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6 Claims,

One purpose- of this invention is to provide a
transformer means whereby the voltage of a cir-
cuit for the distribution of electrical energy may
"be increased automatically when the load in the

5 circuit is-increased and the voltage tends to de-
crease, thereby tending to prevent excessive volt-
age drop in parts of the circuit fed by the trans-
former: Another purpose is to provide a trans-

" former of which the sécondary output remains

10 ‘constant -in-voltage although the supply voltage
to it may vary -over a given range. Another pur-
pose is to provide a voltage regulator applicable
for use remote from the ‘source of power, where-
by voltage at the distant end of a ¢ircuit beyond

15 the regulator may be automatically increased

* when the load in the‘circuit has increased. And

~another objeéct -is ‘to -attain the above results
‘without the use of -movable coils, cores, or similar
main members. However, this does not preclude

20 of the equipment.

‘One of the principles used in the invention is'

to regulate the magnetic -flux in- one part of -a

magnetic circuit in-accordance with variations

25 in the voltage in a conducting circuit, and by this
~ regulation to modify the magnetic flux in an ad-
jacent magnetic path, this last modification pro-
ducing the desired changes in voltage in a con-

" ductor which surrounds the said adjacent mag-
30 netic path, which conductor is ln series with the
output circuit. :

Referring to the drawing, the single figure
shows in diagram one arrangement of apparatus
in which the invention is embodied. ’

The drawing shows an iron transformer core
A, B, C;/D E,F, G; H, J, K, parts of which are
- encircled "by the primary winding |, the sec-
ondary ‘winding 2, the regulating wmding 3, and
the control: windings4,"5, 6 and 1. “The input is
over the conductors 8; 9 and the output is over
‘the conductors 10, 1. Connected in the output
circuit 10, 1t is the regulating winding 3 which
" encircles the G- portion of the core.

and § are in- series, ‘and they are connected
through the conductors 12, {3 into a closed cir-
cuit with the variable reactor 4.

The coils of 14 which are in circuit with 12, 13
are wound in series with one another, and the
magnetic flux tends to flow as shown by the ar-
rows, or else the reverse. The middle coil of (4
is connected through the conductors {8,
the regulating devices. Connected to the circuit
10, 11 is the bridge T comprised of two resistors

35

11’ of low temperature coefficient and two re-
5 Slstors 1T’ of high.temperature coefficient, such

the use -of moving parts in the control members :

The coils 4..

16 to

(CL 171—119) -

~as lamps. One mid polnt on the- brldge is con-
nected through I8 tothe grid oi vacuumn tube 24;
and the other midpoint, through 19 is connected
to one end of the secondary of transformer 20.
The primary of transformer 20 is energxzed from
the circuit 18, 11. The plate- circuxt of ‘the vac-
uum tube 24 is connected to the grid of the vac-
uum tube 46, and ‘the condenser 25 and other
parts are connected as shown. ~As.déscribed in
“Electronics” for March, 1934 such ‘equipment
will operate: to cause unidirectxonal pulsating
current to flow through the’ circuit I5 I8 when-
-ever thé voltage of the. circuit 10, ti drops below
the voltage at which the bridge at ITis balanced.
A similar bridge 26 is also, connected to the. eir-
cuit 10, 1, but the lamps and resistors aré trans-
posed as compared with the brldge l1 “and there-
fore it is when the voltage in c1rcuit 10, 11 rises
above the balance point that- direct current flows
‘through the circuit 27, 28. Between the bridge
26 and the output ‘circuit 21, 28, the, apparatus
and the circuits are the same as those connected
with the 'bridge I71:
The variable reactor 29 is similar to'that at 14,

and its controlled circuit Is connected through <

the conductors 30, 3 to the coils 6, T.

Operation is as follows:

When the load on the main transformer and
the primary voltage on the circuit 8, 9 are such

that the desired secondary voltage is maintained ¢

on the circuit 10, H, with the current flow in at
8 and out at 9, the magnetic flux in the core will
be up in A, right in' B'and E, down in C, D, J, and
K, and left in H and F.  There will be no flux
through 'G; except that due to the current flow
in the coil 3, for the hLigh reactance of 14 and 29
prevent the flow of any.current, ¢xcept mag-
-netizing currents, . through the cont;rol coils
45,61
Now when low primary- volfage or an increase
of load on the secondary circuit, produces condi-
" tions. of low secondary voltage, the regulating
bridge 11 and the associated equipment send cur-
rent through the circuit {8, i6. This tends to
maghetize with direct current the core of the re-
actor 4, so that less flux can pass through it in
response to the flow of magnetizing current in
the circuit {2, 13, Therefore the reactance of
the reactor 14 is reduced and some induced cur-
rent is allowed to flow through the coils 4, §.
The magnetomotive force of this induced cur-
rent opposes and subtracts from the flux which
produces it, and so diverts some flux threugh J,
and D. This reduction of flux in C and K and
the increase through J and D, force flux through
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G from right to left, at the assumed instants
when current flow is in at 8 and out at 9. At
each alternation, the directions of current flow
and magnetic flux are changed, but the assumed
instants are the same throughout this specifica-
tion. This flux through G produces in coil 3 a
voltage which supplements the voitage of the coil
2, and so the voltage in circuit 19, {1 is raised
very nearly to normal.

Conversely, when higher voltage is present in
the circuit 10, 11, the bridge 26 acts to produce
direct current in the circuit 27, 28. This in turn
increases the flow of current in the coils §, 1,
and the net result is a greater flux through C, G,
K, H. This flux from left to right through G
creates in the coil 3 a voltage that subtracts from
the voltage of the coil 2, and so voltage of the
circuit 10, 1 is reduced to substantially normal.

Depending upon the proportions of the wind-
ings and the voltages applied, the balance of
magnetic flux at different instants may vary
somewiat, and when it is said that flow of cur-
rent in a coil produces a certain magnetic flux
it is meant that it produces a magneto-motive
force in that direction; and this tendency may
result either in the actual production of flux as
stated, or it may merely reduce the flux which is
already flowing in the opposite direction. Also
when it is said that there is a flow of current in
one direction, it is understood that there is a
tendency for current to flow in that direction,
and if some current was already flowing in the
opposite direction, the net result may merely be a
reduction of the latter current. In either case,
the effects produced upon the final results are
the same, and this explanation applies through-
out the specification and claims.

By proper proportioning of the members, and
adjustment of the control equipment, the applied
voltage of the secondary circuit is increased when
the load increases and decreased when the load
decreases, so that a relatively stationary voltage
is maintained at terminals of the circuit 19, 11,
where lamps, motors, and other appliances are
being used. Since the control as described is

electrical, rather than electro-mechanical, the.

changes in regulation occur immediately and
automatically and without any motion of any
of the coils or cores of the transformer.

For heavy. s'zes of equipment there are some
advantages in the use of electro-mechanical con-
trol devices for the application of the Aux-shift-
ing currents to the transformer core. For this
purpose, a suitable contact-making voltmeter
operating a small motor-operated rheostat in
the unidirectional or D. C. circuit may be used
without departing from the spirit or purpose of
this invention.

We have shown only a few methods of using
this invention; and there are many modifica-
tions which can readily be made in the various
parts of the equipment here described, without
departing from the spirit and purpose of the
invention,

2,079,206

We claim:

1. Voltage regulating equipment comprising an
incoming exciting circuit, an outgoing circuit, a
closed magnetic path surrounded by the said
exciting circuit, one portion of the said path con-
sisting of two branches joined together at both
ends, a cross-path connecting the mid portions
of the said branches, a regulating winding sur-
rounding the said cross-path and connected in
serles with the outgoing circuit, together with
means to change the relative direction of mag-
netic flux in the said cross path.

2. Voltage regulating equipment comprising an
incoming exciting circuit, an outgoing circuit, a
closed magnetic path surrounded by the said ex-
citing circuit, one portion of the said path con-
sisting of two branches joined together at both
ends, a cross-path connecting the mid portions of
the saild branches, a regulating winding sur-
rounding the sald cross-path and connected in
series with the outgoing circuit, together with
automatic means to change the relative direc-
tion of magnetic flux in the said cross-path in
coordination with changes {n the voltage of the
sald exciting circuit.

3. In voltage regulating equipment, a closed
magnetic circuit, one portion of which consists
of two magnetically parallel branches with a
cross-path connecting the mid-portions of the
said branches, a regulating coill about the said
cross-path and in series with a regulated cir-
cult, together with means to change the relative
direciion of magnetic flux through the said
cross-path.

4. In voltage regulating equipment, a closed
magnetic circuit, one portion of which consists
of two magnetically parallel branches with a
cross-path connecting the mid-portions of the
said branches, a regulating coil about the said
cross-path and in series with a regulated circuit,
together with control colls about the said par-
allel branches of the magnetic circuit.

5. In voltage regulating equipment, a closed
magnetic circuit, one portion of which consists
of two magnetically parallel branches with a
cross-path connecting the mid-portions of the
said branches, a regulating coil about the said
cress-path and in series with a regulated circuit,
together with control colls about the said par-
allel branches of the magnetic circuit, said con-
trol coils being operable when energized to change
the relative polarity of the voltage developed in
the said regulating coil.

6. In voltage regulating equipment, a closed
magnetic circuit, one portion of which consists
of two magnetically parallel branches with a
cross-path connecting the mid-portions of the
sald branches, a regulating coil about the said
cross-path and in series with a regulated cir-
cuit, together with automatic means to change
the relative direction of magnetic flux through
the said cross-path in coordination with changes
of voltage in the regulated circuit.

JOSEPH W. GRAFF.
SAMUEL J. SPURGEON.
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