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15 Claims,

This invention relates to electric circuits and
more particularly to improvements in voltage
control circuits for interconnected power cir-
cuits.

When a number of automatically-controlled
voltage regulating transformers are operated in
parallel, one or more of them are sometimes re-
moved from service to save transformer losses
during light load periods. If the voltage regu-
lating transformers are automatically controlled
through individual line drop compensators, as,
for example, in the circuits forming the subject
matter of an application, Serial No. 444,999, filed
May 28, 1942, in the name of T. C. Lennox and
assigned to the assignee of the present appli-
cation, and the power circuits of the regulating
transformers are paralleled onh their load side,
the removal of one or more units from service
will cause a larger portion of the remaining load
current to pass through the line drop compen-
sators on the units left in service. Because the
numerical value of the impedance between the
regulating transformers and the load center on
the power line to which the regulating trans-
formers are connected in parallel does not
change, the increased value of load current pass-
ing through the line drop compensators left in
service will cause the regulating transformers
to hold a voltage which is higher than it should
be. This is obviously a condition which cannoct
be tolerated and, therefore, means must be pro-
vided to avoid it. Several ways of obtaining
this desired result may be employed, such as
changing the ratio of the current transformers
which energize the line drop compensators or
changing the compensator setting in each unit
to conform to the new value of load current
whenever one or more units are removed from
service. Still another way would be to energize
all of the line drop compensators in accordance
with the total output current of all of the par-
allel-connected power circuits or regulating
transformers, such as by energizing them in se-
ries from a single current transformer connected
in the main load circuit to which the individual
power circuits are connected in parallel. How-
ever, all of these schemes have certain draw-
backs and most of them involve considerable
complications in the control circuits.

In accordance with the present invention
there is provided a novel and simple scheme for
causing the energization of the line drop com-
pensators on the units which remain in service
to be independent of the number of such units.
The preferred embodiment of the invention is
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characterized by special interconnections be-
tween the control circults whereby any excess
current tending to flow in the line drop compen-
sators is diverted therefrom through an auxiliary
circult.

Not all systems involving a plurality of power
circults which supply a common load and in
which at least one unit is sometimes removed
from service during light load conditions com-
prise parallel-connected power circuits. For ex.
ample, three such circuits may comprise three
single-phase load ratio control power transform-
ers which are normally delta-connected but
which may be operated open-delta or V-con-
nected by the removal of one transformer from
service. Furthermore, voltage regulating trans-
formers may be of many different types, such as
load ratio control power transformers whose
power ratings are equal to the ratings of the
circuits in which they are connected, load ratio
control step voltage regulators which are usu-
ally autotransformers and whose power ratings
are usually proportional to the range of voltage
regulation they produce, and induction voltage
regulators. In addition, there are generator
voltage regulators in cases where the power cir-
cuits are fed by individual dynamo-electric gen-
erators. My invention is applicable to systems
employing all such variations in interconnections
and variations in regulators.

An object of the invention is to provide a new
and improved electric circuit.

Another object of the invention is to provide
an improved contro] system for interconnected
power circuits having individual automatic volt-
age regulators. .

A further object of the invention is to provide
an improved system in which the current in
separate translating devices energized by respec-
tive current transformers in a group of intercon-
nected power circuits is rendered independent
of the number of such power circuits which are -
in service.

The invention will be better understood from
the following description taken in connection
with the accompanying drawing and its scope
will be pointed out in the appended claims.

Referring now 'to the single figure of the ac-
companying drawing, which illustrates diagram-
matically a preferred embodiment of the inven-
tion, I show therein a power system comprising
three power circuits I, I’ and 1’'. These circuits
and the apparatus associated with them are sub-
stantial duplicates so that the same reference
numerals will be used to describe similar ele-
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ments in the three circuits and they will be
distinguished by prime and double-prime marks
for identifying them with their associated cir-
cuts. These circuits are connected in parallel
as by connecting them between a source or sup-
ply bus 2 and a load bus 3. To the latter is
connected a common load line 4 which may be
a singie or a multi-circuit line, as desired. In-
cluded in each of the parallel-connected cir-
cuits is & voltage regulator, in the form of a tap-
changing power transformer §, and a circuit
breaker 6 for selectively making and breaking
the circuit. Transformers § are voltage regu-
lating transformers because the tap-changing
means varies their ratio. Each regulating trans-
former is automatically controiled by its indi-
vidual control circuit indicated generally at 1.
These control circuits are each divided into a
potential circuit which is energized by a poten-
tial transformer 8 connected across its asso-
ciated power circuit and a current circuit which
is energized by a main current transformer 8
connected in its associated power circuit.

Included in each potential circuit is a main
or primary control winding 10 which is connected
by any suitable and well-known electromechan-
ical system, shown schematically as {1, to control
the operation of the voltage regulating means for
its associated main circuit. Thus, an increase
in voltage across winding i causes the regulat-
ing transformer to decrease its voltage output and
a decrease in voltage across the winding 10 causes
the regulating transformer to increase its output
voltage with the result that the automatic regu-
lating system acts to maintain constant voltage.
For compensating the primary control winding
{0 for temperature and frequency errors a bal-
last in the form of a monocyclic circuit 12 is
included in each potential circuit. This mono-
cyclic ballast comprises a capacitor and a re-
actor having substantially equal ohmic values, one
of which is connected in parallel circuit relation
with the winding 10 and the other of which is
connected in series circuit relation with the par-
allel connection. Either reactance device may
be the parallel one and, as shown, it is the ca-
pacitor which is so connected. This ballast has
the property of maintaining the current in the
winding 10 substantially independent of relative-
ly wide variations in its effective imbedance so
that the current in this winding is substantially
independent of any normally encountered var-
iable except the net voltage impressed on the
potential circuit by the potential transformer 8.

For insuring stable operation of the regulators
each one is provided with a so-called circulating
current compensator in the form of a reactance
transformer {3 whose secondary winding is con-
nected in the potential circuit. This reactance
transformer is characterized by having its core
worked over a linear portion of its magnetization
characteristic throughout the normal operation
of the cirecuit. This is usually accomplished by
providing the core with an air gap which also has
the effect of greatly increasing the magnetizing
current of its primary winding. The device is
essentially a high magnetizing current reactor
with respect to its primary circuit, and its sec-
ondary winding, therefore, has voltage which is
directly proportional to the voltage drop in the
reactor which constitutes its primary winding so
that, in other words, the voltage of the secondary
winding is substantially in quadrature with the
current in its primary winding.

By ‘“stable operation” of the automatic regu-
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lator is meant operation which does not result
in the regulators running to their extreme lim-
its of operation except when main circuit voltage
conditions require it. The reason that this might
otherwise occur is that if the voltages of the
transformers 5 should for any reason become
even slightly unequal, the higher voltage trans-
former will cause a circulating current to flow
through the power circuits. This current is lag-
ging with respect to the voltage of the high
voltage circuit and leading with respect to the
voltage of the low voitage circuit or circuits with
the result that the reactance voltage drop in the
inductive portions of the circuits will tend to
Jower the voltage of the high voltage circuit and
raise the voltage of the low voltage circuits in the
inherent action of the circuits to equalize their
voltages. However, this inherent action is in-
terfered with by the action of the automatic
regulators, which will respond to the decrease in
voltage caused by the circulating current in the
high voltage circuit to raise its voltage still high-
er, whereas the automatic regulators in the lower
voltage circuits will respond to the rise in voltage
to cause the voltages of these circuits to be still
further decreased. The result is that the regu-
lators tend to get further and further apart
thereby increasing still further the circulating
current until the high voltage regulator has been
run to its maximum voltage raising position and
the low voltage reglators have been run to their
maximum voltage lowering positions. Actually,
under such conditions the circulating currents
would be so high as to cause damage to the cir-
cuits and regulating transformers. However, by
passing currents through the primary windings
of the circulating current compensators which
are proportional to the circulating currents in
thelr associated power circuits, the circulating
current compensators can be made to raise the
voltage applied to the main control coil of the
circuit whose regulator voltage is too high,
thereby to cause this regulator to lower
its voltage, and the opposite effect will be pro-
duced in the circuits having too low voltage with
the result that the compensators automatically
act to bring the regulators together, so to speak.

Also connected in each potential circuit is a
line drop compensators (4 consisting of a react-
ance transformer similar in construction to the
circulating current compensator and a rheostat,
the secondary winding of the transformer and the
resistance element of the rheostat being con-
nected in series in the potential circuit. The
purpose of this device is to compensate for the
voltage drop in the load line 4 between each reg-
ulator and the load or load center on the circuit
4. The line has both reactance and resistance
so that its line drop has both reactance and re-
sistance components and the reactance and re-
sistance elements of the line drop compensator
are so adjusted that they produce vcltages in
the potential circuit which are proportional to the
reactance and resistance components of the line
drop.

The current circuits of each regulator have a
common conductor {5 to which a corresponding
terminal of each of the main current trans-
formers is connected. For separating the out-
put current of each current transformer into its
circulating and load components there are pro-
vided auxiliary current transformers 16 whose
primary windings are connected respectively be-
tween the remaining terminal of each main cur-
rent transformer and its associated line drop
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compensator. A terminal of each circulating
current compensator 13 is connected to the termi-
nal of the main current transformer of its as-
sociated power circuit which is also connected
to the primary winding of the auxiliary current
transformer 16 and all of the secondary wind-
ings of the auxiliary current transformers 16 are
normally connected in series through conductors
17, the series circuit being completed through
the common conductor #5.

The normal ratio or distribution of currents
in the parallel power circuits may be anything
desired. If they are equal, the main current
transformers can have equal ratios, whereas if
they are unequal the ratios of the current trans-
formers may be made such that with normal
current distribution the secondary currents of all
of the current transformers are equal. For the
sake of simplicity it will be assumed that the
currents in the three parallel circuits are nor-
mally equal and that the main current trans-
formers 9 have equal ratios. The auxillary
transformers 16 should have equal ratios and
for the sake of simplicity they are assumed to
have 1:1 ratios. As all of the secondary wind-
ings of the auxiliary current transformers i6 are
in series, they must necessarily all carry the
same current, which means that their primary
windings also must carry the same current. The
result is that under normal conditions all of the
output of the main current transformers flows
through their associated line drop compensators
and none of it flows through their associated
circulating current compensators. However, as
soon as any circulating currents come into exist-
ence they will add to the output current of the
main current transformer in one or more of the
circuits and will subtract from the load current
in the remaining circuits with the result that
the total or average current in all of the circuits
remains unchanged. Consequently, the differ-
ence between the load current in each circuit and
the actual current therein will be equal to the
circulating current. When this is a current excess
it will be prevented from flowing through the
line drop compensator by the auxiliary current
transformer (6 so it must pass through the cir-
culating current compensator for that particu-
lar circuit having an excess current. All of the
circulating cwrrent compensators are joined by
a common connection 18 so that this excess cur-
rent will flow through the common conductor
18 and will distribute itself among the circulat-
ing current compensators associated with the
power circuits in which the total current is less
than the normal current; that is to say, among
the compensators for the circuits in which the
circulating current subtracts from the load cur-
rent and will then return to the main current
transformers for these ciccuits.

For providing additional protection against
circulating currents a winding 19 is connected
in series with each circulating current com-
pensator so that it carries a current which is
proportional to the circulating current in its as-
sociated circuit. This winding may be caused
to operate any suitable auxiliary protective
means, such as an alarm or auxiliary contacts
for incapacitating the regulators so that upon
the occurrence of a predetermined maximum safe
value of circulating current the regulators will
be positively prevented from going farther apart.

These features of the segregation of the load
and circulating components of the current are
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described and claimed in the above-referred-to
Lennox application.

Por insuring that each line drop compensator
carries the same value of current regardless of
the number of parallel circuits which are active
or in service, each current circuit is provided
with a second auxiliary current transformer 20
whose primary winding is connected in series
with the auxiliary current transformer (6.
These transformers preferably have the same
ratio as the transformer 16, namely, a 1:1 ratio,
and their secondary windings are connected in
series by means of conductors 21, the series cir-
cuit being completed through the common con-
ductor 15. The junctions of the primary wind-
ings of the auxiliary current transformers for
each current circuit are connected to an equal-
izer bus 22 through individual switches 23.

For changing the control connections so as to
prevent a change in the line drop compensator
currents when the number of parallel circuits
is changed, each auxiliary current transformer
16 is provided with a switch 24 for short circuit-
ing its secondary winding and likewise each
auxiliary current transformer 20 is provided with
a switch 25 for short circuiting its secondary
winding. In addition, switches 26 are provided
¢or making and breaking the energizing circuits
for the circulating current compensators,

The operation of the illustrated embodiment
of the invention is as follows: Assume that under
a given load condition each of the parallel-con-
nected circuits carries one unit of load current
when all three of them are active or in service
and that circuit § has just been rendered inactive
by the opening of its circuit breaker 6. Under
these conditions the various switches should be
in the positions shown in the drawing in which
switch 26 is open, switches 26’ and 26’ are closed,
switch 24 is closed, switches 24’ and 24" are
open, and switches 23, 23 and 23" are all closed.
The operation can best be understood by follow-
ing the arrows, of which each long arrow repre-
sents one unit of load current and each short
arrow represents one-half unit of load current.
As the total load current remains the same, it will
now be redistributed so that 1% units flow
through the secondary winding of each main
current transformer 9 and 9. It is assumed
for the time being that the voltages of circuits
1’ and 1’* are equal so that no circulating current
flows in them. The 1% units of load current
flowing In the secondary winding of each of the
current transformers 9’ and 9" must flow through
the primary windings of the auxiliary current
transformers 16’ and 16°’ respectively. This in-
duces an equal 1% units of current in the sec-
ondary winding of each of the auxiliary current
transformers 16 and 18’ and as these secondary
windings are connected in series in a closed cir-
cuit which excludes the secondary winding of
current transformer 1§, because the closed switch
24 short circuits it, these 1% units merely circu-
late through the conductors i1 and the common
return conductor 8. However, all of the 11,
units of current cannot flow through the pri-
mary windings of the current transformers 20’
and 20’’. This is because the secondary winding
of the current transformer 20 is connected in
series with the secondary windings of the current
transformers 20’ angd 20"'. Thus, if more than
one unit of current tends to flow in the primary
windings of the current transformers 20’ and 20"
the same excess over one unit of current will
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flow in all of the series-connected secondary
windings of the current transformers 20, 20" and
20'’, thus inducing an equal current in the pri-
mary winding of the current transformer 20 and
this current can only return by flowing through
the line drop compensator 14 or the secondary
winding of the main current transformer 8. Or-
dinarily, the impedance of the line drop com-
pensator will be less than the impedance of the
secondary winding of the current transformer 8
whose primary circuit is, of course, open-circuit-
ed. so that practically all of such excess current-
over unity would tend to flow through the line
drop compensator, but the impedance of this de-
vice reflected through the current transformer
20 into the series connection of the secondary
windings of the current transformers 20’ and 20"’
is such as to cause some of the 1% units of cur-
rent to flow through the closed switches 23’ and
23’ and through the equalizer bus 22 and through
the closed switch 23 and thence through the pri-
mary winding of the current transformer 20 and
the line drop compensator I4. By reason of the
1:1 ratios of all of the auxiliary current trans-

formers an exact balance will be attained when »

1% unit of current flows through each of the
switches 23° and 23’ and the remaining single
unit of current flows on through the secondary
windings of the current transformers 20’ and
20’’., This is because the two Y units of current
through the switches 23° and 23’ combine to
form one unit of current which flows through the
closed switch 23 and then through the primary
winding of the current transformer 20 and the
line drop compensator 14. Consequently, it will
be seen that the one unit of current which is in-
duced in each of the secondary windings of the
current transformers 20’ and 20°’ can now flow
through the series connection including the sec-
ondary winding of the current transformer 20
because its primary winding already carries onc
unit of current so that all of the windings of the
auxiliary transformers 28 will now have the same
single unit of current flow therein. :

In tracing the arrows around throuxh their
circuits the 1% units of current from the sec-
ondary windings of the current transformers {6
and the one unit of current from the secondary
windings of the current transformers 20 combine
to form 21 units of current which flow from left
to right beginning at the left-hand end of the
common conductor 15. After the line drop com-
pensator {4 is passed the current becomes 31,
units because to the one unit of current from the

line drop compensator 14 is added the 2% units ;

of current already in the conductor 1%5. After
the connection to the current transformer 9 is
passed the 1% unit of current which flowed away
from the current transformer 9 throuch the
switch 23’ is returned to it so that three units of
current continue on toward the right but one
unit of current flows in the opposite direction
from right to left between the line drcp com-
pensator 14’ and the current transformer 9° so
that a net current of two units flows in this part
of the return conductor. After the line drop
compensator is passed the three units of current
continue on until the connection to the current
transformer 8° is reached. At this point the

15, unit of current which left the current trans-

former 9’ through the switch 23’ is returned to
the current transformer so that 2% units of cur-
rent continue on to the right but as one unit of
current flows to the left from the line drop com-
pensator 14’ to the main current transformer

5

10

2,322,240

9’’, the net current in this part of the common
conductor is 1% units of current. After the line
drop compensator 4’ is passed the 24 units of
current return and one unit flows into the sec-
ondary winding of the current transformer 20’
and the remaining 115 units flow in the secondary
winding of the auxiliary current transformer 46’’.
It will thus be seen that the current in the line
drop compensators is unchanged as a result of
the elimination of the circuit I.

By reason of the exact balance of currents in
the windings of all of the auxiliary current
transformers, any circulating current which
might exist in the circuits i’ and {’‘ could not
flow through the auxiliary current transformers
as this would disturb the hbalance of their currents
so that all such circulating current would be
forced through the switches 26° and 26"’ and

- through their associated circulating current com-
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pensators.

Although only three parallel circuits have been
shown it should, of course, be understood that
any greater number can be used, the connections
being similar to the connections of the circuit #’*
with respect to the others; that is to say, as many
additional units as desired may be connected in
between, the end units { and §’°. Thus, if there
were n units or circuits, £ of which were inter-
connected or connected in parallel, there would
need to be at least (n4-x) auxiliary current
transformers. Thus, there would need to be 2z
guxiliary current transformers for the x parallel
units as each of the parallel units would need
two current transformers whereas the remaining
(n—x) auxiliary current transformers would be
distributed one to each of the inactive circuits.
If unit current flowed in each of the circuits
when r equaled n, then the current in each cir-
cuit would be proportional to n/xr and the excess
current in each of the x circuits over unity would
be (n—1/x) or (n—x/x).

When it is desired to operate the illustrated
circuit with all of the units in parallel, all of the
switches 26 will be closed because circulating
current can then flow in all of the units and
therefore it is desirable and necessary to have
their circulating current compensators all con-
nected so that the sum of these circulating cur-
rents can add up to zero. All of the other
switches 23, 24 and 25 are preferably left open,
under which conditions the secondary windings
of all of the transformers 168 will be connected
in series and the secondary windings of all of the
transformers 20 will be connected in series and
unit current will flow in all of them.

If it is desired to operate any one circuit alone
and to render the other two inactive or open-cir-
cuited, the switches 23 and 26 of the unit which
is to be operated alone are opened, its switches
24 and 25 are closed and all of the other switches
remain in the positions for normal parallel opera-
tion. With this connection it will be seen that
the auxiliary current transformers of the single
unit to be in service are short circuited and the
circulating current compensator is open-circuited
as, of course, there can be no circulating current
when & single circuit is in operation. Conse-
quently, all of the output current of the main
current transformer can flow through the line
drop compensator as all of the circuit current
will be load current.

While there has been shown and described a
particular embodiment of this invention, it will
be obvious to those skilled in the art that various
changes and modifications can be made therein
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without departing from the invention and, there-
fore, it is aimed in the appended claims to cover
all such changes and modifications as fall within
the true spirit and scope of the invention.

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

1. In combination, a plurality of interconnected
circuits for supplying power to a common load
through a line whose impedance is substantially
independent of the number of circuits feeding it,
means for selectively varying the active number
of said circuits, separate line drop compensated
voltage regulators for sald circuits, and means
for rendering the line drop compensation which
is produced by the compensators associated with
the active ones of said circuits substantially in-
dependent of the number of said circuits which
are active.

2. In combination, a plurality of interconnected
circuits for supplying power to a common load
through & line whose impedance is substantially
independent of the number of circuits feeding
it, means for selectively varying the active num-
ber of said circuits, separate line drop compen-
sated voltage regulators for said circuits, and
means for preventing the line drop compensators
associated with the active circuits from respond-
ing to the redistribution of load current among
such active circuits when their number is varied.

3. In combination, a plurality of interconnected
circuits for supplying power to a common load
through a line whose impedance is substantially
independent of the number of circuits feeding it,
means for selectively varying the active number
of said circuits, separate line drop compensated
voltage regulators for said circuits, and auxiliary
current transforming and switching means for
rendering the line drop compensation which is
produced by the compensators associated with
the active ones of said circuits substantially in-
dependent of the number of said circuits which
are active.

4. In combination, a plurality of interconnected
circuits for supplying power to a common load
through a line whose impedance is substantially
independent of the number of circuits feeding it,
means for selectively varying the active number
of said circuits, separate line drop compensated
voltage regulators for said circuits, and auxil-
jary current transforming and switching means
for causing the energizing currents for the line
drop compensators which are associated with the
ones of said circuits which are active to have
a fixed ratio to the combined load current of
said active circuits regardless of their number.

5. In combination, a plurality of parallel-con-
nected alternating-current power supply circuits,
a common load circuit for said supply circuits, a
separate automatic voltage regulator for each
supply circuit, a separate line drop compensator
for each regulator, a separate switch for selec-
tively opening and closing each of said supply
circuits, and means including auxiliary switches
for maintaining the current in each line drop
compensator independent of the number of said
parallel supply circuits which are open and
closed.

6. In combination, a supply bus, a lead bus,
a plurality of parallel circuits interconnecting
said busses, a load, a power line interconnecting
said load and load bus. a separate automatic
voltage regulator for each of said parallel cir-
cuits, a scparate line drop compensator for each
regulator so adjusted that each regulator acts to
hold constant voltage at a common point of said
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power line, switching means for selectively open-
ing sald power clrcuits so as to reduce the num-
ber thereof which are in parallel, a separate cur-
rent transfomer in each of sald circuits for sup-
plying the line drop compensator current for its
associated regulator, and auxiliary control in-
terconnections between sald line drop compen-
sators for diverting from each compensator, the
increase in current resulting from such reduc-
tion in the number of parallel power circuits.

7. In combination, a plurality of parallel alter-
nating-current power circuits connected to a
common load line, an individual automatic volt-
age regulator for each of said parallel circuits,
individual line drop and circulating current com-
pensators for each regulator, a current trans-
former in each of said parallel circuits for sup-
plying current to its associated compensators,
means for separating the output current of each
current transformer into two components pro-
portional respectively to the load and circulating
current components in its power circuit, each
line drop compensator being connected to be en-
ergized by its associated current transformer’s
load current component, each circulating current
compensator being connected to be energized by
its associated current transformer’s circulating
current component, means for open circuiting
one of said parallel power circuits, and means
for diverting from each line drop compensator
the increase in load component current which
results from said open circuiting of one of said
power circuits.

8. In combination, a plurality of intercon-
nected circuits for supplying power to a common
load through a line whose impedance is substan-
tially independent of the number of circults feed-
ing it, means for selcetively varying the active
number of said circuits, separate line drop com-
pensated voltage regulators for sald circuits, a
separate current transformer in each of said cir-
cuits for supplying the line drop compensator
current for its associated regulator, and means
for rendering the line drop compensation which
is produced by the compensators assoclated with
the active ones of said circuits substantially in-
dependent of the number of said circuits which
are active.

9. In combination, a plurality of intercon-
nected circuits for supplying power to a common
load through a line whose impedance is substan-
tially independent of the number of circuits feed-
ing it, means for selectively varying the active
number of said circuits, separate line drop com-
pensated voltage regulators for said circuits, a
separate current transformer in each of said cir-
cuits for supplying the line drop compensator
current for its associated regulator, and means
for preventing the line drop compensators as-
sociated with the active circuits from respond-
ing to the redistribution of load current among
such active circuits when their number is varied.

10. In combination, a plurality of intercon-
nected circuits for supplying power to a common
load through a line whose impedance is substan-
tially independent of the number of circuits feed-
ing it, means for selectively varying the active
number of said circuits, separate line drop com-
pensated voltage regulators for said circuits, a
separate current transformer in each of said cir-
cuits for supplying the line drop compensator
current for its associated regulator, and auxiliary
current transforming and switching means for
rendering the line drop compensation which is
preduced by the compensators associated with the
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active ones of said circuits substantially inde-
pendent of the number of said circuits which are
active.

11, In combination, a plurality of intercon-
nected circuits for supplying power to a common
load through a line whose impedance is substan-
tially independent of the number of circuits feed-
ing it, means for selectively varying the active
number of said circuits, separate line drop com-
pensated voltage regulators for said circuits, a
separate current transformer in each of said cir-
cuits for supplying the line drop compensator cur-
rent for its associated regulator, and auxiliary
current transforming and switching means for
causing the energizing currents for the line drop
compensators which are associated with the cnes
of said circuits which are active to have a fixed
ratio to the combined load current of said active
circuits regardless of their number.

12, In combination, a plurality of parallel-con-
nected alternating-current power supply circuits,
a common load circuit for said supply circuits, a
separate automatic voltage regulator for each
supply circuit, a separate line drop compensator
for each regulator, a separate switch for selec-
tively opening and closing each of said supply
circuits, a separate current transformer in each
of said circuits for supplying the line drop com-
pensator current for its associated regulator, and
means including auxiliary switches for maintain-
ing the current in each line drop compensator in-
dependent of the number of sald parallel supply
circuits which are open and closed. *

13. In combination, n power circuits, switching

means for selectively connecting any x of them .

to a common load circuit when r has a minimum
value of two and a maximum value of 7, a sepa-
rate main current transformer connected in each
of the z Interconnected circuits, said main cur-
rent transformers each having a corresponding
secondary winding terminal connected to a com-
mon conductor, a separate translating device con-
nected across the secondary winding of each of
said main current transformers, and means for
causing the current in each of said translating
devices to be independent of the value of x com-
prising at least (n-+x) auxillary current trans-
formers of which 2 of them are grouped in pairs,
the primary windings of each pair being con-
nected in series between the remaining terminals
of the secondary windings of said main current
transformers and said translating devices respec-
tively, the junctions of each of said pairs of pri-
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mary windings being interconnected, the primary
windings of the remaining (n—x) auxiliary
current transformers heing connected between
said common conductor and said interconnection
of said junctions, the secondary windings of the
auxiliary current transformers whose primary
windings are connected between said junctions
and said remaining terminals of said main cur-
rent transformers being connected in series with
each other, all of the secondary windings of the
remaining auxiliary current transformers being
connected in series in another circuit.

14. In combination, a source of alternating cur-
rent, a load circuit, n substantially identical power
transformers of which r of them are connected
in parallel between said source and said load cir-
cuit, equal ratio main current transformers con-
nected respectively in series with each of said z
parallel-connected power transformers whereby
the load current output of each main current
transformer is (n—x/z) units higher than it
would be if n of said transformers were in par-
allel, separate line drop compensators for auto-
matic voltage regulators for said transformers
connected respectively to be energized by said
main current transformers, a corresponding ter-
minal of each main current transformer being
connected directly to a common conductor, and
means for diverting said (n—x/x) units of load
current from said line drop compensators com-
prising (n+4z) equal ratio auxiliary current trans-
formers, 2x of said auxiliary current transformers
being grouped in pairs, whose primary windings
are connected in series respectively between sald
main current transformers and their line drop
compensators, an interconnection between the
junctions of each pair of serially-connected aux-
iliary current transformer primary windings, the
remaining (n—a) auxiliary current transformers
having their primary windings connected between
said interconnection and said common conduc-
tor, the secondary windings of the auxiliary cur-
rent transformers whose primary windings are
connected between said main current transform-
ers and said junctions being connected in series
with each other in a closed circuit, all of the re-
maining secondary windings of said auxiliary cur-
rent transformers being connected in series in a
second closed circuit.

15. The combination as set forth in claim 13
plus means for varying r between the values of n
and 2.
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