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TRANSMISSION OF POWER.

THE MULTIPHASE OR POLYPHASE SYSTEM.

Tesla Patents.

There are to-day thousands of waterfalls with millions of horse
power of energy going to waste for lack of economical means of
transporting such power to places of use.

Each horse power of work for ten hours for each working day
requires, through a steam engine, about six tons of coal per annum,
so that the development and utilization of these inexhaustible
sources of power will be equivalent to the saving of millions of tons
of coal each year, and will thus assist in solving the problem of
conserving our enormous, but exhaustible, fuel supply.

The means for transporting this power and delivering it in suit-
able form for commercial uses is found in recent applications of
electricity. Through the developments already made, electric
energy is now available for lighting, for the distribution of power
and for heating. The wide extent of its successful application to
lighting, and the distribution of power are familiar to every one, and
its utilization in heating bids fair to make this method a formidable
rival of coal in the vicinity of water powers.

The introduction of successful methods of utilizing these natural
sources of power will not only meet the present demands of cities
within a suitable radius, but it may be safely predicted that there will
be a rapid building up of industries in such localities, and a conse-
quent shifting of centers of population, with also a development of
industries which have heretofore lain dormant on account of the
cost of power.

When the Westinghouse Electric Company was formed, foreseeing
that by alternating currents only could electrical energy be trans-
mitted over long distances, we made the alternating system a’
specialty, and to that end secured the Gaulard and Gibbs inventions,
and many otlter fundamental ones bearing on this important field,
which field had theretofore been considered unworthy of more than



IV

experimental attention. Prior to our operations the alternating
system had been emphatically condemned as uncommercial by the
most eminent engineers of the world, almost without exception ;
but, in the face of unusual opposition, we succeeded in rapidly
introducing a comprehensive system for lighting, which not only
proved a successful competitor of other systems, but by its flexibility
and adaptation to great distances, has opened up and developed
extensive fields which could not otherwise have been occupied. The
success of alternating current for lighting led us to seek a solution
of the problem of distributing power by the same currents.

In the course of our investigations into the subject of power
transmission we came upon the inventions of Mr. Nikola Tesla, now
so well known for his remarkable achievements, and recognizing
the value and originality of his discoveries, and the fundamental
character of his patents, at once secured the exclusive right to
manufacture and sell apparatus covered by these patents, with a
right to any further inventions Mr. Tesla might make relating
thereto. We therenpon immediately began to develop and determine
the best forms of apparatus required to solve the problem of power
transmission, and we have during the past five years worked
unceasingly, and at very great expense, with the result that we are
now able to undertake the manufacture of apparatus to meet any
case that may be presented to us.

The system we offer is an alternating-current one, now known as
the “ Multiphase” or *‘ Polyphase System,” which is the original
discovery of Mr. Tesla, and is so fully covered by his patents that
we deem it a duty to those contemplating the use of such apparatus
to direct their attention to a selection of Mr. Tesla’s patents
presented herewith. It is worthy of especial note that the originality
of Mr. Tesla’s discoveries has not been disputed by any manu-
facturer of electrical power transmitting apparatus.

WESTINGHOUSE ELECTRIC & MANUFACTURING CoO.

Pittsburgh, Pa., January 16th, 1893.
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Yo all whom it may concern:

Be it known that I, NikorLa -TEsLA, from
Bmiljan Lika, border country of Austrie-Huu-
gary, residing.at New York, N, Y., bave in-

5 vented certain new and useful Improvements
in Electro-Magnetic Motors, of which the fal-
lowing is a specification, reference being had
to the druwings accompauyiog and forming a
part of the same.

10 The practical solution of the problem of the
electrical conversion and transmission of me-
chanical energy involves certain requirements
which the apparatus and systems heretofore
employed have not been capable of falfilling.

15 Bach a solution, primarily, demands a uni-
formity of speed in the motor irrespoctive of
its load within its normal working limits. On
the other hand, it is necessary, to attain a
greater economy of conversion than has here-

20 tofore existed, to construct cheaper and more
reliable and simplo apparatus, and, lastly, the
apparatas must he capable of easy manage-
meat, and such that all danger from the use of
currents of high tension, which ure neces-

25 sary to au economical transmission, may be
avolded

My present invention is directed to the pre-
duction and improvement of apparatus capa-
ble of more nearly meeting these requirements

30 thanthose heretofore available, and though I
have described various menns for the pl:;pooa,
they involve the same main principles of con-
straction and mode of opcration, which may be
deseribed as follows: A motor is employed in

35 which there are two or more independent cir-
cuits through which alternate currents are
P-d at properiatervals,in thg maaner here-

pafter described, for the &nrpoaeof effecting
ap ive shifting of the magoetism or of

40 the “.Engot force” in dccordance with the
well-known theory, and a consequent action
of the motor. It is obvious that a proper

vessive shifting of the lines of force may
E: atilized to set up a movement or rotation

43 of either element of the motor, the armatare,
or the field-magnet, and that if the currents
directed tb the several circuits of-the
motor are in the proper direction no commu-
tator for the motor will be required; but to

30 avoidall the usual commutating sppliances in

the system I prefer to connect the motor-eir-
cuits directly with those of a snitable alter-
nate-current generator. The practical results
of such a system, its economical advantages,
and the mode of its constructiou and opera-
tion will be described more in detail by ref-
crence to the accompanying diagrams and
drawings. -
Figures 1to8and 1* to 8, inclusive, are dia-
grans illustrating the principle of the action
of my invention. The remaining figures are
views of the apparatus in various forms by
means of which the invention may be carried
ioto effect, and which wil be described in
their order. . :
Referring first to Fig. 9, which is a diagram-
matic representation of a motor, a generator,
and cennecting-oircuits in accordance with my
iovention, M is the motor, and G the gener-
ator for driving it. The motor comprises a
ring or annulus, B, preferably bailt up of -
thin ivsalated iron rings or annular plates, so
as to be assusoeptihleas possible to variations
in its magunetic vondition. This ring is sur- .
ropnded by four eoils of insulated wire sym- 75
metrically placed, and designated by COC O.
The diametrically-opposite coils are connected
up so as to co-operate in pairs in producin
free poles on diametrically-opposite parts o!
thering. The four free ends thus lett are con- .80
nected to terminals T T T’ T, as indicated.
Near the ring, and preferably inside of it, there
is mounted on an axis or shaft, a, 3 magnetio
disk, D, generally circular in shape, but hav-
ing two segments cut away, as shown. This 85
gii:: g. m?:ud 80 as to Ia:ri: frfeely wit.hiin the
e generator of any ordinary
that shown in the present ina{.noo hav-
ing field-magnets N S ard s cylindrical arma-
ture-core, A, wound with the two coils B B’
The free éands of each ooil are carried thro:
the shaft @’ and connected, respectively, toin-
sulated coutact-rings d d ¥ ¥'. Any conven-
ient form of collector or brush bears on each
ring and forms & terminal by which the cur-
rent to and from s ring is conveyed. These
terminals are connected to the terminals of
the motor by the wires L énd L’ in the man-,
ner indicated, whereby two complete eircuits
are formed—one ineluding, say, the eofls B of 100
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the generator C' ' of the motor, and the other
the remaining coils B’ and C Cof the generator
and the motor. )
It remains now to expTain the mode of op-
=5 eration of this system, and’ for this purpose I
refer to the diagrams, Figs. 1 to 8, and 1* to 8%,
for anillustration ofthe various phases through
which the coils of the generator pass when in
operation, and the corresponding and.result-
© ant magnetic changes produced in the motor..
The revolution of the armature of the gener-
‘ator between the field-maguoets N 8 obviously
produces in the coils B B’ alternating currents,
the intensity and direction of which depend
s dpon well-known laws. In the position of the
. coils indicated in Fig. 1 the current in the
coil B is practically nil, whereas the coil B’at
the same time is developing its maximuam ecur-
rent, and by the means indicated in the de-
20 scription of Fig, 9 the circuit including this
¢oil B’ may also include, say, the coils C C of
the motor, Fig. 1* The result, with the proper
connections, wonld be the magnetization of
the ring R, the poles being on. the line N S.
ag The same order of connections being observed
between the coil B and the coils C/, the latter,
when traversed by a current, tend to fix the
les at right angles to theline N' 8 of Fig. 12,
t results, therefore, that when the generator-
30 coils have made one eighth of a revolution,
reaching the position shown in Fig. 2, both
pairs of coils C and C' will be traversed by
cnrrents and act in opposition, in 8o far as the
location of the poles is concerned. The posi-
3s tion of the poles will therefore be the resnlt-
ant of the magnetizing forces of the coila—that
is to say, it will advance along the ring to a
position corresponding to one-eighth of the
revolution of the armature of the geuerator.
to In Fig. 3 the armatore of the generator has
progressed to one-quarter of arevolution. At
the point indicated the current in the coil B
js maximum, while in B'it is nil, the latter
coil being in its neutral position. The poles
¢s of the ring R in Fig. 3* will, in'consequence,
De_shifted to a position ninety degrees from
that at the start, as shown. I have in like
manner shownthe conditions existing at each
successive eighth of one revolution in the re-
maining.figures. A short reference to these
figures will suffice foran understanding of their
significance. Figs. 4 and 4* illustrate the con-
ditions which exist when the generator-arma-
ture has completed three eighths of a revoln-
gs tion. Here both coilsare generating current;
but the cofl B', having now entered the oppo-
site field, is generating a current in the oppo-
site direction, having the opposite magnetiz.
ing effect; hence the resultant pole will be on
5o the line N 8, as shown. In Fig. 5 one-half of
one revolution of the armature of the gener-
ator has been completed, and the. resulting
magnetic conditiop of the ring isshown in Fig.
5°. In this phase coil B isin the neutral posi-
55 tion while coil B’ is generating its maximum
current, which is in the same direction as iu
Fig. 4. The poles will cousequently be shifted

through one half of the ring. In Fig. 6 thear-
matare has completed five-eighths of a revolu-
tion. In this position coil B’ develops a less
werful current, but in the same direction as
fore. Tle toil B, on the other hand, having
entered a field of opposite polarity, generates
a current of opposite direction. The resnltant,
poles will therefore bb in theline N 8, Fig. 6,
or, in other words, the poles of the ring will
be shifted along five-éighths of its periphery.
Figs. 7 and 7* in the same manner illustrate
the phases of the generator and ring at three-
quarters of a revolution, and Figs. 8 and 8*
the same at seven-eighths of a revolution of
the generator-armature. These figures will
be readily understood from the foregoing.
‘Whea a complete revolution isaccomplished,
the conditions existing at the start are re-es-
tablished and the same action is repeated for
the next and all subsequent revolutions, and,
in general, it will now he seen that every revo-
lation of the armature of the gencrator pro-
duces a corresponding shifting of the poles or
lines of force around the ring. This effect I
utilize in producing the rotation of a body or.
armature in a variety of ways—for example,
applying the principle above described to the
apparatus shown in Fig. 9. The disk D, ow-
ing to its tendency to assume that position in
which it embraces the greatest possible nam-
ber of the magnetic lines, is set in rotation,
following the motion of the lines or tho points
of greatest attraction.
" The disk D in Fig. 9 is shown as ecut away

' on oppositesides; but this, Ihave fouud, is not

essential to effecting its rotation, as a eircular
disk, as indicated by dotted lines, is also set
in rotation. This phenomenon I attribute to
a certain inertia or resistance inherent in the
‘metal to the rapid shifting of the lines of force
through the sanie, which results in a continu-
ous tangential pull upon the disk, causing its
rotation. This seems to be confirmed by the
fact that a circnlar digk of steel is more effect
ively rotated than one of soft iron, for the rea-
son that the former is assunied to possess a
greater resistance to the shifting of the mag-
netic lines. .

In illustratiou of other forms of my inven-
tion, I shall now describe the remaining figures
of the drawings.

" Fig. 10 is a view in elevation and part ver-
tical section of a motor. Fig. 12 is a top Vview
of the same with the field in section and a dia-
gram of connections. Fig. 11 is an end og
side view of a generator with the fields in see-
tion. This form of motor may be used in place
of that shown above. D is a cylindrical or
druom-armatare core, which, for obvious rea.
sons, 8hould besplit up as far as practicable to
prevent the circulation within it of currents
of induction. The core is wound longitudi-
nally with two coils, Eand IY, the ends of which
are respectively connected to insulated con-
tnct-rin;fvs dd d'd, carried by the shaft a, upon
which the armature is mounted. The arme
ture is set to revolve within an iron shell, R
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which constitutes the field-maguet, of other
element of the motor. Thisshell is preferably
formed with a slot or opening, r, but it may
be continuous, as shown by the dotted lines,
s and in thisevent it is preferably made of steel.
+It is also desirable that this shell should be
divided up similarly to the armature and for
similar reasons. As a generator for driving
this motor 1 may use the device shown in Fig.
This represents an annularor ring arma-
ture, A, surrounded by four coils, ¥ F F' F', of
which those diametrically opposite are con-
hected in series, so that four free ends are left,
which are conuected to the insulated contact-
rings bbb’ b’. The ring is suitably mounted
on a shaft, a’, between the poles N 8. The
contact-rings of each pair of generator-coils
are connected to these of the motor, respect-
ively, by means of contact-brushes and the
two pairs of conductors L L and L' L/, as in-
dicated diagrammatically in Fig. 12. Now it
is obvious from a consideration of the preced-
ing figures that the rotation of the generator-
ring produces carrents in the coils F F, which,
being transmitted to the motor-coils, impart to
the core of the latter magnetic poles constantly
shifting or whirling aronnd the core. This
effect sets np a rotation of the armature ow-
ing to the attractive force between the shell
and the poles of the armature, but inasmuch
a8 the coils in this case move relative to the
shell or field- magnet the movement of the
coils is in the opposite direction to the pro-
gressive shifting of the poles.
85 Other arrangements of the coils of both gen-
erator and miotor are possible, and a greater
number of circuits may be used, as will be seen
in the two succeeding figures.

Fig. 18 is a diagrammatic illustration of a
motor and a generator constructed and con-
nected in accordance with my invention. Fig.
14 is an end view of the generator with its
field-magnets in section. The field of the mo-
tor M is produced by six magnetic poles, G’ G',
secared to or projecting from & ring or frame,
H. - These magnets or poles are wound with
insulated coils, those diametrically opposite
to each other being connected in pairsso as to

rodace opposite poles in each pair. This
ves 8ix free ends, which are connected to
the terminals- T T T' T'T” T”. The armature,
which is mounted to rotate between the poles,
is a cylinder or disk, D, of wrought-iron,
nrounted on the shaft a. Two segments of
the same are cut away, as shown. The gen-
erator for this motor has in this instance
an armatare, A, wound with three coils, K
K’ K", at sixty dégrees apart. The ends of
these coils are conhected, respectively, to in-
These
rings are connected to those of the motor in
proper order by means of collecting-brushes
and six wires, forming three independent cir-
cuits. The variations in the strength and di-

65.rection of the currents transmitted through

these circuits and traversing the coils of the
motor produce a steadily-progressive shifting

7

of the resul.tant attractive force exerted by
the poles G’ upon the armature D, and conse-

quently keep the armature rapidly rotating. -

The peculiar advantage of this disposition is
in obtaining a more concentrated and power-
ful field. The application of this principleto
systems involving multiple circuits generally
will be understood from this apparatus.

7
Referring, now, to Figs. 16 and 16, Fig. 15 S

is a diagrammatic representation of a modifi-
fied disposition of my invention. Fig.16 isa
horizontal cross-section of the motor. In this
case & disk, D, of magnetic metal, preferably
cut away at opposite edges, as showan in dot-
ted lines in Fig. 15, is mounted 8o as to turn
freely inside two stationary coils, N’ N”, placed
at right angles to one another. The coils are
preferably wouad on a frame, O, of insulating
material, and their ends are connected to the
fixed terwinals TT T"T". The generator G is
a representative of that class of alternating-
current machinesin which astationaryinduced
element is employed. That shown consists of
a revolving permanent or electro magnet, A,
and four independent stationary magnets, P
P, wound with coils, those diametricahy op-
posite to each other being connected in series
and baving (beir ends secured to the termi-
nalst ¢t ¢'t. From these termipals the cur-
rents are led to the terminals of the motor, as
shown in the drawings. The mode of opera-
tion is substantially the same as in the previ-
ous cases, the currents traversing the coils of
the motor having the effect to turn the disk
D. This mode of carryiog out the invention
has the advantage of dispensing with the slid-
ing contacts in the system.

In the forms of motor above described only
orfe of the elemente, the armature or the field-
nmiagnet, is provided with energizing-coils. It
remains, then, to show how both elements may
be wound with coils. Reference is therefore
had to Figs. 17, 18, and 19.
view of such a motor.
view of the generator with the field-magnets
in section, and Fig. 19 isa diagram of the cir-
cuit-connections. In Fig. 17 the field-magnet
of the motor consists of a ring, R, preferably of
thin insniated iron sheets or bands with eight
pole pieces, Q’, and corresponding recesses, in
which four pairs of coils, V, are wound. The
diametrically-opposite pairs of coils are con-
nected in series and the free ends connected to
four terminals, w, the rule to be followed in
conanecting being the same as hereinbefore ex-
plained. Anarmatare, D, with two coils, EE,
at right angles to each other, is mounted to ro-
tate in sideof the field-magoet R, 'The ends of
the armature-coils are connected to two pairs
of contact-rings, dd d’ &, Fig. 19. The gener-
ator for this indtor may be of any suitable kind
to produce currents of the desired character.
In the present instance it consists of a field-
magnet, N 8, and an armature, A, with two
coilsat right angles, the ends of which are con.
nected to four contact-rings, b b ¥’ b', carrie
by its shaft.” The circuit-connections are es

Fig. 17 is an end

Fig. 18 is a similar-
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tablished between the rings on the generator- | tor will be practically constant. It is clearly
shaft and those on the motor-shaft by eollect- | apparent that the can never exceed the

ing brushes and wires,as pmvionslz explained,
-Ta order to properly energize the fleld-magoet

5 of the motor, however, the connections are so
made with the armature coils or wires leading
theéreto that while the points of

- traction or greatest density of magnetic lines
of foree upon the armatire are shifted in one

10 direction those upon thefield-magnet are made
to progress in an opposite direction. In other
respects the operation is identically. the same
as in.the other cases cited. Thisarrangement
results in an increased speed of rotation. In
Figs. 17 and 19, for example, the terminals of

1
S éach set of field-coils are connected with the

- wires to.the two armature-coils in such way -

that the field-coils will maintain opposite poles
. in advance of the poles of the armature.

<0 In the drawings the fleld coils are in shants
to the armature, but they may be in series or

in independent circuits.
It is obvious that the same principle may be
applied to the various typical forms of motor

25 hereinbefore described.

- Having now described the nature of m{im
vention and some of the varioug waysin which
it is or may be carried into effect, I would call
attention to certain characteristics which the

so applications of the invention possess and the
advantages which the inventiou secures.

In my motor, oonaiderinf for convenience’
t

that represented in Fig. 9, it will be observed
that since the disk D has a tendeuncy to follow
35. continuously the points of greatest attraction,
and since these points are shifted around the
ring once for each revolution of the armature
of
. of the disk D will be synchronous with that of
40 the armatare A. This feature by practioal
demonstrations I have found to exist in all
other forms in which one revolution of the
armature of the generator produces a shifting
of the poles of the motor throngh thrce hun-

45 dred and sixty degrees. '

In the particular construction shown in Fig.
15,0r in others constructed on a similar plan,
the number of alternating impulses resulting
from one revolution of the generator arma-

5o ture is double as compared with the preced-
_ ing cases, aud. the polarities in the motor are
-shi around twice by one revolation of the
generator-armature. The speed of the'motor
will, therefore, be twice that of the generator.

55 The same result is evidently obtained by such
a tion as that shown in Fig. 17, where
the poles of both elements are shifted in op-

posite directions.
Again, considering theapparatus illustrated

6o by Fig. 9 as typieal of the invention, it is ob-.

vious that since the attractive effect upon the
disk D) is greatest when the disk is in its
proper -relative position to the poles devel-
oped in the ring R—that is to say, when its
65 ends or poles immediately follow those of the
i e speed of the motor for all the loads

greatest at-.

e generator, it follows that the movement.

arbitrary limit as determived by the gener- ;o
ator, and algo that within certain limits at
least the speed of the motor will be independ-
ent of the strength of the current.

It will now-be more readily seen from the
above description how far the requirements of 75
a practical system of electrical transmission
of power are realized in my invention. I se-
cure, first, a uniform speed under all loads
within the normal working limits of the mo-
tor without the use of any auxiliary regulator;
second, synchronism between the motor and
geunerator; third, greater officiency by the
more direct application of the carrent, no
commautating devices being required on either
the motor or generator; fourth, cheapness and
simplicity of mechanical constraction and
economy in maintenance; fifth, the capability.
of being very easily or controlled;
and, sixth, diminution of danger from injury to
persons and apparatus. 90

These motorsmay be run in series, multiple
arc or multiple series, under conditions well
understood by those skilled in the art.

The means or devioes for carrying out the
principle may be varied to a far greater ex-
tent than I have been able to indicate; but I.
regard as within my iavention, and I desireto
secure by Letters Patent in general, motors
coataining §wo or more independent circuits
through which the operating-currents are led
io the manner described. By *‘independent’’
I do not mean to imply that the circaits are
necessarily isolated from one suother, for in
some instances there might be electrical con-
nections between them to regnhu or modify
the action of the motor without necessarily
producing a new or different action.

I am aware that the rotation of the arma-
ture of a motor wonnd with two energizing-
coils at right angles to each other has been
effected by an intermittent shifting of the en-
ergizing effect of both coils through which a
direct current by means of mechaaical de-
viees has been transmitted in alternately-op-
posite directions; but this metliod or plan I re-
gard as absovlufely impracticable for the pur-
poses for which my iavention is designed—at
least on any extended scale—for the reasons,
mainly, that a great waste of energy is neces-
sarily involved unless the number of energiz-
ing-circuits is very , and that the inter-
ruption and reversal of a current of any con-
siderable strength by means of any known
mechanical devices is a matter of the greatest
difficulty and expense.

In this application I do not claim the method
of operating motors which is hereininvolved,
bhaving made separatc application for such
method.

I therefore claim the following:

1. The combination, with a motor contain-
ing separate or independent circuits on the
armature or field-magnet,or botb, of an alter-

8o
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25

0§

110
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within the normal working llmitg of the mo- | nating-carrent generator containing induced
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cirouits connected independently to corre-

sponding circuits in the motor, whereby a ro- |-

tation of the generator producesa progresiive
shifting of the poles of the motor, as herein
5 described. .

2. In a system for the electrical transmis-
sion of power, the combination of a motor pro-
vided with two or more independent magnet-
izing-coils and an siternating-current gener-

10 ator eontainin§ induced coils corresponding to
the motor.coils, and circuits connecting di-
rectly the motor and generator coils in sach
order that the currents-developed by the gen-
erator will be passed- through the correspond-

15 ing motor-coils, and thereby produce a pro-
gressive shifting of the poles of the motor, as
herein set forth.

3. The combination, with & motor having
an annalar or ring-shaped field-magoet and a

20 cylindrical or equivalent armature, and inde-
pendent cofls on the feld-magnet or armature,
or botb, of an alternating-corrent generator
having correspondingly independent coils,
and circuits including the generator-coils and

25 corresponding motor coilsin such mannerthat

the rotation of the
ve shifting of
the manner set forth.
4. In o system for the electrical transmis-
sion of power, the combination of the follow- 30
ing instrumentalities, to wit: a motor com-
posed of a disk or its equivalent mounted
within a ring or snnitlar fleld-magnet, which
is provided with maguetizing-coils connected
in diametrically-opposite pairs or groups to 3§
independent terminals, a generator having in-
duced coils or groups of coils equal in number
to the pairs or groups of motor-coils, and cir-
cuits connecting the terminals of said cofls to
the terminals of the motor, respectively, and 4o
in such order that the rotation of the gener-
ator and the consequent production of alter-
nating currents in the respective circuits ‘pro-
duees a progressive shiftipg of the poles of the
motor, as hereinbefore described.

NIKOLA TESLA.

nerator causes & pro-
e poles of the motor in

Witnesses:
FRANK E. HARTLEY,
FRANK B. MURPHY.






10

(No Model.) ) 2 8Sheets—Sheet 1.
N. TESLA.
ELECTRO MAGNETIC MOTOR.
No. 381,969 Patented May 1, 1888.
S2gL.

A2

H#==
WITRESSES : HVENTOR-
Bl FGolorrel Piscola Teala
St A yohis Brescicnc Carlio
ook o

ATTORNEYS.



4

.-

RO ¥ )
v NPAL QNS

PRy vt et ¢ 5



11

(No Model.) 2 8heets—8heet 2.
N. TESLA.
ELECTRO MAGNETIO MOTOR.
No. 381,969. Patented May 1, 1888.
S2:J
WITNESSES: ‘INVENTOR.

olt F Gony b kol eals.,
Gt /3. Ppbevy

M«M"@(

ATTORNEY 8.






12 .

UNITED STATES

PATENT OFFICE.

NIKOLA TESLA, OF NEW YORK, N. Y., ASSIGNOR OF. ONE-HALF TO CHARLES
F. PECK, OF ENGLEWOOD, NEW JERSEY.

ELECTRO-MAGNETIC MOTOR.

SPBCIFICATION fc part of Lett

Patent No. 381,969, dated May 1, 1888.

Application filed November 30, 1887, Serial No. 236,563. (No model.)

To all whom it may concern:

Be it known that I, Nixora TESLA, from
Smiljan Lika, border country of Apetria-Hun-
gary,now residing in New York,in the county
and State of New York,have invented certain
new and nseful Improvements in Electro-Mag-
netic Motois,of which the following is a speci-
fication, reference being had to the drawings
accompanying and forming a part of the same.

In an application filed by me October 12,
1887, No.252,132, 1 have shown and deseribed
& novel form of electro-inagnetic motor apd a
mode of operating the same, which may be
generally described as follows: The wmotor is
wound with coils forming independent ener-
gizing-circuits on either the armature or field
magnet, or both, (it issuflicient for preseunt pur-
poses to consider the case in which the coils
are on the armature alone,) and these coils are
5 connected up with corresponding circuits on

an alternating-current generator. As the re-

sult of this, currents of alternately-opposite
direction aresent through the energizing-coils

of the motor in such manuner as to produce a
s progresiive shifting or rotation of the mag-

netic poles of the armature. This movement

of the poles of the armature obviously tends
to rotate the armature i the opposite diree-
tiontothat in which thomovement of the poles

o takes place, owing to the attractive force be.
tween said poles and the field-magnets,and the

of rotation increases from the start un.
til it equals that of the generator, supposing
both motor and generator to be alike.

15 As the poles of the armature are shifted in
a direction opposite to that in which the arma-
ture rotates,it will be apparent that avhen the
normal-speed i8 attained the polcs of the
Jarmatnre will assumca fixed position relative

1o to the ficld-magnet, and that in consequence
the ficld-maguets will bo energired by mog-
netic induction, exhibiting two distinet poles,
one in each of the pole-pieces. In starting
the motor, however, the speed of the arma-

}§ ture being comparatively slow,the pole-pieces
are subjected to rapid reversals of magnetio
polarity; but as the speed increases these re-
versals becomo less and. less uent, and
finally cense when the movewment of the arma-

o ture become synchronons with that of the gen.

~

v

erator. This being the case,the field-cores and
the pole-pieces .of the motor become a mag-
net, but by indnction only.

I have found that advantageous results are
secured by winding the field-magnets with a
coil or coils and passing a continuous current
through them, thus maintaining a permanent
field, and in this feature my present invention
cousists.

I shall now describe the apparatus which I
have devised for carrying out this invention
and explain the mode of using or operating
the szme.

Figure 1 is an end view in elevation of my
improved motor. Fig. 2 is a part borizontal 65
central segtion, and Fig. 3 is a diagrammatie
representation of the motor and generator
combined and conneocted for operation.

Let A A in Fig. 1 represent the legs or pole-
pleces of a field-magnet, around which are
coils B B, included in the circuit of a contin-
uous-current generator, C, which is adapted
to impart maguoetism to the said poles in the
ordizary manner.

D D’ are two independent coils wound upon
a suitable cylindrical or equivalent armature-
core, which, like all others used in a similar
manuer, ehould be split or divided up into al-
ternate magnetic and insulating parts in the
usual way. This armatare is mounted in non-
magnetic cross-bars E E, secured to the poles
of the field-magnet. The terminals of thear-
mature-coils 1) D’ are connected to insulated
sliding contact-rings a u b b,carried by the ar-
mature shaft, and brushes ¢ ¢’ bear upon these
rings to convey to the coils the currents which
operate the motor.

The generator for operating this motor is or
may be of precisely identical construction;
and for convenienceof referencel have marke
ip Fig. 8 its parts, as follows: F F, the field-
magnets, energized by a contjnuous current
passing in its field-coils G G; H II', the coils
earried by the cylindrical armature; dd e g,
the friction or collecting rings, carried by the
armature-shaft and forming the terminals of

60

75

tthe armature-eoils; and f f’, the collecting-

brughes which dcliver (he carrents developed
in the armatur: .-~ s to the two eircuits g ¢/,
which eonnec: : . - scuerators with the motor. 100
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The oporation of this system will be under-
stood from the foregoing. The action of the
tor,by causing a progressive shifting of

go poles in the motor-armature,sets up in the
atter a rotation opposite in direction to that
1w which the poles move. If, now, the contina-
ous current be directed, through the field- coils,
%0 as toatrongly energize the magnet A A,the
of the motor, which depends upon that

the generator, will not beinoreuetg, but the
power which prodaces its rotation will be in-

* ereased in proportion to the energy supplied

‘through the coils B B.

It is characteristic of this metor that its di-
rection of rotation is not reversed by revers-
ing the direction of the current through its
field-coils, for the direction of rotation de-
pends not upon the polarity of the field, but
upon the direction in which the poles of the
armature are shifted. To reverse the motor,
the eonnections of either of the circuite g ¢’
must be reversed.

have found that if the field-magnet of the
motor be strongly energized by its coils B B
and the circuits through the armature-cofls
elosed, assuming the generator to be running
at & certain speed, the motor will not start;
bt if the field be but slightly energized or in
rneul in sach condition t the magnetic
nfluence of the armature preponderates in
determining its magnetic condition the motor
will start and, with sufficient current, will
veach its maximum or normal speed. * For this
reason it is desirable to keep at the start and
uatil the motor has attained its normal speed,
©or nearly 8o, the field-circuit open or to per-
mis but little current to pass throughit. I
Bave found, however, if the fields of the
s::ntor and motor be ‘strongly energized
at starting the erator starts the motor,
and that the s; of ‘the motor is increased

in synchronism with the generator. Motors
constructed and operated on this principle
maintain almost absolutely the same speed for
all loads within their normal working-limits; 45
and in practice I have observed that if the
motor be overloaded to such an extent as to
check its speed the speed of the generator, if
its motive power be not too gi 18 dimin-
ished synchronounsly with that of the motor. . s0°

I have in other applications shown how the
constraction of these or similar motors' may
be varied in certain well-known ways—as, for
instance, by rotating the field about a station-
ary armdture or rotating conductors within
the field; but I do not illustrate these features
farther herein, as with the illustration which
I have given I regard the rest as within the
power of a person skilled in the art to con-
struct. .

The present form of motor is ¢heap, simple,
reliable, and easy to maintain. It requires
the simplest type of generator for its opera-
tion, and when properly constracted shows a
high efficiency.

do not claim herein the method of trans-
mitting power which this system involves,
having made it the subject of another appli-
cation for patent. :

What I claim is~ : 70

The combination, with a motor having in-
dependent energizing or armature circuits, of
an alternating-current generator with corre-
sponding induced circuits connected with the
motor for effecting a progressive shifting of 75
the poles of the mobor-lrmntum‘ and a source
of continaous current for energizing the field
of said motor, as set forth.

NIKOLA TESLA.

‘Witnesses:

FRANK B. MURPHY, *
FRANK E. HARTLEY.

55
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UNITED STATES

PaTENT OFFICE.

NIKQLA TESLA, OF NEW YORK, N. Y., ASSIGNOR OF ONE-HALF TO CHARLES
F. PECK, OF ENGLEWOOD, NEW JERSEY.

SYSTEM OF ELECTRICAL DISTRIBUTION.

SPECIFICATION forming part of Letters Patent No. 381,970, dated May 1,18868.
Application filed Decomber 2, 1087, Serial No. S0AT8Y. (e model.)

To all whom it may concern:

Be it known that I, NixoLA TESLA, from
Smiljan Lika, border country of Austria-Hun-
gary,now residing at New York,in the county

s and State of New York, have invented certain
new and useful Improvements in Systems of
Electrical Distribution, of which the following
is & specification, reference being had to the
drawings accompanying and forming a part of

10 the same. i

This invention relates to those systems of
eléctrical distribation in which & current from
a single source of supply in & main or trans-

. mitting circuit is cansed to induce by means

15 of suitable induction apparatus a current or
currents in an independént working cirsuit or

circuits.
The main objects of -the invention are the
same as have been heretofore obtained by the
20 use of these systems—viz., to divide the cur-
rent, from a single source, whereby & number
of lamps, motors, or.other trauslating devices
may be independently controlled and operated
by the same source of current, dnd in some
25 cases to reduce a current of high potential in
the main circuit to one of gmtnr quantity and
lower potential in the independent consump-
tion or working circuit or uits.
The general character of the devices em-
20 ployed in these systems is now well under-
stood. An alternating-current magneto-ma-
chine is used as t.::: ao%rqei'of sn, pl{;d '{.‘:o oml';
rent develo, ereby is condu O
2 mmmimﬁcircnit to-one or more dist:‘ht
35 points at which the transformers are located.
ese consist of induction-machines of various
kinds. Insome casesordinary formsof induc-
tion-coil have been nsed with one coil in the
transmitting-circuit and the other in a local
40 or consumption circuit, the coils being differ-
ently proportioned according to the wark to
be done in the consamption-circuit—that is
to say, if the work requires a current of higher
potential than that in the transmission-cireuit
48 the secondary or induced coil is of greater
and resistance than the primary, while,
on the other hand, if a gquantity current.of
lower tial is wanted the longer coil is
made primary. .In lieu of these devices

various forms of electro-dynamic indaction- so
machines, including the combined motors and
generators, have been devised. For instanoce,

a motor is construoted in accordance with well-
understood principles, and on the same arma-
ture are wound induced coils which constitute §s
a generator. The motor-coiis are generally of
fine wire and the generator-coils of eoarser
wire, 80 a8 to produce a current of greater
quantity and lower potential thad the line-car-
rent,which is of relatively high potential, to 60
avoid loss in long transmission. A similar ar-
rangement is to .wind coils corresponding to
those described in a'ring or similarcore, and

by meaus of & commutator of suitable kind to
direét the current thro:gh the inducing-colls 6s
successively, 8o as to maintain a movement of
the poles of the core and of the lines of force
which set up the currentsin the induoced coils.

‘Without enumenﬂnithe objections to these
systems in detail, it will suffice to say that the

eory or the srinci ple of the action or opera-
tion of these devices has apparently been so
little understood that their proper construc-
tion and use have up to the present time been
attended with various difficuities and ‘lmu 78
expense. The transformers are very liable to
be injured and burned out, and the means re-
sorted to for curing this and other defects
have almost invariably been at the expense of
eficiency.

The form of converter or transformer which
I have devised ap. to be largely free from
the defects and objections to which I have al-
luded. While I do not herein advance any
theory as to its mode of vperation, I would 85
atate that, in so far as the principal of con-
struction is concerned, it is analogous to those
transformers which I imvo above described as
electro - dynamic induction - machines, except
that it involves no moving parts whatever,and go
is hence not liable to wear or other derange-
ment, and requires no more attention than the
other and moré common induction-machines.

In carrying out ma invention I provide a
series of inducing-coils and eorrealponding in- g5
duced coils, which, by preference, I wind upon
& core closed upon itself—such asan annulus or
ring subdivided in the usual manner. The

70

8o
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two sets of coils are wound side by side orsu-
perposed or otherwise placed in well-known
ways to bring them into the most effective re-
lations to one another and to the core. The
s inducing or primary coils wound on the core

are divided into pairs or sets by the proper |

electrical conuections, so that while the eoils of
one pair or set to co-operate in fixing the mag-
netic poles of the core at two given diametric-

10 ally-opposite points, the coils of the other pair
or set—assuming, for sake of illustration, that
there are but two—tend to fix the poles ninety
degrees from such points. With thls indac-
tion device I use an alternating-curreat gen-

15 erator with coils or sets of eoils to correspond
with those of the eonverter, and by means of
suitable conduetors I connectup in indepead-
ent circuits the corresponding noils of the gen-
erator and converter. If results from this
20 that the different electrical phases in the gen-

. erator are attended by nding mag-
netic in the converter; or, in other
words, that as the geperator-coils revolve the
points of greatest maguetic intensity in the

25 converter will be progressively shifted or
whirled around. This principle I have ap-
plied under variously-modified conditions to

i and

section.
Iesea eore, A, which is dased iteelf—
that is to suy, of aa asmalar or
- form—end

i
I
B
ik

I
[ 'i
ot
il
J E}%%ai&]
!!aiigﬁ"

1!

pointed out, b{ inclosing these coils with iron—
a8, for example, by wipding over the coils a
layer or layers of insulated iron wire.

e device is provided with suitable bind- 70
iz:poda, to which the ends of the coils are
! The diametrically-opposite coils B B and
B’ B'are conpected, res; vely, inseries, and
the four terminals are convected to the bind-
ing-posts 128 4. The induced coils are con- 75
nected together in any desired manoer. For
ml:sle, as shown fin Fig. 3, C O may be con
nected in multiple arc when a quantity cur-
rent is desired—as for nnnin&l &mp of in-
candescent lamps, D—while may be in-
dependently connected fin series in a eirecunit
inclading arc lamps or the like. The gener-
ls system wili be adapted to the con-
verter iu the manner illustrated. For exam-

8o

dinary permsanent or electro m
between which is mounted a cylindrical arma-
tare on a shaft, F, and wound with two coils,
Secksd, respeckively. to fous tusaiated sontack

vely, to four fusu 90
or collecting rings, H H H’ H', and the foar
line circuit-wires L eonnect the brushes K,
bearing o= these rings, to the eouverter in the
oﬂlc-‘ha'n. Noting the results of tirls com-
bination, it will be observed that st a givea 95
m‘:&ummouinmmm~

51§
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done, the currents are produced by dynamo-
magnetic induction only, the same result be-
ing obtained as though the poles were shifted
by & commatator with an infinite number of

5 aeﬁents. :

e modifications which are applicable to
other forms of converter are in many res
applicable to this. I refer more particularly
to the form of the core, the relative lengﬁm

10 and resistances-of the primary and sécondary
coils, and the arrangements for running or op-
erating the same.

The new method of electrical conversion
which this system involves I have nade the

15 subject of another application, and I do not
claim it therefore herein.

Without limiting myself therefore to any
specific form, what I claim is—
1. The combination, with a core closed upon

20 itself, inducing or primary coils wound thereon
and connected up-in independent pairs or sets,
and induced or secondary ceils wound upon.
or near the primary coils, of a generator of
alternating currents and independent connec-

25 tions to the primary coils, whereby by the op-
eration of the generator a progressive shifting

_erator, as herein set

of the poles of the core is effected, as set forth.

.2. Thecombinatfon,withan annularorsimi-
lar magnetic core and primary and secondary
coils wound thereon, of an alternating-cur- 3o
rent generator having induced or armature.
coils corresponding to the prlmnr{ ooils, and
independent circunits connecting the primary
coils with the oormmmg coils of the gen-

‘8.. The combination, with independent elec- 3
tric transmission-circuits, of transformers con- -
si:’ting of a?lx_mlu or similar c:hres wound wigl
primary and secondary coi e opposite pri-
mary collsof each tnnsfonl;:'r‘ boingl:):lineg.ed
to one of the transmission-cirenits, an alter-
nating-current generator with independent in-
duced or armature coils connected with the
transmission-circuaits, whereby alternating cur-
fents wmay be directed through the primary 45
coils of the transformers in the order and man-
ner herein described.

-40

NIKOLA TESLA.

Witnesses:
Rort. H. DUNOAN,
RoOBT. F. GAYLORD.
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UNITED STATES

PATENT OFFICE.

WIEKOLA TESLA, OF NEW YORK, N. Y., ASSIGNOR OF ONE-HALF TO CHARLES
F. PECK, OF ENGLEWOOD, NEW ‘JERSFY.

ELECTRO-MAGNETIC MOTOR.

SPBCIFICATION forming part of Lietters Patent Mo. 382,279, dated May 1, 1888.
Application filed November 30, 1887. Serial Ne. £56,561. (Ne model.)

To all whom it may concern:
Be it known that I, NIKoLA TEsLA,.a stib-
ect of the Emperor of Austria, from Smiljan,
ks, border country of Austria-Hungary, now
s residiog at New York, in the county and State
of New York, have invented certain new and
useful Improvements in Electro-Magnetic Mo-
tors, of which the following is a s?eclﬂcation',
reference being had to the drawings accom-
© penying and forming a part of the same.
In a former application, filed Oct.oberblg;i
1887, No. 252,132, I have shown and descri
a mode or plan of operating electric motors by
causing a progressive shifting .of the poles of
15 one or both of the parts or elements of a mo-
tor—that is to say, of either the ficld magnet
or m-&ne(s or armature, or both. I accom-
plish this by constructing a motor with two or
more independent energizing-circuits, on the
20 fleld-magnets, for example, and I connect these
up with oorre:{)onding induced or generating
rounits in an alternating-current generator, so
that alternating currents are caused to trav-
erse the mator - circuits. By so doing the
poles of the field-magnet of the motor are pro-
gressively shifted, and by their attraction upon
& rotary armature set up a rotation in the lat-
ter in the direction of the movement of the
poles. In this cise, however, the rotation is
produced and maintained by the direct attrac-
tion of the maguetic elements of the motor. I
bavediscovered that advantageous resnlts may
be secured in this system by utilizing the shift-
ing‘ of the poles primarily to setup currentsin
ss A& closed conductor located within the influence
of the fleld of the motqr, so that the rotation
may result from the reaction of such currents
upon the field.
To illustrate more fully the nature of the in-
¢o vention Irefer tothe accompanying drawings.
Figure 1 represents in side elevatfon the
operative parts or elements of a motor em-
bodying the principles of my invention, and
insection thegenerator for operating the same.
4s Fig. 2isahorizontal central section of the mo-
tor in Fig. 1,the circuits being shown partly in
] m. Fig. 3 is a modified form of motor
in side elevation. Fig. 4 isa central horizon-
tal cross-section of Fig. 3.
In Figs. 1 and 2, A is an annalar core of soft
fron, preferably laminated or formed of in-

sulated sections, 80 astobe susceptible to rapid
variations of magnetism, ‘This core is wound
with four coils, CC C’' C, the diametrically-op-
posite coils being connected in the same oir-
cuit, and the two free ends of each pair being
brought to the terminals ¢and ¢, respectively,
as shown. Within this annular field-magnet
A is mounted a soft-iron cylinder or disk, D,
on an axis, a, in bearings b b, properly sup-
ported by the frame-work of the machine.
The disk carries two coils, E E, of insulated
wire,wound at right anglesto one another,and
having their respective ends joined, so that
each coil forms a separate closed circait.

In illustration of the action or mode of op-
eration of this apparatus,let it be assumed that
the annular field-magnet A is permanently
magunetized, 50 as to present Lwo free poles dia-
metrically opposite. If suitable mechanical
provision be now made for rotating the field-
maguet around the disk,the apparatus exem-
plifies the conditions of an ordinary magneto-
generator,and currents would be set up inthe
coils or closed conductors E E’ on the disk D.
Evidently these currents would be the most
powerful at or near the points of the greatest
density of the lines of force, and they weald,
ag in all similar cases, tend, at least theoreti-
cally, to establish magnetic poles in the disk
D at right angles to those in the annular field-
magnet A. As a result of the well-known
reaction of these polarities upon each other,
& more or less powerful tendency in the disk
to rotate in the same direction as that of the
field-magnet would be established. If, onthe
other hand, the riog or annular field-magnet
A.be held statiow and its magunetic poles
progressively shi by passing through its
coils C C' properly-alternated currents, it is
obvious that similar resuits will follow, for
the passage of- the currents causing the shift-
ing or whirling of the poles of the field-mag-
net A induces carrents in the closed circuits
of the armature coils E E/, with the result of g5
setting ap a rotation of the disk D in the same
direction of such shifting. Inasmuch as the
currents are always induced or generated in
the coils E E in the same manner, the poles
of the disk or cylinder follow continuously
the poles of the annular fleld-magaet, main-
taining, at leas) theoretically, the same rela-

w
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tive positions, This results in an even and
perfect action of the apparatus.
In order that the system as a whole may be
better understood, I shall now describe the
s mode or plan devised by me for producing the
" currents that effect the p ve shilting of
the poles of the motor..
In Fig. 1, B B’ are the poles or pole pieces
of an alternating-current generator. They
10 are permanently magnetized and of opposite
polarity. F isacylindrical or other armatare
containing the independent coils G G'. These
coils are wound at right aungles, so that while
one is crossing. the strongest portion of the
15 fleld of force the other is at the neutral point.
The colls G G’ termiunate in the two pairs of
insulated collecting-rings f and f’,upon which
bear the brushesg ¢. Four wires cennectthe
motor-terminals ¢ and ¢’ with the broshes gand
20 ¢/, respectively. When the generator is ro-
tated; thecoil G will at the certain point shown
in the drawings be’ generating its maximum
current, while coil G’ is neutral.” Let it be as-
sumed that this current is conveyed from the
25 rin‘g: é‘ J to the terminalst ¢t and through the
colls O O. Its effect will be to establish poles
in the ri:g‘ midway between the two coils.
By the farther rotation of the
coil G’ is brought within the infldence of the
30 field and begins to prodace a current, which
grows stronger ‘as the sald coil approaches
the maximum points of the field, while the
current produced in the coil G diminishes as
the said coil recedes from those points. The
35 currenf from the coil G', being’ oonveéod to
the terminals ¢ ¢ and through ceils C°C), has
% tendency to establish poles at right angles
to those set up by the coils O O; but owin
to the greater effect of the current in coils
40 C the resnlt is merely to advance the poles
from the position in whichthey would remain
if due to the magnetizing influence.of coils O
O alone. This progression continues for a
quarter-revolution until coil G G becomes
45 neutral and cofl G’ G’ produces its maximum
current. The action described is then re-
pea the &oles haviog been shifted thro
one-half of the field, or a half-revolution. The
second halfrevolution is accomplished in a
-50 similar way, the same polarity ng main-
tained in the shifting poles by the movement
-of the generator-coils alternately thréugh
fields of opposite polarity. ’ 3
The same principle of operation may be ap-
55 plied to motors of various forms,and I have
shown one of such modified forms in Figs. 3
and 4 of the drawings. -In these figures, M M’
are field-magnets secured to or forining gﬂrz
of a frame, ¥, mounted on a base, P. These
60 maguets should be laminated or composed of
-a number of electrically-insulated - magnetic
sections, to prevent the circalation of induced
currents and to render them capable of rapid
magnetic changes. These netic cores or
65 poles are wound with insulated cofls C C, the
diametrically-opposite coils being connected

nerator theé '

together in series and their free ends brought
to terminals ¢ ¢, respectively. Between the
polesthere is mounted, in bearingsin the cross-
ieces G”, a eylindricdl iron core, D, which, 70
n order Lo prevent the formation of eddying
curreunts, and the loss consequent thereon, is
subdivided in the nsual way. Iunsulated con-
duetors or coils are applied to the cylinder D
longitudinally, and for these I may employ j5
ooJ)per plates B E, which are secured to the
sides and ends of the cylindrical core in well-
known ways.  These plates or conductors may
form one or preferably several independent
circuoits around the core. Inthedrawings two 8o
of such circuits areshown, formed respectively
by-the conddctors E and E/, which are insu-
Iated from each other. Itisadvantageou: also
to slot these plates longitudinally, to prevent
the formation of eddy currents and waste of |
energy.

From what has now been g.ven the opera-
tion of this apgmtus will be readily under-
stood. Tothe binding-posts ¢ ¢’ areconnected
the proper circuits from the generator tocause .
o progreasive shifting of thi resultant mag-
netic poles produced by the magnets M ‘:J)on
the armature. Thus currents are indu ia
the closed circuits on the eore{ which, energiz-
ing the core strongly, maintain & powerful at-
traction betweenthe same and the field, which
causes arotation of the armature in the diree-
tion in which the resultant poles are shiftéd.

The particular advantage of the construc-
tion illusttated in Figs. 3 and 4 is that a con-
centrated and- powerfual field is obtained and
a remarkably powerful tendency to rotation
in the armature secured. The same results
may be obtained in the form illustrated in
Figs. 1 and 2, however, by formiug polar pro-
Jjections on the field and armature cores.

‘When these motors are not loaded, but run-
ning free, the rotation of the armature is nearly
ainchronons with the rotation of the poles of
the fleld, and under these circumstances ver:
little current is perceptible in the coils E E';
but if a load is added the speed tends to di-
minish and the currents in coils E E' are aug-
mented, so that the rotary effort is increased
proportionately.

Obviously the principle of this invention is
capable of many modified ap})llmlonl, most of
which follow as a matter of course from the
constructions deseribed. For instance, the
armatare-coils,or those in which the currents
are set up by induction, may be held stationary
and the alterpating currents from the genera-
tor conducted through the rot.utiuﬁ inducing
or field coils by means of suitable sliding con-
tacts. It is also apparent that the induced ras
coils may be movable and the magnetic parts
of the motor stationary; but I have illustrated
these modifications fully ia the application to
which reference has herein .been made. .

In the case of motors wound with independ-
ent field and armature circuits and operated
by shifting their poles, as described in my said
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. prior application, I may by short-circuiting
the arnfature-coils.apply the present invention
in order to obtain greater power-. on starting,

An advantage and charaoteristic feature of

s motors constructed and operated in accordance
with this invention is their -capability of al-
most instantaneous reversal by a reversal o$
one of the energizing-currernts from the gen- |
erator. This will be anderstood from 4 con-
sideration of the working conditions. Assum-’
ing the armature to be rotating in a certain di-
rection following the movement of the shifting
poles, then reverse the direction of the shift-
ing, which may be done by reversing the con-
nections of one of the two energizing-circuits.
If it be borne in mind that in & dynamo-elec-
tric machine the energy developed is very
nearly proportionate to the cube of the speed,
it is evident that at such moment: an extra-
ordinary power is brought to playin reversing
the motor. In addition to this the resistance
of the motor is very greatly reduced at the
moment of reversal, so that a gmch greater
amount of current passesthrough the energiz-
25 Ing-circuits.

. The phenomenon alluded to—viz., the varia-
-tion of the resistance of the motor apparently
like that in ordinary motors—I attribute tothe
variation in the amount of self-induttion in
30 the primary or energizing circuits.

These motors present numerous advan
chief among which are their simplicity,
bility, economy in counstruction and mainte-
nance, and their easy and dangerless inanage:

15

o |

35 ment. As no. commutators are required on

either thegeneratorsor the motors, the system
is capable of a very perfect action and involves
but little.loss.

I do not claim herein the mode or plan of
producing currents in closed conductors in a 4
magnetic field which is herein disclosed,except
in its application to this particular pnrpose;
but

"What I claim is—

.1. The combination, with a motor contain- 4
ing independent inducing or energizing cir-
cuits amf:l.osed induced circuits, of an alter-
nating-current generator having induced or
generating circuits corresponding to and con-
nected with the energizing-circunits of the mo- 5¢
tor, as set forth. .

2. An electro - magnetic motor having its
field-magnets wound with independent coils
anditsarmature with independent closed coils,
in combination with a source of alternating s
currents connected to the field-coils and capa-

‘ble of progressively shifting the poles of the

field-magnet, as set forth. )

8. A motor constructed with an ‘annulpr
fleld-magnet wound with independent cofls 6
and a cylindrical or disk armature wound with
closed coils, in combination with a source of
alternating ‘currents connected with the field-
maguet coils and acting to srtgreuively shift
or rotate- the poles of the fleld. as herein set

forth. .
'NIKOLA TESLA.
Witneases:
FRrANK B. MURPRHY,
FRANK E. HARTLEY.
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Divided and this aypplication fled March 9, 1888 Sorial Ko.

508,736. (Xo medel)

To all wihom it may conoern:
Be it known that I, NixorLs TmaLa, from
Smiljan, Lika, border country of Austris-Hun-
,and residing in the city, county, and Btate
5 of New York, have invented certain new and
useful Improvements in the Transmission of
Power, of which the following is a specification,
reference being had to the drawings accom-
panying and forming a part of the same.
This applicatiou is 8 division of un applics-
tion filed by me October 12, 1887, No. 252,132.
The practical solution of the problem of the
electrical conversion and transmission of me-
chanical energy involves certainrequirements
rs which the apparatus and systems heretofore
employed have not been capable of falfilling.
Suach & solution primarily demands s uni-
formity of apeed in the motor irrespective of
its load within its normal working limits. On
rc the other hand, it is necessary, to -attain a
greater economy of conversion than has here-
tofore existed, to construct cheaper and more
reliable and simple apparatus, and such that
all.danger from the use of currents of high
35 tension,which are necessary to an economical
transmissioz, msy be avoided.

My present invention is a new method or
mode of effecting the transmission of power
by electrical agency, whereby many of the

30 present objections arc overcome and great
ceonomy and efficiency secured.

In carrying out my invention I employ. &
motor in which there are two or more inde-
pendent energizing-circuits, through which I

35 pass, in the manner hereinafter described, al-
ternating currents, effecting thereby a profm-
sive shifting of the magnetism or of the ‘‘lines
offorce,”’ which,inaccordance with well-known
theories, produces the action of the motor.

1t is obvious thata proper progreesive shift-

tages, and the mode of its construction and
operation will be described more iv detail by
reference to the aecompanying diagrams and
drawin,

Figures 1 to 8 and 1* to 8%, inclusive, are dia-
grawms illustrating the principle of the getion
of my invention. - The remaining figur®s are
views of the apparatus in various forms by
means of which the invention may be carried 6o
il;%o effect, and which will be desceribed in their
order.

Referring first to Fig. 9, which is a dia-
grammatic representation of a motor, a geu-
erator, and connecting-cirenits in accordance 65
with my inveantior, M is the motor, and G
the generator for driving it. The motor com-
prises & ring or annulus, R, .preferably built
up of thin insulated iron rings or annular
plates, 80 as to be as susceptible as possible to 70
variations in itsmagnetic condition. Thisring
is surrounded by four coils of insulated wire
symmetrically placed and designated by CCC'

C. The diametrically-opposite coils are con-

nected upsoas toco-operate in pairs in produc- 75
ing free poles on diametrically-opposite parts
-of the ring. The four free ends thus left are
connected to terminals T T T’ T', as indicated.
Near the ring, and preferably inside of it,
there is mounted on an axis or shaft a mag-
-netic disk, C, generally circular in sbape, but
having two segments, cut away as shown.
This disk is mounted so asto turnfreely within
the ring R. The generator (i is of any ordi-
pary type, that shown in the present instance
haviog field-magnets N S8and acylindricalar-
mature-oore, A, woupd with the two coils I
B’. The free ends of each coii arc carried
through the shaft ¢’ and connected, respect-
ively, to insulated contact-riugs b b 0'd. Any
convenient form of collector or brush bears on

35
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ing of the lines of force may be utilised to set | each ring and forms a terminal by whicl the
up a movement or rotation of either element i current to and from a ring is conveyed. These
of the motor, the armature,or the field-magnei, | terminals are connected to the terminais of the

and that if the currents directed through the | motor by the wires L, and L.’ in the manuer i
45 several circuits of the motor are 11 proper di- | di

9-

whereby two comp.ete circuits are

rection no commucator for the motor will be | formed, one inclnding. say, the coils I o1 the

required; but to avoid all the usual comma-
tating appliances in the system I connect the

motor-circuits directly. with those of a suitable | erator and the motor.

o alternating-current generator. The practieal

results of such a system, its economical adwan- ! eration.¢

smmr and C C of the motor and tie othe!

remaining coi B and C ' of the gen
10C
It remaio~ === to «* ain the mode of op-
it -1 for thisporpose i
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refer to the diagrams, Figs. 1 to 8 and 1* to 8,
for an {illostration of the various phases
through which the coils of the generator
when 1n operation, and the corresponding and
5 resultant o changes produced in the
motor. “The revolution of the armatureé of the
generator between the fleld-magnets N 8 ob-
viously produces.in the coils B lltenmﬂ:g
currents the intensity and direction of whi
10 depend upon well-known laws. In the posi-
tion of the.ooils indieated in Fig. 1 the current
in the coil B is practically whereas the
coil B’ at the same time is developing its
maximum current, and by the means indicated
t5 in the description of Fig. 9 the circaitinclud-
ing this coil may also include, say. the coils O
O of the motor, Fig. 1*. The result, with the
proper connections, wounld be the magnetiza-
.tion of the ring R, the poles being on the line
20 N8, The same order of connections bei
observed between the coil B and the coil O,
the latter when traversed by a current tend to
fix the poles at right angles to the line N 8 of
Fig. 1. It results, therefore, that when the
35 generator-coils have made one-eighth of a re-
volution, reaching the tion shown in Fig.
2, both pairs of coils, C and O, will be trav-
ersed by curreot and act in opposition in so
far as the location of the poles is concerned.
30 The position of the poles will therefore be the
resultantofthe megnetizing forces 6fthe coils—
that is to say, it will advance 'alonf the ring to
a position corresponding to one-eighth of the
revolution of the armature of the generator.
35 Io Fig. 3 the armature of the generator has
progressed to one-fourth of a revolution. At
the point indicated the current in the coil B
is maximum, while in B’ it is nil, the latter
ooil being in its nentral position. The poles
40 of the ring R in Fig. 3* will in consequence be
shifted to a position ni degrees from that
at the start, as shown. I haveinlike manner
shown the conditions existing at each succes-
sive eighth of one revolation in the remainin,
45 figures. A short reference to these figures wil
suffice to an understanding of their signifi-

eance.

Figs. 4 and 4* illustrate the conditions which

exist when the generator-armature has com-

so g‘l;t«l three-eighths’ of a revolution. Here

h coils are generating currents; bt the coil

B’, having now entered the opposite field, is

nerating a current in the opposite direction

ving the opposite magnetizing effect; hence

55 :I‘:e resultant pole will be on the line ] 8, as
own. :

In Fig. 5 one-nalf of one revolution of the
armature of the generator has been completed,
and the resulting magnetic condition of the

60 ring is shown in Fig. 5*. Inthis pkase coil B
is in the neutral position, while coil B’ is gen-
erating its maximum current, which ia in the
same on as in Fig. 4 The poles will
consequently be shifted through one balf of

65 the ring.

In lﬂg@ 6 the armature has completed five-

eighths of & revolution. In this position cofl

B’ devélops a less powerful current, but in the
same direction as before. The coil B, on the

pass | other hand, having entered a field of opposite 70

polarity, generates a currept of opposite di
rection. + The resultant poles will therefore be
in the line N B, Fig. 6%; or, in other words,
the poles of the ring will be'shifted along five-
eighths of its periphery. 15
7 aud 7* jo the same manner iljustrate
the p! of the generator and ring at three-
quarters of & revolution, and Figs. 8 and 8*
the same at séven eighths of a revolutioa of
the generator-armature. These figures will be Eo
readily understood from the foregoing.

When a completerevolation isaccomplished,
the conditions existing at the start are re-es-
tablished, and the same action is repeated for
the next and all subsequent revolutions, and in 85
general it will now be seen that every revola-
tion of the armature of the generator produces
a corresponding shifting of the poles or lines
of force around the ring. This effect I utilizse
in producing the rotation of a body or arma- go
tare in a variety of ways—for example, apply- -
ing the principle above described to theappa-
ratus shown in Fig. 9. The disk D, owing to
its tendency to assnme that position in which
it embraces the greatest p le namber ¢ £ the 9&
magnetic line, is set in rotation, following the
motion of the lines or the points of greatest
attraction.

The disk D 1.+ Fig. 9 is shown as cat. away
on opposite sides; but this I have found is not
essential to eﬂ‘ectin its rotation, as a circular
disk, as indicated by dotted lines, is also set
in rotation. This pheromenon I attribute to
a certain inertia or resistance inherent in the
metal to the rapid shifting of the lines of lorce 105§
through the same, which results in a contina-
ous tangential pull upon the disk, causing its
rotation. This seems to be confirmed by the
fact that a circular disk of steel is more effect-
ively rotated than one of soft iron, for the rea-
son that the former is assaumed to possess s
greater resistance to the shifting of the mag-
netio lines.

In illestration of other forms of apparatus
by means of which I carry out my invention,
I shall now describe the remaining fignres of
the drawings.

Fig. 10 is a view in elevation and part ver-
tical section of & motor. Fig. 12isa top view
of the same with the ficld in section and a
diagram of connections. . Fig. 11 18 an end or
side view of a generator with the fields in seo-
tion. This form of motor may be used in place
of that shown. -

D is a cylindrical or dram armnature-core, 12§
which, for obvious reasons, should be split ap
as far as practicable to prevent the circulation
within it of currents of induction. The core
is wound longitudinally with two coils, E and
E), the ends of which are respectively con-
nected to insulated contact-ringsd d @ @', car-
ried by the shaft w,'upon which the armature
is mounted. i : )

The armature is sct to revolve within an
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iron shell, R, which counstitutes the field-mag-
net or other element of the motor. Thisshell
is preferably formed with a slot or opening, r;
but it may be continuous, as shown by the
s dotted lines, and in thisevent it is preferably
made of steel. It is also desirable that this
shell should be divided up similarly to the
armature,and for similar reasons. As a gen-.
erator for driving this motor, I may use the
10 device shown in Fig. 11. This represents an
annular or ring armature, A, surrounded by
four coils, F F F' I, of which those diamet-
rlull{ opposite are connected in series, so
that four free ends are left, which are con-
15 nected to tho 1.sulated contact-ringsdd ¥ ¥'.
The ring is suitably mounted on a shaft, &',
between the poles N 8. The contact-rings of
each pair of genurator coils are connected to
those of the motor, respectively, by means of
20 contact-brushes and the two pairs of eonduoct-
-ora, L L and 1’ I/, a8 fndicated disgrammat-
ically in Pig. 18
Now, it is obvious from a consideration of
the preceding figures that the rotation of the
5 innontor-ring roduces carrents in the coils
“',, iwhich, &g tnumflwl tmhe moto:-
ooils,impart to the core o atter magnetic
poles constantly shiiting or whirling around
the core. This effect sets up a on of the
30 armatare,owing totheattractive foroe between
the shell and the poles of the armaturse; but
inasmuch as the coils in this case move rela-
tively to the sbell or fleld-magnet the move-
ment of the coils is in the opposite direction
35 to the progressive shifting of the polees.
Other arrangements of the coils of both gen-
erfator and motor are possible, and a greater
namber of circuits may be used, as will be
scen in the two succeeding figures.
40 Fig. 13 is a diagrammatio illustration of &

motor and a geunerator conneeted and con- |

structed  in accordance with my inventioun.
Fig. 14 is an end view of the generator with
its field-magnets in section.

The ﬁield (;f t.ha la?tor_l{ nﬁ:l prodne% :oyﬂlix
magnetic poles, G’ G, secured to or projecting
from a riog or frame, H. These m: ts or
poles are wound with insulated coils, those
diametrically oppositeto each other being con-
so nected in pairs,soas to produce opposite poles

ineach pdir. Thisleaves six free ends,which
are connected to the terminals TTT T TV T”.
The armatare which is mounted to rotate be-
tween the poles is a cylinder or disk, D, of
55 wrought-irou, mounted on the shaft . Two
segments of the same are cut away, as shown.
The generator for this motor has in this in-
stance an armatare, A, wound with thrve
coils, K X’ K", at sixty degrees apart. The
60, ends of ihiesc coils are connected,respectively,
to insulated contact rings e e ¢ é ¢ ¢". Theso
rings are connected to those of the motor in
proper order by means of collecting-brushes
and six wires, forming three independent cir-
cuits. The variations in the strength and di-
rection of the currents transmitted through
these circaits and traversing the colls of the

45
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motor produce steadily- ve shifiing
of the resultint nuncﬂvem.d by the
poles G’ upon the armature D, and conse- 70
mnﬂy keep the armature rapidly rotating.
peculiar advaotage of this disposition

in obtaining 2 more councentrated and power-
ful field. Tbe application of this principle to
systems involving multiple circuits generally 75
will be und from this apparatus.

- Referring now to Figs. 15 agd 16, Fig. 15 is
s di matic representation of & modified
disposition of my invention. - Fig. 16 is a hori-
sontal cross- on of themotor. Inthiscase 8o
a disk, D, of maguetic metal, preferably cut
away at opposite edges, as shown in dotted
lines in the figure, is mounted 80 as to torn
freely inside two stationary coils, N’ N”,placed

at right angles to one another. The. coils are 85
preferably wound ou a frame, O, of insulating
material, and their ends are connected tothe
fixed terminals T TT T. The generator G is
a representative of that class of altérnating-
curient machines in which a stationary in- go
duoed element is employed. Thatshown con-
sists of & revolving rrmnent or eleotro-mag-
net, A, and four in :rendent stationary mag-
nets, P P, wound with coils, those diamet-
rlalg opposite to each other being connected

es ard having their ends secared to the
terminals £t ¢. KFrom these terminals the
currents are led to the terminals of the motor,
as shown in the drawin, The mode of op-
eration is substantially the same as in the pre-
vious cases, the curreuts traversing the coils
of the motor having the effect to turn the disk
D. This mode of carrying out the invention
has the advan of dispensing with the slid-
lni_ oontaets in the system.

_ In the forms of motor above described only
oge of the elements—the armatuare or the fleld-
magunet—is provided with en ng-coils. It
‘remaius, then, to show how both elements may
be wound with coils. Reference is therefore
had to Figs. 17, 18, and 19. Fig.17isan end
view of such & motor. Fig. 18 is a similar
view of the generator, with the field-magnets
in section; and Fig. 19 is a diagram of the cir- .
cuit-eonnections. In Fig. 17 the field-magnet 115
of the motor consists of a ring, R, preferably
of thin insulated iron sheets o1 bands, with
eight pole-pieces, G, aud corresponding re-
cesses in which four pairs of coils, V, are
wound. - The diametrically-opposite pairs of 120’
coils are connected in seriés and the free ends
connected to four terninals, w, the rule to be
followed in connecting being the same as here-
inbeforeexplained. Anarmature,D,withtwo
coils, E E, at right angles to each other, is
mounted to rotate iuside of the field-magnet
R. The ends of the arr.dture-coils are con-
nected to two pairs of contact-rings, dd @ &
The generator for this motor may be of any
suitable kind to produce currents of the de-
sired character. In the present instance it
consists of a field-magnet, N 8, and au arma-
tare, A, with two coils at right angles, the
ends of which are conuected to four contact:

8
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rings, 3 ¥ ¥, earried by its shaft. The cir-
enit-convections are established between the

rings on the r-shaft and those on the
-otorm Mm brushes and wires, as
s previously explained. order to properly

energize the field-magnet of the motor, how-
ever, the connections are so made with the
armature-coils by wires leading thereto that
while the points of greatest attraction or great-
est density of maguetie lines of force upon the
armature are shifted in one direction those
upon the field-m: are made to progressin
an opposite direction. In other respects the
operation is identically the same a8 in the
other eases cited. This arrangement results
in an increased speed of rotation.

In Figs. 17 and 19, for example,the terminals
of each set of field-coils are commected with the
wires to the two armature-coils in sucha way
that the field-coils will maintain opposite poles
in advance « “the poles of the armature.

In the dra.ings the field-coils are in shunts
to the artaature; but they may be in series or
ini n¢ circuits.

It is obvious that the same principle may

applied to the various typical forms of mo-
tor hereinbefore described.

Having now deseribed the natare of my in-
vention and some of the various waysin which
30 it is ur may be carried into effect, I would call
attention to certain characteristics which the
applications of the invention possess, and the
advantages which it offers.

In my meotor, eonsiderinf, for convenience,
that represented in Fig. 9, it will be observed
that since the disk D has a tendency to follow
continuously the points of greatest attractioo,
and sinee these points are shifted around the
ring once for each revolution of the armatare
of the generator, it fullows that the move-
ment of the disk D will be synchronous with
that of the armature A. This featare by

cal demonstration I have found to ex-
ist in all other forms in which one revolution
of the armatore of the generator produces &
shifting of the poles of the motor throngh
three handred and sixty degrecs.

In the particular modification shown in Fig.
15, or in others constructed on a similar plan,
the number of alternating impulses resulting
from one revolution of the generator-armature
is double as compared with the preceding
cases, and the polarities in the motor are
shifted around twice by one revolution of the
55 generator-armature. The speed of the motor

will therefore be twice that of the generator.

The same result is evidently obtained by such

a disposition as that shown in Fig. 17, where

the poles of both elements are shifted in op-
60 posite directions.

Again,considering the apparatas illustrated
by Fig. 9 as typical of the invention, it is ob-
vious that since the attractive effect upon the
disk D is greatest when the disk is in its proper

65 relative position to the poles developed in the
ring R—that'is to say, when its ends or poles
immediately follow those of the ring—the
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speed of the motor for all loads within the
normal working limits of the motor will be
Pl cleasly spparent that the speed

t y apparent the can
never exceed the arbitrary limit as determined
by the or, and also that withir certain
limits, at least, the speed of the motor will be
independent of the strength of the current.

It will now be more readily seen from the
above description how far the requirements of
a practical system of electrical transmission
of power are realized in my invention. Ise-
cure, first, a uniform under all loads 8o
within the normal working limits of the mo-
tor without the use of any auxiliary regula-
tor; second, synchronism between the moter
and the generator; third, greater efficiency by
the more direct application of the no
commutating devices being required on either
the motor or the generator; fourth, cheapness
and simplicity of mechanical constraction;
ARk, the capability of being very easily man-
aged or controlled, and, sixth, diminution of go
danger from injory to persons and apparatus.

These motors may be run in series—multi-
ple arc or multiple series—under conditions
well understood by those skilled in the art.

I am aware that it is nat new to produee the
rotations of a motor by intermittently shifting
the poles of one of itselements. This has been
done by passing through independent ener-
gizing-coils on one of the elements the cur-
rent from a battery or other source of direct
or continuous carrents, reversing such cur-
rent b{ suitable mechanical appliances, so that
it is directed through the coils in alternately
opposite directions. In such casee, however,
the potential of the energizing- currents re-
mains the same, their direction only being
changed. According to my invention, how-
ever, I employ true alumatixz::mu- and
my invention consists in the very of the
mode or method of utilizing such currents.

The difference between the two plans and
the advantages of mine are obvious. By pro-
duecing an altenn.til;gecnmnt each impulse
of which involves a and fall of potential
I reprodace in the motor the exact conditions
of the generator, and by such currents and the
consequent production of resultant poles the
progression of the poles will be continnous
and not intermittent. In addition to this,the
practical difficalty of interrnptiog or revers-
ing a current of any considerable strength is
such that none of the devices at present could
be made to economically or practically effect
the transmission of power by reversing in the
manner described a continuouns or direct car-
rent. Inso far,then,as the plan of acting upon
one element of the motor is concerned, my in-

15

10§

11§

120

125

vention involves the use of an alternating a~

distinguished from a reversed curreat,ora ca

rent which, while continuous and direct, is
shifted from coil to coil by any form of com-
mutator, reverser, or icierrupter. With re-
gard to that part of the invention which con-
sists in acting npon both elements of the motor ,"‘

130






82

382,200 ) 1]

simultancomly, I the use of either al-
or

currents as within the | tare or field magnet or magnets) of a motor b

seope of the inveation, although I do not con-
slder the use of reversed onr::nhofnypno-

What I clsim fo—
tnl:!mn‘m bich b:l:f: in produo-
which eo
iaga u-linlonly-'pn(redve shifting of the
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UNITED STATES

Original application flied November 30, 1837, Serial

B all whom tt concern:
Be it known that I, NikoLA TestLa, from
mu“:;ld residing in the city, county, and
s Yy, county, )
$ m of New York, have invented certain new
and useful Improvementsin the Electric Trans-
mission of Power, of which the following is a
3Qdﬂ¢ltion, this application being a division
s s;,n.tp lication filed by me November 8D,

10 f

No. 2561562. .
In 9 previous q&:ution filed by me—viz.,
No. 252,182, filed October 12, 1887—I have set
forth an imrovement in motors and in the
mode or method of opergtiing thesame, :l:hiohé

15 generally stated, consists in progressively an
continuously shifting the pples or lines of
L maximum magnetic effect of either the fleld-
magnets or armature, or both, of a motor, and
producing a movement of rotation in
to the motor. . The means which I bhave shown
for eﬂect? this, while varying in detail, are
exemplified in the followingsystem, which, for
present purposes, it will be anmofent to con-
sider as a typical embodiment of the inven-

The motor is wouna with coils forming in-
dependent energizing-circuits on the arma-
tare, which is a eylinder or disk mounted to
*  rotate between two.opposite magnetic poles.
| 30 These coils are connected up with correspond-
|~ inginduced or cuirent-producing circoits in

an alf -current generator. Asaresult
| of this, when the generator is set in motion,
currents of alternately-opposite direction are

35 directed through the energizing-coils of the

motor in such manner as to produce a pro-
gressive shifting or rotation of the magunetic
poles of the motor-armature. This movement
of the poles of the armature obviously tends to
4o rolate the armature in the opposite direction
to that in which the movement of the poles
takes place, owing to the attractive force be--
tween said poles and the field-magnets, and the
speed of rotation increases from the start ua-

45 Ul it equals that of the generator, supposing

both motor mdegemncor to be alike.

As the w poles of the armature are
shifted in a on opposite to that in which

the armatare rotates, it will be apparent that
5 when the normal speed isattained the poles of

|
|
|
l

2

Lika, border country of A astria-Han-"
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the urmattire will assume a fixed position rela-
tively to the field-magnets, and that in conse:
quence the fleld-magnets will be energised by
magnetic induction, exhibiting two distinct
les, one on each of the pole-pieces. Instart-
f::eae motor, however, the speed of the ar-
mature being comparatively slow, the pole-
pleces are subjected to rapid reversals of mag-
netic polarity; but asthe speed increasesthese
reversals become Jess and ‘less frequent and 6o
finally cease, when the movemeat of the arma-
ture {eeomeu synchronous with .that of the
generator. This the momﬂeld-oom
or the pole-pieces of the motor me 3 mag-
net, but !;y ndaction only.
I have found that advantageous resuits are
secared by winding the fleld-magnets with a
coil or coils and passing a continuous current

55

through them, thus maintaining & permanent
fleld, and in this feature my present invention jo0
oonsiltl.

I shall now describe the apparatus which I
have devised for carrying out this invention
and explain the mode of using or operating
the same. s

Figure 1 is an end view in elevation of my
improved motor. Fig. 2 is a part horisontal
ocentral section, and Fig. 8 is a diagrammatic
representation of the motor and generator
combived and tonnected for. operation.

Let A A in Fig. 1 represent the legs or poie-
pieces of a field-magnet, around which are
ooils B B, included in the circuit of & continu-
ous-current generator, C, which is adapted to
impart magnetism to the said poles fu the or- 85
di maaner.

D D’ are two independent coils wound upva
a suitable cylindrical or equivalent armature-
core, which, like all others used in & similar

manner, should be split or divided ap into go.
alternate etic and insulating parts ia the -
_usual way. - is armature is mounted in non-
magnetic cross-bars E E, secured to the poles
of the fleld- et. ‘Thé terminals of the ar-
mature-coils D D’ are connected to insulated g3
sliding contact rings a & b 3, carried by the
armature-shaft, and brushes ¢ ¢ bear upon
these rings to convey to the cofls the curreats
which operate the motor. ’

The generator for operating thismotor is or 100

8
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may be of precisely identical construction,
,and for conveniernce of reference I have marked
in Fig. 3 its parts, as follows: F F, the field-
magnets energi by a continuous current
[3 puix iu its field-coils G G; H H', {he eoils
carried by the eylindrical armature; d dee,
the friction or collecting rings carried by the
armature-shaft and forming the terminals of
the armature-coils; and f f the collecting-

10 brushes which deliver the currents developed |

in the armature-coils to the two circuits g ¢,
which connect the generator with the motor.
The operation of this system will be under-
stood from the foregoing. The action of the

15 generator by causing a progressive shifting of
the poles in the motor-armature sets up in
the latter a rotation opposite in direction to
that in which the poles move. If, now, the
continueus current be directed through the

20 field-coils 0 as to strongly energize the mag- |-

net A A, thespeed of the motor, which depen
upon thatof the generator, will not beincreased,
bat the power which prodnees its rotation wiil
be increased in proportion to the energy sup-
25 plied through the coils B B. It is ebdracter-
istic of this motor that its direction of rota-
tion is not reversed by reversing the direction
of the current through its field coils, for the
direction of rotation depends not upon the
0 })oh.rlty of the field, but upon the direction
n which the polesof the armature are shifted.
To reverse the motor the connections of either
of the circuits g ¢’ must be reversed.
I bave found that if the field-magnet of the
3s motor be strongly energized by its coils B B
- . 14
and the circuits through the armature-coils
closed, assuming the generator to be running
at a certain 8
but if the field be but slightly energized, orin
in such condition that the magnetic
nfluence of the armature preponderates in de-
its' magnetic condition, the motor
will start, and with sufficient current will
reach its maximum or normal s . For
§ this reason it is desirable to keep at the start,
and until the motor has attuined its normal
or nearly 80, the field-circuit open, or
to permit but little current to pass through it.
I have fopnd, however, if the ficlds of both the
so muhr and motor be strongly energized
starting the generator starts the motor
and that the of the motor is increased
in synehronism with the generator.

peed, the motor will not start;

Motors constructed and operated on this
principle maintain almoet absolutely the same §§
speed for all loads within their normal work-
ing limits, and in- practice I have observed
that if the motor be.overloaded to such an ex-
tent as to check its speed the speed of the
generator, if its motive power be not too great, 6o
is diminished synchronously with that of the
motor. )

I bave in other applications shown how the
construction of these or similar motors may be
varied in certain well-known ways—as, for in- 65
stance, by rotating the field about a station-

armature or rotating conductors within
the field—but I do not illustrate these features
farther herein, as with the illustration which
I have given I regard the rest as within the 7o

.power of a person skilled in the art to con-

struct.

I am aware that a device embodying the

charactéristios of a motor and having a per-
mlnelglx-mgneuud fleld-magnet has been 75
operated by passing through independent coils
on its armature a direct or continuous currert
in opposite directions. Such a system, how-
ever, I do not ‘as capable of the prac-
tical applications for which my invention is 8o
designeg, nor is it the same in principle ar
mode of operation, maiunly in that the shifting
of the poles is intermittent and not continu-
ous, and that there is necessarily involved &
waste of energy. .
* In my present application I do not limit my-
self to any speeial form of motor, nor of the
means for produciog the alternating currents
a8 distinguished from what are called *‘re-
versed currents,”’ and I may excite or energize
the field of the motor and of the generator by
any souroe of current which will produce the
desired reault.

What I claim is—

The method herein described of transmit-
ting power by electro-magnetic mogors, which
consists’ in continuously and progressively
shifting the poles of one clement of the motor
by alternating currents and magnetizing the
other element by a direct or continuous cur- 10C
rent, as set forth.

90
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NIKOLA TESLA.

Witnesses:
FRANK B. MURPHY,
FRANK E. HARTLEY.
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To all whom it may conocern:

Be it known that I, N1koLA TESLA, from
Bmiljan, Lika,border country of Austria-Hun-
gary, and now residing at New York, in the

5 county and State of New York, have invented
eertain newand useful Improvements in Meth-
ods of Converting and Distributing Electric
Currents, of which the following is a specifica-
tion, this application being a division of anap-

(] Elleuﬁon filed by me December 23, 1887, Serial

. 258,787.

This invention relates to those systems of
electrical distribation in which a corrent from
a single source of supply in a main or trans-

$ mitting circuit is caused to induce, by means
of suitable induction apparatus, a current or
currents in an independent working circunit or
circuits.

The main objects of the invention are the
same as have been heretofore obtained by the
use of these systems—viz., to divide the cur-
rent from a single source, whereby a number
of lamps, motors, or other translating devices

_ may be independently controlled and operated

§ by the same source of current, and in some
eases to redace a current of high potential in
the main circuitto one of greater quantity and
-Jower potential in the independent consamp-
tion or working circuit or circuits.

o The Pnenl character of the devices em-
ployed inthese systems is now well understood.
An alternating - current magneto-machine is
weed as & source of supply. The current de-
W thereby is condncted through a trans-

5 on-circuit to-one or more distant points,
at which the transformers are located. These
oonsiat of induction-machines of varions kinds.
In some cases ordinary forms of induction-
eofl have been used with one coil in the trans-

3 -circuit and the other in a local or con-
sumption circuit, the coils being differently

rtioned, according to the work to be
min the consumption-circuit-—that is to
my, if the work requires a current of higher

5 tial than that in the transmission-circuit

secondary or induced coil is of greater
length and resjstance than the primary, while,
on the other hand, if 3 quantity current of
-lower ntial is wanted, the longer coil is

o midé the primary. In lien of these devices
various forms of electro-dynamic induction:

machines, including the combined motorsand
generators, have been devised. For instance,
a motor is constructed in accordanee with well-
understood principles, and on the same arma- ss
ture are wound induced coils which constitute
a generator. The motor-coils are geherally of
fine wire and the generator- coils of coarser
wire, 80 as to produce a current of greater
quantity and lower potential than theline-car- 60
rent, which is of relatively high potential to
avoid loss in long transmission. A similarar-
rangement is to wind coils corresponding to
those described on a ring or similar core, and
by meaus of a commutator of suitable kind to 63
direct the current through the inducing-coils
successively, 8o as to maintain a movement of
the poles of the core or of the lines of force
which set up the currents in the induced coils.
Without enumerating the objections to these 70
systems in detail, it will suffice to say that the
theory or the principle of the action or eper-
ation of thege devices has apparently been so
little understood that their proper copstruc-
tion and use have, up to the present time, been ;¢
attended with various difficulties and great ex-
pense. The transformers are very liable to be
injured and burned out, and the means resorted
to for curing this and other defects have in-
variably been at the expense of efficiency. I 89
bhavediscovered amethodof conversion and dis-
tribution, however,which is not subject to the
defects and objections to wliich I have alluded,
and which is both efficient and safe. Isecure
by it a conversion by true dynamic induction
under highly efficient conditions and withount
the use of expensive or complicated apparatus
or moving devices,which in use wear out and
require -attention. This method consists in
progressively and continuously shifting the
line or points of maximum-effect in an induct-
ive field across the convolutions of a coil or

8s

90

.oonductor within the influence of said field

and included in or forming part of a second-
ary or translating circuit.

I carrying out’ my invention I provide a
series of inducing-coils and corresponding in-
duced coils which, by preference, I wind upon
a core closed upon itself--such as an annulas.
or ring—subdivided in the usual manner. The
two sets of coils are wound side by side or su-
perposed or otherwise placed in well-known

95
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“i" to bring them into the most effective re.
lations to one another and to the core. The
inducing or primary. coils wound on the core
are divided into pairs or sets by thé proper
5 electrical connectgons, 8o that while the coils
of one pair orset co-operate in fixing the nrag-
netic poles of the core at two given ginmetric-
ally-opposite points the coils of the other pair
or set—assuming, for the sake of illustration,
10 that there are but two—tend to fix the poles
at ninety degrees from sach points. With this
induction device I use an alternating-current
generator with- coils or sets of ooils to corre.
spond with those of the converter,and by means
15 of suitable conduotors I connect up in inde-
pendent circuits the corresponding coils of the
generator and converter. It results from this
that the different electrical phases in the gen-
erator are attended by corresponding magnetic
20 changes in the converter; or, in other words,
that as the generator-coils revolve the points
of greatest magnetic intensity in the converter
will be pr«:grmlvelyshiﬂedorwhirled around.
This principle I have apglied under variously
25 modified conditions to the operation of elec-.
tro-magnetic motors, and in previous applica-
tions—notably in those having serial numbers
252,132 and 256,561—I have described in de-
tajl the manner of constructing and-using such

30 motors.

- In the present application my object is to
describe the best and most convenient manner
of which I am at present aware of carrying
out the- invention as agp]_ied to a system of

35 electrical distribation; but one skilled in the
art will readily understand, from the descrip-
tion of the modifications proposed in said ap-
plications, wherein the form of both the gener-
ator and converter in the present case may be

40 modified. In illustration, therefore,of the de-

tails of construction which my present inven- -

tion involves, I now refer to the accompanying
drawings.
Figure 1 is a diagrammatic illustration of

45 the converterand the electrical connections of
the same. ‘- Fig. 2 is a horizontal central cross-
section of Fig. 1. Fig. 3 is a diagram of the
dircuits of the entire system, the generator
being shown in section. .

50 Iuseacore, A, which is closed upon itself—
that is to say, of an annular, cylindrical, or
equivalent form—and as the efficiency of the
:fgnntun is largel{ increased by the subdi-

on of this core I make it of thin strips,

s plates, or wires of soft iron electrically insua-

as far as practicable. Upon this core, by
auy well-known method, I wind, say, four coils,
BB B’ B', which I use as primary coils, and
for which I nselong lengths of comparatively

6o fine wire. Overthese coils I then wind shorter
coils of coarser wire, C C C' C, to constitute
the induced or secondary coils. Theconstrac-
tion of this or any equivalent form of converter
may be carried farther, as above pointed out,

65 by inclosing these coils with iron—as, for ex-
ample, by winding over the coils a layer or
layers of 'insnlateg iron wire.

The device is provided with suitable bind-
jng-posts, to which the ends of the coils are
led. The diametrically-opposite coils B Band
B’ B'are connected, respectively, in series, and
the four terminals are connected to the bind-
ing-posts 1 23 4. The induced coils are con-
nected together in any desired manner. For
example, as shown in Fig. 8, C O may be con-
nected in multiple arc when a quantity cur-
rent is desired—as for runninsa group of.in:
candescent lamps, D—while may be in-
dependently conunected in series in a ¢ircuit
including arc lamps D', or the like. . 80

The generator in thissystem will be adapted
to the converter in the manner illastrated.
For example, in the present case I employ a
pair of ordinary peranent or electromagnets,

E E, between which is mounted a cylindrical g
armature on & shaft, F, and wound with two
ooils, G G’. The terminals of these'coils are
connected, respectively, to four insulated con-

tact or collecting rings, H H H' H’, and the
four line-circuit wires L connect -the brushes

K bearing on these rings to the converter in the
ordershown. Notingthe results of this combi-
nation, it will be observed thatata given point

of time the coil G is in its beutral positionand .

is generating little or no cmrrenl;i while the g5
other coil, @', isin a position where it exertsits
maximom effect. Assuming coil G to be con-
nected in circuit with coils B B of the converter

and eoil G’ with coils B’ B', it is evident that

the poles of the ring A will be determined by 100
coils B’ B’ alone; but as the armature of the
generator revolves, coil G develops more cur-
rent and coil G’ less until G reaches its maxi-
mum and G’ its neutral position. - The obvious
result will be to shift the poles of the ﬂni‘hA 108
through one quarter of its periphery. e
movement of the coils through the next gunar-

ter of a turn,daring which coil G’ enters a field

of opposite polarity and generates a current

of opposite direction and increasing strength, 110
while coil G is passing from its maximam to

its neutral position, generates a current of de-
creasing strength and same direction as be-
fore, and causes a further shifting of the poles
through the seeond quarter of the ring. The 11§
second half - revolution will obviously be a

15

" repetition of thesameaction.” By theshifting [

of the poles of the ring A a power-dynamic in-
dactive effect on the coils O C’' is prodaced.

‘Besides the currents generated in the second- 130

ary coils by dynamo-magnetic induetion,other

carredts will be set up in the same coils in

consequence of any variationsin. the intensity

of th:&)oles in the ring A. This should be

avoided by maintaining the intensity of the 125
les constant, toaccomplish which care should

gg taken in designing and proportioning the

generator and in distributing the coils in the

ring A and balancing their effect. When this

is done, the currents are produced by dynamo- 130

magnetic induction only, the same result be-

ing obtained as thoni_ the poles were shifted

by a commutator with an iofinite number of

segments.






The ap; us by means of which this
method of conversion is or may be carried out
may be varied almost indefinitely. The spe-
. dific form which I have herein shown I regard
i § s the best and most efficient, and in another
. application I have claimed it; but I do not
" limit myself berein to the use of any iou-
| lar form or combination of devices which is or
‘ be capable of effecting the same result in
. 10 s pimilar way.
What I claim is—
1. The method of electrical conversion and
} cll.ﬂrlb;ﬂo:n:_llonh:l described, "lvhi.%h eomi*&
continuoudly and progressiv:
18 or line of maximum eM’in :ﬂ:ﬁut-
' lve field, and inducing thereby currents in

1
382,202 ' 3

the ceils or convolutions of a circuit located |

within the inductive infinence of said field, as
herein set forth.

2. The method of electrical conversion and
distribution herein described, which consists
in generating'in ind dent circuits produc-
ing an inductive fleld sltérnating currents in
such order or manner as to produce by their
oonjoint effect a p ve shifting of the
solnh of maximum e of the field, and in-

uclig thereby currents in the ocoils or convo-
lutions of a circuit located within the induct-
ive influence of the field, as set forth.

NIKOLA TESLA.

‘Witnesses:
FrARx B. MurPHY,
FRANK E. HARTLEY.
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- UNITED STATES

SYSTEM OF ELECTRI

SPECIFICATION { part of Lett:
Application filed Apiil 10, 1888,

1o all whom it may concern:

Be it known that I, NikoLA TESLA, a sab-
jeet of the Emperor of Austria, from Smiljan,
Lika, border country of Austria-Hungary, re-

5 siding in the city, county, and State of New
York, have invented certain new and usefal
Improvements in Systems of Electrical Dis-
tribution, of which the following is a specifi-
cation, reference being had to the drawings ac-

1o companying and forming a part of the same.

In previous applications for patents made
by me I have shown and described electrical
systems for the transmission of power and the
conversion and distribation of electrical en-

15 ergy, in which the motors and the transformers
contain Lwo or more coilsor setsof coils,which
were connccted up in independent ocircuith
with corresponding coils of an alternating-cur-
rent generator, the operation of the system be-

20 ing bronght about by the co-operation of the
alternating currents in the independent cir-
coits in progressively moving or shifting the
poles or points of maximum magnuetic effect of
the motors or convertérs. In these systemb,

25 a8 I have described them, two independent
conductors were employed for each of the
independent circnits connecting the gener-
ator with the devices for converting the trans-
mitted currents into mechanical energy or

3o into electric currents of another character;
but I have found that this ig not always neces-
-sary, and that the two or more circnits may
have a single retarn path or wire in common,
with a loss, if any, which is 8o extremely slight

35 that it may be disregarded entirely. Forsake

of illustration, if the generator have two.in-

dependent coils and the motor two coils or
two sets of coils in corresponding relations to
its operative elements one terminal of each

nerator-coil is cotinected to the correspond-
ing terminals of the motor coils through two
independent conductors, while the opposite
terminals of the respective coils are both con-
nected to one return-wire.

45 This invention is applicable to my system
in various ways, as will be seen by reference
to the drawings, in which— )

Figure 1 is a dingrammatic illustration of a
generator and single motor constructed and

50 electrically connected in accordance with the
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invention. Fig. 2 is a diagram of the system

as it is used in operating motors ér converters,

or both, in parallel or multiple are. Fig. 3
illustrates diagrammatically the manner of
operating two or more motors or converters,or gs
both, in series. . ’

It i8 obvious that for purposes of this inven-
tion motors or transformers, which may beall
designated as ** converters,”’ are the same,and
that either or both may be operated by the 60
same system or arrangement of circunits. .

Referring to Fig. 1, A A designate the poles
of the field-magnets of an alternating-carrent
generator, the armature of which, being in
this case cylindrical in form and mounted ona 65
shaft, C, is wound longitudinally with coils B
B'. The shaft C carries three insulated oon-
tact-rings, a b ¢, to two of which, as b ¢, one
terminal of each coil, as ed, is connected. The
1enaining terminals, f g, are both connected 70
to the third ring, a.

A motor in this case is shown as composed
of a ring, H, wound with four coils, I1J J,
electrically connected, 8o as to co-operate in
pairs,with'a tendency to fix the poles of the
ring at fonr points ninety degrees apart.
Within the magnetic ring H is a disk or cy-
lindrical core wound with two coils, G G',
which may be connected to form two closed -
circuits. The terminals j k of the two sets or
pairs of coils are connected, respectively, to
the'binding-posts E' F',and the other termi-
nals, A 4, are connected to a single binding-
post, D'. To operate the motor, three line-
wires are used to connect the terminals of the
generator with those of the motor.

So far as ‘the apparent action .or mode of
operation of this arrangement is concerned,
the single wire D, which is, so to speak,a com-
mon return-wire for both circuits, may be re-
garded as two independent wires. ln illus-
tration, with the order of connection shown,
cail B’ of the generator is producing its maxi-
mum current and coil B its minimum; hence
the ¢arrent which passes through wire ¢, ring
b, brush ¥, line-wire E, terminal E, wire j,
coils I I, wire or terminal D’, line-wire D,
brush a’, ring a, and wire f, fixes the polar
line of the motor midway between the two
coils I T; but as the coil B’ moves from theé po- 100
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sition indicated il generates less current, while
coil B, moving into the field, generates more.
The current from coil B passes through the
devices and wires designated by the letterad,
sed. R, F, 5,7 J, i, 1)V, D, &, a, and g, and
the posiuon of the poles of the motor will be
‘due to the resaltant effect of the currents in
the two sets of coils—that is, it will be ad-
vanced in proportion to the advance or for-
"10 wvard mévement of the armatare coils. The
movement of the generator-armature through
, one-quarter of a revolation will obviously
| bring coil B’ into its neatral position and coil
;B into its position of maximaom effect, and
15 this shifis the poles ninety degrees, asthey are
fixed solely by coils B. This action is re-
pent.ed for each quarter of a complete revolu-

When more than one motor or other device
0is employed the i‘lmy be run either in paral-
i lelorseries. In Fig.2 the formerarrangement

is shown. The electrizal device is shown as
aconverter, L, constructed as I have described
in my application Serial No. 258,787, filed
15 December 23, 1887. The two sets of primary
eoils p » are connected, respectively, to the
mains F E, which are electrically oonnected
vith the two coils of the generator. The
cros-cirenit wires I m, making these connec-
Jo tions, are then connected to the common re-
torn-wire D. The secoundary coils p’p” arein
circaits »° o, including, for example, incan-
descent lamps. Only one converter is shown
entire in this figure, the others being illus-
35 trated diagrammatically.

When motors or converters are to be ran in
series,the two wires E F are led from the gen-
erator to the coils of the first motor or con-
verter, then continued on to the next, and so

4 on through the whole series, and are then
joined to the single wire D, which completes
both eircuits throogh the genentor. This is
shown in Fig. 3, in which J I represent the
two coils or sets of coils of the motors.

45 Obviously it is immaterial to the operation

'Inz order of couneetions is observed between
the respective terminals of the generator or
motor.

0 Ihave aescribed the invention in its beat
and most practicable .form of which I am
Aware; but there are other conditions under
which it may be carried out. For example, in
case the motor and generator each has three in-

55 dependent cireunits, one terminal of each cir-

the motor. or equivalent device in Fig. 1

cait is counected to a line-wire and the other
three terminalstoa common retarn-conductor.
This arrangemeant will secare similar results to
those attained with a generatorand motor hav-
ing but twoindependent circuits, as above de- 60
scribed.

‘When applied to snch machines and motors
as have three or more indaced circuits with a
common electrical joint,the threeor more ter-
minals of the generator would be simrly oon- 65
nected to thoee of the motor. Such forms of
machines, when adapted in this manner to my
aystem, I have, however, found to be less effi-
cient than the others.

The invention isapplicable to machines and j0
motors of various types, and according to cir-
camstancesand oconditions readily uuderstood.,
with more or less efficient resuits. I do not
therefore limit myself to any of the details of
construction of the apparatus herein shown.

‘What I claim is—

1. The combination, with a generator hav-
ing independent current-generating circuits
and a converter or converters having inde-
pendent and ocorresponding circuits, of inde-
pendent conductors connecting one terminal
of each generator-circait with a corresponding
terminal of the motor and a single condactor
connecting the remaining generator and con-
verter terminals, as set forth. 83

2. The combination, with a generator hav-
ing independent current- geneminf circuits
and a converter or converters lmving inde-
pendent and corresponding circuits, of inde-
pendent line or connecting circuits formed in go
part throngh a conductor common to all, as
gset forth,

3. The system of electrical distribution
herein set forth, consisting of the combina-
tion, with an albernnting -carrent generator 95
having independent generating-circuits and
electro-magnetic motors or converters pro-
vided with corresponding energizing-circuits,
of line wires or conductors connecting the coils
‘of the motors or converters, respectively, in
series with one terminal of each circuit of the
generator, and a single return wire or con:
ductor conneoting the said conductors with
tf,he hmher terminals of the generator, as set

ort
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To all whom it may concern:

Be it known that I, NikoLA. TESLA, a sub-
ject of the Emperor of Austria, from Smiljan,
Lika, border country of Austria- Hungary,

§ now residing at New York, in the county and
State of New York, have invented certain new
and usefal Improvements in Dynamo- Electric
Machines, of which the following is a speeifi-
cation, reference being had to the drawings

10 accompanying and forming a part of the same.

Incertain patentsgranted to Charles F. Peck
and myself—notably in Patents No. 381,968
and No. 382,280, May 1, 1888—I have shown
and described a plan of constructing and oper-

15 ating motors, transformers, and the like, by al-
ternating currents conveyed through two or
more jndependent circuits from a generator
having- such relation to the motors or trans-
formers as to produce therein a progressive

20 movement of the magnetic poles or lines of
force. In the said applications the descrip-
tions and illustrations of the generators were
confined to those types of alternating carrent
machine in which the carrent-generating coils

25 are independent or separate; but I have found
that the ordinary forms of continnous-current
dynamos now in use may be readily and cheaply
udapted to my system, or utilized both as con-
tinueus and alternating current generators

30 with but slight changes in their construction.
The mode of effecting this forms the substance
of my present application.

Generally stated, the plan pursued by mein
carrying out this invention is as follows: On

35 the shaft of a given generator, either in place
of or in addition to the regular commutator,
I secure as many pairs of insunlated collecting-
rings as therearecircuits to be formed. Now,
it will be understood that in the operation of

40 any dynamo electric generator the currents in
the coils in their movement through the field

- of force undergo different phases—that is to
say, at different positions of the coils the car-
rents have certain directions and certain

45 strengths—and thatin my improved motors or
transformers it is necessary that the currents
in the emergizing-coils should undergo a cer-
tain order of variations in strength and direc-
tion. Hence, the farther step—viz, the con-

50 nection between the induced or generating

eolls of the machineand the contact-rings from |

‘taining an armature with separate coils con-

which the currents arc to be taken off—will
be determined solély by what order of varia-
tions of strength and direction in the currents
is desired for producing a given result in the
electrical translating device. This may be ac-
complished in varions ways; but in the draw.
ings I have given typical instances only of the
best and most practicable waysof applying the
iuvention to three of the best-known types of 6o
machines, in order to illostrate the principle
and to enable any one skilled in the art to ap-
ply the iavention in any other case or under
any modified conditions which the circum-
stances of particular cases may require.
Figure 1 is a diagram illustrative of the
mode of applying the invention to the well-
koown type of closed or continuous circuit
machines. Fig. 2 is a similar diagram con-

6s

c

-

nected diametrically, or what is generally
called an ‘‘open-circuit’”’ machine. Fig. 8 is
a diagram showing the application of the in-
vention to a machine the armatare-coils of
which have a common joint.

Referring to Fig. 1, let A represent one of my
improved 'motors or transformers, which, for
convenience, I shall designate a ‘‘converter,”’
which consists of an annular core, B, wonnd
with four independent coils, C and D, those
dismetrically opposite being connected to-

ether 80 as to co-operate in pairs in estab-
ishing free poles in the ring, the tendency of
each pair being to fix the poles at ninety de-
grees from the other. There may be an arma-
ture, E, withio the ring, which is wound with
coils closed upon themselves. The object is
to pass through coils C D carrents of such
relative strength and .direction as to produce
a progressive shifting or movement of the 90
points of naximnwm magnetic effect aronnd the
ring, and to thereby maintain a rotary move-
ment of the armature. I therefore secure to
the shaft F of the generator four insulated
contact-rings, a b ¢ d, upon which [ cause to
bear the collecting-brushesa’d’ ¢ &', connected
by wires G G H H, respectively, with the

75
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‘terminals of coils C and D.

Assume, for sake of illustration, that the
coils D D are to receive the maximum and
coils C C at the same instant the minimum
carrent, so that the polar line may be midway

100
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between the coils D D, the rings « b wonld
thereforc be connccted to the continuous ar-
matare-coil at its nentral points with respect
to the field. or the point corresponding with
5 that of the ordinary commutator-brushes, and
between which exists the greatest difference
of potential, while rings ¢ ¢ would be con-
nected to two points iu the coil, between which
exists no difference of potential. The best re-
10 sults will be obtained by making these con-
nections at points equidistant from onec an-
other, as shown. These connections are easi-
est made by using wires L between the rings

and the loops or wires J, connecling the coil I
15 to the segments of the commutator K. When
the converters are made in this manner, it is
evident that the phases of the currents in the
seciions of the generator-cofil will be repro-
duced in the converter coils. For example,
after turning throngh an arc of ninety degrees
the conductors L I, which before conveyed
the maximum current, will receive the mini-
mum current by reason of the change in the
position of their coils, and it is evident that
25 for the same recason ‘the carrent in said coils
has gradaally fallen from the maximum to the
minimom in passing through the arc of ninety
degrees. In this special plaun of connections
the rotation of the magnetic poles of the con-
verter will be synchronous with that of the
armature-coils of the generator, and the result
will be the same, whether the energizing-cir-
cuits are derivations from a continuous arma-
tare-coil or from independent coils, a8 in my
35 previous devices.

I have shown in Fig. 1, in dotted lines, the
brushes M M in their proper normal position.

In practice these hroshes may be removed

from the commutator and the field of the gen-
40 erator excited by an external source of cur-
rent; or the brushes may be allowed to remain
on the commutator and to take off a converted
current to excite the field, or to be used for
other parposes.

In a certain well-known class of machines
the armature contains a number of coils the
terminals of which connect to commutator-
segments, the coils being connected across the
armatare in pairs. This type of machine is
50 represented in Fig. 2. In this machine each

pair of coils goes through the same phases as

the coils in some of the generators I have
shown, and it is obviously only.necessary to
utilize them in pairs or sets to operate one of
55 my converters by extending the segments of
the commutators belonging to each pair of
coils and caunsing a collecting-brush to bear on
the continuous portion of each segment:. In
this way two or more circuits may be taken
60 off from the generator, each including one or
more pairs or scts of coils, as may be desired.

)

30

45

In Fig. 2 I I represent the armature-coils, |

T T the poles of the field-maguet, and F the
shaft carrying the commutators, which are ex-

390,414
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tended to form continnous portions a b ¢ d. 65
The brushes bearing on the continuous por-
tions for takiog off the alternating currents
are represented by @’ ¥’ ¢ @. The collecting-
brushes, or those which may be used to take
off the direct carrent, are designated by M M.
Two pairs of the armature - eoils and their
cominutators are shown in the figure as being
utilized; but all mav be utilized in a similar
manuer.

There is another well-known type of nia-
chine in which three or morejcoils, A’ B’ C',
on the armature have a common joint, the
free ends being connected to the segments of a
commutator. This form of generator is illas-
trated in Fig. 3. In this case each terminal
of the generator is connected directly or in
derivation to a continuous ring, a b ¢, and col-
lecting-brushesa’ &’ ¢, bearing thereon,take off
the alternating currents that operate the mo-
tor. It is preferable in this case to employ a
motor or transformer with three energizing-
coils, A” B” C”, placed symmetrically with
those of ‘the generator, and the circaits from
the latter are connected to the terminals of
such coils either directly—as when they are
stationary—or by means of brashes ¢’ and con-
tact-rings e. In this, as in the other cases, the
ordinary commutator may be used on the gen-
erator, and the carrent takeno fram it atilized
for exciting the generator field-magnets or for
other purposes.

These examples serve to illustrate the prin-
ciple of the invention. It will be observed
that in any case it is necessary only to add the
contipnous contact or collecting rings and to
establish the conuections between them and
the appropriate coils. .

It will be understood that this invention is
applicable to other types of machine—as, for
example, those by which the induced coils are
stationary and the brushes and magnet re-
volve; but the manner of its application is
obvious to one skilled in the art.

Having now described my invention,what I
claim is— :

1. The combination, with a converter hav-
ing independent energizing-coils, of a continn-
ous or direct current dynamo or magneto ma-
chine, and internediate circuits permanently
connected at snitable points to the induced or
generating coils of the generator, as hercin set
forth.

2.. The combination, with a converter pro-
vided with independent energizing-cirenits, of
a continnous or direct carrent generator pro-
vided with continuons collecting - rings con-
neoted in derivation to the armature-coils to
form the terminals of circuits corresponding
to those of the converter, as herein set forth.,

NIKOLA TESLA.
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UNITED STATES PATENT OFFICE.

NIKOLA TESLA, OF NEW YORK, N. Y., ASSIGNOR TO THE TESLA ELECTRIC
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DYNAMO-ELECTRIC MACHINE.

SPECIFICATION f part of Letters Patent No. 390,721, dated October 9, 1888,
Application fled April 28, 1888, Serial No. 272,133, (No modol.)

To all whom it may concern:

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

s residing at New York, in the county and State
of New York, have invented certain new and
nseful Improvements in Electric Generators, of

* which the following is a specification, reference
being had to the drawing accompanying and

10 forming a part of the same.

My present invention relates, chiefly, to the
alternating-carrent system invented by me
and described in prior patents, notably Nos.
381,968 and 382,280, of May 1, 1888, in which

15 the motors or transformers, or generally the
converters, are operated by a prégressive shift-
ing or movement of their magnetic poles pro-
duced by the co-operative action of independ-
cnt magnetizing-coils throngh which pass al-

20 ternating currents in proper order and direc-
tion. In my saidsystem, as I have heretofore
shown, T employed a generator of alternating
currents in which there were independent in-
duced or generating coils corresponding to the

25 energizing-coils of the converter, and the re-
lations of the generator and converters were
generally sach that the speed of rotation of
the magnetic poles of the converter equaled
tuat of the armature of the generator.

To secure the greatest efficiency, it is neces-
sary to run the machines at a high speed, and
this is trune not only of those generators and
motors which are particularly adapted for use
in my system, but of others. The practica-
35 bility of running at very high speeds, how-

ever, particularly in the case of large genera-
tors, i8 limited by mechanical conditions, in
seeking to avoid which I have devised various
plans for operating the system under efficient

40 conditions, althongh running the generator at
a comparatively low rate of s| .

My present invention consists of another
way of accomplishing this result, which in

30

certain respects presents many advantages.

45 According to the invention, in lieu of driving
the armature of the generator at a high rate
of speed, I produce a rotation of the magnetic
poles of one element of the generator and drive
the other at a different speed, by which simi-

50 lar results are obtained to those secured by a
rapid rotation of one of the elements.

1 shall describe this invention by reference
to the diagram drawing hereto annexed.

The generator which supplies the current
for operating the motors or transformers con-
aists in this instance of a subdivided ring or
annular core wound with four diametrically-
oppositecoils, EE’. Within theringis mounted
a cylindrical armatare-core wound longitudi-
nally with two independent coils, F' F’, the
ends of which lead, respectively, totwo pairsof
insnlated contact or collecting rings, DD’ G G/,
on the armature-shaft. Collecting-brushes ¢
d g ¢ bear upon these rings, respectively, and
convey thecurrents throngh thetwo independ-
ent line-circuits M M'. In the main line there
may be included one or more notors or trans-
formers, or both. If motors be used, they are
constracted in accordance with my invention
with independent coils or sets of coils J J', in-
cluded, respectively, in the circunits M M’
These energizing-coils are wound on a ring or
annular field or on pole pidces thereon, and
produce by the action of thc alternating cur-
rents passing through them a progressive
shifting of the magunetism from pole to pole.
The cylindrical armature I of the motor is
wound with two coils at right angles, which
form independent closed circuits. *

If transformers be employed, I connect one
set of the primary coils, as N N, wound on a
ring or annular core, to one circuit, as M’, and
the other primary coils, N’ N’, to the circuit
M. The secondary coils K K’ may then be
utilized for running groups of incandescent
lamps P P'.

With the generator I employ an exciter.
This consists of two poles, A A, of steel per-
manently magnetized, or of iron excited by a
battery or other generator of continunons cor-
rents,and a cylindrical armature-core mounted
on a shaft, B, and wound with two longitudi-
nal coils,C C.. One end of each of these coils
is connected to the collecting-rings b ¢, respect-
ively,while the other ends are both connected
to a ring, a. Collecting-brushes ¥’ ¢’ bear on
the rings b ¢, respectively, and conductors I,
L convey the carrents therefrom through the
coils E and E' of the generator. L' isa com-
mon return-wire to brush o/, Two independ-
ent circuits are thus formed, one including -
coils Cof the exciter and E E of the generator,
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the other coils ' of the exciter and E' E of
the generator. It results from this that the
operation of the@xciter protiucesa progressive
movement of the magnetic poles of the annu-
lar field-core of the generator, the shifting or
rotary moveément of said poles being synch-
ronous with the rotation of the exciter-arma-
tare. Considering the operative conditions of
a system thus established, it will be found that
when the exciter is driven so as to energize
the field of.the generator the armature ot the
latter, if left free to turn, wounld rotate at a
practically the same as that of the ex-
citer. If under such conditions the coils F
¥ of the generator-armature be closed upon
themselves or short-circuited, no currents, at
lemst theoretically, will be generated in the
said armature-coils. In practice I have ob-
served the presence of slight currents, the ex-
istence of which is attributable to more or less
pronounced fluctuations in the intensity of the
magnetic poles of the generator ring. So, if
the armature-coils F F’ be closed throngh the
motor, the latter will not be tnrned as long as
the movement of the generator-armature is
synchronous with that of the exciter or of the
¢ poles of its ‘fleld.. If, on the con-
trary, the speed of the generator-armature be
in any way checked,s0 that the shifting or ro-
tation of the poles of the field becomes rela-
tively more rapid, currents will be induced in
‘the armatare-coils, This obviously follows
from the passing of the lines of force across
the armature - conductors. The greater the
of rotation of the magnetic poles rela-
tively to that of the armature the more rap-
idly the currents developed in the coils of the
latter will follow one another, and the more
rapidly the motor will revolve in response
thereto, and this continues until the armature-
r is stopped entirely, as by a brake,
when the motor, if properly constructed, runs
at the same speed with which the magnetic
poles of the generator rotate.

The effective strength of the currents devel-
oped in the armature-coils of the generator is
dependent upon the strength of the currents

g the generator and upon the num-
ber of ‘rotations per unit of time of the mag-
netic poles of the generator; hence the speed
of the motor-armature will depend in all cases
upon the relative speeds of the armature of
the generator and of its magnetic poles. For
example, if the poles are turned two thousand
times per unit of time and the armature is
tarned eight hundred, the motor will turn
twelve hundred times, or nearly so. Very
slight differences of speed may be indicated by
a delicately-balanced motor.

Let it now be assumed that power isapplied
to the generator-armature to turn it in a di-
Yection opposite to that in which its magnetic
poles rotate. In such case the result would
be similar to that produced by a generator the
armatute and field-magnets of which are ro-
tated in opposite directions, and by reason of
these conditions the motor-armature will tura

390,721

at a rate of speed equal to the sum of the

.8peeds of the armature and maguetic poles of

the generator, so that a comparatively low
speed of the generator-armature will prodace
a high speed in the motor.

It will be observed in counection with this
system that on diminishing the resistance of
the external circuit of the generator-armature
by checking the speed of the motor orby add-
ing translating devices in maltiple arc in the
secondary circuit orcircuits of the transformer
the strength of the current in the armature-
circuit is greatly increased. Thisis due to two
causes: first, to the great differences in the
speeds of the motor and generator, and, sec-
ondly, to the fact that the apparatus follows
the analogy of a transformer, for, in propor-
tion as the resistance of the armature or sec-
ondary circuits is reduced, the strength of the
carrents in the field or primary circuits of the
generator is increased and the currents in the
armature augmented correspondingly. For
sinrilar reasons the currents in the armature-
coils of the generator increase very rapidly
when the 8 of the armature is reduced
when running in the same direction as the
magnetic poles or conversely.

It will be understood from the above de-
scription that the generator-armature may he
run in the direction of the shifting of the mag-
netic poles, but more rapidly, and that in such
case the speed of the motor will be equal to
the difference between the two rates.

In many applications to electrical conversion

and distribution this system possesses great
advantages both in economy, efficiency, and
practicability.

What I claim is—

1. The combination, with an alternating-car-
rent generator having independent energizing
or field and independent induced or arma-
ture coils, of an alternating - current exciter
having generating or induced coils corre-
sponding to and connected with the enesgizing-
coils of the generator, as set forth.

2. In an alternating-current generator, the
combination of the elements named aud co-
operatively associated in the following man-
ner: a field-magnet wound with independent
coils each connected with a source of alternat-
ing currents, whereby the magnetic poles pro-
daced by said coils will be progressively
shifted or moved through the field, and an
armature-core wound with independent coils,
each having terminals from which curreuts
are delivered to the independent external cir-
cuits. )

3. The system of electrical distribution con-
sisting of the combination, with an alternat-
ing - carrent generator having independent
energizing-coils and an armature wound with
independent induced coils, of an alternating-
current exciter having induced coils corre-
spondingtoand connected with the energizing-
coils of the generator, and one or more electri-
cal converters having independent inducing
or energizing coils connected with the corre-
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rmature coils of the generator, as hnvmg induced or generating eoils correspond-
orth. ing to and conpected with the energizing-coils
mbination, with an alternating-eur- | of the generator, as set forth
dor having a field-magnet wound NIKOLA TESLA.
rendent energizing - coils and an| Witnesses:

to be rotated within the RoBT. F. GAYLORD,
eed by said magnet, of an exciter PARKER W. PAGE.
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UNTTED STATES

ParexT OFrce

HIEDLA THSLA, OF NEW YORK, X ¥, ASRIGSOR TO THA TRSLA BLBOCTRIQ
COMPANY, OF SAMR PLACR

REGULATOR FOR ALTERNATE-CURRENT MOTORS

SFECIPFICATION feming part of Lettess Patent Do 30 GMA &aiad Qatede: & 200

Auplicstion Sind Agelita, 1900

T5 all whemn ii way concern:

_n::-u&xmm--s
Jesk Emparer of Anstris, frem Smiljen,
Liks, bevdercsuntry of A ustrin- , DOW
b in New York, in the couniy aad State

larly is one in which the moters, or
what may be in certain cases their
ieal transformers—havetwoor
20 more energizing-cironits, which,
current from
et to set up a progressive movement orshif-
ing of the magnetic poles of the moters; bat

ponce, 8 will hercisaer appear. T empiey
15 poses, a8 appear. I employ
5 the nmfor the parpoese of varying the
speed motors.

The regulator proper consista of a form of
pable of mo ek Tospont to the other,
movement with respect to y

» '_huobythoinduﬁvuduloum%bedm
either manually or automatically,for the pur-
pose of varying the strength of the induced
current. I prefer to construct this devieo in

35 such manner that the induced or secondary
element may be movable with respect to the
other; and the improvement, 8o far as relates
merely to the construction of the device itaelf,
consists, essentially, in the combination, with

40 two opposite magnetic poles, of an armature
wound with &n insn] oorl and mounted on

a whereby it may be turned to the de-
sired extent within the fleld produced by the
poles. The normal position of the core of the

45 secondary element is that in which it mcat
completely closes the magunetic cirouit between
the poles of the rﬂmry element, and in this
position its coil is in its most effective position
for the inductive action upon it of the primary

so ooils; but by turning the movable core to

either side the induced currents delivered by

Saind So MLGR.  (Nemedn)!

The regulator bo oouatructed

\ Ay
ways to seoure the red resuly; bat tu e 0
Mmmh:hluno'amhhm‘u

ag or pri-
mary colls O G, wid cores belng invegral with
oc bolted to the frawme A in any well-knowan

‘R,wound with an indaced or secondary coll, &y

F, the oonvolutions of which are parallel with
the azia of the shaft. The euda of vhe core
are rounded off, 80 as to At closely in the apace
between the two poles and permit the core R

to be turned. handl , sooured to the go
projecting end of the shaft D, {a pravided for
this purpose.

Any meana may be employed for maintaln-
ing the core and secondary coll in any given
position to whioh it is turned hy the handle, ¢f

The operation or effect of the device wili bs
understood by referenoce to the diagrama illun:
trating the manner of ita applioation,

Io Fig. 8, lot H represent an ordinary alter-
nating-ourrent generator, the fleld-mungnets of 100
which are excited by a sultable sonres of onr-
rent, I Let J designato an ordinary form of
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electro - c motor provided with an
armature, K, commutator L, and field-mag-
nets ML It is well known that such a moter,
if its field- ' oores be divided up into
s insulated sections, may be practically oper-
ated by an alternating current; but in using
my regulator with sneh a motor I inclade one
element of the motor only—say the armatare-
colls—in the main cirouit of the generator,
10 making the connections through the brashes
and the commutator in the usual way. Ialeo
inclade one of the elemeats of the regulator——
say the stationary eoils—in the same cireunit,
and in the circult with the secondary or mov-
15 able coil of the regulator I connect up the
field-coils of the motor. . I prefer to nse flexi-
ble conductors to make the connections from
the secondary coil of the regulator, as I there-
by avoid the use of sliding contacts or rings
20 without interfe with the requisite move-
meat of the core
If the lator be in its normal or
that in which its magnetic circuit is most
pearly closed, it delivers its maximum induced
ss5 current, the phases of which so correspond
with those of the primary current that the
motor will run as though both field and arma-
tare were excited e main current.
To vary the s of the motor to any rate
30 bétween the minimum and maximumn rates,
the wore E and coils F are turned in either di-
rection to an extent which prodaces the de-
sired result, for in its normal position the con-
volutions of coil ' embrace the maximom
35 number of lines of force, all of which act with
the same effect npon said coil; hence it will
deliver its maximum current; Lut by tarni
the coil F out of its position of maximam ef-
feet the number of lines of force embraced by
40 itisdiminished. The indnctive effect is there- |
fore impaired, and the current delivered by
coil F will continue to diminish in proportion
to the angle at which the coil F' is tarned un-
til, after passing throogh an angle of ninety
45 the convolutions of the coil will be at
right angles ta those of coils C C, and the in-
dactive effect reduced to a minimum.
Incidentally to certain constrnotions, other
causes may inflaence the variation in the
so strength of the induced currents. For 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 byyond
th8 line of the direct influence of the lites of

force, and that the magnetic path or circuit
iad for said lines is impaired; henee the inductive
effect would be redn Next, that after

moving through a certain angle, which is ob-
viously determined by the relative dimensions
60 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-impalse in
one portion of the coil in & certain direction

65 will produce in the diagonally-epposite por-

tion a corresponding impaulse in the opposite
direetion; hence poulonln’ of the current will
neatralize one another,

As before stated, the mechanical counstrus-

tion of the device may be greatly varied; but 70

the essential conditions of the invention will
be fulfilled in any apparatos in which the
movement of the elements with rcspect to one
another effects the same results b{ vnrylnﬁ\he
inductive relations of the two eleweuts in a 75
manner similar to that described.

It may also be stated that the core E is not
{fodis; le to the operatiod of the la-
tor; but its presonce is obviously beneficial.
This regulator, however, has another valnable 8o
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 coils C C and the lines .
of force is reve and consequently the gg
phases of the current will be reversed. This
will produce & rotation of the motor in an op-

te direction. This form of regulator is
also applied with great advantage to my x?l-
tem of utilizing alternating currents,in which go
the magnetic poles of the field of a motor are
progressively shifted by meaus of the com-
bined effects upon the field of magnetizing-
cofls included in independentolnnlh,thmng‘l;
which alternating currents in propor or-
der and relations to each other,

In illustration, let P represent one of my
geperators having two !ndosandont. coils, P
and P”, on the armature, and T a diagram of
a motor bha two indepeudent energizing-
coils or sets of coils, R B. One of the cir-
cuits from the generator, as 8’ 8', includes one
set, R’ R, of the energizing-coils uf the motor,
while the: other circuit, as 8 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 G, 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 120

on is its economy of power. When

the induced coil is generating its maximum

current, the maximam amoant of 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
exfondlt.nre of enerfy and saves power.

tis obvions that In practice either coils C

C or coil F may be used as primary er second-

ary, and it is well understood that their rela- 130
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tive mporﬁm may be varied to produce
any red difference or similarity in the in-
ducing and induced currents.
Iam aware that it iy not ‘new to vary the
s secondary current of an indaotion-coil by mov-
ing one ool with respect to the other, and
thereby varying the indnetive relations nor-
mally existing ween the two. This I do
not claim.
L Mrecombiositon, with bavingl
e com & jpotor having fo-
dependent energhi:!dn;uih. of aun alternat-
ing-current regulator, consisting, essentially,
of indacing and induced coils movable with
1§ Tes to one another, whereby the st
of the indueed cumnwbe varied, the in-
duoced colls being inel o and adapted to

position with respect 4
duced cofl or coils belug incinded in and
adapted to sapply the eurrent for one of the
motor-cireud

ply the current for one of the motor-cir-

su
cuits, as set forth.

2. The combination, with a motor adapted 20

to be run or operated by alternating currents
and provided with i:!mudent zing-
ooils, of a regulator

inducing-coils and an indu
being rotated, whereby it may be turned to a 25

t of onary

ooil capable of
orless angleto the primary coils, or its
- thereto reversed, the in-
ts, as set forth.
NIKOLA TESLA.
‘Witoesses:

Rosr. F. GAYLORD,
FRANK B. MURPHY,
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UNITED STATES

PATENT OFFICE.

NIKOLA TESLA, OF NEW YORK, N. Y.

METHOD OF OPERATING ELECTRO-MAGNETIC MOTORS.

SPECIFICATION forming part of Letters Patent No. 401,530, dated April 16, 1880,
Agplication fled Pobrwary 18, 1389, Surial Ko, 300,230, (Wo model.)

To all whom it n ooRcern:

Be it known that 1, NIKOLA TESLA, a sub-
joct of the Emperor of Austria, from Smiljan,

ka, border country of Austria-Hungary,and
residing at New York,in the county and State
of New York, have invented certain new and
useful Il;‘pmvementn in Methodsof Operating
Electro-Magnetic Motors, of which the follow-
ing is & specification, reference being had to
the drawings accomppnying and forming a
part of the same.

As is well known, certain forms of alternat-
ing-current machines have the property, when
connected in cirouit with an alternating-cur-
rent generator, of ranning as a motor in syn-
chronism therewith; but,while the alternating
current will run the motor after it has attained
a rate of synchronous with that of the

erator, it will not start it. lience,in all
stances heretofore where 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 fun-
erator, or approximately so, before the alter-
nating current of the generator is applied to
drive them. In some instances mechanical
appliances have been utilized for this pur-
pose. Inothersspecial and complicated forms
of motor have been construc T have dis-
covered & much more simple method or plan
of operating synchronizing-motors, which re-
uires practically no other apparatus than
&e motor itself. In other words, by a cer
tain change in the circuit-connections of the
motor Iconvert it at will from a double-cir-
cuit motor, or such as I have described in
prior patents and applications, and which will
start under the action of an alternating cur-
rent into a synchronizing-motor, or one which
will be run by the generator only when it has
reached a certain speed of rotation synchro-
nous with that of the gemerator. ' In this
manner I am enabled to very greatly extend
the applications of my system and to secure
all the advantages of both forms of alternat-
in rrent motor.

e expression “synchronous with that of
the generator,” is used herein in its ordinary
acoeptation—that is to say, a miotor is said to
synchronize with the generator when it esn-e-
serves a certain relative speed determined by
s number of poles and the numnber of alter-

nations produced per revolution of the gener~
ator. Itsactual speed, therefore, may be

or slower than that of the generator; butitis ss

said to be s ronous so long as it preserves
the same ive .

In ng out my invention I construct a
motor which has a strong tendency to synch-
ronism with the generator.
tion which I prefer fot this is that in which

The construe- 60

the armatare i3 provided with polar projec- |

tions. The field-magnets are wound with two
sets of coils, the terminals of which are con-

nected to a switch mechanism, by means of 65

through the said coils or indirectly through

which the line-current may be carried dim:ﬁ

paths by which its phases are modified.

start such a motor, the switch is turned onto
a set of contacts which includes in one motor-
circuit a dead remistance, in the other an in-
ductive resistance,and, the two cirouits being
in derivation, it is obvious that the difference
in phase of thé current in such circnits will
set up a rotation of the motor. When the
speec? of the motor has thus been Lrought to
the desired rate, the switch is shifted to throw
the main current directly through the motor-
circuits, apd although the currents in both

70

circuits will now be of the same phase the 8a

motor will continue to revolve, becoming a
true synchronous motor. To secure greater
efficiency, I wind the armature or its polar pro-
jections with coils clored on thomselves.
There are various modifications and impor
tant features of this method or plan; but the
main principle of the invention will be under-
stood from the foregoing.

In the drawings, o which I now refer, I
have illustrated by the 4 ms the general
features of construction and operation which
distingnish my invention, Figure 1 being
drawn to illustrate the details of the plan

above set forth, and Figs. 2 and 3 modifica- -

tions of the same.

Referring to Fig. 1, let A designate the field-
magnets of a motor, the polar projections of
which are wound with colls B C included in
independent circuits, and D the armature
with polar projections wound with coils E
closed upon themselves, the motor in these
respects being similar in construction to those
described in my patent, No. 382,27, dated
May 1, 1888, but having, by reason of the

85

90

95
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polar projections on the armature-core or
other similar and well-known features, the
properties of a synchronizing-motor.

L L’ represent the conductors of a line from

5 an alternating-ocurrent generator G.

Near the motor is placed a switch the ac-
tion of which is that of the one shown in the
drawings, which is constructed as follows: F
F’ are two conducting plates or arms, pivoted

10 at their ends and connected by an tusulating
cross-bar, H, 80 as to be shifted in parallel-
ism. In the path of the bars F F’is the con-
tact 2, which forms one terminal of the cir-
cuit threugh coils C, and the contact 4, which

15 is one terminal of the circuit through coils B.
The opposite end of the wire of cotls C is con-
nected to the wire L or bar F’,and the corre-
sponding end of coils B-is connected to wire
L’ and bar F; hence if the bars be shifted so

20 as to bear on contacts 2 and 4 both sets of
coils B C will be included in the circuit L L’
in multiple arc or derivation. In the path of
the levers F F’ are two other contact-termi-
nals, 1 and 3. The contact 1 is connected to

25 ocontact 2 through an artificial resistance, I,
and contact 3 with contact 4 through a self-
induction coil, J, 8o that when the switch-le-
vers are shifted.onto the points 1 and 3 the
circuits of coils B and C will be connected in

30 multiple arc or derivation to the circnit L L’,
and will include the resistance and self-in-
duction coil, respectively. A third position
of the switch is that in which the levers F and
F’ are shifted out of contact with both sets of

35 points. In this case the motor is entirely out
of circuit.

The purpose and manner of operating the
motor by these devices are as follows: The
normal position of the switch, the motor be-

40 ing out of circuit, is off the.contact-points.
Assuming the generator to be running, and
that it is desired to start the motor, the switch
is shifted until its levers 1est upon points 1
and 3. The two motor-circuits are thns con-

45 nected with the generator-circuit; but by rea-
son of the presence of the resistance I in one
and the seif-induction coil J in the other the
ooincidence of the phases of the current is
disturbed sufficiently to produce a progression

so of the poles, which starts the motor in rota-
tion. When the speed of the motor has run
up. to synchronism with the generator, or ap-
proximately 8o, the switch is shifted over onto
the
ss I and J, so that the currents in both circuits
have the same phase; but the motor now runs
as a synchronous motor, which is well known
to be a very desirable and efficient means of
converting and transmitting power.
It will be understood that when ‘brought up
to speed the motor will run with only one of

60

the circuits B or C connected with the main-

or generator circuit, or the two circuits may
be connected in series.. This latter plan is
65 preferable when a current having a high
number of alternations per unit of time is em-
ployed to drive the motor. In such case the

points 2 and 4, thus cutting out the ooils-

starting of the motor is more difficult and the
dead and inductive resistances must take up a
cbnsiderable proPortion of the electro-motive 70
force of the circuits. Generally I'so adjust the
conditions that the eleetro-motive force used

in each of the motor-circnita is that which is
required to operate the motor when its cir--
cuits are in series. The plan which I follow 75
in this case is illustrated in Fig. 2. In this
diagram the motor has twelve poles and the
armature has polar projections D wound with
closed coils E. The switch used is of sub-
stantially the same construction. as ‘that 8o
‘shown in the previousfigure. Thereare, how-
ever, five contacts, which I have designated
by the figures 5,6,7,8,and 9. The motor-cir-
cuits B C, which include alternate fleld-coils,
are connected to the terminals in the follow- 85
ing order: One end of circuit C is connected

to contact 9 and to contact 5 through a dead
resistance, . One terminal of circuit B is
connected to ocontact 7 and to contact 6
through a self-induction coil, J. The oppo- 9o
gite terminals of both circuits are connected

to contact 8.

One of thelevers,as F,of the switch is made
with an extension, f, or otherwise, so as to
cover both contacts 5 and 6 when shifted into g5
the position to start the motor. It will be ob-
served that when in this position and with
lever ¥’ on contact 8 the current divides be-
tween the two circunits B C, which from their
difference in electrical character produce a
progression of the poles that starts the motor
in rotation. When the motor has attained
the proper speed, the switch is shifted so that
the levers cover the contacts 7 and 9, thereby
connecting circuits Band C in series. I have 105
found that by this disposition the motor is
maintained in rotation in synchronism with
the. generator. This principle of operation,
which consists in converting by a'change of
oonnections or otherwise a double-circuit mo- 110
tor or one operating by a progressive shifting
of the poles into an ordinary synchronizing-
motor ma{mbe carried out in many other
ways. Forinstance,instead of using theswitch
shown in the previous figures, I may use a 115
temporary ground-circuit between the gen-
erator and motor, in order to start the motor,
in substantially the mannerindieated in Fig. 3.

Let G in this figure represent an ordinary
alternating-current generator with, say, two 120
polés, M M’, and an armature wound with
two coils, N N’, at right angles and connected
in series. The motor has, for example, four
poles wound with coils B C, which are con-
nected in series and an armature with polar
projections D wound with closed ooils E E.
From the common joint or union between the
two ocircuits of both the generator and the
motor an earth- connection is established,
while the terminalsorends of the said circuits 130
are connected to the line. Assuming that
the motor is a synchronizing-motor or one
that has the capability of running in synch-
ronismn with the generator, but not of start-

-

25
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ing, it may be started by the above-described
apparatus by closing the ground-connection
from both generator and motor. The system
thus becomes one with a two-circuit genera-
§ tor and motor, the ground forming a common
return for the currents in the two circuits L
and L’. When by this arrangement of cir-
cuits the motor is brought to speed, the
ground-connection is broken between the mo-
10 tor or generator, or both,and ground,switches
P P’ being employed for this purpose. The
motor then runs as a synchronizing-motor.
In deecribing those features which consti-
tute my invention I have omitted illustrations
15 of the appliances used in conjunction with
the electrical devices of similar s
such, for instance, as driving-belts; and
loose pulleys for the motor, and the like; but
these are matters well understood.

In describing my invention by reference to
specific constructions I do not wish to be un-
derstood as limiting myself to the construo-
tions shown; and in explanation of my in-
tent in this respect I would say that I mayin
such forms of apparatus as I have shown in
Figs. 1 and 2 include the dead resistance and
self-induction coil in’ either circuit, or use
only a dead resistance or a self-induction
coil, a8 in the various ways shown in my ap-
plication, No. 293,052, filed December 8, 1888.
I may also use any formn of -switch, whether
manual or automatic, that will by its manipu-
lation or operation effect the required chan,
of connections, and in order to secure the
neeessa;f difference of phase in the two mo-
tor-circuits on starting I may employ any of
the known means for this purpose.

I believe that I am the first to operate elec-
tro-magnetic motors by alternating currents
in any of the ways hereiii su ted or de-
scribed—that is to say, by producing a pro-
gressive movement or rotation of their poles
or points of greatest magnetic attraction by
the alternating currents until they have
reached a given speed, and then by the same
currents producing a simple alternation of
their poles, or, in other words, by a change in
the order or character of the circuit-connec-
tions to convert a motor operating on one
so pringiple to one operating on another, for the

purpose described.

20

25

30

35

40

4

tems—. |

I do'not claim herein of itself the method
of or apparatus for operating & motor which
forms a part of $his invention and which in-
volves the principle of varying or modifying 55
the currents passing through the energizing-
circuits, 8o as to produce between such cur-
rents a difference of phase, as these matters
are described and claimed by me in other ap-
plications, but with the object of securing, 6o
broadly, the method as a whole which I have
herein set forth.

‘What I claim is—

1..The method of operating an alternating-
current motor herein descri by first pro- 65
gressively shifting or rotating its poles or
points of greatest attraction and then, when

the motor has attained a given 8| , Alter
nating the 8aid poles, as descri .
2. The method of operating an electro-mag- 70

‘netic motor herein described, which consists

in passing through independent energizing-
circuits of the motor alternating currents dif-
fering in phase and then, when the motor has
attained & given speed, alternating currents 75
coinciding in phase, as descri

3. The method of opera an electro-mag-
netic motor herein descri which consists
in starting the motor by passing siternating
currents differing in phase through independ- 8o
ent energizing-circuits and then, when the mo-
tor has attained a given speed, joining the en-
ergizing-circuits in series and passing an al-
ternating current through the same.

4. The method of operating a synchroniz- 85
ing-motor, which corsists in passing an alter-
nating current through independent energiz-
ing-circuits of the motor and introducing into
such circuits a resistance and self-induction
coil, whereby a difference otwrhm between go

*the currents in the circuits will be obtained,

and then, when the speed of the motor synch-
ronizes with that of the generator, with-
drawing the resistance and self -induction

coil, as set forth.
NIKOLA TESLA.
Witnesses: '

GEO. M. MONRO,
‘W H. LEMON.
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UNITED STATES

PATENT OFFICE.

NIKOLA TESLA, OF NEW YORK, N. Y., ASSIGNOR TO THE TESLA ELECTRIC
COMPANY, OF SAME PLAUE.

ELECTRO-MAGNETIC MOTOR.

SPECIFIOATION forming part of Letters Patent No. 405,858, dated June 95, 1889.
Application flad Jannary 8, 1880, Berlal Ko, 305,748, (No model)

To all whom it may concern:

Be it known that I, NIKOLA TESLA, from
Smiljan, Lika, border country of Austria-
Hungary, a subject of the Emperor of Aus-

5 tria, residing at New York, in the county and
State of New York, have invented certain
new and useful Improvements in Electro-

Magnetic Motors, of which the following is 8,

specification, reference being had tothe draw-
10 ings accompanying and forming a part of the

same.

In order to define more clearly the relations
which the motor forming the subject of my
present application bears to others of -the

15 class to which it pertains, I will recapitulate
briefly the forms of alternating-current mo-
tors invented by me and described more in
detail in my prior patents and applications.
Of these there are two principal types or

20 forms: first, those containing two or more en-
ergizing-circuits through which are caused to
pass alternating currents differing from one
another in phase to an extent sufficient to
produce a continuous progression or shifting

25 of the poles or.points of greatest magneticef-
fect, in obedience to which the movable ele-
ment of the motor is maintained in rotation;
second, those containing poles or parts of dif-
ferent etic susceptibility, which under

30 theene ng infinence of the same currentor
two currents coinciding in phase will exhibit
differences in their magnetic periods or

hases. In the firstclassof motors the torque
due to the magnetism established .in dif-

35 ferent portions of the motor by currents from
the same or from independent sources, and
exhibiting time differences in phase. In the
second class the torque results from the en-

. ergizing effects of a current upon parts of

40 the motor which differ in magnetic suscepti-
bility—in other,words, parts which respond to
the same relative degree to the action of a
current, not simultaneously, but after dif-
ferent intervals of time. In my present in-

45 vention, however, the torque, instead of being
solely.the result of a time difference in the
magnetic periods or phases of the poles or at-
tractive parts to whatever cause due, is pro-
duced by an angular displacement of the

so parts which, thongh movable with respect to

one another, are magnetized simultaueously,
or approximately 80, by the same currents.
This principle of operation I have embodied
puct:}oally n a motor in which I obtain the
necessary angular displacement between the 5s°
points of greatest magnetio attraction in the
two elements of the motor—the armature and
field—by the direction of the lamination of the
magnetic cores of said elements, and the best
means of accomplishing this result of which 60
I am at present aware I have shown in the
aoccompanying drawings.

- Figure 1 is a side view of the motor with a
?ortion of its armature-core exposed. Fig. 2

s an end or edge view of the same. Fig.3is 65
& central cross-section of the same, the arma-
ture being shown mainly in elevation..

Jeot A A designate two plates built up of
thin seotions or laming of soft iron ingulated
more or less from one another and held to- 70
gether by bolts a or any other sunitable means
and secured to a base B. The inner faces of
these plates contain recesses or ves in
which a coil or coils D are secured obliquely to
the direction of the laminations. ithin 75
the cdils D is a disk E, preferably composed
of a spirally-wound iron wire or ribbon or a
series of concentric rings and mounted on a
shaft F, having bearings in the plates A A.
Such a device when acted upon by an alter-
nating current is capable of rotation and con-
stitutes a motor, the operation of which I ex-
plain in the following manner: A current or
current-impulse traversing the coils D tends
to magnetize the cores A A and E, all of 85
which are within the infiuence of the mag-
netic fleld of the coils. The poles thus es-
tablished would naturally lie in the same line
st right angles to the coils D, but in the plates
A they are deflected by reason of the direo- go
tion of the laminations and appear at or near
the extremities of said plates. In the disk,
however, where these conditions are not pres-
ent, the poles or points of greatest attraction
are on a line at right angles to the plane of
the coils; hence there will be a torque estab-
lished by this angular displacement of the

les or magnetic lines, which starts the disk

n rotation, the magnetic lines of the armature
and field tending toward a position of paral- 100
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lelism. This rotation is continued and main-
tained by the reversals of the current in coils
D D, which change alternately the polarity
of the field-cores A A. This rotary tendency
5 or effect will be greatly increased by winding
the disk with conductors G, cloxed upon them-
selves and having a radial direction, whereby
the magnetic intensity of the’ poles of the
disk will be greatly increased by the energiz-

10 ing effect of the currents induced in the coils
G by the alternating currents in coils ). The
plan of winding and the principle of opera-
tion have been fully explained in my patent,
No. 382,279, of May 1, 1888,

15 The cores of the disk and field may or may
not be of different magnetic susoeptibility—
that is to say, they may both be of the same"
kind of iron,s0 as to be magnetized at ap-
proximately the same instant by the coils D;

20 or one may be of soft iron and the other of
hard,in order that a cerlain time may elapse
between the periods of their magnetization.
In either case rotation will be produced; but
unless the disk is provided with the closed

25 energizing-coils it is desirable that the above-
described difference of magnetic suscepti-
bility be utilized to assist in its rotation.

The cores of the field and armature may be
made in various ways, as will be well under-

uisite that the lamina-
tions in each be in such direction as to secure
the necessary angular displacement of the

- points of greatest attraction. Moreover, since
the disk may be considered as made up of an

35 infinite number of radial arms, it is obvious
that what is true of a disk holds, under well-
understood conditions, for many other forms
of armature, and my invention in this respect
is in no sense limited to the specific form of

40 armature shown.

It will be understood that the spocific ways
of carrying out this invention are almost with-
out number, and that, therefore, I do not limit
myself to the precise form of motor which I

45 have herein shown.

1 believe that I am the first to produce ro-
tation of an armature, at least such as could
be utilized for nnly general or practicable pur-

, Poscs, by means of an alternating current pass-
so ing through a single coil or several coils act-
ing as one, and which have a direct magnet-
izing effect npon the cores of both armature
and field, and this I claim in its broadest sense.

I farthcr believe that I am the first to im-

part directly, by means of an alternating cur- 55
rent, magnetism to the cores of the two ele-
ments of a motor, and by the direction of the
lamination of one or hoth of the same to pro-
duce an angular displacement of the poles or
!im]es of magnetic force of the coree, respect- 6o
ively.

What I therefore claim is—

1. An clectro-magnetic motor consisting of
a field-magnet, a rotary armature, and a sin-
gle coil adapted to be connected to a source 65
of alternating currents and to impart magnet-
ismn to both the armature and the field-magnet
with angular displacement of the maximum
points, as set forth.

2. In an electmm:ﬁ:etio motot, the combi- yo
nation, with a ocofl pted to be connected
with a source of alternating currents, of a
field-magnet -and rotary armature the cores
of which are in such relation to the ooil as
to be energi thereby and subdivided or 45
laminated in such manner as to produce an
angular displacement of their poles or the
magnetic lines therein, as set forth.

.. 3. In an electro-magnetic motor, the combi-

nation, with a coil pted to be connected 8o
with a sourceof alternating currents, of field-
magnets with laminations lying obliquely to
the plane of said coil and a circular or (fisk
armature mounted to rotate between the field-

.magnets, both fleld and armature being under 85

:he lllmgnet.i:ing influence of the coil, as set
orth. ’

4. Inan e_lectm-mﬁnetic motor, the combi-
nation, with a coil adapted to be connected
with a source of alternating currents, of field- go
magnets with laminations lying obliquely to
the plane of the coil and a circular or disk
‘armature with spiral or concentric lamina-
tions mounted between the field-magnets,both .
fleld and armature being under the magnet- 95
izing influence of the coil, as set forth.

5. In an electro-magnetic motor, the combi-
nation, with a coil adapted to be connected to
a source of alternating currents, of a field-
magnet and a rotary armature with olosed
coils thereon, both the field and the armature
being under the magnetizing influence of said
coil and laminated to produce an angular'dis-
placement of the poles of the two cores.

NIKOLA TESLA.

100

WWitnesses:
EDWARD T. KVANS,
GEORGE N. MONRO.
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wires H H. When by this arrangement of
circuits the motor is brought to speed, the
ground-connection is broken between the gen-
erator or motor or both and ground, switches
sKK bemge-ployed for this purpose. The
motor then runs as a mchmmxing motor.
This system is of various useful ap-
which 1tu not necessary to describe
in detail; but it will be enough to say that the
10 emvuﬁbility of the system from double cir-
cuit to single cireuit is-a feature in itself of
grut value and utility.
I do not wish te be understood as confining
myself to the precise ment or order of
15 eonnections herein set forth, as these may be
sbviously varied in many respects.
What I claim is—
1. The method of operating synchronizing

motors herein described, which consistis in
electrically connecting intermediate points of so
the inducing-circuit of the generator and the
energizing-circuit of the motor until the motor
has reached a desired speed and then inter-
ruph'lln‘g such connection, as set forth.

e method herein described of starting as

or operating synchronixing motors, which con-
sists in electri oonneetl intermediate
points of the indu: tho generator
and the en tofthemotorto

earth until the motor has reached the desired $o
:Eeed and then interrupting either or both of
e ground-connections, as set forth.
NIKOLA TESLA.
‘Witnesses:
EDWARD T. EVANS,
E. C. UPSTILL.
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tains effects corresponaing to the resultant

poles produced by the two field-circuits.
Fig. 3 represents a disposition in whicu

both armature and field are wound with two

sets of coils, all in multiple are to the line or-

main circuit.. The armature-coils are wound
to correspond with the field-coils with respect
to their self-induction. A modification of
this plan is shown in Fig. 4—that is to say,
the two field-coils and two armature-coils are
in derivation to themselves and in series with
one another. The armature-coils in this case,
a8 in the }n-evnous figure, are wound for dif-
ferent self-induction to correspond with the
field-ooils. '

~ Another modification is shown in Fig. &.
In this case only one armature-coil, as D, is
included in the line-circuit, while the other,
as C, is short-circuited.

In such a disposition as that shown in Fig.
2, or where only one armature-coil is em-
ployed, the torque on the start is somewhat
reduced, while the tendency to synchronism
issomewhatincreased. Insuch a diaposition,
as shown in Fig. 5, the opposite conditions
would exist. In' both instances, however,
there is the ndvantage of dispensing with one
contact-ring.

In Fi% 5 t,he two fleld-coils and the arma-
ture-coil D are in multiple arc. In Fig.
this disposition i8 modified, coil D bemg
shown in series with the two fleld-coils.

Fig. 7 is an outline of the general form of
motor in which I have embodied this improve-

416,101

ment. The circuit-connections between the 35
armature and fleld coils are made, as indi-
cated in the previous figures, through brushes
and rings, which are not shown.

In the above description I have made use
of the terms “armature” and “fleld;” but it 40
will be understood that these are in this case
convertible terms, for what is true of the
field is equally so of thearmature, except that
:ine is stationary, the other capable of rom-

on.

Idonot claim in this application the. method
or means of operating a double-circuit motor
by making its oircuits of different self-indac-
tion or in any way retarding the phases of
current in one circuit more than in another,
having made these features subject of other
applications; but

What I claim is—

1. Inanalternating-current motor, the com-
bination, with field-circuits of different self-
inductive capaocity, of corresponding arma-
ture-circuits electrically connected therewith,
as set forth.

2. Inan alternating-current motor, the com-
bination, with independent field-coils of dif-
ferent self-induction, of independent arma-
ture-coils, one or more in circuit with the
fleld-coils and the others short-circuited, as set

forth.
NIKOLA TESLA.
Witnesses:

ROBT. F. GAYLORD,
FRANK E. HARTLEY.
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UNITED STATES

PaTENT OFFICE.

NIKOLA TESLA, OF NEW YORK, N. Y., ASSIGNOR TO THE TESLA ELECTRIC
COMPANY, OF SAME PLACE.

METHOD OF OPERATING ELECTRO-MAGNETIC MOTORS.

SPECIFICATION forming part of Letters Patent No. 418,108, dated December 3, 1889.

Application fled May 20, 1889,

To all whom it may concern:

Be it known that I, NIROLA TESLA, & sub-
ject of the Emperor of Austria, from Smiljan,
Lika, border country of Austria-Hungary, and

s a resident of New York, in. the couaty and
State of New York, have invented certain
new and useful Improvements-in Methods of
Operating Electro-Magnetic Motors, of which
the following is a specification, reference be-

to ing had to the drawings accompanying and
forming a part: of the same.

In a patent granted to me April 16, 1889,
No. 401,520, I have shown and described a
method of starting and operating synchro-

15 nizing motors which involved the transforma-
tion of the motor from a torque to a synchro-
nizing motor. This I have heretofore done
by a change of the circuit-connections, where-
by on the start the poles or resultant attrac-.

20 tion of the field-magnets of the motdr were
shifted or rotated by theaction of the current
until the motor reached synchronous speed,
after which the poles were merely alternated.
The present application isbased upon another

25 way of accomplishing this result, the main

. features being as follows: If an alternating
current be through the field-coils on)y
of a motor having two energizing-cirounits of
different self-induction and the armature-

30 obils be short-circuited, the motor will havea
strong torque, but little or no tendency to
synchronism with the generator; but if the
same current which energizes the field be
passed also through the armature-coils the

35 tendency to remain in synchronism is very
oonsiderably increased. This is due to the
fact that the maximum magnetic effects pro-
duoed in the field and armature more nearl
coincide. This principle discovered by me

40 have utilized in the operation of motors. In-

other words, I constract a motor having in-
dependent fleld-circuits of different self-in-
daotion, which are joined in derivation to a
source of alternating currents. The arma-
45 ture I wind with one or more coils, which are
connected with the field-coils through contact
rings and brushes, and around.the armature-
ooils I arrange a shunt with means for open-
ing or closing the same. In starting this mo-
so tor I close the shunt around the armature-
ooils, which will therefore be in closed cir-
cuit. When the current is directed through
the motor, it divides between the two circuits,

Berlal No. 311,414, (No model)

(it is not necessary to consider any-case where
there are more than two circuits used,) which, ss
by reason of their different self-induction,
secure a difference of phase between the-two
currents in the two branches that produces
a shifting or rotation of the poles. By the
alternations of current other currents are
indaced. in the closed—or short-circnited—
armature-coils. and the motor has a stron
torque. When the desired speed is reached,
the shuntaround the armature-coils is opened
and the anrrent directed through both arma-
ture and field ooils. Under these condi-
tions the motor has a strong tendency to
Bynchronism.

In the drawings hereto annexed I have
illustrated several modifications of the plan
above set forth for operating motors. The

‘figures are diagrams, and will be explained

in their order.

Figure 1: A and B designate the fleld-coils
of the motor. As the circuits including these
coils are of different self-induction, I have
represented this by a resistance-coil R in cir-
cuit with A, and a self-induction coil 8 in eir-
cuit with B. The same result inay of éourse
be secured by the winding of the coils. Tis
the armature-circuit, the terminals of which
are rings ab. Brushes ¢ d bear on_these
rings and connect with the line and field
circuits. D is the shunt or short circuit
around the armature. E is the switch there- 85
in. The operation of these devices I have
stated above. .

It will be observed that in such a disposi-
tion as is illustrated in Fig. 1, the field-cir-
cuits A and B being of different self-indnc- go
tion, there will always -be a greater lag of
the current in one than the other, and
that, generally, the armature phases will not
correspond with either, bat with the result-
ant of both. It is therefore important to ob- g5
serve the proper rule in winding the arma-
tare. For instance, if the motor have eight
poles—four in each circuit—there will be four
resultant poles,and hence the armature-wind-
ing should be such as to produce four poles,
in order to constitute a true synchronizing
motor.

Fig 2: This diagram differs from the pre-
vious one only in respect to the order of con-
nections. In the })resont. case the armature-
coil, instead of being in series with the fleld-

100
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coils, is in multiple arc therewith. The ar-
mature-winding may be similar to that of the
field—that is to say, the armature may have
two or more coils wound or adapted for dif-

5 ferent self -induction and adapted, prefera-
bly, to produce the same difference of phase

as the field-coils. On starting the motor the
shunt is clored around both coils. This is
shown in Fig. 3, in which the armature-coils

10 are F G. To indicate their different elec-
trical character, I have shown in circuit with
them, respectively, the resistance R’ and the
self-induction coil §’. The two armature coils
are in series with the field-coils and the same

15 disposition of the shunt or short circuit D is
used. Itisofadvantagein theoperation of mo-
tors of this kind to construct or wind the arma-
ture in such manner that when short-circuited
on the startit will have a tendency 1o reach a

20 higher speed than that which synchronizes
with the generator. Forexample, a given mo-
tor having, say, eight poles should run, with
the armature-coil short-circuited, at two thou-
sand revolutions per minute to bring it up to

25 synchronism. It will generally happen, how-
ever, that this speed is not reached, owing to
the fact that the armature and field carrents
do not properly correspond, so that when the
current is passed hrough the armature (the

30 motor not being quite up to synchronism).

there is a liability that it would not “hol
on,” as it is termed. I therefore prefer to so
wind or construct the motor that on the start,
when the armature-coils are short-circuited,
35 the motor will tend to reach a speed higher
than the synchronous—as, forinstance,double
the latter. In such case the difficulty above
alluded to is not felt, for the motor will al-
ways hold up to synchronism if the synch-
40 ronous speed--in the case supposed of two
thousand revolutions—is reached or passed.
This may be accomplished in various ways;
but for all practical purposes the following
will suffice: I wind on the armature two sets
45 of coils. On the start I short-circuit one only,
thereby producing a number of poles on the
armatare, which will tend to run the speed up
above the synchronpus limit. When such

limit is reached or passed, the current is di-

50 rected through the other coil, which, by in-
creasing the number of armature-poles, tends
to maintain synchronism. In Fig. 4 sdch a
disposition is shown.- The motor having,
say, eight poles contains two fleld-circuits A

55 and B, of different self-induction. The arma-
ture has two coils F and G. The former is
closed upon itself, the latter connected with
the field and line through contact-rings a b,
brushes ¢ d, and a switch E. On the start

6o the coil F alone is activeand the motor tends
to run at a speed above the synchronous; bat

when the coil G is connectn' * 1he eirerr’
the number of armat: neren

while the motor ix : sehre
65 motor. This dixr- '
that the closes! .
the motor Loy

at the same time the conditions are such that
the motor comes out of synchronism more
readily. To increase the tendency to synch-
ronism, two circuits may be used on the arma-
ture, one of which is short-circuited on the
start and both connected with the external
circuit after the synchronousspeed is reached
or passed. This disposition is shown in Fig.
5. There are three contact-rings a b e and
three brushes ¢ d f, which connect the arma-
ture-circuits with the external circuit. On
starting, the switch H is turned to éomplete
the connection between one binding-post P
and the field-coils. This short-circuits one
of the armature-coils, as G. The other coil
F is out of circnit and open. When the
motor is up to speed, the switch H is turned
back, so that the connection from binding-
post P to the field-cofls is through the coil
@G, and switch K is closed, thereby including
coil F in multiple are with the field-coils.
Both armature-coils are thus active.

From the above-described instances it is
evident that many other dispositions for car-
rying out the invention are ible.

I do not claim herein the method and
means described and shown for operating a
motor by producing artificially a difference
of current phase in its independent ener-
gizing-circunits; nor do I claim, broadly, a
motor having independent euergizing- cir-
cuits of different sélf-induction and arma-
ture-circuits connected therewith, as these
features are made subjects of other applica-
tions which I have filed.

WhatI-claim is—

- 1. The method herein described of operat-
ing alternating-current motors having inde-
pendent energizing-circuits, which consists
in short-circuiting the armatare circuit or
circuits until the motor has reached or passed
& synchronizing speed and then connecting
said armature-circuaits with the external cir-
cuit, as set forth.

2. The method of operating alternating-
carrent motors having fiéld-coils of different
self-induction, which consists in directing al-
ternating currents from an external source
through the field-circuits only until the mo-
tor has reached a given speed and then di-
recting said currents through both the field-
circuits and one or more of the armature-cir-
cuits, as set forth.

3. The method of operating alternating-
current motors having field-coils of different
self-induction, which consists in directing al-
ternating ourrents from an external source
thmugh%he field-circuits and short-circuiting
a part of thearmature-circuits, and then when
the motor has attained a given speed direct-
ingr the alternating currents through both the

+ il and one or more of the armature-circuits,

- ~ot forth.
NIKOLA TESLA.

Witnesases:
ROBT. I'. (iAYLORD,
FRANK E. [IARTLRY.
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UNITED STATES

PATENT OFFICE.

NIKOLA TESLA, OF NEW YORK, N. Y., ASSIGNOR TO THE TESLA ELECTRIC
COMPANY, OF SAME PLACE.

ELECTRO-MAGNETIC MOTOR.

SPECIFICATION forming part of Letters Patent Wo. 416,103, dated December 3, 1889,
Appliontion fled NMay 50, 1889, Sevial No.311,415. (Ho medel)

%o all whom it may concern:

Be it known that I, NIXOLA TESLA, a sub-

Ject of the Emperorof Austria, from Smiljan,

Lika, border country of Austria-Hungary, re-

5 -dmgat New York, in the county and
of New York, have invented certain new and
useful Improvements in Electro - Magnetic
Motors, of which the following is a specifica-
tion, reference being had to the accompany-
1o ing drawings.

This invention relates to alternating-cur-
reat motors of the general description in-
vented by me, and in which two or more en-
ergizing-circuits are employed, through which

15 alternating currents differing in phase are
passed, with the result of producing a pro-
gressive shifting or rotation of the poles or
points of maximum attractive effect.

In prior patents and applications I bave

20 shown and described various forms of motors
of this kind. Among them are motors in
which both energizing-circuits are electrically
alike—that is to say, both have the same or
approximately the same electrical resistance

25 and self-induction—in the operation of which
the alternating currents used are primarily
of different phase. In others the difference
of phase is artificially produced—as, for in-

in cases where the motor-circuits are

30 of different resistance and self-induction, so
that the same current divided between them
will be retarded in one to a greater extent
than in the other, and the requisite phase dif-
ference secured in this way. To this latter

35 class gemerally ny presen} invention relates.

The lag or rotation of the phases of an al-
ternating current is directly proportional to
the self-induction and inversely proportional
to the resistance of the circuit through which

40 the current flows. Hence, in order to secure
4he proper difference of phase between the
two motor-circuits, it is desirable to make the
self-induction in one much higher and the re-
sistance much lower than the self-induction

45 and resistance, respectively, in the other. At
the same time the magnetic quantities of the
two poles or sets of poles which the two cir-
cuits produce should be approximately equal.
These requirements, which I. have found to

50 exist in motors of this kind, have led me to

the invention of a motor having the follow-
general characteristics: The coils which
are included in that energizing-circuit which
is to have the higher self-induction I make of
coarse wire, or a conductor of relatively low sg
resistance, and I use the greatest possible
length or number of turns: In the other set of
coils T use a comparatively few turns of finer
wire or a wire of higherresistancs. Further-
more, in order to approximate the magnetic 6o
gnantities of the polen excited by these coils,
use in the self-induction circuit cores much
longer than those in the other or resistance
circuit. I have shown in the drawings a mo-
tor embodying these features. 6s

Figure 1 is a part-sectional view of the mo-
tor at right angles to the shaft. Fig.2 is a
diagram of the field-circuits.

In Fig. 2, let A represent the coils in
one motor-circuit, and B those in the other. 70
The circuit A is to have the higher self-in-
duction. [ therefore use a long length or a
large namber of turns of coarse wire in form-
ing the coils of this circuit. For the circuit
B, I-use a smaller conductor, or a conductor 75
of a higher resistance than copper, such as
German silveror iron, and wind the coils with
fewer turns. In applying these coils to a mo-
tor I build up a field-magnet of plates C, of
iron or steel, secured together in the usual 8o
manner by ‘bolts D. Each plate is formed
with four (more or less) long cores E, around
whichisa s to receive the ooil and an
equal number of short projections F to receive
the coils of the resistance-circuit. The plates 85
are generally annular in shape, having m
open space in the center for. receivin, 5
armatare G, which 1 prefer to wind with
ooils. An altemat.ing current divided be-
tween the two circuits is retarded as to its go
phases in the circuit A to a much greater ex-
tent than in the circuit B. By reason of the
relative sizes and disposition of the coresand
coils the magnetic effect of the poles E and
F upon the armature closely approximate. 95
These conditions are well understood and
readily secured by one skilled in the art.

An important result seciired by thercon-
struction herein shown of the motor is, that
these coils which arc designed to have the 100
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higher self-induction are almost completely
surrounded by iron, by which the retardation

is considerably increased.
I do not claim herein, broadly, the method
5 and means of securing rotation by artificially
producing a greater lag of the current in one
mofor-circuit than in the other, nor the use
of poles or cores of different magnetic sus-
ceptibility, as these are features which I have
10 specially claimed in other applications filed

y me. A
What I claim is—
1. An alternating - current motor having
two or more energizing-cirouits, the coils o
15 one circuit being composed of conductors of
large size or low resistance and those of the
other of fewer turns of wire of smaller size or
higher resistance, as set forth.
2. In an alternating-current motor, the com-
20 bination; with long and short fleld-cores, of
energizing-coils included in independent ¢ir-
cuits, the coils on the longer cores containing

an excees of copper or conductor over that in
the others, as set forth.

3. The combination, with a fleld-magnet 25
composed of magnetic plates having an open
center and pole-pieces or cores of different
length, of ooils surrounding said cores and
included in independent circuits, the coils on
the longer oores containing an excess of cop- 30
per over that in the others, as set forth.-

4. The combination, with a fleld-magnet
composéd of magnetic plates having an open
cénter and pole-pieces or cores of different
lonfth, of coils surrounding said cores and 35
included in independent circuits, the coils on
the longer cores containing an excess of cop-
per over that in the others and being set in.
recesses in the iron core formed by the plates.

as set forth.
NIKOLA TESLA.
‘Witnesses:

RoOBT. F. GAYLORD,
FRANK E. HARTLEY.
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UNITED STATES

PATENT OFFICE.

. .
NIKOLA TESLA, OF NEW YORK, N. Y., ASSIGNOR TO THE TESLA ELECTRIC
COMPANY, OF SAME PLACE.

ELECTRIC MOTOR.

BPECIFICATION forming part of Letters Patent No. 416,194, dated December 3, 1889.

Applicaticn fled May 90,1889,

To all whom it ma{; oconcern:

Be it known that I, NIROLA TESLA, a sub-
ject of the Emperorof Austria, from Smiljan,
Lika, "border country of Austria-Hungary,

5 residing at New York, in the county and State
of New York, have invented certain new and
useful Improvements in Electro- Magnetic
t;li{otm-s, of which the following is'a specifica-

on. :

10 This invention relates to the alternating-
current electro-magnetic motors invented by
me, in which a ngremive shifting or ro-
tation of ‘the poles or points of maximum
magnetic effect is produced by the action of

15 the - alternating currents. These motors 1
have constructed in a great variety of ways.
As instances, I have built motors with two or
more energizing-circuits, which I connected
up with corresponding circuits of a generator

20 80 that the motor will be energized by alter-
nating currents differing primarily in phase.
I have also built motors with independent
energizing-circuits of different electrical char-
acter or self-induction, through which I have

25.passed an alternating current the phases of

which were artificmally distorted by the greater
retarding effect of one circuit over another.

I have also constructed other forms of motor

operating by magnetic or electric lag, which

it is not necessary to describe herein in detail.
although my present invention is applicable
thereto. In such motors I use an armature
wound with a coil orcoils, which is sometimes
connected with the external circuit and some-
35 times closed upon itself, and to both 1orms
the present invontion applies. In these mo-
tors the total energy supplied to effect their
operation is equal to the sum of the energies
expended in the armatureand the field. The
power developed, however, is proportionate
to the product of these quantities. This pro-
duct will be groatest when these quantities are
. equal; hence in constructing a motor I deter-
mine the mass of thearmature and field cores
and the windingsof both and adapt the two so
as to equalize as nearly as possible the mag-
neticquantities of both. In motors which have
closed armature-coils this is only approxi-
mately possible, as the energy manifested in
so the armature is the result of inductive action

30

40

45

Sezial No. 811,418, (Wo model)

from the other. element; but in motors in
which the coils of both armature and ficld
are connected with the.external circuit the
result can be much more perfectly obtained.

In further explanation of my object let it 55
be assumed that the energy as represented in
the magnetism in the field of a given motor
is ninety and thatof the armature ten. The
sum of these quantities, which represents the
total energy expended in driving the motor,
is one hundred; but, assuming that the motor
be so constructed that the energy in the ficld
is represented by fifty and that in the arms-
ture by fifty, the sum is still one liundred;
but while in the first instance the product is
nine hundred, in the second it is two thousand
five hundred, and as the energy developed is
in proportion to these produets it is clear that .
those motors are the most efficient—other
things being equal—in which the magnetic
energies developed in the armature and field
are. equal. These results I obtain by using
the same amount of copper or ampére turns
in both elements when the cores of both are
equal, or approximately 8o, and the same cur-
rent energizes both; or in cases where the
currents in one element are induced to those
of the other I use in the induced coils an
excess of copper over that in the primary
element or conductor.

While I know of no way of illustrating this
invention by a drawing such as will meet
the formal requirements of an application for
patent, I have appended for convenience a
cvonventional figure of a motor such as I em- !
ploy. I would state, however, that I believe
that with the problem before him which I
have herein stated, and the solution which I
have proposed, any one skilled in the art will
be able to carry out and apply this invention
without difficulty.

Generally speaking, if the mass of the cores
of armature and fleld be equal, the amount
of copper or ampére turns of the energizing-
coils on both should also be equal; but these
conditions will be modified in well-understood
ways in different forms of machine. It will
be understood that these results are most ad-
vantageous when existing under the con-
ditions presented when the motor is running 100

70
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with its normal load, and in carrying out the 1. An electro-magnetic motor having field

inveation this fact should be taken into con-

.E

and armature magnets of equal strength or
magneticquantity when energised by a given 15

to the drawing, A is the field- | carrent, as set forth
; B the armature, C the field-coils,and | 2. In an dtmwng-cnmnt motor, the

armature-ooils, of the motor.
m motors described in this application,
can)t a8 10 the features specifically pointed
out in the claims, are described and claimed
© in prior patents granted to and applications
by me, and are not-herein claimed.
What I claim is—

ehs

ocombination, with field and armature cores
of equal mass, of energizing-coils containing
equal amounts of copper, as herein set forth. 20
NIKOLLA TESLA.
Witnesses:

ROBT. F. GAYLORD,
Frawk E. Y.
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UNITED STATES

PaTENT OFFICE.

NIKOLA TESLA, OF NEW YORK, N. Y., ABSIGNOR TO THE TESLA ELECTRIC
COMPANY, OF SAME PLACE.

ELECTRO-MAGNETIC MOTOR.

SPECIFIOATION forming part of Letters Patent No. 416,195, dated Dacember 8, 1889.
 Applioation fled May 30,1889, Serial No, 311,419, (o modeL)

To all whom it may concern:

Be it known that I, NIKOLA TESLA, a sub-
ject of the Emperor of Austria, from Smiljan,
Lika, border country of Austria-Hungary, re-
siding at New York, in the county and State
of New York,have invented certain new and
useful Improvements in Electro-Magnetic
Motors, of which thé following is a specifica-
tion, reference being had to the drawings ac-
companying and forming a part of the same.

This invention relates to that form of alter-
nating-current motor invented by me,in which
there are two or more energizing - circuits
through which alternating currents differing
in phase are caused to pass. I havo in prior
patents and applications shown various forms
or types of this motor—first, motors having
two or more energizing-circuits of the same
electrical character, and .in the operation of
which the currents used differ primarily in
phase; second, motors with a plarality of en-
ergizing-circuits of different electrical char-
acter, in or by means of which the difference
of phase is produced artificially, and, third,
motors with a plurality of energizing-circuits,
the currents in one being induced from
currents in another. I shall hereinafter
show the application of my present inven-
tion to these several types. Considering the
structural and operative conditions of any
one of them—as, for example, that first-
named—the armature which is mounted to
rotate in obedience to the co-operative in-
fluence or action of the energizing-circuits has
coils wound upon it which are closed upon
themselves and in whichk currents are induced
by the energizing-currents with the object and
result of energizing the armature-core; but un-
der any such conditions as'must exist in these
motors it is obvious that a certain time must
elapse between the manifestations of an ener-
gizing-current impulse in the field-coils, and
the corresponding magnetic state or phase in
the armature established by the current in-
duced thereby; consequently a given magnetic
influence or effect in the field which is the di-
rect result of a primary-current impulse will
have become more or less weakened or lost
before the corresponding effect in the arma-
ture indirectly produced has reached its
maximum. This is a condition unfavorable

to efficient working in certain cases—as, for
instance, when the progress of the resultant
poles or points of maximum attraction is very
great, or when a very high number of alter-
nations is employed—for it is apparent that
a stronger tendency to rotation will be main-
tained if the maximum.magnetic attractions
or conditions in both armature and field co-
incide, the energy developed by a motor be-
ing measured by the product of the magnetic
quantities of the armature and field.

The object, therefore, in this invention is
to so construct or organize these motors that
the maxima of the magnetic effects of the
two elements—the armature and field—shall
more nearly coincide. This I accomplish in
various ways, which I may best explain by
reference to the drawings, in which various
plans for accomplishing the desired results
are illustrated.

Figure 1: This is a diagrammatic illustra-
tion of amotor systemsuch asI have described
in my prior patents, and in which the alter-
nating currents proceed from independent
sources and differ primarily in phase.

A designates the field-magnet or magnetic
frame of the motor; B B, oppositely-located
pole-pieces adapted to receive the coils of one
energizing-circuit; and C C, similar pole-
pieces for the coils of the other energizing-
circuit. These circuits are designated, re-
spectively, by D E, the conductor D’/ forming
a common return to the generator G. Be-
tween these poles is monnted an armature—
for example, a ring or annular armature,
wound with a series of coils F, forming a
closed circuit or circuits. The action or op-
eration of a motor thus constructed is now
well understood. It will be observed, how-
ever, that the magnetism of poles B, for ex-
ample, established by a current-impulse in
the coils thereon, precedes the magnetic effect
set up in the armature by the induced cur-
rent in coils F. Consequently the mutual
attraction between the armature and field-
polesisconsiderably reduced. Thesame con.
ditions will be found to exist if, instead of
assuming the poles B or C as acting inde-
pendently, we regard the ideal resultant of
both acting together, which is the real condi-
tion. To remedy this, I construct the motor-
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field with secondary poles BB’ C’, which are
sitnated between the others. These pole-
pieces I wind with coils D’.E’, the former in
derivation to the coils D), the latter to coils E.
5 The main or primary coils D and Eare wound
for a different sef-induction from that of the
ceils D’ and E’, the relations being so fixed
that if the currents in D and E differ, for ex-
ample, by a quarter-phase, the currents in
10 each secondary coil, as D’ E’, will differ from
those in its appropriate primary D or E by,
snoy;i forty-five degrees, or one-eighth of a pe-
riod.
I explain the action of this motor as fol-
15 lows: Assuming that an impulse or alterna-
tion in circuit or branch E is just beginning
while in the branch D it is just falling from
maximum, the conditions of a quarter-phase
difference. The ideal resultant of the at-
20 tractive forces of the two sets of poles B C
therefore may be considered as progressing
from poles B to poles C while the impulse in
E is rising to maximum and that in D is fall-
ing to zero or minimum. The polarity set up
25 in the armature, however, behind the
manifestations of field magnetism, and hence
the maximum points of attraction in arma-
ture and field, instead of coinciding, are an-
gularly displaced. Thiseffect is counteracted
30 by the supplemental poles B’ (/. The mag-
netic phases of these poles succeed those of
poles B C by the same, or nearly the same,
period of time as elapses between the effect
of the poles B C and the corresponding in-
35 duced effect in the armature; hence the mag-
netic conditions of poles B’ C’ and of the
armature more nearly coincide and a better
result isobtained. As poles B’ C’ act in con-
junction with the poles in the armature es-
tablished by poles B C, 80 in turn poles C B
act similarly with the poles set up.by B’ C’,
respectively. Under such conditions the re-
tardation of the magnetic¢ effect of the arma-
ture and that of the secondary poles will bring
the maximum of the two more nearly into
coincidence and a.correspondingly-stronger
torque or magnetic attraction secured.

In such a disposition as is shown in Fig. 1
it will be observed that as the adjacent pole-
pieces of either circuit are of like polarity
they will have a certain weakening effect
upon one another. I therefore prefer to re-
move the secondary poles from the direct in-
fluepce of the others. This I may daby con-
structing a motor with two independent sets
of fields, and with either one or twoarmatures
electrically connected, or by usipg two arma-
tures and one field. These modifications will
be illustrated hereinafter.

Fig. 2 is a diagrammatic illustration of a
motor and system in which the difference of
phase is artificially produced. Thereare two
coils D D in one branch and two coils E E in
the other branch of the main circait from
the generator G. These two circuits or
branches are of different self-induction, ona,
a8 D, being higher than the other. For con.
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venience I have indicated this by making
coils D much larger than coils E. By reason
of this difference in the electrical character
of the two circuits the phases of current in
one are retarded to a greater extent than the
other. Let this différence be thirty degrees.
A motor thus constructed will rotate under
the action of an alternating current; but as
happens in the case previously described the
corresponding magnetic effects of the arma-
ture and field do not coincide owing to the
time that elapses between a given magnetic
effect in the armature and the condition of 8o
the field that produces it. I therefore em-

play the secondary or supplemental poles. B’

C’.  There being thirty degrees difference of

phase between the currents in coils D E, the

magnetie effects of poles B’ C’ should corre- 85
spond to that produced by & current differing
from the current in coils D or E by fifteen
degrees. This I may aocom?lish by windin,

each supplemental pole B’ C’ with two coils ¥

H’. The coils Hare included in a derived cir-
cuit having the same se-induction as circuit
D, and coils H’ in a circuit having the same
self-induction as circuit E,s0 that if these cir-
cuits differ by thirty degrees the magnetism of
poles B’ C’ will correspond to that produced 95

90

‘by a current differing from that in either D

or E by fifteen degrees. This is true in all
other cases. For examgle, if in Fig. 1 the
coils D’ E’ be replaced by the coils H H’ in-
cluded in derived circuits, the magnetism of
the poles B’ C’ will correspond in effect or

-

(-1}

' phase, if it may be so termed, to that pro-
‘duced by a curreént differing from that in

either circuit D or E by forty-five degrées, or
one-eighth of a period.

This invention as applied to a'derived-cir-
cuit motor is illnstrated in Figs. 3 and ¢. The
former is an end view of the motor with the
armature in section and a diagram of connec-
tions, and Fig. 4 a vertical section through
the field. These figures are also drawn to
show one of the dispositions of two fields that
may be adopted in carrying out the invention.
The poles BB C C are in one field, the re-
maining poles in the other. The former are
wound with primary coils I J and secondary
coils I’ J’, the latter with coils KL. The pri-
mary coils IJ are in derived circuits, between
which, by reason of their different self-indue-
tion, there is a difference of phase, say, of
thirty degrees. The coils I’ K are in cifouit
with one another, as also are coils J’ L, and
there should be a difference of phase between
the currents in coils K and L and their corre-
sponding primaries of, say, fifteen degrees.
If the poles B C are at right angles, the arma-
ture-coils should be connected directly across,
or a single armature-core wound from end to
end may be used; but if the poles B C be in
line there should be an angular displacement
of tge armature-coils, as will be well under-
stood.

The operation will be understood from the
foregoing. The maximum magnetic condition
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of a pair of poles, as B’ B’, coincides closely
with the maximum effeet in the armature,
which lags behind the corresponding condi-
tion in poles B B.

5 There are many other ways of carrying out
this invention, but they all involve same
broad principle of construction and operation.

In using expressions herein to indicate a
coincidence of the magneti(\:v})hues or effects

10 in one set of field-magnets with those set up
in the armature by the other I refer only to
approximate results; but this of course will
be understood.

What I claim is—

i 1. Inanalternating-current motor,the com-

bination, with an armatare wound with closed

coils, of main and supglemental field magnets
or poles, one set of which is adapted to ex-
hibit their maximum magnetic effect simul-
taneously with that set up in the armature
by the action of the other, as set forth.

2. In an electro-magnetic motor, the combi-
nation, with an armature, of a plurality of
field or energizing coils included, respectively,
in main circuits adapted to produce a given
difference of phase and supplemental or sec-
ondary circuits adapted to produce an inter-
mediate difference of phase, as set forth.

NIKOLA TESLA,

Witnesses:

R. J. STONRY, Jr.,
JOHN GILLESPIE.

20
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UNITED STATES

PATENT OFFICE.

NIKOLA TESLA, OF NEW YORK, N. Y., ASSIGNOR TO THE TESLA ELECTRIC
’ COMPANY, OF SAME PLACE.

ELECTRO-MAGNETIC MOTOR.

4
SPECIFICATION forming part of Letters Patent No. 418,948, dated Dscember 31, 1889.
Application filed May 20, 1889, Berial Bo. 311,430, (No model.)

To all whom it may concern:

Be it known that T, NIKOLA TESLA, a sub-
jeot of the Emperor of Austria-Hungary, for-
merl{iof Smiljan, Lika, border country of Aus-
tria-Hungary, but now residing at New York,
in the county and State of New York, have
invented certain new and useful Improve-
ments in Methods of Operating Electro-Mag-
netic Motors, of which the following is a speci-

fication, reference heing had to the drawing’
accompanying and forming a part of the same..

4n a patent granted to me April 16, 1889,
No. 401,520, I have shown and described a
method of operating alfernating-current mo-
tors by first shifting or rotating their mag-
netic poles until they had reached or passed
a synchronous speed and then alternatingthe
poles, or, in other words, by transforming the
motor by achangeof circuit-connections from
one operated by the action of two or more in-
dependent energizing-currents to & motor op-
erated by a single current or several acting
as one.

The present iuvention is a specific way of
carrying out the same invention; and it con-
sists in the following method: On the start I
progressively shift the magnetic poles of one
element or field of the motor by alternatin;
currentsdiffering in phase and passed throug]
independent energizing-circuits. and short-
circuit the coils of the other element. When
the motor thus started reaches or 8 the
limit of speed synchronous with the genera-
tor, I connect up the coils previously short-
circuited with a souyrce of direct current and
by & change of the circuit-connections }Il‘ro-
duce a simple alternation of the poles. The
motor then continues to run in synchronism
with the generator. There are many specific-
ally-different ways in which this may be car-
ried out, but I have selected one for illustrat-
ing the principle. This is illustrated in the
annexed drawing, which is a side view of a

motor with a diagram of the circuits and de- |.

vices used in the system.

“The motor shown is one of the ordinary
forms, with field-cores either laminated or
solid and with a cylindrical laminated arma-
ture wound, for example, with the coils A B

at right angles. The shaft of the armature.

carries three collecting or contact rings C D

E. (8hown, for better illustration, as of dif-
ferent diameters.) -

One end of coil A connects to one ring, as
C, and one end of coil B connects with ring D.
The remaining ends are connected to ring E.
Collecting springs or brushes F G H bear
upon the rings and lead to the contacts of a
switch, to be hereinafter described. The field-

coils have their terminals in binding-posts K’

K, and may be either closed upon themselves
or connected with a source of direct current
L by means of a switch M. The main or con-
trolling switch hasfive contacts a b ¢ d eand
two levers f g, pivoted and connected by an
insulating cross-bar h,80 as to move in paral-
lelism. These levers are connected to the
line-wires from a source of alternating car-
rents N. Contact a is connected to brush' G

$5

6o

6s

and coil B throngh a dead-resistance R and- 70

wire P. Contact
and eoil A through -a self-induction coil S and
wire O. Contacts ¢ and e are connected to
brushes .G F, respectively, through the wires
-P O, and contact d is directly connected with
brush H. The lever f has a widened end,
which may span the contacts a b. When in
such position and with lever g on contact d,
the alternating. currents divide between the
two motor-coils, and by reason of their dif-
ferent self-induction a difference of current-
phase is obtained that starts the motor in ro-

tation. In starting, as I have above stated,

the field-coils are short-circuited.

" When the motor has attained the desired
speed, the switch is shifted to the position
shown in dotted lines—thatis to say, with the
levers f.g resting on points ce. Thisconnects
up the two armature-coils in series, and the
motor will then run as a synchronous motor.
The field-coils are thrown into circuit with
the direct-current source when the main
switch is shifted.

What I claim herein as my invention is—

1. The method of operating electro- mag-
netic motors, which consists in first progress-
ively shifting or rotating the magnetic poles
of one element until it has reached a synch-
ronous speed and then alterpating said poles
and passing a direct current through the coils
of the other element, as herein set forth. '

2. The method of operatipg electro- mag-

is connected with brush F

8

8s

8






92
418,348

aotors, which consists in short-circuit- | rent and through the armature-coils alternat-
«eoils of one element, as the field-mag- | ing currents coinciding in phase..

1 passing through the energizing-coils \ .

other element, as the armature, alter- NIKOLA TESLA.
currents differing in phase, and then, Witnesses:

he motor has attained a given speed, R. J. STONEY, Jr.,

s through the field-coils a direct cur- E. P. COFFIN.
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ELECTRO-MAGNETIC MOTOR.

SPECIFICATION forming part of Letters Patent No. 494,036, dated March 35, 1890.
Application fled May 30, 1889. Serial No, 311,416, (No model.!

To all whom it may concern:

Beitknown thatI, NIKOLA TESLA, a subject
of the Emperor of Austria- Hungary, from
Smiljan, Lika, border country of Austria-Hun-

ry, residing at New York, in the county and

tate of New York,have invented certain new
and useful Improvements in Electro-Magnetic
Motors, of which the following is a specifica-

. tion, reference being had to the drawings ac-

wo companying and forming a part of the same.

T have invented and elsewhere described
an electro-magnetic motoroperated or adapted
to be operated by an alternating electric cur-
rent, and which is now commonly designated,

w5 whether correctly or not, a “magnetic-lag”

motor. The main distinguishing features of
this metor are the following: An armatureis
mounted within the magnetizing influence of
a certain number of fleld magnets or poles of

=xo different magnetic susceptibility—that 1s to
say, poles of unequal length, mass, or com-
position—and wound with coils adapted in
the operation of the motor to be connected
to a source of alternating currents. When

=5 an alternating current is passed through the
coils of such a motor, the field magnets or
poles do not appear to manifest theirattractive
effect upon the armature siinultaneously, the
magnetic attraction of some appearing to lag

3o behind that of others, with the result of pro-
ducing a torque and rotation of the motor.
Generally I have made such motors with
closed armature-coils.

I have invented another form of motor,

35 which, for similar reasons, may be called a
“magnetic-lag” motor; but inoperation it dif-
fers from that which I have above described
in that the attractive effects or phases of the
poles, while lagging behind the phases of car-

#o rent which produce them, are manifested si-

multaneously and not successively.

To carry out this invention T employ & mo-
tor embodying the principle of constraction
of & motor described and claimed in an a

lication filed by me January 8, 1889, N&

5,745, to the extent that both the armature

and field receive their magnetism from a sin-
fle energizing-coil or a plurality of colls act-
ng as one. .

© A motor which embodies. my invention,
with certain modifications thereof, is illus-

trated in the sccompanying drawings.

I5

Figure 1 is a side view of the motor in ele-
vation. Fig. 2 is a partsectional view at
right angles to Fig. 1. Fig. 3 is an end view
in elevation and part section of a moditiea-
tion, and Fig. 4 is a similar view of another
modifieation.

In Figs. 1 and 2, A designates a base or
stand, and B B the supporting-frame of the
motor. Bolted to the said supporting-frame
are two magnetic.cores or pole-pieces (' (Y, of
iron or soft steel. "These may be subdivided
or laminated, in which case hard iron orsteel
plates or bars should be used, or they should
be wound with closed coils. 1) is a ciroular
disk-armature built up of sections vr plates of
iron and mounted in the frame botween the
pole-pieces C , which latter are preforably
curved to conform to the circular shape there-
of. T may wind this disk with a number of
closed coils E. F F are the main energizing-
coils, supported in any convenient manner by
thesupporting-frame, or otherwise, but soas to
include within their magnetizing influence
bath the pole-pieces C C’ and the armature I.
The pole-pieces C ¢’ project out beyond
the coils F F on opposite sides, as indicated
in the drawings. If an alternating current
be passed through the coils F F, rotation of
the armature will be prodaced, and this rota-
tion I explain by the following apparent ac-
tion or mode of operation: An impulse of
current in the coils F F establishes two polari-
ties in the motor. The protruding end of
pole-piece C, for instance, will be of one sign,
and the corresponding end of pole-piece (' will
be of the opposite sign. The armature also
exhibits two poles at right angles to the coils
F F, like poles to those in the pole-pieces
being on the same side of the coils. While
the current is flowing there {8 no appreciable
tendency to rotation developed; but after
each current impulse ceases or hegins to fall
the magpetism in the armature and in the
ends of the pele-pieces C (V' lags or continues
to manifest itself, which produces a rotation
of the armature by the repellent force be-
tween the more closely approximating points
of maximnm magnetic effect. This effect in

{ continned by the reversal of current, the po-

lJarities of fleld and armature being simply
. Oneor of the elements—the
armature o {leld—may be wound with closed

o
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over both tends to establish polarities in their

induced coils to intensify this effect, although
in the drawings I have shown but one of the
fields, each element of the motor really con-
stitutes a field, wound with the closed coils,
the currents being induced mainly in those
convolutions or coils which are parallel to the
coils F F. A modified form of this motor is
shown in Fig.3. In this form G is one of two
standards that suﬁport the bearings for the
armature-shaft. H are uprights or sides of
& frame, preferably magnetic, the ends C C’
of which are bent, substantially as shown, to
conform to the shape of the armature D and
form fleld-magnet poles. The constraction of
the armature may be the same as in the pre-
vious figure, or it may be simply a magnetic
disk or cylinder, as shown, and a coil or coils
F F are secured in position to surround both
the armature and the poles C C’. The arma-
tare is detachable from its shaft, the latter
baing passed through the armatare after it
has been inserted in-position. The operation
of this form of motor is the same in principle
a8 that previously described and needs no
further explanation.

One of the most important featuves in alter-
nating-current motors is that they should be
adagted to and capable of running efficiently
in the alternating systems in present use, in
which almost without exception the gener-
ators yleld a very high number of alterna-
tions. Such a motor I have designed by a de-
velopment of the.principle of the .motor
shown in Fig. 8, making a multipolar motor,
which is illustrated in Fig. 4. In the con-
struction of this motor { employ an annaular
magnetic frame J, with inwardly-exténding:-
ribs or projections K, the ends of which all
bend or turn in one direction and are gen-
erally shaped to conform to the curved sur-
face of the armature. Coils F F are wound
from one part K to the one next adjacent,
the ends or loops of each coil or group of
wires being carried over toward tlre shaft,
80 a8 to form U-shaped groups of convola!
tions at each end of the armature. The pole-
pieces C C’, being substantially concentric
with the armature, form ledges, along which
the coils are laid and- should project to
some extent bedyond the colls, as shown. The
eylindrical or drum armature D is of the same
consiruction as in the other motors described,
and is mounted to rotate within the annular
frame J and between the U-shaped ends or-
bendsof thecoils F. Theooils F are connected
in multiple orin series with a source of altes-
nating currents, and are 80 wound that with a
current or current impulse of given direction
they will make the alternate pole-pieces C of
one polarity and the other pole-pieces C’ of
the o] ite polarity. The principle of the
operation of this motor is the same as the other
herein deecribed, for, considering any two

le-pieces C C’, a current impulse passin

n the coil'which bridges them or is woung

ends of opposite sign and to set up. in the
armature-core between them a polarity of the
same sign as that of the nearest pole-piece C.

Upon the fall or cessation of the current im-
pulse that established these polarities the
magnetism which lags behind the current

phase, and which continues to manifest itself
in the polar projections C C’ and the arma-
ture, produaces by repulsion a rotation of the
armature. The effect is continued by each
reversal of the current. What ooccurs in
the case of one pair of pole-pieces occurs si-
multaneously in all, so that the tendency to
rotation of the armature is measured by the
sum of all the forces exerted by the pole-

-pieces, as above described. In this motor

also the magnaetio lag or effect is intensified
by winding one or both cores with closed in-
duced coils. The armature-core is shown as
thus wound. When closed coils are used, the
cores should be laminated.

It is evident that a puisatory as well as an
alternating current might be used to driveor
operate the motors herein described; but I
prefer to use alternating currents.

It will be understood that the degree of
subdivision, the mass of theiron in the cores,
their size, and the number of alternations in
the current employed to run the motor must
be taken into consideration in order to pro
erly construct this motor. In other words, in
all such motors the proper relations between
the number of alternations and the mass,
size, or quality of the iron must be preserved
in order to secure the best resulta.
are matters, however, that are well under-
stood by those skilled in the art.

What I ¢laim is—

1. Inanalternating-current inotor, the com-
bination, with the armature and field-cores,
of stationary energizing-coils enveloping the

"said cores and adapted to produce polarities

or poles in both, the field-cores extending out
from the coils and constructed so .as to ex-
hibit the magnetic effect imparted to them
after the fall or cessation of current impulse
producing such effect, as set forth.

-2, In an alternating-current motor, the com-
bination, with an armature-core circular in
conflguration, of a supporting-frame, field-
cores extending therefrom over portions of
the periphery of the crmature, and energiz-
ing-coilssurronndingsaid armature ahd parts
of the field-cores, as set forth.

3. The combination, with the rotatably-
mounted armature, of the circular frame J,
the ribs K, with polar extensions extending
over portions of the armature, and the ener-
gizing-coils F, wound over portions of the pole-
pieces and carried in loops over the ends of
the armature, as herein set forth.

NIKOLA TESLA.
Witnesses:
R. J. STONEY, Jr.,
E. P. COFFIN.
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. UNITED STATES

PATENT OFFICE.

NIKOLA TESLA, OF NEW YORK, N. T, ASSIGNOR 10 THE TRSLA KLRCTRIC
COMPANY, OF SAME PLACE.

ALTERNATING-CURRENT ELECTRO-MAGNETIC MOTOR.

SPECIFICATION forming part of Letters Patent Wo. 433,700, dated August 8, 1800
Applisation flod Mazh 38, 1890. Sarial Ho. 345,388, (o medel)

To all whom it may congern:

Be it known that I, NIKOLA TxsLA, a sub-
ject of the Emperor of Austria-Hungary, from
Smiljan, Lika, border country of Austria-
Hungary, residing at New York, in the county
and State of New York, have invented certain
new and useful Improvements in Alternatin
Current Electro- Magnetic Motors, of whic
the followifigis a specification, reference being
had to the drawings accompanying and form-
ing a part of the same.

is invention is an improvement in that
class of eleot.m-m;ﬁnetic motors in which the
rotation is uced by the progressive move-
ment or effect of the maximum magnetic
points or poles produced by the conjoint aoc-
tion or effect of two energizing - circuits
through which are passed alternating our-
rents, or currents of rapidly-varying strength
of a kindred nature.
- The improvements subject of this applica-
tion are more particularly applicable to that
class ozl'i motors in which two (;l' n;g're se.tis ;;t
energizing- ets are employed, and in
T b; artigclnl means & certain interval
of time iamade to elapse between tho respeot-
ive maximum or minimum periods or phases
of their magnetic attraction or effect. This
interval or difference in phase between the
pro-
duced, is limited in .extent. . It is desirable,
however, for the economical working of such
motors tiut the strength or attraction of one
set of magnets should be maximum, at the

35 time when that of the other set is minimum

4

.4 a difference of m.

and conversely; but these conditions have not
heretofore been realized except in cases where
the two currents have been obtained from in-
dependent sources in the same or different

o8,

The object of the present invention js to
establish conditions more nearly approaching
the theoretical requirements of perfect work-
ing, or, in other words, to produce artificially
etic phase by means of

a current from a single primary source sufil-

cient in extent to meet the requirements of

practical and economical working.
In carrying out my invention I employ a
50 motor with two sets of energizing or field

maguets, each wound with coils connected
with a source of alternating or rapidly-vary-
ing currents, but forming two soparate paths
or circuits. The magnets of one aet [ pro-
tect to a certain extent from the enorglaing
action of the current by means of a magnetic
shield or screen interposed betwoen the m

net and its enorgllnx-ooll. This shield {a
Properlyadaptod the conditions of partion.

3!

Ar cases, 80 a8 to shield or proteot the main 6¢

oore from magnetization until it has becowme
itself saturated and no longer capablo of con-
taining all the lines of force ]mx noed by the
current. Ry this means it will bo noon that
the energizing action begins in the protected
set of magnets a ocertaln arbitrarlly-doter
mined period of time later than in the othoer,
and that by this means alone or in conjunc-
tion with other means or devices horotofore
employed a practically-cconomleal differonce
of magnetio phase may roadily be socurod.

The nature and operation of the invontion
will be more fully explained by roferonco to
the accompanying drawings.

Figure 1 is a viewof a motor, partly in neo-
tion, with a diagram illustrating tho Invon.
tion. Fig. 2 is a similar view of a modifloa-
tion of the same.

In Fig. 1, which exhibits tho simplest forin
of the invention, A A is the fleld-inagnot of a
motor, having, say, elitht. poles or inwardly-
projecting cores B and C. ‘The coros I3 form
oneset of magneisand are energized by colls
D. The cores C, forming the othor wot, nro
energized by ocoils K, and the colls are con-
nected, proferably, inseries with one nnothor,
in two derived or branched eircuits K (i, ro-
mctlvel(, from a suitablo source of current.

h coil E is surrounded by a magnotie
shield II, which is prelerabl( componsd of nn
annealed, insulated, or oxidized fron wire
wrapped or woundon the cofls in the manner
indicated, so as to form a closd magnotie
circuitaround the coflsand betwesen the suine
and the magnetic coresC. Butwoen the pols

eces or cores B C is mounted the armature

,which,asis usual in this type of machinem,
is wound with coils L. closed aupon themme:lves.
The operation resulting from this dinpemition
is as follows: If a current impulss be di-
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rected through the two circuits of the motor,
jt will- quickly energize the cores B, but not
80 the cores C, for the reason that in passing
through the coils E there is encountered the
s influence of the clored magmetic circuits
formed by the shields H. The first effect is
to effectively retard the current impulse in
circnit G, while at the same time the propor-
tion of current which does does not mag-
10 netize the cores C, which are shielded or
screened by the shields H. As the increasing
electro-motive force then urges more current
through the coils E, the iron wire H becomes
magnetically saturated and incapable of car-
15 rying all the lines of force, and hence ceases
to protect the cores C, which become mag-
ne , developing their maximum effect
after an interval of time subsequent to the
similar manifestation’of strength in the other
20 set of magnats, the extent of which is arbi-
trarily determined by the thickness of the
shield H, and other well-understood condi-
tions. :
From the above it will be seen that the ap-
25 paratus or device acts in two ways. Fimt’rlc’iy
retarding the current, and, second, by retard-
ing the etization of oneset of the cores,
from which its effectiveness will readily ap-

) 23

30 pe;[an modifications of the principleof this
‘invention are possible. One useful and effi-
cient application of the invention is shown in
Fig. 2. gn said figure A motor is shown simi-
larin all respects to that above described, ex-

35 oept that the iron wire H, which is wrapped
around the oofls E, is in this case connected

. in series with the coils D. The iron-wire
ooils H, are oonnected and wound, so as to
bave little or no self-induction, and being
40 added to the resistance of the circuit F the

in different ways, as appea

action of the current in that circuit will be
accelerated,while in theothercircuit G it will
be retarded. The shield H may be made in
many forms, as will be understood, and used
rs from the forego- 45
ing description. I do not, however,limit my-
self to any specific form or arrangement; but

What I olaim is—

1. In an dlternating-current motor having .
two energizing-circuits, the combination,with se
the magnetic cores and coils of oneof the cir-
cuits, of interposed magnetic shields orscreens
forretarding the magnetization of said cores,
as set forth.

2. In an alternating-current motor having 55
two energizing-circuits, the combination,wit
the magnetio cores and the coils of one of the
circnits wound thereoun, of magnetic shields
or coils wound around said coils at right an-
gles to thelr convolutions, as set forth. 60

3. In an alternating-current motor having
two energizing-circuits, the combination,with
the magnetioc cores and the coils of one of the
cirenits which energize the said cores, of mag-
netic shields forming closed magneticcironits 65
around the coils and interpos:gn between the
ooils and cores, as set forth.

4. In an alternating-current motor having
two energizing-circuitsderived from the same
souroce, the combination,with the cores and the 70
coils of one of the circuits that energizes the
same, of insulated iron-wire coils wound on
the said energizing-coils at right angles to
their couvolutions and connected up in series
with the coils of the other energizing-cirenit, 75

as set forth.
NIKOLA TESLA.
Witnesses:
ROBT. F. GAYLORD,
PARKER W. PAGE.
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UNITED STATES PATENT OFFICE.

NIKOLA TESLA, OF NEW YORK, N. Y., ASSIGNOR TO THE TESLA ELECTRIC
COMPANY, OF SAME PLACE.

ALTERNATING-CURRENT MOTOR.

SPECIFICATION forming part of Letters Patent No. 438,701, dated August 5, 1800
Application fled Marct 96, 1890, Berial No, 845,389, (Wo model) :

Ta all whom it may concern: the magnetically bridged or shunted cares
Be it known that I, NIROLA TESLA, a sub- | will have, by reason of the closed magnetic
ject of the Emperor of Austria-Ilungary, from | circuits, & high self-induction, which retards
Smiljan, Lika, border country of Austria- | the current, permitting at the beginning of

s Hungury, residing at New York, in the county | each impulse but. little current to pass. On

and State of New York, have invented certain | the other hand, no such opposition bheing en-
new and useful Improvements in Alternating- | countered in the other set of coils, the cur-
Current Motors, of which the following is a | rent passes freely through them, magnetizing
specification, reference being had to the draw- | the poles on which they are wound. "As soon,

. 10 ings accompanying and forming & part of the | however, as the laminated bridges become
same. saturated and incapable of carrying all the

This invention relates to that class of alter- | lines of force, which the rising electro-motive
nating-current motors in which the field-mag- | force, and counsequently increased ocurrent,
nets are energized :)3' coils connected up in | produce, free poles-are developed at the ends

15 two circuits derived fromm the same source | of the cores, which,acting in conjunction with
and having different degrees of self-induc- | the others, produce retation of the armature.
tion, whereby the currents in one cirewit or The oconstruction in detail by which this
branch are retarded more than in the other, | invention is illastrated is shown in the accom-
with the result of producing a progressive pan ring drawings.

20 advance or rotation of the Koinm mAaxi- Figurel isa view in side elevation of a mo-
mum magnetic effect in the field that main- | tor embodying the invention. Fig.2isa ver-
tains the arnature in rotation. In motorsof | tical cross-section of the same.
this kind I have employed, among other A isthe frame of the motor, which is prefer-
means, a self-induction coil in one circuit and aibl‘il built up of sheets of iron punched out

25 a dead-resistance in the other, or I have se- e desired shapeand bolted together with

¢ured the same resalt by the special charac- | insulation of a proper character between the

ter of the winding of the two circuits,and in | sheets. When complete, the frame makes &
still another instance I have so construoted | field-magnet with inwardly-projecting pole-
the motor that the retarded-current coils were | pieces B and C. To adapt them to the re-
nearly inclosed by iron, whereby the self-in- | quirements of this particular case these xle-
duction of such coils was very greatly in- | pieces are out of line with one another,
creased. marked B surrounding one end of the arma-
The invention subject of this application is | ture and the others, as C, the opposite end,
an improvement on this last-named plan. and they are disposed nlwrnately——thut is to

35 In carrying out the invention I construct | say, the pole-pieces of one set ocour in line
a fleld-magnet having two sets of poles or in- | with thespaces between those of the other sets.
wardly- projeetm% cores and placed side by The armature D is of cylindrical form,and
side, so as practically to form two fields of | is also laminated in the usual way and is
force and alhernntely disposed—that is to | wound longitudina.ll{ with coils closed upon

40 say, with the poles of oneset or field opposite | themselves. The pole-pieces C areconnected
the s between the other. I then con- | or shunted by bridge-pieces E. These may
nect the free ends of one set of poles by means | be made independently and attached to the
‘ of laminated-iron bands or bridge-pieces of | pole-pieces, or they may be parts of theforms
considerably smaller cross-section than the | or blanks stamped or punched out of sheet-

45 cores themselves, whereby the cores will all | iron. Their size or mass is determined by
form parts of complete magnetic circuits. | various conditions, such as the strength of
When the coils on each set of magnets are | the current to be employed, the mass or size

3
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connected in multiple circuits or branches | of the cores to which they are appplied, and °

from a sourceof alternating currents, electro- | other well-understood conditions.
5o motive forces areset up in or impressed upon Coils F' surround the pole-pieces Is, and
each circuit simultaneously; but the coils on | other coils G are wound on the pol&pieeesc
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These coils are connecwed in series in two !

circunits, whieh are hraakes uf a uireuit from a
generator.vf aMaGng currendy, sad they
D whish they are aelnbnd may o Acrangol,

[ are may Yasu

that the w of wils & will have ;.’mk-

y iarcunstruction here-
% Py w%m than the
other cireuit or branch.

10 The function of the shunus or dridges K is
that they shall form with the cores ' aclosed
magnetie eircuit for a carzeat up W a prede-
termined strength, so that when saturated by
such current and unable to carcy more lines

15 of force than such a current produces they
will to no further appreciable extent inter-
fere with the development by a stronger cur-
rent dc free magnetic poles at the ends of the
cores C.

» Insuch a motor the curreat is so retarded
in the eoils G and the manifestation of the
free magnetism in the poles C is delayed be-
yond the of maximum magnetic effect
i;xol- that a strong torque is prodaced

55 and the motor operates with approximately
:owpomdmb o h:l‘ tul:youor of tl:i‘:; kind

y independently-generated cur-
ronts differing by a full-quarter phase.
What I claim in this application is—

¥ 1 In an alternating-current motor having

two sets or séries of pole-pieces, the combi-
mation, with one of such sets or series, of mag-

netie shunts or bridges connectiing their free
oudy, as herein sot forth.

3. In ao altervating-curreni moior 1as iy
two 3808 ur series of pole-proves vuwigieed by

; evils in independeut cirowits fruim the saime

suiree, the combination, with vue of thu suwn
or geries of pule-pieces, of waguelic shunis ui
bridges cunuecting their frev vuds, as do-
seribed,

3. In an alternating-ourrent wowe haviing
a laminated or subdivided feld-magnut prv-
vided with two vets or series of vurues Vi pulu-
pieces, the combination, with such pule-pieces,
of energising-coils connected, respuctively, in
two circuits derived from she sawme source vE
alternating cuerents and laminated or sub-
divided ironshunts or bridges of smaller croes-

section than the pole-pieces and juwniug the

free ends of all the cores or pole-piceesof ona
set to form clused maguetic circuits, as sot
forth.

4. In analternating-current motor, the com

bination, with & wet or series of field-poles »,

and energizing-coils wound thereon, of an in
termediate set of pole-pieces forming purtions
of closed magnetic circuits and ¢vils thorvon
in a circuit derived from the saume souree of
alternating currents as the other, as set forth
NIKOLA ‘PKSLA.
Witnesses:
ROBT. I'. GATLORD,
PARKER W. PAGR.
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UNITED STATES

PAaTENT OFFICE.

NIKOLA TESLA, OF NEW YORK, N. Y., ASSIGNOR TO TIE TESLA ELECTRIC
COMPANY, OF SAME PLACE.

ELECTRICAL TRANSFORMER OR INDUCTION DEVICE.

SPEOCIFICATION forming part of Letters Patent No. 483,708, dated August 5, 1890.
Apulioation flled Maroh 26, 1890, Berial No, 846,380, (No modal.)

To all whom it muy concern:

Be it known that I, NIKOLA TESLA, & sub-
ject of the Emperor of Austria-Ilungary, from
Smiljan, Lika, Lorder country of Austria-

s Hungary, residing at New York, in the county
and State of New York, have invented cortain
new and useful Improvements in Electrical
Transformers or Induction Devices, of which
the following is a specification, reference be-

to ing had to the drawings accompanying and
formglsur a part of the same.

This invention is an improvement in elec-
trical transformers or converters, and has for
its main objects the provision of means for se-

15 earing, ﬂmtaa phase difference between the
primary and secondary currents adapted to
the operation of my alternating-current mo-
tors and other like pu and, second, a
constant current for all loads imposed upon

20 the secondary.

In transformers as constructed.now and
heretofore it will be found that the electro-
motive force of the secondary very nearlﬁ co-
incides with. that of the primary, being, how-

25 ever, of oggosita sign. At the same time the
currents, both primary and sécondary, lag be-
hind- their respective electro-motive forces;
but as this lag-is practically or nearly the

same in the case of each it follows that the’

30 maximum and minimum of the primary and
secondary currents will nearly coincide, but
differ in sign or direction, provided the sec-
ondary be not loaded or if it contain devices
having the p of self-induction. On

35 the other hand, the lag of the primary behind
the impressed electro-motive force may be di-
minished by loading the secondary with a non-
inductive or dead résistanoe—such as incan-
descent lamps—whereby the time interval be-

40 tween the maximum or the minimnm periods
of the primary and secondary currents is in-
creuu£ This time interval, however,islim-
ited, and the results obtained bi phase dif-
ference in the operation of such devices as

45 my alternating-current motors can only be
approximately realized by such means of pro-
ducing or securing this difference, as above
indicated, for it is desirablein such casesthat
there should exist between the *)rlmary and

§o secondary currents, or those which, however

produced, pass through the two circuits of the
motor, a difference of phase of ninety de-
grees; or, in other words, the current in one
circuit should be maximum when that in the-
other circuit is minimum. Tomore perfectly 5§
attain to this condition I obtain orsecurean
increased retardation of the secondary cur-
rentin the following manner: Instead of bring-
ing the primary and secondary coils or cir-
cuits of a transformer into the closest i- 60
ble relations, as has hitherto been done, I pro-
tect in a measure the secondary from the in-
ductive action or effect of the primary bysar-
rounding either the primary or the secondary
with a comparatively-thin magnetic shield or 65
screen. Under these conditions or circam-
stances, as long as the primary current hasa
small value, the shield protects the secondary;
bud as soon as the primary currenthas reached |
a certain strength, which is arbitrarily deter- 70
mined, the protecting magneticshield becomes
satarated and the inductive action upon the
secondarybegins. Itresults,therefore,thatthe
secondary current begins to flow at a certain
fraction of a period later than it would without 75
the interposed shield, and since this retarda-
tion may be obtaired without necessarily re-
tarding the primary current also, an addi-
tional is secured, and the time interval be-
tween the maximum or minimum periods of 8o
the primary and secondary currents is in-
creased. I iyu.ve further discovered that such
& transformer may, by properly proportion-
ing its several elements dnd determining in
amanner well understood the proper relations 85
between the primary and secondary windings,
the thickness of the magnetic shield,and other
conditions, be constructed to yield a constant
current at allloads. No precise rules can be
given for the specific construction and pro- 9o
gortions for securing the best results, as this
is'a matter determined by experiment and
calculation in particular cases; but the gen-
eral plan of construction which I have de-
scribed will be found under all conditions to 95
conduce to the attainment of this result.

In the accompanying drawings I have illus-
trated the construction above set forth.

Figure 1 is a cross-section of a transformer
embodying my improvement. Fig.2 isasimi- 100
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lar view of & modified form of transformer,
diagrammatically the manner of
using the same.
A A is the main core of the transformer,
[3 eol.;zmedof & ring of soft annealed and insu-
or oxidized iron wire. Upon this core
is wound the secondary circuit or coil B B.
This latter is then covered with a layer or
layers of annealed and insulated iron wires
10 C C, wound in a direction at right angles to
d secondary coil. Over the whole is then
wound the primary coil or wire D D. From
the nature of this construction it will soon
be obvious that as long as the shield formed
15 by the wires C is below magnetic saturation
the secondary coil or circuit is effectually pro-
tected or shielded from the inductive influ-
ence of the primary, although I would state
that on open circuit it mnay exhibit someelec-
20 tro-motive force. When the strength of the
imary reaches a certain value, theshield C,
g:eoming saturated, ceases to protect the sec-
ondary from inductive action, and current is
in consequence developed therein. Forsimi-
25 lar reasons, when the })rlmary current weak-
ens, the weakening of the secondary is re-
tarded to the same or approximately the same
cxtent.
Thespecific construction of the transformer
30 is largely immaterial. In Fig. 2, for exam-
})le, the core A is built up of thin insulated
ron plates or disks. The primary circuit D
is wound next the core A. Over this is a
plied the shield C, which in this case is mu?t;
35 up of thin strips or plates of iron properly
insulated and surrounding the primary, form-
ing a closed magnetic circuit. The secon-
dary B is wound over the shield C. In Fig.
2, also, E is a source of alternating or rapidly
40 changingcurrents. The primary of the trans-
former is connected with the circuit of the
generator.
F is a two-circuit alternating-current mo-

tor, one of the circuits being connected with
the main cireuit from the source E, and the 5
other being supplied with currents from the
secondary of the transformer.

Having now described my invention, what
I claim is— ‘

1. In an electrical transformer or induction
device, the combination, with the main mag-
netic core and the primary and secondary
coils or circuits, of a magnetic shield orscreen
interpored between said coils, as herein sot
forth. 55
2. In anelectrical transformer or inductive
device, the combination, with the magnetic
core and the primary and secondary coils or
cirounits, of & magnetic shield or screen sur-
rounding one of said coils only, as set forth. 6o

3. In an electrical transformer or induction
device, the combination, with the magnetic
core and the primary and secondary coils
wound thereon, of A magnetic shield or screen
wound on or built up around one only of said 65
ooils, as described.

4. In an electrical transformer or induction
device, the combination, with a main lami-
nated magnetic core and primary and second- -
ary coils thereon, of a subdivided or lami- 70
nated etic shield or screen interposed
between the coils, as set forth.

5. In an electrical transformer, the combi-
nation, with a magnetic core and primary
and secondary coils wound thereon, of & mag- 75
netic shield or screen interposed between
said coils and surrounding one of them and
adapted to be or capable of being magnetic-
ally saturated by a predetermined current
strength below the maximum in the primary, 8o .
as set forth.

NIKOLA TESLA.

‘Witnesses:
ROBT. F. GAYLORD,
PARKER W, PAGE.
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UNITED STATES

NIKOLA TESLA, OF NEW YORK, N. Y,

PATENT OFFICE.

ASSIGNOR TO THE TESLA ELECTRIC

COMPANY, OF SAME PLACE.

ELECTRO-MAGNETIC MOTOR.

SPECIFIOATION forming part of Letters Patent No. 433,708, dated August 5, 1860.
Application led April 4,1800. Berlal No. 346,603, (No model,)

To all whom it may concern:

Be it known that I, NIKOLA TESLA, a sub-

ject of the Emperor of Austria-Hungary, from
Smiljan, Lika, border country of Austria-
Hungary, residlnvt New York, in the county
and State of New York, have invented certain
new and useful Im?rovements in Electro-Mag-
netic Motors,of which the following is aspecifi-
cation, reference being had tothe drawings ac-
companying and forming a part of the same.

This invention is an improvement in alter-
nating-current motors, and has for its general
object to produce a single-circuiu alternating-
current torque-motor of economical and sim-
ple construction.

The nature of the invention will be under-
stood from the following statement.

Itis well known that if a magneticcore, even
if laminated orsubdivided, be wound with an
insulated coil and a current of electricity di-
rected through the coil the magnetization of
the entire core does not immediately ensue,
the magnetizing effect not being exhibited in
all partssimultaneously. This I attributeto
the faét that the action of the current is to
energize first those laminse or parts of the
core nearest the surface and adjacent to the
exciting-coil, and from thence the action pro-
gresses toward the interior. A certain inter-
val of time therefore elapses between the
manifestation of magnetism in the external
and the internal sections or layers of the core.
1f the core be thin or of small mass, this effect
may be inappreciable; but in the case of a
thick core, or even of a comparatively thin
one, if the number of alternation or rate of
change of the current strength be very
great the time interval occurring between the
manifestations of magnetism in the interior
of the core and in those parts adjacent to the
coil is more marked, and in the construction
of such apparatus as motors which are de-
signed to be run by alternatingor equivalent
currents—such as pulsating or undulating
currents generally—I have found it desirable

and even necessary to give due consideration

to this phenomenon and to make special pro-
visions in order to obviate its consequences.
The specific object of my present invention is
to take advantage of this action or effect, and

‘by rendering it more pronounced to utilize it
in the operation of motors in general. This
object I attain by constructing a field-magnet
in which the parts of the core or cores that
exhibit at different intervals of time the mag-
netic effect imparted to them by albematinﬁ
or equivalent currents in an energizing co
or coils are 80 placed with relation to a rotat-
ing armature as to exert thereon their attract-
ive effect successively in the order of their
magnetization. By this means I secure a
similar result to that which I have heretofore
attained in other forms or types of motor in
which by means of one or more alternating
currents I have produced a rotation or pro-
gression of the magnetic poles or points of
maximum attraction of the field of force.

In the drawingsI haveshown asimple form
of motor, which will serve to demonstrate the
principle of the mode of operation, which I
have above déscribed in general terms.

Figure 1 is a side elevation of such motor.
Fig. 2 is a side elevation of a more practica-
ble and efficient embodiment of the inven-
tion. Fig. 3 is a central vertical section of
the same in the plane of the axis.of rotation.

Referring to Fig. 1, let X represent a large
iron core, which may be composed of a num-
ber of sheets or lamin® of soft iron or steel.
Surrounding this core i8 a coil Y, which is
connected with a source E of rapidly-varying
carrents. Let us consider now the magnetic
conditions existing in this core at any point,
as b, at od near the center, and any other
point, as a, nearer the surface. When a cur-
rent-impulse is started in.the magnetizing-
coil Y, the section or part at a, being close to
the coil, is immediately energized, while the
section or part at b, which, to use a conven-
ient expression, is “protected ” by the inter-
vening sections or layers between a and b,
does not at onceexhibit .ts magnetism. How-
ever, as the magnetization of a increases, b
becomes also affected, reaching finally its
maximmum strength somie time later than a.
Upon the weakening of the current the mag-
netization of a first diminishes, while b still
exhibits its maximum strength; but the con-
tinued weakening of a is attended by a sub-
sequent weakening of b. Assuming the cur-
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rent to be an alternating one, a4 will now be
reversed, while bstill continues of the first-im-
parted polarity. This action continues the
magnetic condition of b, following that of ain
the manner above described. If an arma-
ture—for instance, a simple disk ¥, mounted
to rotate freely on an axis—be brought into
proximity to the core, a movement of rota-
tion will be imparted to.the disk, the direc-
tion depending upon its position relatively to
the core, the tendency being to turn the por-
tion of the disk nearest to the core from a to
b, as indicated in F iﬁ. 1. Thisaction or prin-
ciple of operation I have embodied in a prac-
ticable form of motor, which is illustrated in
Fig. 2. Let A in said figure represent a cir-
cular frame of iron, from diametrically-oppo-
site points of the interior of which the cores
project. Each coreis compused of three main
parts B, BB, and C, and they aré similarly
formed with a straight portion or body e,
around which the energizing-oil is wound, a
curved arm or extension c, and an inwardly-
projecting pole or end d. Each core is made
up of two parts B B, with their polar exten-
sions reaching in one direction and a part C
between the other two and with its polar ex-
tension reaching in the opposite direction.
In order to lessen in the cores the circulation
of currents induced therein, the several sec-
tions are insulated from one another in the
manner usually followed in such cases. These
cores-are wound with coils D, which are con-
nected in the same circuit, either in parallel
or series,and supplied with an alternating or
a pulsating current, preferably the former, by
a generator E, represented diagrammatically.
Between the cores or their polar extensions is
mountied a cylindrical or similar armature
F, wound with magnetizing-coils G, that are

closed upon themselves, as is usual in' motors.

of this general class.

* The operation‘of this motor is as follows:
‘When a carrent impulse or alternation is di-
rected through the coils D, the sections B B
of the cores, beingon the surface and in close
proximity to the coils, are immediately ener-
gized. Tlie sections C,on the other hand, are
protected from the magnetizing influence of

_the coil by the interposed layers of iron B B.

As the magnetism of I3 B increases, however,
the sections C are alse energized; but they do
not attain their maximum strength until a
certain time subsequent to the exhibition by
the sections B B of théir maximum. Upon
the weakening of the current the mdgnetic
strength of B B first diminishes, while the
sections C have still their maximium strength;
but as B B continue to weaken the interior

438,703

sections are similarly weakened. B B may
then begin to exhibit an opposite polarity,
which is followed later by a similar change
on C, and this action continues. B B and -C
may therefore be considered asseparate field-
magnets, being extended 8o as to act on the
armature in the most efficient positions, and
the effect is similar to that in my other forms
of motor—viz., a rotatioh or progression of
the maximum points of the field of force. Any
armature—suach, for instance, as a disk—
mounted in this field would rotate from the
pole first to exhibit its magnetism to that
which exhibits it later.

It is evident that the principle herein de-
scribed may be carried out in conjunotion
with other means, such as I have elsewhere
set forth, for securing a more favorable or
efficient action of the motor. For example,
the polar extensions of the sections C may be
wound or surrounded by closed coils L, asin-
dicated by dotted lines in Fig.2. The effect
of these coils will be to still more effectively
retard the magnetization of the polar exten-
sions of C. '

I do not wish to be understood as limiting
myself to any particular construction of this
form of motor, as the samne principle of action
or operation may be carried out in a great
variety of forms.

What I claim is—

1. In an alternating -current motor, the
combination, with an energizing-coil and a
core composed of two parts, one protected
from magnetization by the other interposed
between it and the coil, of an armature
mounted with the influence-of the fields of
force produced by said parts, as set forth.

2. The combination, in an alternating-cur-
rent motor, of & rotating armature, a field-
magnet composed of a eoil and a core with
two sections in proximity to the coil and an
inner section betwee
being formed or provided with polar projec-
tions extending in opposite directions over or
around the armature, as set forth.

3. The combination, in an alternating-cur-
rent motor, of & rotating armature, a frame
and field-magnets thereon, each composed of
an energizing-coil wound around a core made
up of outer and inner or protected mnagnetic
sections, each of which is formed orprovided
with independént laterally - extended pole
pieces or projections, as herein described.

NIKOLA TESLA.
Witnesses: ' ‘
ROBT. F. GAYLORD,
PARKER W. PAGE.
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UNITED STATES

PATENT OFFICE.

NIKOLA TESLA, OF NEW YORK, N. Y,

ASSIGNOR TO THE TESLA ELECTRIC

COMPANY, OF SAME PLACE.

ELECTRO-MAGNETIC MOTOR.

SPECIFICATION forming part of Letters Patant No. 445,207, dated January 27, 1801,

Application flled May 20, 1889..

To all whom it may concéern:
Be it known that I, NIKOT.A TESLA, a sub-

jecg of the Emperor of Austria-I[ungary, from
Smiljan, Lika, border country of Austria-1Tun-
gary, residing at New York, in the county and

State of New York, have invented certain new
and useful Improvements in Eloctro-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.

Among the various forms of alternating-
current motors invented by me is one which
I have described in other applications, and
which is constructed as follows: 1 build a fleld-
core with, say, four poles, between which is
mounted an armature that is generally wound
with closed coils. On two of the opposite
poles of the field I wind primary coils, which
are connected up in the main circuit. On the
samo cores I also wind secondary coils, which
are closed through coils on the other pair or
set of poles. In this motor when an alternat-
ing current i3 caused to pass through the pri-
mary coils it energizes directly one set -of
poles and induces currents in.the secondary
coils, which act to energize the other poles;
but the phases of the current in the second-
ary coils may differ in time from those of the
primary current, and hence a rotation or shift-
ing of the poles is offected that imparts rota-
tion to the motor.

These motors inay be constructed in many
other ways; but for purposes of this case it is
only necessary to consider the specific Torm
which I have thus generally described, as my
improvements relate mainly to such form.

The object of iy present invention is to
render this form of motor more efficient and
to improve its action or mode of operation.

In the motors-constructed in accordance
with this principle I bring two energizing-
circuits into inductive relation in the motor
itself—that is to say, the secondary currents
which energize one set of the field-cores are
induced in the motor itself, and the employ-

-ment of an external induction device is thus

avoided. The operation of these motors, how-
ever, is dependent upon the existence of a
certain difference of phase between the cur-

rents in the é)rimnry and secondary coails. To
obtain a difference of phase or lag that is

Berial No. 311,417, (Ko model)

suited to working conditions is the specific
object ¢f my present invention.

The following explanations will serve to
illustrate the principle upon which said in-
vention is based. Let it be assumed that an
ordinary alternating-current generator is con-
nected up in a circuit of practically no self-
induction, such, for example, as a cireuit con-
taining incandescent lamps only. On the op-
eration of the machine alternating currents
will bedeveloped in thecircuit,and the phases
of these caurrents will theoretically coincide
with the phases of the impressed electro-mo-
tive force. Such currents may be regarded
and designated as the “ unretarded currents.”

It will be understood, of course, that in
practice there is always more or less self-in-
duction in the circuit, which modifies to a cor-
responding extent these conditions; but for
convenience this may be disregarded in the
consideration of the principle of operation,
since the same laws apply. Assume next
that a path of currents be formed across any
two points of the above circuit, consisting,
for example, of the primary of an induction
device. The phases of the currents passing
through the primary, owing to the self-in-
duction of the same, will not, coincide with
the phases of the impressed electro-motive
force, but will lag behind tiie same, such lag
being directly proportional to the self-induc-
tion and inversely proportional to the resist-
ance of the said coil. The insertion of this

coil will also cause a Ingging or retardation 8

of the currents traversing and delivered by

6s

.~z

5

the gonerator behind the impressed electro-

motive force, such lag being-tho mean or re-
sultant of the lag of tho current through the
primary alone and that of what I have des-
ignated the “unretarded current” in the
entire working-circuit. Next consider the
conditions imposed by the association in in-
ductive relation with the primary coil of a
secondary coil. The currentgenerated in the
secondary coil will react upon the primary
current, modifying the retardation of the
same, according to the amount of self-induc-
tion and resistance in the secondary circuit.
If the secondary circuit have but little self-
induction—as, for instance, when it contains
incandescent lamps only—it will increase the

g
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To all whom it may concern:

Be it known that I, NIKOLA TESLA, a sub-
ject of the Emperor of .\ustria. from Smiljan,
Lika, borderconntry of Anstria-Ilungary, and
residing at New York, in the county and State
of New York, have invented certain new and
useful Improvementsin Electro-Magnetic Mo-
tors. of which the fullowing is i specifieation,
reference Leing had to the accompanying
10 drawings.

The subject o1 my present invention is an
improvement primarily designed for applica-
tion to alternating-cnrrent motors of the
special type invented by e, and of which the

15 operation is due to the action of alternating
currents differing in phase and direoted
through or developed in independent ener-

gizing-circuits in the wotor, and causing a

shifting or rotation of the magnetic poles or
20 their resultant attractive forces upon the ro-
tating element or armature.

My improvements are based upon certain
laws governing the action or effects produced
by a condenser when connected to an electric
cireuit through which an alternatingorin gen-
eral an undulating current is made to pass.
Someof these effects,and thosemostimportant
inconnection withmiyinvention,areasfollows:
First, if the terminals or platesof a condenser

30 be connected with two points of a circuit, the
potentials of which are made .to rise and fall
in rapid succession, the condenser allows the
passage or, more strictly speaking, the trans-
ferrence of a current, although its plates or

35 armatures may be so carefally insulated as to

prevent almost completely the passage of a

current of unvarying: strength or direction

and of moderate electro-motive force; second,
if a circuit the terminals of which are con-
¢o nected with the plates of the condenser pos-

8688 & certain self-induction, the condenser

will overcome or counternct to a greater or

less degree, dependent upo. well-understond
conditions, the ¢ffects of sueh solf indo. .
third, if two points of - elosed

w

w

cireuit thron- Ay
falling v :
by an- .
the « .ul'-
'l_'ﬁr-. . 3 pro-
wnd Ap-
rietion

| and operation of my motors, as by producing
I a difference in phase in the two energizang-
cirenits of an alternating-current motor by
cunnecting the two cirenita in derivation and
connecting up a condenser in series in one of
the circuits: but auch applivations seem to e
ubvious to one familiar with my motors ami
the facts above enumerated.

My present improvements, however, possess
certain novel features of practical value amd
involve & knowiedge of facts less generally
known. These improvements vomprise the
use of a condenser or condensers in connee-
tion with the induced or armature cirenit of
a motor and certain details of the construe-
tion of such motors. In an alternating-cur-
rent motor of the type to which I have par

has an armature coil or circuit closed upon
itself, the latter represents not only an in-
ductive resistance, but one which 13 perindi-
cally varying in value, both of which facts
complicate and render diflicult the attainment
of the conditions best ruited to the most efti-
cient working of the motors. ‘I'he most ofi-
cient working conditions, in other words, re-
quire, first, that for a given inductive effect
upon the armature there should be the great-
est possible current through the armature or
induced coils, and, second, that there should
always exist between the currents in the en-
ergizing and the induced circuits a given re-
lation of phase. llence whatever tends to
decrease the self-induction and increase the
current in the induced circuits will, other
things being equal, increase the output and
efficiency of the motor, and the same will be
true of causes that operate to maintain the
mutual attractive effect between the fleld-
magnets and armatave at its maximum. 1
socure these results by conneeting with the
induced circuit or circnitsa condenser, in the
manner hereinafter deseribed, and 1 also,
with this purpose in view, constenet the o
© v in o special manner,

Referring to the drawings for a partienlar
deseription of the invention, Figure I is a

AL ©iagrammatic, of analternating.
earn . to which my present invention

1
\

1'ig. 2 is a central section. inline
~haft, of a spocial form of armature-
ivlapted to the invention.  Fig 5 ix a

tionlarly referred above, orin any other which 7
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similar section of A modification of the same.

4 is one of the sections of the core de-

ed. Fig. 5 is a diagram showing a modi-
fied disposition of armature or induced cir-

5 euita.

The general plan of the invention is illus-
trated in Fig. 1. A A in this figure repre-
sent the frame and field-magnets of an alter-
nating-current motor, the poles or projections

10 of which are wound with coils B and C, form-
ing independent energizing-circuits connect-
ed eithertothesame or toindependent sources
of alternating currents, as is now well under-
stood, so that the currents flowing through

15 the circuits, respectively, will have a differ-
ence of phase. Within the influence of this
field is an armature-core D, wound with coils
E. In my motors of this description hereto-
fore these coils have been cl upon them-

20 selves, or connected in a closed series; but in
the present case each coil or the connected
series of coils terminates in the opposite
plates of a condenser F. For this purpose
the ends of the series of coils are brought out

25 through the shaft to collecting-rings G, which
are connected to the eondenser by contact-
brushes H and sunitable conductors, the con-
denser being independent of the machine.
The armature-coils are wound or connected

30 in such manner that adjacent coils prodnce
opposite poles.,

e action of this motor and the effect of
the plan followed in its construction are as
follows: The anotor being started in opera-

3s tion and the coils of the field-magnets being
traversed by alternating currents, currents
are induced in the armature-coils by one set
of fleld-coils, as B, and the poles thus estab-
lished are acted uPon by the other set, as C.

40 The armature-coils, howaver, have necessa-
rily a high self-induction, which opposes the
flow of the currents thus set up. The con-
denser F-not only permits the passage or trans-
ferrence of these currents, but also counter-

45 acts the effects of self-induction, and -by a
proper adjustment of the capacity of the con-
denser, the self-induction of the coils,and the
g:riods of the currents the condenser may

made to overoome entirely the effect of
so the self-induction. :

It is preferable on account of the undesir-
ability of using sliding contacts of all kinds
to associate the condenser with the armature
directly, or make it a partof the armature.

55 In some cases I build up the armature of an-
nular plates K K, held by bolts L between
heads M, which are secured to the driving-
shaft, and in the hollow space thus formed I
place a condenser F, generally by winding the

6o two insulated plates thereof spirally around
the shaft. In other cases I utilize the plates
of the core itself as the plates of the con-
denser. For muifle, in Figs.3 and 4, N is
the driving-shaft, M M are the heads of the

65 armature-core, and K K’ the iron plates of
which the core is built up. These plates are
insulated from theshaft and from one another,

and aro held together by rods or bolts L. The
bolts pass through a large hole in one plate
and a small hole in the one next adjscent, 70
and so on, connectingelectrically all of plates

K, as one armature of a condenser, and all of
plates K’ as the other.

To eitherof the condensers ahove described
the armature-coils may-be connected, as ex- 75
plained by reference to Fig. 1.

In motors in which the armature-coils are
olosed upon themselves—as, for example, in
any form of alternating-current meotor in
which one armature coil or set of coils is in
the position of maximam induction with re-
spect to the field coils or poles, while the other
is in the position of minimum induction—the
coils are preferably connected in one series,
and two points of the circuit thus formed are 85
bridged by a condenser. This is illustrated
in Fig. 5, in which E represents one set
of armature-coils and E’ the other. Their
points of .union are joined through a con-
denser F. It will be observed that in this
disposition the self-induction of the two
branches E and K’ varies with their position
relatively to the field-magnet, and that each
branch isalternatelythe predominatingsour~a
of the induced current. Hence the effect of 95
the apndenser F istwofold. First,it increases
the current in each ,of the branches alter-
nately, and, secondly, it alters the phrase of
the cuarrents in the branches, this being the
well-known effect which results from such a
disposition of a condenser with a circuit, as
above described. This effect is favorable to
the proper working of the motor, because it
increases the flow of current in the armature-
cireunits due to a ;iiven inductive effect, und
also because it brings more nearly into coin-
cidence the maxiinum magnetic effects of the
ooscting field and armature-poles.

It will be understood, of course, that the
causes thatcontribute to the efficiency of con-
densers when applied to such uses as above
maust be given due consideration in determin-
ing the practicability and efficiency of the
motors. Chief among thesé is, as is well
known, the periodicity of the current, and.
hence the improvements which I have here-
in ‘desoribed are more particularly adapted to
systems in which a very high rate of alterna-
tion or change is maintained.

Although thisinvention hasbeen illustrated
herein in connection with a special form of
motor, it will be understood that it is equally
applicable to any other alternating-carrent
motor in which "there is a closed armature-
coil wherein the currents are induced by the’
action of the field, and, furthermore, I would
state that the feature of utilizing the plates
or sections of a magneticcore for forming the
condenser, I regard as applicable, generally,
to other kinds of alternating-current appa-
ratus.

Having now desocribed my invention, what
I claim is—

1. Inanalternating-current motor, the com-
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bination, with the field-magnets and energiz-
ing-circuit, of an armature-circuit and a core
adapted to be energized by currents induced
in its circuit by the currents in the fleld-cir-
cuit,and a condenser connected with thearma-
ture-circuit only, as set forth.

2. Inan alternating-current motor, thecom-
bination, with armature-coils in induetive re-
lation to the field and connected in a closed
circuit, of a condenser bridging said circuit,
as set forth.

3. Inan alternating-current motor, the com-
bination, with an armature and two energiz-
ing-circuits formed by coils wound thereon in
different inductive relations to the field and
joined in a continuous or closed series, of a
condenser the plates of which are connected,
respectively, to the junctions of the circuits
or coils, as set forth. .

t, Inan alternating-current motor, the com-

bination, with the indaced energizing coil or
coils of the armature, of & condenser con-
nected therewith and made a part of the ar-
mature or rotating element of the motor.

5. Inanalternating-current motor, the com-
bination, with an armature-core composed of
insulated condneting-plates alternately con-
nected to form a condenser, of an induced en-
ergizing coil or coils wound thereon and eon-

25

nected to the plates or armatures of the said 3o

condenser.

6. A magnetic core for alternating-current
apparatus, composed of plates orsections in-
sulated from each other and alternately con-

nected to form the two parts or armatures of 35

a condenser.
NIKOLA TESLA.
Witnesses:
PARKER W. PAGE,
FRANK B. MURPHY.
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UNITED STATES

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

PAaATeENT OFFICE.

.ASSIGNOR TO THE TESLA ELECTRIC

COMPANY, OF SAME PLACE.

ELECTRO-MAGNETIC MOTOR.

SPECIFICATION forming part of Letters Patent No. 459,773, dated Septembes 23, 1801,
Application flad Aril 6, 1889, Serial No, 308,165, (No modal.)

To all whom it may concern:
. Be it known that I, NrkoLa TESLA, a sub-
Jject of the Emperor of Austria, from Smiljan,
Lika, border country of Austria-ITungary, re-
5 siding at New York, in the county and State
of New York, have invented certain new and
useful Improvements in Electro- Magnetic
Motors, of which the following is a specifica-
tion, reference being had to the drawings ac-
rc eompanying and forming a part of the same.

As is well known, certain forms of alternat-
ing-eurrent machines havethe property, when
eonnected in cireuit with an alternating-cur-
rent generator, of running as a motor in syn-

15 chronism therewith; but while the alternating
eurrent Will ran the motor after it has at-
tained a rate of speed synchronous with that
of the generator it will notstartit. Ifencein
all inatanees heretofore when these “synchro-

20 mizing motors,” as they are termed, have been
run, some means have been adopted to bring
the motors uap to synchronism with the gen-
erator, or approximately so, before the alter-
nating current of the generator is applied to

25 drive them.

In an application filed February 18, 1889,
Serial No. 300,220, I have shown and deseribed
an improved system of operating this class
of motors, which consists, broadly, in wind-

30 ing or arranging the motor in such manner
that by means of suitable switches it eould
he started as a multiple-circuit motor, or one
operating by a progression of its inagnetic
poles, and then, when up to speed, or nearly

35 so, converted into an ordinary synchronizing
motor, or one in which the magnetic poles
were simply alternated. In some cases, as
when a large motor is nsed and when the
number of alternations is very high, there is

40_more or less difficulty.in bringing the motor
to speed as a double or maultiple-circuit mo-
tor, for the plan of construetion which renders
the motor best adapted-to run as a synchro-
nizing motor impairs its efficiency as a torgne

45 or double-circnit motor under the assumed
conditions on the start. This will be readily
understood, for in a large synchronizing mo-
tor the length of the magneticcireuit of the po-
larprojectionsand their nassare so great that

so apparently considerable time i3 required for
magnetization and demagnetization. ITence

with a current of a very high namber of al-
ternations the motor may not respoud prop-
erly. To avoid this objection and to start up
a synchronizing mator in which these condi- 55
tions obtain is the object of my present in-
vention. I have therefore comb:ned two mo-
tors, one a syuchronizing motor, the other a
multiple-cirenit or torque motor, and by the
latter I bring the first named up to speed, 6o
and then either throw the whole current into

| the synchronizing motor ov operate jointly

both of the motors.

This invention involves several novel and
usefual featares. It will be observed, in the 65
first place, that both motors are run without
commutators 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 ccntains a fewer number
of pules or sets of poles, so that the motor will
be more readily and easily brought up to speed.
Thirdly, the synchroaizing motor may be con-
structed so as to have a much morepronounced
tendency to synchronisin without lessening
the faeility with which it is started.

In the drawings T have illnstrated the in-
ventioa.

Figure | is a part sectional view of the twe
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;
Fig. 4, & diagram of the circuit 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 upon the
other, I prefer torigidly connect the two arma-
tares. [ therefore mount both upon the same

70

‘shaft, A, the field-magnets B of the synchro-

nizing and C of the torque motor being secured
to the same base D. The preferably larger
synchronizing motor has polar projections on
its armature, which rotate in very close prox-
imity to the poles of the field, and in other
respeets it conforms to the conditions, now
well anderstoud, that are necessary to secure
synchrunous action. I prefer, however, to
wind the pole-pieces of the armature with
closed coils E, as this obviates the employ-
ment of sliding coutacts. The smaller or
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torque motor, on the other hand, has, prefer-
ably, a eylindrical armature F, without po'ar
projections wnd wound with closed coils G, as
I have described in my previous patents,
notably No. 382,279, dated May },1888. 'T'he
field-coils of the torque motar jre connected
up in two series H and I, and the alternating
current from the generator is directed through
or divided between these two circuits in any
anuer to produce a progression of the poles
or points of maximum magnetic effect. I
secure this result in a convenient way by
connecting the two notor-circuits in deriva-
tion with the circuit from the generator, in-
serting in one motor-circuit a dead resist-
ance and in the othera self-induction coil, by
which means a difference in phase between
the two divisions of the current is secared.
If both motors have the same number 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 the best results, its
poles are divided into two series and the
number of poles is virtually reduced oune-half,
which being acted upon by the samme number
of alternations tend to rotate the armature
at twice the speed. By this ineans the main
armature is more easily brought to or above
the required speed. When the speed neces-
sary far 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 are the field-coils of the sychroniz-
ing, and H I the field-coils of the torque, mo-
tor. I 1’are the conductors of the main
line. One end of, say, coils H is connected to
wire L. through a self-induction coil M. One
end of the other set of coils I is connected to
the same wire through a dead resistance N.
The opposite ends of these two circuits are
éonnected to the contact m of a switch the
handle or lever of which is in connection with
the line-wire I.”.  One end of the field-circuit
of the synchronizing motor is connected to
thewire .. The otherterminatesintheswitch-
contact n. From the diagram it will be read-
ily seen that if the lever P be turned onto
contact m the torque motor will start by
reason of the djfference of phase between the
currents in its two energizing-circuits. Then
when the desired speed is attained if the le-
ver I be shifted onto contact n the entire
current will pass through the fisld-coils of the
synchronizing motor and the other will be
doing no work.

The torque motor may be constructed and
operated in various ways, many of which I
have described in other applications; but I do

not deem it necessary in illustration of the
principle of construction and mode of opera- |
tion of ny presentinvention to describe these !
further herein. It iy not necessary that ono |
motor be cut out of circuit while the other is

459,778

in, for both may be acted upon by the cur-
rent at the same time, and I have devised va-
rious dispositions or arrangements of the two
motors for accomplishing this. Some of these
arrangements are illustrated in Figs. 5 to 9.

Referring to Fig. 5, let T designate the
torque or multiple-circuit motor and 8 the
synchronizing motor, L L’ being the line-wires
from a source of alternating current. The
two circuits of the torque motor of different
de%[w of self-induction, and designated by
N M, are connected in derivation to the wire
L. They are then joined and tonnected to
the energizing-circuit of the synchronizing
motor, the opposite terminal of which is con-
nected to wire L. The two motors are thus
in series. To start them I short-circuit the
synchronizing motor by a switch P/, throwing
the whole current through the torque motor.
Then when the degired speed is reached the
switch P’ is opened, 8o that the current passes
through both motors. In such an arrange-
ment as this it is obviously desirable for
economical and other reasons that a proper
relation between the speeds of the two motors
should be observed.

In Fig. 6 another disposition is illustrated.
Sis the synchronizing motor and T the torque
motor, the circuits of both being in parallel.
W is a circuit also in derivation to the motor-
circuits and containing a switch P/, 8’ isa
switch in the synchronizing-motorcircuit. On
the start the switch S’ is opened, cutting out
the motor S. Then P’ is opened, throwing
the entire current through the motor T, giv-
ing it a very gtrong torque. When the de-
sired speed is reached, switch 8’ is closed and
the current divides between both motors. By
means of switch P’ both motors may be cut
out.

In Fig. 7-the arrangement is substantially
the samne, except that a switch TV is placed in
the circuit which includes the two circuits of
the torque motor.

Fig. 8 shows the two motors in series, with
a shunt around Loth containing a switch S T\
There is also a shunt around the synchroniz-
ing motor S, with a switch P’.

In Fig. 9 the same disposition is shown;
but each motor is provided with a shunt, in
which are switches P’ and T”/, as shown.

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

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

What I now claim is—

1. An alternating-current non-synchroniz-
ing electric motor coupled with a synchroniz-
ing alternating-current motor, substantially
as set forth, whereby the former starts the
Iatter and throws it into 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 two motors the ar-
matures of which are mounted 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 energizing-cur-
rent, the other motor being an alternating-
currentsynchronizing motor,and switch mech-
anism 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 currents
differing in phase, and a switch for directing

w

15

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-

35 carrent motor having field-cores wound with

coils adapted to be connected to a source of

alternating currents and an armature wound

with induced coils closed upon themselves, of

the alternating current or currents through.

120

8

a starting device for bringing said motorinto
synckronism with the generator with which
it-is connected.

" 5. The combination, with an alternating-
current motor com of a multipolar al-
ternating field-magnet, and an armature 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 ooils adapted when connected with a
source of alternating current to produce si-
multaneously opposite magnetic polarities
and an armature provided with poles or pro-
jections and wound with eoils connected in
a continuously-closed unconnected circuit, as
set forth.

7. The herein-described method of operat-

.ing alternating-current motors, which consists
in actuating a motor by an alternating cur-
rent to bring a second alternating-current
motor up to synchronizing speed relative to
the actuating-current and then switching the
synchronizing motor into circuit.

NIKOLA TESLA.

‘Witnesses:

GEORGE N. MONRO,
EDWARD T. EVANS.
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rents. As the condenser capacity which is
needed in any particular motor of this kind
is dependent upon the rate of alternation or
the potential, or both, its size or cost, as he-
fore explained, may be brought within eco-
nomical limits for use with the ordinary cir-
cuits if the potential of the secondary circuit
in the motor be sufficiently high. By giving
to the condenser proper values any desired
difference of phase between the primary and
secondary energizing-circnits may be ob-
tained.

What I'olaim is—

1.-In an alternating-current motor provided
with two or more energizing or field circuits,
one of which is adapted for connection with
a source of currents and the other or others

464,866

ininductive relation thereto, the combination,
with thesecondary or induced cirenit or cir-
cuity, of a condenser interposed in the same,
as set forth. -

2. In'analternating-current motor, the com-
bination of two energizing-circuits, one con-
nected or adapted for connection with a source
of alternating currents, the other -constitut-
ing a high-potential secondary circuit in in-
ductive relation to the first, and a8 condenser
_ifnterposed in said secondary circuit, as set

orth.

NIKOLA TESLA.

Witnesses:
ROBT. F. GAYLORD,
ERNEST HOPKINSON.
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