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My invention relates to systems of elec-
_. tric distribution and particularly to systems
. comprising ‘& plurality of parallel feeders
between a common source and a common dis-
- 5 tribution circuit. o
In Letters Patent 1,373,923 granted April
-5, 1921, to Magnus Unger a regulating ar-
rangement is disclosed and «claimed for auto-
matically controlling suitable voltage modi-
10 fying means such as induction regulators in
parallel feeders between a common source
and a common distribution circuit so as to
maintain a predetermined voltage at a pre-
determined: point on the distribution circnit.
15 That arrangement requires two . current
transformers in each feeder which in some
cases may be objectionable.
One object of my invention is to provide
an improved arrangement for automatically
20 controlling voltage modifying means in
parallel feeders whereby only one current
transformer is used in each feeder and where-
by the number of feeders in service may be
varied without changing the adjustment of
25 any of the apparatus.
My invention will be better understood
+ from the following description taken in con-
nection with the accompanying drawing and
its scope will be pointed out in the appended
30 claims. | :
: Referring to the drawing, which shows
diagrammatically a single phase system of
electric distribution embodying my inven-
tion, 1 represents a distribution circuit sup-
35 plied from a suitable source of current 2 by
- means of a plurality of parallel feeders. T
have shown only two feeders 3 and 4 in the
.drawing, but it will be evident that my in-
vention may be applied to any number of
parallel feeders. :

In order to maintain the voltage constant
at a predetermined point on the distribution
circuit voltage modifying means of any suit-
able type are connected in each feeder where-
by the voltage thereof may be varied. As
shown in the drawing the voltage modify-

-ing means are single phase induction regu-
lators 5 and 6 in the feeders 3 and 4 respec-
tively. : : : .

Each regulator is provided with & suitable

- actuating’ means therefor whereby the mov-
able member thereof may be moved in either
direction. As shown, the lator 5 is actu-
ated by a reversible motor 7 and the regu-
lator 6 is actuated by a reversible motor 8.
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_actance 16 so that a current, which is pro-

1925. Seridl No. 41,595.

The circuits of the motors 7 and 8 are con-

trolled respectively by the contact making

voltmeters 9 and 10. The coil of the volt-
meter 9 is_connected to the secondary of a
potential transformer 11, the primary of
which is connected across the feeder 8 and
the coil of the voltmeter 10 is connected to

80

.the secondary of a potential transformer 12,

the primary of which is connected across the
feeder 4. ’ R ;

In order that the regulators 5 and 6 may be
automatically adjusted in accordance with
variations in the voltage at some other point
than where the respective transformers are
connected suitable line drop compensators 13
and 14, examples of which are well known
in the art, are provided respectively in the
coil circuits of the voltmeters 9 and 10. As
shown, the line drop compensator 13 com-
prises a resistor 15 and a reactance 16 con-
nected in series with the coil of the voltmeter
9 and the line drop compensator 14 com-
prises a resistor 17 and a reactance 18 con-
nected in series with the coil of the voltmeter
10. 19 is a current transformer, the primary
of which is connected in series with the
feeder 8 and the secondary of which is con-
nected by means of suitable adjustable
switching means to the resistor 15 and the re-
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portional to the feeder current flows through
a portion of the resistor and the reactance.
This current produces a drop across the por-
tions of the- resistor and the reactance
through which it flows, which causes a varia-
tion in the impedance of the voltmeter coil
circuit as the feeder current varies so that
the voltage is maintained constant at the .
desired point on the distribution eircuit,
90 is a similar current transformer which is
connected in the feeder 4 and to the resistor
17 and the reactance 18 so as to vary the im-
pedance of the circuit of the coil of the
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‘voltmeter 10 as the current in the feeder 4

varies, , . 100
In accordance with my invention I pro-

vide an improved arrangement for control-

ling the voltmeters 9 and 10 so that the regu-

- lators 5 and 6 are operated to eliminate any

circulating current that flows sround the 108
loop circult formed by the parallel feeders.

As shown in the drawing, my improved
arrangement comprises a suitable imped-
ance 21 connected in series with the coil of

the voltmeter 9 and a similar impedance 22 11
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connected in series with the coil of the volt-
meter 10. Preferably the impedances are
reactors but a certain amount of resistance
and reactance may be used. The impedances
21 and 22 are respectively connected directly
across the secondaries of the transformers
23 and 24, the primaries of which are re-
spectively connected in the secondary cirs
cuits of the current transformers 19 and 20.
The secondaries of the transformers 23 and
24 also are connected together for circulating
currents. Therefore, so long as the currents
in the two feeders are equal in phase and
magnitude no current from either of the sec-
ondaries of the transformers 23 and 24 flows
through the impedances 21 and 22.

Suitable switching means 26 and 27 are
provided for respectively short circuiting
the impedances 21 and 22. These switches
may be interlocked respectively with the

- main feeder switches 29 and 80 in any suit-
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able manner so that when a feeder switch is
opened the respective short circuiting switch
is closed and vice versa. .

In order to indicate how my invention
may be applied to systems of electric dis-
tribution having more than two parallel
feeders I show a short circuiting switeh 81,
an.impedance 32 and a transformer 83 of a
third feeder. The secondary of the trans-
former 38 is connected to the secondaries of
the other transformers 28 and 24 for circu-
lating currents. , .

The operation of my improved system will
appear from the following description. It
will be assumed that the feeders 3 and 4 are
the only ones that have their main switches
closed.  Therefore, the short circuiting
switch 81 of the third feeder is closed and
the short circuiting switches 26 and 27 are
open.

It will be observed that as the current
through each feeder increases, the drop
across the portion of the associated line drop
compensator which is in circuit with the sec-
ondary of the associated current trans-
former varies and modifies, in a manner
well known in the art, the impedance of the
associated voltmeters circuit so that the as-
sociated regulator is adjusted to maintain a
constant voltage at a predetermined point on
the distribution circuit.

So long as the voltage of the two feeders
are equal, the currents in the two feeders
are equal, and no current from the second-
aries of the. transformers 23 and 24 flows
through the impedances 21 and 92 because
the secondary currents of these two trans-
formers are equal and therefore merely cir-
culate around through the secondary wind-
ings of the transformers. When, however,
the voltage of one of the feeders exceeds the
voltage of the other, a circulating current
flows through the feeders and the secondary
currents of the two transformers 23 and 24
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are no longer equal. The difference be-
tween the two secondary currents flows
through the impedances 21 and 22 and pro-
duces a drop therein that so modifies the
voltages impressed upon the voltmeters 9
and 10 that they cause the regulators 5 and
6 to operate in a manner to eliminate the
circulating current.

It will be observed that the connections of
the secondaries of the transformers are such
that when a circulating current flows
through the feeders, the differcnce hetween
the two secondary currenls of the {rans-
formers 23 and 24 flows through the im-
pedances 21 and 22 in opposite directions.
The secondaries of the transformers 23 and
24 are so connected to the impedances 21
and 22 that the drop produced across the im-
peddnce associated with the feeder having
the higher voltage, which is the one through
which the circulating current flows from the
source to the distribution ecirenit 1, increases
the potential impressed on the associated
voltmeter so that the regulator which is con-
trolled thereby is operated to reduce the
voltage of the feeder and the drop produced
across the impedance associated with the
feeder having the lower voltage, which is
the one through which the circulating cur-
rent returns from the distribution eircuit to
the source, decreases the potential impressed
upon its associated voltmeter co that the
regulator, which is controlled therchy, is op-
erated to increase the voltage of the feeder.
For example, if the voltage of the feeder 4
exceeds the voltage of the feeder 8 so that a
circulating current flows through the feeders
in a clockwise direction, a drop is produced
across the impedance 22 in such a direction
that the regulator 6 is operated in a direc-
tion to reduce the voltage of the feeder 4 and
a drop is produced across the impedance 21
which causes the regulator 5 to be operated
so as to increase the voltage of the fecder 3.
It will be observed, therefore, that-the regu-
lators are operated automatically, whenever
a circulating current flows around the feed-
ers, so as to eliminate the circulating cur-
rent. ‘ '

It will be evident that the operation is
the same when more than two feeders are
in use. If the voltage of one of the feeders
exceeds the voltages of the other two, the
circulating current that flows through the
feeders causes a current to flow through
each of the impedances. Tor example, let
it be assumed that the feeder with which
the transformer 83 and impedance 32 are
associated is in service so that the short cir-

-cuiting switch 31 is open and that the volt-

age of the feeder 4 is increased relatively to
the voltages of the other two feeders so that
a circulating current flows to the distribu-
tion circuit 1 through the feeder 4 and re-
turns through the other two feeders in par-
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allel. Under these conditions a portion ot
the secondary current of the transformer
20 divides and flows through two paralle(
circuits. One of these circuits ‘comprises
the impedance 22 which is connected di-
rectly across the secondary of the trans-
former 20. 'The other circuit comprises the
two impedances 21 and 32 in ceries. It

will be noted, however, that the current

through the impedance 22 flows through it
In one direction and that the . current
through the impedances 21 and 32 flows
through them in the opposite direction.
Therefore the potentials impressed upon
the voltmeters are so modified that the reg-
ulators are actuated to
lating current. .
It will be observed from the above de-
scription that by means: of my improved
arrangement stable operation of automati-
cally controlled induction regulators may
the addition of only a small
amount of apparatus and the number of
feeders may be varied as desired without
requiring the adjustment of any of the con-
trol apparatus of the other feeders.
While I have, in accordance with the
patent statutes, shown and described my 1n-
vention as applied to a particular system
and as embodying various devices diagram-
matically indicated; changes and modifica -
tions will be obvious to those skilled in the

art, and I therefore aim in the appended

claims to cover all such changes and modi-
fications as fall within the true spirit and
scope of my invention. :

‘What I claim as new and desire to secure

- by Letters Patent of the United States, is:

40

L In a system of electric distribution, a
source of alternating current, a distribution’

circuit, a plurality of parallel feeders con-

necting sald source to said distribution cir-

cuit; voltage modifying means associated
with each feeder for controlling the volt-

‘age impressed on said distribution circut,

a voltage responsive device associated with
each feeder for controlling the associated
voltage modifying means, a circuitsfor each
voltage - responsive _device, transforming

means associated with each feeder, each -

transforming means having a primary
winding connected so that the current there-

-in varies with the current in the associated

feeder, and an impedance connected direct-
ly across a secondary winding of each of
said transforming means and connected in
the circuit of the associated voltage respon-
sive device, said secondary windings of said
transformers being connected together for
circulating currents.

2. In a system of electric. distribution, a.

source of alternating current, a distribution
circuit, a plurality of parallel feeders con-
necting said source to said distribution cir-
cuit, voltage' modifying means associated

eliminate the circu- -

- with each feeder for controlling the kfoltage

‘impressed on said distribution circuit, a
voltage responsive device associated - with
each feeder for’ controlling the associated -
voltage modifying means, a circuit for each 70
voltage responsive device, a line drop com- -
pensator associated “with each voltage re:
‘sponsive device, transforming means asso- .
ciated with each feeder, each transforming .
means having a primary winding connect- 75
ed so that the current therein varies with -
the current in the associated feeder, an im-
-pedance connected: directly ,across a second- .
ary winding of each of said' transforming-
means and connected in the circuit of the
associated voltage responsive device, said
secondary windings of said transforming
Jmeans being connected together for circu-
lating currents, and switching means for
‘shorteircuiting each of said impedances.

3. In a system of electric distribution,. a
source of alternating current, a distribution
circuit, a plurality of parallel feeders con-
necting said source to said distribution cir-
cuit, voltage modifying means associated
with each feeder for controlling the voltage
impressed on said distribution circuit, a con-
tact making voltmeter associated with each
feeder and responsive to the voltage thereof
for controlling the associated voltage modi- 95
fying means, a circuit for each voltmeter, a
line drop compensator associated with each
voltmeter comprising an impedance in the
circuit of the associated voltmeter and a cur-
rent transformer having its primary wind- 100
ing energized in accordance with the cur-
rent in the associated feeder and its second-
ary winding connected to said impedance,
transforming means associated with each
feeder having primary windings connected 105
in the secondary circuit of the associated
current transformer, secondary windings of
said transforming means being connected to-
gether for circulating currents, and a_sec-
ond impedance connected in the circuit of 110
each voltmeter and across said secondary
windings of said transforming means which -
is associated with the feeder with which the
respective voltmeter is associated. = .

4. In a system of electric distribution, a 115
source of alternating current, a distribution
circuit, a plurality of parallel feeders con-
necting said source to said distribution cir-
cuit; voltage modifying means associated

‘with each feeder for controlling the voltage 120

impressed on said distribution circuit, a con-
tact making voltmeter associated with each
feeder'and responsive to the voltage thereof -
for controlling the associated voltage modi- ‘
fying: means, a circuit for each voltmeter, a 125 .
line drop compensator associated with each
voltmeter comprising an impedance in the
circuit of the associated. voltmeter and a cur-
rent transformer having its primary wind-
ing energized in accordance with the current 130



&)
[5:

[
[}

4

in the associated feeder and its secondary
winding connected to said impedance, a sec-
ond transformer associated with each feeder
having its primary winding connected in the
secondary circuit of the associated current
transformer. the secondary windings of said
second transformers being connected together
for circulating currents, a second impedance
connected in the circuit of each voltmeter
and across the secondary winding of the sec-
ond transformer which is ascociated with the
feeder with which the respective voltmeter
is associated. and a short cireuiting switch
associated with each of said impedances.

5. In a system of electric distribution, a
source of alternating current, a distribution
cireuit, a plurality of parallel feeders con-
necting said source and distribution cireuit,
an induction regulator in each feeder, actuat-
ing means for each regulator, a contact mak-
ing voltmeter associated with each actuat-
ing means for controlling the operation
thercof, a circuit for each voltmeter con-
nected so that a voltage which is propor-
tional to voltage of the associated feeder is
impressed {heveon, a line drop compensator
associated with ecach voltmeter comprising a
resistor and a reactance in the circuit of the
voltmeter and a current transformer having
its primary winding energized in accordance
with the current in the associated feeder and
its secondary winding connected so that the
secondary current flows through said resistor
and reactance, a second transformer associ-
ated with each voltmeter having its primary
winding connected in the secondary circuit
of the associated current transformer, the

‘secondary windings of said second trans-

formers being connected for circulating cur-
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rent, and a second reactance in the circuit
of each voltmeter connected across the sec-
ondary winding of the second transformer
associated therewith.

6. In a system of electric distribution, a
source of alternating current, a distribution
circuit, a plurality of parallel feeders con-
necting said source and distribution circuit,
an induction regulator in each feeder, actuat-
ing means for each regulator, a contact mak-
ing voltmetey associated with each actuating
means for controlling the operation thereof,
a cireuit for each voltmeter connceted so that
a voltage which is proportional to voltage of
the associated feeder is impressed thereon,
a line drop compensator associated with each
voltmeter comprising a vesistor and a re-
actance in the circuit of the voltmeter and
a current transformer having its primary
winding energized in accordance with the
current in the associated feeder and its sce-
ondary winding connected so that the scc-
ondary current flows throngh said resistor
and reactance, a second transformer as-
sociated with each voltmeter having its pri-
mary winding connected in the secondary
circuit of the associated current transformer,
the secondary windings of said second trans-
formers being connected for circulating cur-
rent, a second reactance in the circuit of each
voltmeter connected across the secondary
winding of the second transformer associ-
ated therewith, and switching means for
short circuiting each of said second react-
ances.

In witness whereof, I have hereunto set
my hand this 2nd day of July, 1925.

FRANKLIN J. CHAMPLIN.
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