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A dual trip level ground fault interrupter (GFI) which is designed to trip or operate at a first relatively low personnel protection level of
ground leakage current, and also at a second relatively high equipment protection level of grounded leakage current. The dual trip
level ground fault interrupter is provided for a power line, having line conductors and a ground conductor, supplying electrical
power to a load. The dual trip level GFI comprises first and second differential current transformers, each having a primary winding
and a secondary winding. All of the line conductors for the load pass through the primary winding of the first differential current
transformer. All of the line conductors and the ground conductor pass through the primary winding of the second differential
transformer. The ground conductor does not pass through the primary winding of the first differential current transformer. The first
differential current transformer responds to the total ground leakage current, and is wound to achieve a trip voltage at a high
equipment protection level of ground leakage current (e.g. 30 ma). The second differential current transformer responds to any
leakage current not returning on the ground conductor, and is wound to achieve trip voltage at a lower personnel protection level of
ground leakage (e.g. 5 ma).
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DUAL TRIP LEVEL GROUND FAULT INTERRUPTER

ARSTRACT OF THE DISCLOSURE

A dual trip level ground fault interrupter
(GFI) which is designed to trip or operate at a first
relatively low personnel protection level of ground
leakage current, and also at a second relatively high
equipment protection level of grounded leakage
current. The dual trip level ground fault interrupter
is provided for a power line, having line conductors
and a ground conductor, supplying electrical power to
a load. The dual trip level GFI comprises first and
cecond differential current transformers, each having
a primary winding and a secondary winding. All of the
1ine conductors for the load pass through the primary
winding of the first differential current transformer.
211 of the line conductors and the ground conductor
pass through the primary winding of the seCond
differential transformer. The ground conductor does
not pass through the primary winding of the first
differential current transformer. The first
differential current transformer responds to the total
ground leakage current, and is wound to achieve a trip
voltage at a high equipment protection level of ground
leakage current (e.g. 30 ma). The second differential
current transformer responds to any leakage current
not returning on the ground conductor, and is wound to

achieve trip voltage at a lower personnel protection

level of ground leakage (e.g. 5 ma) .
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RBACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates generally to a

dual trip level ground fault interrupter (GFI), and
more particularly pertains to a dual trip level ground
fault interrupter which is designed to trip or operate
at a first relatively low personnel protection level
of a ground leakage current and also at a second
relatively high equipment protection level of ground
leakage current.

2. Discussion of the Prior Art

The present invention relates to a ground
fault circuit interrupter (GFCI) for protecting an AC
load circuit. Conventional GFCI devices are designed

to trip in response to the detection of a ground fault

condition at an AC load. Generally, the ground fault
condition results when a person comes into contact
with the line side of the AC load and an earth ground
at the same time, a situation which can result in
serious injury, or when there 1s a fault between the
l1ine side of the AC supply and the equipment ground,
which can result in costly damage to the equipment oOr
to the supply. The GFCI device detects this condition
by using a sensing transformer to detect an 1imbalance
hetween the currents flowing in the line and neutral

conductors of the AC supply, as will occur when some
of the current on the line side is being diverted to

ground. When such an imbalance is detected, a circuit

breaker within the GFCI device is immediately tripped
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to an open condition, thereby opening both sides of
the AC line and removing all power from the load.

Many types of GFCI devices are capable of
being tripped not only by contact between the line
side of the AC load and ground, but also by a
connection between the neutral side of the AC load and
ground. The latter type of connection, which may
result from a defective load or from improper wiring,
is potentially dangerous because it can prevent a
conventional GFCI device from tripping at the intended
rhreshold level of differential current when a line-
to- ground fault occurs.

GFCI devices may be connected to fuse boxes
or circuit breaker panels to provide central
protection for the AC wiring throughout a commercial
or residential structure. More commonly, however,
GFCI devices are incorporated into electrical
receptacles that are designed IOr installation at
various locations within a building.

Portable GFCI devices have also been
designed for use in situations where the available AC
power supply circuit does not include a central or
receptacle-type GFCI device. These portable devices
may be incorporated into line cords, extension cords
or plug-in units, and are often used with power tools
and other types of potentially hazardous power
equipment at construction sites and the like.

Personnel protection Ground Fault
Interrupters (GFIs) are designed to open at relatively

low levels of ground or earth leakage current (e.qg.,
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5 ma), and consequently may be subject to frequent
nuisance tripping due to capacitive or conductive
leakage currents to the frame of grounded equipment
(e.g. a swimming pool pump motor). This type of
leakage current is not hazardous to personnel.
Equipment protection ground fault
interrupters are designed to open at higher levels of
ground or earth leakage current (e.g. 30 ma or more),

and consequently are less subject to such nuisance

tripping.

SUMMARY OF THE INVENTION

Accordingly, 1t 1is a primary aspect of the
present invention to provide a dual trip level ground
fault interrupter.

A further aspect of the subject invention is
the provision of a GFI which is designed to trip or
operate at a first relatively low personnel protection
level of ground leakage current, and also at a second
relatively high equipment protection level of grounded
leakage current.

In accordance with the teachings herein, the
present invention provides a dual trip level ground
fault interrupter for a power line, having line
conductors and a ground conductor, supplying
electrical power to a load. The dual trip level GFI
comprises first and second differential current
transformers, each having a primary winding and a
secondary winding. All of the line conductors for the
load pass through the primary winding of the first |
differential current transformer. All of the line
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conductors and the ground conductor pass through the
primary winding of the second differential
transfermer. The ground conductor does not pass
through the primary winding of the first differential
current transformer. The first differential current
transformer responds to the total ground leakage
current, and 1is wound to achieve a trip voltage at a
high equipment protection level of ground leakage
current (e.g. 30 ma). The second differential current
transformer responds to any leakage current not
returning on the ground conductor, and is wound to
achieve trip voltage at a lower personnel protection
level of ground leakage current (e.g. 5 ma).

In greater detail, one of the line
conductors can comprise a neutral conductor. The line
conductors can supply single phase power, or can |
supply poly phase power. The secondary winding of the
first differential current transformer is wound to
produce a trip voltage to operate a controller to open
a ground fault interrupter switch at a high equipment
protection level of leakage current. Likewise, the
secondary winding of the second differential current
transformer is wound to produce a trip voltage to
operate the controller (or a separate controller) to

open the ground fault interrupter at a lower personnel

protection level of leakage current.

BRIEF DESCRIPTION OF THE DRAWINGS
The foregoing aspects and advantages of the
present invention for a dual trip level ground fault

interrupter may be more readily understood by one
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skilled in the art with reference being had to the
following detailed description of several preferred
embodiments thereof, taken in conjunction with the
accompanying drawings wherein like elements are
designated by identical reference numerals throughout
the several views, and in which:

Figure 1 1llustrates a schematic wiring
diagram for a dual trip level ground fault interrupter
pursuant to the present invention for a single phase
wiring arrangement.

Figure 2 illustrates a schematic wiring
diagram for a dual trip level ground fault interrupter

pursuant to the present invention for a poly phase

wiring arrangement.

.

DETAILED DESCRIPTION OF THE DRAWINGS

Personnel protection Ground Fault
Interrupters (GFIs) are designed to open at relatively
lcw levels of ground or earth leakage current (e.g.,
5 ma), and consequently may be subject to nuisance
tripping due to capacitive or conductive leakage
currents to the frame of grounded equipment (e.g. a
swimming pool pump motor). This type of leakage
current is not hazardous to personnel.

Equipment protection ground fault
interrupters are designed to open at higher levels of
ground or earth leakage current (e.g. 30 ma or more) ,
and consequently are less subject to such nuisance
tripping.

Referring to the drawings in detail, Figure

1 illustrates a schematic wiring diagram for a dual
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trino level ground fault interrupter 10 pursuant to the

present invention for a single phase wiring

arrangement. The ground fault interrupter of the

present invention incorporates LWwoO differential
current transformers T1 and T2 to provide a dual trip

level GFI.
A1l of the line conductors Ll, L2, Or the

neutral conductor N for a load pass through the
primary winding of the first differential current
rransformer T1, and also pass through the primary
winding of the second differential transformer T2Z.
Additionally, the equipment grounding conductor G only
passes through the primary winding of the second
differential transformer T2 (and not through the

primary winding of the first differential current

transformer T1).
The second differential current transformer

T2 is wound to achieve trip voltage at a personnel

protection level (e.g. 5 ma) .
The first differential current transformer

T1 is wound to achieve trip voltage at a higher

equipment protection level (e.g. 30 ma or more).
In the present invention, the second

differential current transformer T, responds to any
leakage current not returning on the equipment ground
path. The secondary winding of the second
differential current transformer T, may be wound to

produce the trip voltage required at V, to operate a
controller 12 (e.g. an SCR) to open the dual contacts

of switch S,, at the personnel protection ground Or

earth leakage current level.
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The first differential current transformer
T, responds to the total ground or earth leakage
current. The secondary winding of the first
differential current transformer T, may be wound to
produce the trip voltage required at V, to operate the
same controller 12 (or possibly a different

controller) to open the contacts of switch S,, at a

higher, equipment protection level of leakage current.

The transformers T1l and T2 are typical GFI
balanced differential toroidal transformers whereiln
the conductors L1, L2 or N, and G only pass through
the transformer primary as shown.

In balanced transformer Tl 1f the AC current
on line L1 is equal to the AC current on line L2 (or
N), which indicates no current G to ground, then the
vector sum of the currents is zero and the transformer
is in balance.

LLikewise, in balanced transformer T2, 1if all
of the leakage current IL passes through the equipment
ground G, the vector sum of the currents L1, L2, N,
and G is zero and the primary winding of the
transformer T2 is in balance. However, assume a
situation wherein a person is touching the frame of
the load and a portion of the leakage current IL flows
through the person to ground and not through G. In
that situation, the primary winding transformer T2 1is
out of balance, and the secondary winding of
transformer T2 produces an output V2. If the leakage
current flowing through the person to ground exceeds 5

ma, then the output V2 is sufficient to operate a
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controller 12 for a relay 14 operated switch S1 to
open the dual contacts therein.

Newer types of GFCI devices employ relays,
rather than circuit breakers or other types of

mechanical latching devices, to interrupt the load

flow of current to a relay coil, and the relay coil
serves to open contacts 16 on both sides of the AC
line in response to the presence of a ground fault
condition. In these devices, only a simple momentary
push-button switch 1s needed to perform the reset
function, since the latching is performed
electronically rather than mechanically.

For the exemplary embodiment described
hereinabove, the number of turns on the secondary
winding of transformer Tl is chosen to produce an
output at 30 ma sufficient to trip the relay, and the
number of turns on the secondary winding of
rransformer T2 is chosen to produce an output at 5 ma,
which can be achieved by a number of windings ratio of
T1/T2 of 6/1.

Figure 2 illustrates a schematic wiring
diagram for a dual trip level ground fault interrupter
20 pursuant to the present invention for a poly phase
wiring arrangement, which operates in substantially
rhe same manner as the single phase dual trip level

GFI 10 of Figure 1, but includes an additional line

conductor L3.
while several embodiments and variations of

the present invention for a dual trip level ground
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fault interrupter are described 1in detail herein, 1it
should be apparent that the disclosure and teachings

of the present invention will suggest many alternative

designs to those skilled in the art.
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WHAT 1S CLAIMED IS:

1. A dual trip level ground fault interrupter
for a power line, having line conductors and a
ground conductor, supplying electrical power to a
load, comprising:

a. first and second differential current
transformers, each having a primary winding and a
secondary winding;

b. all of the line conductors for the load pass
through the primary winding of the first
differential current transformer:

c¢. all of the line conductors and the ground
conductor pass through the primary winding of the
second differential transformer, and the ground
conductor does not pass through the primary winding
of the first differential current transformer;

d. the first differential current transformer
responds to the total ground or earth leakage
current, and is wound to achieve a trip voltage at a
high equipment protection level of ground leakage
current;

e. the second differential current transformer
responds to any leakage current not returning on the
ground conductor, and is wound to achieve a trip
voltage at a lower personnel protection level of
ground leakage current, lower relative to the high

equipment protection level of ground leakage
currentc.

2. The dual trip level ground fault interrupter

as claimed in claim 1, wherein one of the line

conductors comprises a neutral conductor.
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3. The ground fault interrupter as claimed 1n
claim 2, wherein the line conductors supply single

phase power.

4. The ground fault interrupter as claimed 1in
claim 2, wherein the line conductors supply poly

phase power.

5. The ground fault interrupter as claimed in
claim 2, wherein the secondary winding of the first
differential current transformer is wound to produce
a trip voltage to operate a controller to open a
ground fault interrupter switch at a high equipment

protection level of leakage current.

6. The ground fault interrupter as claimed 1n
claim 5, wherein the secondary winding of the second
differential current transformer is wound to produce
a trip voltage to operate the controller to open the
ground fault interrupter at a lower personnel

protection level of leakage current.

7. The ground fault interrupter as claimed in
claim 2, wherein the secondary winding of the second
differential current transformer is wound to produce
a trip voltage to operate a controller to open a
ground fault interrupter switch at a lower,

personnel protection level of leakage current.

8. The dual trip level ground fault 1nterrupter
as claimed in claim 1, wherein the line conductors

supply single phase power.
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9. The dual trip level ground fault interrupter
as claimed in claim 1, wherein the line conductors
supply poly phase power.

10. The dual trip level ground fault
interrupter as claimed in claim 1, wherein the
secondary winding of the first differential current
transformer is wound to produce a trip voltage to
operate a controller to open a ground fault

interrupter switch at a high equipment protection
level of leakage current.

11. The ground fault interrupter as claimed in
claim 10, wherein the secondary winding of the
second differential current transformer is wound to
produce a trip voltage to operate the controller to
open the ground fault interrupter at a lower
personnel protection level of leakage current.

12. The ground fault interrupter as claimed 1in
claim 10, wherein the secondary winding of the
second differential current transformer is wound to
produce a trip voltage to operate a second
controller to open the ground fault interrupter

switch at a lower, personnel protection level of
leakage current.

13. The ground fault interrupter as claimed in
claim 1, wherein the secondary winding of the second
differential current transformer is wound to produce
a trip voltage to operate a controller to open the
ground fault i1nterrupter at a lower personnel

protection level of leakage current.
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