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My invention relates to apparatus for adjusting

the voltage of an alternating-current electrical B

circuit, and it has particular relation to equipment
capable of automatically raising the voltage in a
single step when the circuit loading exceeds &
given value. | | -
- In present day olectrical distribution systems,
to distant points
of consumption through relatively long feeder
circuits. As the loading of such a circuit in-

is similarly raised with the result that the re-
ceiving end voltage is much lower for heavy values
of loading than when but relatively small values of
current are transmitted. In many instances the
nature of the load supplied is such that the re-
sulting relatively wide variation in voltage is,
while of course undesirable, not objectionable to
the point that further expenditure for feeder cir-

_cuit regulators of the multi-step and other rela-

tively expensive types which heretofore only have

heen available is not justified. My invention is

directed to an improved type of single-step auto-
matic voltage adjuster which, because of its low

. cost and extreme simplicity can practically be ap-

plied in situations of the gbove outlined type.

One object of my invention 1is to reduce the
cost of equipment adapted to automatically boost
in a single step, upon the occasion of a predeter-

| an alternating-
current circuit. .

Another object of my invention is to provide
an improved control system for such boosting
equipments. |

A further object of my invention is to increase
the reliability of operation of equipments of the
type under consideration.

An additional object of my invention is to im-
prove the mechanical construction of regulating

‘units of the class described.

In practicing my invention I associate with the
circuit to be regulated & hooster transformer
having a secondary winding connected in series
with one of the circuit conductors and a primary
energized by the circuit
voltage upon the actuation of a control relay
or contactor which is responsive to the circuit
1oading. To limit the voltage induced in the
primary winding of this transformer when its

energizing circuit is open, a shunting reactor is

connected thereacross to provide a suitable bur-
den. To assure that the main control relay will
discontinue the transformer energization when
the circuit loading has bheen reduced to a value
predeterminedly lower than the relay actuating
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value, an auxiliary control device responsive 1o
«uich a lower value of loading is utilized in con-
junction with the first-named relay.

My invention, itself, together with additional
objects and advantages thereot will best be under-
stood through the following description of a
specific embodiment when taken in conjunction
with the accompanying drawing in which:

Figure 1 is a diagrammadtic view of apparatus
and circuits showing a preferred form of the
regulating system of my invention applied to a
single-phase feeder circuit; |

Fig. 2 is a view In rear elevation of one form
of casing structure adapted to house the several
pieces of apparatus diagrammadtically represented
in Fig. 1; |

Fig. 3 is a view taken on section line II—IIL
of Fig. 2 showing the interior of the relay housing
structure comprised by the equipment of the

preceding figures;

- Pig. 4 is a view taken on section line IV—IV
of Fig. 3 showing the appearance of the main
control relay when viewed from the side; and

Fig. 5 1s a diagrammadtic reproduction of the
basic system of Fig. 1 showing certain modifica-
tions in the connections thereof.

Referring to the drawing and particularly to
Fig. 1 thereof, the voltage adjusting means of
my invention are there diasrammatically repre-
sented as comprising & hooster transformer 10
having & secondary winding 12 connected in series
with one of the conductors of the circuit to be
regulated, and a primary winding (8 adapted to
receive energization from the circuit voltage upon
the actuation of a main control relay or con-
tactor 20. The supply side of the mentioned cir-
cuit is designated by conductors 14 and {5
and the regulated side by conductors 14 and (6.
To restrict or limit the vaiue of voltage induced
in primary winding {8 by the flow of circuit cur-
rent through the secondary winding (2 when the
primary winding energizing circuit is interrupt-
ed, a reactor 22 is connected in parallel with the
primary winding to provide a suitable burden.

The actuating winding 24 of the contactor 28
is represented as deriving its energization from
the voltage which appears across & portion of
the secondary transformer winding 12, which
voltage is substantially a direct function of the
circuit loading. When the magnitude of this
loading rises to a given value, of say one-half
the full current rating of the regulated circuit,
the contactor 20 actuates its contact member
26 upwardly thereby completing an energizing
circuit for primary winding i8, which circuit may
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be traced from the cireyit concductor {4 through
the contact member 26 and the winding 18 to the
circuit conductor {5,
er iU causes its secondary winding {2 to intro-
duce into the cireuit an additive or bhoosting com-
ponenv of voltage the magnitude of which may
te of the order of from 5 to 10 per cent oi the
normal circuit voitase rating, or of other suit-
able value, |

10 insure that the contactor 20 will discon-
tinte the transformer energizavion when
regulated circuit loading has dropped to a value
somewhat below the one previously named. or,
i to approximately one-third of ithe
full-current rating of the circuitf, an auxiliary
reiay 26 is utilized to rendery ineffective the first
namead relay or contactor when the circuit leoad-
Ing has been go reduced. As shown, this auxiliary
device comprises an actuating winding 29
through which the current set Up In the primary
winding {§ of the transformer flows and a con-
tact member 22 which S2IVes to complete the
energizing circuit of the main control contacior.
- It will thus be seen that the apparatus of my
nvention functions to koost the voltage of the
regulated circuit when the Ioading exceeds a
predeterinined value and to discontinue hoost-
ing when the load falls below a predetermined
value. The value of load at which poosting be-
gins must necessarily be higher than that at
wilich boosting discontinues by a sufiicient margin
to aliow. stable operation of the relays and to
prevent too freguent operation. The valies pre-
viously mentioned as being of the order of ope-
in and one-third rated
Ioad for cutting out of the boosting equipment
are in practice found to satistactorily comply
with this requirement. |

T'he complete equipment is preferably so con-
structed that the boesting transformer i and
the bridging reactor 22 may be placed in a main
tank, represented at 34 i Fig. 2, which is adapt-
ed to receive insulating oil in much the same

nanner as does the tank of the wusual type of

distribution transtormer. Inasmuch as devices
18 and 22 mayv be of standard consiructions well
known in the art, no attempt to represent their
details is herein deemed justified.

The main control contactor 20 and the aux-
iary relay 28 are preierably positioned in a
separaie oil tight compartment 35 which may be
attached to one side of the main tank 34 in the
manner also shown in Fig. 2. Preferably this
compartment is alse filled with insulating oil, the
presence ot which is found to improve the oper-
ating characteristics of the relay devices. In
the represented construction, these two devices
are mounted upon a panel of insulating matea-
rial, shown at 38 in PFigs. 3 and 4, which panei is
posivioned over an opening 49 in the side of the
tank structure 24 in g manner to form an oil-
fight partition between the relay compartment
and the transformer tank. The relay compart-
ment is provided with a removable cover 42, oil
diing and drain plugs 43 and 44, and a vent
connection 4% which interconnects the space
above the oil level in the compartment with that
of the oil level in the main tank 34. |

The structure represented in Fig, 2 is further
cquipped with supporting brackets 45 which fa-
cilitate attachment to the conventional type of
overihead distribution line pole. Connections of
tie equipment with the conductors of the eircuit
to be regulated are made through the medium of
27 shown as being Rrought out near the top

Thus encrgized, transform-

the
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of the main tank structure in conventional man-
ner.,

In order to keep the bulk of the relay appara-
tus at a minimum, it is desirable to build the
maln control contactor 26, which must be of g
relatively large current-controlling capsacity, in
the form of an iron core structure havine an air
gap In the magnetic circuit. Such a device, the
mechanical detaiis of one preferred form of which
are illustrated at 29 in Figs. 3 and 4, has g rela-
tively wide differential belweer its pick-up and
drop-out voltages, this resulting from the fact
that the air gap in the meagnetic circuit, shown
as comprising stationary and movable Col'e mem-
bers 48 and 50, is relatively wide when the de-
vice occupies the open contact position illus-
trated in Fig. 4, and is substantially eliminatec
when the armature 50 is attracted to the closed
contact position. This air-gap reduction ereatiy
reduces the reluctance of the magnetic circuil so
that to permit the armature to drop out the
voltage applied to winding 24 must be reduced
tar below the value appropriate for drop-out in
the contemplated application.

‘L0 overcome thig disadvantage the before de-
scribed combinaticn of the auxiliary relay 28 is
mace, which relay may be of much smaller con-
struction than the main device 20 and which
preferably is of the solenoigd type illustrated in
Fig. 3. Since the magnetic reluctance of such a,
solenoid device does not appreciably change upon
the actuation of the movakbile armature member,
indicated in Fig. 3 at 3z, the pick-up and drop-
out voltages may be made substantiglly coinci-
dent. However, to design suchh a relay for the
relatively large capacity required in the main
control device 260 would result In such an ex-
ceedingly bulky and expensive structure as o be
iImpractical. Accordingly, I have evolved the
present novel combination which utilizes an air
sap magnetic structure type of relay or contactor
to control the energizing current of the hooster
transformer and an auxiliary solenocid types of
relay to assist in the control of
device.

To further analyze the operation of the de-
scribed regulating equipment, as the loading of
the regulated circuit {4—1i§ increases to one-hal?
or other comparable proportion of the full rated
value, the voltage appearing across the portion
of series connected transformer winding 12 across
which the actuating winding 2§ of the main con-
trol contactor 20 is connected reaches the pick-
up value of the contactor which under the in-
fluence of this voltage then actuates the contact
segment 26 into engagement with the stationary
contact members
The auxiliary relay 28 being set for response to
a lower value of circuit loading has already closed
1ts contacts to establish the main relay energiz-
Ing circuit. The described action serves to ap-
ply line voltage to the primary winding 8 of
transformer i@, which application raises the po-
tential appearing across the seconaaly winding
I2 of the transformer and thereby causes the con-
tactor 20 to positively sea] in. Thus energized,
the transformer 18 introduces i1to the regulated
Circuit a bhoosting component of voltage.

This condition of operation continues until
the loading of the circuit is reduced to the vaiue
at which the auxiliary relay 28 is set, to drop out,
which value, as before pointed out, may he of the
order of one-third full circuit raving. It will be
apparent that until such reduction is reached the
Operating winding 24 of the main contactor is

the first named

£6 with which i+ coeperates.
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subjected to a voltage substantially higher than
thie pick-up value, which condition prevenis any

load has reduced, however, to the point where
the auxiliary relay 28 will no longer hold in, its
contacts 32 will open, thus interrupting the en-
ergizing circuit of the main contactor 20 and
causing it to drop out promptly, thereby inter-
rupting the energizing circuit for the boeoster
transformer and returning the equipment to the
inactive or non-boost condition. Such a con-
tion will persist until the circuit loading has

In the event that it is desired to adjust the
magnitude of voltage boost which the equipment
is capable of providing, this may be done by
forming the secondary winding of
transformer (0 in a plurality of sections,
in Figs. 1 and 5.
Wwhen connected in series with each other as
shown in Fig. 1, their effect is additive and the

. voltage introduced thereby into the regulated cir-

cuit is the sum of their individual voltages. This
connection, therefore, provides & maximum volt-
age boost.

When connected in parallel as shown in Fig.
5 the total corrective voltage introduced into

the circuit is equal to that produced in one of

the sections only so that this connection pro-
vides a minimum value of boosting voltage. BY
virtue of the fact that the load current of the
regulated circuit divides itself between the two
windings, the regulating equipment is capable of
connection in a circuit having twice the current
rating that a series connection of the winding
sections would make permissible. By bringing all
four leads of the two secondary winding sections
to the outside of the structure shown in Fig.
2. either of the two regulating ranges may be
selected without opening up the regulator or in
any manner changing the apparatus housed with-
in the tank structure.

Instead of energizing the auxiliary relay 20
by the current which acts in the circuit through
which reactor 22 is connected in shunt relation
with the transformer primary winding 18, the
relay may, as shown in Fig. 5, be directly con-
nected in series with one of the main conductors
of the regulated circuit, or energized by the cur-
rent acting therein through the arc of a current
transformer (not shown). Such & modification
complies with the requirement that the relay 28
be responsive to the regulated circuit loading.

Although I have shown and described a certain
specific embodiment of my jinvention, I am fully
aware that many modifications thereof are possi-
ble. My invention, therefore, is not to be restrict-
ed except insofar as is necessitated by the prior

‘art and by the scope of the appended claims.

I claim as my invention:
1. A regulating system for controlling the volt-

age of a supply circuit comprising a transformer
having primary and secondary windings, the sec-
ondary winding being connected in series circuit
relation with the supply circuit, means reéspon-
sive to & predetermined value of current flowing
in the supply circuit for connecting the primary
winding across the circuit to cause the circuit

voltage to effect an energization thereof and
means responsive to a decrease in said current to
a value substantially lower than sald predeter-

3

mined one for effecting a discontinuance of said
connectian. | | o

2 A vyoltage-boosting regulator for an elec-
trical supply circuit comprising a transformer
having primary and secondary windings, the sec-
ondary winding being adapted for connection in
series circuit relation with the supply circuit, a
reactor connected in parallel-circuit relation with
the primary winding to limit the voltage induced
therein by a flow of current through the sec-
ondary winding, and means adapted to connect
the primary winding across the supply circuit to
effect winding energization by the circuit volt-
age when the current flowing in the circuit rises
to a predetermined value. '-

3 A voltage-boosting regulator for an elec-
trical circuit comprising a transformer having
primary and secondary windings, the secondary
winding being connected in series circuit rela-
tion with the circuit, and relay means adapted
to energizably connect the primary winding across
the circuit when the current acting therein rises
to a given value and to discontinue said connec-
tion when said current is reduced to a value some-

‘'what below the one first named.

4. Voltage-adjusting means for an electrical
circuit comprising, in combination, & transformer
having primary and secondary windings, said sec-
ondary winding being connected in series circuitl
relation with the circuit, relay means adapted
to energizably connect the primary winding across
said circuit when the current flowing therein rises
to a given value and to discontinue said con-
nection when said current is reduced to a value
somewhat below the one first-named, and an
impedor connected in parallel circuit relation
with the primary winding to limit the voltage
induced therein by a flow of current through the
secondary winding when the primary winding is
disconnected from the circuit.

5. In combination with an electrical supply cir-
cuit having a transformer connected therein in
such manner that energization of the transformer
effects an increase in the circuit voltage, & re-
lay adapted to compiete an energizing connec-
tion between the transformer and the circuit
when the current flowing in the circuit rises to
a given value, and a second relay adapted 1o
make ineffective said first-named relay when said
circuit current is reduced to & given value.

6. A voltage-controlling regulator for an elec-
tircal circuit comprising a transformer adapted
to introduce a component of boosting voltage into
the circuit, a relay adapted to energizably con-
nect the transformer across the circuit when the
current flowing in the circuit rises to a given
value, and a second relay adapted to make in-
effective said first-named relay when the circuit
current is reduced to a value somewhat below the
one first named.

7. In & system comprising an electrical supply
circuit and a transformer having primary and
secondary windings, said secondary winding
being connected in series circuit relation with the
supply circuit and said primary winding being
adapted for connection across the supply circuit
to receive energization by the voltage acting
therein, the combination of a relay energized by
a measure of the voltage appearing across said
secondary winding and adapted to complete sald
primary winding energizing connection when the
current flowing in the supply circuit rises to a
given value, and a second relay adapted to de-
energize said first-named relay when the supply
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circuit current is reduced to a value predeter-
minedly lower than the one first-named. |
3. A voltage-controlling reculator for an elec-
trical supply circuit comprising, in combination,
a. transformer having primary and secondary
windings, said secondary winding being adapted
Ior connection in series circuit reiation with the
supply circuit and said primary winding bheing
adapted for connection across the supply cir-
cuit to receive energization by the voltage acting
therein, a reactor connected in parallel circuit
relation with the primary winding of the trans-
tormer to limit the voltage induced therein by a
fiow of current through the secondary winding,
a relay adapted to complete said primary wind-
ing energizing connection when the current flow-
Ing In the supply circuit rises to a given value,
and a second relay energized by the current which
flows through said transformer primary winding
adapted to make ineffective said first named
relay when the said supply circuit current is
reduced to a given value. | |
- 8. In a system comprising an electricsl] Supply
circuit, a transformer having primary and

- secondary windings, said secondary winding being

cnnected in series circuit - relation with the
Supply circuit and said primary winding adapted
tor connection across the supply circuit to recejve
energization by the voltage acting therein, and
a reactor connected in parallel circuit relation
with the primary winding of the transformer to
limit the voltage induced therein by a fiow of
current through the secondary winding, the com-

~bination of a contactor actuably energized by a

2,011,863

measure of the voltage appearing across said
secondary winding and adapted to complete said
primary winding energizing connection when the
current flowing in the supply circuit rises to a
given value, and a relay actuably energized by
the current which flows through said primary
winding adapted to deenergize said contact when
the said supply circuit current i5 reduced to a
value predeterminedly lower than the one first
named.

10. The combination with an electrical supply
circuit of a booster transformer having primary
and secondary windings, said secondary winding
being connected in series circuit relation with the
supply circuit and said primary winding being
adapted for connection across the supply circuit
to receive energization by the voltage acting
therein, a reactor connecied in paraillel circuit
relation with the primary winding of the trans-
rormer to limit the voltage induced therein hy a
fiow of current throuzh the secondary winding,
a contactor adapted to combiete said primary
winding energizing connection when the current
flowing in the supply circuit rises to g, given value,
and a relay adapted to make ineifective said con-
tactor when said supply cireuit current is reduced
to a value predeterminedly lower than the one
first named, said contactor being actuably ener-
gized by a measure of the voltage appearing across
the secondary winding of said transformer, and
sald relay being actuably energized by a measure
of the current which flows through said supply
circuit, |
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