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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 1nexhaustible
sources of power will be equivalent to the saving of millions of tons
of coal each year, and will thus assist 1n solving the problem of
conserving our enormous, but exhaustible, fuel supply.

The means for transporting this power and delivering 1t in suit-

able form for commercial uses i1s found in recent applications of
electricity. Through the developments already made, electric
energy 18 now availlable 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
1ts utillization in heating bids fair to make this method a formidable
rival of coal in the vicinity of water powers.
The 1ntroduction of successful methods of utilizing these natural
sources of power will not only meet the present demands of cities
within a suitable radius, but 1t 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
speclalty, and to that end secured the Gaulard and Gibbs inventions,
and many otlter fundamental ones bearing on this 1mportant field,
which field had theretofore been considered unworthy of more than
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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 1n 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 highting 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
s0 well known for his remarkable achievements, and recogmnizing
the value and originality of bhis discoveries, and the fundamental
character of his patents, at once secured the exclusive nght to
manufacture and sell apparatus covered by these patents, with a
nght to any further inventions Mr. Tesla might make relating
thereto. We thereupon 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 1s an alternating-current one, now known as
the ‘ Multiphase” or ‘‘ Polyphase System,” which i1s the ornginal
discovery of Mr. Tesla, and 1s so fully covered by his patents that
we deem 1t 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 1s worthy of especial note that the originahty
of Mr. Tesla’s discoveries has not been disputed by any manu-

facturer of electrical power transmtting apparatus.

WESTINGHOUSE ELECTRIC & MANUFACTURING Co.

Pittsburgh, Pa., January 16th, 1893.
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the system I prefer to connect the motor-eir-
cuits directly with those of a suitable alter.
nate-current generator. The practical results

o all whom it may conoern:
Be it known that I, N1koLA -TESLA, from

Smiljan Lika, border country of Austrie-Huao-

gary, residing.at New York, N. Y., bave in- | of such a system, its economicnl advaatages,

5 vented certain new and useful Improvements | and the mode of its construction and opera- g
in Electro-Magnetic Motors, of which the fal- | tion will be described more in detail by ref.
lowing is a specification, reference being had | erence to the accompanying diagrams and

to the druwings accompaunyiog and forming a | drawings.
part of the same. Figures 1 to 8and 1* to 8, inclusive, are dia-

The practical solution of the problem of the | grams illastrating the principle of the action 6¢

electrical conversion and transmission of me- [ of my invention. The remaining figures are

chanical energy involves certain requirements | views of the apparatus in various forms by
which the apparatus and systems heretofore | means of which the invention may be carried
employed have not heen enpable of fulfilling. | into effect, and which wiMl be described in

i1g Bach a solution, primarily, demands a mﬁ- their order. 65

formity of speed in the motor irrespoctive of | Referring first to Fig. 9, which is a diagram.

its load within its dormal working limits. On | matic represeuntation of a motor, a generator,

the other bhand, it is necessary, to attain a | and cennecting-circuits in accordance with my

greater econonny of conversion than has here- | invention, M is the motor, and G the gener-

20 tofore existed, to construct cheaper and more | ator for driving it. The iotor comprises a 70
reliable and simplo apparatus, and, lastly, the | ring or annulus, R, preferably bailt up of
apparatus must he capable of easy manage- | thin jnsalated iron rings or annular plates, so
meas, and such that all danger from the use of | as to be assusoceptihleas possible to variations
carrents of high temsion, which uare neces- | in its maguetic vondition. This ring is sar.

25 sary to an economical transmission, may be | rounded by four coils of insulated wire sym. ¢
avoided. metrically placed, and designated by CO O O.

My present invention is directed tothe pro- | The diametrically-opposite coils are connected

duction and improvement of apparatus capa- | up 8o as to co-operate in pairs in prodacing

ble of more nearly meeting these requirements | free poles on diametrically-opposite parts of

30 thanthose heretofore available, and though 1| the ring. The four frée ends thus left are con- .80

have described various means for the purpose, | nected to terminals T T T" T', as indicated.

they involve the same main principles of con- | Near the ring, and preferably inside of it, there
struction and mode of opcration, which may be | is mounted on an axis or shafy, a, 8 magnetic
deseribed as follows: A motor is employed in | disk, D, generally circular in shape, but hav-

35 which there are two or more independent cir- | ing two segments cut away, as shown. This 85

cuits through which alternate currents are | disk is mounted 80 as to turn freely within the

md at properintervals,inthg manner here- | ring R. The generator G is of any ordinary

na

deacribed, for the purpose of effecting | type, that shown in the present instance hav.
ing fleld-magnets N 8 and 8 cylindrical arma.-

a progressive shifting of the magoetism or of
40 the ‘‘lines of force’’ in accordance with the | ture-core, A, wound with the two coils B B’. go
well-known theory, and a consequent action | The free énds of each o0oil are carried through

the shaft ¢’ and connected, respectively, to in-
sulated coutact-rings d d ¥ 5’. Any conven.
ient form of collector or brush bears on each
ring and forms s terminsl by which the cur- ¢g
rent to and from s ring is conveyed. These
terminals are ocounnected to the terminsls of
the motor by the wires L 4nd L' in the man.
ner indicated, whereby two complete circuits

are formed—-—one ineluding, say, the ecoils B of 100

of the motor. It is obvious that a proper
rogressive shifing of the lines of foroe may

atilized to set up a movement or rotation
48 of either element of the motor, the armatare,
or the field. net, and that if the currents
directed tb the several circuits of-the
motor are in the proper dlrection no comma-
tator for the motor will be required; but to

so avoidall the nsual commutating appliances in
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the generator C' C of the motor, and the other
the remaining coils B’ and C Cof the generator
and the motor. |
It remains now to exptai the mode of op-
= eration of this systcin, and for this purpose I
refer to the diagrams, Figs. 1 to 8, and 1* to 8%,
foranillustrationofthe various phases through
which the coils of the generator pass when in
operation, and the corresponding and result-
O ant magnetic changes produced in the motor.
The revolution of the armature of the gener-
‘ator between the field-magnets N S obviously
produces in the coils B B"alternating currents,
the intensity and direction of which depeud
s apon well-knowo laws. Inthe position of the
. coils indicated in Fig. 1 the carrent in the
coil B is practically nil, whereas the coil B’ at
the same time i8 developing its maximuam eaor-
rent, and by the means indicated in the de-
20 seription of Fig, 9 the circuit includin
coll B’ may also include, say, the coils
the motor, Fig. 1°-

through one half of the ring. 1In Fig. 6 thear-
mature has completed five-eighths of a revolu-
tion. Io this position coil B’ develops a less j0
ggwerl‘ul current, but in the samedirection as
fore. The voil B, on the other hand, having
entered a field of opposite polarity, generates
a current of opposite direction. The resunltant,
poles will therefore bd in theline N S, Fig. 6*,
or, in other words, the poles of the ring will
be shifted along five-eighths of its periphery.
Figs. 7 and 7* in the same mannper illustrate
the phases of the generator and ring at three-
quarters of a revolation, and Figs. 8 and 8* 8o
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 is accomplished,
the conditions existing at the start are re-es- 8s
tablished and the same action is repeated for

75

this | the next and all subsequent revolations, and,
O of | in general, it will now he seen that every revo-
The result, with the proper | lation of the armature of the gencrator pro-

connections, wonld be the magnetization of | duces a corresponding shilting of the poles or go

the ring R, the poles being on the line N S.
3s The same order of conhections 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 the line N S of Fig. 1.
t results, therefore, that when the generator-
3o 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
currents and act in opposition, in 8o far as the
location of the poles is concerned. The posi

ant of the magnetizing forces of the coils—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.
0 In Fig. 3 the armatare of the¢ generator has
progressed to one quarter of arevolution. At
the point indicated the current in the coil B
js maximum, whijle in B’ it is nil, the latter
coil being in its neutral position. The poles
¢s Oof the ring R in Fig. 3" will, in consequence,
De shifted to & position ninety degrees from
that at the start, as shown. I have in like
manner shown the conditions existing at each
successive eighth of one revolution in the re.
50 maining.figures. A short reference to these
figures will snffice foran understanding of their
significance. Figs. 4 and 4° illustrate the con-
ditions which exist when the generator-arma-
ture bas completed three eighths of a revolu.
gs tion. Here both coilsare generating current;

35 Lion of the poles will therefore be the result- |

lines of force around the ring. This cffect 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- g5
ing to its tendency to assume that position in
which it embraces the greatest possible num-
ber of the magnetic lines, is set in rotation,
following the mhotion of the lines or the points
of greatest attraction. |
The disk D in Fig. 9 is shown as ¢cut away
on oppositesides; but this, I have fouund, 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
raetal to the rapid shifting of the lines of force
through the same, which results in a continu-
ous tangential pull upon the disk, causing its
rotation. This seems to pe confirmed by the 110
fact that a circular disk of steel is more effect
ively rotated than one of soft iron, for the rea-
son that the formner is assamed to possess a
greater resistance to the shifting of the mag-
netic lines.

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

Fig. 10 is a view 1n elevation and part ver-
tical section of a motor. Fig. 12 is a top View
of the same with the field in section and a dia-
gram of connections. Fig. 11 is an end or

10%

11§

bat the coil B, having now entered the oppo- | side view of a generator with the fields in see-

site direction, having the opposite magnetiz-
ing effect;
50 the line N S, as shown.
one revolution of the armature of the gener-
ator has been completed, and the. resulting
magnetic conditiop of the ringisshown in Fig.
5*. In this phase coil B isin the ncutral posi-
55 tion while coil B’ is gcnerating its maximum

site fleld, is generaling a current in the oppo- | tion. This form of motor may be used in place

hence the resultant pole will be on | drum-armatare core, which, for obvious rea.
In Fig. 5 one-half of | sons, ahould besplit up as far as practicable to

of that shown above. D is a cylindrical or

126

prevent the circulation within it of currents
of induction. The core is wound longitudi-
nally with two coils, kand I, the ends of which
are respectively connected to insulated con-
tact-ringsdd d' d, carried by the shaft a, upon

current, which is in the same direction as iu | which the armature is mounted. The arme
¥Fig. 4. The poles will consequently beshifted | ture is set to revolve within an iron shell, R
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which constitutes the fleld-magunet, of other
element of the motor. This shell is preferably
formed with a slot or opening, r, but it may
be continuous, as shown by the dotted lines,
¢ and in thisevent it is preferably made of steel.
+ Jb i8 also desirable that this sheoll should be
divided up similarly to the armature and for
similar reasons. As a generator for driving
this motor I may use the device shown in Fig.
© 11. This represents an annular or ring arma-
ture, A, surrounded by four coils, F F F' I, of
which those diametrically opposite are con-
hected ip series, 80 that four free ends are left,
which are conuected to the insulated contact-
ringsd b b’ b'. The ring is suitably mounted
on a shaft, a’, between the poles N 8. The
contact-rings of cach pair of generator-coils
are connected to these of the motor, respect-

© two pairs of conductors L L, aund L' L, as io-
dicated diagrammatically in Fig. 12. Now i}
is obvious from a consideration of the preced-
ing figures that the rotation of the generator-
ring produces carreunts 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
eflect sets np a rotation of the armature ow-
ing to the attractive force between the shell
yo 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.

Other arrangements of the coils of both gen-
erator and niotor are possible, and a greater
number of circaits may be used, as will be seen
in the two succeeding figures.

Fig. 13 is a diagrammatic illustration of a
40 motor and a generator constructed and coon-

nected in accordance with mny invention. Fig.

14 is an end view of the generantor with its

fleld-magnets in section. The field of the mo-
~ tor M is produced by six magnetic poles, G’ G/,
4$ secured to or projecting from a ring or frame,

H. - These magnets or poles are wound with

insalated coils, those diametrically opposite

to each other being connected in pairsso asto
rodace opposite poles in each pair. This
eaves 8ix free ends, which are connected to
the terminalsT T T  T'T” T”. The armature,
which is mounted to rotate between the poles,
is a cylinder or disk, D, of wrought-iron,
nounted on the shaft a. Two segments of
the same are cut away, as shown. The gen-
erator for this motor bhas in this instance
an armatare, A, wound with three coils, K
K’ K", at sixty degrees apart. The ends of
these coils are connected, respectively, to in-
sbhlated contact-rings e e ¢’ €.¢" €. 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

B

33

ively, by means of contact-brushes and the

of the resultant attractive force exerted by
the poles G’ upon the armature D, and conse-
quently keep the armature rapidly rotating. 70
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.

Referring, now, to Figs. 156 and 16, Fig. 15
is a diagrammatic representation of a modifi-
fied disposition of my invention. Fig. 16 18 a
horizontal cross section of the motor. In this
case a disk, D, of magnetic metal, preferably 8o
cut away at opposite edges, as showan in dot-
ted lines in Fig. 15, is mounted so as to turn
freely inside two stationary coils, N’ N”, placed
at right angles to one another. The coils are
preferably wound on & frame, O, of insulating 85
material, and their ends are connected to the
fixed terminals TT T'T". The generator G is
a representative of that class of alternating-
current machinesin which astationaryinduced
element 18 employed. Tbat shown consista of 9o
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 having (heir ends secured to the termi- g§
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 100
the motor having the effect to turn the disk
L. This mode of carryiog out the invention
has the advanta? of dispensing with the slid-
ing coantacts in the system.

In the forms of motor above described only 105
orfe of the elemente, the armature or the field-
magoet, 18 provided with energizing-coils. It
remains, then, to show how both elements may
be wound with coils. Reference is tberefore
bhad to Figs. 17, 18, and 19. Fig. 17 is an end 110
view of such a wmotor. 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-connections. In Fig. 17 the field-magnet
of the motor consists of a ring, i}, preferablyof 15
thin insu'ated iron sheets or bands with eight
pole pieces, @', and corresponding recesses, in
which foar pairs of coils, V, are wound. The
diametrically opposite pairs of coils are con-
nected in series and the free ends connected to 120
four terminals, w, the rale to be followed in
connecting 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 side of the field-magonet RB. The ends of 125
the armature-coils are connected to two pairs
of contact-rings, ddd 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- 130
magnet, N S, and an armature, A, with two
coilsat right angles, the ends of which are coa.
nected to four contact-rings, b b b’ V', carriex

by its shaft. The circuit-connections are &

79
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tablished between the rings on the generator-
shaft and those on the motor-shaft by collect-
ing brushes and wires,as previously explained.
-Ta order to properly energize the fleld-magaet

s of the motor, however, the connections are so
made wish the armature coils or wires leading
theéreto that while the poiants of

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

10 direction those uapon 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. Thisarrangément
results in an increased speed of rotation. Io

1§ Figs. 17 and 19, for example, the terminals of
- each set of field-coils nre connected with the

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 isobvious that the same principle may be
applied to the various typical forms of motor
2§ hereinbefore described.
- Having now described the nature of my in-
vention and some of the varioug ways in which
it i8 or may be carried into effect, I would call
attention to certain characteristics which the
g0 applicatiouns of the invention possess and the
advantages which the inventiou secures.

Io my motor, considerinf for convenience
v

that represented in Fig. 9, it will be observed
that since the disk D has a tendency to follow
35. continuously the points of greatest attraction,
and since these points are shifted around the
rlfn once for each revolution of the armature
o
of the disk D will be synchronous with that of
4o the armature A. This feature by practical
demonstrations I have found to exist in all
other forms in which oue revolution of the
armature of the gencrator produces a shifting
of the poles of the motor throngh threce hun-
45 dred and sixty degrees.
In the particular construction shown io Fig.
15,0r in others constructed on a similar plan,
the number of alternating impulses resulting
from one revolution of the generator arma-
so ture is double as compared with the preced-
~ ing cases, aud the polarities inu tho motor are
shifted around twice by one revolation of the
generator-armature. The speed of the motor
will, therefore, be twice that of the generator.
ss The same result is evidently obtained by such
a disposition as that shown in Fig. 17, where
tbe poles of both elements are shifted in op-

pogite directions.
Again, considering theapparatus illastrated

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

vious that since the attractive effect upon the
disk D is grcatest 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
ri e speed of the motor for all the loads

greatest at-.

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

e generator, it follows that the movement.

within the normal working limits of ¢he mo- | nating-carrent generator containing induced

8

tor will be practically constant. It is clearly
apparent that the speed can never exceed the
arbitrary limit as determived by the gemer- ;o
ator, and also that within certain limits at
least the speed of the motor will be independ-
ent of the strength of the carrent.

It will now be more readily seen from the
above description how far the requirements of 75
a practical system of electrical tranamission
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; 8o
second, synchronism between the motor and
geuerator; third, greater officiency by the
more direct application of the carrent, no

ocommutating devices being required on either

the motor or generator; fourth, cheapness and 85
simplicity of mechanical construction and
economy in maintenance; fifth, the capability
of being very easily ma or controlled;
and, sixth, diminution of danger from injory to
persons and apparatus.

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

The means or devices for carrying out the

principle may be varied to a far greater ex- 95
tent than I have been able to indicate; but I
regard as within my iavention, and I desireto
secare by Letters Patent in general, motors
containing §wo or more independent circuits
through which the operating-currents are led
in 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 regulate or modify
the ‘action of the motor without necessarily
prodacing a new or different action.
I am aware that the rotation of the arma-
ture of a motor wound 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 mechanical de-
viees has been transmitted in alternately-op-
posite directions; but this method or plan I re-
gard as absvlufely impracticable for the pur-
poses for which my invention 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
mechabpical 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,
having 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 both, of an alter-

108

120

125
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cirouits connected independently to corre-

sponding circuits in the motor, whereby a ro- |

tation of the generator ;)
shifting of the poles o
¢ described.
" 2. In a system for the electrical transmis-
sion of power, the combination of & motor pro-
vided with two or wore independent magnet-
izing-coils and an slternating-current gener-
10 ator containing induced coils corregponding to
the motor-coils, and circuits connecting di-
rectly the motor and generalor coils in such
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
apn apnalar or ring-shaped fleld maguet and &
20 cylindrical or equivalent armature, and inde-
pendent coils on the field-magnet or armature,
or both, of an alternating-current generator
bhaving correspondingly independent coils,
and circuits inclading the generator-coils and
2§ corresponding motor coilsin sach mannerthat

roduces a progressive
the motor, as herein

the rotation of the ge
gremsive shifting of ¢
the manner set Iorth.
4. In s system for the electrical transmis-
sion of power, the ecombination of the follow- 30
ing instrumentalities, to wit: a motor com-
posed of a disk or its egninlent mounted
within a ring or spnular field-magnet, which
is provided with magunetizing-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 coils to
the terminals of the motor, respectively, and 40
in such order that the rotation of the gener-
ator and the consequent production of alter-
nating currents in the respec

nerator causes s pro-
e poles of the motor in

tive ocircuits pro-
duees a progressive shifting of the poles of the
motor, as hereinbefore described.

NIKOLA TESLA.

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






10

(No Model.) 2 Sheets—B8heet 1.
N. TESLA.

ELECTRO MAGNETIO MOTOR.
No. 381,969 Patented May 1, 1888.

ATTORNEYS.






11

N. TESLA.
ELECTRO MAGNETIC MOTOR.

Patented May 1, 1888.

(No Model.) 2 Sheets—Sheet 2.

No. 381,969.

Sy S







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.

SPECIFICATION forming part of Letters Patent No. 381,969, dated May 1, 1888.
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Xo «ll whom it nuey concern:

Be it known that I, NIKoLA TESLA, from
Smiljan Lika, border country of Apstria-Hun-
gary,now residing in New York,in the county
s and State of New York,have invented certain
new aund useful Iinprovements in Electro-Mag-
netic Motoig,of which the following is a speci-
fication, reference being had to the drawings
accompanying and forming s part of the same.
In au application filed by me October 12,
1887, No0.252,132, 1 have shown and described
& novel form of electro-mnagnetic motor apd a
mode of operating the same, which may be
generally described as follows: The motor is
wound with coils forming independent ener-
gizing-circuits on either the armature or fleld
mmagnecet, or both, (it issullicient for preseunt pur-
poses to consider the case in which the colls
are on the armature alone,) and these coils are
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
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 armatare in the opposite diree-
tiontothat in which thommdovement of the poles
takes place, owing to the attractive force be.
tween said poles and the field-magnets,and the
spced of rotation increases frown the start un.
til it equals that of the generator, supposing
both motor and generator to be alike.

AS the poles of the armature are shifted in
a direction opposite to that in which the arma-
tare rotates,it will be apparent that avhen the
normal-speed i8 attained the polcs of the
armature will assumea fixed position relative
10 to the ficld-magnet, and that in consequence

the ficld-maguets will bo energized by mag-

netic induction, exhibiting two distinct poles,
one in cach of tho pole-piecs. In starting
the motor, however, the speed of the arma-
15 ture being comparatively slow,the pole-pieces
are subjected Lo rapid reversals of magnetio
polarity; but as the speed incrcases these re-
versals Lccomo lcss and - less uent, and
finally cenae when the movement of the arma-
0 ture become synchronons with that of the gen-.

IS

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

I have found that advantageous results are
secured by winding the field-magnets with a 55
coil or coils and passing a continuous cuarrent
through them, thus maintaining a permanent
field, and in this feature my present invention
Ccousists.

I shall now describe the apparatus which I 6o
have devised for carrying out this invention
and explain the mode of using or operating
the sgme.

Figure 1 is an end view in e¢levation of my
improved motor. Filg. 2 is a part borizontal 65
central segtion, and Fig. 3 is a diagrammatic
representation of the motor and generator
combined and connected for operation.

Let A A in Fig. 1 represent the legs or pole-
pleces of a field-magnet, around which are 70
coils B B, included in the circait 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 75
a suitable cylindrical or equivalent armature-
core, which, like all others used in a similar
manpuer, ehould be split or divided up into al-
tornate magnetic and insulating parts in the
usual way. This armatare is mounted in non- 80
magnetic cross-bars E E, secured to the poles
of the field-magnet. The terminals of the ar-
mature-coils D D’ are connected to insulated
sliding contact-rings a ¢ b d,carried by the ar-
matare shaft, and brushes ¢ ¢ bear upon these 8g
rings to convey to the coils the currents which
opecrate the motor.

The generator for operating this motor is or
may be of precisely identical construction;
aond forconvenience of referencel have murked go
ip FFig. 8 its parts, as follows: F F, the field-
magnets, cnergized by a continuous current
passing in its field-coils G G; H k', the coils
cearried by the cylindrical armature; d d e e,
the friction or collecting ringshcarricd by the g5
armature-shaft and forming the terminals of
the armature-eoile; and f f’, the collecting-
brushes which dchiver (he carrents developed
in the armatur. - ‘s to the two circuits g ¢/,
which connec: - gcuerators with the motor. 100







- ereased in proportion to the energy supplied
through the coils B B.

13

381,969

The operation of this system will be under-
stood from the foregoing. The action of the
rator,by causing a progreasive shifting of
¢ poles in the motor-armature,sets up in the
atler a rotation opposite in direction to that
wn which the poles move. If, now, the contina-
008 current be directed, through the field coils,
go a8 to strongly energize tho magnet A A,the
of the motor, which depends upon that

3l the generator, will not be inocreased, but the
power which prodaces its rotation will be in-

It is characteristic of this metor that its di-
rection of rotation is not reversed by revers-
jng the direction of the current through its
fleld-coils, for the direction of rotation de-
pends not upon the polarity of the field, bat
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
meotor be strongly energized by its coils B B
and the circuits through the armature-cofls
elosed, assuming the generator to be running
&t a certain speed, the motor will not start;
LS if the field be but slightly energized or in
fenenl in sach condition that the magnetio
nflaence of the armatare preponderates in
determining its magnetic condition the motor
will start and, with sufficient carrent, 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 so, the field-circuit open or to per-
mit but little current to pass through it. I
bave found, however, if the fields of both the
rator and motor be ‘strongly energized
starting the generator starts the motor,
a8d that the speed of the motor is increased

in syochronism with the generator. Motors

constructed and operated on this principle
maintain almost absolately the same speed for
all loads within their normal working-limits; 45
and in practice I bave observed that 1f 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 g s dimin-
ished synchronously with that of the motor.

I have in other applications shown how thé
construction of these or similar motors may
be varied in certain well-known ‘¥ays—as, for
instance, by rotating the field about a station-
ary armdture or rotating conductors within gs
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 eon-
struct.
The present form of motor is echeap, simple,
reliable, and easy to maintain. It requires
the simplest type of geunerator for its opera-
tion, and when properly constraucted shows a
high efficiency.
do not claim herein the method of trans.
mitting power which this system involves,
havinog made it the subject of another appli-
cation for patent.
What I claim is~

The combination, with a motor bhaving 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 95
the poles of the motor-armatnro' and a source
of continuous current for energizing the field
of said motor, as set forth.

NIEOLA TESLA.

Witnesses:

FrANK B. MURPHY, *
FRANK E. HARTLEY.

50
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To all whom it may comncern: various forms of electro-dynamic indaction- go

Be it known that I, NIXoLA TESLA, from | machines, including the combined motors and
Smiljan Lika, bordercountryof Austria-Hun-| generators, have been devised. For instance,
gary,now residing at New York,in the county | a motor is constructed in accordance with well-

s and State of New York, have invented oertain| understood principles, and on the same arma-
ms of | tureare wound indaced coils which constitute $g

new and usefual Improvements in Syste
Electrical Distribution, of which the following| a generator. The motor-coiis are generally of
fine wire and the generator-coils of eoarser

is & specification, reference being had to the

drawings accompanying and forming a part of| wire, 80 as to produce a current of greater

to the same. ' quantity and lower potential thad the line-cuar-

- This invention relates to those systems of| rent,which is of relatively high potential, to 6o

electrical distribation in which a current from | avoid loss ip long transmission. A similar ar-

& single source of sapply in & main or trans-| rangement is to wind coils corresponding to

. mitting circait is cansed to induce by means| those described in a‘ring or similar core, and

15 of suitable indaction apparatus a current or| by means of a commutator of suitable kind to

currents in an independent working eirsuit or| dire¢t the current through the inducing-coils 6§

circuits. successively, 80 as to maintain a movement of

The main objects of the invention are the| the poles of the core and of the lines of force
same as have been heretofore obtained by the| which set up the currentsin the induoced coils.

20 use of these systems—viz., to divide the cur- Without enumerating the objections to these

renf, from a single source,whereby a number | systems in detail, it will suflice to say that the 70

of lamps, motors, or other translating devices | theory or the principle of the action or opera.

may be independently controlled and operated | tion of these devices has apparently been so
by the same source of current,dnd in some | little understood that their proper construc.

25 cases to reduce a current of high potential in | tion and use have up to the present time been
the main circuit to one of greater quantity and | attended with various difficulties and

| lower potential in the independent consump-| expense. The transformers are very liable to
tion or working circuit or circuits. be injured and burned out, and the means re.

The general character of the devices em-| sorted to for curing this and other defects

30 ployed in these systems is now well under-| have almost invariably been a§ the expense of
stood. An alternating-current magneto-ma- | efficiency. 8o
chine is used as the source of supply. The cur- The form of converter or transformer which
rent develo thereby is conducted through | I have devised appears to be largely free from
a transmission-circuit to-one or more distant | the defects and objections to which I have al.

jnts at which the transformers are located. | luded. While I do not herein advance any

ese consist of induction-machines of various | theory as to its mode of uvperation, I wounld 8s
kinds. Insome casesordinary formsofinduc- | state that, in so far as the principal of con.
tion-coil have been unsed with one coil in the | struction is concerned, it is analogous to those
transmitting-circuit and the other in @ local | transformers which I have above described as

40 or consumption circuit, the coils being differ- | electro- dynamio induction - machines, except

ently proportioned according to the wark to| that it involves no moving parts whatever,and go

be done in the consumption-circuit—that is | is hence not liable to wear or other derange.

to say, if the work requires a carrent of higher | ment, and requires no more attention than the
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