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No. 765,948.

UNITED STATES

Patented July 26, 194,

PAaTENT OFFICE.

JAMES J. WOOD, OF FORT WAYNE, INDIANA.

cu HREN’_T-REGULA_TOF{.

JPECIFICATIOI\J forming pa,rt of Letiers Patent No. 765,948, dated July 26 1904.

A_pphcatwn ﬁled ﬁuguat 17,1903, werial Na 169 839,

(No model,)

To all whom it Lty COTLCETTL:

Beit known that I, Jaxes J. Woob, ::‘Lmtl?en
of the United States residing at I Fort Wayne,
in the county of Allen and State of Indmnm
have invented certain new and usetul Improve-

ments in Current- Reﬂ*ulatm s, of whichthetol- _

lowing 1s a Spemﬁcatlon

Tlns Invention relates to CUTT ent 1‘(—30 ulators

for maintaining substantnll; constant cur-
rents on ‘thernatmfr circuits.

My present invention constitutes mamlv an
improvement upon the regulator set forth in

my Patent No. 720,305, gmnted February 10,

1903, although it is in part applicable to othe1
constructions of regulators.

The accompanying drawings illustrate the
preferred embodiment of my invention.

Figure 1 1s aside elevfttlon of the regulator,
1ts mcloqmﬁ case being in vertical section.
Fig. 2 1sa pl‘m of the regulator and case with
the cover of the latter 1em0ved Fig. 31san
elevatlon of the coll. Tig.41sa ver tical sec-
tion thereof on the line 4 4: in Kig. 5. . Kig. 5

" is a horizontal section through the 0011 fmd 1ts
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connected parts.

“whose current is to be1

supports. |
porting cross-bars and guides for the coil, Kig.
7 being an elevation thereot.. 18 & s
tional elevation of one of the levers with its

Figs. 10 and 11 are elevations of the lever,
showing different posfuons and varying fld-
Justment%
the electr ical connections.

The current-regulator to which my inven-
tion is applied mcludes a 1ehtwe]v momble;

being 1n the clreult
eo'uhted As the cur-
rent increases or decreases the coil moves far-
ther onto or off from the core, the Jatter chok-

coll and core, the coil

ing the current in proportion to the distance:
Either the coil

to Whlch 1t enters into the coil.
or the core, or both, may be movable. Insome

such reg alators tle core is fixed and the coil.
lever .
5 which carries a weight at its opposme end,
this being a well- known construction. Ac-

momble being counterbalanced by a

cordmﬂ to the preferred construction set forth |
INmy atoresald patent thecoiland coreare both
mova,ble the core serving as the connterbal-
ance for the coil, both mov mﬂ vertically and

- of IBVGIS constituting a di

Fig. 6 is a plan of one of the sup-
Fig. 8 is a sec-

Fig. 9 is a plan thereof.

Fig. 12 1s a diagram 1llust1 atlﬂﬁ‘

| points.

being connected through the medium of a pair
Terential connec-
tion, the levers bemﬂ shaped and propor-
tioned to progr essn"eh increase the tendency
of the coil and core to separate as they depart
from the position of maximum Joad. The
mode of operation of such compensating le-
vers 1s Tully set forth 1n my said patent.
Referring to the drawings, A indicates a
coil, and 13 a core, both bemo shown as mov-
able and supported from a fixed support C.
D and E are a pair of levers connected, re-
spectively, to opposite sides of the coll A, as
by means of links F and (G, and the opposite
arm of each lever connected to the counter-
balancing core B, as by means of links H and
J.respectively. The.

levers-areprovided with
fulerums K and L, carried on the support C,
these being shown as knite-edged fulcrums.
The levels are shaped and proportioned so as
to change the leverage of the core with re-
spect to the coil as the current changes, so as
to compensate for the varying pull of the
magnetic reaction. The levers are arranged
SVIHIHBtl ically. so as to balance each other and
olve a direct veltlml movement to both the
0011 and core. .

‘Ordinarily the reg ulator is phced in a cas-
ing O, having a cover Q. The support C is
1ecewed within the casing, its ends entering
sockets or resting on ledges P therein.

The coil A is wnnectud 1n any suitable ww
in.the circuit, flexible cables being used to ad-
mit. ot the Vettl(?‘ﬂ movements of the coil.
The connections will be 1ead11y understood
from Fig. 12.

S0 far as described my present invention
does not differ from that set forth in my said
Patent No. 720,305.
describe the 1mplovements introduced by my
present, mventlon |

In.my former mtent the eompen%atmo
levers.consisted eachof alongandashort arm
I‘lGIdIV connected and mcapable of relative
adjustment except by shifting their fulerum-
According to my plesent invention
I connect the long “and short arms adjustably
in order by dd;;ustlnﬂ their relative positions
to vary. the ratio of change of leverage be-
tween the arm holding the coil and the arm

I will now proceed to
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holding the core. By these means I am en-
abled to so adjust the regulator as to give
elther an absolutely-constant current or a cur-
rent which gradually increases with the load

or a current which gradually decreases with

the load. This will be apparent with respect
to the lever D, which 1s shown separately in
Fig. 8. For convenience I will refer to the
long arm or the arm supporting the coil by the

letter @, and the short arm or that support-

ing the core by the letter 4. These two arms
are jointed together by a pivot ¢, placed at
any convenient location, preferably near the
fulerum. The arm ¢ has a projection or lug

d beyond the pivot, and the arm 4 carries an

adjusting-screw ¢, the end of which engages
this lug, so that by turning the screw the arm
b will be raised or lowered. Raising it car-
ries 1ts lower end, to which the link H 1is con-
nected, outward, as shown in dotted lines,
thereby effectively lengthening the arm é.
This adjustment increases the effectiveness of
the core as a counterbalance and varies the
compensating ratio of the lever. Of course
a like adjustment is made on both levers.

By reason of the change in leverage due to
the adjustment of the arm & the coil 1s raised
as the arm 6 1s lengthened, Fig. 10, or lowered
as the arm is shortened, Fig. 11, independ-
ently of any change in current or load—that
is to say, adjusting the arm b outward by in-

creasing the leverage at which the core acts |

has the effect of raising the coil, which (if
previously in correct relation to the core) will
be brought too high upon reaching a position
of equilibrium. To enable the coil without
disturbing its balance with the core to be re-
adjusted to the correct height relatively to
the core ¢orresponding to the position of full
load, I provide a second adjustment—namely,
I make the coil-suspending links F' G adjust-
able in length. This may be variously done,
but preferably 1s accomplished by the con-
struction shown, where the intermediate sec-
tion f has its ends screw-threaded and may
be secrewed in or out of threaded sockets in
the end pieces or pivot-pieces g 2, respectively.
of the link. Hence if the coil is too high when
in proper balance with the core it is only nec-

“essary to lengthen the links ¥ G sufficiently

On

to lower the coil to the proper position.

the other hand, if the levers are adjusted so

as to move in or shorten the arms 4 the links
F (= must be shortened. |
With the adjustments described it is pos-
sible to get any regulating results desired—
that i1s to say, with an intermediate adjust-
ment-the current will be maintained constant
notwithstanding any variations of load, or by
turning the screws e to the right from said
intermediate adjustment the current may be
caused to gradually increase with the load, or
by turning them to the left the current may

be caused to gradually decrease with the load.

The effect of the adjustments of the arms b

765,048

of the levers will be apparent from an exami-
nation of Figs. 10 and 11. In Fig. 10 the
arm & 1s shown at its extreme inward adjust-
ment; 1n Fig. 11 1t 1s shown at its extreme
outward adjustment. In both figures the full
lines show the lever in the position of maxi-

mum load, while the dotted lines show it in

the position of minimum load. (The positions
shown 1n full lines answer to Fig. 4 of my
former patent. Those in dotted lines answer

to Fig. 6 thereof.) In Fig. 10 the relative
effective lengths of the arms e 6 at maximum

' load are indicated by the arrows 2 v, at mini-

mum load by the dotted arrows #°+°. In Fig.
11 the effective lengths of the arms a & at
maximum load are indicated by the arrows
z 1y, at minimum load by the dotted arrows
2’ 1°. The effect of the varying adjustments
of the arm 6 1s indicated in Fig. 10 by the
arrow 2 and in Fig. 11 by the arrow z', the
difference being slight, but of considerable
effect.
the relative effective lengths of the arms « &
in the position of equilibriuvm or full load is

invariable, since the lever will tilt to such po-

sition as to restore equilibrium. Hence the
result of any change of adjustment of the arm
b 1s to change the rate at which the compen-
sating preponderance of the core over the coil
increases with the increase of current in the
coll. |

In Fig. 8 I have shown the knife-edge ful-
crum K in one position in full lines and in
another position, K', in dotted lines. The
purpose of these two positions is to allow for
different relative weights of coil and core. In
a regulator of small size where the core is of
lighter weight in proportion to the weight of
the coil the knife-edge 1s placed at K. For
a larger size where the coreis heavier in pro-
portion to the weight of the coil it is placed
at K'.  Any intermediate position may be se-
lected, according to their relative weights,
for a given adjustment of the arm 4. Hence
the same lever-casting answers for regulators
of different size by forming the casting with
a single thickened portion 7, (see Fig. 9,) into
which to cut a notch or notches for the knife-
edges. These notches may be cut as shown
in Kig. 8 and the knife-edge placed in either
noteh, or, as shown in Fig. 1, only the one
notch needed may be cut, it being cut where
required.

The coil A 1s hung from a connection-board
%, which in turn is hung from the links I G.
For thus supporting the coil I place beneath
1t two cross-pieces / [, preferably of the con-

struction shown in detail in Figs. 6 and 7, and

connect their ends by bolts m m to ears o o,
projecting from the end plates » » of the con-
nection-board. The bolts m m are insulated,
so that no closed circuit ean be formed through
them. This insulation is preferably made by
inserting an insulating - bushing ¢ into the
socket In each eye ¢ and so as to project out

For a given weight of coil and core
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of the Socket so that neither the bolt nor its
nut can touch the eye.

My invention pr ovides a mode of accur ately

guiding the coil in its movements rela,twely.

to the core, so as to prevent any contact of
the coil with the core which might cause
damage to the insulation. Asinmy patented
regulator, the coil incloses the middle leg of
the core and moves into the spaces between
the middle and outer legs; the three legs hav-
ing approaching pole-pl_eces which cloqely ap-
proach the coil to localize and concentrate the
magnetic field. ~ If the coil and core were
able to move or swing laterally so that an in-
turned pole-piece on an outer leg of the core
would rub or touch the exterior of the ‘coil.
1t would wear the insulating-covering of the
1t is also desirable to avoid rubbmﬂ
of the polar projections on the middle 160‘
against the coill. Hence I provide at or near
the bottom end of the coil a guide engaging
the middle leg of the core, which 1s adapted
to keep this middle leg centrally within the
coll. I form these guides as ears or projec-

tions /' on the cross-pieces /. these projections
having upturned angular flanges to fit up

within the corners of the coil and having a
plate or web [* to engage the core. The op-

eration is indicated in Fw 5, where the dot-

ted line B’ designates the middle leg of the
core, the corners of which enter the anwles of
the 0111des /. Thewidth of the plate or web
2 allows for the projection of the pole-piece.

I provide means also for adapting my regu-
lator for use on circuits carrying currents_of
different frequencies. It 1s well understood
that for a low frequency, say sixty cycles, g
greater length of active wire 1s required In

- the coil than for high frequencies, say one

hundred and twenty-five cycles to one hun-
dred and forty cycles. It 1s alsodesirable to
be able to cut in more or less wire for varia-
tions 1n voltage. For example, on a small
regulator the range may be from one thou-
sand to twelve hundred volts and on a large
regulator from two thousand to two thousand
four hundred volts. In my former patent I
provided meansfor eutting in or out a greater
number of turns of wire.on the coil in order
to admit of adjustment for different frequen-
cles or voltages. According to that construc-
tion, however, the circuit was connected per-
manently to one end of the coil, and more or
less windings at the opposite end of the coil

“were cut off according to the length of wire

desired for any requned condition of either
voltage or frequency. 1 nowprovide a more
effective means of adjustment by which con-
nections can be made for an increased or di-
minished voltage or for higher or lower tfre-
quency without interfering the one with the
other. This feature of my invention is 1llus-

trated in the diagram, Fig. 12, where U desig-
nates the alternating generator, T and V the
main-circult wires or leads trom the opposite

3

terminals thereof, and W W the successive
lamps or otherenergy-translating devices con-
nected serially in the circuit. The coil A 1s
provided with a se11es of terminal plates or
binding-posts ¢ ¢’, which are dlstmomshed by
numbers. These terminals q q' are carned on
the connection-board £, Fig. 1. The oppo-
site ends of the coil are connected respec-
tively.toterminalsnumbered ° ‘60 and *“740.”
At intermediate points the coil is tapped out
by wires leading to the other successive ter-
minals. For example, taking the end of the
coil which is connected to terminal 60 as zero.
and assuming the coil to have seven hundred
and forty turns the terminal marked *°125”

-may be connected at fifty-five turns, number

"*188 ” at.one hundred and ten turns, and num-
ber ‘_‘ 640” at six hundred and tmty turns,
while the remaining terminals ¢ are con-

nected at the number of turns corr esponding

with their number smnamely, "660,” "' 680.”
“700,” *°720,” and *°740,” 1espectivelv The
connections on one side or toward one end of
the coll are to provide for variations in vol-
tage.
T 1sto be connected with the terminal of the
series ¢, which 1s numbered according to the
frequency required. For example, for one

hundred and twenty-five cycles it 1s connected

to terminal number *°125.” Quite independ-
ently of the frequency the opposite lead V is
connected into one or another of the series of
terminals ¢, according to the length of wire
or number of turns required for any given
voltage, as may be ascertained by calculation
or experiment. If the leﬂ'ulatm 18 requned
to be used for any different frequency, it is
only necessary to change the lead T to the cor-

respondingly - numbered terminal ¢ without
necessarily changing the voltage connection.

Conversely,1fitisrequired touse the regulator

~with any different voltage it is only necessary
“to change the lead V to a different terminal ¢’

without necessarily making any change in the
frequency connection. Of course any system
of numbering or otherwise designating the

successive.terminals ¢ ¢ may be employed, as

desired. This system of double adjustment
enables any desired combination of connec-
tions to be made, so as to adapt the regulator
to any condition that i1s liable to oceur in prac-
tice. In my former patent there was only a
single series of connections, one circuit-lead
being connected permanently with oneend of
the coil, while my present invention provides,

| ineffect, a double series of connections, afford-
ing a much greater range of adjustment and

enablmﬁ' one admstment to be’ made without
inter feri ing with another. -

The 1eﬂu1at01 set forth in my former p&t—
ent with the addition of the improvements
herein set forth has the advantages that it is
readily adjustable to operate satisfactorily on
any frequency. It can be adjusted for any
ordinary variation in voltage. By a simple

Thus for any given frequency the lead
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adjustment of the levers it can be set to give

a constant current through the full range of
the apparatus or to give a gradually increas-

Ing ordecreasing current with the load. This |
regulator may be connected in the circuit re-

mote from the power-station, as it requires
no extra wires running back to the point of
supply.

The regulator works perfectlv with arc-
lamps or 1ncandescent lamps or with arc and
incandescent lamps in any proportion to its
maximum capacity In series. -

What I claim 15—

1. In a current-regulator comprising a coil
and a core one movable relatively to the other,
the combination with amovable member there-
of of a counterbalance therefor, and a differ-
ential connection between said member and
counferbalance adapted iIn operation to vary
the tendency of said movable member to
separate from 1ts complementary member so
that the same shall increase progressively as
the regulator departs from the position of
maximum load, said connection being adapted
for adJustment to alter the rate of separation
for a given variation of the load.

2. In a current-regulator comprising a coil
and a core one movable relatively to the other,
the combination with a movable member there-
of of a counterbalance therefor, a differential
compensating lever adapted in operation to
vary the tendency of said movable member to
separate from 1ts complementary member so
that the same shall increase progressively as
the regulator departs from the position of
maximum load, and means for adjusting said
lever to alter the- rate of separation for a
given variation of the load.

3. In a current-regulator comprising a 0011
and a core one movable relatively to the other,

the combination with amovable member there- |
of of a counterbalance therefor, a differential
lever between said member and counterbal-

ance adapted in operation to vary the tend-
ency of said movable member to. separate
from its complementary member so that the
same shall increase progressively as the regu-
lator departs from the position of maximum
load, said lever belng in two parts pivoted to
each other to permit adjustment thereof to
alter the rate of separation for a given varia-
tion of the load.

4. In a current-regulator comprising a coil

and a core, one movable relatively to the

other, the combination with a movable mem-
ber thereof of a counterbalance therefor, a
differential connection between saild member
and counterbalance adapted in operation to
vary the tendency 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, said connection being adapted

for adjustment to alter the rate of separation

a coil, a

. (65,948

for a given variation of the load, and means 65

for varying the normal positions of said mem-
bers relatively to each other.

5. In a current-regulator comprising a coil
and a core, one movable relatively to the
other, the combination with a movable mem-
ber thereof of a counterbalance therefor, a
differential connection between said member
and counterbalance adapted in operation to
vary the tendency 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, said connection being adapted
for adjustment to alter the rate of separation
for a given variation of the load, and. an ad-
Justable supporting connectlon for said com-
plementary member. . |

6. In a current-regulator compmsmg a coll
and a core one movable relatively to the other,
the combination with a movable member there-
of of a counterbalance therefor, a differential
compensating lever adapted in operation to
vary the tendency of said movable member to
separate from its complementary member so
that the same shall increase progressively as
the regulator departs from its position of
maximum load, and said lever ha,vmcr an ad-
justable arm.

7. In a current-regulator, comprisinga ver-
tical coll and a core the one movable vertically
relatively to the other, means attached to one
of sald parts and engaging the other for guid-
ing the movable part to restrainit from swing-
ing laterally and thereby prevent the core
from coming into contact with the coil. -

8. In a current-regulator, comprising a coil
and a core one movable relatively to the other,

the core having a leg extending within and a

leg extending outside of the coil, and means
projecting within the coil and engaging the
core tor guiding the movable member so that
the core shall not come Into contact Wlth the

CcOll.
9. In acurrent-regulator, in combination, a

coil, a core, the one movable relatively to the

other and a supporting member for the coil
having ears pIOJectmﬂ' inward and forming
ﬂ*u1des for engaging the core.

10. In a current- recrulator 1n combmatlon
a coll, a core, the one movable Ielatwely_to
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the other, a,nd a support for the coil com-

prising cross-pieces (/ having ears [’ project-
ing within the coil.

11. In a current-regulator, in combmatlon
connection - board at the upper end
thereof, and supporting-bolts holding up the
coll attached to the connection-board at their
upper ends and insulated at said point of con-
nectlon.

12. Ina current-r ee'ulator in combmatlon
a coil, a connection- board theretm clampmﬂ'
members at the lower end of the coil having
ears fitting inside of the coil, and supporting-

I20
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bolts connected at the bottom tosaid clamping
members and at the top to said connection-
board, sald ears serving to guide the core.
13. In a current-regulator for maintaining
a constant current on alternating-current cir-
cuits and including a coil and a core.one mov-

able relatively to the other, whereby to main-

taln a constant current, a series of terminals
connected to suitable points of said coil to per-
mit adjustment for different voltages, and a
series of terminals connected to suitable points
to permit adjustment for different frequen-
cies.

14. In a current-regulator for maintaining
a constant current on alternating-current cir-
cuits and including a coil and a core one mov-

o

able relatively to the other, whereby to main-
taln a constant current, a series of terminals
connected to suitable points toward one end ot
satd coll to permit adjustment for different
voltages, and a series of terminals connected
to suitable points toward the other end of said
coll to permit adjustment also for different
frequencies.

In witness whereof I have hereunto signed
my name in the presence of two subseribing
witnesses.

JAMES J. WOOD.

Witnesses:
L. S. Nowp,
D. C. Davis.
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