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To all whom it may concern : -

Be it known that I, ELIHU THOMSON, &
citizen of the United States, and a resident of
New Britain, in the county of Hartford and
State of Connecticut, have invented certain
new and useful Improvements in Iileciric-Cur-

rent Regulators, of which the following is a

~ specification,
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Myimprovements relate particularly to regu-

lators operated by an electric current, and

serving to move or adjust the position of the
commutator-brushes of a dynamo-electric ma-
chine. |

My present invention is applicable to gen-
erators in which a change of electro-motive
force developed is consequent on a changed
position of the commutator-brush.

- 1t consists in the combination, with the shift-

ing brushes, of an electro-magnet formed to
give a constant atfraction upon its armature
in any posifion of use when a constant cur-
rent circulates on its coils. : '

I also apply my invention to special con-
struction of generators, as hereinafter indi-
cated. _

Figure 1 is a front and side view of oue form
of my regulator, the movable lever Liof which
is connected to the commutator-brushes or
other device by which the currentis regulated.
Fig. 2 is a bottom view of the upper magnert,
Fig. 1. Fig. 3 is asideview of the lower mag-

net seen in Fig. 1. I'ig. 4 shows the applica-

tion of my regulator to the adjustment of two
pairs of commutator-brushes. Iig. 5 shows

my regulator-magnet arranged to be operated

by a derived current or circuit around the

lamps or resistances I. Ifig.6 shows my regu-
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lator as combined with a special constraction
of self-adjusting generator.

In Fig. 1, U U is a horseshoe or U-shaped
piece of iron carrying an electro-magnet core
and coil, C, attached to its center.. The pole
of this core, P, is paraboloidal or tapered, and
enters a perforation in an armature, A, pivoted
at p’ onanadjustableslotted piece, 5,asshown,
secured to one leg of the horseshoe. By this
means the relative position of the armature-
supports to the frame U may be modified so
as to obtain an. attraction upon the armature

ro A practically uniform in various positions of

' sald armature with the same current. The
armature A is nearly sufficient in length to
join the extremities of the horseshoe U U. An
arm, L, fasten2d to the armatuare A, servesto
amplify its movement. A dash-pot, 12,18 pro- 53
vided, as shown, to check any too sudden
movements of the armature. The end of the
armature A to which the bar L 1s attached
moves parallel to a curved pole-face formed
upon the frame U, as shown. DBy this dispo- 6o
sition the pivots p’arerelieved of unnecessary
strain, sincg the ends of the armature ap-
proach closely to both legs of the frame U U.
The arm L passes out through a slot1n theleg

U, as shown. An adjustable weight, W, con- 653
sisting in the present instance of a circalar
box for containing varying amounts of shot, 1s
provided and tends to withdraw the armature

A from the magunet-pole L.

Tt is not necessary here to describe the rela- jo
tions of the pole P and perforate armatuare A,
as similar constructions are described and 11g-
nred by me in prior applications for Letters
Patent and prior Letters Patent. 1t is suffi-
cient to say that the increased attraciion due yj3
to a nearer approach of the armatuare to the
body of the core P is counterbalanced by the
opposite attraction of that portion of the core
projecting through the armature,se that what-
ever the position of the armature the pull of so
the magnet is the same for a constant current
circulating through its coil C. Let the coill C
be ineluded in an electric circult to be con-
trolled and the lever L attached to & moving
commutator, means of varying resistance, or 83
the like, and the armature A in any position
within the limits of its movement will respond
to changes in the current in coil G, and may be
used to counteract said change, in accordance
with principles at present well understood in ga
the art and set forth in United States Letters

‘Patent No. 238,315. In certain cases, how-
ever, it is desirable that a more delicate action
be secured. This Iaccomplish by a construc-
tion of contact-breaking magnet controlling gr
the admission of current to the regulator-inag-
net coil C. In this latter case the current to
be kept constant, or a part thereof, i1s caused
to traverse the coils of the contact-maker. 1B,
Fig. 1, is a board by which are supported a 1
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pair of coils, R R, provided with a double axial { ing-brushes are constructed, as in prior ma-

core of iron, ¢ ¢, hung upon a spring, S, ad-
justable by a device shown at ¢, and movable
between the limits of forked stop f, as shown.
A contact, p, borne by the cores, touches a sec-
ond contact, ¢, fixed to the base B. The con-
tacts p and ¢ are respectively connected to the
posts ¥ and (x. A carbon rod or other resist-
ance, K, is provided as a shunt around said
contacts p ¢. The current to be reguiated en-
tersat g, branches at b, through C, and to post
G, branches again at G, through the contacts
P q, when closed, and the resistance E, and re-
unttes at the post If, which receives also the
branch that passed through the coil C, then
passes from F, through the axial coils R R, and
out at the post H, joining the circuit at A.
When the parts are disposed as shown the
coil U 18 cut out or short-circuited by the con-
tacts p ¢, becanse the current circulating
through the coils I¥ R is insufficient to open
contact at p q by attracting the cores ¢ e
When, however, the cuarrent through R R or
the circuit-current increases so as to be able to
open the contact p g, the coil C cenveys all the
current exeept that which is diverted through
the resistance li. The resistance E prevents
spark at the opening of the contacts p ¢. The
increased eurrent in O thereupon attracts the
armature A and shifts thecommutator-brushes
or operates an-adjustable resistance or other
suitable device, 80 as to diminish the current
1n the general circnit and restore it to normal.
At the same time the contact at p ¢ isrestored,
the current in the coils R R Dbeing then not
strong enough to hold the cores ¢ ¢ suspended.

In actual practice the operation does notin-
volve a series of defined makes and breaks of
circult at p ¢, but there is a rapid and deli-
cate trembling of the contacts, and the con-
dition is one rather of partial contact between
them, the extent or nature of which contact
varies with the current strength in R . As
a consequence the armature A is constantly
attracted, but with a force dependent upon
the condition of contact at p ¢, and the conse-
quent extent to which the current is diverted
from the coil C.

Fig. 3 shows a side view of the axial-mag-
net contact-breaker, similar parts being des-
ignated by similar letters of reference. Tig.
218 a Dbottom view of the regulator-maguet
and armature, where similar letters to those in
Fig. 1 are used.

The foregoing devices are improvemeunts in
the regulating apparatus described in Pigs.
2 and 3 of Patent No. 238,315, to Thomson and
Houston, dated March 1, 1881, The same
parts may be applied in a variety of ways to
control the strength of an electri¢ current.

In Fig. 4 the coil C, armature A, and arm
L are shown in connection with a commuta-
tor so constructed as to vary the collecting
extent of 1ts positive and negative brushes si-
multaneously with the adjustiwent of the same
toc compensate for variations in the line-re-

chines patented to me, of two or more spriugs
or plates resting on the commutator-cylinder,
so as to cover a considerable space upon the
same. T'he space so covered or embraced by
the compound collecting-brush thus formed by
two or more single springs or brushes may be

termed the collecting extent or space of the

brush. In former constructions of commuta-
tor the collecting extent has usunally been con-
stunt with the backward and forward move-
ment of the collecting-brush, and said collect-
ing extent could only be adjusted or varied by
setting one or both of the two extreme springs
rorming the collecting-brush by hand. In the
present arrangement an adjustment forward
of the colleeting-brush automatically increases
its collecting extent, while an adjustment back-
ward decreases the same.

In the accompanying drawings the forward

| and rear springs of the positive and negative

collecting-brushes are shown as mounted on
independent rocker-arms T T?, both of which
are snitably connected with the armatare A or

arm L, so that motion will be imparted to both

in such a direction or at sach a relative rate
that when the armature is drawn toward the
magnet to adjust the collecting-brush forward
the distance between the forward and rear
springs forming said brosh will lengthen, thus
increasing the collecting extent of the brush.

The two springs upon the one side of the
commutator, and mounted on the two rocker-
arms, are electrically connected, as usual, to
form the positive collector, while the two upon
the opposite side form the negative collector.
The springs or brushes upon the arm T2 are
the forward springs or brushes, and are so ar-
ranged as to be adjusted forward in the direc-
tion of movement of the commutator. The
rear pair of springs, mounted on arm T, I shall
herein term the “supplemental springs or
brashes.” In the present arrangement the
collecting extent of each positive and negative
brush 18 increased by moving the rear or sup-
plemental springs or brushes of the positive
and negative compound collecting-brushes
rearwardly simultaneously with the forward
movement of the forward spring or brush.
The inverse movement is produced by connect-
ing the arms T 'I? at opposite ends to the arm
L and armature A.

‘Che construction should be such that the
angle between the rear and forward portions
of the positive and negativecollecting-brushes
may be varied from sixty degrees to ninety
degrees. The three-segment commutator K/
i* KU 1s substantially the same as is shown in
my prior patents, and the slots between the
segments are substantially straight and par-
allel to the revolving shatt upon which they
are mounted. The three armature-coils are
conuected to the segments and to each other
i the manner described in my prior patents.

The above constraction of commutator col-
lecting-brushes I find valuable for obtaining a

Bigtance. The positive and negative collect- | steady current for electric arcs, and may be
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applied to other forms of machine with bene-
ficial effect. I find that approximately with
my three-colil machine the relative rate of move-
ment of the rear and forward portions of each
collectirg-brush should be as one to four, and
the connections are shown to give this result—
that is, the arm I? will move, say, five degrees
forward, while the arm T will move in the same
time twenty degrees backward.
that the form of the contact springsor surfaces
bearing on the commutator is not material to
the invention,and that the collecting extent of
the positive and negative collecting-brushes
may be automatically varied by othermechani-
cal arrangements in place of those described.

In FFig. 5 a modified use of my regulator-
magnet 1s shown. The magnet-coil C is trav-
ersed by a current derived from the light-cir-
cuit I, and is therefore made of high resist-
ance. lts armatare A is loaded by a weight
attached at W, partly counterpoised by :
spring, 5% regulable by a device shown at V.
The lever L is attached by suitable means to
the rocking support T T of the commutator-
brushes of a dynamo-electric machine bearing
on commutator-segments K’ K2 K3 1M M rep-
resent the field-magnet coils of the machine.
The purpose and action are similar to the pre-
ceding device. Let the resistance I be in-
creased or diminished within certain limits.
The variations in the attractive energy of the
coil Cconsequentthereon willmove the brushes
L L so as to compensate therefor. The spring
5% 18 adjusted so that when the resistance Iis
at 1ts waximum the armature A will be in its
upper position, and the link 7is of such length
that the brushes T T will at this moment bear
on segments at their maximum of electro-mo-
tive force. _ -

IFig. 6 shows the regulator adapted to use
with resistances ran in maltiple are 11, &e.—
for example, incandescent lights. The parts
of the regulator and commutator of a genera-
tor are the same as in preceding figures, and
are lettered similarly. In addition, M’ M’ in-
dicate the field-magnets of the generator, each
of which is wound with two coils—one placed
in the main circuit and the other in a derived
cireuit around the resistances I LI, &e.—ULoth
acting to magnetize the field-magnets in the
same way. These two coils are constructed
to have a definite magnetizing effect with re-
lation to one another, so as to produce an au-
tomatic regulation of the field-magnet strength
and electro-motive force or current strength in
accordance with changes in the resistance in
the main cireuit, as L have set forth in another
application for patent; but as this forms no
part of my present invention it need not be
herein particularly described.

The coil C of the regulator is placed in- the
main circuit at any convenient point. The
spring S* is set by the adjustment V, so that
when the main current is at its maximuin or
the resistance I I, &e., combined at the mini-
muam, the armature A shall be in its most ele-
vated position, and the braushes T'T bear npon

Itig evident

the commutator where no spark is produced.
Now, if the resistance I I 1, &e., combined be
increased by removing some of the lamps I I
from the mualtiple-are group, the main current
1s thus weakened, and the regulator C releases
its armature A, which descends, at the same
time readjusting the brushes T T backward to
avold spark at the commutator and sustain
the electro-motive force of the generator. The
slots between the segments K’/ K? are pre-
sumed to be inclined or broken, so that the
segments themselves overlap about thirty de-
grees. Whis is the case also in the arrange-

- ment shown in Fig. 5, and is seen in said fig-

ure between the segments K’ and K2 of the
commutator.

I donotin this present application claim the
regulation of the carrent produced by a dy-
namo-electric machine by a movement of its
commutator-brashes, as that is the subject of
prior Letters Patent; but my present inven-
tlon is for improved construction and applica-
tion of the same, -

I make herein no broad claim to the pecu-

liar form of U-maguet and armature, Fig. 1,

lndependently of its combination with eurrent-
regalating mechanism,asI design making said
magunet the subjeet of a separate application,
in which it will be claimed per se and broadly.
What I claim as my invention is—
1. In a current-regulator for a dynamo-elec-
tric machine, the combination, with the regu-

lating mechanism, of a controlling electro-

magnet havinga paraboloidal or tapered pole,
and an armature overlapping the tapered por-
tion of the pole and moving in proximity to
sald tapered portion in substantially the di-
rection of the magnetic axis of the core.

<. The combination, with the U-frame, of the
coil U, 1ts core counected to the center of the
frame, and a movable armature suspended be-
tween the extremities of the frame and cur-
rent-regulating devices actuated by said arma-
ture.

5. The combination, with the U-frame, of
the coil C and its core, connected to the cen-
ter of the frame, an armature pivoted from
one extremity of the frame, and moving with
1tsireeend pastacurved pole-face formed upon
the other extremity, and current-regulating
devices controlled by said armature,

4. The combination of the U-frame, the coil
C and core, the perforated armature A, pivoted
from one extremity of the U-frame, and mov-
Ing with its free end past a curved pole-face
formed upon the other extremity, and current-
regulating devices controlled by said armature.

0. In an electric-current regulator, the com-
bination, with a regulator electro-magnet, of
a shant-circuit inclading a circuit-breaker, a
resistance in a derived cireuit around said cir-
cult-breaker, and a controlling electro-magnet
In the main regulated circuit heyond the cic-
cuit-breaker and the regulator electro-magnet,

6. In an electric-current regulator, the com-
binationof the controlling axialelectro-m agnet

| I B¢ ¢, spring 3, contacts p ¢ in eircuit with
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said magnet, and resistance 1o in a derived !
circuit around said contacts.
7. The combination of the axial controlling

electro-magnet R R ¢ ¢, contacts p ¢ in eireuit

therewith, resistance I in a derived circuit
around said contact, regulator electro-magnet
coil O, connected to frame U U, and in a second
derived eireunit to the contact-points p g, tapered
pole P, and perforated armature-lever A. L.

8. The combination, in & current-regulator,
of a single commutator-cylinder, two pairs of
oppositely and differentially moving brushes,
and an operating electro-magnet, substantially
as and for the purpose described. |

8, The combination, in a current-regulator,
of the armature-lever A I, separate pairs of

commutator-brushes, connected to sald lever

at different points, and a revolving commuta-
tor, upon which said brashes bear.

10. The combination of the armature-lever
A L, rocker-arms T 1%, each carrying a sepa-
rate set of commutator-brushes,a commutator-
eylinder, K/ K? K* and connecting-links /, at-
tached tothe armature-lever and to the rocker-
arms at opposite sides of their fulerum, s6 as
to move them in opposite directions.

11. The combination, with the positive and
negative collecting-brushes for a dynamo-elec-
tric machine, of means for increasing their col-
lecting extent simultaneously with their for-

ward adjustment.

12. The ecombination, with a compound posi-
tive or negative collecting-brush for the com-

muatator of a dynamo-electric machine, of

means for inereasing the collecting extent of 35

said brush rearwardly simultaneously with a
forward movementof the forward portionthere-
of, substantially as aund for the purpose (le-
scribed. |

13. In a compound commutator collecting-
brush, the combination, with a forward adjust-
able spring, of an auxiliary rear spring, and
means for moving the latter backward simul-
taneously with the forward movement ot the
former.

14. In au automatic current-regulating ap-
paratus, the combination of a derived cireuit
around the working-resistances, a regulator-

magnet coil in said derived circunit, and meeh-

anism operated thereby for adjusting the posi-
tion of the commutator-brushes of the maehine
supplying curreut to the working-resistances.

Signed at New Britain, in the county of Hart-

ford and State of Connecticut, this 22d day ot

June, A D, 1352,
ELIHU THOMSON.
Witnesses:

E. WILBUR RICE,
CHAs. M. MOREY.
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