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UNITED STATES

NIKOLA TESLA, OF NEW YORK, N. Y.,

PATENT OFFI(_:E.

ASSIGNOR 10 THE TESLA ELECTRIC

COMPANY, OF SAME PLACE.

ELECTRO-MAGNET[C MOTOR.

SPECIFICATION forming part of Letters Patent No. 459,772, dated September 22, 1891,
Application filed April 6, 1880, Barfal No. 306,165, (No medel} '

To all whom it-may coneern: *
_ Be it known that I, NIkoLa TESLA, a sub-
jeet of the Emperor of Austria, from Smiljau,

Lika, border country of Austria-Hungary, re-.

sidiog at New York, in the county and State
of New York, have inveiited coertain new and
useful Improvements in Electro-Magnetic
Motors, of which the following is a specifica-

tion, reference being had to the drawings ac-’

companying and forming a part of the same.
. Asiswell known, certain forms of alternat-
ing-current machines havethe property, when
connected in cireuit with an alternating-cur-
rent generator, of ranning as a motor in syn-
chronism therewith; but while thealternating

‘eurrent will ran the motor after it has at-

tained a rate of gpeed synchronouns with that
of the generator it will notstartit. Hencein
all instances heretofore when these “synchro-
nizing motors,” as they are termed, have been
run, some means have been adopted to bring
the motors up to synchronism with the gen-
erator, or approximately so, before the alter-
nating current of the generator is applied to
drive them,

In an application filed February 18, 1889,
Serial No. 300,220, Thaveshown and deseribed
an improved systemm of operating this class
of motors, which consists, broadly, in wind-
ing or arranging the motor in such manner
that by means of suitable switches it could
be started as & multiple-circuit motor, or one
operating by a progression of its magnetic
poles, and then, when up to speed, or nearly
80, converfed into an ordinary synchronizing
motor, or one in which the magnetic poles
were simply alternated.  In some cases, as
when a large motor is used and when the
number of alternations is very high, there. is
more or less difficulty in bringing the motor
to speed as a double or maultiple-cirenit mo-
tor, for the plan of construction which renders
the motor best adapted to run as a synchro-
nizing motor impairs its efficiency as a torque
or double-gircuit motor under the assuined
conditions on the start. This will be readily

. understood, for in a large synchronizing mo-

3aQ

tor thelength of the magneticeirenit of thepo-
larprojectionsand their massare so great that
apparently considerable time is required for
magnetization and demagnetization. Henee

with a eurrent of a very high number of al-
ternations the moter may not respond prop-

erly. To avoid this objection and tostart up

a synchronizing motor in which these condi-
tions obtain is the objeect of my present in-
vention. I have therefore combined two mo-
tors, one a synchronizing motor, the other a
multiple-circuit or torque motor, and by the
latter I bring the first named up to speed,
and then either throw the whole current into
the synchronizing motor or operate jointly
both of the motors.

This invention involves several novel and
useful featnres. It will be obsarved, in the
first place, that both motors are run without
cominutators of any kind, and, secondly, that
the speed of the torque motor may be higher
than that of the synchronizing motor, as will
be the case when it ecntains a fewer number
of pules ot sets of poles, so that the motor will
bemore readily and easily brought up tospeed.
Thirdly, the synchronizing motor may be con-
structed so as to have a muech moreproncunced
tendeney to synchronisin without lessening
the facilily with which it is started.

In the drawings I have illustrated the in.
vention.

IMigure 1 is a part sectional view of the two
motors; Fig. 2,an end view of the synchroniz-
ing motor; Fig. 3, an end view and part sec-
tion of the torque or double-cirenit motor;
TFig. 4, n dingram of the cirenit connections
employed; and Figs. 5, 6, 7, 8, and 9 are dia-
grams of modified dispositions of the two mo-
tors. :

Inasmuch as neither motor is doing any
work while the current is acting upen the
other, Iprefer torigidly connect the two arma-
tures. I therefore mount both upon thesame
shaft A, the field-magnets B of the synehro-
nizing and Cof the torque motor belng secured
to the same basc D. The prefevably larger
syunchronizing inotor has polar projections on
its armature, which rotata in very elosc prox-
imity to the poles of the field, and in other
respeets it conforms to the conditions, now
well understood, that are necessary to gecure
synchronous action. I prefer, however, to
wind the pole-pieces of the armature with
closed coils B, as this obviates the employ-
ment of sliding eontaets. The smaller or
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torque metor, on the other hand, has, prefer-
ably, a eylindrical armature T, without polar
projections and wound with closed coils G, as
I have described in my previous patents,
notably No. 382,270, dated May 1,185, 'The
field-eoils of the torque motor are conneoted
up in two series H and I, and the alternating
currentfrom the generatoris directed throu gh
or dividad between these two circnits in any
anner to produce 4 progression of the poles
or points of maximum magnetic effect. I
secure this result in a convenient way by
connecting the two motor-circnits in deriva-
tion with the circuit from the generator, in-
serting in one motor-cirenit o dead resist-
aneve and in the other a self-induction coil, by
which means u difference in phase betwesn
the two divisions of the current is secured.
IE both motors have the same nnmber of field-
poles, the torque motor for a given number
of alternations will tend to run at double the
speed of the other, for, assuining the connec-
tions to be such as to give thebest results, itg
poles are divided into two series and the
number of poles is virtually reduced one-half,
which being acted upon by the same number
of alternations tend to rotate the armature
at twice the speed. By this means the main
armuture is more easily brought to or above
the required speed. When the speed neces-
sary for synchronism is imparted to the main
motor, the current is shifted from the torque
motor into the other, )

A convenient arrangement for carrying out
this invention is shown in Fig. 4. In said
figure J J aro the field-coils of the sychroniz-
ing, and M I the field-coils of the torgue, mo-
tor. L 1/are the conductors of the main
line. One end of, say, coils H is connected to
wire I. throngh a self-induction eoil M. Oune
end of the other set of coils I is conuected to
the same wire through a dead resistance N,
The opposite ends of these two circuits are
connected to the contact m of a switeh the
handle or lever of which is in connection with
the line-wire I.  One end of the field-cireuit
of the synchronizing motor is connected to
the wireI.. The otherterminatesintheswitch-
contact . From the diagram it will be read-
ily seen that if the lever P Le turned onto
conitact m the torque motor will start by
reason of the difference of phase between the
currents in its two energizing-cireuits. Then
when the desired speed is attained if the le-
ver P be shifted onto contactn the entire
current will pass through the fiald-coils of the
synchronizing motor and the other will be
doing nowork,

The torque motor may be constructed and
operated in various ways, many of which I
have described in otherap plications; butIdo
not deem it necessary in illustration of the
principle of eonstruction and mode of opera-
tion of my presentinvention to describe thesa
further herein. It is not necessary that one
motor be eut out of circuit while the other is
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in, for both may be acted upon by the eur-
rent at the sane time, and I have davised va-
rious dispositions or arrangements of the two
motors for accomplishiug this. Some of these
arrangements are illnstrated in Figs. 5 to 9.
Referring to Fig. 5, let T designate the
torque or multiple-circnit motor and S the
synchronizing motor, LL! being the line-wires
from a source of alternating current. The
twa cirenits of the torque motor of different
degrees of self-induction, and designated by
N M, are connected in derivation_to the wire
They are then joined and connected to
the energizing-circuit of the synchronizing
motor, the opposite terminal of which is con-
nected to wire I’. The two motors are thus

in series. To start them I short-cirenit the

synchronizing motor by a switch P, throwing
the whole current through the torque motor.
Then when the desired speed is reached the
switch P’ is opened, so that the eurrent passes
through both motoys. In such an arrange-
ment as this it is obviously desirable for
economieal and other rensons that a proper
relation between the speeds of the two motors
shonld be observed.

In Fig. 6 another disposition is illustrated.
S is the synchronizing motor and T the torgue
motor, the circnits of both being in parallel.
W is a cireuit also in derivation fo the motor-
cirenits and containing a switeh P!, 8’ isa
switch in the synchvonizing-motor cirouit. On
the start the switch S' is opened, cutting ount
the mnotor S. Then P' is opened, throwing
the entire current through the motor T, giv-
ing it a very strong torque. When the de-
sired speed is reached, switch S’ is elosed and
the eurrent divides between both motors, By
means of switeh P* both motors may be cut
out,

In Fig. 7 the arrangoment is substantially
the same, except that a switeh I” is placed in
the circuit which ineludes the two cirenits of
the torque motor.

Tig. 8 shows the two motors in series, with
a shunt around both containing a switch 8 T',
There is also a shunt around the synchroniz-
ing motor §, with a switch P”.

In Fig. 9 the same disposition is shown ;
but each motor is provided with a shunt, in
which are switches I and T, as shown.

The manner of operating the systems will
be understood from the foregoing desecrip-
tions.

I do not ¢laim herein the torque motor nor
any part thereof, except in so far as they en-
ter into the combination which forms the sub-
Ject of this applieation, for I have made the
distinguishing features of said motor the sub-
ject of other applications.

What I now elaim is—

1. An alternating-current non-synchrouniz-
ing electric motor coupled with a synchroniz-
ing alternating-current motor, substantially
as get forth, whereby the former starts the
latter and throws it iuto synchronism with
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its actuating-current, and switch mechanism
for directing the current through either or
both of the motors, as set forth.

2. The combination of twe motors the ar-
matures of which are mounnted upon the same
shaft, one of said inotors being an alternating-
current torque motor, or one in which the
magnetic points or poles are progressively
shifted By the action of the ensrgizing-our-
rent, the other motor being an alternating-
currentsynchronizing motor, and switch mech-
anisw for directing the current through either
or both of said motors, as set forth.

3. The combination, with an alternating-
current synchronizing motor having one en-
ergizing-field, of an alternating-current torque
motor having a plurality of energizing-cir-

cuits and adapted to be operated by eurrents |-

differing in phase, and a switeh for directing
the alternating current or currents through
the several circuits of one motor or the single
circuit of the other, as and for the purpose
set forth.

4. The combination, with an alternating-
current motor having field-cores wound with
coils adapted to be connected to a source of
alternating currents and an armature wonud
with induced coils closed npon themselves, of

a slarting device for bringing said moter into

synckronism with the generator with which

it 13 connected. _

5. The combination, with an alternating-
current motor composed of a multipolar al-
ternating field-magret, and an armatare hav-
ing poles wound with coils closed upon them-
selves, of a starting device,as set forth.

6. Inan alternating-current motor, the com-
bination of a field-magnet having poles wound
with coils adapted when connected with a
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source of alternating current to produce st-4o )

multaneously opposite magnetic polarities
and au armature provided with poles or pro-
jections and wound with coils connected in
a continuonsly-closed unconnected circuit, as
set forth.

7. The herein-described method of operat-
ing alternating-curremt motors, which consists
in actuating a motor by an alternating euy-
rent to bring a second slternating-current

45

motor up to synchronizing speed-relative to 5o

the actuating-current and thenswitching the
synchronizing motor into cirenit.
NIROLA TESLA,
‘Witnesses:
(GEORGE N. MONRO,
EpwarD T. EVANS.
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