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UNITED STATES

Patent OFricE,

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

ASSIGNCR TO THE TESLA ELECTRIC

COMPANY, OF SAME PLACE.

REGULATOR FOR ALTERNATE-CURRENT MOTORS.

SPECIFICATION forming part of Letters Patent Mo, 390,820, dated October S, 1888.

Application filed April 2, 1888,

To ail whom it may concerr:

Be it known that I, NIKoLA TESL4, a sub-
Jject of the Emperor of Austria, from Smiljan,
Lika, border country of Austria-Hungary,now

5 residing in New York, in the county and State
of New York, have invented certain new and
useful Improvements in Regulators for Alter-
nating-Current Motors, of which the following
is a specification, reference being had to the

10 drawings accompanying and forming part of
the same,

My invention is an improvement in systems
for the electric transmission of power; and it
consists In a means of regulating the speed and

15 power of the motor or motors. The system for

 use with which the invention is more particu-
larly designed is one in which the motors, or
what may be in certain cases their equiva-
lents~—the electrical transformers—havetwoor

20 more independent energizing-circuits, which,
receiving current from corresponding sources,
act to set up a progressive movement orshift-
ing of the magnetic poles of the motors; but
the invention is also applicable to other pur-

25 poses, as will hereinafter appear. I employ
the regulator for the purpose of varying the
speed of these motors,

The regulator proper consists of a form of
converter or transformer with one element ca-

30 pable of movement with respect to the other,
whereby theinductiverelations may bealtered,
cither manually or antomatically,for the pur-
pose of varying the strength of the induced
current. I prefer o construct this deviee in

35 such manner that the induced or secondary
element may be movable with respect to the
other; and the improvement, so far as relates
merely to the construction of the device itself,
consists, essentially, in the combination, with

40 two opposite magnetic poles, of an armature
wound with an insulated c¢cil ard mounted on
a shaft, whereby it may be turned to the de-
sired extent within the field produced by the
poles. The normal position of the core of the

45 secondary element is that in which it most
completely closes the magnetic circuit between
the poles of the primary element, and in this
position its coil isin its most effective position
for the inductive action upon it of the primary

50 coils; but by turning the movable core to

either side the induced currents delivered by

Serial Xo.271,632. (Somadel,)

its coil become weaker until, by a movement
of the said core and coil through ninety de-
grees, there will be no current delivered.

The construction of this device, broadly, I 55
do not claim as of my invention; but this, to-
gether with the manner of applying and using
the same, which forms the subject of my in-
vention, I will now explain by reference to
the accompanying drawings. 60

Figure 1 is a view in side elevation of the
regulator. Tig. 2 is a broken section on line
x ¢ of Fig. 1. TIig. 3 is adiagram illustrating
the preferred manner of applying the regu-
lator to ordinary forms of motors, and Fig. 4 65
is a similar diagram illustrating the applica-
tion of the device to my improved alternating-
current motors.

The regulator may be constructed in many
ways to secure the desired result; but in the
best form of which T am now aware it isshown
in Figs. 1 and 2.

A represents a {rame of iron, and I would
here state that the plan which is now invari-
ably followed of dividing up all iron cores 7
which are subjected to the influence of alter-
nating eurrents should be adopted in the con-
struetion of this device.

B B are the cores of the inducing or pri-
mary coils C G, said cores being integral with Sc
or bolted to the frame A in any well-known
way.

D is a shaft mounted in the side bars, D/,
and on which is secured a sectional iron core,

X, wound with an induced or secondary coil, 8s
F, the convolutions of whieh are parallel with
the axis of the shaft. The ends of the core
are rounded off, so as to fit closely in the space
between the two poles and permit the core I

to be turned. A handle, G, sccured to the go
projecting end of the shaft D, is provided for
this purpose.

Any means may be employed for maintain-
ing the core and secondary coil in any given
position to whieh it is turned by the handle. g5

The operation or effect of the device will be
understood by reference to the diagramsillas-
trating the manner of its application.

In Fig. 3, let H represent an ordinary alter-
nating-carrent generator, the field-magnets of 100
which are excited by a suitable source of cur-
rent, I.  TLet J designate an ordinary form of
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electro - magnetic motor provided with an
armature, K, commutator L, and field-mag-
nets M. It is well known that such a motor,
if its field-magnets’ cores be divided up into
insulated sections, may be practically oper-
ated by an alternating current; but in using
my regulator with such a motor I include one
element of the motor only—say the armature-
coils—in the main circuit of the generator,
making the connections through the brushes
and the commutator in the usnal way. Ialso
include one of the elements of the regulator-—
say the stationary coils—in the same cirenit,
and in the cireait with the secondary or mov-
able coil of the regulator I connect up the
field-coils of the motor. I prefer to use flexi-
ble conductors to make the connections from
the secondary coil of the regulator, asI there-
by avoid the use of sliding contacts or rings
without interfering with the requisite move-
ment of the core It.

If the regulator be in its normal position,or
that in which its magnetic circuit is most
nearly closed, it delivers its maximum induced
current, the phases of which so correspond
with those of the primary current that the
motor willrun as though both field and arma-
ture were excited by the main current.

To vary the speed of the motor to any rate
between the minimum and maximum rates,
the core F and coils ¥ are turned in either di-
rection to an extent which produces the de-
sired result, for in its normal position the con-
volutions of coil F embrace the maximum
namber of lines of force, all of which act with
the same effect upon said coil; hence it will
deliver its maximum current; but by turning
the coil I out of its position of maximum ef-
fect the number of lines of force embraced by
it is diminished. The inductive effect is there-
fore impaired, and the current delivered by
coil I' will continue to diminish in proportion
to the angle at which the coil I is turned un-
til, after passing through an angle of ninety
degrees, the convolutions of the coil will be at
right angles to those of coils C C, and the in-
ductive effect reduced to a minimum.

Incidentally to certain constructions, other
causes may influence the variation in the
strength of the induced currents. TFor exam-
ple, in the present case it will be observed
that by the first movement of coil F a certain
portion of its convolutions are carried beyond
the line of the direct influence of the lines of
force, and that the magnetic path or circuit
for said lines is impaired; hence the inductive
effect would be reduced. Next, that after
moving through a certain angle, which is ob-
viously determined by the reiative dimensions
of the bobbin or coil F, diagonally-opposite
portions of the coil will be simultaneously in-
cluded in the field, but in such positions that
the lines which produce a current-impulse in
one portion of the coil in a certain direction
will produce in the diagonally-opposite por-

tion a corresponding impulse in the opposite
direction; hence portions of the current will
neutralize one another,

Ag before stated, the mechanical construe-
tion of the device may be greatly varied; but
the essential conditions of the invention will
be fulfilled in any apparatus in which the
movement of the elements with respect to one
another effects the same results by varying the
inductive relations of the two elements in a
manner similar to that described. .

It may also be stated that the core E is not-
indispensable to the operation of the regula-
tor; bub its presence is obviously beneficial.
This regulator, however, has another valuable
property in its capability of reversing the mo-
tor, for if the coil F be turned through a half-
revolution the position of its convolutions
relatively to the two eoils C C and the lines
of force is reversed, and consequently the
phases of the current will be reversed. This
will produce a rotation of the motor in an op-
posite direction. This form of regulator is
also applied with great advantage to my sys-
tem of utilizing alternating currents,in which
the magnetic poles of the field of a motor are
progressively shifted by means of the com-
bined effects upon the field of magnetizing-
coils included in independent circuits,through
which pass alternating currents in proper or-
der and relations to each other.

In illustration, let P represent one of my
geuerators having two independent coils, P’
and P”, on the armature, and T a diagram of
a motor having two independent energizing-
coils or sets of coils, R R. One of the cir-
cuits from the generator, as 8’ S/, includes one
set, R" R/, of the energizing-coils of the motor,
while the other circuit, as S 8, includes the
primary coils of the regulator. The second-
ary coil of the regulator includes the other
coils, R R, of the motor.

‘While the secondary coil of the regulator is
in its normal position it produces its maxi-
mum current, and the maximum rotary effect
is imparted to the motor; but this effect will
be diminished in proportion to the angle at
which the coil F of the regulator is turned.
The motor will also be reversed by reversing
the position of the coil with reference to the
coils C C, and thereby reversing the phases of
the current produced by the generator. This
changes the direction of the movement of the
shifting poles which the armature follows.

One of the main advantages of this plan of
regulation is its economy of power. When
the induced coil is generating its maximum
current, the maximum amount of energy in the
primary coils is absorbed; but as the induced -
coil is turned from its normal position the
self-induction of the primary coils reduces the
expendibture of energy and saves power.

It is obvious that in practice either coils C
C or coil F may be used as primary or second-
ary, and it is well understood that their rela-
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tive proportions may be varied to produce
any desired difference or similarity in the in-
ducing and indunced currents.

‘Tam aware that it is not new to vary the
secondary current of an induetion-coil by mov-
ing one coil with respect to tfhe other, and
thereby varying the inductive relaticns nor-
mally existing between the two. This I do
not claim.

‘What I claim is—

1. The combination, with a motor having ia-
dependent energizing-circuits, of an alternat-

ing-current regulator, consisting, essentially,

of inducing and induced eoils movable with
respect to one another, whereby the strength
of the induced currents may be varied, the in-
duced coils being included in and adapted to
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supply the current for oue of the motor-cir-
cuits, as set forth.

2. The combination, with a motor adapted
to be run or operated by alternating currents
and provided with independent energizing-
colls, of a regulator Consisting. of stationary
inducing-coils and an induced coil capable of
being rotated, whereby it may be turned to a
greater orless angle to the primary coils, or its
position with respect thereto reversed, the in-
duced coil or coils being included in and
adapted to supply the current for one of the
motor-cireuits, as set forth.

NIKOLA TESLA.

Witnesses:

Roprt. F. GAYLORD,
FrANK B. MUurprHY.
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