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UNITED STATES

PATENT OFFICE.
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CURRENT-REGULATOR.
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(No model,)

1o all whom ¢ may concerw:

Be it known that I, JAMES J. Wo0OD, a citi-
zen of the United States ‘residing at Fort
Wayne, in the county of Allen, State of In-
diana, have invented certain new and use-
ful Improvement% in Current-Regulators, of
which the following is a speelﬁcatmn

My invention aims to provide an improved

carrent-regulator for maintaining a Substa,n-_

tially constant currenton an a,lter'natmn' -Glr-
cuait such as that used for arc-lamps, and in
which the regulator has less weight and is

much more compact than those heletotore in

use.
My invention aims to provide also an im-

provement in such regulators, whereby the.

operation is rendered more certain.

My invention aims also to provide an im-
provement in such regulators which avoids.

the necessity of the usual dash-pot for cush-
ioning the shock of the movable parts when
the current is cut of or changed.

My invention aims to prowde also various
improvements in detail,which are hereinafter
referred to.

Referring to the accompanying drawings,
111ustrat1nfr embodiments of my mventlon
Figure 11is a vertical section through the cas-
Ing of one of my improved 1egula,tors show-
ing the same in face view. Tig. 2isasimilar
edge view.
I‘w. 318 & pla,n of the ren*ulator in its casing
the cover of the latter belnn removed. Fms
4, 5, and 6 are diaﬂ'rammatlc 1111131;1*&{3101:13

.showmg the operation of the regulator. Fig.

7 is a diagrammatic illustration of another
embodlr“ent of the invention. Fig. 8 is a
diagram of an entire circuit.. Fig. 9 is SeC-
tion of the coil.

My current-regulator includes a reactance

device—such, forexample,as the usual core—
with a coil surrounding the same and mov-
able longitudinally thereof the coil being in
the circuit whose current is to be reﬂ*ula,ted

As the current increases or decreases,the Coll
moves farther onto or off of the core, the latter
choking the eurrent in proportion to-the dis-
tance to which itenters into the coil. Either
the coil or the core, or both, may be movable,

1t being only necessary that one shall be mov-
able 1elatlvely to the other. Itiscommon to |

tion, such as that shown.
coil and core are both movable, being sup-

| to counterbalance the coil by a lever which

carries a weightatits oppositeend. Accord-
1ng to my. invention I provide a counterbal-
ance which is arranged to move in the same
vertical line with such movable part and
which may be a weight and may be connect-
ed by a lever connection with such movable
part. The counterbalance is preferably ar-

‘ranged so as to evenly balance the movable
member of the reactance device when the

current iscutoff. Tor compactness I prefer-
ably use a pair of levers connected to the
movable part at opposite sides thereof aud

preferably extending side by side across the |
regulator, so that they pass each other and
| have their'counterbalanced ends adjacent to

the side of the movable member opposite to
that to which they are attached. In the sim-
plest embodiment of my invention and most
compact the coil and the core are arr ann'ed to

counterbalance each other.

Referring now to the accompanying draw-
Ings, A indicates a coil, and B a core, each
being of any well-known or suitable construe-

ported from a fixed support C. A lever con-
nection is provided between the two, so that
when there is no current they balance each
other, with the coil in its uppermost position
relcmtwely to the core, as shown in Fig, 4, and
so that as the current is introduced and in-
creases the tendency of the coil to move down
upon the core is properly counteracted by the
weight of the core, so that the amount of chok-
ing to which the current is subjected is just
sufﬁ cient to maintain the current constant,

whatever may betheload. Under maximum
load the position of the parts is practically
that shown in Kig. 4, the downward attrac-
tion of the core bemﬂ' very slight and ap-
proximately such as to bring its lower edge
even with the lower edge of Bhe pole-faces of
the core. Preferably.a pair of levers D and
K is used, connected, respectively, to oppo-
site sides of the coil ‘A, as by means of links
I and G, and each extending across the coil
and connected at its opposite or counterbal-
ance end to the core B, as by means of links
H and J, respectively. The fulecrums K and
T. of the regpective levers are carried upon

have the core fixed and the coil movable and | the support C at such a distance from the

In FKigs.1 to 6 the
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ends of the levers as shall be in proper pro-
portion to the weights of the coil and core.
The levers may be adjusted in the fulerum-
blocks by means of their fastening-screws to
vary the lengths of the respective lever-arms.

The position of the ends of each lever rela- |

tively to the fulerum is such as to change the
leverage of the core with respect to the coil
as the current changes, so as to compensate
for the varying pull of the magnetic reaction.
As shown in Figs. 4, 5, and 6, the leverage of
the core increases continuously from the po-
sition of minimum to that of maximum cur-
rent. In these figures, x, ', and x* indicate
the effective lengths of the lever-arm irom
which the coil is suspended, which varies but
slightly for the minimum, middle, and maxi-
mum, while 7, 7/, and 7/* indicate the effective
lengths of the lever-arm from which the core
is suspended, which increases continuously
from the first to the last position. The two
levers are arranged symmetrically with re-
spect to each other and balance each other,
so as to give a direct vertical movement of
both the eoil and the core.

A considerable degree of compactness and
simplicity as compared with prior construc-
tions may be obtained by applying the idea
of my invention in other ways than in that
shown in Figs. 1 to 6. A regtlator in which
the counterbalance is separate from the mem-
bers of the reactance device and which em-
bodies my broad invention is illustrated 1in
Fig. 7, the lever E being omitted for the sake
of clearness. In this case I have supposed
the coil A movable and the core B fixed.
counterbalance instead of being the coreis a
separate weight M. I have illustrated the
same sort of lever connection to this counter-
weight as to the core B in the previous fig-

ures; butitis understood that the connection |

also may be varied withocut departure from
the invention and may consist of any means
for transmitting movement from the movable
member to the counterbalance. Instead oi a
weight M immediately below the reactance
device I may arrange a weight or weights in
many other positions in which the center of

gravity moves in substantially the same ver-

HO
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tiecal line with the center of the movable
parts of the reactance device.

A feature of my invention which is of con- |

siderable value is the forming of the core
with approaching poles, which reduce and lo-
calize the air-gap through which the coil

moves, and which thus concentrate the mag-

netic flux and render the operation more uni-
form. Preferably the core B is W-shaped,
as shown, and the poles of the center and
outer legs appreoach each other, as shown at
N. I provide also a very convenient ar-

rangement for supporting the operative parts
of the regulator in a casing, whereby they are
suspended from the side walls, preferably
near the top thereof, so as to be convenient
- of access for insertion or removal and so that

The -

¥

: arrange the support

I
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the entire regulator may be lifted bodily out

of the casing. TIor this purpose 1 preferably
C so that it extends

qcross between the side walls of the casing O,
which latter ecarries sockets P for receiving
the ends of said support. As explained
above, the levers which connect the movable
member of the regulator with its counter-
balance are fulerumed upon the support C,
so that as the support is lifted out of the sur-
rounding casing the movable member and 1ts
counterweight, or, in the form illustrated, all
the operative parts, are lifted out of the cas-
ing. - A cover Q may be attached to the cas-
ing by means of screws R, the heads of which
are adapted to be attached to any suitable
suspending means.

Though I have described with great par-
ticalarity of detall apparatus embodying my

invention, yet it is to be understood that my

invention is not limited to the particular em-

bodiments shown and deseribed. Various
modifications of the same in the details and
in the arrangement and combination of the
parts are possible to those skilled in the art
without departure from the invention. __

The combination of the vertically-moving
coil and core and the differential compensat-
ing levers results in a structure which in op-
eration instantly adapts itself to a change of
current by a ‘“ dead-beat” movement without
over compensation or oscillation, so that a
dash-pot or other steadying means is un-
necessary. The utilization of the core itselt
as a counterweight is an important feature of
my invention, contributing greatly to the
compactness of the apparatus and reduecing
the total weight. The position of the support
relatively to the other parts and the curve in

the levers D and E permits of their ends

swinginginsoclosetotheverticalline through
the supports—as shown, for example, 1n
Fig. 4—as to produce an enornmous change in
the ratio of the effective lengths of the lever-
arms of the weight and coil, respectively,
from one extreme position to the other. It
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is only by such an enormous change that the

counterbalance can cause a truly constant
current under all loads. In prior devices

employing straight-armed levers 1t 1s impos-

sible to obtain the same change of ratio be-
tween the extreme positions, and the regula-
tion is correspondingly imperfect. This ei-

fect, is also assisted by the short lever-arm,

which I am enabled to use by reason of the

heaviness of the core and by the arrangement

of this arm to turn through an arc, such that
its point of connection with the core swings
from nearly under the fulcrum to nearly
level therewith.

The coil A may be variously connected in
the circuit. Ihaveshown itas provided with
flexible cables S 8’ passing out through the
side of the casing. To admit of adjustment
to varying conditions, the coil may be divided
into sections connected by wires « b ¢, &c.,
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to terminals 1 2 3, &e., Fig. 1, to one or other

of which the cables may be connected. 'This
matter will be understood best from the dia-

vram of the entire circuit in FKig. 8 and the

section of the coilin Fig. 9. According to the
mwanner of winding shown in Fig. 9 the wire
¢ is wound in any desired number of layers
around thespool and terminates finally in the
wire /. FKrom the outer layer may be taken
connecting-wires b, ¢, d, and e at any desired
intervals.
provide six hundred turns between the wire
a and the wire b and twenty-five additional
turns between each of the succeeding wires.
The object of thus looping out the coil at sev-
eral different points is to adjust the same for
an increased or diminished voltage, current,
or frequency above or below normal—that is
to say, if for any reason the voltage of the
circuit should be increased or the frequency
reduced, then in order to maintain the cur-
rent constant at a predetermined amount it
will be necessary to cut in a greater number
of coils, or, 1If the voltage 1s reduced or the
frequency increased, to cut out coils. This
is an especially advantageous feature of my
improved automatic regulator, since it en-
ables the current to be regulated without in-
troducing wasteful impedance under maxi-
mum load, and hence without reducing the
power factor. In the circuit of Iig. 8 one of
the leads, T, coming directly from the genera-
tor U, is connecfed to the zero-terminal 1,
while the other lead, V, coming from the gen-
erator through a number of lamps W, is con-
nected to the terminal 4, so as to adapt the
apparatus for use with a voltage intermedi-
ate between the maximum and the minimum

- for which the device 1s designed.
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I claim as my 1nvent10n—-

1. In a current-regulator comprising a coil
and a core movable relatively to each other,
the combination with a movable member of
said regulator, of a counterbalance therefor
arranged to move in substantially the same
vertical line therewith, and a differential con-
nection between said movable member and
said counterbalance adapted in operation to
vary the tendencey of said movable member

to separate from its complementary member

so that the same shall increase progressively

as the regulator departs from the position of |

maximum load.

2. In a eurrent-regulator, the combination
of a coil and a core movable in a vertical line
relatively to each other, and a differential
connection between them so that each re-
ceives a part of the total movement which at
the position of maximum load is substantially
in inverse proportion to 1ts weight, the tend-
ency of said parts to separate by reason of
their weight and manner of connection being
increased progressively as the regulator de-
parts from the position of maximum load,

3. In a current-regulator, the combination
of a coil and a core movable in a vertical line

In actual use, for example, I may-

1

|

S W

|

relatively to each other, and connected to
each other by differential compensating le-

LA
i_n

vers adapted in operation to vary the tend-

ency of said parts to separate by reason ot
their weight so that the same shall increase

70

procrressive]y as the regulator departs from

the position of maximum load.

4. In a current-regulator comprising a coil
and a core movable relatwely to each other,
the combination with a movable member of
said regulator, of a counterbalance therefor,
and a pairof differential compensating levers
connected to said movable member at oppo-
site sides thereof and to said counterbalance,
and adapted in operation to vary the tendency
of said parts to separate by reason of their
weight so that the same shall increase pro-
gresswelv as the regulator departs from the
position of maximum load.

5. In a current-regulator comprising a coil
and a core movable 1el&bwely to each other,

75

So

the combination with a movable member of

said regulator, of a counterbalance theretor,
and a pair of levers connected to said mov-
able member at opposite sides thereof, ex-
tending side by side across said movable mem-
ber, and connected at their other ends to said

counterba,lduee
6. In a current- regulatm the combination

of a coil, a core, and a pair of levers each of

QC

95

which is connected at one end to one side of

said coil and at 1ts other end to the opposite

side of said core. |
7. In a current-regulator, Lhe combination

of a coil and a core, the one movabie rela-

tively to the other, said core having approach-
ing poles whereby to reduce and localize the
air-gap.
S. In a current regulator, the combination
of a coil and a core, the one movable rela-
tively to the other, said core having approach-

'ing poles whereby to reduce and locahze the

air - gap, and a differential compensating
means adapted to exert upon the movable
member &
ively increases as the coil and core are at-
tracted together.

9. In a current regulator, the eombmatlon
of a coll and a core dlﬁerentmlly counterbal-

ancing each other, the core being arranged

below the coil s0 as to be Separated therefrom
by a downward movement.

10. Inacurrent-regulator comprising a coil

and a core movable relatwely to each other,

‘the combination with a movable member of

said regulator, of a counterbalance therefor
arranged to move in substantially the same

vertical line with said movable member, and
2 lever connecting said movable member and
sald counterbalance, said lever having its

counterbalance-arm curved downwardly.

11. In combination with a cirenit carrying

alternating-current-translating devices in se-
ries, a current-regulator for maintaining a
constant eurrent comprising in combination

a coil and a core movable relatively to each

ICO
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a separating force which progress-
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other whereby to maintain a constant cur- | my name in the presence of two subseribing
rent, a series of terminals, and separate con- | witnesses. |

nections from said terminals to different | | _—

points of said coil whereby to adjust the num- , JAMES J. WOOD.
5 ber of turns of the coil in said circuit tovary | Witnesses:

the current therein. | | A. L. HADLEY,

In witness whereof I have hereunto signed | T. W. BEHAN.
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