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UNITED STATES

PAaTENT OFFICE.

ELIHU THOMSON, OF SWAMPSCOTT, MASSACHUSETTS, ASSIGNOR TO THE
THOMSON-HOUSTON ELECTRIC COMPANY, OF CONNECTICUT.

REGULATION OF ALTERNATING CURRENTS.

SPECIFICATION forming part of Letters Patent No. 516,846, dated March 20, 1894,
Application filed June 9, 1801, Serial No, 395,720, (No model.)

To all whom it may concern:

Be it known that I, ELimy THOMSON, a eiti-
zen of the United States, residing at Swamp-
seott, in the county of Essex and State of Mas-
sachusetts, have invented a certain new and
useful Improvement in the Regulation of Al-
ternating Currents, of which the following is
a specification.

) My present invention relates to the regula-
tion of electric currents of an alternating
character and consists in the provision of
devices for the purpose of causing an auto-
matic regulation to constant average current
strength. :

Referring to the accompanying drawings:
Figure 1 shows a deviee embodying the in-
vention. Tigs. 2, 3,4 and 5 show modifica-
tions.

In Fig. 1, C represents an crdinary lami-
nated core of iron surrounding the coils P and
8. The coil 8 is a secondary coil in which
currents are to be induced by the flow of al-
ternating currents in the primary coil P,
which is attached to the mains ¢ b.” As will
be seen the core C threads the two coils P
and 8 and extends outwardly around the coils
f(_)rmmg what is known as a closed magnetic
circuit. The terminalsof the secondary coil S
are ¢ d and may be carried through a series
of lights I 7, which may be arclights or incan-
descent lights, either used singly or in series
or together in varying numbers. As shown
the coil P is a movable coil while the coil S
is a stationary coil, and the coil P therefore
1s provided with flexible or moving conneec-
tions with the mains or supply wires. The
coil P is mounted so as to be balanced, as it
were, against a certain weight, or in other
words, to have a certain tendency toward the
coil S, Provision may be made for varying
this tendency. The arrangement shown is a
lever 18 pivoted at F, on which a counter-
weight W is hung at its other end, while the
coil P occupies the position shown and is sus-
tained partly by the weight W. By inecreas-
ing or diminishing the amount of the weight
W the tendency of the coil P to move toward
the coil 8 may of course be increased or di-
minished. It is necessary in the working of
the deviee that a certain tendency be allowed
to be exerted on the coil P toward S as dur-

ing action a repulsive effect is manifested
tending to drive the eoil P away from the
coil S. If the coil I’ had no tendency toward
S, or in other words, were perfectly counter-
balanced by the weight 1V, the slightest cur-
rent in the secondary coil or circuit would
cause a repulsion so as to drive it to the far-
thest range of its position. In accordance
therefore with the strength of current in the
secondary eircuit the tendency of P> toward
S will be allowed to he greater or less.

The operation of tha~device is as follows:
At the start with the fail load of lights{I/in
the secondary circuit the coil I will be in a
position very close or adjacent to the coil Son
the core. It mayeven be actuallyin contact
but it is better not to have it rest in actual
contact.
tain current flows in the secondary ecircuit
and through the series of devices. Let oneof
these devices or some of them be shunted by
the shunting switech and the eurrent in the
secondary S will of course tend to increase on
aceount of the diminished resistance in the
circuit, but this will be accompanied by a re-
pulsive effort exerted on the coil P the pri-
mary coil tending to recede from the second-
ary, and, under the conditions of counterbal-
ance the coil P will recede until the current
in the secondary circuit has arrived at its
proper value. By shunting more of the de-
vicesin the secondary circuit, a further move-
ment of the coil P would be produced and
the range which is given to it will of course
correspond to the amount of work which is re-
quired or the amount of shunting which it is
desired to do in the secondary circuit. In
ordinary cases a short-circuit may be formed
of the secondary winding and the coil P will
then bedriven to theextreme point away from
the secondary coil.

InFig. 2 thearrangementisshown modified
in that the primary coil P is the stationary
coil fed by the wires ¢ b, while the secondary
coil S is the movable coil either flexibly or
otherwise connected with the circuit cd. The

lights [ ] arein series as before and the action
is in no wise different from that of Fig. 1 ex-
cept that the funetion of the eoils—station-
ary and moving—are simply reversed.
Instead of employing a set of counter-
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weights: and lever, such as is shown in Fig. 2,
and which mayhave the disadvantage of being

_ -cumbrous and difficult to place, a more com-
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pact device is obtained by using the arrange-
ment shown in Fig. 3 in which the moving
coil Sis supported upon a tape carried around
aroller F, F, and on the same axis is a eam
surface acted upon by a tape and a spring Z.
The curve of the cam surface at K, K, may
be such that the force exerted by the spring
Z shall be substantially constant, notwith-
standing collapse or extension of the spring.
This is a well known device for seeuring uni-
formity of pull in springs and may be replaced
by any well known equivalent, or varied to
produce any desirable variationin pull. The
action of this form of counterpoise is of course
the same as before. Instead of a flexible con-
nection from the movable coil of course a mer-
cury contact allowing free movement may be
employed or any other similar device.
Fig. 4 shows a modification in which the
core of the coil is laminated or otherwise di-
vided, as by using a bundle. of iron wires,
and not closed externally to the coils, or in
other words, it is an open core. The primary
coil is stationary. as in Fig. 2 while the sec-
ondary coil S is shown movable,and support-
ed, as before, by a counterweight W with the
fulerumed lever I8, The action of course in
this case is the same as before and the only
differerrce is that the magnetic circuits are

completed around the core through the air’

instead of direetly through a body of iron,
which is present in the former case. Inany
case the primary and secondary coils respect-
ively in the main and the work eircuits are
to be arranged in inductive relation, and free
to move apart in response to the repulsive
action developed under such eircumstances,
and the action of regulation depends upoun
what may be called leakage magnetism or air
space magnetism set up between the coils
when they are separated. When the coils are
close together there is very little of this effect
because the transformer or induection coil
works at a very high efficiency and effective-
ly, whereas when the coils are held at sepa-
rated positions a considerable magnetic leak-
age occurs between the coils which drops the
induction in the secondary ecircuit and cuts
down the current which would otherwise be-
come abnormal. :

It is to be understood that my invention is
in no wise confined to thearrangements shown
in the drawings, but may be embodied in va-
rious deviees so long as the above principles
of construction and operation are carried out,
for example, although I have shown one coil
fixed and one movable, it is' not necessary
that either of them should be fixed, for each
may be movable from the other, with suitable
devices for foreing them toward one another.
Thus in Fig. 5 the arrangement is modified so
that the core Cis surrounded by two movable
coilsor more broadly speaking the sets of coils
which form the primary P and thesets of coils
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which form the secondary S are both movable
and are balanced oneagainst. the other by any
sunitable means such'ascordsrunningoverpul-
leys 1/, L? whereby the coils P and S are per-
mitted to act together or to beseparated. Nor-
mally they are together and tending to run to-
gether, which is accomplished by making tl_le
weight of the coil P greater than that of Sor in
any other way adding to the downward tend-
ency of one coil causing the other coil to belift-
ed. Forconvenience in indicating the posi-
tionsof the coils,especially when theyare to be
cased in or covered,an indicator], passing over
adial or scale is provided, which indicator is
actuated by the movement of the coils in any
desired way. It isshownattached to theaxis
of the pulley or roller L2
is in this case the primary, the lower S the
secondary and the secondary has lights or
other resistances [, [, [, in its eircuit, the num-
ber of which may be varied, a constant value
of current being maintained in the secondary
when the primary is fed from a constant po-
tential alternating circuit. :
One of the prineipal objects of the above

invention is to at once transform and regu-

late. For this purpose the primary and sec-
ondary will have the necessary proportions,
so that, for instance, constant currents of low
tension may be produced in circuits of vari-
able resistance by induetion from. high po-
tential mains, _

" 'What I claim as new, and desire to secure
by Letters Patent, is— ’

1. An alternate current regulator eompris-
ing primary and secondary induction coils,
relatively movable with respeet to each other
by the repulsive action of the induced and
inducing eurrents, into positions of greateror
less inductive action, the said secondary coil
being.in circuit with the translating devices.

2. An alternate current transformer and

‘regulator, ecomprising a primary coil in the

main cirenit, a secondary coil in cirenit with
translating deviees, said coils being movable
with respect to each other under the action of
the repulsionof theinducing and indueced cur-
rents, and means tending to move the coils
in opposition to the action of the current.

3. An alternate current transformer and

regulator comprising primary and second-
ary coils relatively movable into position of
greater or less inductive action, and tending
to assume the position of greater induective
effect, but free to be removed by the repul-
sive action of the currents into positions of
less inductive action, the said secondary coil
being in eircuit with translating deviees.

4. The combination of a primary coil con-
nected to the main circuit, a secondary coil
connected to translating devices, the said coils
being so mounted that they may assume va-
rious relative positions to vary their induect-
ive relations, and are free to change their
relative positions under the action of the in-
duced and inducing currents, in the coils
themselves and independent means tending

The upper coil P.
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to oppose such change of position under the
action of said currents.

5. Thecombination of the primary and sec-
ondary coils respectively in the main and
work cireuits, and relatively movable to and
from one another under the action of the cur-
rent in the coils alone and of suitable oppos-
ing means, to vary their indnetive relation.

6. The combination of the primary and sec-
ondary coils respectively in the main and
work circuits, one of said coils being fixed
and the other coil being movable with regard
thereto under the action of the current there-
into vary their induetive relation, and means
for opposing such motion of the coil under the
action of the current.

7. The combination in a regulating trans-
former of the fixed coil, the partly counter-
balanced movable coil, and one of said coils
being in the main and the other in the work
cirenit.

8. In a regulating transformer, the combi-
nation of a fixed coil, a coil movable under
the action of the current to the position of
minimum induction and provided with flexi-
ble eircuit connections, translating devices
conneeted thereto by such connections, and
means tending to move said coil to the posi-
tion of maximuam induetion.

9. The combination in a regulating trans-
former of the primary and secondary eoil
wound on an iron core forming a closed mag-
netic circuit but movable relatively toward
and away from each other, to vary the leakage
and theinductive effects as described, thesaid
coils being respectively included in the main
and the work cireuits.

10. The combination in a regulating trans-
former of the primary and secondary coils
wound on an iron core forming a closed mag-
netie eircuit, but movable relatively to each
other under the action of the current to vary
the leakage and the induetive effects as de-
seribed, the said coils being respectively in-
cluded in the main and the work cireuits.

11. The method of producing and regulat-
ing an alternating current which consists in
producing the same by induction from an al-
ternating current, causing such inducing and
induced currents to react on one another and
utilizingsuchreactiveenergytoeffectachange
in the inductive relation of the currents.

In testimony whereof I have hereto set my
hand this 2d day of June, 1891.

ELTHU THOMSON.

‘Witnesses:
JoHN W. GIBBONEY,
EDWwWARD M. BENTLEY,

30

35

40

45

50




