng resistor bank. D ng lht ne g;ﬁ:iixs & wgic
(1.e., when the hne neutral voltage 18 positive with respect to the bine hot voltage).
current tlows through resistors R1.1D2 and R1.1D2A to the droppmg resistor bank. In
some example embodiments of the disclosed concept, the dropping resistor bank has a
total resistance value of 15 K. The dropping resistor bank s configured to spread
heat over a large area of a prntad circuit board it s mounted on to pass the 240 Ve
test 1n UL943. The dropping resistor bank also limnits current in the event that diodes
D2 and 133 ever fail shorted.

The self-test GFCI circnit 1 complies with the self-test requirements of
UL943 and thus would aliow GFCIs including such a circut to comply with the setf-
test requirements of UL943.

While specific embodiments of the disclosed concept have been

described in detaid, # will be appreciated by those skilled m the art that various

overall teachings of the disclosure. Accordmngly, the particular arrangements

disclosed are meant to be tHustrative only and not limiting as to the scope of the
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any and all equivalents thereol
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What 18 clamed s
i A circnit interrupter comprising:

a ground fault arrcuit interrupter crcust (10) structured to detect a

eround fault based on cwrrent flowing in hine (15} and neutrat {16) conductors of the
circutt interrupter;

a ground fault circuit interrupter monitor circudt {20) stroctured to
perforn a self-test on the circwit mterrupter to determing the functional status of the
ground faoslt corcwt interrupter; and

a bridae circuit {30) structured to harvest power from the line and
neutral conductors and supply said harvested power to the ground faalt ciraut

intervapter ciraunt and the ground fault circult interropter monior cireit.

2, The circuit interrupter of claim 1, wherein the bridge cironit is
electnically connected to the hine and neatral conductors on a load side of the grownd
fault circuit interrupter circuit

3. The circuit interrupter of claim 1, wherein the bridge circuit
turther comprises:

a ground point (32

a supply point electnicatly connected to the ground faglt crrendt
interrapter circut and the ground {ault circont mterrupier monitor circutl, wherein the
bridge circuit 1s structured to supply said harvested power to the ground fault carcunt
interrupter cirentt and the ground fanlt circuit mterrupter monstor circult via the
supply pomnt;

a first diode electrically connected between the neutral conducior and
the ground point;

a second diode electrically connected between the neutral conductor
and the supply pont;

a third diode electrically connected between the line conductor and the
supply pomt; and

a fourth diode electrically connecied between the line conductor and
the ground pont.

4. The cirenit mterrupter of claim 3, wherein the bndgﬁ* circuit

further comprises:
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a first redundant diode electrically connected in parallel with the first
drode: and
a second redundant diade electrically comnected m parallel with the

third diode.

{Ji

The crrcust mtecrupter of claim 4, wherein the bridge circnit 1s
structured to provide said harvested power to the ground fault aircwt interrupter
circut and the ground fault circwnt interrupter momtor cirewt via the first redundant
diade when the first diode fails.

6. The circnit interrupter of claim 4, wherein the bridge circult is
structured to provide said harvested power 1o the ground faslt cirowit intervapter
circust and the groend favlt circutt interrapter monttor circuit via the second redundant
diode when the third diode fails.

7. The ciroust mterrupter of clann 3, wherein the bridge circuit
further comprises:

a first current limiting resistor:

a second current limiting resistor electricaliv connected in parallel with
the first current Hmiting resistor,

wherein a paraliel combination of the first and second cwrrent inuting
resistors 1s electrically connected n sertes with the second diode.

8. The circust mterrupter of claim 3, wherein the bridae circuit
further comprises:

a third current hmiting resistor;

a fourth current mting resistor electrically connected o pargilel with
the third current Hmiting resistor,

wherein a paraliel combination of the third and fourth current Hmiting
resistors is electrically connected between line conductor and the third diode.

9. The circust mterrupter of claim 3, wherein the bridge circunt
further comprises:

a fuse electrically connected v series with the fourth diode.

10, The circuit interrupter of claim 9, wherein the fuse is one of a

fusible resistor and a fusible printed circuit board trace.
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11, The circnit interrupter of claim 1, wherein the ground fault
circust interrupter cirenit further comprises:

a dropping resistor bauk structured to receve the harvested power from
the bridge circunt, the dropping resistor bank comprising:

a tirst resistor;

a second resistor electrically connected n p arallel with the first
resistor; and

a third resistor electncally connected m senes with a parallel
combination of the first and second resistors.

{2, The circutt miterrapter of ¢lamm 1, whereimn the ground fault
circutt imterrupter circait further comprises:

sensing transformers (18) structured to sense the current Howing n the
hne and neygtral conductors: and

an tntegrated circutt (12) structured to determine whether a ground
fault has occurred.

13, The ciroust mterrupter of clamm 12, wherem ground fankt circut
interrupter monitor cireuit is structwred 1o determine the functional status of the
mtegrated carcuit.

13, The circuit interrupter of ¢laim |, wherein the ground fault
crreust interrupter circuit further comprises:

a solenoid (11);

a sense cotl {17); and

a siticon controlled rectifier (13),

wherein the ground fanlt circuil interrupter monitor cireait Is structared
o deternune the functional status of the solenoid, the sense cotl, and the silicon
controtled rectifier.

14, The circust interrupter of claim 1, wherein the ground fault
circuit interrupter monitor circuit is structured 1o periodical fy perform the self-test on

the circrit Interrupter.

-1 -
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