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[57] ABSTRACT

A ground leakage differential current protective appa-
ratus of the differential transformer type. An imped-
ance is inserted in the grounded neutral line in series
with the transformer and the load. A low impedance
ground in the grounded neutral conductor still permits
a potential to be developed across the grounded neu-
tral winding so that the differential current required to
initiate the - tripping action is not substantially
Increased.

1 Claim, 3 Drawing Figures
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GROUND LEAKAGE DIFFERENTIAL
~ PROTECTIVE APPARATUS

Matter enclosed in heavy brackets [ J appéars in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions

made by reissue.

BACKGROUND OF THE INVENTION

This invention relates to ground leakage differential
protective apparatus and, more particularly, to such
apparatus which is substantially insensitive to the pres-
ence of accidental grounds in the neutral conductor
between the apparatus and the load to be protected. |

Currently, one of the most active areas in the field of
~ electrical protection lies in differential ground leakage
protection devices. The function of these devices,
which are currently under development, is to discon-
nect the power supply very rapidly whenever a stray
path to ground occurs. For example, if any animal or
person should touch the energized, or hot, line leading
to an electrical load, the presence of the extraneous
circuit to ground will immediately trip a circuit
breaker, deenergizing the load and thus saving the

- object of the ground from possible serious injury or
" death. Most of these devices operate on the differential
~ transformer principle. A differential transformer cus-
tomarily comprises an integral magnetic core In the
form of a closed loop such as a toroid. Upon this core
are positioned two primary windings of one or more
turns which are connected in series with the respective
line or neutral conductors feeding the load. These
windings are so arranged that, when equal currents are
passing through them, they produce opposing magnetic
fluxes. A secondary winding is also mounted upon the

core and is arranged to trip a circuit breaker in the line

conductor. Under normal operation, all the current
passing to the load through the line conductor returns
to the supply through the neutral conductor. Thus, the
respective magnetic fluxes cancel each other and no
voltage is induced in the secondary winding. In the
event of an accidental grounding of the line conductor,
however, a portion of the line current will return to the
power supply through the external ground. The resul-
tant imbalance in the currents of the two primary wind-
ings creates a resultant flux which induces a voltage in
the secondary winding and trips the circuit breaker.

Apparatus of the above type have proved to be very
satisfactory under most circumstances. However, there

is one disadvantage in apparatus of this type which
could create serious safety problems. The problems
with the prior apparatus arise if a low impedance
ground occurs on the neutral conductor between the
differential transformer and the load. If, concurrently
with this condition, the line conductor were to become
grounded, as through a person, the breaker would not
operate at the same value of differential current. As
one end of the primary winding in the neutral conduc-
tor is grounded at the power supply, a low impedance
ground at its other end would, effectively, cause it to be
short-circuited. Thus, there would be no potential dif-
ference existing across this particular winding. Electri-
cally, the differential transformer would now resemble
a current transformer wherein the winding in the hne
conductor would be the “primary” and the winding in
the neutral conductor would be the shorted “secon-
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dary.” The low impedance existing across this ““secon-
dary”” winding would be reflected, in accordance with
the turns ratio (normally 1:1), to the primary. Conse-
quently, there would be no potential difference across
the primary winding and it would be incapable of gen-
erating sufficient power in the transtormer core to
actuate the relay. Therefore, a greater amount of dif-
ferential current would be required to achieve tripping.
The lower the impedance to ground from the neutral
conductor, the greater would be the differential current
required to effect tripping. It will be immediately ap-
parent to those skilled in the art that, under the proper
conditions, this could create a serious safety hazard.

' SUMMARY OF THE INVENTION

It is a primary object of this invention to provide an
improved ground leakage differential protective appa-
ratus which is substantially insensitive to grounds on
the neutral side of the load. |
The object of this invention is achieved by means of
a ground leakage differential protective circuit having
an impedance connected in the neutral conductor be-
tween one of the primary windings and the load.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is a schematic diagram of one form of differ-
ential -ground leakage protective apparatus I accor-
dance with this invention; |

FIG. 2 is a modification of the circuit of FIG. 1; and

FIG. 3 is a still further modification of the circuit of
FIG. 1. | -

DESCRIPTION OF THE PREFERRED -
EMBODIMENTS o |

Referring now to FIG. 1 of the drawing, there is illus-
trated an apparatus in accordance with the invention
including input terminals 10, 12 and output terminals
14, 16. Input terminal 10 is designed for connection to
the line side of an A.C. power supply and input termi-
nal 12 is designed for connection to the neutral
grounded side of an A.C. power supply. The output
terminals 14, 16 are designed for connection to an
external load 18 to be protected. The apparatus in-
cludes a differential transformer comprising a toroidal
core 20 having a first primary winding 22 connected to
the input terminal 10 and a second primary winding 24
connected to input terminal 12. The other end of pri-
mary winding 22 is connected through a circuit breaker
26 to output terminal 14 and the other end of second
primary winding 24 is connected through an imped-
ance 28 to output terminal 16. A secondary winding 30
is also associated with core 20 and actuates a tripping
circuit which may be, for example, a solenoid 32 ar-
ranged to actuate the circuit breaker 26.

In order to understand the operation of this inven-
tion, assume now the existence of simultaneous
grounds, one at 34 on the line side of load 18 and the
other at 36 on the neutral side of load 18. Assume
further that ground 36 has a relatively low impedance.
In the absence of impedance 28, the second primary
winding 24 would be effectively shorted, resulting in a
very low potential across winding 22 and very low
power transference from primary winding 22 to secon-
dary 30. Thus, a considerable, and possibly dangerous,
value of current would be required to flow from ground
34 before the device would trip the circuit breaker 26.
However, with impedance 28 in series with primary
winding 24, a considerable potential will develop
across winding 24 which will permit the operation of
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the circuit breaker 26 at a substantially unchanged
level of differential current. It will be understood that
the impedance 28 may be resistive, capacutwe or In-
ductive or any combination of these. |

The applications of a circuit as shown in FIG. 1 are
limited and it will also be noted that, during normal
operation, impedance 28 will add to the impedance of
the load. Accordingly, there are illustrated in FIGS. 2
and 3 two modifications which yield the highest imped-
ance 1n the presence of ground 36 and yet have no
appreciable effect on the flow of load current. In each
of these modifications, similar elements to those shown
In FIG. 1 are given similar reference numerals. In FIG.
2 there i1s added an auxiliary transformer 38 which
comprises a toroidal magnetic core 40 having a first
winding 42 connected in series with output terminal 14
and a second winding 44 connected in series with out-
put terminal 16. In many respects, this auxiliary trans-
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former is similar to the differential transformer but it

will be noted from the polarity markings that windings
24 and 44 are connected in series opposition, whereas
windings 42 and 44 are connected in series-aiding rela-
tionship. Accordingly, in the presence of a low imped-
ance short circuit at 36, the potential across winding 44
will oppose that across winding 24 so that winding 24
and, consequently, winding 22 will “see’” a high imped-
ance. Thus, there will be no loading effect on the differ-

ential transformer and the circuit breaker 26 will trip at
substantially the same differential current regardless of

the value of the impedance of ground 36.

The circuit of FIG. 3 operates in substantially the
same manner as that of FIG. 2. However, in this modifi-
cation there is provid'ed an auxiliary transformer 46
which includes a primary winding 48 across the line
and neutral conductors and a secondary winding 50 in
series with terminal 16. From the polanty markmgs it
will be seen that secondary winding 50 is in series oppo-
sition to winding 24. In the presence of a low imped-
ance ground 36, the result is substantially similar to
that described in FIG. 2, i.e., the winding 22 “sees” a
high impedance across wmdmg 24 so that the differen-
tial current required to operate circuit breaker 26 re-
mains substantially unchanged.

It will be understood by those skilled in the art that
various modifications may be made in this invention.
However, in an operative embodiment constructed as
shown in FIG. 2, windings 22 and 24 were each of
twenty turns and winding 30 was a single turn. Wind-
mgs 42 and 44 were each of sixteen turns. In an em-
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bodiment constructed as shown in FIG. 3, the differen-
tial transformer was similar to that of FIG. 2. However,
winding 48 had a total of five thousand turns and wind-
ing 50 a total of five turns.

- It will also be apparent to those skilled in the art that
many other modifications and changes may be made in
this ‘invention without departing from its spirit and
scope. Accordingly, the foregoing description is to be
construed as illustrative only, rather than limiting.

What we claim as new and desire to secure by Letters
Patent of the United States is:

- [[1. An electrical load circuit protective device com-
prising: differential transformer means having first and
second primary windings in series, respectively, with
the line and neutral conductors supplying a load; cir-
cuit interrupting means in said line conductor respon-
sive to unbalanced current flow in said primary wind-
ings to open said line conductor; and an inductance in
said neutral conductor in series w1th said second prl-
mary winding.} |

L2. The device of claim 1 wherein said inductance
comprlses an auxihiary transformer having an auxiliary
primary winding energized from said line conductor
and a secondary winding, said secondary winding being
in series with said second primary winding and having a
polarity in series opposition therewith.]

[3. The device of claim 2 wherein said auxiliary
primary’ winding is in series with said first primary
wmdmg I | | | |

[4. The device of claim 2 wherein said auxiliary
primary winding is connected across sald line and neu-
tral conductors.} - | | |
[5. The device of claim 1 wherein one end of each of
said first and second primary windings is connected,
respectively, to first and second input terminals and
wherein said circuit interrupting means and said induc-
tance are connected, respectively, in series with first
and second output terminals. ) |

6. An electrical load circuit protective device compris-
ing: d{fferent:al transfarmer means having first and sec-
ond primary windings in series, respectively, with the line
and neutral conductors supplying a load: circuit inter-
rupting means in said line conductor responsive to unbal-
anced current flow in said primary windings to open said
line conductor; and an auxiliary transformer having first
and second windings in the line and neutral conductors
respectively, and connectable through the load in series-

aiding relanonsth
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