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UNITED STATES

PATENT OFFICE.

NIKOLA TESLA, OF SMILJAN LTKA, AUSTRIA-HUNGARY, ASSIGNOR TO THE
TESLA ELECTRIC LIGHT AND MANUFACTURING COMPANY, OF RAHWAY,

NEW JERSEY.

COMMUTATOR FOR DYNAMO-ELECTRIC MACHINES.

ZPBECIFICATION forming part of Lietters Patent No. 334,823, dated January 26, 1886.

Application filed May 6, 1885.

To all whom it may concermn:

Be it kunown that I, Nixora TEesLa, of
Smiljan Lika, border country of Austria-Han-
gary, have invented an Improvement in Dy-

s namo-Electric Machines, of which the follow-
ing is a specification.

My invention relates to the commutators
on dynamo-electric machines, especially in
machines of great electromotive force, adapted

10 to are lights; and it consists in a device by
means of which the sparking on the commu-
tator is prevented

It is known that in machines of great elec-
tromotive force—such, for instance, as those

15 used forare lights—whencver one commutator
bar or plate comes out of contact with the col-
leeting-brush a spark appears on the commu-
tator. This spark may be due'to the break of
the complete cireunit, or of a shunt of low re-

20 sistance formed by the brush between two or
more commutator-bars. In the first case the
spark is more apparent, as there is at the mo-
ment when the cireuit is broken a discharge
of the magnets through the field-helices, pro-

25 dueing a great spark or flash which causes an
unsteady current, rapid wear of the commu-
tator bars and brushes, and waste of power.
The sparking may be reduced by various de-
vices, such as providing a path for the cur-

30 rent at the moment when the commutator
segment or bar leaves the brush, by short-cir-
cuiting the field-helices, by increasing the
namber of the commutator-bars, or by other
similar means; but all these devices are ex-

35 pensive or not fully available, and seldom at-
tain the object desired. '

My invention enables me to prevent the
sparking in a simple manner. Yor this pur-
pose I employ with the ecommutator - bars

4o and intervening insulating material mica, as-
bestus paper or other insulating and prefer-
ably incombustible material, which Iarrange
to bear on the surface of the commutator,
near to and behind the brush.

My invention will be easily understood by
reference to the accompanying drawings.

In the drawings, Figure 1 is a section of a
commutator with an asbestuis insulating de-
viee; and Fig. 2 is a similar view, represent-
50 ing two plates of mica upon the back of the

bruash.

In Fig. 1, Crepresents the commutator and

45

Serial No. 164,534. (No model.)

intervening insulating material; B B, the
brushes. d d are sheets of asbestus paper or
other suitable non-conducting material. f f 55
are springs, the pressure of which may be ad-
justed by means of the screws g g.

In Fig. 2 a simple arrangement is shown
with two plates of mica or other material. 1t
will be seen that whenever one commutator- 6o
segment passes out of contact with the brush
the formation of the are will be prevented by
the intervening insulating material coming in
contact with the insulating material on the
brush. 65

My invention may be carried out in many
ways; and I do not limit myself to any particu-
lar device, as my invention consists, broadly,
in providing a solid non-conducting body to
bear upon the surface of the commutator, by 7o
the intervention of which body the sparking
is partly or completely prevented.

I prefer to use asbestus paper or cloth im-
pregnated with zine-oxide, magnesia, zirconia,
or other suitable material, as the paper and 43
cloth are soft, and serve at the same time to
wipe and polish the commutator; but mica or
any other suitable material may be employed,
said material being an insulator or a bad con-
ductor of electricity.

My invention may be applied to any elec-
tric apparatus in whiceh sliding contacts are
employed.

I claim as my invention—

1. The combination, with the commutator- 85
bars and intervening insulating material and
brushesinadynamo electric machine,of asolid
insulator or bad conduoetor of electricity ar-
ranged to bear upon the surface of the com-
mutator adjacent to the end of the brush, for gc
the purpose set forth.

2. In an electricapparatus in which sliding
contacts with intervening insulating material
are employed, the combination, with the con-
tact springs or brushes, of a solid insulator or g3
bad conductor of eleetricity, as and for the
purposes set forth.

Signed by me this 2d day of May, A. D.
1885.

80

NIKOLA TESLA.
Witnesses: .
Gro. T. PINCKNEY,
WirtiaMm G. MotT,
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UNITED STATES

PATENT OFFICE.

NIKOLA TESLA, OF SMILJAN LIKA, AUSTRIA-HUNGARY, ASSIGNOR TO THE
TESLA ELECTRIC LIGHT AND MANUFACTURING COMPANY, OF RAHWAY,

NEW JERSEY.

ELECTRIC-ARC LAMP.

SPECIFICATION forming part of Letters Patent No. 835,786, dated Pebruary 9, 1888,

Application filed March 30, 1885,

To all whom it may concern:

Be it known that I, NigxorA TESLA, of Smil-
jan Lika, border country of Austria-Hungary,
have invented cerfain new and useful Im-

5 provements in Electric-Are Lamps, of which
the following is a specification.

My invention relates more particularly to
those arc lamps in which the separation and
feed of the carbon electrodes or their equiva-

10 lents is accomplished by means of electro-
magnets or solenoids in connection with suit-
able clutch-mechanism; and it is designed to
remedy certain faults eommon to the greater
part of the lamps heretofore made.

The objects of my invention are to prevent
the frequent vibrations of the movable elee-
trode and flickering of the light arising there-
from, to prevent the falling into contact of the
electrodes, to dispense with the dash-pot,
20 clock-work, or gearing and similar devices
heretofore used, and to render the lamp ex-
tremely sensitive, and to feed the carbon al-
most imperceptibly,and thereby obtain a very
steady and uniform light.

In that class of lamps where the regulation
of the are is effected by forces acting in oppo-
sition oun a free movable rod or lever directly
connected with the electrode, all or some of
the forces being dependent on the strength
30 of thecurrent,any change in theelectrical con-

dition of the circuit causes a vibration and a
corresponding flicker in the light. This dif-
ficulty is most apparent when there are only
a few lamps in circuit. To lessen this diffi-
35 culby, lamps have been constructed in which
the lever or armature, after the establishing
of the are, is kept in a fixed position and can-
not vibrate during the feed operagion, the feed
mechanism acting independently; butin these
4¢ lamps, whena clamp is employed, it frequently
occurs thab the carbous come into contact and
the light is momentarily extinguished, and,
frequently, parts of the cireuit are injured. In
both these classes of lamps it has been custom-
45 ary to use dash-pot, clock-work, or equiva-
lent retarding devices; but these are gener-
ally unreliable and objectionable, and increase

_the cost of construction.

My invention is intended to effect the de-

IS

25

Serial No. 160,574, (No model.)

sired objects and to remedy the before-men- go
tioned defects. I combine two electro-mag-
nets—one of low resistance in the main or
lamp circuit, and the other of comparatively
high resistance in a shunt around the arc—a
movable armature-lever, and a novel feed
mechanism, the parts being arranged so that
in the normal working position of the arma-
ture-lever the same is kept almost rigidly in
one position, and is not effected even by con-
siderable changes in the electric circuit; but
if the carbons fall into contact the armature
will be actuated by the magnets so as to move
the lever and start the are, and hold the car-
bons until the arc lengthens and the arma-
ture-lever returns to the normal positiou. 65
After this the carbon-rod holder is released by
the action of the feed mechanism,so as to feed
the carbon and restore the arc to its normal
length.

My invention consists, mainly, in the par-
ticular manner in which the armature is com-
bined with the magnets and acted upon by
them and in the feed-controlling mechanism,

In the drawings, Figure 1 is an elevation of
the mechanism made use of in the electric 73
lamp. Fig. 2 1s a plan view of the same be-
low the line # . Fig. 3 isan elevation of the
balancing lever and spring, and Fig. 4isade-
tached plan view of the pole-pleces and arma-
tures upon the friction-clamp, and Fig. 5is a
section of the clamping-tube.

M is a helix of coarse wire in a cirenit from
the lower-carbon holder to the negative bind-
ing-serew -,

N is a helix of fine wire in a shunt between
the positive binding screw -- and the negative
binding-screw —. The upper-carbon holder
S is a parallel rod sliding through the plates
S’ §* of the frame of the lamp, and hence the
electric current passes from the positive bind-
ing-post -} through the plate S carbon-
holder 8, and upper carbon to the lower car-
bon, and thence by the holder and a metallic
connection to the helix M.

The carben-holders are of any desired char-
acter, and to insure electric connections the
springs [ are made use of tc grasp the upper-
carbon holding rod S, but to allow the rod to
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slide freely through the same. These springs
! may be adjusted in their pressure by the
screw m, and the spring ! may be sustained
upon any suitable support. I have shown
them as connected with the upper end of the
core of the magnet N.

Around the carbon-holding rod S, between
the plates 8’ 8 there isatube, R, which forms
a clamp. This tube is counterbored, as seen
in the section Fig. b, so that it bears upon the
rod S atitsupper end and near the middle, and
at the lower end of this tubular clamp R there
arearmature-segmentsy of soft iron. A frame
or arm, n, extending, preferably, from the core
N?, supports the lever A by a fulerum-pin, o.
This lever A has a hole, through which the

. upperend of the tubular clamp R passes freely,
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- the helix N.
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and from the lever A is a link, ¢, to the lever
t, which lever is pivoted at y to a ring upon
one of the columns §°. This lever ¢ has an
opening or bow surrounding the tubular clamp
R, and there are pins or pivotal connections
w between the lever ¢ and this clamp R, and
a spring, %, serves to support or suspend the
weight of the parts and balance the same, or
nearly so. This spring is preferably adjust-
able.

Atoneendof the lever A isasoft-iron arma-

ture block, a, over the core M’ of the helix
M, and there is preferably a limiting-screw, ¢,
passing through this armature-block @, and at
the other end of the lever A is a soft-iron arma-
ture-block, b, with the end tapering or wedge-
shaped, and the same comes close to and in
line with the lateral projection ¢ on the core
N?. The lower ends of the cores M’ N*are
made with lateral projecting pole-pieces M®
N? respectively, and these pole-pieces are con-
cave ab their outer ends, and are at opposite
sides of the armature-segments » at the lower
end of the tubular clamp R. :

The operation of these devices is asfollows:
In the condition of inaction the npper carbon
rests.upon the lower one, and when the cur-
rent is turned on the electricity passes freely,
by the frame and spring [, through the rod 8
and carbons to the coarse wire and helix M,
and to the negative binding-post V, and the
core M’ thereby isenergized. The pole-piece
M? attracts the armature », and by the lateral
pressure causes the clamp R to grasp the rod
', and the lever A is simultaneously moved
from the position shown by dotted lines, Fig.
1, to the normal position shown in full lines,
and inso doing the link gandlever ¢ are raised,
lifting the clamp R and rod S, separating the
carbons and forming thearc. The magnetism
of the pole-piece ¢ tends to hold the lever A
level,or nearly so, the core N* being energized
by the current in the shunt which contains
In this position the lever A is
not moved by ordinary variation in the elec-
tric current because the armature b is strongly
attracted by the magnetism of ¢,and thése parts
are close to each other, and the magnetism of

* ¢ acts at right angles to the magnetism of

long, the current through the helix M is less-
sened, and the magnetism of the core N° is in-
creased by the greater current passing through
the shunt, and this core N® attracting the seg-
mental armature r lessens the hold of the
clamp R upon the rodS, allowing the latter to
slide and lessen the length of the are, which
instantly restores the magretic equilibrinmn
and causes the clamp R to hold the rod 8. If
it happens that the carbons fall into contact,
then the magnetism of N? is lessened so much
that the attraction of the magnet M will be
sufficient to move the armature ¢ and lever A
so that the armature b passes above the nor-
mal position, so as to separate the earbons in-
stantly; but when the carbons burn away a
greater amount of eurrent will pass through
the shunt until the attraction of the core N*
will overcome the attractionof thecore M’ and
bring the armatiure-lever A again into the nor-
mal horizontal position;and this oceurs before
the feed can take place. The segmental arma-
ture pieces r are shown as nearly semicireular.
They may be square or of any other desired
shape, the ends of the pole-pieces M* N® being
made to correspond in shape.

I claim as my invention—

1. The combination, in an electric-arc lamp,
of the electro-magnets in the main and shunt
circuits, respectively, an armature-lever and
connection to the movable carbon-holder, the
core of the shunt-magnet passing across the
end of the armature-lever, substantially as set
forth, so thatthe two magnets act in conjunc-
tion on the armature-lever in moving the car-
bon to form the are and in opposition to each
other beyond the normal position of the arma-
ture-lever, substantially as specified.

2. The combination, with the carbon-hold-
ers, of two- magnets, one in the main circuit
and the other in a shunt-cirenit, and an arma-
ture-lever to draw the are, and a feeding
mechanism and pole-pieces upon the electro-
magnets to act upon the feeding mechanism,
substantially as specified.

3. The combination, with the carbon-hold-
ers, of two magnets, one in the main circuit
and the other in ashunt-cireuit, and an arma-
ture-lever between two poles of such electro-
magnets to draw the are, and a feeding mech-
anism and pole-pieces upon the other two

the core M’. If, now, the are becomes t0o -
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poles of the electro-magnets to act upon the -

feeding mechanism, substantially as specified,

4. The combination, with the carbon-hold-
ing rod in an electric-are lamp, of the clamp
R, lever t, spring #%, armature-lever A, and
electro-magnets M N in the main and shunt
circuits, respectively, the pole-pieces M* N?,
and armature-segments r, substantially as set
forth.

5. Ahe combination, with the carbon:-holder,
of a tubular clamp surrounding the same, an
armature - lever connected to said tubular
clamp, and electro-magnets in the main and
shunt cirenits,respectively, and armature-seg-
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ments upon the tubular clamp adjacent to the | into action or releasing it, substantially asset 1o
lateral poles of the electro-magnets, substan- | forth.
tially as set forth. Signed by me this 25th day of March, A.
6. In an electric-arc lamp,the combination, | D, 1885,
with the carbon-holding rod, of a clamp, two

R
armatures upon the clamp, and electro-mag- NIKOLA. TESLA.
nets in the main and shunt circuits, re- Witnesses:

spectively, the poles of which act upon the GEo. T. PINCKNEY,

armatures of the clamp for bringing the same | CHAs. H. SyiTH.
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UNTTED STATES

PATENT OFFICE.

NIKOLA TESLA, OF SMILJAN LIKA, AUSTRIA-HUNGARY, ASSIGNOR TO THE
TESLA ELECTRIC LIGHT AND MANUFACTURING COMPANY, OF RAHWAY,

NEW JERSEY.

ELECTRIC-ARC LAMP,

SPECIFICATION forming part of Lietters Patent Na, 335,787, dated February 9, 18886,

Application filed July 13, 1885,

o all whom it may conceri:

Be it known that I, NIKoLA TESLA, of Smil-
Jjan Lika, border country of Austria-Hungary,
have invented certain Improvements in Blee-

5 tric-Are Lamps, of which the following is a
specification.

In another application, No. 160,574, filed
by me March 30, 1885, I have shown and de-
scribed a lamp having two magnets, in the

10 main and shunt circuits, respectively, an ar-
mature-lever, and feed-mechanism connected
to the armature-lever.

My present invention consists in some modi-
fications of and improvements upon the de-

15 vices shown in the application referred to.

In my present invention I further provide
means for automatically withdrawing a lamp
from the circuit, or eutting out the same,
when, from a failure of the feed, thearcreaches

20 an abnormal length, and also means for anto-
matically reinserting such lamp in the circuit
when the rod drops and the carbons come into
contact.

My invention will be understood with refer-

25 ence to the accompanying drawings.

In the drawings, Figure 1 is an elevation of
the lamp with the case in section. Tig. 2 isa
sectional plan at the line # ». Tig. 3 isan
elevation, partly in section, of the lamp at

30 right angles to Fig. 1.  Tig. 4 is a sectional
plan at the line y y of Fig. 1. TFig. 5 is asec-
tion of the clamp in about full size. Tig. 6 is
a detached section illustrating the connection
of the spring to the lever that carries the piv-

35 ots of the clamp, and Fig. 7 is a diagram
showing the circuit-connections of the lamp.

In the drawings, Fig. 1, M represents the
main and N the shunt magnet, both securely
fastened to the base A, which, with its side

40 columns,S 8, is preferably cast in one piece of
brass or other diamagnetic material. To the
magnets aresoldered or otherwise fastened the
brass washers or disks ¢ ¢ ¢ ¢. Similar wash-
ers, b b, of fiber or other insulating material,

45 serve to insulate the wires frem the brass
washers.

The magnets M and N are made very flat,
50 that their width exceeds three times their
thickness, or even more. In this way a com-

50 paratively small number of convolutions is

Serial No. 171,416, (No model.)

sufficient to produce the required magnetism,
besides a greater surface isoffered for ccoling
off the wires.

The upper pole-pieces, m n, of the magnets
are curved, as indicated in the drawings, Fig. 55
1. Thelower pole-pieces,m’#/,are brought near
together, tapering toward the armature g, as
shown in Figs. 2 and 4. The object of this
taper is to concentrate the greatest amount of
the developed magnetismupon the armature, 6o
and also to allow the pull to be exerted always
upon the middle of the armature g. This
armature ¢ is a piece of iron in the shape of a
hollow eylinder, having on each side a seg-
ment cut away, the width of which is equal to 65
the width of the pole-pieces m’ ',

The armature is soldered or otherwise fast-
ened to the clamp », which is formed of a
brass tube, provided with gripping-jaws ee,
Fig. 5. These jaws are arcs of a circle of the 70
diameter of the rod R, and are made of some
hard metal, preferably of hardened German
silver. I also make the guides f f, through
which the carbon-holding rod R slides, of the
same material. This has the advantage te re- 75
duce greatly the wear and corrosion of the
partscomingin {rictional contact with the rod,
which frequently causes trouble. Thejawsee
are fastened to the inside of the tube 7, so
that one is a little lower than the other. The
object of this is to provide a greater opening
for the passage of the rod when the same is
released by the elamp. The clamp 7 is sup-
ported on bearingsw w, Figs. 1, 3 and 5, which
are just in the middle between the jawsce. 1
find this disposition to be the best, The bear-
ings w w are carried by a lever, ¢, one end of
which rests upon an adjustable support, ¢, of
the side columns, S, the other end being con-
nected by means of the link ¢ to the armature-
lever I.. The armature-lever L is a flat piece
of iron in Z shape, having its ends carved so
as to correspond to the form of the upper pole-
pieces of the magnets M and N. It is hung
upon the pivots v », Fig. 2, which are in the
jaw @ of the top plate, B. This plate B, with
the jaw, is preferably cast in one piece and
screwed to the side columuns, S 8, that extend
up from the base A. To partly balance the
overweight of the moving parts a spring, ¢, 100

8o
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Figs. 2 and 6, is fastened to the top plate, B
and hooked to the lever ¢, - The hook o is fo-
ward one side of the lever or bent a liftle
sidewise, as seen in Fig. 6. By this means a
slight tendency is given to swingthe armature
toward the pole-piece m’ of the main magnet.
The binding - posts K K’ are preferably

screwed to the base A. = A manual switeh, for

short-cireniting the lamp when the cmbons
are renewed, is alsoto be fastened to the base.
This switch isof ordinary character, and is not
shown in the drawings.

The .rod R is electrically conneeted to-the
lamp-frame by means of a flexible -conductor
or otherwise. The lamp-case receives a re-
movable ornamental cover, &, around the same
to inclose the parts.

The electrical connections are as indicated
diagrammatically in Fig. 7.

The wire in the main magnet consists of two
parts, ' and p’. These two parts may be in

two separated coils or in one single helix, as

shown in the drawings. The part 2" being
normallyin eircuit, is, with the fine wire upon
the shunt:magnet, wound and traversed by the
current in the same direction, so as to tend to
produce similar poles, # » or s s, on the cor-
responding pole-pieces of the magnets M and
N. The part p' is only in circuit when the
lamp is cut out, and then the current beingin
the opposite direction produces in the main
magnet magnetism of the opposite polarity.
The operation is as follows: At thestartthe
carbons are to be in contact, and the eurrent
passes from the positive binding-post K to the
lamp-frame, carbon-holder, upper and lower
carbon, insulated return-wire in one of the
side rods, and from there through the part &’
of the wire on the main magnet to the nega-
tive binding-post. Upon the passage of the
current the main magnet is energized and at-
tracts the clamping-armature g, swinging the
clamp and gripping the rod by means of the
gripping-jaws e e. At the same time the ar-
mature-lever L is pulled down and the car-
bons separated. In pulling down the arma-
ture-lever L the main magnet is assisted by
the shunt-magnet N, the latter being mag-
netized by magnetic induction from the mag-

net M.

Tt will be seen that the armatures L and g
are practically the keepers for the magnets M
and N, and owing to this fact both magnets
with either one of the armatures Land g may
be considered as one horseshoe-magnet,which
we might term a ‘‘compound magnet.”” The
whole of the soft-iron parts m, w’, g, #/, n, and
L form a compound magnet.

The carbons being separated, the fine wire
receives a portion of the current. Now, the

. magneticinduction from the magnet M is such

65

as to produce opposite poles on the corre-
sponding ends of the magnet N; but the car-
rent traversing the helices tends to produce
similar poles on the corresponding ends of
both magnets, and therefore as soon as the fine
wire is traversed by sufficient current the

335,787

magnetism of the whole compound magnet is
diminished.

With regard to the ar mature g and the op-
eration of the lamp), the pole m" may be termed
as the “clamping’’ and the pole #'asthe ‘‘re-
leasing?’’ pole.

As the carbons burn away, the fine wire re:
ceives more current and the magnetism di-
minishes in proportion. This causes the arma-
ture-lever L to swing and the armature g to
descend gradually under the weight of the

-| moving parts until the end p, Fig. 1, strikes

-a-stop on the top plate, B. " The adjustment is

such that when this takes place the rod R is
yet gripped securely by the jaws ee. The
‘further downward movement of the armature-
lever being prevented, the arc becomes longer
as the carbons are consumed, and the com-
pound magnet is weakened more and more
until the clamping-armature g releases the
hold of the gripping-jaws ee upon the rod R,
and the rod is allowed to drop a little, short-
ening thus the arc. The fine wire now re-
ceiving less carrent, tlie magnetism increases,
and the rod is clamped again and slightly
raised, if necessary. ‘This clamping and re-
leasing of the rod continues until the carbons
are consumed. In practice the feed is so sen-
sitive that for the greatest part of the time the
movement of the rod cannot be detected with-
out some actual measurement. During the
normal operation of the lamp the armature-
lever L remains stationary, or nearly 80, in
the position shown in Fig. 1.

Should. it arise that, owing to an imperfec-
tion in the rod, the same and the carbons drop
too far, so as to make the are too short, or even
bring the carbons in contact, then a very small
amount of current passes thr ough the fine wire,

ly strong to act as on the start in pulling the
armature-lever L down and separating the
carbons to a greater distance.

It occurs often in practice that the rod sticks
in the guides. In this case the are reaches a
great length, until it finally breaks. Then the
light goes out, and frequently the fine wire is
injured. To prevent such an aceident, I pro-
vide my lamp with an automatic cut-out.
This cut-out operates as follows: When, upon
a failure of the feed, the arc reaches a certain
predetermined length, such an amount of cur-
rent is diverted through the fine wire that the
polarity of the compound magnet is reversed.
The clamping-armature g is now moved against
the shunt-magnet N until it strikes the releas-
ing-pole #’. As soon as the contact is estab-
lished, the current passes from the positive
binding-post over the clamp 7, armature g,
insulated shunt-magnet, and the helix p’ upou
the main magnet M to the negative binding-
post. In this case the current passes in the
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by magnetic induction in the core of shunt-
magnet the required magnetism without re-
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against the shunt-magnet pole . The lamp
is thus cut out as long as the carbons are sepa-
rated. The cut-out may be used in this form
without any further improvement; but I pre-
fer to arrange it so that if the rod drops and
the carbons come in eontact the are is started
again. For this purpose I proportion the re-
sistance of the part p’ and the number of the
convolutions of the wire npon the main mag-
net so that when the carbons come in contact a
sufficient amount of currentis diverted through
the carbons and the part 2’ to destroy or neu-
tralize the magnetism of the compound mag-
net. Then the armature g, having a slight
tendency to approack to the clamping-pole m/,
comes out of contact with the releasing-pole»’.
As soon as this happens, the current through
the part p’ is interrupted, and the whole cur-
rent passes through the part . The magnet
M is now strongly magnetized, the armature
g is attracted, and the rod clamped. At the
same time the armature-lever Lis pulled down
out of its normal position and the are started.
In this way the lamp cuts itself out automatic-
ally when the arc gets so long, and reinserts
itself automatically in the circuit if the car-
bons drop together.

It will be seen that the cut-out may be modi-
fied without departing from 'the spirit of my
invention, as long as the shunt-magnet closes
a eircuit including a wire upon the main mag-
net and continues to keep the contact closed,
being magnetized by magnetic induction from
the main magnet. It is also obvious to say
that the magnets and armatures may be of any
desired shape.

I claim as my invention—

1. The combination, in an are-lamp, of a
main and a shunt magnet, an armature-lever
to draw the are, a clamp, and an armature to
act upon the clamp, a clamping-pole and a
releasing-pole upon the respective cores, the
cores, poles, armature-lever, and clamping-
armature forming a compound electro-magnet,
substantially as set forth.

2. The combination, in an electric-arc lamp,
of a earbon-holder and its rod, a clamp for
such carbon-holder, a clamping-armature con-
nected to the clamp, a compound electro-mag-
net controlling the action of the clamping-ar-
mature, and electrie-circuit eonnections, sub-
stantially as set forth, for lessening the mag
netism of the compound magnet when the are
between the carbons lengthens and augment-
ing the magnetism of the same when the arc
is shortened, substantially as described.

3. The eombination, with the carbon-hold-
ers in an electrie lamp, of a clamp around
the rod of theupper-carbon holder, the clamp-
ing-armature connected with said clamp, the
armature-lever and connection from the same

B

to the clamp, the main and shunt maguets,
and the respective poles of thesame toactupon
the clamping -armature and armature-lever,
respectively, substantially as set forth.

4. In an electric-arc lamp, a cat-out con-
sisting of a main magnet, an armature, and a
shunt-magnet having an insulated pole-piece,
and the cut-out eircuit-connections through
the pole-piece and armature, substantially as
set forth.

5. In an electric-arc lamp, the combination,
with the carbon-holder and magnets, of the
armatures L and g, link ¢, clamp », and lever
t, and the spring ¢, for the purpose set forth.

6. In an electric-arclamp, the combination,
with two upright magnets in the main and
shunt cirenits, respectively, having curved
pole-pieces on one end and converging pole-
pieces on the other end, of a flat Z-shaped
armature - lever between the curved pole-
pieces and a elamping-armature between the
convergent pole-pieces, substantially as de-
scribed.

7. The combination, in an electric-are lamp,
of an electro-magnet in the main circuit and
an electro-magnet in the shunt - cirenit, an
armature under the influence of the poles of
the respective magnets, and circuit-connec-
tions controlled by such armature to cut out
or shunt the lamp, substantially as specified,
whereby the branch ecircuit is closed by the
magnetism of the shunt-magnet, and then kept
closed by induced magnetism from the main
magnet, substantially as set forth.

8. The combination, with the carbon-holder
and rod and the main and shunt magnets, of
a feeding-clamp, an armature for the same,
clamping and releasing poles upon the cores
of the respective magnets, and circuit-connec-
tions through the elamping-armature, substan-
tially as specified, for shunting the current
when the electric arc between the carbons be-
comes abunormally long, substantially as set
forth.

9. The combination, with the earbon-hold-
ing rod and a clamp for the same, of an ar-
mature upon the clamp, a shunt-magnet the
pele of which acts to release the clamp, and a
main magnet with a two-part helix, one por-
tion being in the main circuit and the other
portion inashunt or cut-out circuit, the clamp-
ing-armature acting to close said cut-out cir-
cuit when the arc becomes too long and to
break theshunt-circuit whenthe earbons come
together, substantially as set forth.

Signed by me this 11th day of July, A. D.
1885.

: NIKOLA TESLA.
‘Witnesses:
Gro. T, PINCRNEY,
Wirriayn G. Morr.
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UNITED STATES

PaTenT Orrica,

NIKOLA TESLA, OF SMILJAN LIKA, AUSTRIA-HUNGARY, ASSIGNOR TO THE
TESLA ELECTRIC LIGHT AND MANUFACTURING COMPANY, OF RAHWAY,

NEW JERSEY.

REGULATOR FOR DYNAMO-ELECTRIC MACHINES.

SPECIFICATION forming part of Lietters Patent No. 336,961, dated March 2, 1888,
Application filed May 18, 1885, Serial No. 165,593, (XNo model.)

To all whom it may concern:

Be it known that I, NIKOL.A TESLA, of Smil-
jan Lika, border country of Austria-Hungary,
have invented an Improvement in Dynamo-

5 Electric Machines, of which the following is a
specification.

The object of my invention is to provide an
improved method for regulating the current
on dynamo-electric machines.

to  In myimprovement I make use of two main
brushes, to which the ends of the helices of
the field-magnets are connected, and an auxil-
iary brush and a branch or shunt connection
from an intermediate point of the field-wire
15 to the auxiliary brush.

" The relative positions of the respective
brushes are varied, either automatically or by
hand, so that the shunt becomes inoperative
when the auxiliary brush has a certain posi-

20 tion upon the commutator; but when said aux-
iliary brush is moved in its relation to the
main brushes, or the latter are moved in their
relation to the auxiliary brush, the electric
condition is disturbed and more or less of the

25 current through the field-helices is diverted
through the shunt or a current passed over
said shunt to the field-helices. :

By varying the relative position upon the
commutator of the respective brushes auto-

30 matically in proportion to the varying elec-
trical conditions of the working-cireuit the
eurrent developed can be regulated in pro-
portion to the demands in the working-circuit.

Devices for automatically moving the

35 brushes in dynamo-electric machines are well
known, and those made use of in my machine
may be of any desired or known character.

In the drawings, Figure 1 is a diagram illus-
trating my invention, showing one core of the

4o field-magnets with one helix wound in the
same direction throughout. Figs. 2 and 3 are
diagrams showing one core of the field-magnets
with a portion of the helices wound in oppo-
site directions. Figs. 4 and 5 are diagrams

45 illustrating the electric deviees that may be
employed for automatically adjusting ~the
brushes, and Fig. 6 is a diagram illustrating
the positions of the brushes when the machine
is being energized on the start.

50 aandbarethe positive and negative brushes

of the main or working circuit, and ¢ the aux-
iliary brush. The working-cireuit D extends
from the brushes ¢ and b, as usnal, and con-
tains electric lamps or other devices, D', either
in series or in multiple are. 5

M M’ represent the field-helices, the ends of
which are connected to the main brushes a
and b. The branch or shant wire ¢ extends
from the auxiliary brush ¢ to the circuit of the
field-helices, and is connected to the same at 6o
an intermediate point, X.

H represents the commutator, with the
plates of ordinary construction. Tt is now to
be understood thatwhen the auxiliary brush
¢ occupies such a position upon the commu- 65
tator that the electro-motive force between the
brushes ¢ and ¢ is to the electro-motive force
between the brushes ¢ and b as the resistance
of the cireuit ¢ M ¢’ ¢ A to the resistance of
the cireuit b M’ ¢ ¢ B, the potentials of the 50
points X and Y will be equal, and no current
will low over theauxiliary brush; butwhen the
brush ¢ oceupies a different position the po-
tentials of the points X and Y will be differ-
ent, and a carrent will flow over the auxiliary 75
brush to or from the commutator, according
to the relative position of the brushes. If,
for instance, the commutator-space between
the brushes a and ¢, when the latter is at the
neutral point, is diminished, a current will 8o
flow from the point Y over the shunt C to the
brush b, thus strengthening the current in the
part M, and partly neutralizing the current
in the part M; but if the space between the
brushes « and ¢ is increased, the current will 85
flow over the auxiliary brush in an opposite
direction, and the current in I will be
stregthened, and in 3 partly neutralized.

By combining with the brushes a, b, and ¢
any known automatic regulating mechanism go
the current developed can be regulated in
proportion to the demands in the working-
circuit. The parts M and M’ of the field-wire
may be wound in thesame direction. (In this
case they are arranged as shown in Fig.1; or, 95
the part M may be wound in the opposite di-
rection, as shown in Figs. 2 and 3.)

It will be apparent that the respective cores
of the field-magnets are subjected to the neu-
tralizing or intensifying effects of the current 100
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in the shunt through ¢, and the magnetism of
the cores will be partially neutralized or the
point of greatest magnetism shifted, so that it
will be more or less remote from or approach-
ing to the armature, and hence the aggre-
gate energizing actions of the field magnets

on the armature will be correspondingly |

varied.

In the form indicated in Fig. 1 the regula-
tion is effected by shifting the point of great-
est magnetism, and in Figs. 2 and 3 the same
effect is produced by the action of the cur-
rent in the shunt passing through the nea-
tralizing-helix. _ :

The relative positions of the respective
brushes may be varied by moving the auxil-
iary brush or the brush ¢ may remain qui-
escent and the corep be connected tothe main-

brush holder A/, so as to adjust the brushes ]

@b in their relation to the brush ¢. If, how-
ever, an adjustment is applied to all the
brushes, as seen in Fig. 5, the solenoid should
be connected to both A and C, so as to move
them toward or away from each other.

There are several known devices for giving
motion in proportion fo an eleetric current.

- 1 have shown the moving cores in Xigs. 4and

30

35

b as convenient devices for obtaining the re-
quired extent of motion with very slight
changes in the current passing through the
helices. It is understood that the adjustment
of the main brushes causes variations in the
strength of the current independently. of the
relative position of said brushes to the aux-
iliary brush. Inall cases the adjnstment may
be such that no current flows over the aux-
iliary brush when the dynamo is running with
its normal load.

. In Figs. 4 and 5, A A indicate the main-

40

45

brush holder, carrying the main-brushes, and
C the anxiliary-brush holder,carrying the aux-
iliary brush. These brush-holders are mova-
ble in ares concentric with the center of ‘the
commutator-shaft. An iron piston, P, of the

solenoid 8, Fig. 4, is attached to the auxiliary-
brush holder C. The adjustment is effected
by means of a spring and screw or tightener.

In Fig. 5, instead of a solenoid, an‘iron tube
inclosing a coil is shown. = The piston of the

coil is attached to both brush-holders A. A and
(. When the brushes are moved directly by
electrical devices, as shown in Figs. 4 and 5,
these are 0 constructed that the force exerted
for adjusting is praectically uniform through
the whole length of motion. ‘

I am aware thatauxiliary brushes have been
used in connection with the helices of the
field-wire; but in these instances the helices
received the entire current through the aux-
iliary brush or brushes, and said brushes could
not be taken off without breaking the cireuit
throngh the field. These brushes caused,
however, a great sparking upon the commu-
tator. In my improvement the auxiliary
brush causes very little or no sparking, and

can be taken off without breaking the cireuit

through the field-helices. , :
My improvementhas, besides, theadvantage
to facilitate the self-exciting of the machine
in all ‘cases where the resistance of the field-
wire is very great comparatively to the resist-

50

55

6o

65

70

ance of the main circuit at the start—for in- ~

stance, on are-light machines. In this case I
place the auxiliary brush ¢ near to or in pref-
erence in contact with the brush b, as shown in
Pig. 6. In this manner the part M’ is com-
pletely eut out, and as the part M has a con-
siderably smaller resistance than the whole

length of the field - wire the machine excites

itself, whereupon the auxiliary brush isshifted
automatically to its normal position.
I claim as my invention— .

The comnbination, with the commutator hav-

ing two or more main brushes and an anxil-
iary brush, of the field - helices having their
ends connected to the main brushes, and a
branch or shunt econnection from an interme-
diate point of the field-helices to the auxiliary
brush, and means for varying the relative po-
sition upon the commutator of the respective
brushes, substantially as set forth. 3

Signed by me this 13th day of May, A. D.
1885.

NIKOLA TESLA.
Witnesses: o
GEo. T. PINCENEY,
WALLACE L. SERRELL.
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o all whom it may concern.:

Be it known that I, NTkoLA TESLA, of Smil-

JjanLika, border country of Austria-Hungary,
have invented an Improvement in Dynamo-

5 Electric Machines, of which the following isa
specification.

My invention is designed to provide an im-
proved method for regulating the current in
dynamo-eleetric machines.

1o In another application, No. 165,793, filed by
me May 18, 1885, I have shown a method for
regulating the current in a dynamo having
the field-helices in a shunt. My present ap-
plication relates to a dynamo having its field-

15 helices connected in the main eircuit.

In my improvement I employ one or more
auxiliary brushes, by means of which I shunt
a portion or the whole of the field-helices.
According to the relative position upon the

20 commutator of the respeetive brushes more or
less current is caused to pass through the
helices of the field, and the current developed
by the machine can be varied at will by vary-
ing the relative positions of the brushes.

25 In the drawings the present invention is
illustrated by diagrams, which are hereinafter
separately referred to. .

In Figure 1, @ and D are the positive and
negative brushes of the main cirenit, and ¢

30 an auxiliary brush. The main eireuit D ex-
tends from the brushes « and b, as usunal, and
contains the helices M of the field-wire and
the electrie lamps or other working devices.
The auxiliary brush ¢is connected to the point

35 @ of the main circuit by means of the wire ¢

H is acommutator of ordinary construction.

From that which has been said in the ap-
plication above referred to it will be seen that
when the electro-motive force between the

40 brushes a and ¢ is to the electro-motive force
between the brushes ¢ and b as the resistance
of the circuit @ M ¢’ ¢ A to the resistance of
the circuit » C B ¢ ¢ D, the potentials of the
points 2 and y will be equal, and no current

45 will pass over the auxiliary brush ¢; but if
said brush oceupies a different position rela-
tively to the main brushes the electric condi-
tion is disturbed, and current will flow either
from y to @ or from # to y, according to the

50 relative position of the brushes. In the first

case the current through the field-helices will

be partly neutralized and the magnetism of
the field-magnets diminished. In the second
case the carrent will be inmcreased and the
magnets will gain strength. By combining 55
with the brushes ¢ b ¢ any automatie regulat-
ing mechanism the current developed can be
regulated auntomatically in proportion to the
demands in the working-cireuit.

In Figs. 6 and 7 I have represented some of 6c
the automatic means that may be used for
moving the brashes, The core P, Fig. 6, of
the solenoid-helix 8, is connected with the
brush ¢ to move the same, and in Fig, 7 the
core P is shown as within the helix S, and 63
connected with both brushes ¢ and ¢, so as to
move the same toward or from each other,
according to the strength of the current in the
helix, the helix being within an iron tube, &,
that becomes magnetized and increases the 7¢
action of the solenoid.

In practice it is sufficient to move only the
auxiliary brush, as shown in Fig. 6, as the
regulation is very sensitive to the slightest
changes; but the relative position of the aux- 75
iliary brush to the main brushes may be varied
by moving the main brushes, or both main
and auxiliary brushes may be moved, asillus-
trated in Iig. 7. In the latter two cases, it
will be understood, the motion of the main 8o
brushes relatively to the neutral line of the
machine causes variations in the strength of
the current independently of their relative
position to the auxiliary brush. In all cases
the adjustment may be such that when the 85
machine is ronning with the ordinary load no
current Jows over the auxiliary brush.

The field-helices may be connected asshown
in Fig. 1, or a part of the field-helices may be

-intheountgoing and the other partin the return go

circuif, and two auxiliary brushes may be
employed as shown in Figs. 3and4. Instead
of shunting the whole of the field-helices, a
portion only of such helices may be shunted,
as shown in Figs. 2 and 4.

The arrangement shown in Fig. 4 is advan-
tageous, as it diminishes the sparking upon
the commutator, the main circuit being closed
through the auxiliary brushes at the moment
of the brealk of the circuit at the main brushes, 100

935
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The field-hélices may be wound in the same
direction, or a part may be wound in opposice
directions,

~ The connection between the helices and the
5 auxiliary brush or brushes may be made by a
wire of small resistance, or a resistance may
be interposed (R, Fig. 5) between the point z
and the auxiliary brush or brushes to divide
the sensitiveness when the brushes are ad-
1o justed.

I am aware that it is not new to useauxiliary
brushes on the commutator, and that auxiliary
brushes have beén connected to the field heli-

_ ces; but I am not aware that the helices of a

15 series dynamo have been shunted by means of
auxiliary brushes, and that the relative posi-
tion of the respective brushes has been varied
for the purpose of regulating the eurrent de-
veloped by the machine.

In instances where auxiliary brushes have
been used in connection with the field-helices

20

said auxiliary brushes received the current
continuously and caused great sparking,
whereas in my invention the auxiliary brush
receives current only when the normal elec- 25
trical conditions of the eircuit are dlsturbed

I claim as my invention—

The combination, with the commutator and
main brushes and one or more auxiliary
brushes, of the field-helices in the main eir- 30
cuits and one or more shunt-connections from
the field-helices to the auxiliary brushes, the
relative positions upon the commutator of the
respective brushes being adjustable, for the
purpose set forth, :

Signed by me this 16th day of May, A.D.
1885.

35

NIKOLA TESLA.

Witnesses:
GEo. T. PINCKNEY,
‘WALLACE L. SERRELL.
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Fo all whom i¢ may concern:

Be it known that I, Nrxora TB81.Y, from
Smiljan Lika, border country of Austria-Hun-
gary, have invented certain Improvements in
Dynamo-Tileetric Machines, of which the fol-
lowing is a specification.

In other applieations T have shown the com-
matator of o dynamo-machine with the main
brushes conuected in an electrie cireuit, and
oue or moreauxiliary brashes serving to shunt
a part or the whole of the field-coils, the regu-
lation of the current being effected by shifting
the respective hrushes automatically upon the
commutator in proportion to the varying re-
sistances of the cirenit.

My present invention relates to the meehani-
el deviees which I employ to effect the shifs-
ing of the brushes, .

My invention is elearlyshown in the accom-
panying drawings, in which Figure 1isan ele-
vation of the regulator with the frame partly
in section; and Iig. 2 is a scction at the line
ww, Fig, 1.

C is the commutator; B and B, the brush-
holders, B carrying the main Lroshes o o
and B the auxiliary or shunt brushes 4 6. The
axis of the brush-holder Bissupported bytwo
pivot-serews, p». The other brush-holder, B’,

TOR FOR DYNAMO-ELECTR}

has a sleeve, d, andis movable around the axis
of the brasb-holder B. In this way Dboth
brush-holders can turn very freely, the fric- |
tion of the parts heing reduced to & mininium.
Over the brush-holders is mounted the solen-
oid 3, which rests upon a forked column, c.
This column also affords a supportfor the piv-
ots p p, and is fastened upon a solid bracket
or projection, I, which extends from the base
of the machine, and is preferably cast in one
plece with thesame. The brush-holders BB’
are connected by means of thelinks ¢ ¢and the
cross-piece I to the iron core T, which slides
freely in thetube 1 of thesolenoid, Theiron
core I has a serew, %, by means ol which it
can be raised and adjusted in its position rel-
atively to the solenocid, so that the puall ex-
erted upon it by the solencid is practically
uniform throuch the whole length of mo-

ton which is required to effect the regulation.

In order to effeet the adjustment with a greater

Patent OFFICE,

; OF BMILJAN LIKA, AUSTRIA- HUNGARY, ASSIGNOR TO THR
WLECTRIC TIGHT AND MANUFAQTURING COMPAXY, OF RAH-
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MACHINES.

iing part of Letters Patent Wo. 350,954, dated Oczichar 19, 1886,

Serial No. 133,389, (No model.)
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precision the eore 1 is provided with a small 5
iron screw, s The core being first brought
very nearly in the required position relatively
to the solenoid by means of the serew s, the
small serew & is then adjusted until the mag-
netie attraction upon the coreis the samewhen
the core isin any position. A convenient stop,
1, serves to limit the upward movement of the
iron core.

To eheck somewhat the movement of the
core I, a dash-pot, K, is nsed. The piston L
of the dash-pot is provided with a valve, V.
which opens by a downward pressure and al-
lows an easy downward movement of the iron
core I, but closes and checks the movenient of
the core when the same is pulled up underthe 635
action of the solenoid.

To balance the opposing forces, the weight

of the moving parts, and the pnll exerted by
the solenoid upon the iron core, the weights
W W may be used. The adjustment is such
that when the solenoid is tvaversed by the
normal current itis just strong enough to bal-
ance the downward pull of the parts.
- The electrieal circuit-connections are sub-
stantially thesame, as indicated in my former
applications, the solenoid being in series with
the circuit when the translating devices are
in series andin a shunt when the deviees are
in multiple ave.

The operation of the device is ag follows:
When upon a decrease of the resiztance of the
cirenit or some other reason the current is in-
creased, the sclenoid S gains in strength and
pullsupthe ivon core I, thus shifting the main
brushes in the direction of rotation and the 33
auxilinry brushes in the opposite way. This
diminishes the strength of the current until
the opposing forcesare balanced and the solen-
oid is traversed by the normal current; but
if from any cause the eurrent in the cireuit is
diminished, then the weight of the moving
parts overcomes the pull of the solenoid, the
iron core I descends, thus shifting the brushes
the opposite way and inereasing the current
to the normal strength. The dash-pot con- 95
nected to the iron core I may be of ordinary
construction; but I prefer, especially in ma-
chines for are lights, to provide the piston of

7
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the dash-pot with a valve, as indicated in the
drawings. This valve permits a compara-
tively easy downward movement of the iron
core, but checks its movement when it is
drawn up by the solenoid. Such an arrange-
ment has the advantage that a great number
of lights may be put on without diminishing
the light-power of the Jamps in the cireuit, as
the brushes assume at once the proper position.
‘When lights are cut ont, the dash-pot acts to
retard the movement; but if the current is
considerably increased the solenoid gets ab-
normally strong and the brushes are shifted in-
stantly. o ’ ’

The regulator being properly adjusted,lights
or other devices may be put on or out with
scarcely any perceptible difference.

It is obvious that instead of the dash-pot any
other retarding device may be used.

I claim as my invention— )

1. Thecombination, with the main and aux-
iliary brushes, of two brush-holders, an axis
fastened to one of the brush-holders, support-
ing-screws for the same, a sapport for the other
brush-holder surrounding the axis, a solenoid,
a core for the same, and links connecting the
core to the respective brush-holders, substan-
tially asset forth.

2. The combination, with the brushes, brush-
holders, and the axis upon which the brush-
holders swing, of a solenoid and core, con-
nections from the same to the brush-holders,
and an adjusting-screw to limit the movements
of the core, substantially as set forth.

3. The combination, with the brush-holders
and their axes, of a solenoid and core, and a
connection from the core to the brush-bolders,
and an iron screw at the inner end of the core

35

to adjust the action of the magnetism on the -

core, substantially as set forth. .
4. The combination, with the brushes, the
brush-holders and their axes, of a solenoid and

40

core, and connections tomove the brush-hold- *

ers, and a dash-pot provided with a valve,
substantially as described, to diminish the
speed of movement of the core in one direc-

tion more than the other, substantially as set’

forth.

5. The combination, with the brushes, the
brush-holders and their axes, of asolenoid and
core, and connections to move the brush-hold-
ers, and a dash-pot to diminish the speed of
movement of the core, substantially as set
forth. - .

6. The combination, with the brush-holders
and the solenoid and core, of links connecting
to the holders, and a screw to adjust the posi-
tion of the core in relation to the solenoid,
substantially as set forth. ‘

Signed by me this 12th day of January, A.
D. 1886.

NIKOLA TESLA.
VWitnesses: .

GEro. T. PINCKNEY,
WirriaMm G. MoTt.
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UNITED STATES

PaTENT OFFICE.

NIKOLA TESLA, OF SMILJAN LIKA, AUSTRIA-HUNGARY, ASSIGNOR TO THE
- TESLA ELECTRIC LIGHT AND MANUFACTURING COMPANY, OF RAHWAY,

NEW JERSEY.

DYNAMO-ELECTRIC MAGCHINE.

SPRCIFICATION forming part of Letters Patent No, 859,748, dated March 22, 1887.

Appli(‘aﬁon filed January 14, 1886,

To «ll whom it may conceriv:

Be it known that I, NIKoLA TESLA, of Smil-
jan Lika, border country of Austria-Iungary,
have inveuted certain Improvements in Dy-

5 namo-Electric Machines, of which the follow-
ing is a specification.

The main objeets of my invention are to in-
crease the efficiency of the machine and to fa-
cilitate and cheapen the construction of the

10 same; and to this end my invention relates to
the magnetic frame and the armature, and to
other features of construetion, hereinafter more
fully explained.

My invention is illustrated in the accompa-

15 nying drawings, in which Figure 1is a longi-
tudinal section, and I'ig. 2 a cross-section,of the
machine. Fig.3isa top view, and Fig. 4 a side
view, of the magnetic frame. Fig. 5isanend
view of the commutator-bars, and Fig. 6 is a

20 section of the shaft and commubator -bars.
Tig, 7 isa diagram illustrating the coils of the
armature and the conneetions to the ecommu-
tator-plates. ,

"The cores ¢ ¢ ¢ cof the field-magnets may be

25 tapering in both directions, as shown, for the
purposes of concentrating the magnetismupon
the middle of the pole-pieces.

The connecting-frame F I of the field-mag-
nets is in the form indicated in the side view,

20 Tig. 4, thelower part being provided with the

" gpreading eurved cast legs ¢ ¢, so that the ma-
chine will rest firmly upon two base-bars, 7 7.

To the lower pole, S, of the field-magnet M
is fastened, preferably by means of Babbitt or

35 other fusible diamagnetic material, the base

"7 B, which is provided with bearings b for the
armature-shaft T, The base B has a projec-
tion, P, which supports the brush-holders and
the regulating devices, which may be of any

40 ordinary character, or may be such as shown
in an application of like date herewith.

The armature is constructed with the view
to reduce to a minimum the loss of power due

. to the transversal or Foucault currents and to

4% the change of polarity, and also to shorten as

much as possibie the length of the inaclive
wire wound upon the armature-core.

It is well known that when the armature is
revolved between the poles of the field-mag-

renewed December 1, 1856, Serial No.220,370. (No model.)

nets currents are gencrated in the iron body 50
of the armature which develop heat, and con-
sequently cause a waste of power. Owing to
the mutual action of the lines of force, the mag-
netic properties of iron, and the speed of the
different portions of the armature-core, these 55
currents are generated principally on and near
the surface of the armature-core, diminighing
instrength gradually toward the center of the
core. Their quantity is under same conditions
proportional to the length of the iron body in 6o
the direction in which these enrrents are gen-
erated, Bysubdividing the iron coreelectrie-
ally in this direction the generation of these
currents ean be reduced to a great extent. Tor
instance, if the length of the armature-core is 65
twelve inches, and by a suitable construction
thesameissubdivided eleetrically,sothatthere
areinthegenerating directionsix inchesofiron
and six inches of intervening air-spaces or in-
sulating material, the currents will be reduced 7o
to fifty per cent.

As shown in the drawings, the armature is
constructed of thin iron disks D D D, of vari-
ous diameters, fastened upon the armature-
shaft in a suitable mauner and arranged ac- 73
cordirg to their sizes, so that a series of iron
bodies, 44 4, is formed, each of which dimin-
ishes in thickness from the center toward the
periphery. At both ends of the armature the
inwardly-curved disks d d, preferably of ‘east- 8o
iron, are fastened to the armature-shaft.

The armature-core being constructed as
shown, it will be easily seen that on those por-
tions of the armature that are the most remote
from the axis, and where the currents ave 8g
prineipally developed, the length of iron in
the generating direction is only a small frac-
tion of the total length of the armature-core,
and besides this the iron body is subdivided
in the generating direction, and therefore the go
Toucault eurrents are greatly reduced. An-
other cause of heating is the shifting of the
poles of the armature-core. . In consequence

of the subdivision of the iron in the armature
and the increased surface for radiation the g5
risk of heating is lessened.

The iron disks D D D may be insulated or
coated with some insulating-paint, a very care-
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ful insulation being unnecessary, as an elec-
trical contact between several disks can only
occur on places where the generated currents
are comparatively weak. An armature-core
constructed in the manner described may be
revolved between the poles of the field-mag-
nets without showing the slightest incrsase of
temperature. :

The end disks, d d, which are of sufficient
thickness and, forthe sake of cheapness, pref-
erably of cast-iron, are curved inwardly, as
indicated in the drawings. The extent of the
curve is dependent on the amount of wire to
be wound upon the armatures. Inmy present
invention the wire is wound upon the arma-
ture intwo superimposed parts, and the curve
of the end disks, d d, is so caleulated that the
first part—thatis, practically half of the wire—
Just fills up the hollow space to the line & ;
or, if the wire is wound in any other manner,
the curve is such that when the whole of the
wire is wound the outside mass of wires,w,and
the inside mass of wires, &', are equal at each
side of the plane # #. 1In this case it will be
seen the passive or electrically-inactive wires
are of the smallest length practicable. The
arrangement has further the advantage that
the total lengths of the crossing wires ab the
two sides of the plane & z are practically
equal.

To further equalize the armature-coils at
both sides of the plates that are in contact

with the brushes, the winding and connecting:

up is effected in the following manuer: The
whole wire is wound upon the armature-core
in two superimposed parts, which are thor-
oughly insulated from each other. Each of
these two parts is composed of three separated
groups of coils. The firgt group of coils of the
first part of wire being wound and connected
to the commutator-bars in the usual manner,
this group is insulated and the second group
wound; but the coils of this second group in-
stead of being connected to the next following
commutator-bars, are connected to the directly-
opposite bars of the commutator. Thesecond
group is then insulated and the third group
wound, the coils of this group being connected
to those bars to which they would be con-
nected in the usual way. The wires are then
thoroughly insulated and the second part of
wire wound and connected in the same man-
ner. Suppose, for instance, that there are
twenty-four coils—thatis,twelvein each part—
and consequently twenty-four commutator-
plates. Therewill beineach partthrec groups,
each containing four coils, and the coils will
be connected as follows:

Groups.  Commudalor-bars.
First....ooooinn. 1—5
First part of wire < Second...... L1721
Third ... .. 9—13
First.. w1817
Second part of wire ¢ Second.. e 5— 9
Third.............21— 1

359,748

In constructing the armature-core and wind-
ing and conneecting the coils in the manner in-
dicated, the passive or electrieally-inactive
wire is reduced to a minimum, and the coils
at each side of the plates that are in contact
with the brushes are practically equal, and in
this way the electrical efficiency of the ma-
chine is increased. ’ :

The commutator-plates ¢ are shown as out-
side the bearing b of the armature-shaft. The -
shaft I is tubular and split at the end portion,
and the wires are carried through the same in
any usual manner and connected to the re-
spective commutator-plates. The commuta-
tor-plates are upon a cylinder, %, and insu-
lated, and thiseylinder is to be properly placed
and secured by expanding the split end of the
shaft by a tapering screw-plug, 2.

T do not elain herein the cores of the field-
magnets converging toward the pole-pieces;
nor do I claim the method of fastening the
base to the lower field-magnet, as this has been
claimed in my former application on dynamo-
electriec machines.

‘What I claim is—

1. Ina dynamo-electric machine, the arma-
ture constructed of iron disks of various di-
ameters arranged upon the shaft in such a
manner that a series of iron bodies is formed,
each diminishing in thickness from the cen-
ter to the periphery, substantially as and for

‘the purposes set forth.

2. In a dynamo-clectric machine, the arma-
ture-core having iron disks of various diame-
ters, in combination with inwardly - eurved
end disks, for the purposes and substantially
as set forth.

3. In a dynamo-electric machine, an arma-
ture-core having inwardly - curved ends, in
combination with the armature-eoils, the cross-
ing wires of which coils pass into the concave
heads and project egually, substantially as set
forth.

4. In a dynamo-electric machine, an armna-
ture having separate coils superimposed and
connected to the commutator-plates in alter-
nating groups, substantially as set forth.

5. An armature for dynamo-electric ma-
chines, having a core composed of disks of va-
rious diameters, in combination with separate
superimposed coils connected to the commu-
tator-plates in alternate groups, substantially
as set forth.

6. In a dynamo-clectric machine, the mag-
netic frame composed of the cores ¢ ¢ ¢ ¢, the
curved pole-pieces N S, and the conneeting-
frame with the curved and outwardly- pro-
Jjecting legs ¢ ¢, substantially as described.

Signed by me this 12th day of January, A,
D. 1886.

NIKOLA TESLA.

Witnesses:
GEo. 1. PINCKREY,
WALLACE L., SERRELL.
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UNITED STATES

PaTeENT OFFICE.

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

ELECTRO-MAGNETIC MOTOR. '

SPECIFICATION forming part of Letters Patent No. 381,968, dated May. 1, 1888.
Appl_ication ﬂl;ad October 12, 1867, Serial No, 252,132, (No model.)

To all whom 6 may concerm:

Be it known that I, NIxorA TESLA, from
‘Smiljan Lika, border country of Austria-Hun-
gary, residing at New York, N. Y., havein-

s vented certain new and useful Tmprovements
in Blectro-Magnetic Motors, of which the fol-
lowing is a specification, reférence being had
to the drawings accompanying and forming a
part of the same.

"The practical solution of the problem of the
_electrical conversion and transmission of mie-
chanical energy involves certain requirements
which the apparatus and systems heretofore
employed have not been capable of fulfilling.
t5 Such a solution, primarily, demands a uni-
formity of specd in the motor irrespective 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-
tofore existed, to construct cheaper and more
reliable and simple apparatus, and, lastly, the
apparatus must be capable of easy manage-
men$, and such that all danger from the use of
currents of high tension, which are neces-
sary to an economical transmission, may be
avoided. -

My present invention is direeted to the pro-
duction and improvement of apparatus capa-
ble of more nearly meeting these requirements
thanthose heretofore available, and though I
have described various means for the purpose,
they involve the same main principles of con-
. stroction and mode of operation, which may be
deseribed as follows: A motor is employed in
which there are two or more independent eir-

20
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cuits through which alternate currents are

passed at proper intervals,inthe manner here-
inafter described, for the purposeof effecting
a progressive shifting of the. magunetism or of
the “lines of force’” in accordance with the
well-known theory, and a consequent action
of the motor. It is obvious that a proper
progressive shifting of the lines of force may
be utilized to set up a movement or rotation
of either element of the motor, the armature,
or the field -magnet, and that if the currents
directed through the several circuits of the
motor are in the proper direction no commu-
" tator for the motor will be required; but to
so0 avoidall the usual commutating appliances in

40

45

' the system I prefer to connect the motor-cir-

cuits directly with those of a suitable alter-
nate-current generator. The practical results

of such a system, its economical advantages,
and the mode of its construction and opera- 53
tion will be deseribed more in detail by ref-
erence to the accompanying diagrams and
drawings. .

Figures 1 to 8and 1° to 8, inclusive, are dia-
grams illustrating the principle of the action 6o
of my invention. The remaining figures are
views of the apparatus in various forms by
means of which the invention may be carried
into effect, and which will be described in
their order. : -

Referring first to Fig. 9, which isa diagram-
matie representation of a motor, a generator,
and connecting-cireuitsin accordance withmy
invention, M is the motor, and G the gener-
ator for driving it. The motor comprises a 70
ring or annulus, R, preferably built up of
thin insulated iron rings or annular plates, so
as to be as susceptibleas possible to variations
in its magnetic condition. This ring is sur-
rounded by four coils of insulated wire sym-
metrically placed, and designated by CCC' C.

The diametrically-opposite coils are connected

up so as to co-operate in pairs in producing
free poles on diametrically-opposite parts of
the ring. The four free ends thus left are con- 8o
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, a magnetie
disk, D, generally circular in shape, but hav-
ing two segments cut away, as shown. This 85
disk is mounted so as to turn freely within the
ring R. The generator G is of any ordinary
type, that shown in the present instance hav-
ing field-magnets N S and a cylindrical arma-
ture-core, A, wound with the two coils BB’ go
The free ends of each coil are carried through
the shaft ¢’ and connected, respectively, toin-
sulated coutact-rings b b0 ¥. Any conven-
ient form of collector or brush bears on each
ring and forms a terminal by which the cur- g5
rent to and from a ring is conveyed. -These
terminals are connected to the terminals of
the motor by the wires L and I/ in the man-
ner indicated, whereby two complete circuits
are formed—one including, say, the coils B of 1co

65
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the generator ¢’ C' of the motor, and the other
the remaining coils B’ and C C of the generator
and the motor.

It remains now to explain the mode of op-
eration of this system, and for this purpose I
refer to the diagrams, Figs. 1 to 8, and 1* to 89,

- foranillustration ofthe various phases through
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which the coilg 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-magnets N S obviously
produces in the coils BB’ alternating currents,
the intensity and direction of which depend
upon well-knownlaws. Intlie 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 maximum cur-
rent, and by the means indicated in the de-

» Scription of Fig. 9 the circuit including this

coil B’ may also include, say, the coils C C of
the motor, Fig, 13- The result, with the proper
connections, would be the .magnetization of
the ring R, the poles being on the line N 8.
The same order of connections being observed
between the coil B and the coils 0, the latter,
when traversed by a current, tend to fix the
poles at right angles to theline N S of Fig. 12,
1t results, therefore, that when the generator-
coils have made one eighth of a revolution,
reaching the position shown in Fig. 2, both
pairs of coils C and ¢’ will be traversed by
currents and act in opposition, in so far as the
location of the poles is concerned. The posi-
tion of the poles will therefore be the result-
ant of the magnetizing forees 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 generator.
In Fig. 3 the armature of the generator has
progressed ta one-quarter of a revolution. At
the point indicated the current in the coil B
is. maximum, while -in B’ it is nil, the latter
coil being in its neutral position. The poles
of the ring R in Fig. 3 will, in consequence,
be shifted to a 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.
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 revolu-
tion. Here both coilsare generati ng current;
but the coil B, having now entered the oppo-
site field, is generating a current in the oppo-
site direction, having the opposite magnetiz-
ing effect; heuce the resultant pole will be on
the line N S, as shown. In Fig. 5 one-half of
one revolution of the armature of the gener-
ator has been completed, and the resulting
magnetic condition of the ring isshown in Fig.
b*. In this phase coil B isin the neutral posi-
tion while coil B’ is generating its maximum
current, which'is in the same direction as in
"Fig. 4. The poles will counsequently be shifted

. 881,968

through one half of the ring. In Fig. 6thear-
mature has completed five-eighths of a revolu-
tion. In this position coil B’ develops a less
powerful current, but in the same direction as
before. The coil B, on the other hand, having
entered a field of opposite polarity, generates
a current of opposite direction. The resnltant

poles will therefore be in the line N8, Fig. 6%,

y -

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 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 revolation of
the generator-armature. These figures will
be readily understood from the foregoing.
When a complete revoluation is accomplished,
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 be seen that every revo-
lution of the armature of the generator 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 Iig. 9. The disk D, ow-
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 motion 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 found, is not
essential to effecting its rotation, as a circnlar
disk, as indieated by dotted lines, is also set
in rotation. This phenomenon [ attribute to
a certain inertia or resistance inherent in the
metal to the rapid shifting of the lines of foree
through the same, which results in a continu.-
ous tangential pull upon the disk, causing its
rotation. This seems to Le confirmed by the
fact that a circdlar disk of steel is more effeet
ively rotated than oneof soft iron, for the rea-
son that the former is assumed to possess a
greater resistance to the shifting of the mag-
netie lines.

In illustration 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 view
of the same with the field in section and a dia-
gram of connections. Fig. 11 is an end or
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
drum-armature core, which, for ohvious rea-
sons, should 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 E, the ends of which
are respectively connected to insulated con-
tact-rings d d d' ', carried by the shaft a, upon
which the armature is mounted. The arma-
ture is set to revolve within an iron shell, R/,
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5 the same are cut away, as shown.
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which constitutes the field-magnet, or 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.
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.
11. _ This represents an annular or ring arma-
ture, A, surrounded by four coils, F F I F, of
which those diametrically opposite are con-
nected in series, so that four free ends are left,
which are connected to the insulated contact-
rings b b ' . The ring is suitably mounted
on a shaft, ¢, between the poles N S. 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 I and I’ I/, 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 currents 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 around the core. This
effect sets up a rotation of the armature ow-
ing to the attractive force between the shell
and the poles of the armature, but inasmuch
as 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 motor are possible, and a greater
number of circuits may be used, as will be seen
in the two succeeding figures.

Fig. 13 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 magunetic poles, G’ &/,
secured to or projecting from a ringor frame,
H. These magnets or poles are wound with
insulated coils, those diametrically opposite
to each other being connected in pairsso as to
produce opposite poles in each pair. This
leaves six 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,
mounted on the shaft «. Two segments of
The gen-
erator for this motor has in this instance
an armature, A, wound with three coils, K
K’ K", at sixly degrees apart. The ends of
these coils are connected, 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.

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

The variations in the strength and di- |
.rection of the currents transmitted through

of the resultant 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 principle to
systems involving multiple circuits generally
will be nnderstood from this apparatus.

Referring, now, to Figs. 15 and 16, Fig. 15
is a diagrammatic representation of a modifi-
fied disposition of my invention. Fig.161isa
horizontal eross-section of the motor. In this
case a disk, D, of magnetic metal, preferably
cut away at opposite edges, as shown 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 a frame, O, of insulating
material, and their ends are connected to the
fixed terminals TTT'T. The generator G is
a representative of that class of alternating-
current machinesin whichastationary induced
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 diametrically op-
posite to each other being connected in series
and baving their ends secured to the termi-
nalst £ ¢'t. . From these terminals 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 carrying out the invention
has the advantage of dispensing with the slid-
ing contaets in the system.

In the forms of motor above deseribed only
one of the elements, the armature or the field-
magnet, is provided with enérgizing-coils. It
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remains, then, to show how both elements may

be wound with coils. Reference is therefore
had to Figs. 17, 18, and 19. Fig. 17 is an end
view of such a motor. Fig. 18 is a similar
view of the generator with the field-magnets
in section, and Fig. 19 is a diagrat of the cir-
cuit-connections. In Fig. 17 the field-magnet
of the motor consists of a ring, R, preferably of
thin insuiated iron sheets or bands with eight
pole pieces, G’, and corresponding recesses, in
which four pairs of coils, V, are wound. The
diametrically opposite pairs of coils are con-
nected din series and the free ends connected to
four terminals, w, the ruale to be followed- in
connecting being the same as hereinbefore ex-
plained. Anarmature, D, with two coils, EE
at right angles to each other, is mounted to ro-
tate in side of the field-magnetR. The ends of
the armature-coils are connected to two pairs
of contact-rings, dd d' &, Fig.19. The gener-
ator for this motor may be of any suitable kind
to produce currents of the desired character.
In the present instance it consists of a field-
magnet, N S, and an armature, A, with two
coilsat right angles, the ends of which are con-
nected to four contact-rings, b b b’ ¥/, carried
by its shaft. The circoit-connections are es-
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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.
In order to properly energize the field-magunet
of the motor, however, the connections are 8o
made with the armature coils or wires leading
thereto that while the points of greatest at-
traction or greatest density of magnetic lines
of force upon the armature are shifted in one
direction those upon the field-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
each 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.

In the drawings the field-coils are in shunts
to the armature, but they may be in series or
in independent ¢ircuits.

It is obvious that the same principle may be
applied to the various typical forms of motor
hereinbefore described,

Having now described the nature of my in-
vention and some of the various waysin which
it is or may be carried into effect, I would call
attention to certain characteristics which the
applications of the invention possess and the
advantages which the inventiou secures.

In my motor, considering 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 attraction,
and since thege points are shifted around the
ring once for each revolution of the armature

- of the generator, it follows that the movement
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of the disk D will be synchronous with that of
the armature A. This feature by practical
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 through three hun-
dred and sixty degrees. o
In the particular construction shownin Fig.
15,0r in others constructed on a similar plan,
the number of alternating impulses resulting
from one revolution of the generator arma.
ture is double as compared with the preced-
ing cases, and the polarities in the motor are
shifted around twice by one revolution of the
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 showh in Fig. 17, where

the poles of both elements are shifted in op-

- posite directions.

6o

Again, considering theapparatus illustrated
by Fig. 9 as typic. - 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
ends or poles immediately follow those of the
ring—the speed of the motor for all the loads
within the normal working limits of the mo-

tor will be practically constant. It is clearly
apparent that the speed can never exceed the
arbitrary limit as determined by the gener-
ator, and also 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
o 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
generator; third, greater cfficiency by the
more direct application of the currenf, no
commutating devices being required on either
the motor or generator; fourth, cheapness and
simplicity of mechanical construction and
economy in maintenance; fifth, the capability
of being very easily managed or controlled;
and, sixth, diminution of danger from injury to
persons and apparatus. :

These motorsmay be run in series, multiple
are 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-
tent than I have been able to indicate; but I
regard as within my invention, and I desireto
secure by Letters Patent in general, motors
containing two or inore independent circuits
through which the operating-currents are led
in the manner described. By *¢ independent’’
I do not mean to imply that the circuits are
necessarily isolated from one another, for in
some instances there might be electrical con-
nections between them to regulate 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 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-

vices has been transmitted in alternately-op-'

posite directions; but this method or plan Ire-
gard as absolutely 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-cireuits is very great, 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 thé method
of operating motors which is herein in volved,

-having made separate application for such

method.
I therefore claim the following:
1. The combination, with a motor contain-
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ing separate or independent circuits on the :

armature or field-magnet, or both, of an alter-
nating-current- generator containing induced
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circuits connected independently to corre-
sponding circuits in the motor, whereby a ro-
tation of the generator producesa progressive
shifting of the poles of the motor, as hercin
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 alternating-current gener-
ator containing induced coils corresponding to
the motor-coils, and circuits connecting di-
rectly the motor and generator eoils in such
order that the eurrents developed by the gen-
erator will be passed through the correspond-
ing motor-coils, and thereby produce a pro-
gressive shifting of the poles of the motor, as
herein set forth. -

3. The combination, with a motor having
an annular er ring-shaped field magnet and a
cylindrical or equivalent armatuare, and inde-
pendent coils on the field-magnet or armature,
or both, of an alternating-current generator
having correspondingly independent coils,
and cireuits including the generator-coils and
corresponding motor-coilsin such mannerthat

1)

the rotation of the generator causes a pro-
gressive shifting of the poles of the motor in
the manner set forth,

4. In a system for the electrical transmis-

sion of power, the combination of the follow- :

ing instrumentalities, to wit: a motor com-
posed of a disk or its equivalent mounted
within a ring or annular ficld-magnet, which
is provided with magnetizing-coils connected
in diametrically-opposite pairs or groups to
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 conuecting 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 respective cireuits pro-
duces a progressive shifting of the poles of the
motor, as hereinbefore described.

NIKOLA TESLA.

Witnesses: )
FrANK E. HARTLEY,
FrANK B, MURrPHY.
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(No model.)

To all whom it muy concerm:
~ Be it known that I, NixorLa TESLA, from
Smiljan Lika, border country of Austria-Hun-
gary,now residing in New York,in the county
5 and State of New York,have invented certain
new and useful Improvements in Electro-Mag-
netic Motors,of which the following is a speci-
fication, reference being had to the drawings
accompanying and forming apart of the same.

1o Inan application filed by me October 12,

1887, No0.252,132, I have shown and described

a novel form of electro-magnetic motor and a
mode of operating the same, which may be
generally described as follows: The motor is
15 wound with ceils forming independent ener-
gizing-cireuits on either the armature or field
magnet, or both, (itissufficient for present pur-
poses to consider the case in which the coils
are on the armaturealone,) and these coils are
20 connected up with corresponding cireuits 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 manner as to produce a
progressive 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 in the opposite diree-
tiontothat in which themovement 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 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 thatin which the arma-
ture rotates,it will be apparent that when the
normal speed is attained the poles of the
armature will assume a fixed position relative
to the field-magnet, and that in consequence
the field-magnets will be energized by mag-
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 magnetic
polarity; but as the speed increases these re-
versals become less and less frequent, and
finally cease when the movement of the arma-
ture become synchronous with that of the gen-
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erator. This being the case,the field-coresand
the pole-pieces of the motor become a mag-
net, but by indoction only. '

I have found that advantageous results are
secured by winding the field-magnets with a 355
coil or coils and passing a continuous current
through them, thus maintaining a permanent
field, and in this feature my present invention
consists. :

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

Figure 1 is an end view'in elevation of my
improved motor. TFig. 2 is a part horizontal 65
central section, and Fig. 8 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-
pieces of a field-magnet, around which are 70
coils B B, included in the cirenit of a contin-
uous-current generator, C, which is adapted
to impart magnetism to the said poles.in the
ordinary manner.

D D' are two independent coils wound upon 75
a suitable eylindrical or equivalent armature-
core, which, like all others used in a similar
manner, chould be split or divided up into al-
ternate magnetic and insulating parts in the
usual way. This armature is mountedin non- 8o
magnetic cross-bars B E, secured to the poles
of the field-magnet. The terminals of the ar-
mature-coils D D’ are connected to insulated
sliding eontact-rings a « b b,carried by the ar-
mature shaft, and brushes ¢ ¢’ bear upon these 8z
rings to convey to the coils the currents which
operate the motor.

The generator for operating this motor isor
may be of precisely identical construction;
and for convenienceof referenceIhave marked go
in Fig. 3 its parts, as follows: T IV, the field-
magnets, energized by a continuous current
passing in its field-coils G G: H H/, the coils
carried by the cylindrical armature; d d ee,
the friction or collecting rings, carried by the g5
armature-shaft and forming the terminals of
the armature-coils; and f f, the collecting-
brushes which deliver the currents developed
in the armature-coils to the two circuits g ¢,
which connect the generators with the motor, 100

£
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., armature are shifted.

The operation of this system will be under-
stood from the foregoing. The action of the
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 continu-
ous current be directed through the field coils,
S0 as to strongly energize the magnet A A,the
speed of the motor, which depends upon that
of the generator, will not be increased, but the
power which produeces its rotation will bein-
creased in proportion to the energy supplied
through the coils B B.

It is characteristic of this motor 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 nob upon the polarity of the field, but
upon the direction in which the poles of the
To reverse the motor,
the connections of either of the circunits g ¢
must be reversed.

I have found that if the field-magnet of the
motor be strongly energized by its coils B B
and the circuits through the armature-coils
closed, assuming the generator to be running
at a certain speed, the motor will not start;
bat if the field be but slightly energized or in
general in such condition that the magnetic
influence of the armature preponderates in
determining its magnetie condition the motor
will start and, with sufficient current, will
reach its maximum or normal speed. For this
reason it is desirable to keep at the start and
until the motor has attained its normal speed,
or nearly so, the field-cirenit open or to per-
mit but little eurrent to pass through it. I
have found, however, if the fields of both the
generator and motor be strongly energized
that starting the generator starts the motor,
and that the speed of the motor ig increased

381,969

in synchronism with the generator. Motors
construeted and operated on this principle
maintain almost absolutely the same speed for
all loads within their normal working-limits;
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 great, is dimin-
ished synchronously with that of the motor.

I have in other applications shown how the
construction of these or similar motors may
be varied in certain well-known ways—as, for
instance, by rotating the field about a station-
ary armature or rotating conduetors within
the fleld; but I do not illustrate these features
further 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-
struect.

The present form of motor is cheap, simple,
reliable, and easy to maintain. It requires
the simplest type of generator for its opera-
tion, and when properly constructed shows a
high efficieney. ’

I 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— _

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

NIKOLA TESLA.

Witnesses:

FrANK B. MURPHY,
Franvg E. HARTLEY.
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To all whom it may concern:

Be it known that I, Nixora TESLA, from
Smiljan Lika, border country of Austria-Hun-
gary,now residing at New York,in the county
and State of New York, have invented certain
new and useful Improvements in Systems of
Electrical Distribution, of which the following
is a specification, reference being had to the
drawings accompanying and forming a part of
the same.

This invention relafes to those systems of
electrical distribution in which a current from
a single source of supply in a main or trans-
mitting circuit is caused to induce by means
of suitable indunetion apparatus a current or
currents in an independent working circuit or
circuits. :

The main objects of the invention are the
same as have been heretofore obtained by the
use of these systems—rviz., 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
cases to-reduce a current of high potential in
the main circuit to one of greater quantify and
lower potential in the independent consump-
tion or working cirenit or circuits.

The general character of the devices em-
ployed in these systems is now well under-
stood. An alternating-current magneto-ma-
chineis uged as the source of supply. The cur-
rent developed thereby is conducted through
a transmission-circuit to one or more distant
points at which the transformers are located.
These consist of induction-machines of various
kinds. Insome cases ordinary forms of induc-
tion-coil have been used with one coil in the
transmitting-circuit and the other in a local
or consumption circuit, the coils being differ-
ently proportioned according to the work to
be done in the consumption-cirenit=-that is
to say, if the work requires a current of higher
potential than that in the transmission cireunit
the secondary or induced coil is of greater
length and resistance than the primary,while,
on the other hand,if a quantity curteunt of
lower potential is wanted the longer coil is
made the primary. In lieu of these devices

various forms of electro-dynamic induction- 50
machines, including the combined motorsand
generators, have been devised. For instance,
a motor is constructed in accordance with well-
understood principles, and on the same arma-
ture are wound induced coils which constitute
a generator. The motor-coils are generally of
fine wire and the generator-coils of coarser
wire, so as to produce a current of greater
quantity and lower potential than the line-cur-
rent, which is of relatively high. potential, to 6¢
avoid loss in long transmission. - A similar ar-
rangement is to wind coils corresponding to
those described in a ring or similar core, and
by means of a commutator of suitable kind to
direct the current through the inducing-coils 65
successively, so as fo maintain a movement of
the poles of the core and of the lines of force
which set up the currentsin the induced coils.

Without enumerating the objections to these
systems in detail, it will suffice to say that the 70
theory or the principle of the action or opera-
tion of these devices has apparently been so
little understood that their proper construe-
tion and use have up to the present time been
attended with various difficulties and great 75
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
efficiency.

The form of converter or transformer which
I have devised appears 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 operation, I would 8j
state that, in so far as the principal of con-
struction is concerned, it is analogous to those
transformers which I have above described as
electro- dynamic induction - machines, except
that it involves no moving parts whatever,and gc
ig hence not liable to wear or other derange:
ment, and requires no more attention than the
other and more common induetion-machines.

In carrying out my invention I provide &
serjes of inducing-coils and corresponding in- gg
duced coils, which, by preference, I wind upon
a core closed upon itself—such asan annulus or
ring subdivided in the usual manner, The
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 lations to one another and to the core.
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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-
The
indueing or primary coils wound on the core
are divided into pairs or sets by the proper
electrical connections, so that while the coils of
one pair or set to co-operatein fixing the mag-
netic poles of the core at two given diametrie-
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 this indue-
tion device I use an alternating-carrent gen-
erator with coils or sets of coils to correspond
with those of the converter, and by means of
suitable conductors I connectup in independ-
ent circuits the corresponding coils of the gen-
erator and converter. It results from this
that the different electrical phases in the gen-
crator are attended by corresponding mag-
netic 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 progressively shifted or
whirled around. This prineiple I have ap-
plied under variously-modified conditions to
the operation of electro-magnetic motors, and
in previous applications, notably in those hav-
ing Serial Nos. 252,132 and 256,561, I have de-
scribed in detail the manner of constructing
and using such motors. Inthe present appli-
cation my objeet is to describe the best and
most convenient manner of which I am at pres-
ent aware of carrying out the invention as ap-
plied to a system of electrical distribution;
but one skilled in the art will readily under-
stand from the deseription by the modifica-
tions proposed in said applications, wherein
the form of both the generator and converter
in the present case may be modified.

In illustration therefore of the details of
construction which my present invention in-
volves, I now refer to the accompanying draw-
ings.

Irigure 1 is a diagrammatic illustration of
the converter and the electrical connections of
the same. Fig. 2 is a horizontal central cross-
section of Tig. 1. Tig. 3isa diagram of the cir-
cuits of the entire system, the generator being
shown in section.

[useacore, A, which is closed upon itself—
that is to say, of an annular cylindrical or
equivalent form--and as the efficiency of the
apparatus is largely increased by the subdi-
vision of this core I make it of thin strips,
plates, or wires of soft iron electrically insu-
lated as far as practicable. Upon this core,
by any well-known method, I wind, say, four
coils, B B B’ B, which T use as primary coils,
and for which I use long lengths of compara-
tively fine wire. Over these coils I then wind
shorter coils of coarser wire, C C ¢’ ', to con-
stitute the induced or secondary coils. The
construetion of this or any equivalent form of
converter may be carried further, as above

pointed out, by inclosing these coils with iron—
as, for example, by winding over the coils a
layer or layers of insulated iron wire.

The device is provided with suitable bind-
ing-posts, to which the ends of the coils are
led. Thediametrically-opposite coils BB and
B’ B'are connected, respectively, inseries, and
the four terminals are connected to the bind-
ing-posts 1 23 4. The induced coils are con-
nected together in any desircd manner. Tor
example, as shown in Fig. 3, C C may becon
nected in multiple arc when a guantity cur-
rent is-desired-—as for running a group of in-
candescent lamps, D—while ¢’ ¢" may be in-
dependently conneeted in series in a ecircuit
ineluding arc lamps or the like. The gener-
ator in this system will beadapted to the con-
verter in the manner illustrated. TFor exam-
ple, in the present case I employ a pair of or-
dinary permaunent or electro magnets, I I,
between which is mounted a eylindrical arma-
ture on a shaft, ¥, and wound with two coils,
G G'. The terminals of these coils are con-
neeted, respectively, to four insulated contact
or collecting rings, H H H’ II', and the four
line circuit-wires I connect the brushes K,
bearing on theserings, to the converter in the
order shown. Noting the results of this com-
bination, it will ‘be observed that at a given
point of time the coil G is in its neutral posi-
tionandisgeneratinglittle or no carrent, while
the other coil, ¢, isin a position where it ex-
erts its maximum effect. Assuming coil G to
be connected in circuit with coils B B of the
converter, and coil G’ with coils B’ B/, it is
evident that the poles of the ring A will be
determined by coils B” B’ alone; but as the
armature of the generator revolves, coil G de-
delops more current and coil G less, until G
reaches its maximum and & its neutral posi-
tion. The obvious result will be to shift the
poles of the ring A through one-quarter of
its periphery. The movement of the coils
through the next quarter of a turn, during
which coil G"enters a field of opposite po-
larity and generates a current of opposite
direction and increasing strength, while coil
G, in passing from ifs maximuam to its neu-
tral position generates a current of decreas-
ing strength and same direction as before,
causes a further shilting of the poles through
the second quarter of the ring. The sec-
ond half-revolution will obviously be a repe-
tition of the same action. By the shifting of
the poles of the ring A a powerful dynamic
induective effect on the coils C ¢ is produced.
Besides the currents generated in the second-
ary coils by dynamo-magneticinduction other
currents will be set up in the same coils in con-
sequence of any variations in the intensity of
the poles in thering A. Thisshould be avoided
by maintaining the intensity of the poles con-
stant, to aceomplish which care should be
taken in designing and proportioning the gen-
erator and in distributing the eoils in the ring
A and balaneing their effect. When this is
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done, the eurrents are produced by dynamo-
magnetic induction only, the same result be-
ing obtained as though the poles were shifted
by a commutator with an infinite number of
segments, . :

The modifications which are applicable to
other forms of converter are in many respects
applicable to this. I refer more particularly
to the form of the core, the relative lengths
and resistances of the primary and secondary
coils, and the arrangements for running or op-

“erating the same,

The new method of electrical conversion
which this system involves T have made the
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
itself, inducing or primary coils wound thereon
and conneeted up in independent pairs or sets,
and induced or secondary coils wound upon
or near the primary coils, of a generator of
alternating currents and independent connec-
tions to the primary coils, whereby by the op-
eration of the generator a progressive shifting
of the poles of the core is effected, as set forth.-

2. Thecombination,with an annular orsimi-
lar magnetic core and primary and secondary
coils wound thereon, of an alternating-cur-
rent generator having induced or armature
coils corresponding to the primary coils, and
independent eircuits connecting the primary
coils with the corresponding coils of the gen-
erator, as herein set forth.

3. The combination, with independent elee-
trie transmission-circuits, of transformers con-
gisting of annular or similar cores wound with
primary and secondary coils, the opposite pri-
mary coils of each transformer being connected
to one of the transmission-circuits, an alter-
nating-current generator with independent in-

| duced or armature coils connected with the

transmission-eircuits, whereby alternating cur-
rents may be directed through the primary
coilg of the transformers in the order and man-
ner herein described.

NIKOLA TESLA.

Witnesses:
Rosr. H. DUNCAN,
- RoBrT. F. GAYLORD.
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ELECTRO-MAGNETIC MOTOR.

SPRCIFICATION forming part of Letters Patent No. 382,279, dated May 1, 1888.
Applicatibn filed November 30, 1887. Serial No. 256,561, (No model.)

To all whom it muay concern:
Be it known that I, Niora TESLA, 4 sub-
ject of the Emperor of Austria, from Smiljan,
Lika, border country of Austria-Hungary, now
regiding 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 specification,
reference being had to the drawings accom-
panying and forming a part of the same.

In a former application, filed October 12,
1887, No. 252,132, I have shown and described
a mode or plan of operating electric motors by
eausing a progressive shifting of the poles of
one or both of the parts or elements of a mo-
tor—that is to say, of either the field magnet
or magnets or armature, or both. I accom-

. plish this by constructing a motor with two or
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more independent energizing-cireuits, on the
field-magnets,for example, and I connect these
up with corresponding induced or generating
circuitsin an alternating-current generator, so
that alternating currents are caused to trav-
erse the motor - eircuits. - By so doing the
poles of the field-magnet of the motor are pro-
gressively shifted, and by their attractionupon
a rotary armature set up a rotation in the lat-
ter in the direction of the movement of the
poles.
prodaced and maintained by the direct attrac-
tion of the magnetic elements of the motor. 1
havediseovered that advantageous results may
be secured in thissystem by utilizing the shift-
ing of the poles primarily to setup currentsin
a closed conductor located within the influence
of the field of the motor, so that the rotation
may result from the reaction of such currents
upon the field.

To illustrate more fully the natare of the in-
vention Irefer tothe accompanying drawings.

Figure 1 represents in side elevation the
operative parts or elemients of a motor em-
bodying the principles of my invention, and
in section the generator for operating thesame.
Fig. 2isa horizontal central section of the mo-
torin Fig. 1,the circuits being shown partly in
diagram. Fig. 3 is a modified form of motor
in side elevation. Fig. 41isa central horizon-
tal cross-section of Fig. 3.

In Figs. 1 and 2, A is an annular core of soft
iron, preferably laminated or formed of in-

In this case, However, the rotation is.

sulated sections, so asto be susceptible to rapid
variatious of magnetism. This core is wound
with four coils, CC C’' C', the diametrically-op-
posite coils being connected in the same cir- 53
cuit, and the two free ends of each pair being
brought to the terminals tand ¢/, respectively,
as shown. Within this annular field-magnet
A is mounted a soft-iron cylinder or disk, D,

on an axis, , in bearings 0 b, properly sup- 6o

ported by the frame-work of the machine.
The disk earries two coils, B I/, of insulated
wire, wound atright anglesto one another,and
having their respective ends joined, so that
each coil forms a separate closed circuit.

In illustration of the action or mode of op-
eration of this apparatus,letitbe assumed thab
the annular field-magnet A is permanently
magnetized, so as to present two free poles dia-
metrieally opposite. If suitable mechanical 70
provision be now made for rotating the field-
magnet around the disk,the apparatus exem-
plifies the conditions of an ordinary magneto-
generator,and currents would be set upinthe
coils or closed conductors E B on the disk D. 73
Evidently these currents would be the most
powerful ab or near the points of the greatest
density of the linesof force, and they weuld,
as in all similar cases, tend, ab least theoreti-

63

cally, to establish magnetic poles in the disk 807~

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,
a more or less powerful tendenecy in the disk
to rotate in the same direction as that of the 83
field-magnet would be established. 1f; onthe
other hand, the ring or annular field-magnet
A be held stationary and its magunetic poles
progressively shifted. by passing through its
coils C ' properly-alternated currents, it is go
obvious that similar results will follow, for
the passage of the currents causing the shif-
ing or whirling of the poles of the field-mag-
net A.induces currents in the closed circuits
of the armature coils 8 I, with the result of g3
setting up 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 B E in the same manner, the poles

of the disk or cylinder follow continuously :co

the poles of the annular field-magnet, main-
taining, at least theoretically, the same rela-

\

v

j



10

20

25

30

35

40

[¥5]

50

55

60

65

oy

82

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
mode or plan devised by me for producing the
currents that effect the progressive shifting of
the poles of the motor.

In Fig. 1, B B’ are the poles or pole-nieces
of an alternating-current generator. They
are permanently magnetized and of opposite
polarity. Fisa eylindrical or other armature
containing the independent coils G G/. These
coils are wound at right angles, so that while
one is crossing the strongest portion of the
field of force the other is at the neutral point.
The coils G G’ terminate in the two pairs of
insulated collecting-rings £ and £’,upon which
bear the brushes g ¢. Four wires connectthe
motor-terminals ¢ and ¢’ with the brushes g and
¢’y respectively. When the generator is ro-
tated, the coil 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
rings £ f to the terminals¢ ¢ and through the
coils C C.  Its effect will be to establish poles
in the ring midway between the two coils.
By the further rotation of the generator the
coil G’ is brought within the influence of the
field and begins to produce a current, which
grows stronger as the said 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
current from the coil &', being conveyed to
the terminals ¢’ ¢ and through coils ¢/ ¢, has
a tendency to establish poles at right angles
to those set up by the coils C C; but owing
to the greater effect of the eurrent in coils €
C the result is merely to advance the poles
from the position in whichthey would remain
if due to the magnetizing influence of coils €
C alone. This progression continues for a
quarter-revolution until coil G G becomes
neutral and coil G &' produces its maximum
current. The action described is then re-
beated, the poles having been shifted through
one-half of the field,or a half-revoluticn. The
second halfrevolution is accomplished in a
similar way, the same polarity being main-
tained in the shifting poles by the movement
of the generator-coils alternately th rough
fields of opposite polarity. :

The same prineiple of operation may be ap-
plied to motors of various forms, and I have
shown one of such modified forms in Figs. 8
and 4 of the drawings. In these figures, M M’
are field-magnets secured to or forming parg
of a frame, IY, mounted on a base, . These
magnets should be laminated or composed of
a number of electrically-insulated magnetic
sections, to prevent the circulation of induced
currents and to render them capable of rapid
magnetic changes. These magnetic cores or
poles are wound with insulated coils C ¢, the
diametrically-opposite coils being connected

279

together in series and their free ends brought
to terminals ¢ ¢, respectively. DBetween the
polesthere is mounted, in bearingsin the cross-
picees G”, a eylindrical iron core, D, which,
in order to prevent the formation of eddying
currents, and the loss consequent thereon, is
subdivided in the usual way. Insulated con-
ductors or coils are applied to the cylinder D
longitudinally, and for these I may employ
copper plates B I¥, 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
circuits around the core. Inthedrawings two
of such circuits areshown, formed respectively
by the conductors i and. I, which are insu-
lated from each other. Itisadvantageous also
to slot these plates longitudinally, to prevent
the formation of eddy currents and waste of
energy.

From what has now been given the opera-
tion of this apparatus will e readily under-
stood. Tothe binding-posts ¢ ¢’ are connected
the proper cirenits from the generator to cause
& progressive shifting of the resultant mag-
netic poles produced by the magnets M upon
the armature. Thus currents are induced in
the closed circuits on the core, which, energiz-
ing the core strongly, maintain a powerful at-
traction betweenthe sameand the field, which
causes arotation of the armature in the direc-
tion in which the resultant poles are shifted.

The particular advantage of the construc-
tion illustrated in Figs. 8 and 4 is that a con-
centrated and powertul field is obtained and
a remarkably powerful tendency to rotation
in the armature scoured. The same results
may be obtained in the form illustrated in
Figs. 1 and 2, however, by forming polar pro-
Jjeetions on the field and armature cores.

When these motors are not loaded, bu$ run-
ning free, therotation of the armature is nearly
synchronous with the rotation of the poles of
the field, and under these cireumstances very
little current is perceptible in the coils B I';
but if aload is added the speed tends to di-
minish and the currents in coils & i’ are ang-
mented, so that the rotary effort is increased
proportionately.

Obviously the principle of this invention is
capable of many modified applications, mogt of
which follow as o matter of course from the
constructions described. For instance, the
armature-coils,or those in which the currents
are set up by induction, may be held stationary
and the alternating currents from the genera-
tor conducted through the rotating inducing
or field coils by means of suitable sliding con-
tacts. It is also apparent that the induced

coils may be movable and the magnetic parts
of the motor stationary; but I have illustrated
these modifications fully in 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-cireniting
the-armature-coilsapply the presentinvention
in order to obtain greater power on starting.

An advantage and characteristic feature of
motors constructed and operated in accordance
with this invention is their capability of al-
most instantaneous reversal by a reversal of
one of the energizing-currents from the gen-
erator. -This will be understood from a 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-cireuits.
If it be borne in mind that in a 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 playinreversing
the motor. In addition to this the resistance
of the motor is very greatly reduced at the
moment of reversal, so that a much greater
amount of current passesthrough the energiz-
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-induetion in
the primary or energizing circuits. ’

These motors presentnumerous advantages,
chief among which are their simplicity, relia-
bility, economy in construction and mainte-
nance, and their easy and dangerless manage-
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.

T do not claim herein the mode or plan of
producing currents in closed conductors in 2
magnetic field which is herein disclosed,except
in its application to this particular purpose;
but

‘What I claim is—

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

2. An electro - magnetic motor having its
field-magnets wound with independent coils
and its armature with independent closed coils,
in combination with a source of alternating
currents connected to the field-coils and capa-
ble of progressively shifting the poles of the
field-magnet, as set forth.

3. A motor constructed with an annpular
field-magnet wound with independent coils
and a eylindrical or disk armature wound with
closed coils, in combination with a source of
alternating currents connected with the field-
magnet coils and acting to progressively shift
or rotate the poles of the field, as herein set
forth.

- NIKOLA TESLA.

‘Witnesses: :
FrANK B. MUurPHY,
FrANK BE. HARTLEY.
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PAaTENT OFFICE.

NIKOLA TESLA, OF NEW YORK, N. Y.

ELECTRICAL TRANSMISSION OF POWER.

SPECIFICATION forming part of Letters Patent No. 382,280, dated May 1, 1888.

Original application filed October 12, 1887. Serial No. 252,132. Divided and this application dlled March 9, 1888, Serial No. '
: 7 206,755. (No model.) o

To all whom it -may concern: .

Be it known that I, NixorA TESLA, from
Smiljanp, Lika, border country of Austria-Hun-
gary, and residing in the city, county, and State
of New York, have invented certain new and
useful Improvements in the Transmission of
Power, of which the following isaspecification,
reference being had to the drawings accom-
panying and forming a part of the same.

This application is a division of an applica-
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
which the apparatus and systems heretofore
employed have not been capable of fulfilling.
Such a solution primarily demands a uni-
formity of speed in the motor irrespective 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-
tofore existed, to construct cheaper and more
reliable and simple apparatus, and such that
all danger from the use of currents of high

. tension; which are necessary to an economical
transmission, may be avoided.

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

» present objections are overcome and great
cconomy and efficiency secured. '

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

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

» - It is'obvious that a proper progressive shift-
ing of the lines of force may be utilized to set
up a movement or rotation of either element
of the motor, the armature,or the field-magnet,
and that if the currents directed through the

5 several circuits of the motor are in proper di-
rection no ¢commutator for the motor will be
required; but to avoid all the usual commu-

tating appliances in the system I connect the |

‘motor-eircuits directly with those of a snitable
o alternating-current generator. The practical
~ yesults of such a system, its economical advan-

tages, and the mode of its construction and

operation will be described more in detail by
reference to the accompanying diagrams and
drawings. '

Figures1to 8 and 1° to 8, inelusive, are dia-

grams illustrating the principle of the action
of my invention. The remaining fignres-are
views of the apparatus in various forms by

55

means of which the invention may be carried 6o

into effect, and which will be described in their
order. : ’
Referring first to Fig. 9, which is a dia-

grammatic representation of a motor, a gen-
erator, and connecting-cireuits in accordance 65

with my invention, M is the motor, and G
the generator for driving it. The motor com-
prises a ring or annulus, R, preferably built

up of thin insulated iron rings or annular .

plates, S0 as to be as susceptible as possible to

70

variations in its magneticcondition, Thisring -

is surrounded by four coils of insulated wire

symmetrically placed and designated by CCC' -

C. 'The diametrically-opposite coils are con-

nected up soas to co-operatein pairs in produc- g5

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- 8o

netic disk, C, generally circular in shape, but
having two segments, ¢ut away as shown.
This disk is mounted so asto turn freely within
the ring R. The generator G is of any ordi-

nary type, that shown in the present instance 85

having field-magnets N Sand a cylindrical ar-
mature-core, A, wound with the two coils B
B’. The free ends of each coil are carried

through the shaft ¢’ and connected, respect- .
ively, to insulated contact-rings b b &' %'. Any go

convenient form of collector or brush bears on

. each ring and forms a terminal by which the

current to and from a ring is conveyed. These

terminals are connected to the terminals of the

motor by the wires L and I/ in the manner in- g§

dicated, whereby two complete circuits are -
formed, one including, say, the coils B of the
generator and C-C of the motor and the other
the remaining coils B'and C' C' of the gen-
erator and the motor.

1t remains now to explain the mode of op-

1co

eration of this system, and for this purpose I
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refer to the diagrams, Figs.1 to 8 and 1° to 8",
for an illustration of the various -phases
through which the coils of the generator pass
when in operation, and the corresponding and
resultant magnetic changes produced in the
motor. Therevolution of the armature of the
generator between the field-magnets N 8 ob-
viously produces in the coils B B’ alternating
currents the intensity and dircction of which
depend upon well-.known laws. In the posi-
tion of the coils indicated in Fig. 1the current
in the coil B is practieally nil, whereas the
coil B’ at the same time is developing its
maximum current, and by the means indicated
in the description of Fig. 9 the circuitinclud-
ing this coil may also include, say, the coils C
C of the motor, Fig. 1*>. The result, with the
proper connections, would be the magnetiza-
tion of the ring R, the poles being on the line
N 8. The same order of connections being
observed between the coil B and the coil €,
the latter ‘when traversed by a current tend to
fix the poles at right angles to the line N 8 of
Fig. 1*. It resnlts, therefore, that when the
generator-coils have made one-eighth of a re-
volution, reaching the position shown in Fig.
2, both pairs of coils, C and €', will be trav-
ersed by current and aet in opposition in so
far'as the location of the poles is concerned.
The position of the poles will therefore be the
resultant of the magnetizing forces ofthe coils—
that I8 to say, it will advance along the ring to
a position corresponding to one-eighth of the
revolution of the armature of the generator.
In 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
¢oil being in its neutral. position.
of the ring R in Fig. 8* will in consequence bie
shifted to a position ninety degrees from that
at the start, as shown.. T haveinlike manner
shown the conditions existing at each succes-

sive eighth of one revolution in the remaining

figures. A short reference to these figures will
suffice to an understanding of their.signifi-
cance. . ' . :
Figs. 4 and 4*illustrate the conditions whic
exist. when the generator-armature hdas cor-
pleted three-eighths of a révolution. .Here
both coils are generating currents; but the coil
B, having now entered the opposite field, is
generating a current in the opposite direction

- having the opposite magnetizing effect; hence
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the resultant pole will be on the line N'S, as
shown. . o :
. InFig. b one-half of one revolution of the

armature of the generator has been completed, -

and the resulting magnetic condition of the
ring is shown in Fig. 5°  Inthis phase coil B

_ is in the neutral position, while coil B’ is gen-

65

erating its maximum eurrent, which ig in the
same direction as in Fig. 4. The poles will
consequently be shifted through one half of
the ring. - > ) :

In Fig. 6 the armature has completed five-

eighths of a revolution. In this position coil .

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

_other hand, baving entered a field of opposite

polarity, generates a current of opposite di-
rection. The resultant poles will therefore be
in the line N 8, Fig. 6°; or, i1i other words,
the poles of the ring will be shifted along five-
eighths of its periphery. ‘
Figs. 7 and 7* in the same manner illastrate
the phases of the generator and ring at three-
quarters of a revolution, and Figs. 8 and &
the same at seven eighths of ‘a revolution of
the generator-armature. These figures will be
readily understood from the foregoing. :
When a completerevolutionisaccomplished,
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 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 utilize
in produecing the rotation.of a body or arma-
ture 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 assuame that position in which
it embraces the greatest possible number of the
magnetic lines, is set in rotation, following the
motion of the lines or the points of greatest
attraction. o o
The disk D-in Fig. 9 is'shown as cut away
on opposite sides; but this I have found is not
essential to effecting its rotation, as a circular
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 foree

through the same, which results-in 2 continu-
ous tangential pull upon the disk, causing its
rotation. This seems to be confirmed by the
faet that a cireular disk of steel is niore effect-
ively rotated than one of soft iron, for the rea-
son that the former is assumed to possesa a
greater resistance to the shifting of the mag-
netic lines. o . ‘
In-illustration of othér forms of apparatus
by means of which I carry out my invention,

1 shall now deseribe the remaining figures of

the drawings. - . R .
Fig. 10'is'a view in elévation and part ver-
tical section of a motor. Fig. 12 is a top view
of the same with the ficld in seetion and a
diagram of connections. Fig. 11 i8 an end or
side view of a generator with the fields in see-

"tion. This form of motor may be used in place

of that shown. ‘ . “
". D8 a eylindrical or druin arinature-core,
which, for obvious reasons, should be split up
as far as practicable topreventthe circulation
within it of currents of induction.. The core
is wound longitudinally with two cgils, E and
E/, the ends of which are réspectively con-
nected to insulated contact-ringsd d. & &, car-
ried by the shaft ¢, upon which the armstare
is mounted. a ’

- The armature is .set to revolve _wi_ti:in an
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'iron shell, R, which constitutes the field-mag-

IO

15

20

net or 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. Itis 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
device shown in Fig. 11. This represents an
annular or ring armature, A, sarrounded by
four coils, F F' I F, of which those diamet-
rically opposite are connected in series, 80
that four free ends are left, which are con-
nected to the insulated contact-rings b b ¥’ ¥'.
The ring is suitably mounted on a shaft, a/,
between the poles N S. The contact-rings of
each pair of generator coils are connected to
those of the motor, respectively, by means of
contact-brushes and the two pairsof conduct-

.ors, L Land L' I/, a8 indicated diagrammat-

« N
w

30

40

ically in Pig. 13. .

Now, it is obvious from a consideration of

the preceding figures that the rotation of the

generator-ring produces currents in the coils -

F F, which, being transmitted to the motor-
coils,impart to the core of the latter magaetic
poles constantly shifting or whirling around
the core. This effect sets up a rotation of the
armatare,oWwing to theattractive force between
the shell and the poles of the armature; but
inasmuch as the coils in this case move rela-
tively to the shell or field-magnet the move-
ment. of the coils is in the opposite direction
to the progressive shifting of the poles.

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

Fig. 13 is a diagrammatie illustration of a

motor and a generator connected and con-

~ Stracted in accordance with my invention.

45
50

85

Fig. 14 is an end view of the generator with
its field-magnets in section. v

The field of the motor M is produced by six
magnetic poles, G’ G, secured to or projecting
from a ring or frame, H. These magnets or
poles are wound with insulated coils, those
diametrically oppopitet_o each other being con-
nected in pairs,so as to produce opposite poles
in each pair. Thisleaves six free ends,which
are connected to the terminals TT T TV T T”.,
The armature which is mounted to rotate be-
tween the poles is a cylinder or disk, D, of
wrought-iron, mounted on the shaft a.. Two
segments of the same are cut away, as shown.
The generator for this motor has in this in-
stance an armabure, A, wound with three

" coils, K K’ K”, at sixty degrees apart. The

65

ends of these coils are connected, respectively,
to insulated contact rings e e ¢’ ¢ ¢’ ¢’: These
rings are connected to those of the motor in
proper oxder by means of collecting-brushes
and six wires, forming three independent cir-
caits. The variations in the strength and di-
rection of the currents transmitted through
these circuits and traversing the coils of the

_terminals t ¢ ¢ .

‘view of such-a motor.

'3

motor produce a steadily-progressive shifting
of the resultant attractive force exerted by the
poles G’ upon the armatare 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 prineiple to
systems involving multiple circuits generaliy
will be understood from this apparatus.
Referring now to Figs. 15 and 16, Fig. 15 is
a diagrammatic representation of a modified
disposition of my invention. Fig. 16 isahori-
zontal cross-section of the motor. In this case
a disk, D, of maguetic metal, preferably cut
away at opposite edges, as shown in dotted
lines in the figure, is mounted so as to turm
freely inside two stationary coils, N’ N”,placed
at right angles to one another. The coils are
preferably wound on 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 alternating-
current machines in which a stationary in-
duced element is employed. Thatshown con--
sists of a revolving permanent or electro-mag-.
net, A, and four independent stationary mag-

7¢
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nets, P P, wound with coils, those diamet- -

rically opposite to.each other being connected
inseries and having their ends secured to the
From these terminals the
currents are led to the terminals of the motor,
as shown in the drawings. The mode of op-
eration is substantially the same as in the pre-
vious cases, the currents traversing the coils
of the motor having the effeet to turn the disk
D. This mode of carrying out the invention
has the advantage of dispeunsing with the slid-
ing contacts in the system. _

In the forms of motor above described only
one of the elements--the armature or the field-
magnet—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. Fig. 17 isan end
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, R, preferably
of thin insulated iron sheets or bands, with
eight pole-pieces, G, and corresponding- re-
cesses in which four pairs of coils, V, are
wound. The diametrically-opposite pairs of
coils.are connected in.series and the free ends
connected to four terminals, w, the rule to be
followed in connecting being the same as here-

95
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inbeforeexplained. Anarmature,D,with two

coils, E E, at right angles to each other, is
mounted to rotate inside of the field-magnet
R. The ends of the armature-coils are con-
nected to two pairs of contact-rings, d d & &.
The generator for this motor may be of any
suitable kind to' produce currents of the de-
sired character. In the present instance it
consiats of a field-magnet, N S, and an arma-
tare, A, with two coils at right angles, the
ends of which are connected to four contact:

125

130
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rings, b b b’ ', carried by its.shaft.” The cir-
cuit-connections are established between the
rings on the generator-shaft and those on the
motor-shaft by collecting brushes and wires, as
previously explained. In 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 magoetic lines of forece upon the
armature are shifted in one direction those

- upon the field-magnet are made to progressin

s
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an opposite direction. 1In other respects the
operation is identically the same. 28 in the
other cases cited. This arrangement results
in an increased speed of rotation. o

if Figs. 17 and 19, for example,theterminals
of each set of field-coils are connected with the
wires to the two armature-eoils in sucha way
that the field-coils will maintain opposite poles
in advance of the poles of the armature.

In the drawings the field-coils are in shunts
to-the armature; but they may be in series or
in independent circaits.

1t is obvious that the same principle may
be applied to the various typical forms of mo--
tor hereinbefore described.

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

In my motor, considering, for convenience,
that represented in Fig. 9, it will be observed
that since the disk D has a tendency fo follow
continuously the points of greatest attraction,

and sinee these points are shifted around the |

ring once for each revolution of the armature
of the generator, it fullows that the move-
ment of the disk D will be synchronous with
that of the armature A. This feature by
practical demonstration I have found to ex-
ist in all other forms-in which one revolution
of the armature of the'generator produces a
shifting of the poles of the motor through
three hundred and. sixty degrees. ,

In the particufar modification shown in Fig.
15, or in othiers constructed on a similar plan,
the number of alternating impulses resulting
from one revolntion of the generator-armagture
is double as compared with the preceding
cases, and the polarities .in the motor are

. shifted.around twice by one revolution of the
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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 ¢lements ave shifted in op-
posite diréetions. . Lt

Again,considering the apparatus illustrated
by Fig. 9 astypical of the inventiony it is ob-

vious that since the attractive effect upon the
"disk Dis greatest when the disk i8 in its proper
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

382,280

speed of the motor for all loads within the
normal working limits of the motor will be
practically constant. ,

It is clearly apparent that the speed can
never exeeed the arbitrary limit as determined
by the generator, and also that within 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 speed under all loads
within the normal working limits of the mo-
tor without the use of any auxiliary regula-
tor; second, synchronism .between the motor
and the generator; third, greater efficiency by
the more direct application of the current, no
commutating devices being required on either
the motor or the generator; fourth, cheapness

| and simplicity of mechanical construction;

fifth, the eapability of being very easily man-
aged or controlled, and, sixth; diminution of
danger from injury to persons and apparatus.

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

I am aware that it is not new to produce the
rotations of a motor by intermittently shifting
the poles of one of itselements. This has been

done by passing throngh independent ener-

gizing-coils on one of the elements the car-

| rent from a battery or other source of - direet

or continuous currents, reversing such cur-
rent by suitable mechanical appliances, so that
it is directed throngh the. coils in alternately
opposite directions. In such casey, 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 alternating.currents; and
my invention consists in the discovery of the
mode or method of utilizing such currents.
The difference between the two plans and
the advahtages of mine are obvious. By pro-
ducing an alternating current each impulse
of which involves a rise and fall of potential
I reproduce 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 continuous
and not intermittent. In addition to this,the
practical difficulty of interrupting or revers-
ing a current of any considerable strength is
such that noneof the devices at present could
be made to cconomically or practically effect
the transmission of power by reversing in the

‘manner deseribed a continuous or direct cur-

rent.. Inso far,then,asthe planof acting upon
one element of the motor is concerned, my in-
vention involves the use of an alternating as
distingnished from'a reversed current,or a cur-
rent which, while cofitinuous and direet, is
shifted from coil to coil by any.form of com-
mutator, reverser, or interrupter. With re-
gard to that part of the invention which con-
sists.in acting upon both elements of the motor
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simuitaneously, I regard the use of either al--
ternating or reversed currents as within the

scope of the invention, although I do not con-

sider the use of reversed currents of any prac--

5. tical importance.
What I elaim is— .
The method herein deseribed of electrically
transmitting power, which consists in produc-

ing a continuously-progressive shifting of the

pola._t'ibies of either or both elements (thearma- - 10

ture or field magnet or magrets) of a motor by

developing alternating. carrents in independ-
ent cireunits, including the magnetizing-coils of
either or both elements, as herein sef forth.
, : . NIKOLA TESLA.
‘Witnesses: - ,
FRANK B. MURPHY,
FraNK E, HARTLEY. -
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UNITED STATES

PATENT OFFICE.

NIKOLA TESLA, OF NEW YORK, N. Y.

ELECTRICAL TRANSMISSION OF POWER.

SPECIPICATION forming part of Letters Patent No. 382,281, dated May 1, 1888. v
Original application filed November 30, 1837, Serisl No. 258,582, Divided and this application filed March 9, 1888, Serial No

260,736,

To all whom it may concern: e
Be it known that I, NixorA TESLA, from
Smiljan, Lika, border country of A nstria-Hun-
gary, and residing in the city, county, and
5 State of New York, have invented certain new
and useful Improvementsin the Electric Trans-
mission of Power, of which the following is a
specification, this application being a division
of an application filed by me November 30,
1887, Serial No. 256,562,

In a previous spplication filed by me—viz.,
No. 252,132, filed October 12, 1887—1 have seb
forth an improvement in motors and in the
mode or method of operating the same, which,
generally stated, consists in progressivelyand
continuously shifting the poles or lines of
maximum magnetic effect of either the field-
magnets or armature, or both, of a motor, and
thereby producing a wovement of rotation in
the motor. The means which I have shown

‘for effecting this, while varying in detail, are

axamnlified in the following system, which, for
present purposes, it will be sufficient to con-
gider 28 8 typical embodiment of the inven-
tion. )

e motor is wound with coils forming in-
dependent energizing-circuits on the arma-
ture, which is a cylinder or disk mounted to
rotate between two opposite magnetic poles.
These coils are connected up with correspond-
ing induced or current-prodacing circuits in
an slternating-current generator. Asaresult
of this, when the generator is set in motion,
currents of alternately-opposite direction are
directed through the energizing-coils of the
motor in such manner as to produce a pro-
gressive shifting or rotation of the magnetic
poles of {he motor-armature. Thismovement
of the poles of the armature obviously tends to
rotate 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
spezd of rotation increases from the start un-
gil it equals that of the generator, supposing
both motor and generator to be alike.

As the magnetic poles of the armatare are
ghifted in a direction opposite to that in which
the armature rotates, it will be apparent that

50 when the normal speed is attained the poles of
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(No model.)

the armattire will agsume a fixed position rels-
tively to the field-magnets, and that in conse:
gitence the field-magnets will be energized by
magnetic induetion, exhibiting two distinet
poles, otie on each of the pole-pieces. Instart-
ing the motor, however, the speed of the ar-
mature being comparatively slow, the pole-
pieces are subjeeted to rapid reversals of mag-
netic polarity; but asthe speed increasesthese

55

‘reversals become less and less frequent and 60

finally cease, when the movement of the arma- -
ture becomes synchronous with that of the
generator. Thisbeing the cage, the field-cores
or the pole-pieces of the motor become a mag-
net, but by induction only. : 65

I have found that advantageous resuits 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 70
consists. S

1 shall now describe the apparatus which I
have devised for carrying out this invention
and explain the mode of using or operating
the same. . 75

Figure 1 is an end view in elevation of my
improved motor. ¥ig. 2 isa part horizontal
central section, 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 legsor pole:
pieces of a fleld-magnet, around which are
coils B B, included inthe cirenit of a continu-
ous-carrent generator, C, which is adapted to
impart magnetism to the said poles'in the or- 83
dinary manner.

D D’ are two independent ooils wouind upon
a suitable cylindrical or equivalent armaiare-
core, which, like all others used in & similar
manner, should be split or.divided up into go
alternate magnetic and insulating parts in the
usual way. This armature is mounted in non-
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 9§
sliding contact rings a a b b, carried by the
armature-shaft, and brushes ¢ ¢ bear upon
these rings to convey to-the coils the carrents
which operate the motor.

The generator for operating thismotor is or

80
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may be of ‘precisely identical construction,
and for convenience of reference I have marked
in Fig. 3 its parts, as follows: I F, the field-
magnets energized by a continuous current
passiog in its field-coils G G; H H/, the coils
carried by the eylindrical armature; d d ¢ e,
the friction or collecting rings carried by the
armature-shaft and forming the terminals of
the armature- coily; and f f the collecting-
brashes which deliver the carrents developeq
in the armature-coils to the two cireuits g ¢/,
which connect the generator with the motor.

The operation of this system will be under-
stood from the foregoing. 'The action of the
generator by causing a progressive shifting of
the poles in the motor-armature sets up in
the latter a rotation opposite in direction to
chat in which the poles move. If, now, the
continuous enrrent be directed through the
field-coils 80 as to strongly energize the mag-
net A A, the speed of the nmotor, which depends
uponthatofthe generator, willnot beincreased,
but the power which produces its rotation will
be increased in proportion to the energy sup-
plied through the coils B B. 1t is character-
istic of this motor that its direction of rota-
tion is nat reversed by reversing the direction
of the current through its field-coils, for the
direction of rotation depends not upon the
polarity of ‘the field, but upon the direction
In which the poles of the armature arc shifted.
‘Lo reverse the motor the connections of either
of the eircuits ¢ ¢ must be reversed,

I bgyve found that if the field-magnet of the
motor be strongly energized by.its coils B B,
and the circuits through the armature-coils
closed, assuming the generator to be running
ab a certain speed, the motor will not start;
but if the field be but slightly energized, or in
general in such condition that the magnetic
influence of the armature preponderates in de-

‘termining its magnetic condition, the motor

45
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will start, and with sufficient current will
reach its maximum or normal speed. For
this reason it is desirable to keep at the start,
and until the motor has attuined its normal
speed, or nearly so, the field-circuit open, or
to permit but little current to pass through it,
I'have found, however, if the fields of both the
generator and motor be strongly energized
that starting the generator starts the motor,
and that the speed of the motor is increased
in synchronism with the generator,

Motors constructed and operated on this
principle maintaio almost, 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,
13 diminished synchrounously with that of the
motor,

T have jo other applications shown how the
construction of these or similar motors may be
varied in certain well-known ways—as, for in-

8tance, by rotating the field about a station.

ary armature or rotatiog conductors within
the field—but I do not illustrate these features
further 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. )

I am aware that a device embodying the
characteristics of a motor and baving a per-
mmapently-magnetized field-magnet has been
operated by passing through independent coils
on its armature a direct or continuous current
in opposite @irections. Such a system, how-
ever, I do not regard as capable of the prac-
tical applications for'which my invention is
designed, nor is it the same in principle or
mode of operation, mainly in.that the shifting
of the poles is intermittent and nat contin -
ous, and that there is necessarily involved a
waste of energy. ‘ L

In my present application I do notlimit my-
self to any special form of motor, nor of the
means for producing the alternating eurrents
as distingnished from what are caled ‘re-
versed currents,’”’ and I may excite or energize
the field of the motor and of the generator by
any source of current which will ‘produce the
desired result.

‘What T ¢laim ig—

‘The method herein deseribed of transmit-
ting power by electro-magnetic motors, which
congists in continuously and progressively
shifting the poles of one element of the motor
by alternating currents and magnetizing the
other element by a direct or continuouns cur-
rent, as set forth. Lo

NIKOLA TESL/A.

Witnesses:
FrAnx B. MurrHY,
FrANK E. HARTLEY,
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UNITED STATES

PATENT OFFICE,

NIKOLA TESLA, OF NEW YORK, N. Y.

METHOD OF CONVERTING AND DISTRIBUTING ELECTRIC CURRENTS.,

SPECIFICATION forming part of Letters Patent No, 382,282, dated May 1, 1888.

Original application filed December 23, 1887, Serial No. 258,787.

Divided and th's application filed Mareh 9, 1883, Serial No.

266,737. (No model.)

To all whom it may concern:

Be it known that I, Nikora TESLA, from
Smiljan, Lika,border country of Augtria-Huan-
gary, and now residing at New York, in the

5 county and State of New York, have invented
certain 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-

1c plication filed by me December 23, 1887, Serial
No. 258,787.

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

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

The main objects of the invention are the

20 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

25 by the same source of current, and in some
cases to reduce a current of high potential in
the main circuit to one of greater quantity and
lower potential in the independent consamp-
tion or working eircuit or circuils.

The general character of the devices em-
ployed in these systems isnow well understood.
An alternating - current magneto-machine is
used as a source of supply. The current de-
veloped thereby is conducted through a trans-

35 mission-cireuit to one or more distant points,
at which the transformers are located. These
consist of induction-machines of various kinds.
In some cases ordinary forms of induction-
coil have been used with one coil in the trans-

40 mitting-cirenit and the other in alocal or con-

" sumption circuity, the coils being differently
" proportioned, according to the work to be

done in the consumption-cirenit-—that is to
gay, if the work requires a current of higher

45 potential than that in the fransmission-cireuit
the secondary or induced coil is of greater
length and resistance than the primary, while,
on the other hand, if a quantity current of
lower potential is wanted, the longer coil is

so made the primary. In lied of these devices
various forms of electro-dynamic inductions

30

“understood principles, and on the same arma-

machines, including the combined motorsand
generators, have been devised. For instance,
a motor is constructed in accordance with well-
55
ture are wound induced ceils which constitute
a generator. The motor-coils are generally of
fine wire and the generator - coils of coarser
wire, so as to produce a currenf of greater
quantity and lower potential than theline-cur-
rent, which is of relatively high potential to
avoid lossinlong transmission. A.similarar-
rangement is to wind eoils corresponding to
those described on a ring or similar core, and
by means of a commutator of suitable kind to
direct the current through the inducing-coils
successively, so 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
systems in detail, it will suffice to say that the
theory or the principle of the action or oper-
ation 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 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
havediscovered amethod of conversionand dis-
tribution, however,which is not subject to the
defects and objections to which T have alluded,
and which is both efficient and safe. I secure
by i a conversion by true dynamic induction
under highly efficient conditions and without
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 induet-
ive field across the convolutions of a coil or
conductor within the influence of said field
and included in or forming part of a second-
ary or translating cireuit. .9k
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In carrying out my invention I provide a
series of indueing-coils and corresponding in-
duced coils which, by preference, I wind upon
a core closed upon itself-—such as an annulug
or ring—gubdivided in the usual manner, The 1co
two sets of coils are wound side by side orsu- -

{ perposed or otherwise placed ih well-known
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ways to bring them into the most elfective 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 the proper
electrical conneections, so that while the coils
of one pair orset co-operate in fixing the mag-
netic poles of the core at two given diametric-
ally-opposite points the coils of the other pair
or set—assuming, for the sake of illustration,
that there are but two—tend to fix the poles
ab ninety degrees from such points. With this
induction deviee I use an alternating-current
generator with coils or sets of coils to corre-
spond with those of the converter,and by means
of suitable conductors I conneet up in inde-
pendent cireuits 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
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 progressively shifted or whirled around.
This principle I have applied under variously
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—T have described in de-
tail the mauner of constructing and using such
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 applied te a system of
electrical distribution; but one skilled in the
art will readily understand, from the deserip-
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
modified. Inillustration, therefore,of the de-
tails of construction which my present inven-
tion involves, Tnow refer to the accompanying
drawings..

Figure 1 is a diagrammatic illustration of
the converter and the electrical connections of
the same. Tig. 2isahorizontal central eross-
section of Fig. 1. TFig. 3 is a diagram of the
circuits of the entire system, the generator
being shown in section.

T use a core, A, which is closed upon itself—
that is to say, of an annular, cylindrical, or
equivalent form—and as the efficiency of the
apparatus is largely increased by the subdi-
vision of this core I moke it of thin strips,
plates, or wires of soft iron electrically insu-
lated as far as practicable. Upon this core, by
any well-known method, Iwind, say, four coils,
B B B’ B/, which I use as primary coils, and
for which I uselong lengths of comparatively
fine wire. Overthese coils Tthen wind shorter
coils of coarser wire, C C ¢/ ¢, to constitute
the indnced or secondary coils. Theconstrue-
tion of this or any equivalent form of eonverter
may be carried farther, as above pointed out,
by inclosing these coils with iron—as, for ex-
ample, by winding over the coils a layer or
layers of insulated iron wive. '

382,282

The device is provided with suitable bind-
ing-posts, to which the ends of the coils are
led. The diamelrically-opposite coils B Band
B’ B'are connected, respectively, inseries, and
the four terminals are connected to the bind-
ing-posts 1 2 8 4. The induced coils are con-
nected together in any desired manuer. Ior
example, as shown in Fig. 3, C C may be con-
nected in multiple arc when a quantity cur-
rent is desired—as for running a group of in-
candescent lamps, D—while ¢’ ¢’ may be in-
dependently connected in series in a cireuit
including arc lamps D, or the like.

The generator in thissystem will be adapted
to the converter in the manner illustrated.
For example, in the present case I employ a
pair of ordinary permanent or electromagnets,
E I, between which is mounted a eylindrical
armature on a shaft, ¥, and wound with two
coils, G G’. The terminals of these coils are
connceted, respectively, to four insulated con-
tact or collecting rings, H I I’ IT’, and the
four line-circuit wires I. connect the brushes
K bearing on theserings to the converter in the
ordershown. Notingthe results of this combi-
nation, it will be observed that at a given point
of time the coil G is in its neutral position and
is generating little or no current, while the
other coil, ¢/, isin a position where il exertsits
maximum effect. Assuming coil Gt to be con-
nected in circuit with coils B Boftheconverter
and coil G’ with coils B’ B, it is evident that
the poles of the ring A will be determined by
coils B’ B" alone; but as the armature of the
generator revolves, coil G develops more cur-
rent and coil G’ less uniil G reaches its maxi-
mum and & itsnentral position. The obvious
result will be to shift the poles of the ring A
through cone quarter of its periphery. The
movement of the coils through the next quar-
ter of a turn,during which coil G/ enters a field
of opposite polarity and generates a corrent
of opposite direction and increasing strength,
while coil ¢+ is passing from its maximum 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 second quarter of the ring. The
second half-revolution will obviously be a
repetition of thesameaction. By the shifting
of the poles of the ring A a power-dynamic in-
duetive effect on the coils C ' is produced.
Besides the currents generated in the second-
ary coils by dynamo-magnetic induction,other
carrents will be sef up in the same coilg in
consequence of any variationsin the intensity
of the poles in the ring A. This should be
avoided by maintaining the intensity of the
poles constanf, to accomplish which carc should
be taken in designing and proportioning the
generator and in distributing the coils in the
ring A and balancing their effeet. When this

is done, the currents are produced by dynamo-
magnetic induction only, the same result be-
ing obtained as thongh the peles were shifted
by a commutator with an infinite number of
gegments, '
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The apparatus by means of which this
method of conversion is or may be carried out
may be varied almost indefinitely., The spe-
cific form which I have herein shown I regard
as the best and most efficient, and in another
application I have claimed it; but I do not
limit myself herein to the use of any particu-
lar form or combination of devices which is or
may be capable of effecting the same result in
a similar way.

‘What I claim is—

1. The method of electrical conversion and
distribution herein described, which consists
in continuously and progressively shifting the
points or line of maximum effect in an induct-
ive field, and inducing thereby currents in
the coils or convolutions of a -circuit located

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

2. The method of electrical conversion and
distribution herein described, which consists
in generating in independent circuits produc-
ing an inductive field alternating currents in
such order or manner as to produce by their
conjoint effect a progressive shifting of the
points of maximum effect of the field, and in-
ducing thereby currents in the eoils or convo-
lutiouns of a circuit located within the induct-
ive influence of the field, as set forth.

NIKOLA TESLA.

‘Witnesses:
FRANK B. MURPHY,
FrAaNk E. HARTLEY.
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To all whot t& may concerry: :
Be it known that I, NIxoLA TESLA, from
Smiljan, Lika, border country of Austria-Hun-

_ gary,at presentresiding in the city, connty, and

‘s State of New York, have invented certain new

and useful Improvements in Commutators for
Dynamo - Electric Machines and Motors, of
which the following is .a specification, refer-
ence being had to the drawings accompanying

10 and forming a part of the same.

s

‘This invention relates to dynamo-eleetric
machines or motors, and isan improvement in
the devices for commutating and collecting the
enrrents; . o L

The objects of tlie invention are, first, to
avoid the sparking and the gradual wearing
away or destruction of tlie ecommutator-seg-
ments  and brushes or collectors resulting
therefrom; seeond, to obviate the necessity of

20 readjustment of the commutator or thebrushes

25

or collectors and other consequences of the

wear of the same; third, to render practicable-

the construction of very large dynamo-electric
machines and motors with the minimum num-
ber of commutator-segments, and,fourth, toin-
creasc the efficiency and safety and reduce the
cost of the machine. ‘ o 7

In carrying out my invention in a manner
to accomplish these results I construet a_com-

30 mutator and the collzctors therefor in- two

15

40

45

parts mutunally auapted to oneanother, and, 50
far as the csscatial features are concerned,
alike in mechanical structure. Selecting as
an illustration a commutator of two segments
adapted for use with an armature the coils
‘or coil of which have but two free ends, con-
nected respectively to the said segments, the
bearing-surface is the face ol a disk, and is
- formed of two metallic guadrant-segments and
two insulating-segments ‘of the same dimeén-
sions, and the face of the disk “should be
smoothied off, so thut the metal and ingulating

~ segments are flush. ‘The part which takes the

place of the usual brushes,or what I-term the
“igollector,’” is a AiSk of the same character as

the commutator and baving a surface simi-

larly formed with two insulating and two me-
tallic segments.” Thesetwo partsare mounted
with their faces in contact and in sach man-

per that the rotation of the armature causes :

of these segments, )
_are in electrical connection with the ends of

the 'commut-ator to turn upon the collector,
whereby the currents induced in the coils are

‘taken off by the collector-segmentsand thence

conveyed off by snitable conductors leading
from the collector-segments, - This is the gen-
eral plan of the construetion which I havein-
vented; Aside from certain adjancts, the na-
ture and functions of which will be hereinaf-
ter set forth, this means of commutation will
be secen to possess Imany important advan-
tages. In the first place the short-cireuiting
and breaking of the armature-¢oil connected
to the commutator-segments oceur at thesame
instant, and from the nature of the construc-

55

6o

tion this will be done with the greatest pre- 65

cision ; secondly, the duration of both the
break and that of ‘the short eircuit will be re-
duced to 4 minimum, “The first resul¢s in a
reduction which amounts practically to asup-
pression of the spark, sincethe break and the
short circuit produce opposite effects in the
armature-coil. The second has the effect of

diminishing the destructive eflect of a spark,

sinee this would be in a measure proportioned .

to the duration of thespark, while lessening the

duration of the short circuit abviously.in- -

creases the efficiency of the machine, = - -
The mechanical advantages will be better

understood by referring to the accompanying

drawings; in which— :

8c

- Figure 1s'a central longitudinal gection of -

the end of a shaft with my improved commu-
tator carried thereon. Fig. 2 is a view of the
inner or bearing face of the collector. Fig. 3
is an end view from the armature side of a
modified form of commutator, . Figs. 4 and b
are views of details of ¥ig. 8. Fig:6 is alon-
gitudinal central section of another modifica-
tion
“"A'is the end of the armature-shaft of a dy-
namo-electri¢ machine or motor. - . - .
A’ is o sleeve of insulating waterial around
the shaft, secured in place by a screw, @',-or
by other suitable means. T -
The commutator proper is in the form of a

8s

and Fig. 7 is-asectional view of the same, -

95

disk which is-:made up of four segments, DD’ .
G ¢, similar o those shown inFig. 3. Two .

as D IV, are of metal and

the =oils on the armature. The other two seg-

€0
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menls are of insulating material. . The seg--
ments are held in place by a band, B, of in.
sulating material. The digk is held in place
by friction or by serewy, such as ¢’ ¢, Fig. 3,
~which secure thé disk firmniy to the sleeve A,
The eollector is. made in the same form as
the ecommutator. * It is composed of tlie two
metallic Segments E B and the two insulating-
gegments ¥ ', bound together by a band, C.
The metallic segments-1 E"are of the same or
" praclically the same width or extent as the
insulating segments or spaces of the commau-
tator. The collector is secured to asleeve, B,
by screws g g, and the sleeve is arranged to
turn freely on the shaft A, The end of the
sleeve B’ is closed by a plate, as f, upon which
presses a pivot-pointed screw, L, adjustablein
a spring, H, which acts to maintain the col-
lector in close eontact with the commutator
and to compensate for the play of the shaft.
Any convenient means is employed to hold
the collector so that it may nob turn with the
shaft. - For example, I:have sliown a slotted:
plate, X, which is designed to be attached to
a stationary support, and an arm extending
from the collector and carrying a clamping-
screw, L, by which the collector may be ad-
- justed and set to the desired position,
- T prefer in the form shown in Figs. 1 and 2
to fit the insulating-segments of both commu-
tator and collector loosely aud to provide some
means—as, for example, light springs e ¢, se-
., cured to the bands A’ B, respectively, and
bearing dgainst the segments—fo exert a.light

. 2

35 pressure upon them and keep them in close

contact and to compensate for wear. . The
metal segments of the commutator may be
moved forward by loosening the screw o/, .

The cireunit or line wires are led from the

thereto in any convenient manner, the plan of
connections being shown as applied to 3 modi-
fied form of the commutator in Fig. 6. ‘The
commutator and the collector in thus present-
ing two flat and smooth bearing-surfaces pre-
‘vent- by mechanical action. the occurrence of
sparks, and this is more effectively accom-
plished as.is here done—that is to say, by the
interposition -of an ‘insulating body between
the separating plates or segments of the com-
mutator and collector—than by any other me:
chanical devices of which I 4m aware. -
The insulating-segments are made of some

‘hard material capable of being polished and

formed with sharp edges. Suchmaterials as
glass, marble, or soapstone may be advanta
geously used. The metal segments are pref-
erably of copper or brass; but'they may have
. " a facing or edge of durable material--such as
6o platinnm or the like--where the sparks are
liable to-oceur. '

In Fig. 3 a somevhat modified form of my
invention is shown, a form designed to facili-
tate the construction and replacing of the
65 parts. In this form the commuftator and col-
lector are made in substantially the same man-
ner as previously desecribed, except that the

metal segments of the collector, being secured,

| with a single'armature, as will be well under-

382,945

ments of each part, however, are secured to
their respective sleeves by serews g’ ¢, and
one edge of ench segment is eut away, so that
small plates ¢ b may be slipped into the spaces
thusformed.  Of these plates a ¢ are of metal,
and are in contact with the metal segments D

" D', respectively. Theothertwo, b, areof glass

or marble, and they are all preferably square,
as shown ip Figs. 4 and’5, so that they may
be turned to present new edges shounld any
edge become worn by use. Light springs d
bear upon these plates and press those in the
commutator toward those in the collector, {an_d
insulating-strips ¢ ¢ are secured to'the periph-
ery of the disks to prevent the blocks from-
being thrown out by centrifugal action. These

- plates are, of course, useful at those edges of

the segments only where sparks are liable to
occur, and, as they arc easily replaced, they
are of great advantage.
with platinom or silver, N

In Figs. 6 and 7 is shown the construection
which I use when, instead of solid segments, a
fluidisemployed. Inthiscase thecommutator

and collector are made of two insulating-disks,

S T, and in lien of the metal segments a space

-is cuf out of each part, as at R R, correspond-

ing in shape and size to a metal segment.

‘bands B C may be omitted. ~The four seg-

70

8o

85

T prefer to coat them

90

95

The two parts are fitted snioothly and the col- -

lector. T held by the screw . and spring H
against the commutator S. . As in the other

.cases, the commutator revolves while the col-

lector remains stationary. - The ends of the
coils are connected to binding;posts s s, which
are in electrical connection with metal plates
¢ ¢t within the recesses in the two parts S T.
These chambers or recesses are filled with
mercury, and in the collector part are tubes
W'W, with serews w w, carrying springs X
and pistons X', which compensate for the ex.
pansion and contraction of the mercury under
varying temperatures, but which are suffi-
ciently strong not to yield to the pressure of
the flnid ¢=e 1~ centrifugal action, and which
serve ag binding-posts. .

In all theabove cases I have deseribed com-
‘mutators adapted for a single coil,and the de-

vice is particularly adapted to snch purposes.

The number of segments may be inereased,

I0C

105

11C

however, or more than one commutator used

stood. :

Although I haveshown the bearing-surfaces
as planes at right angles to the shaft or axis,
it is evident that in this particular- the con-
struction may be very greatly modified with-
out departure from the invention.

Without confining myself, therefore, to the
details of construction which J#ave shown in

1 illusbration of the invention, what I claim as

new is—

1. In a dynamo-electric machine, the com-
bination, with a commutator formed with con-
ducting terminals or segments with interven-
ing Insulating-spaces, of a collector adapted.
to bear upos the surface of the commutator.

- I2¢
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and formed with conducting terminals or seg-

ments equal in extent to. the insulating-space’
'between the commutator-segments, asset forth.

2. The combination, with a commutator
built or formed of alternate blocks or seg-

ments of conducting and insulating ‘maberial,
of a collector adapted to bear upon the surface.

of the commutator and formed of conducting

- blocks or segments of a width or extent equal

10

to that of theinsulating-segments of the com-

mutator and separated by interposed blocks'

- or segments of insulating -material, as de-

.Is

scribed.

8. The combination, with a coxﬂmutat_or'

formed as a disk with alternate terminals or
segments of conducting and insulating ma-
terial, of a collector similarly formed and
mounted with its face in contact with that of
the commutator, as set forth, . ° '

26 . 4. The combination, with a commutator hiay-

ing a bearing-surface formed of alternate sec-
tions of conducting and insulating material,
of a collector with agimilar and symmetrically-
formed bearing-surface and means for apply-
ing spring-pressure to force the
surfaces together, as set forth.
5. The combination,with a commutator and
a collector the bearing-surfaces of which are
identical in regpect to the disposition of the

conducting and insulating parts, of means for 30

applying spring-pressure to maintain the two

- bearing-surfacesin contact and means for hold-
| ing the colector against rotary movement, as

set forth,
-Siguned this 213t day of April, 1887,

NIKOLA TESLA.,

. Witnesses:

Roer. F. GAYLORD, |
FRANK E, HARTLEY.
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To all whom it may concern:

Be it kuown that I, NixoLA TESLA, a sub-
ject of the Bmperor of Austria, from Smiljan,
Lika, border counutry of Austria-Hungary, re-

5 siding in the city, county, and State of New
York, have invented certain new and usefu}
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 paténts made

by me I have shown and described electrical

systems for the transmission of power and the.

conversion and: distribugion of electrical en-
15 ergy, in which the motors and the transformers
contain $wo or morecoilsor sets of coils, which
were conmected up in ipdependent circuits
with corresponding coils of an alternating-eur-
rent generator, the operation of the system be-
20 ing brought about by the ¢o-operation -of the
alternsting eurrents in. the independent cir-
cuits in progressively moving or shifting the
poles or points of maximum magnetie effect of
the motors or converters. - In these systems,
25 as I have described them, two independent
conductors were employed for each of the
independent cirenits connecting the gener-
ator with the devices for converting the trans-
mitted corrents into mechanical energy or
10 into electric currents of another character;
but I have found that this is not always neces-
sary, and that the two or more cirenits may
have a single return path or wire in common,
vith & loss, if any,which ig so extremely slight
35 thaé it may be disvegarded entirely, Forsake

of Illustration, if the generator have two in-

dependent coils and the motor (wo eoils-or
two sets of coils-in corresponding relations to
its operative elements one terminal of each
40 generator-coil is connected to the eorrespond-
ing tefminals of the motor coils throngh two
independent conduetors, while the opposite
terminals of the réspeetive coils are both con-
nected to one return-wire. '
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 diagrammatic illostrationof a
generator and single motor congtracted and

45

so electrically connected in accordancs with the

inveniion. Iig. 2 is a diagram of the system
as it is nsed in operating motors oreonverters,
or bobh, in parallel or multiple are. Fig. 3
iilustrates diagrammatically the manner of
operating fwo or more motors or converters,or 33
both, in series. '

It is obvious that for purposes of this inven-
tion motors or pransformers, which may beall
designated as *‘ converters,’”’ are the same,and
that either or beth may be operated by the 6o
same system or arrangement of cireuits. -

" Referring to Fig. 1, A A designatethe poles

of the feld-magzete of an alternating-current
generabur, the armature of whieh, being in
this case eylindrical in formand mountedona 65
shalt, G, is wound longitudinally with coils B
B'. The shaft C carries three insulated con-
tact-rings, a b ¢, to two of which, a3 & ¢, one
terminal of each coil, as ed, is connected. The
1epaining terminals, f g, ave hoth connected 70
to the third ring, a.

A motor in this case is shown as gepposcu
of a ring, H, wound with four coils, I L J J,
electrically connected, so as to co-operate in
pairs;with a tendency to fix the poles of the 75
ring at four points ninety degrees apart.
Within the magnetie ring H is a disk or ¢y-
lindrical core wound with two coils, G &/,
which may be conneeted to form two -elosed
circuits. The terminalsj k of the two sets or 8o
pairs of coils are connected, respectively, to
the binding-posts ¥ T/, and the other termi-
nals, % 4, are connected to a single binding-
nost, I'. To operate tlhie motor, three line-
wires are used 0 connéct the terminals of the 83
generator with those of the motor, v

So far 'as the apparent action or mode of
operation of this arrdngement is concerned,
the single wire D,which is, so t¢c speak,aeom-
mon return-wire for both sircuits, may be re- go
garded as two independent wirves. lmillus.
tration, with the order of connection shown,
coil B’ of the generator'is prodgcing its maxi-
mum currént and coil B its minimum; hence
the current which passes through wiree ring g5
b, brush ¥, line-wire E, terminal E, wire j,
eoils I I, wirs or terminal D', line-wire Dy
brush o, ring a, and wire f, fixes the polar
line of the motor midway between the two
eoils T T; but as the coil B' moves from the po- 1o
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20

2

sition indicated it gencrates 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 lettersd,
e,d, F, ¥, kJJ i D, D, d, a and g, and
the position of the poles of the motor will be
due to the resultant effect of the currents in
the two sets of coils—that is, it will be ad-
-vanced in proportion to the advance or for-
ward movement of.the armature coils. The
movement of the generator-armature through
one-quarter of a revolution will obviously
bring coil B’ into its neutral position and coil
B into its position of maximum effect, and
this shifts the poles ninety degrees, as theyare
fixed solely by coils' B. This action is re-
peated for each quarter of a complete revolu-
tion. -

‘When miore than one motor or other device
is employed, they may be run either in paral-
lel orseries.  In Fig. 2 the formerarrangement
is shown. The electrical device is shown as
a converter, L, constructed as I have desecribed

- in my application Serial No. 258,787, filed

25

35

'40

" 45

50

55

December 23, 1887. - The two sets of primary.

coils p r are connected, respectively, to the
mains F E, which are electrically connected
with the two coils of the generator. The
cross-eircuit wires I m, making these connec-
tions, are then connected to the common re-
turn-wire D. The secondary coils p'p” arein
cireuits » o, including, for example, incan-
descent Jamps. Only one converter is shown
entire~in this figure, the others being illus-
trated diagrammatically. S

_ When motors or converters are tobe run in
geries,the two wires E Fare led from the gen-
erator to the coils of the first motor or con-
verter, then continued on to the next, and so
on through the whole series, and are then
joined to the single wire D, which completes
both circuits through the generator. This is
gshown in Fig. 3, in which J I represent the
two coils or sets of coils of the motors.

Obviously it is immaterial to the operation
of the motor or equivalent device in Fig. 1
what order of connections is observed between
the respective terminals of the generator or
motor. .

I bave described the invention io its best
and most practicable form of which I am
aware; but there are other conditions under
which it may be earried out. For example, in
case the motor and generator each has threein-
dependent circuits, one terminal of each ecir-

390,413

cuit is connected to a line-wire and the other
three terminals toa common return-conductor:
This arrangement will secure similar results to
those attained with a generator and motor hav-
ing but twoindependent circuits, as above de-
seribed.

‘When applied to such machines and motors
as have three or more induced circuits with a
common electrical joint,the threeor more ter-
minals of the generator would be simply con-
nected to those of the motor. Such forms of
machines, when adapted in this manner to my
gystem, I have, however, found to be less effi-
cient than the others.

The invention isapplicable to machines and
motors of various types, and according to cir-
cumstaneesand eonditions readily understood.
with more or less efficient results. I do not
therefore limit myself to any of the details of
construction of the apparatas herein shown.

What I claim ig— :

1. The combination, with a generator hav-
ing independent current-generating cireuits
and a coaverter or converters having inde-
pendent and corresponding cireaits, of inde-
pendent conductors counecting one terminal
of each generator'eircuit with a corrésponding
terminal of the motor and a single econduector
connecting the remaining generator and con-
verter terminals, as set forth.

9. The combination, with a generator hav-
ing independent current-generating eirenits
and a converter: or converters bhaving inde-
pendent and corresponding circuits, of inde-
pendent line or connecting circuits formed in
part through a conductor common to all, as
set forth. _

. 8. The system of electrical distribution
herein set forth, copsisting of the combina.
tion, with an alternating-current generator
having independent generating-ecircuits 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 términal of each circuit of the
generator, and a single return wire or con-
ductor connecting the said conductors with
the other terminals of the generator, as seb
forth.

NIKOLA TESLA.
Witnesses:

RosT. F. GAYILORD,
FrANK E. HARTLEY.
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7o alZ whom i ma, J concer:

Be it:knownthat:I; Nixora TESLA, 8 sub-
Jject of the Dmperomof Austria, from Hmnjan,
Lika, border.country of Atstria-Hungary,

5 now residing at'New York, in the. county and.

State: o(Ne\\ -York, have mvented cerinin new
and usefol Improvemenls in Dymmo Electric

Machines,:of zwhich.the following is a specifi-.

cationr,«reference being had to the drawings
10 accompanyingandforming a part of the same.
1u certain patents granted toCharles F, Peck
and myself—notably in Patents No. 381,968
and No.-382;280,- May 1, 1888—I have shown
nnddescrtbed a planof coustructmg and oper-
15 ating motors, transformers, and the like, by al-
ternating: currents conveyed through two or
more. independent cirenits froin & generator
having:sueh relation to the motors or trans.
formers "as: to produce -therein a progressive
20 movementof. the- smagnetic poles or lines of
force. In the said applications the descrip-
tious-and-illustrations of the generators were
confined to-those types of altematmg current
machire iniwhich the enrrent generating coils
25 are independent or-separate; but I have found
that the ordinary forms of continuous current
dynamos now in use may be readily and cheaply
adapted to my'system, or utilized-both as con-
tingous and alternati ng eurrent generators
3o with but slight changes.in their construction.
The modeof effecting. this forms the substance
of my:present; upphcamon.
Generally stated;:the plan pursued by-mein
carrying-out:this;invention is as follows: On
35 the shaft of a:giyen: generator, either in place
of or in addition to the regular commutator,
I secure:as.many pairs of msulated collecting-
ringsas ‘therearceirenits to be formed. Now,
it will-be uanderstood: that in the operation of
40 any dynamoe clecbriogencrator the curroants i
the coils in their movement through-the field
of force-undergo different phases—thac is to
say, at:different-positions of the coils the cur-
rents have. icertain, directions and certain
45 st.reugths—and thatin myimproved motors or
transformers if is necessary that:-the eurrents
in the energizing-coils should undergo a cer-
tain order of variations in strength and direc-
tion.. Hence, the further step—viz, theé con-
5o nection -between the induced or generating
coils of the machine aand the contact-rings from

" Applieation Mod A]mlm 18R, Serial Na. 271,626, (Nomodell)

relectrical translating dewge.

taining an armature with separate coils con-

¥ il

i

which the currents are to be taken oﬂ'-mll
be determined solely by what order of varia-.
tions of strength aud direction i inthe currents
is desired for producing a given result in the 55
Tlusxmybeac~ .
complished in various ways; but in the draw-
ings I have given typical iustances only of the
best and most practicable waysof applying the
invention to three of the best-known types of 6o
machines, in order to illustrate the principle
and to enable any one skilted in the art to ap-
ply the invention in any other case or under
any modified conditions which the circumn-
stances of particular cases may reguire.
Figure 1 i3 a diagram illustrative of the.
mode of applying the inveution to the well-
koown type of elosed or continnous eircui
machines. Fig. 2 is a similar diagram con-

65

70
nected diametrically,. or what is generally
called an *‘open-circuit’? machine. Fig. 3 is
a diagram showing the applieation of the in-
vention to a machine the armature-coils of
which have a commen joint.

Referring to Fig. 1, let A represent one of my
improved motors or transformers, which, tor
convenience, I shall designate a ¢‘converter,”
which cousists of an annular core, B, wound
with four independent coils, C and D, those
diametrically opposite being counccted to-
gether so as to co-operate in pairs in cstab-
lishing free poles in the ring, the teudeney of
each pair being to fix the poles at ninety de.
grees from the other. “There may be an arma-
ture, E, within the ring, which igwound with’
coils. closed upen themselves. The object ix
to pass through coils € D currents of such
relative stxength and direction as to prodace
a progressive shifting or movement of the
peints of maximain megnetic effect zronnd the
ring, and to thereby maintain a rotary move-
ment of the armature., I therefore secure to
the shaft K of the geierator four insulated .
contact-rings, e b ¢ d, upon which I cause to 95
bear the collecting- brushes a' b’ ¢ ', connected .
by wires G G H H; respectively, thh the . .
terminals of ¢coils C and .

Assume, for sake ‘of 1llustratlo'l, that the -
coils D D are to receive.the maximum aund
coils C C at the same instant the minimum
current, so that the polav line may be midway

75
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85

90

100
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Lelween the coils D D, the rings a b would
therefore be connected to the continuous ar-
mature-coil.at its neutral points with respect
to the field or the point corresponding with
5 that of the ordivary commutator-brushes, and
between which exists the greatest difference

of potential, while rings ¢ @ would Le con-

nected to two poiuts in the eoil, between which
exists no difference of potential. The best re-

10 sults will .be obtzined by making these con-
nections at points. equidistaut from. one an-
other, as shown. These connections are easi-
est -wade Ly using wires L Letween the rings
and the loops or wires J, connectingthe coil I

5 to the'segments of the commutator K, When
the converters are made in this manuner, it is
evident that the phases of the currents in the
seciions of the generator-coil will be repro-
dueced in the converter coils. For example,
20 after turning through an arc of ninety degrees
the conductors L L, which before conveyed
the mdximum 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 reason the carrent jn said" coils
has gradaoally fallen fromn the maximum to the
minimum in passing through the arc of ninety
degrees. In this special plan of connections
the rotation of the magnetie poles:of the con-

30 verter will be synchronous with that of the
armature-coils of the generator; and the result
will be the same, whether thé energizing-eir-

cuits are derivations from a coatinuous arma- |

ture-coil or from independent coils, as 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 brushes may be removed
from the commutator and the field of the gen-
40 eralor excited by an exterpal source of cai-
rent; or the brushies may be allowed to remain
on the commutator and to take off a converted
current {o excite the field, or to be used for
other purposes.
In a certain well-known class of machines
the armature contains a number of coils the

A5

terminals of which conuect to commutatory.

segments, the.coils being connected across th
armature io 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 pairsor sets to.operate one of
55 my converters by extending the segments of
- the comunutators belongiug to each phair of

coils and causing a collecting-brush to bear on |

the continuous portion of each segment. Tn
this-way two or more circuits may be taken
60. off from the gencrator, each’ including one or
more pairs or sets of:¢coils, as may be desired.
""?;'-I_[df‘g-_ié:‘ 2 I'Ttepresent‘the armature-coils,
T'T the poles of the field-magnet, and F the
shafy, earrying the commutators, which are ex-

ciple of the invention.
that in any case it is necessary only to add the

BEST AVAILABLE COP

tended to form contindous portions a b ¢ d. 63
The brushes bearing on the continncus por-
tions for taking off the alternating cufrents
are represented by o' U’ ¢ &. The collecting-
brashes, or those which may be used to take
off the direct current, are designated by M M. 0
Two pairs of the armature - coils and their
commutaters are shown in the figure as being
utilized; but all may be atilized iv a similar

.manner.

There is another well-known type of ma- 3¢
chine in which three or more coils, A’ B’ C,

-onthe armature have a estmmon -jeiut, the

free ends being connected to the segments of &
commutator. This form of generator is illys-
trated in Fig. 8.. In this case each terminal 8o
of -the generator is connected directly or in
derivation to a continuous ring, ab ¢, and col-
lecting-broshes o’ b’ ¢, bearing thereon,take off

 the alternatin‘g‘ currents that operdte. the mo-

tor. It is-préferable in this case to employ a 83
motor or transformer with-three energizing-
coils, A” B” (", placed symmetrically with
those of thé generator, and the circuits from
the latter are connected to the terminals of

such coils either ‘diréctiy—as when they are go

stationary—or by means of brushes ¢’ 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. taken from it utilized-

for exciting the generator field-magnets or for g5

other. purposes. T ’
-‘These examples serve to illastrate the prin-

It will be observed

continuous contact or collecting rings and to 100
establish the connections hetween them and
the appropriate coils. o

It will be understood that this invention is
applicable to other types of machine—as, for
example, those by which the induced coilsare 105
stationary and phe broushes 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 isg— '

. 110
1. The combination, with a converfer-hav-

ing independent energizing-coils, of a continn-

ous or direct current dynamo or magaeto ma-
chine, and intermediate-circuits permanentiy
connected at suitable points to the induced or 115
generating coil§ of the generator, as herein set
forth. . ) : .

2. The combination, with a converter pro-

“vided with independent energizing-citeuits, of -

a continuous or direct carrent-generator pro- 120
vided with continuous collecting - rings con-

nected in derivation to the armature-coils to

form the terminals of circuits corresponding
to those of ‘the converter, as -herein set forth.
_ ’ NIKOLA TESLA.
‘Witnesses: ' . ‘ :
Rosr. F. GAYLQRD,
FRANK B. MURPHY.
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UNITED STATES PATENT OFFICE.

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

DYNAMO-ELECTRIC MACHINE OR MOTOR.

SPECIFICATION forming part of Lietters Patent No. 390,415, dated Getoker 2, 1888.

Application filed May 15, 1838, Serial No, 273,994, (No model.)

To all whom it may concerru: The bearings G for the armature-shaft are

Beit known that I, NIkoLA TESLA,asubject | cast in the side bars, EF. The field-coils are

of the Emperor of Austria,from Smiljan, Lika, | either wound on the pole-pieces or,preferably,
border country of Austria-Hungary, now re- | wound on a form and thenslipped on over the 55

5 siding at New York, in the county and State | ends of the pole-pieces. The lower part or

of New York, have invented certain new and | castingissecured toasuitable base after being

useful Improvementsin Dynamo-Electric Ma- | finished off. The armature K on its shaft is

chines and Motors, of which the following is a | then mounted in the bearings of the lower
specification, reference being had to the draw- | casting and the other partof the frame placed 6o

to ings accompanying and forming a part of the | in position, dowel-pins L or any other means

same, being used to secure the two parts in proper
This invention is an improvement in the | position.
constraction of dynamo or magneto electric In order to secure an easier fit T cast theside

machines or motors, the improvement consist- | bars, B ¥, and end pieces, A. B, so that slots M 65
15 ing in a novel formof frame and field-magnet | are formed when the two parts are put to-
which renders the machine more solid and com- | gether.

pactas a structure, which requnires fewer parts, This machine possesses many advantages.
and which involves less trouble and expense | For example,I magnetizethe cores alternately,
in its manufacture. as indicated by the characters N'S, and it will yo

20 The invention is applicable to generators | beseen that the magnetic circuit between the
and motors generally, not only to those which | poles of each part of a ecasting is completed
1 have described in former patents, and which | throngh the solid iron side bars. The bear-
have independent circuits adapted for use in | ings for the shaft are located at the neutral
my patented alternating eurrent system, but | points of the field,so that the armature-core is 75

25 to other continuous or alternating current ma- | not affected by the magnetic condition of the
chines, such as have heretofore been more gen- | field. .
erally used. My improvement is not restricted to the use

Inthe drawings hereto annexed, which illus- | of four pole-pieces, as it is evident thab each

trate my improvements, Figure 1 shows the | pole-piece could be divided or more than four 8o

30 machine in side elevation. Fig. 2isa vertical | formed by the shape of the easting.
sectional view of the field-magnets and frame ‘What I claim is— .
and an end view of the armature; and Fig. 3 1. A dynamo or magneto electric machine
isaplan view of one of the parts of the frame | or motor the frame of which is built up of two
and the armature, a portion of the latter being | castings, each consisting of end plates with 8g

35 cut away. pole-pieces extending inwardly therefrom and
I cast the field-magnets and frame in two | connecting side bars, as set forth.
parts. These parts are identical in size and 2. A frame forgenerators or motors built up

shape,and each consists of the solid plates or | oftwosuperposed eastings,each consisting of a
ends A B, from which project inwardly the | rectangular frame with pole-pieces extending go
1o cores C D and the side bars or bridge-pieces, | inwardly from its ends, as set forth.
i F. The precise shape of these parts is 3. A frame and field-magnet for generators
largely a matter of choice—that is to say, each | and motors built up of two rectangular cast-
casting, as shown, forms an approximately- | ings having pole-pieces extending inwardly
rectangular frame; but it may obviously be | from their ends, the faces of said pole-pieces 95
45 more or less oval, round, or square without | being curved to afford clearance for the arma-
departure fromthe invention. Talso prefer to | ture and provided with energizing-coils, as set
reduce the width of the side bars, B F, at the | forth.

centerand toso proportionthe parts that when NIKOLA TESLA.
the frame is put together the spaces between Witnesses:

so thepole-pieces will be practically equal to the Rort, F. GAYLORD,
ares which the surfaces of the poles occupy. FRANK E. HARTLEY.
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To all whom it may condern: -

- BEST AVAILABLE COP

UNITED STATES

PaTenT OFFICE.

NIKOLA TESLA, OF NEW YORK, N. Y.

. COMPANY, OF

, ASSIGNOR T® THE TESLA ELECTRIC
SAME PLACE. - : -

'DYNAMO-ELEGTRIC MACHINE.

SPECIFICATION forming part of Lietters Patent No, 390,721, dated October 9, 1888,
o * Applicatiop #1ad Apyil 56,1888 Serial No. 272,155, (No model) " '

- Be it known that I, NIKOLA TESLA, a sub-
Jject of the Emperor of‘Austria, from Smiljan,
Lika, border country of Adstria-Hungary, new

‘residing at New York, in the connty and State

- of New York, have invented certain new and

io forming & part of the same.

aseful Improvements in ElectricGenerators, of
whichthe followingisa specification, reference

being had to the drawing accompanying and
My present invention relates, chiefly, to the
alterndting-current system invented_by-me

- ‘nnd’ described in prior patents, notably Nos."

13

25

381,968 and 382,280, of May 1, 1888, in which
the motors’ or transformers, or generally the
converters, arc operated by a progressive shift-
ing or movement of their magnetic poles pro-.
duced by the co-operative action of independ-
et magnetizing-coils through which pass al-
ternating currents in proper order and diree-
tion. In my saidsystem, as I have heretofore
shown, T enployed a generator of alternating
currents in which there were indépendent in-
duced or generating coils corresponding to the
energizing-coils of the converter, and the re-
lations. of the generator and converters were

" generally such that the speed of rotation of

30

35

- tors, 18 limited by

thg magnetic poles of the converter equaled
that of ‘the armature of the generator.

To secure the greatest efficiency, it is neces-
sary to run the machines &t a high speed, and

-this is true not only of those generators and

motors which are particularly adapted for use
in my systemn, but of others. The ‘practica-
bility of running at very high speeds, how-
ever, particularly in the case of large genera-

. seekingtoavoid which I have devised various

..40

45

plaus for operating the system uunder efficient,.
conditions, although running the generator at
a comparatively low rate of speed. '

" My present invention consists of another
way of aceomplishing this result, which in
certain respects presents mauny advantages.
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 onc clement of the generator and drive
the other at 3 different speed, by which simi-

§0 lar results are obtained to those secured bya

¥anid rotation of one of tho clements,

mechanical conditions, in -

to the diagram drawing hereto annéxed.
The generator which supplies the current
for operating thi€ motors or transformers con-

annular core wound with four diametrically-
.oppositecoils, EF', Withintheringismounted

nally with two independent - coils, F ¥, the

insunlated contact or collecting rings, DD'G &',
on the ‘armature-shaft.. Collecting-brushes ¢
4 g ¢ bear upon thése rings, respectively, and
convey thecurrents through thetwo independ-
ent line-circuits M M'. - In the main line there
may be included one or more motors or trans-
formers, or both,
constracted in accordance with my invention
-with independent-coils or sets of coils J J', in-

‘These energizing-coils are wound on a ring or

| annular field or on pole-pieces thergon, and

produace by the action of the alternating cur-
rents passing through them a. progressive
shifting of the maguetism from pole to pole.
The cylindrical armature H of the motor is

form independent closed circuits. :

If transformers be employed, I connect one
set of the-primary colls, as N N, wound on a
the other primary-coils, N’ N', to the cironit
M. The secondary coils K K’ may then be
utilized for ruanning groups of incandescent
lamps P P, v

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 continnous cur-

nal coils,C C. One end of each of these eoils
s connected to the collecting-rings b, respect-
ively,while the other eads are both connected
to a ring, a. Collecting-brushes b’ ¢’ bear on
the rings b ¢, respectively, and couductors T,
L convey the carrents therefrom through the
coils E and I¥ of the generator. 1./isa com-
mon return-wire to brush a’. Two independ-
ent circuits are thus.formed, oue including
coils Gof the exciterand EE of the generator,

‘cluded, respectively, in the ecircnits M M’ °

rents,and a cylindrical armature-core mounted .
on 3 shaft, B, and wound with two longitudi-.

- I shall describe this invention by reference .

5%

- 8ists In this instance of a subdivided ring or ~ ™

a cylindrical armature-core wound longitudi- -

60-

ends of which lead, respectively, totwo pairsof -

63

If motors be used, they are -

75

wound with two coils. at right angles, which

8o

ring or anuaular core, to one circuit, as M/, and -

8s

95

100
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" the other coils ¢’ of the exciter and B E of

the generator. It results from this that the
operationof the exciter producesa progressive

" movement.of the magnetic poles of the annu-

10
.15

" 20

lar field-core of the generator, the shifting or
_rotary movement of said poles being synch-
ronous with. the rotation of the exciter-arma:
ture.  Considering the operative conditiouns of
a system thus established, it will be found that
when the exciter i3 driven so.as to energize

- the field of the generator thé armature of the

latteryif left free to turn, would rotate at a
speed practically the same as that of the ex:
citer.

F of the generator-armature be closed apon

. themsélves or short-circuited, no currents, af.
. least theoretically, will be

generated in. the
said armature-coils. - In practice I have ob-
gerved the presence of slight currents, the ex-
istence of which is attributable to more or less

* pronounced fluctuations in the intensity of the

30

35

© 40

45
. 56
55
60

65

maguetic poles of the generator.ring.” " So, if.

the armature-coils F ¥ be flosed through the
wotor, the latter will ndt be turned as long as
the movement of the generator-armature is
synchronous with that
maguetic poles of its feld.. If, on the cop-
trary, the speed of the generator-armature be
in any way checked,s0 that.theshifting or ro-
tation of the poles of the field becomes rela-
tively more rapid, currents will be induced in
the armature-coils. ' This -obviously follows
from the passiug'of the lines of force acrons
the armature - conductors,. The greater. the

speed of -rotation of the magnetic poles rela."

tively to that of the armature the more Tap-
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 armataore-

‘generator is stopped eatirely, as by a brake, -|

when the motor, if properly constructed, runs
al the same speed with which the ‘magnetic
poles of the generator rotate._ o

- The effective strength of the currents devel-
oped in-the armatare-coils of. the generator is
dependeut upon the strength of the currents
‘energizing the generator and upon the nam-:

ber of rotations per unit of time of the mag-:
netic poies of the generator; hence the speed

of the wotor-armatore will depend in all cases
upon the relative speeds of the armature of
the ‘generator and of its maguetic poles, . For

example, if the poles are turned two thousand
times per unit of time and fhe armature is

tarned eight ‘hrndred, thé motor “will  turn
twelve hundred timeés, or nearly so. Very
slight differences of speed may be indicated by
a delicately-balanced motor. - o
Let it now be assumed that power isapplied
to the generator-armature to turn itin a di-
rection opposite to that in which its magnetic
potes rotate. In such case the result would.
be similar to that produced by a generator the
armature and field-magnets of which are ro-
tated in opposite directlons, and by reason of
these conditions the motor-armature will turn

‘by checking the speed.of t

If under such- conditions the.coils F.

of the exciter or of the
- magnetic poles or conversely, - S
-1t will -be -understood from the above de-

‘operatively associated: in the following man-

at a rate ‘of speed equal to the sum of the

speeds of the armature and magnetic poles of
the generator, so that a comparatively low
Speed of the generator-armature will produce
a high speed in the motor, v
It will be observed in connection with this
system that on. diminishing the resistance of
the external circuit of the generator-armature
@ motor or by add-
multiplé arg in the

70

78
ing translating Qevices in

 secondary circuit or cirenits of the transformer
‘the strength of the carrent in the armature-

circuit is greatly increased. Thisis due to two
causes: first, to the great differences in the
speeds of the motor and. génerator, and, sec-
ondly, to the fact that the apparatus follows
the analogy of a transformer, for, inpropor-
tion as the resistance of the armature or sec-
ondary circuits is reduced, the strength of the -
cyrrents in the field or primary circuits of the
generator is increased and the . currents in the -
armature augmented correspondingly. For. .. .
similar reagons the currents in the armature- 90
coils of the generator increase very rapidly. -

8o

8s

‘when the speed of the armature s reduced: -.. -

when ranning in the same direction

:asAthe 5

95 .
scription that the generator-armature may be -

-run.io 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. -~ 100
Inmany applicationsto electrical conversion -~ :
and distribation this system possesses great
advantages both in economy, efficiency, and .
practicability. - R o
> 'What I claim ig— e
1. The combination, with an alternating-cur-
rent generator having independent energizing
or field and indepeudent induced or arma-
ture coils, of an alternating - current excter-

tos” .

baving -generating ‘or induced eoils corré- ric.

sponding toand connected with the en
coils of the generator, as set forth. ,
- 2..In an alternating-current geuerator, the .
combination -of the elements named and eo--

gizing-

: Wi s
ner: a field-magnet wound with -independent

.coils each connected with'a source of alternat- -

ing currents, whereby the magnetic poles pro-
duced by said- coils -will ~be “progressively
shifted or moved -through the field, and an "
armatare-core wound with independent coils,” -
each ‘having termivals from:which currents’
are t'geliver'ed, to the independent external cir-.
cuits. . SE R

3. The system of electrical distribution con-
sisting of the combination, with an alternat.

120°

125

'ing - current generator-having independent

energizing-coi ls’andﬁx;:rﬁature wound with

independent induced ¢ ils;-of an alternating-

current exciter having induceéd—eoils corre-
sponding toand connected with the energi ing-
coils of the generator, and one or more electri-

cal converters having independent inducing
or energizing coils connected with the corre-

130



390,721 3

BEST AVAILABLE COP"

sponding armature coils of the generator, as. having induced or generating coils correspond-
hereéin set forth. | ing to and connected with the energizing-coils
" 4. Thecombination, with an alternating-cur- | of the generator, as set forth.
“rent generator having a fleld-magnet wound : ' NIKOLA TESLA.
5 with independent energizing -coils and an ‘Witnesses:
armature adapted tc be rotated within the Rosr. F. GAYLORD,
field produced by said magnet, of an exciter PARKER W. PAGE.
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UNITED STATES

Patent OFricE,

NIKOLA TESLA, OF NEW YORK, N. Y.,
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REGULATOR FOR ALTERNATE-CURRENT MOTORS.

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

Application filed April 2, 1888,

To ail whom it may concerr:

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

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

10 drawings accompanying and forming part of
the same,

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

15 power of the motor or motors. The system for

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

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

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

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

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

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

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

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

50 coils; but by turning the movable core to

either side the induced currents delivered by

Serial Xo.271,632. (Somadel,)

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

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

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

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

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

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

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

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

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

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

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

In Fig. 3, let H represent an ordinary alter-
nating-carrent generator, the field-magnets of 100
which are excited by a suitable source of cur-
rent, I.  TLet J designate an ordinary form of

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

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

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

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

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

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

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

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

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

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

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

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

‘What I claim is—

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

ing-current regulator, consisting, essentially,

of inducing and induced eoils movable with
respect to one another, whereby the strength
of the induced currents may be varied, the in-
duced coils being included in and adapted to

Sy 320 3

supply the current for oue of the motor-cir-
cuits, as set forth.

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

NIKOLA TESLA.

Witnesses:

Roprt. F. GAYLORD,
FrANK B. MUurprHY.
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{UNITED STATES

PATENT OFFICE.

NIKQLA TESLA, OF SMILJAN, LIKA, AUSTRTIA-HUNGARY.

: THERMO-MAGNETIC MOTOR.

1

- BPECIFICATION formirg part-of Letters Patent No, 896,121, dated January 15, 1889,
' ' Application flled March 30,1886, Serial No. 107,115, (No model) ' '

To all whom it may concern.:

Be it known that I, NIRoLA TESLA, of Smil-
jan, Lika, Border Country of Austria-Hun-
gary, have invented an Improvement in Ther-

5 mo-Magnetic Motors, of which the following
is a specifieation.

It is well known that heat applied to a mag-
netized body will lessen the magnetism, and
if the temperature is raised sufficient] y the
magnetisin will be neutralized or destroyed. -

In my present invention I obtain mechan-
ical power by a reciprocating action resultin g
from the joint operations of heat, magnetism,
and a spring or weight or other force—that, is
to say, I subject a body magnetized by in-
duction or otherwise to the action of heat un-
til the magnetism is sufficiently neutralized
to allow a weight or spring to give motion to
the body and lessen the action of the heat, so
that the magnetism may be sufficiently re-
stored to move the body in the opposite di-
rection, and again subject the same to the de-
magnetizing of the heat.

In carrying out my invention T am ablo {0
make use of ¢ither an electro-magnetora per-
manent magnet, and I preferably dirvect the
~ heat against a body that is magnetized by in-
duction, rather than direct] y against a perma-
nentmagnet, thercby avoiding the loss of mag-
netisin that might result in the permanent
magnet by the action of heat. Ialso provide
for lesseniug the volume of the heat or for in-

10

I5

20

,25

30

tercepting the same during that portion of the

reciprocation in - which the cooling action
takes place. '

In the drayings T have represented by dia-
grams some of the numerous arrangements
that may be made use of in carrying out, my
invention. In all of these figures the mag-
40 net-poles are marked N §, the armature A, the

JLBunsen hurner or other source of heat 11, the

axisof motion M,and the springorthe equiva-
lent therecof—namely, a weight—ismarked W,

In Figure 1 the permanent magnet N iscon-

45 nected with a frame, F, supporting the axis
M, from which the arm_P hangs, and at the
lower end of which the armafure A is sup-
ported. The stops 2 and 8 limit the extent of
motion, and the spring W tends to draw the

§o armature A away from the magnet N, Tt is
now to- be understood that the magnetism

35

of-N is-sufficient to overcome thé spring W
and draw the armature A toward the magnet
N. The heat acting upon the armature A
neuntralizes its induced magnetism sufficiently
for the spring W to draw the armature A
away from the magnet N and also from the
heat at-H. The armature now cools, and the

attraction of the magnet N overcomes the’

spring W and draws the armature A back
again above the burner I7,s0 that the same is
again_heated and the operations are re-
peated. The reciprocating mvements thus
obtained are employed as a source of me-
chanical power in any desired manner. Usu-
ally a connecting-rod to a crank upon a fly-

‘wheel shaft will be made use of, as indicated

in Fig. 10; but T do not
respect. - : .

Fig. 2 represents the same parts as before
described; but an clectro-magnet isillustrated
in place of a permanent magnet. The opera-
tions, however, are the same. i

In Fig. 3 T have shown the same parts as
in Figs. 1 and 2, only they are differently ar-
ranged. The armature A, instead of swing-
ing, is stationary and held by an arm, P/, and
the core N 8 of the electro-magnet, is made to
swing within the helix Q, the said core being
suspended by the arm P from the pivot M.
Ashield, R, is connected with the magnet-core
and swings therewith, so that after the heat
has demagnetized the armature A to such
an extent that the spring W draws the core
N 8 away from the.armature A the shield R
comes between the flame I and armature A,
thereby intercepting the action of the heat
and allowing the armature to cool, so that the

limit myself in this

-magnetism, again preponderating, causes the

movement of the core N S toward the arma-
ture A and the removal of the shield R from
above the flame, so that the heat again acts
to lessen or neutralize the magnetism. A
rotary or other movement may be obtained
from this reciprocation. ) :

~ Fig. 4 corresponds in every respect with

;Fig. 3, except that a permanent, horseshoe-

magnet, N' 8, is represented as taking the
place of the electro-magnet in said Fig. 3. .

In Fig. 5 T have shown a helix, Q, with an
armature adapted to swing toward or from
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the helix. In this case there may be a soft- .
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iron core in the helix, or the armature may
assume the form of a solenoid-core, there be-
ing no permancnt core within the helix. -

- Iig. 6 is an ond _view, and Iig. 7 a plan
view, illustraling my improvement as applied
to a swinging armature, A, and a stationary
permanent. magnet, N 8. In this instance T

apply the heat 1o an auxilinry armature or

keepor, T, which isad jacent toand preferably
in direct contact with the magnet.  This
armature 1, in the form of a plate of sheet-
iron, extends across from one pole to the other

~and is of sufficiont section to practically form

I5

20

25

30

a keeper for the magnet, o that when this
armature T is cool nearly all. the lines of
force pasy over the same and very little free
magnetism is exhibited.  Then the armature
A, which swings freely on the pivots M in
front of the poles N 8, is very little attracted
and the spring s pulls the same away from
the poles into the position indicated in the
drawings. Theheat is directed upon the iron
plate T at some distance from the magnet, so

as to allow the magnet o be kept compara-.

tively cool. This heat isapplied beneath the
plate by means of the burners H,and there is
a connection from the armature A or itspivot
to the gas-cock 6 or other device for regulat-
ing the heat. The heat acting upon the mid-
dle portion of the plate T, the magnetic con-
duectivity of the heated portion is diminished
or destroyed, and & great number of the lines

.of force are deflected over the armature A,
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whiceh is now powerfully attracted and drawn
into line, or nearly so, with the poles N 8. In
so doing the cock 6 is nearly closed and the
plate T cools, the lines of force are again de-
flected over the same, the attraction exerted
upon the armature A is diminished, and the
spring W pulls the same away from the mag-
net into the position shown by full lines, and
the operations are repoated. The arrange-

" mentshown in Fig. 6 has the advantages that
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the magnet and armature are kept cool and
the strength of the permanent magnet is bet-
ter preserved, as the magnetic circuit is con-
stantly closed. '

In the plan view, Fig. & I have shown a

permanent magnet and keeper-plate, 'I', simi-.

lar to those in Figs. 6 and 7, with the burn-
ers H for the gas beéneath the same; but the

306,121 BEST AVAILABLE COP™

armature is pivoted at oneend to one pole of
the magnet and the other end swings toward
and from the other pole of the magnet. The
apring W acts against a lever-arm that pro-

jeets from the armature,and the supply of

heat has to be partly cut off by a connection
to the swinging armature, so as to lessen the

Theat acting upon the keeper-plate when the

armature A has been attracted. :
Fig. 9 is similar to Fig. 8, except that the

keeper T is not made use of and the arma-

ture itself swings into and out of the range

of the intense action of the heat from the

burner 1f. ,

Fig. 1018 o diagram similar to Fig. 1, except:
that in place of using a spring and stops the
armature is shown as connected by alink, 12,
to the crank 13 of a fly-wheel, so that the fly-
wheel will be revolved as rapidly as the arma-
ture can be heatéd and cooled to the neces-
sary extent. A spring may be used in addi-
tion, as in Fig. 1. - :

6o

70

In Fig. 11 the two armatures A A are con-

nected by a link, so that one will be heating
while the other is cooling, and the atiraction
exerted to move the cooled armature is
availed of to draw away the heated armature
instead of using a spring.

I have shown in the drawings several ways
of carrying out my invention; but said in-
vention isnot limited by any particular form,
arrangement, or construction of deviees.

I claim as my invention—

1. The combination, with a swinging body

8o

85

undertheinfiluence of magnetism,of a burner -

or other source of heat acting to vary the

magnetism, and a spring or other power to
move the swinging body in the opposite di-
rection to the action of the magnetism, sub-
stantially as set forth. :

2, T'he combination, with two or morearma-
fures connectad to each other, of magnets to
influence such armatures, and burners or
other sources of heat to vary the magnetic
action and cause the armatures to move,sub-,
stantiaily as set forth. 3

Signed by me this 24th day of March, 1886,

NIKOLA TESLA.
- Witnesses: _
GErO. T, PINCKNEY,
W ALLACE L. SERRELL.
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UNITED STATES PaTenT OFFICE.

NIKOLA TESLA, OF NEW YORI, N, Y.

METHOD OF OPERATING ELECTRO-MAGNETIC MOTORS.

SPECIFICATION forming part of Letters Patent No. 401,520, dated April 16, 1889.
Application flled Fehruary 18, 1889, Serial No. 300,220, (No miodels)

Lo all whom it may concern:
Be it known that I, NIKoLA TESLA, a sub-
ject of the Emperor of Austria, from Smiljan,

residing at New York,in the county and State
of New York, have invented certain new and
useful Improvements in Methods of Operating

Electro-Magnetic Motors, of which the follow- |

ing is a specification, reference being had to
the drawings accompanying and forming a
part of the same,

As is well known, certain forms of alternat-
ing-current machines have the property, when
connected in cireuit with an alternating-cur-
rent generafor, of running as a motor in syn-
chronism therewith; but,while the alternating
current will run the motor affer it has attained
a rate of speed synchronous with that of the
generator, it will not start it.

nizing-motors,” as they are termed, have been
run some means have been adopted to bring
the motors up to synchronism with the gen-
erator, or approximately so, before the alter-
nating current of the generator is applied to
drive them. Tu some instances mechanical
appliances have been utilized for this pur-
pose. Inothersspecial and complicated forms
of motor have been constructed. I have dis-
covered a mueh more simple method or plan
of operating synchronizing-motors, which re-
quires practically no other apparatus than
the motor itself. In other words, by a cer-
tain change in the circuit-connections of the
motor I econvert it at will from a double-cir-
cuit motor, or such as I have deseribed in
prior patents and applications, and whicl: will
start under the action of an alternating cur-
rent into a synchronizing-motor, or one which
will be run by the generator oniy when it has
reached a certain speed of rotation synchro-
nouns with that of the generator. 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-
ing-current motor.

The expression “synchronous with that of
the generator,” is used herein in its ordinary
acceptation—that is to say, a motor is said to
synchronize with the generator when it pre-
serves a certain relative speed determined by
its number of poles and the number of alter-

Hence, in all |
instances heretofore where these “synchro- |

nations produced per revolution of the gener-
ator. Its actualspeed,therefore, may be faster

" or slower than that of the generator; butitis
Lika, border country of Austria-ITungary,and

i set up a rotation of the motor.

said to be synchronousso long as it preserves
the same relative speed.

In carrying out my invention I construct a
motor which has a strong tendency to synch-
ronism with the generator. The construe-
tion whieh I prefer for this is that in which
the armature is provided with polar projec-
tions. The field-magnets are wound with two
sets of coils, the terminals of which are con-
nected to a switeh mechanism, by means of
which the line-current may be carried directly
through the said coils or indivectly through
paths by which its phases are modified. To
start such a motor, the switch is turned onto
a set of contacts which includes in one motor-
cireuit a dead resistance, in the other an in-
ductive resistance, and, the two circuits being
in derivation, it is obvious that the difference
in phase of the current in such eiveuits will
When the
speed of the motor has thus been brought to
the desived rate, the switch is shifted to throw
the main current directly through the motor-
cireuits, and although the currents in both
cireuits will now be of the same phase the
motor will continue to revolve, becoming a
true synchronous motor. To secuve greater
efficiency, I wind the armature or its polar pro-
jections with coils eclosed on themselves.
There are various modifications and impor-
tant features of this method or plan; but the
main prineciple of the invention will be under-
stood from the forvegoing.

In the drawings, to which I now refer, T
have illustrated by the diagrams the general
features of construction and opevation which
distinguish 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 I'ig. 1, let A designate the ficld-
magnets of a motor, the polar projections of
which are wound with coils B C included in
independent cireuits, and D the armature
with polar projections wound with coils E
closed upon themselves, the motor in these
respects being similav in construetion to those
described in my patent, No. 382,279, dated
May 1, 1888, but having, by veason of the
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polar projections on the armature-core or
other similar and well-known features, the
properties of a synchronizing-motor.

L1/ represent the conductors of a line from
an alternating-current 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
at their ends and conneeted by an insulating
cross-bar, II, so 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 eir-
cuit through coils C, and the contact 4, which
is one terminal of the eircuit through coils B.
The opposite end of the wire of coils C is con-
nected to the wire L, or bar F’, and the corre-
sponding end of coils B is connected to wire
I/ and bar F; hence if the bars be shifted so
as to bear on contacts 2 and 4 both sets-of
coils B C will be included in the cirenit L L’
in multiple arc or derivation. In the path of
the levers F ¥’ are two other contact-termi-
nals, 1 and 5. The contact 1 is connected to
contact 2 through. an artificial resistance, I,
and contact 3 with contact 4 through a self-
induction coil, J, so 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
multiple are or derivation to the cirecuit L 1./,
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
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-
ing out of cireuit, is off the contact-points.
Assuming the generator to be running, and
that itis desirved to start the motor, the switch
is shifted until its levers rest upon points 1
and 3. The two motor-cireunits are thus con-
nected with the generator-circuit; but by rea-
son of the presence of the resistance I in one
and the self-induection coil J in the other the
coincidence of the phases of the current is
disturbed sufficiently to produce a progression
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 so, the switch is shifted over onto
the points 2 and 4, thus cutting out the coils
I and J, so that the currents in both cireunits
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

" eonverting and transmitting power.

60
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Tt will be understood that when brought up
to speed the motor will run with only one of
the ecireunits B or C connected with the main
or generator circuit, or the two circuits may
be connected in series. This latter plan is
preferable when a current having a high
number of alternationsper unitof time is em-
ployed to drive the motor. In such case the
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starting of the motor is more difficult and the
dead and inductive resistances must take up a
considerable proportion of the electro-motive
force of the circuits. Generally I so adjust the
conditions that the electro-motive force used
in each of the motor-circuits is that which is
required to operate the motor when its cir-
cuits are in series. The plan which I follow
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
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 field-coils,
are connected to the terminals in the follow-
ing order: One end of circuit C is connected
to contact 9 and to contact 5 through a dead
resistance, I. Omne terminal of ecircuit B is
connected to contact 7 and to contact 6
through a self-induction coil, J. The oppo-
site terminals of both ecircuits 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
the position to start the motor. Itwill be ob-
served that when in this position and with
lever F’ on contact 8 the current divides be-
tween the two cireunits 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 contaets 7 and 9, thereby
connecting circuits Band C in series. I have
found that by this disposition the motor is
maintained in rotation in synchronism with
the generator. This prineiple of operation,
which consists in converting by a change of
connections or otherwise a double-cireuit mo-
tor or one operating by a progressive shifting
of the poles into an ordinary synchronizing-
motor may be carried out in many other
ways. Forinstance,instead of using the switch
shown in the previous figures, I may use a
temporary ground-circuit between the gen-
erator and motor, in order to start the motor,
in substantially the mannerindicatedin Fig.3.
Let G in this figure represent an ordinarvy
alternating-current generator with, say, two
poles, 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 coils E E.
From the common joint or union between the
two circuits of both the generator and the
motor an earth-connection is established,
while the terminalsor ends of the said eireuits
are connected to the line.. Assuming that
the motor is a synchronizing-motor or one
that has the capability of running in synch-
ronism with the generator, but not of start-
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ing, it may be started by the above-deseribed
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 currvents in the two circuits L
and I./. When by this arrangement of cir-
cuits the motor is brought to speed, the
ground-connection is broken between the mo-
tor or generator, orboth, and ground, switches
P P’ being employed for this purpose. The
motor then runs as a synchronizing-motor.
In describing those features which consti-
tute myinvention I have omitted illustrations
of the appliances used in conjunction with
the clectrical devices of similar systems—

such, for instance, as driving-belts, fixed and:

loose pulleys for the motoy, and the like; but
these are matters well understood.

In deseribing my invention by reference to
specifie constructions I do not wish to be un-
derstood as limiting myself to the construe-
tions shown; and in explanation of my in-
tent in this vespect I would say that T may in
such forms of apparatus as I have shown in
Figs. 1 and 2 include the dead resistance and
self-induction coil in either eirenit, or use
only a dead resistance or a self-induetion
coil, as in the various ways shown in my ap-
plieation, No. 293,052, filed DecemDber 8, 1888,
I may also use any form of gwiteh, whether
manual or antomatic, that will by its manipu-
lation or operation effect the required change
of connections, and in order to secure the
necessary difference of phase in the two mo-
tor-cireuits on starting 1 may employ any of
the known means for this purpose.

I believe that I am the first to operate elec-
tro-magnetic wotors by alternating currents
in any of the ways herein suggested or de-
seribed—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
principle fc one operating on another, for the
purpose described.

T do not claim hevein of itself the method
of or apparatus for operating a motor which
forms a part of this invention and whieh in-
volves the principle of varying or modifying
the currents passing through the energizing-
circuits, so 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,
broadly, the method as a whole which I have
herein set forth.

What I elaim is—

1. The method of operating an alternating-
current motor herein described by first pro-
gressively shifting or rotating its poles or
points of greatest attraction and then, when
the motor has attained a given speed, alter-
nating the said poles, as described.

2. The method of operating an electro-mag-
netic motor herein described, which consists
in passing through independent cnergizing-
circuits of the motor alternating currents dif-
fering in phase and then, when the motor has
attained a given speed, alternating currents
coinciding in phase, as described.

3. The method of operating an elecfro-mag-
netic motor herein described, which consists
in starting the motor by passing alternating
currents differing in phase through independ-
ent energizing-cirenits and then, when the mo-
tor hasattained a given speed, joining the en-
ergizing-cireuits in series and passing an al-
ternating current through the same.

4. The method of operating a synchroniz-
ing-motor, which consists in passing an alter-
nating current through independent energiz-
ing-circuits of the motor and introdueing into
such circuits a resistance and self-induection
coil, whereby a ditference of phase between
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-induection
coil, as set forth.

NIKOLA TEST.A.
Witnesses:

GEO. M. Moxro,
War 11, LEyox.
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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 No. 405,858, dated June 25, 1889,
Application filed January 8, 1889, Serial No. 295,745, (No model))

To all whomy it may concerm:

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

5 ftria, residing at New York, in the county and
State of New York, have invented certain
new and useful Improvements in Hlectro-
Magnetic Motors, of which the following is a
specification, reference being had tothe draw-

1o 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

r5. class to which it pertains, I will recapitulate
briefly the forms of alternating-current mo-
tors invented by me and deseribed 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 magnetic ef-
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 magnetic susceptibility, which under
30 theenergizing influence of the same currentor
two currents coineiding in phase will exhibit
differences in their magnetic periods or
phases. In the firstelassof motors the torque

is due to the magnétism 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
parts which, though movable with respect to

one another, are magnetized simultaneously,
or approximately so, by the same currents.
This principle of operation I have embodied
practically in a motor in which I obtain the
necessary angular displacement between the 55
points of greatest magnetic attraction in the
two elements of the motor—-the armature and
fleld—Dby the direction of the lamination of the
magnetic cores of said elements, and thebest
means of accomplishing this result of which 6o
I am at present aware I have shown in the
accompanying drawings. .

Figure 1 is a side view of the motor with a
portion of its armature-core exposed. Fig. 2
is an end or edge view of the same. Fig.3is 65
a central cross-section of the same, the arma-
ture being shown mainly in elevation.

Let A A designate two plates built up of
thin sections or laminee of softiron insulated
more or less from one another -and held to- 7o
gether by bolts « or any other suitable means
and secured to a base B. The inner faces of
these plates contain recesses or grooves in
which a coil or coils D are secured obliquely to
the direction of the laminations. Within 75
the coils D is a disk K, preferably composed
of a spirally-wound iron wire or ribbon or a
series of concentrie rings and mounted on a
shaft F, having bearings in the plates A A.
Such a device when acted upon by an alter- 8o
nating current is capable of rotation and con-
stitutes a motor, the operation of which I ex-
plain in the following manuner: 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 influence of the mag-
netic fleld of the coils. The poles thus es-
tablished would naturally liein the same line
at right angles to the coils D, but in the plates
A they are deflected by reason of the diree- go
tion of the laminations andappear 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 ab right angles to the plane of g5
the coils; hence there will be a torque estab-
lished by this angular displacement of the
poles or magnetic lines, which starts the disk
inrotation, 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 eurrent in coils
D D, which change alternately the polarity
of the field-cores A A. This rotary tendency
or effect will be greatly increased by winding
the disk with conductors G, closed 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-
ing effect of the currents induced in the coils
G by the alternating currents in eoils D. The
plan of winding and the principle of opera-
tion have been fully explained in my patent,
No. 382,279, of May 1, 1888.

The cores of the disk and field may or may
not be of different magnetic susceptibility—
that is to say, they may both be of the same
kind of iron,so as to be magnetized at ap-
proximately the same instant by the coils D;
or one may be of soft iron and the other of
hard,in order that a certain 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
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-
stood, it being only requisite that the lamina-
tions in cach be in such direcetion as to secure
the mnecessary angular displacement of the
pointsof greatest attraction. Moreover, since
the disk may be considered as made up of an
infinite nuwmber 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
armature shown.

Tt will be understood that the specific 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
have hercin shown.

I believe that T am the first to produce 1o-
tation of an armature, at least such as could
be utilized for any general or practicable pur-
poses, by meansof an alternating current pass-
ing through a single coil or several coils act-
ing as one, and which have a divect magnet-
izing cilect upon the cores of hoth armature
and field, and this I claim in its broadest sense.

I further believe that I am the first to im-

405,858

part dirvectly, by means of an alternating cux-
rent, magnetism to the cores of the two ele-
ments of a motor, and by the direction of the
lamination of one or both of the same to pro-
duce an angular displacement of the poles or
lines of magnetic force of the cores, respect-
ively.

‘What I therefore claim is—

1. An electro-magnetic motor consisting of
a ficld-magnet, a rotary armature, and a sin-
gle coil adapted to be connected to a source
of alternating eurrents and to impart magnet-
ism to both the armature and the field-magnet
with angular displacement of the maximum
points, as set forth. :

2. In an electro-magnetic motor, the combi-
nation, with a coil adapted to be connected
with a source of alternating currents, of a
field-magnet and rotary armature the corves
of which are in such relation to the eoil as
to be energized thereby and subdivided or
laminated in such manuner as to produce an
angular displacement of their poles or the
magnetic lines therein, as set forth.

3. In an clectro-magnetic motor, the combi-
nation, with a coil adapted to be connected
with & sourceof alternating eurrents, of field-
magnets with laminations lying obliquely to
the plane of said coil and a cireular or disk
armature mounted to rotate between the field-
magnets, both field and armature being under
the magnetizing influence of the coil, as set
forth.

4. In an electro-magnetic motor, the combi-
nation, with a coil adapted to be connected

with a source of alternating currents, of field-.

magnets with laminations lying obliquely to
the planc of the coil and a circular or disk
armature with spiral or conecentric lamina-
tions mounted between the field-magnets, both
field and armature being under the magnet-
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 closed
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.

Witnesses:

EpwarDp 1. TVANS,
GEORGE N. MOXNRO.
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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 ELECTRICAL POWER TRANSMISSION.

. SPECIFICATION forming part of Letters Patent No. 405,859, dated June 25, 1889.
N Application filed March 14,1889, RSerial No, 308,251, (Mo model.)

To all whom it may conceri: In earrying out my present invention I eon-
Be it known that I, NIxoLA TESLA, a sub- struct a generator with two coils or sets of
ject of the Emperor of Austria, from Smiljan, | coils and a motor with corresponding energiz-
Lika, border country of Austria-Ilungary, re- | ing coils or sets of coils. By means of two 53
5 siding at New York, in the county and State hne-wu'es one terminal of each generator-coil
of New York, have 1nvented certain new and | or set of coils is connected to one terminal of
useful Improvements in Methods of Electrical | its corresponding motor-coil or set of coils,
Power Transmission, of which the following | while the opposite terminals of the generator-
is a specification, reference being had to the- coils are joined together and likewise those of 6o
io drawing accompanying and formm g a part | the motor. ~
of the same. To start the motor I establish temporarily
This application is for a specific method of | an electrical connection between the points of
transmitting power electrically, shown and | connection between the coils in the generator
described in, and covered broadly by the | and those in the motor, so that the system 65
15 claims of, an application filed by me February | becomes an ordinary double-circuit system
18, 1889, No. 300,220. identical with that described in my patent,
Asiswell known, certain forms of alternat- | No. 390,413, of October 2,1888, except that the
ing-current machmes have the property, when | generator and motor are constructed in any
connected in cireuit with an alternating-cur- | well-known way with a strong tendeney to 7o
20 rent generator, of running as a motor in syn- | synchronize. When by this plan of connec-
chronism thererth but, while the alternating | tion the motor has attained the desired speed,
eurrent will run the motor after it has at. | the earth-conmection is severed, by which
tained a rate of speed synchronous with that | means the system becomes an or dmal y single-
of the generator, it will not start it; hence, in | circuit synchronizing system.
25 all 1nst£mees heretofore where these “syn- In the drawing I have illustrated this
chronizing motors,” as they are termed, have | method by a diagram.
been run,some means have been emp103 ed to Let Grepresentan ordinary alternating-cur-
bring the motors up to synchronism with the | rent generator having four field-poles A, per-
generator, or approximately so, before the | manently or artificially magnetized, and an 8o
30 dlternatlno current of the generator is applied | armature wound with two coils C connected
to drive them In some 1nstanees mechanical | together in series.

appliances have been utilized for this pur- Let M represent an alternating-current mo-
pose. In others special and complicated | tor with, say, four poles D, the coils on which
forms of motor have been constructed. are connected in pairs and the pairs connected 8s

35 My present invention is an improvement in | in series. The motor-armature should have
methods of operating these motors and in- | polar projections and closed coils E.
volves a new and improved plan of bringing From the common joint or union between
the motor up to the proper rate of speed, thai; the two coils or sets of coils of both the gen-
it may be run in synchronism with the gen- | erator and motor an earth-connection Fis es- go
40 erator. tablished, while the terminals or ends of the
The expression “synchronism with the gen- | said coils or circuits which they form are con-
erator”is used herein in its ordinary accepta- | nected to the line-conductors II IT.
tion—that is to say, a motor is said to syn- Assuming that the motor is a synchronizing
chronize with the generator when it preserves | motor, or one that has the capability of run- g3
45 a certain relative speed determined by its | ning in synchronism with the generator, but
number of poles and the number of alterna- | notof starting, it may be started by the above-
tions produced per revolution of the gener- | described plan by closing the ground-connec-
ator. Its actnal speed, therefore, may be.|tion from both generator and motor. The
faster or slower than that of the generator, | system thus becomes one with a two-circuit 100
5o but it is said to be synchronous go long as it- generator and motor, the ground forming a
preserves the same relative speed. common return for the currents in the two
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wires II H. When Dy 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
K I being employed for this purpose. The
motor then runs as a synchronizing motor.

This system is capable of various useful ap-
plications which it is not necessary to describe
in detail; but it will be enough to say that the
convertibility of the system from double cir-
cuit to single cireuit is a feature in itself of
great value and utility.

I do notwish to he understood as confining
myself to the precise arrangement or order of
connections herein set forth, as these may be
obviously varied in many respeets.

What I claim is—

1. The method of operating synehronizing

405,859

motors herein described, which consists in
electrically connecting intermediate points of
the inducing-civeuit of the generator and the
energizing-circuit of the motor until the motor
has reached a desired speed and then inter-
rupting such connection, as set forth.

2. The method herein described of starting
or operating synchronizing motors, which con-
sists in electrically connecting intermediate
points of the inducing-cirenit of the generator
and the energizing-circuit of the motor to
earth until the motor has reached the desired
speed and then interrupting either or both of
the ground-connections, as set forth.

NIKOLA TESLA.

Witnesses:

Epwarp T. EVAxs,
L. C. Ursrrrr.
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CHARLES F. PECK, OF ENGLEWOOD, NEW JERSEY, AND ALFRED S.
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To all whom it may concermn:
Be it known that I, NIXOoLA TESLA, from

"Smiljan, Lika, border country of Austria-

Hungary, asubject of the Emperor of Austria,
and aresidentof New York, in the county and
State of New York, have invented certain new
and useful Improvements in Dynamo or Mag-
neto Electric Machines, of which the following
is a speecification, reference being had to the
accompanying drawings.

This invention relates to that class of elec-

trieal generators known as “unipolar,” in
b ?

which a disk or eylindrical conductor is
mounted between magnetic poles adapted to
produce an approximately-uniform field. In
the first-named or disk armature machines the
currents induced in the rotating conductor
flow from the center to periphery, or con-
versely, according to the direction of rotation
or the lines of force as determined by the
signsof the magnetic poles, and these currents
are taken off usnally by connections or brushes
applied to the disk at pointsonits periphery
and near its center. In the case of the cy-
lindrical armature-machine the eurrents de-
veloped in the cylinder are taken off by
brushes applied to the sides of the eylinder at
its ends.

In order to develop economically an electro-
motive force available for practicable pur-
poses, it is necessary either to rotate the con-
ductor at a very high rate of speed or touse a

-disk of large diameter or cylinder of great

length; but in either case it becomes difficult
to secure and maintain a good electrical con-
nection between the collecting-brushes and
the conduetor, owing to the high peripheral
speed.

It hasbeen proposed to couple two or more
disks together'in series with the object of ob-
taining a higher electro-motive foree; but
with the connections heretofore used and us-
ing other conditions of speed and dimension
of digk necessary tosecuring good practicable
results this difficulty is still £elt to be a seri-
ous obstacle to the use of this kind of gener-
ator. These objections I have sought to avoid;
and for this purpose I construet a machine
with two fields, each having arotary conductor

mounted between its poles, but the same prin-
ciple is involved in the case of both forms of
machine above described, and as I prefer to
use the disk form I shall confine the deserip-
tion herein to that machine. The disks are
formed with flanges, after the manner of pul-
leys, and are connected together by flexible
conducting bands or belts. _

-1 prefer to construct the machine in such
manner that the direction of magnetism or
order of the poles in one field of force isoppo-
site to that in the other, so thatrotation of the
disks in the same direction develops a current
in one from center to circumference and in the
other from circumference tocenter. Contacts
applied therefore tothe shafts upon which the
disks are mounted form the terminals of a
cireuit the electro-motive force in which is
the sum of the electro-motive forees of the two
disks.

I would call attention to the obvious fact
that if the direction of magnetism in both
fields be the same the same result as above
will be obtained by driving the disks in op-
posite directions and crossing the connect-
ing-belts. In this way the difficulty of se-
curing and maintaining good contact with
the peripheries of the disks is avoided and a
cheap and durable machine made which is
useful for many purposes—such as foran ex-
citer for alternating-current generators,for a
motor, and for any other purpose for which
dynamo-machines are used.

The specific construction of the machine
which I have just generally described I have
illustrated in the acecompanying drawings, in
which— '

Figure 1 isa side view, partly in section, of
my improved machine. Iig. 2 is a vertical
section of the same at right angles to the
shafts. :

In order to form a frame with two fields of
foree, I cast a support A with two pole-pieces
BB’ integral with it. TothisT join by bolts E
a casting D, with two similar and correspond-
ing pole-pieces C C'. The pole-pieces B B’
are wound or connected to produce a field of
force of given polarity,and the pole-pieces
C ¢’ are wound or connected to produce a
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field of opposite polarity. The driving-shafts
¥ G passthrough the poles and are journaled
in insulating-hearings in the casting A D, as
shown,

H I arethe disks or generating-conductors.
They are composed of copper, brass, or iron
and are keyed or secured to their respective
shafts. They ave provided with ‘broad po-
ripheral flanges J. Itisof course obvious that
the disks may be insulated from their shafts,
il so desired. A flexible metallic belt T, is
passed over the flanges of the two disks, and,
if desired, may be used to drive one of the
disks. I prefer, however, to use this belt
merely as a conductor, and for this purpose
may use sheet steel, copper, or other suitable
metal. Eachshalt is provided with a driving-
pulley M, by which power is imparted from a
counter-shaft.

N N are the terminals. For sake of clear-
ness they are showu as provided with springs
P, that bearupon the ends of theshafts. Ihis
machine, if self-exciting, would have copper
bands around its poles, or conductors of any
kind--sueh as the wires shown in the draw-
ings—may be used. .

I'do not Timit my invention to the special
construetion herein shown.  Tor example, it
is not necessary that the parts be constructed

406,968

in one machine or that the materials and pro-
portions herein given be strictly followed.
Ifarthermore, it is evident that the conduct-
ing Delt or hDand may be composed of several
smaller bands and that the principle of con-
nection herein deseribed may be applied to
more than two machines.

What I claim is—

1. An electrical generator consisting of the
combination, with two votary conductors
mounted in unipolar fields, of a flexible con-
ductor or belt passing around the peripheries
of said conductors, as herein set forth,

2. The combination, with two rotary
ducting-disks having peripheral flanges and
mounted in unipolar fields, of a fexible con-
ducting belt or band passing around the
Hanges of both disks, as set forth.

3. The combination of independent sets of
field-magnets adapted to maintain unipolar
fields, conducting-disks mounted to rotate in
said fields, independent driving mechanism
for each disk, and a flexible conducting belt
or band passing around the peripheries of the
disks, as set forth. ‘

Con-

NIKOLA TESLA.
Witnesses:
PARKER W. PaAGE,
RoOBT. T'. GAYLORD.
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PATENT OFFICE.

NIKOLA TESLA, OF NEW YORK, N. Y, ASSIGNOR OF TWO-TIIIRDS TO ALFRED
S5, BROWN, OF SAME PLACE, AND CIHHARLES F. PECK, OF ENGLEWOOD,

NEW JERSEY.

METHOD OF OBTAINING DIRECT FROM ALTERNATING CURRENTS.

SPECIFICATION forming part of Letters Patent No. 413,353, dated October 22, 1889,

Application filed June 12, 1889,

To all whomy 26 may conceriv:

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

5 temporarily residing in New York city,in the
State of New York, have invented a certain
new and useful Improvement in Methods of
Obtaining Direct from Alternating Currents,
of which the following is a specification, ref-

10 crence being had to the drawings accompany-
ing and forming a part of the same.

In nearly all the more important industrial
applications of electricity the current is pro-

duced by dynamo-electric machines driven by -

13 power, in the coils of which the currents de-
veloped are primarily in veverse directions
or alternating; but as very many electrical de-
vices and systems require direct currents, it
has been usual to correct the current alter-

2o nations by means of a commutator, instead
of taking them off directly from the generat-
ing-coils.

The superiority of alternating-current ma-
chines in all cases where their currents can

25 be used to advantage renders their employ-

. ment very desirable, as they may be much
moere economically constructed and operated;
and the object of this my present inveution
is to provide means for directing or convert-

30 ing at will at onc or more points in a civeuit
alternating into direct currents.

Stated as broadly as I am able to express
it, my invention consists in obtaining direct
from alternating ecurrents,or in directing the

35 waves of an alternating current so as to pro-
duce direct or substantially direet currents
by developing or producing in the branches
of a circuit including a source of alternating
currents, either permanently or periodically,

40 and by electric, electro-magnetic, or magnretic
agencies, manifestations of energy, or what
may be termed active vesistances of oppo-
site electrical- character, whereby the cur-
rents or current-waves of opposite sign will

45 be diverted through different cirenits, those
of one sign passing over one branch and those
of opposite sign over another.

I may consider herein only the case of a
circuit divided into two paths, inasmuch as

5o any further subdivision involves merely an

Serial No, 314,069,

No model)

extension of the general principle. Selecting,
then, any circuit through which is flowing an
alternating curvent, I divide such circuit at
any desired pointinto two branches or paths.

In one of these paths I insert some device to 53
create an electro-motive force counter to the
waves or impulses of current of one sign and

a similar device in the other branch which
opposes the waves of opposite sign. Assume,
for example, that these devices are batteries, 6o
primary or secondary, or continuous-current
dynamo-machines. The waves or impulses of
opposite direction composing the main current
have anatural tendency to divide between the
two branches; but by reason of the opposite 65
electrical character or effect of the two
branches one will offer an easy passage to a
current of a certain direction,while the other
will offer a relatively high resistance to the
passage of the same current. ‘The result of 50
this disposition is, that the waves of cur-
rent of one sign will, partly or wholly, pass
over one of the paths or branches, while those

of the opposite sigr pass over the other.
There may thus be obtained from an alter- 75
nating current two or more direct currents
without the employment of any commutator
such as it has been heretofore regarded as
necessary to use. The current in either<
braneh may be used in the same way and 8o
for the same purposes as any other direct
current—that is, it may be made to charge
sececondary batteries, energize electro-magnets,

or for any other analogous purpose.

In the drawings I have illustrated some of 83
the various ways in which I may carry out
this invention. ‘ :

The several figures are diagrammatic in
character, and will bhe deseribed in detail in
their order. 00

IFigure 1 represents a plan of directing the
alternating currents by means of devices
purely-electrical in character. igs. 2, 3, 4,

3, 6, and' 7 are diagrams illustrative of other
ways of carrying out the invention, which gg
will be hercinafter more particularly de-
scribed.

In Fig. 1, A designates a generator of alter-
nating currents, and B I3 the main or line
cireuit therefrom. At any given point in 100
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this circuit at or near which it is desired to
obtain direct currents I divide the circuit B
into two paths or branches C D. 1In each of
these branches I place an electrical generator,
which for the present we will assume pro-
duces direct or continuous currents. The
direction of the current thus produced is op-
posite in one branch to that of the current in
the other branch, or, considering the two
branches as forming a closed circuit, the gen-
erators E I are connected up in series there-
in, one generator in each part or half of the
circuit. The electro-motive force of the cur-
rent sources I& and ¥ may be equal to or
higher orlower than the electro-motive forces
in the branches C D or betwegn the points X
and Y of the circuit B B. If equal, it is evi-
dent that current-waves of one sign will be
opposed in one branch and assisted in the
other to such an extent that all the waves of
one sign will pass over one branch and those
of opposite sign over the other. If, on the
other hand, the electro-motive force of the
sources E F be lower than that between X
and Y, the currents in both branches will be
alternating, but the waves of one sign will
preponderate. One of the generators or
sources of ‘current E or F may be dispensed
with; but it is preferable to employ both, if
they offer an appreciable resistance, as the
two branches will be thereby better balanced.
The translating or other devices to be acted
upon by the current are designated by the let-
ters G, and they are inserted in the branches
C D in any desired manner; but in order to
better preserve an even balance between the

‘branches due regard should be had to the

number and character of the devices, as will
be well understood. »

Figs. 2, 3, 4, and & illustrate what may be
termed “electro-magnetic” devices for accom-
plishing a similar result—that is to say, in-
stead of producing directly by a generatoran
electro-motive force in each branch of the cir-
cuit, I may establish a field or fields of force
and lead the branches through the same in
such manner that an active opposition of op-
posite effect or direction will be developed
therein by the passage or tendency to pass of
the alternationsof current. In Fig. 2, for ex-
ample, A is the generator of alternating cur-
rents, B B the line-circuit, and C D the
branches over which the alternating currents
are directed. In each branch I include the
secondary of a transformer or induction-coil,

which, sinee they correspond in their funec-

tions 1o the batteries of the previous figure, I
have designated by the letters E . The pri-
maries H H’ of the induetion-coils or trans-
formers are connected either in parallel or
series with a source of direct or continuous
currents I, and the number of convolutions is
so caleulated for the strength of the current
from I that the cores J J/ will be saturated.
The connections are such that the conditions
in the two transformers are of opposite char-

_ acter—that is to say, the arrangement is such

that a current wave orimpulse corresponding
in direction with that of the direct current in
one primary, as H, is of opposite direction to
that in the other primary H’; hence it results
that while one secondary offers a resistance
or opposition to the passage through it of a
wave of one sign the other secondary simi-
larly opposes a wave of opposite sign. In
consequence the waves of one sign will, to a
greater or less extent, pass by way of one
branch, while those of opposite sign in like,
manner pass over the other branch.

In lieu of saturating the primaries by a.
source of continuous current, I may include
the primaries in the branches C D, respect-
ively, and periodically short-circuit by any
suitable mechanical devices—such as an or-
dinary revolving commutator—their seconda-
ries. It will be understood of course that the
rotation and action of the commutator must
be in synchronism or in proper accord with
the periods of the alternations in order to se-
cure the desired results. Such a disposition
I have represented diagrammatically in Fig.
3. Corresponding to the previous figures, A
is the generator of alternating currents, B B
the line, and C D the two branches for the di-
rect currents. In branch Care included two
primary coils E E’, and-in branch D are two
similar primaries I E’. The corresponding’
secondaries for these coils and which are on
the same subdivided cores J or J’ are in cir-

‘cuits the terminals of which connect to op-

posite segments K K’ and L I/, respectively,
of a commutator. Brushes bbbear upon the
commutator and alternately short-circuit the
plates X and K’ and L and 1’ through a con-
nection ¢. It is obvious that either the mag-
nets and commutator or the brushes may re-
volve.

The operation will be understood from a
consideration of the effects of closing or short-
circuiting the secondaries. For example, if
at the instant when a given wave of current
passes one sel of secondaries be short-cir-
cuited, nearly all the current flows through
the corresponding primaries; but the second-
aries of the othey branch being open-circunited
the self-induction in the primaries is highest,
and hencelittle orno current will pass through
that branch. If, asthe current alternates, the
secondaries of the two branches are alter-
nately short-circuited, the result will be that
the currents of one sign pass over one branch
and those of the opposite sign over the other.
The disadvantages of this arrangement, which
would seem to result from the employment of

sliding contacts, are in reality very slight, in- -

asmuch as the electro-motive force of the
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secondaries may be made exceedingly low, so

that sparking at the brushes is avoided.

TFig. 4 is a diagram, partly in section, of an-

other plan of carrying outthe invention. The
circuit B in this case is divided, as before, and
each branch includes the coils of both the
field and revolving armatures of two induc-

130

tion devices. The armatures O P are prefer- .
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ably mounted on the same shaft, and are ad-
justed relatively to one another in such man-
nerthatwhen theself-inductionin one branch,
as C, is maximum in the other branch D itis
minimum. The armatures are rotated in
synchronism with the alternations from the
source A. The winding or position of the
armature-coils is such thata currentinagiven
direction passed through both armatures
would establish in one poles similar to those
in the adjacent poles.of the field and in the
other poles unlike the adjacent field-poles, as
indicated by n n s s in the drawings. If the
like poles are presented, as shown in cireuit
D, the condition is that of a closed secondary
upon a primary, or the position of least in-
ductive resistance; hence a given alternation
of current will pass mainly through D. A
half-revolution of the armatures produces an
opposite effect, and the succeeding current im-
pulse passes through C. Using this figure as
an illustration, it is evident that the fields N
M may be permanent magnets or independ-
ently excited and the armatnres O P driven,
as in the present case, so as to produce alter-
nate currents, which will set up alternately
impulses of opposite direction in the two
branches D €, which in such case would in-
clude the armature-circuits and translating
devices only.

In Fig.5 a plan alternative with that shown
in Fig. 3 is illustrated. In the previous case
illustrated each branch C and D contained
one or more primary coils, the secondaries of

which wery periodically short-circuited in.

synchronism with the alternations of current
from the main source A,and for this purpose
a commutator was employed. The latter
may, however, be dispensed with and an ar-
mature with a closed coil substituted.

Referring to Fig. 5,in one of the branches,
as C, are two coils M/, wound on laminated
cores, and in the other branches D are similar
A subdivided or laminated arma-
ture O, carrying a closed coil R/, is rotatably
supported between the coils M’ N”, as shown.
In the position shown—that is, with the coil
R/ parallel with the convolutions of the pri-
maries N’ M’—practically the whole current
will pass through branch D, because the self-
induetion in coils 37 B is maximum. If,
therefore, the armature and coil be rotated
at a proper speed relatively to the periodsor
alternations of the source A, the sameresults
are obtained as in the case of Fig. 3.

Fig. 6 is an instanceof what may De called,
in distinetion to the others, a “magnetic”
means of securing the results arrived at in
this invention.. V and W are two strong
permanent magnets provided with armatures
V7 W/ respectively. Thearmatures are made
of thin laminse of soft iron or steel, and the
amount of magnetic metal which they con-
tain is so ealculated that they will be fully or
nearly saturated by the magnets. Around
the armatures are coils E F, contained, re-
spectively, in the cireuits C and D. The

connections and electrical conditions in this
case are similar to those in Ifig. 2, except
that the currént sourceIof Fig. 2is dispensed
with and the saturation of the core of coils
E It obtained from the permanent magnets.
In the illustrations heretofore given I have
in each instanece shown the two branches or
paths containing the translating or induction
devices as in derivation one tothe other; but
this is not always necessary. For example,
in Fig. 7, A is an alternating-current genera-
tor; B B3, the line wires or circuit. At any
given point in the ecircuit I form two paths,
as D D7, and at another point two paths, as
C ¢’. Either pair or group of paths is simi-
lar to the previous dispositions with the elec-
trical source or induction device in one
branch only, while the two groups taken to-
gether form the obvious equivalent of the
cases in which an induction device or gener-
ator is included in both branches. In one
of the paths, as D, are included the de-
vices to be operated by the current. In the
other branch, as D/, is an induction device
that opposes the current impulses of one di-
rection and directs them through the branch
D. BSo, also, in branch C are translating de-
vices G, and in branch (’ an induection de-
vice or its equivalent that diverts through €

impulses of opposite direction to those di--
‘verted by the device in branch D',

I have
also shown a special form of induction de-
vice for this purpose. J J’ are the cores,
formed with pole-pieces, npon which are
wound the coils M N. Between these pole-
pieces are mounted at right angles to one an-
other the magneticarmatures O P, preferably
mounted on the same shaft and designed to
be rotated in synchronism with the alterna-
tions of current. When one of the arma-
tures is in line with-the poles or in the posi-
tion occupied by armature P, the magnetic
cireuit of the induection device is practically
closed; hencethere will be the greatest oppo-
sition to the passage of a current through
coils N N. The alternation will therefore
pass by wayof branch D. At the same time,
the magnetic circuit of the other induction
device being broken by the position of the
armature Q, there will be less opposition to
the current in coils M, which will shunt the
current from branch C. A reversal of the
current being attended by a shifting of the
armatures, the opposite effect is produced.
There are many other modifications of the
means or methods of carrying out my inven-
tion; butIhave not deemeditnecessary here-
in fo specifically refer to more than those de-
seribed, as they involve the chief modifica-
tions of the plan. In all of these it will be

observed that there is developed inoneorall
of the branches of a circuit from a source of
alternating currents an active (as distin-
guished from a dead) resistance or opposi-
tion to the currvents of one sign, for the pur-
pose of diverting the currents of that sign
through the other or another path, but per-

3

s §
(11

8o

go

j{ele]

II1I0

izo




10

L5

20

35

"mifting the currents of opposite sign to pass

without substantial opposition.

‘Whether the division of the currents or
waves of current of opposite sign be effected
with absolute precision or not is immaterial
to my invention, since it will be sufficient if
the waves are only partially diverted or di-
rected, for in such case the preponderating
influence in each branch of the circuit of the
waves of one sign secures the same praectical
results in many if not all respects as though
the current were direct and continuous.

An alternating and direct current have
been combined so that the waves of one di-
rection or sign were partially or wholly over-
come by the direct current; but by this plan
only one set of alternations are utilized,
whereas by my system the entire current is
rendered available. By obvious applications
of this discovery I am enabled to produce a
self-exciting alternating dynamo, or to oper-
ate direct-current meters on alternating-cur-
rent circuit, or to run various devices—such
as are lamps—Dby direct currents in the same
cirenit with incandescent lamps or other de-
vices run by alternating currents.

It will be observed that if an intermittent
counter or opposing force be developed in the
branches of the circuit and of higher eleectro-
motive force than that of the generator an
alternating current will result in each branch,
with the waves of one sign preponderating,
while a constantly or uniformly acting oppo-
sition in the branches of higher electro-mo-
tive force than the generator would produce
a pulsating current, which conditions would

413,353

be under some circumstances the equivalent
to those I have previously desecribed.

What I claim as my invention is—

1. The method herein set forth of obtain-

ing direct from alternating currents, which’

consists in developing or producing in one
branch of a civenit from an alternating-cur-
rent source an active resistance to the cur-
rent impulses of one direction, whereby the
said currents or waves of current will-be di-
verted or directed through another branch.

2. The method of obtaining direct from al-
ternating currents, which consists in divid-
ing the path of an alternating current into
branches, and developing in one of said
branches, either permanéntly or periodieally,
an electrical force or active resistance coun-
ter to or opposing the currents or current-
waves of one sign, and in the other brancha
force counter to or opposing the currents or
current-waves of opposite sign, as set forth.

3. The method of obtaining direct from al-
ternating currents, which consistsin dividing
the path of an alternating current into
branches, establishing fields of force and
leading the said branches through the said
fields of force in such relation to the lines of
force therein that the impulses of current of
one direction will be opposed in one branch
and those of opposite direction in the other,
as set forth. :

NIKOLA TESLA.
Witnesses:
RoBT. F. GAYLORD,
F. B. MURPHY.
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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 No. 416,191, dated December 3, 1889,
Application filed May 20, 1889, Serial No, 311,413, (No 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-ITungary, 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 the following is a specifica-
tion, reference being had to the drawings ac-
companying and forming a part of the same.
This invention pertainsto thatclass of elec-
tro-magnetic motors invented by me in which
two or more independent energizing-circuits
are employed, and through whichalternating
currents differing in phase are passed to pro-
duece the operation or rotation of the motor.

One of the general ways which I have fol-
lowed in ecarrying out this invention is to pro-
duce practically mdependent currents differ-
ing primarily in phase and pass these through
the motor-circuits. Another way is to pro-
duce a single alternating current, to divide it
between the motor-cireunits, and to effect arti-
ficially a lag in one of .the said circuits or
branches,as by givingto the circuits different
self-inductive capacity, and in other ways.
In the former case, in which the necessary
difference of phase is primarily effected in
the generation of currents, I have, insome in-
stances, passed the currents through the en-
ergizing-coils of both elements of the motor—
the field and armature; but I have made the
discovery that a new and useful result is or
may be obtained by doing this under the con-
ditions hereinafter specified in the case of
motors in which the lag, as above stated, is
artificially secured. In this my present in-
vention resides.

In illustration of the nature of this inven-
tion I shall refer to the accompanying draw-
ings, in which—

F]o ures 1to 6,inclusive, are diagrams of dif-
ferent ways in Which the invention is or may
be carried out; and Fig. 7, a side view of a
form of motor which I have used for this
purpose. ’

The diagrams in detall will be described
separately

A B in Fig. 1 indicate the two energizing-
circuits of a motor, and C D two circuits on
the armature. Circuit or coil A is connected

in series with circuit or coil C, and the two
circuits B D are similarly connected. DBe-
tween coils A and C is a contact-ring e, form-
ing one terminal of the latter, and a brush a,
forming one terminal of the former. A ring
d and brush ¢ similarly connect coils B and
D. The opposite terminals of the field-coils
connect to one binding-post & of the motor,
and those of the armature-coils are similarly
connected to the opposite binding-post 2
through a contact-ring f and brush g.
each motor-cireuit while in derivation to the
other inclndes one armature and one field-
coil. These circuits are of different self-in-
duetion, and may be madeso in various ways.
For the sake of clearnessI have shown in one
of these circuits an artificial resistance R
and in the other a self-induction coil S.
When an alternating current is passed
through this motor it divides between its two
energizing - circuits. The.higher self-induc-
tion of one circuit produces a greater retarda-
tion or lag in the current therein thanin the
other. The difference of phase between the
two currents effects the rotation or shifting of
the points of maximum magnetic effect that
secures the rotation of the armature. In cer-
tain respects this plan of including both
armature and field coils in circuit is a marked
improvement. Such a motor has a good
torque at starting; yetithas also considerable
tendenecy to synchronism, owing to the fact
that when properly constructed the maximuom
magnetic effecls in both armature and field
coincide—a condition which in the usual con-
struction of these motors with closed arma-
ture-coils is not readily attained. The motor
thus constructed exhibits, too, a better regu-
lation of current from no load to load, and
there is less difference between the apparent
and real energy expended inrunning it. The
true synchronous speed of this form of motor
isthatof the generator when both are alike—
that is to say, if the number of the coils on
the armature and on the field is %, the motor
will run normally at the same speed as a gen-
erator driving it if the number of field-mag-
nets or poles of the same be also .

Fig. 2 shows a somewhat modified arrange-
ment of circuits. Thereisin thiscase but one

armature-coil E, the winding of which main-

Thus
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tains effects corresponding to the resultant
poles produced by the two field-circuits.

TFig. 8 represents a disposition in which
both armature and field are wound with two
sets of coils, all in multiple-arc to the line or
main circuit. The armature-coils are wound
to correspond with the field-coils withrespect
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 o themselves and in series with
oneanother. The armature-coilsin this case,
as in the previous figure, are wound for dif-
ferent self-induction to correspond with the
field-coils.

Another modifieation is shown in Fig. 5.
In this case only one armature-coil, as D, is
included in the line-cireuit, 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 soinewhat
reduced, while the tendency to synchronism
issomewhatincreased. Insuch a disposition,
as shown in Fig. 5, the opposite conditions
would exist. In both instances, however,
there is the advantage of dispensing with one
contact-ring.

In Fig. 5 the two field-coils and-the arma-
ture-coil D are in multiple are. In Fig. 6

this disposition is modified, eoil D being
shown in series with the two field-coils.

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

416,191

ment. The circuit-connections between the
armature and field eoils 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 “field;” but it
will be understood that these are in this case
convertible terms, for what is true of the
field is equally so of the armature, except that
one is stationary, the other capable of rota-
tion.

I donot claimin this application the.method
or means of operating a double-circuit motor
by making its circuits of different self-induec-
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-currentmotor, the com-
bination, with field-circuits of different self-
induetive capacity, of corresponding arma-
ture-circuits electrically connected therewith,
as set forth.
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2. Inanalternating-current motor, the com-

bination, with independent field-eoils of dif-
ferent self-induction; of independent arma-

- ture-coils, one or more in cirenit with the

field-coils and the others short-circuited, as set
forth.
NIKOILA TESLA.
Witnesses:
ROBT. F. GAYLORD,
FrANK E. HARTLEY.
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UNITED STATES

PaTeENT OFFICE.

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

*®

COMPANY, OF

SAME PLACE.

METHOD OF OIVPERATING ELECTRO-MAGNETIC MOTORS.

SPECIFICATION forming part of Letters Patent No. 416,192, dated December 3, 1889.

Application filed May 20, 1889,

Lo all whom it may concerm:
Be it known that I, NIKoLA TESLA, a sub-
ject of the Emperor of Austria, from Smiljan,
Lika, border country of Austria-Hungary, and
5 a-resident of New York, in the county 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-
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-
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-
tion of the field-magnets of the motor 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 is based upon another
way of accomplishing this result, the main
features being as follows: If an alternating
current be passed through the field-coils only
of a motor having two energizing-circuits of
different self-induction and the armature-
coils 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
tendency to remain in synchronism is very
considerably increased. This is due to the
fact that the maximum magnetic effects pro-
duced in the field and armature more nearly
coincide. This prineciple discovered by me I
have utilized in the operation of motors. In
other words, I construct a motor having in-
dependent field-circuits of different self-in-
duction, which are joined in derivation to a
source of alternating currents. The arma-
ture I wind with one or more coils, which are
connected with the field-coils through contact
rings and brushes, and around the armature-
coils I arrange a shunt with means for open-
ing orclosing the same. In starting this mo-
tor I close the shunt around the armature-
coils, which will therefore be in closed cir-
cuit. 'When the current is directed throtvgh
the motor, it divides between the two circuits,
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(itis not necessary to consider any case where
there are more than two circuits used,) which, 55
by reason of their different self-induection,
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 6o
indaced in the closed—or short-ecirenited—
armature-coils and the motor has a strong
torque. When the desired speed is reached,
the shuntaround the armature-coils is opened
and the current directed through both arma- 63
ture and field coils. Under these condi-
tions the motor has a strong tendency to
synchronism.

In the drawings hereto annexed I have
illustrated several modifications of the plan 7o
above set forth for operating motors. The
figures are diagrams, and will be explained
in their order.

Figure 1: A and B designate the field-coils
of the motor. Asthe circuits including these 75
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 may of course
be secured by the winding of the coils. Cis 8o
the armature-circuit, the terminals of which
are rings @ b.. Brushes ¢ d bear on these
rings and connect with the line and field
circuits. D is the shunt or short circuit
around the armature. X is the switch there- 8y
in. The operation of these devices I have
stated above. ,

It will be obgerved that in such a disposi-

‘tion as is illustrated in Fig. 1, the field-cir-

cuits A and B being of different self-induc- 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, but with the result-
ant of both. It is therefore important to ob- 93
serve the proper rule in winding the arma-
ture. 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, roo
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 present case the armature- 105
coil, instead of being in series with the field-
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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-
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 closed around both coils. This is
shown in Fig. 3, in which the armature-coils
are I’ G. To indieate 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
disposition of the shunt or short circuit D is
used. Itisofadvantageintheoperation 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 to reach a
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
synchronism. It will generally happen, how-
ever, that this speed is not reached, owing to
the fact that the armature and field currents
do not properly correspond, so that when the
current is passed through the armature (the
motor not being quite up to synchronism)
there is a liability that it would not “hold
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,
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-
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
of coils. On the startIshort-circuit one only,
thereby producing a number of poles on the
armature, which will tend to run the speed up
above the synchronous limit. When such
limit is reached or passed, the current is di-

rected through the other coil, which, by in-

creasing the number of armature-poles, tends
to maintain synchronism. In Fig. 4 such a
disposition is shown. The motor having,
say, eight poles contains two field-circuits A
and B, of differentself-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,

60

brushes ¢ d, and a switch E. On the start
the coil T alone is active and the motor tends
to run at a speed above the synchronous; but
when the coil G is connected to the circuit
the number of armature-poles is increased,

- while the motor is made a true synchronous

65

motor. This disposition has the advantage
that the closed armature-circuit imparts to
the motor torque when the speed falls off, but

416,192

at the same time the conditions ave such that
the motor comes out of synchronism more
readily. 'T'o 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 Dboth connected with the external
cireuit after the synchronousspeed is reached
or passed. This disposition is shown in IFig.
5. There are three confact-rings « b e and
three brushes ¢ d f, which connect the arma-
ture-circuits with the exfernal ecircuit. . On
starting, the switch H is turned to complete
the connection between one binding-post P
and the field-coils. This short-circuits one
of the armature-coils, as G. The other coil
I is out of cireuit and open. When the
motor is up to speed, the switch I is turned
back, so that the connection from binding-

70
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post P to the field-coils is through the coil .
G, and switch I 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 possible.

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-civeuits; nor do I claim, broadly, a
motor having independent energizing-cir-
cuits of different self-induction and arma-
ture-circuits connected therewith, as these
features are made subjects of other applica-
tions which I have filed.

What I claim is—

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

2. The method of operating alternating-
current motors having field-coils of different
self-induction, which consists in directing al-
ternating currents from an external source

‘through the field-cirenits 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 currents from an external source
through the field-circuits and short-circuiting
a partof the armature-circuits, and then when
the motor has attained a given speed direct-
ing the alternating currents through both the
field and one or more of the armature-circuits,
as set forth. :
NIKOLA TESLA.
Witnesses:

Rost. . GAYLORD,
FRANK E. HARTLEY.
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PATENT OFFICEO

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

ELECTRO-MAGNETIC MOTOR.

SPECIFICATION forming part of Letters Patent No. 416,193, dated December 3, 1889,
Application filed May 20, 1889, Serial No,311,415, (No model.)

To all whom it may concern:

Be it known that I, Nikor.A TESLA, a sub-
ject of the Emperor of Austria, from Smiljan,
Lika, border country of Austria-ITungary, 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 the following is a specifica-
tion, reference being had to the accompany-
ing drawings.

This invention relates to alternating-cur-
rent motors of the general description in-
vented by me, and in which two or more en-
ergizing-cireuits are employed, through which
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 have
shown and described various forms of motors

" of this kind.. Among them are motors in

25

which both energizing-circuits are electrically
alike—that is to say, both have the same or
approximately the same electrical resistance
and self-induction—in the operation of which
the alternating currents used are primarily
of different phase. In others the difference

- of phase is artifieially produced—as, for in-
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stance, in cases where the motor-circuits are
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
class generally my present 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 eircuit through which
the current flows. Hence, in order to secure
the proper differerice 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
and resistance, respectively, in the other. At
the same time the magnetic quantitiesof the
two poles or sets of poles which the two ecir-
cuits produce should be approximately equal.
These requirements, which I have found to
exist in motors of this kind, have led me to

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

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-cireunit, and I3 those in the other.
The cireunit A is to have the higher self-in-
duction. I therefore use a long length or a
large number of turns of coarse wire in form-
ing the coils of this circuit. For the circuit
B, I use a smaller conduetor, or a conductor
of a higher resistance than copper, such as
German silver or 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
manner by bolts D. Each plate is formed
with four {more or less) long cores E, avound
which is a space to receive the coil and an

equal number of short projections F to receive’

the coils of the resistance-circuit. The plates
are generally annular in shape, having an
open space in the center for receiving the
armature G, which I prefer to wind with closed
coils. An alternating current divided be-
tween the two circuits is retarded as to its
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 B and
I upon the armature-closely approximate.
These conditions are well understood and
readily secured by one skilled in the art.

An important result secured by the con-
struction herein shown of the motor is, that
these coils which are designed to have the
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higher self-induction are almost completely
surrounded by iron, by which the retardation
is considerably increased.

I do not cldim herein, broadly, the method
and means of securing rotation by artificially
producing a greater lag of the current in one
motor-circuit than in the other, nor the use
of poles or cores of different magnetic sus-
ceptibility, as these are features which Thave

specially elaimed in other applications filed |

by me.

What I elaim is—

1. An alternating - current motor having
two or more energizing-cireuits, the coils of
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- |
bination, with long and short field-cores, of |
energizing-coils included in independent cir-
cuits, the coils on the longer cores containing

an excess of copper or conduector over that in
the others, as set forth.

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

25

30

4. The combination, with a field-magnet .

composed of magnetic plates having an open
center and pole-pieces or cores of different
length, of coils surrounding said cores and
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:
RozT. . GAYLORD,
FranK K. 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.

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

Application filed May 20,1889,

To all whom it may concern:

Be it known that I, NIkoLA TESLA, a sub-
ject of the Emperorof Austria, from Smiljan,
Lika, border country of Austria-Hungary,
residing at New York,in the county and State
of New York, have invented certain newand
useful Improvements in Electro- Magnetic
%{[otors, of which the following is a.specifica-

ion.

This invention relates to the alternating-

. eurrent electro-magnetic motors invented Ly

15

20

me, in which a progressive shifting or ro-
tation of the poles or points of maximum
magnetic effect is produced by the action of
the alternating currents. These motors I
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
so that the motor will e energized by alter-

- nating currents differing primarily in phase.

25
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I have also built metors with independent
energizing-eircuits of different electrical char-
acter or self-induction, through which I have
passed an alternating current the phases of
which were artificially distorted by the greater
retarding effect of one cirenit 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-
times closed upon itself, and to both forms
the present invention 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-
duet will be greatest when these quantities are
equal; hence in constructing a motor I deter-
mine the massofthearmature and field cores
and the windings of both and adapt the two so
as to equalize as nearly as possible the mag-
neticquantities of both. Inmotors which have
closed armature-coils this is only approxi-
mately possible, as the energy manifested in
the armature is the result of inductive action

Serial No, 311,418, (No model.)

o

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

In further explanation of my object let it
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,
isone hundred; but, assuming that the motor
be so constructed that the energy in the field
is represented by fifty and that in the arma-
ture by fifty, the sum is still one hundred; .
but while in the first instance the product is
nine hundred, in the second itis twothousand
five hundred, and as the energy developed is
in proportion to these products it is clear that
those motors are the most efficient—other
things being equal—in which the magnetice
energies developed in the armature and field
are equal. These results I obtain by using
the same amount of copper or ampere turns
in both elements when the cores of both are
equal, or approximately so, 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 noway 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
conventional 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 field be equal, the amount
of copper or ampere 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
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with its normal load, and in earrying out the
invention this fact should be taken into con-
sideration.

Referring to the drawing, A is the field-
magnet, B the armature, C the field-coils, and
D the armature-coils, of the motor.

The motors deseribed in this application,
except as to the features specifically pointed
out in the claims, are deseribed and claimed
in prior patents granted to and applications
filed by me, and are not herein claimed.

‘What I claim is—

416,194

1. An electro-magnetic motor having field
and armature magnets of equal strength or
magnetic quantity when energized by a given
current, as set forth.

2. In an alternating-current motor, the
combination, with field and armature cores
of equal mass, of energizing-coils containing
equal amounts of eopper, as herein set forth.

NIKOLA TESLA.

Witnesses:

RoBT. F. GAYLORD,
FraNk E. HARTLEY.

15
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- UNITED STATES

PATENT OFFICE.

NIKOLA TESLA, OF NEW YORK, N. Y., ASSIGNOR 10 THE TESLA ELECTRIC

COMPANY,

OF SAME PLACE

ELECTRO-MAGNETIC MOTOR.

SPECIFICATION forming part of Letters Patent No. 416,195, dated Dacember 3, 1889.
Application filed May 20,1889, Serial No, 311,419, (No model)

To all whom it may concern:

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

1o companying and forming a part of the same.

This.invention relates to that form of alter-
nating-current motorinvented by me,in which
there are two or more energizing - circuits

- through which alternating currents differing
15 in phase are caused to pass. I have in prior
patents and applications shown various forms

or types of this motor—first, motors hgving
two or more energizing-circuits of the same
-‘electrical character, and in the operation of
20 which the currents used differ primarily in
phase; second, motors with a plurality of en-
ergizing-circuits of different electrical char-
acter, in or by means of which the difference

of phase is produced artificially, and, third,

25 motors with a plurality of energizing-cireuits,
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 armatm'e ‘which is mounted to
rotate .in obedience to:the co- operative in-
fluence or action of the energizing-circuits has
35 coils wound upon-it which are closed upon
themselves and in which currents are induced
by the energizing-currents with the objeet 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-
45 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 indireetly produced has reached its
maximum. This is a condition unfavorable

30
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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- 55
natlons is employed——for it is apparent that

a stronger tendency to rotation will be main-
tained if the maximum maguetic attractions

or conditions in both armature and field co-
incide, the energy developed by a motor be- 6o
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 65
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 7o
are illustrated. o

Figure 1: Thisis a diagrammatic illustra-
tion of amotorsystem suchasI have deseribed
in my prior patents, and in which the alter-
nating currents proceed from independent 75
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- 8o
pieces for the uoﬂs of the other energizing-

circuit. These circuits are designated, re-
spectively, by D E, the conductor D’ formmo‘
a common return to the generator G. Be-
tween these poles is monnted an armature— 8s
for example, a ring or annular armature,
wound with a series of coils F, forming a
closed circuit or circuits. The dCLlOIl 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 o3
attraction between the armature and field-
polesisconsiderably reduced. Thesame con-

90

ditions will be found to exist if, instead of
agsuming the poles B or C as aetlno inde-
pendently, we regard the ideal 1'esultant of 100
both acting together, which is the real condi-
To remedy this, [ construect the motor-

tion.
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field with secondary poles 13’ C’, which are
situated 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.
The main or primary coils DandEare wound
for a different sef-induction from that of the
coils D’ and K/, the relations being so fixed
that if the currents in D and E differ, for ex-
ample, by a quarter-phase, the currents in
each secondary coil, as D’ B/, will difter from
those in its appropriate primary D or B by,
say, forty-five degrees, or one-eighth of a pe-
riod.

I explain the.action of this motor as fol-
lows: Assuming that an impulse or alterna-
tion in eircuit or branch K 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-
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 polarityset up
in the armature, however, lags 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. This effect is counteracted

" 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-
duced effect in the armature; hence the mag-
netic conditions of poles B’ ¢’ and of the
armature more nearly coincide and a better
result is obtained. As poles B’ C’ act in con-
junction with the poles in the armature es-
tablished by poles B C, so in turn poles C B
act similarly with the poles set up by B’ ¢,
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-
fiuence of the others. This I may doby con-
structing a wotor with two independent sets
of fields, and with either one or two armatures
electrically connected, or by using two arma-
tures and one field. These modificationswill
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 circuit from
the generator G. These two ecircuits or
branches are of different self-induction, one,
as D, being higher than the other. For con-

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
othér.
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
the field that produces it. I therefore em-
ploy the secondary or supplemental poles B’
C’. There being thirty degrees difference of
phase between the currents in coils D E, the
magnetic effects of poles B’ C” should corre-
spond to that produced by a current differing
from the current in coils D or E by fifteen
degrees. This I may accomplish by winding
each supplemental pole B’ C” with two coils 1L
H’. The coilsH are included in a derived eir-
cuit having the same self-induction as eircuit
D, and coils I’ in a cireunit having the same
self-induction as circuit E,so that if these cir-
cuits differ by thirty degrees the magnetism of
poles B’ ¢’ will correspond to that produced
by a current differing from that in.either D
or E Dby fifteen degrees.
other cases. For example, if in Fig. 1 the
coils D’ E/ be replaced by the coils H H’ in-
clyded in derived circuits, the magnetism of
the poles B’ ¢’ will correspond in effect or
phase, if it may be so termed, to that pro-
duced by a current differing from that in
either cireuit D or E by forty-five degrees, or
one-eighth of a period.

This invention as applied to a derived-cir-

cuit motor is illustrated in Figs. 3 and 4. The

former is an end view of the motor with the
armature in section and a diagram of connec-
tions, and TFig. 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 B B 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 X L. The pri-
mary coils IJ are in derived circuits, between
which, by reason of their different self-induec-
tion, there is a difference of phase, say, of
thirty degrees. The coils I’ K are in eircuit
with one another, as also ave coils J’ L, and
there should be a difference of phase between
the currents in coils K and I, and their corre-
sponding primaries of, say, fifteen degrees.
If the poles B Care at right angles, the arma-
ture-coils should be connected direectly 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 the armature-coils, as will be well under-
stood.

The operation will be understood from the
foregoing. The maximum magnetie condition

Let this difference be thirty degrees. -
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of a pair of poles, as B’ B’, coincides closely
with the maximum effect in the armature,
which lags behind the corresponding condi-
tion in poles B B.

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

In using expressions herein to indicate a
coincidence of the magnetic phases or effects
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—

1. Inanalternating-current motor, the com-
bination, with an armature wound with closed

coils, of main and supplemental 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 orenergizing coils included, respectively,
in main eircuits 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. StoNEY, Jr.,
JOHN GILLESPIE.
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UNITED STATES

PaTENT OFFICE.

ALBERT SCHMID, OF ALLEGHENY, AND NIKOLA TESLA, OF PITTSBURG,

ASSIGNORS TO THE WESTINGHOUSE

BUR@G, PENNSYLVANIA.

ELECTRIC COMPANY, OF PITTS-

ARMATURE FOR ELECTRIC MACHINES.

SPECIFICATION forming part of Letters Patent No. 417,794, dated December 24, 1889.
Application filed June 28,1889, Serial No, 315,937, (No model.) ‘

To all whom it may concermn:

Be it known that we, ALBERT SCHMID and
NikorA TESLA, citizens, respectively, of the
Republie of Switzerland and Smiljan, Lika,

5 border country of Austria-Hungary, now re-
siding in Allegheny and Pittsburg, both in
the county of Allegheny and State of Penn-
sylvania,haveinvented a certain new and use-
ful Improvement in Armatures for Electric

ro Machines, (Case No. 310,) of which thefollow- |

ing is a specification. :

The invention relates to the construction of
armatures for electric generators and motors,
and the object is to provide an electrically-

t5 efficient armature, the construction of which
is simple and -economical, and in which the
coils’of insulated conducting wire or ribbon
"may be conveniently wound or formed into
‘bobbins so located with reference to the body

20 of the armature as to afford as good results as
possible.

For certain purposes it is desirable to con-
struct the armatures of electric generators and
motors with their cores of magnetizable mate-

25 rial projecting through the coils into close

proximity to the tield-magnet poles. When

armatures are constructed in this manner,

some means are necessary for holding the coils

in position and preventing them from being
3o thrown out by centrifugal force.

This invention aimsto provide such means
in an armature having polar projections, and
also to form an armature in such manner as
to expose a large area of core-surface to the

35 field-magnet poles.

The invention consists, in general terms, in
forming an armature-core which is preferably
built up of laminse of magnetizable material
ingulated from each other, with diverging
slots or openings for receiving the armature
wire or ribbon, which slots are connected with
the exterior of the armature by openings
through which the wire may be laid in the
slots, and in placing the wire in such slots.in
45 the proper manner.

We are aware of the United States Patents
No. 827,797, granted to Immisch, and No.
292,077, granted to Wenstrom, and the British

40

patent of Coerper, No. 9,013 of 1887, and do
not claim the constructions shown and de- 5o
seribed therein. -
" The invention will be deseribed more par-
ticularly in connection with the accompany-
ing drawings, in which— ‘ .
Tigure 1isan end view, partly in seetion, of 55
an armature embodying the features of the in-
vention, and Fig. 2 is a plan of the armature.
Referring to the figures, T ¥ indicate field-
magnet poles, and A represents the body or
core of an armature composed, in this in- 60

.stance, of lamins of magnetizable material

built up in any suitable manner, the laminze
being preferably separated by intervening
strata of insulating material. Theindividual
plates or lamins are constructed with radial 65
openings ¢, extending a short distance from
the surface, and with slots or openings b, which
extend in different directions from the open-
ings c. The slots diverge from each other at
such angles as to cause the two slots upon the 70
opposite sides of each web ¢ thus formed to
lie in the same chord of the cirele of the arma-
ture. The plates may also be stamped or
formed with openings G to remove the un-
necessary metal. After the plates are formed 75
they are laid up inthe proper manner to form
the entire armatur-core, the slots b being
placed opposite each other to form continuous
openings through the entire length of the
armature. These openings may be lined by 8o
pockets i of insulating material—such, for
instance, as vulecanized fiber—and the wires
are then wound into the slots from the open-
ings ¢ and around the respective webs e.
Winding-clips & may be placed at the respect- 85
ive ends of the armature opposite each web e

to hold the wires in the proper positions as
they are wound in the slots and down upon
the armature ends.

The wires having been wound into their go
proper positions, they may be held more se-
curely in position by means of blocks K of
non-magnetic material, placed at intervals or

" extending through the entire slots or open-

ings ¢ and projecting into the slots b. 95
An armature construected in the manner
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deseribed is found to be very efficient in its
operations and at the same time simple in
its construction.

The connections between the armature-coils
and the conductors or collecting-plates may
be madein any usual well-known manner, ac-
cording to the purposes desired to be served.

We claim as our invention—

1. Acore for electrical machines, composed
of plates of magnetizable material separated
by insulation, said plates having diverging
slots for receiving the armature-conductors
and an opening to the exterior of the plate at
the origin of the diverging slots.

2. A core-plate for electrical -machines,
stamped with diverging slots at intervals near
its periphery and an opening to the periphery
at the angle formed Dy each two diverging
slots. .~

3. A core for electrical machines, composed
of plates of magnetizable material separated
by insulation, said plates having diverging
slots for receiving the armature-conduectors

- and an opening to the exterior of the plate at

30
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the origin of the diverging slots, the width of
such openings being approximately equal to
the width of the slot.

4. An armature-core for electric machines,
consisting of plates of magnetizable material
separated by insulation, having radial open-
ings at intervals, slots diverging from said
opeuings for receiving armatuare-coils, and
windingblocks orclips at the ends of the core.

5. An armature-core for electrical appara-
tus, composed of plates of magnetizable ma-

417,794

terial separated by insulation and having
radial openings at intervals, slots extending
in opposite directions from said openings for
receiving wires, and insulating-liningsforsaid
slots.

6. An armature for electric machines, con-
sisting of a laminated core formed with di-
verging slots for receiving the wires, said slots
leaving intervening webs, and coils of wire
wound in said slots. .

7. An armature for electric machines, con-
sisting of a laminated core formed with di-

verging slots for receiving the wires, said slots

leaving intervening webs, coils of wire wound
in said slots, and non-magnetizable material
closing the openings of the adjacent slotsout-
side the wires, substantially as described.

8. An armature for electric machines, con-
sisting of a core having its outer surface con-
tinuous except for narrow longitudinal open-
ings at intervals and having slots diverging
from said openings, armature-coils wound in
said slots, and blocks or strips of non-mag-
netizable material closing the openings and
forming with the metal of the armature a
practically continuous surface.

In testimony whereof we have hereunto
subscribed our names this 25th day of June,
A. D. 1889.

ALBERT SCHMID.
NIKOLA TESILA.
Witnesses:
W. D. UPTEGRAFF,
CHARLES A. TERRY.
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. To all whom, i may concern: . -

Be it known that I, NIKOLA
ject of the Emperor of Austria-Hangary, for-

" merly of Smiljan, Lika, border eountry of Aus-

5

- inyented certain mew and: useful Improve-.

10

tria-Hungary, but now residing at New York,
in the county and State of New' York, have

ments in-Methods of Operating Electro-Mag-

“netic Motors, of which the following is d speci-

fleation, reference being

had to, the drawing

*. accompanyingand forming a partof the same.

18

.. In a patent. granted to me April 16, 1889,
No. 401,520, 1 have shown.and described a’

‘method of operating alternating-curreut mo-

tors by first shifting or ‘rotating their mag-.

netic poles tntil they had reathed or passed

" & synchronous speed and then alternating the
- -poles, or, in other words, by transforming the

- motor by achangeof circuit-connections from

20

.25

30

35.

40
45

50

‘one operated by the action of two or more in-

dependent energizing-currents to a motor op-
erated by a single current or several acting
asone. - T

. 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 alternating

currentsdifferingin phase a2 _passed through

independent energizing-circuits -and short-
circuit the coils of-the other element. When
Lhe motoi thus started reaches or passes the

limit of speed synchronous with the genera-

tor, I connect up the coils previously short-
circuited with a source

duce a simple alternation of the poles.
motor then continues.
with the generator. Thereare many specific:

ally-different ways in +which this may be car- |

ried out; but I have selected one for lustrat-
ing the prinejple. - This is illustrated in the
annexed drawing, which is a side view of &
motor with a diagram
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
earries three

TESLA,&S“‘b"

‘trolling switch

phase is-obtained

of direct current and

1 ‘gpeed, the
. by a-change of the circuit-connections

pro-
rrhe.
to run in synchronism’

of the circnits and de- |’

-spnous speed and
and

Ilecting or contact rings CD '

feront diameters.)

_“Ope 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 toring E.
Collecting springs or

(Slxdwn',' for. better. illustration, as of dif-.

55

brushes -F G H bear -

upon the rings and lead to the contacts of a .

gwiteh, tobe hereinafter described. The field-
coils have their terminals in binding-posts K

'K, and may be either closed upon themselves
or connected with

‘ ‘ th a source of direet current;
L by meads of a switch M. "Themainorcon-

two levers f g, pivoted and connected by an
insulating cross-bar ki, 80 as to move in paral-
lelism. - These levers are conneeted to the
line-wires from a source of alternating cur-

‘rents N. . Gontact o is-connected to brush.G

and coil B through a dead-resistance R -and
wire P. ‘Contactb is conmected with brush ¥

basfive contacts a b ¢ d eand

65"

70

and il A through a self-induction-coilS and -

wire O. --Cottacts ¢ and e ar¢ connected tq

| brushes G F, respectively, through the wire

P 0, and contact dis directly connected wit
brush H. The lever f has a widened endj

“which may span the contscts a'b. ‘When in

such position and with lever g on contact d,
the alternsating currents divide between the
two motor-coils, and by reason of their dif-
ferent self-induetion 'a difference of current-
that starts the motor inro-
1 have above stated,

tation. In starting; as

‘the feld-coils.ave short-circuited. :

" When the motcr has attained the Gesired
switeh i§ shifted.to the position
shown in dotted lines—that is to say, with the
levers f g resting onpointsce. - Thisconnscts

up the two armature-coils in geries, and the

“motor will then wnn’'as a synchronous mator.

The field-coils-ave thrown into eircuit with

the : direct-current ‘source wken the' main

‘siwitch is shifted.

What I ¢laim’ herein as mny invention is—

1. The method of operating électro - mag-
nétic mofors, which consists in first. progress-
ively shifting or’ rotating the magnetic poles
of one element until it has reached a synch-
then alternating said poles
ssing & direct current through the coils
of the other element, &s herein set forth.

9. The method of operating electro- mag-

-3,
o~

8o

8s
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netic motors, which cousists in short-cireuit- rent and through the armature-coils alternat-’
ing the coils of one element, as the field-mag- | ing curreuts coinciding in phase.
net,and passing through the energizing-coils -
of- the other element, as the armaﬁ:ure. alter- - N IKOLA TESLA.
5 .nating eurrents differing in- phase, and thep. | . Witnesses; .
7 'when the miotor has attd@ined a given speed, R. J. 8TONEY, J1.,
. Dassing through the field-coils a direct cur- E. P. COFFIN.
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UNITED STATES

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

PAaTENT OFFICE.

ASSIGNOR TO THE TESLA ELECTRIC

COMPANY, OF SAME PLACE.

ELECTRO-MAGNETIC MOTOR.

SPECIFICATION {orming part of Letters Patent No, 424,036, dated March 25, 1890.
Application filed May 20, 1889, Serial No, 311,416, (No model.)

To all whom it may concern:
Beitknownthat], NIKOLA TESLA, a subject
of the Emperor of Austria-Hungary, from

Smiljan, Lika, border country of Austria-Hun-
5 gary,residing at New York, in the county and

State of New York,haveinvented certain new

and useful Improvementsin Electro-Magnetic

‘Motors, of which the following is a specifica-
.. tion, reference being had to the drawings ac-
. 10 companying and forming a partof the same.

I have invented and elsewhere described
an electro-magnetic motor operated or adapted
to be operated by an alternating electric cur-
rent, and which is now commonly designated,
. 15 whether correctly or not, a “magnetic-lag”
‘ motor. The main distinguishing features of
this motor are the following: An armatureis
mounted within the magnetizing influence of
: a certain number of field magnets or poles of

20 different magnetic susceptibility—that is 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

25 an alternating current is passed through the
coils of such a motor, the field magnets or
poles donot appeartomanifest theirattractive
effect upon the armature simultaneously, the
: magnetic attraction of some appearing to lag

30 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; butinoperation it dif-
fers from that which I have above deseribed
in that the attractive effects or phases of the
poles, while lagging behind the phases of cur-
rent which produce them, are manifested si-
multaneously and not successively.

To carry out this invention I employ a mo-
tor embodying the principle of gonstruetion
of a motor described and claimed in an ap-
45 plication filed by me January S, 1889, No.
295,745, to the extent that both the armature
and field receive their magnetism from a sin-
gle energizing-coil or a plurality of coils act-
ing as one. ' ‘

A motor which embodies my invention,
with certain modifications thereof, is illus-
trated in the accompanying drawings.

o

4

50

AN
Figure 1 is a side view of the motor in ecle-
vation. TFig. 2 is a part-sectional view at
right angles to Fig. 1. Fig. 3 is an end view 55
in elevation and part section of a modifica-
tion, and Fig. 4 is a similar view of another
modification.

In Figs. 1 and 2, A designates a base or
stand, and B B the supporting-frame of the 6o
motor. Bolted to the said supporting-frame
are two magnetic cores or pole-pieces C 7, 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 65
be wound with closed coils. D is a eireular
disk-armature built up of sections or plates of
iron and mounted in the frame between the
pole-pieces C C’, which latter are preferably
curved to conform to the circular shape there- 70
of. I may wind this disk with a number of
closed coils E. T T are the main energizing-
coils, supported in any convenient manner by
thesupporting-frame, or otherwise, butsoas to
inelude within their magnetizing influence 75
both the pole-pieces C ¢’ and the armature D.
The pole-pieces C €’ project out beyond
the coils I F on opposite sides, as indicated
in the drawings. If an alternating current
be passed through the coils I It, rotation of 8o
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 ¥ I establishes two polari-
ties in the motor. The protruding end of 83
pole-piece C, for instance, will be of one sign,
and the corresponding end of pole-piece C’ will
be of the opposite sign. The armature also
exhibits two poles at right angles to the coils
F T, like poles to those in the pole-pieces go
being on the same side of the coils. While
the current is flowing there is no appreciable
tendency to rvotation developed; but after
each current impulse ceases or begins fo fall
the magnetism in the armature and in the g5
ends of the pole-pieces C C’ 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 maximum magnetic effect. This effect is
continued by the reversal of current, the po-
larities of field and armature being simply
reversed. One or both of the elements—the
armature or fleld-——may be wound with closed

100
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indueed 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. A modified form of this motor is
shown in Fig.3. In this form (3is one of two
standards that support the bearings for the
armature-shaft. H H are uprights or sides of
a frame, preferably magnetic, the ends C ¢/
of which are bent, substantially as shown, to
conform to the shape of the armature D and
form fiéld-magnet poles. "T'he construction 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
I'F are secured in position to surround both
the armature and the poles C ¢/. The arma-
ture is detachable from its shaft, the latter
being passed through the armature after it
has been inserted in position. The operation
of this form of motor is the same in principle
as that previously described and needs no
farther explanation.

One of the most important features in alter-
nating-current motors is that they should be
adapted to and capable of running efficiently
in the alternating systems in present use, in
which almost without exception the gener-
ators yield 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. 3, making a multipolar motor,
which is illustrated in Fig. 4. In the con-
struction of this motor I employ an annular
magnetic frame J, with inwardly-extending
ribs or projections IS, 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 ecoil or group of
wires being carvied over toward the shaft,
80 as to form U-shaped groups of eonvolu-
tions at each end of the armature. The pole-
pieces C C’, Leing substantially concentric
with the armature, form ledges, along which
the coils are laid and should project to
some extent beyond the coils, as shown. The
eylindrical or drum armature D is of the same
construction as in the other motors deseribed,
and is mounted to rotate within the annular
frame J and between the U-shaped ends or
bendsof the coilsF. Thecoils Fare connected
in multiple orin series with a source of alter-
nating eurrents, and are so 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 € of
the opposite polarity. The principle of the

operation of this motor is the same asthe other
herein deseribed, for, considering any two
pole-pieces C C’, a current impulse passing
in thé coil which bridges them or is wound
over both tendsto establish polarities in their

424,036

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 eurrent im-
pulse that established these polarities the
magnetism which lags behind the current
phase, and whiech continues to manifest itself
in the polar projections C C’ and the arma-
ture, produces by repulsion a rotation of the
armature. The effect is continued by each
reversal of the current. What occurs in
the case of one pair of pole-pieces oceurs si-
multaneously in all, so that the tendency to
rotation of the armature is measured by the
smn of all the forces exerted by the pole-
pieces, as above described.
also the magnetic lag or effect is intensified
by winding one or both cores with closed in-
duced coils.
thus wound. When closed coils are used, the
cores should be laminated.

It is evident that a pulsatory as weli as an
alternating eurrent might be used to drive or
operate the motors herein deseribed; 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 prop-
erly construet this motor. In otherwords,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 results. These
are matters, however, that are well under-
stood by those skilled in the art.

What I claim is—

1. Inanalternating-current motor, the com-
bination, with the armature and fiéld-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-

In this motor -

The armature-core is shown as .

bination, with an armature-core circular in

configuration, of a supporting-frame, field-
cores extending therefrom over portions of
the periphery of the armature, and energiz-

ing-coilssurroundingsaid armature and 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 I, 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. SroNev, Jr.,
. P. Corrin.
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"UNITED STATES

PatenT Orrice.

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

PYROMAGNETO-ELECTRIC GENERATOR. .

SPECIFICATION forming part of Letters Patent No. 428,057, dated May 18,1890,

Original application léd May 26, 1887, Bérial No,239,481, Divided and thiwapplication filed May 26, 1880, Serial No, 312,089
: ‘ , (o model.) - . .

To all wivom it may concern: T
Be it known that I, NIkoLA TRSLA, a sub-
ject of the Emperor of Austria-Hungary, from
Smiljan, Lika, bordgr country of Austria-Hun-

5 gary, residing at New York, in the county and
State of New York, haveinvented certain new
and useful Improvements in Electrical Geriera-

tors, of which the following is a specification,"
This application is a division of an applica-.

1o tion filed by me May 26,1887,Serial No. 239,481,

This invention is an improved form of

electrical generator based upon the following

well-known laws: First, that -electricity or

electrical energy is developed in any conduet-
15 ing-body by sdbjecting such body to a vary-

ing magnetic influence, and, second, that the

magnetic properties of iron or other magnetic

substance ‘may: be partially or entirely de-

‘stroyed or caused to disappear by rajsing it .

20 to a certain temperature, but restored and
caused to reappear by again lowering its tem-

- peraturetoa.certaindegree. Theselaws may
be applied inthe production of electrical cur-

rents in many ways, the principle of which is.
25 In all cases the same—rviz., to subject a con-
ductor to a varying magnetic influenee, pro-

ducing such variations by the application of
heat, or, more strietly Speaking, by the appli-
-cation or activn of a varying temperature
30 upon the source of themagnetism. This prin-

ciple of operation may beillustrated by a sim-

ple experiment : Place end to. end, and pref-
erably in actual contact, a permanently-mag-
netized steel bar and a strip or bar of soft
35 iron.  Around the endof. the iromn bar or plate

- wind-acoil of insulated wire; - Then apply to-

the iron between the coil.and the steel bar a
flame or- other source of heat which will be
capable of raising that portion of the iron to
40 anorange-red, or & temperature of about 600°
centigrade. 'When this condition is reached,
the ironsomewhatsuddenly loses its magnetic
properties, if it be very thin, and the same
effects produced as though the iron had been
45 moved away from the magnet or the heated

-*- section had Dbeen removed, This change. of

condition, however, isaccompanied by ashift-

ing of themagneticlines, or, in'other wor_ds,‘by
a variation in the maguetic influence to which

the coil is exposed, and a carrent in the coil
is the result. ‘Then remove the flame or in
any other way reduce the temperature of the
iron. The lowering of its temperature is ac-

companied by a return of its magnetic prop-

erties, and another change of magnetic con-
ditions oecurs, accompanied by a current in

an opposite direction in the coil. The same

operation may be repeated indefinitely, the
efféct upon the .coil being similar to that
which would follow from ‘moving the magnet:
ized bar to and from the end of the iron bar
or plate.. e

. The device forming the subject of my pres-
ert invention is- an improved means of ob-
taining this result, the features of novelty in
which theinventionresides being, first,theem-

Ployment of an artificial eooling device, and,

.second, inclosing the source of heat and that
portion of the magnetic circuit exposed to the
‘heat ‘and artificially cooling the,said heated
part. These improvements are applicable
generally to the generators constructed on the
plan above described—that is to say, I may
use an artificial cooling device in conjunction
with .a variable or varied or uniform source

of heat. I prefer, however, to employ a uni-

form heat.

: In the drawingsI have illustrated a devieo

constructed in accordance with Ty invention,
Figure. 1 is a central vertical longitudinal

50
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section of the complete apparatus. Fig, 2is
& cross-section of the magnetic armature-core

’ of the generator.

- Let A represent 2 magnetized éoi'e or per- . .

manent magnet the polesof which are bridged
by an armature-core composed of a casing or
 shell ‘B inclosing a number of ‘hollow iron
‘tubes C. Around this core are wound the
‘eonductors E " E/, to form the coils in which
‘the currents are developed. ' In the circuits
of these coils are translating devices, as F-1,
D is a furnace or closed fire-box, through
which the central portion of the ‘core B ex.
tends. 'Above the fireis a boiler K, contain-

ing water. Theflue L from the fire-box may

-extend up through the boiler, .-
G isa water-supply pipe,and His the steam-

exhaust pipe, which communicates with all

8g.
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the tubes C in the armature B, so that steam

. eseaping from the boiler will pass through
said tubes. : o

In the steam-exhiaust pipe H is a valve v,

5 to which is connected thelever I, by the move-

ment of which the said valve is opened or

closed. In such acase as this the heat of the.

fire may be utilized for other purposes sfter

1o plied to heating the core B. There are spe-

cial advantages in the employment of a.cool:

ing device, in that the metal of ‘the core B is

not so quickly oxidized. Moreover, the dif-
ference between the temperature of theap-
plied heat and of the steam, air, or whatever.
gas or fluid be applied as the'eooling médinm,
may be increased or decreased at will, where-

by the rapidity of the magnetic .changes or
fluctnations may be regulated. '

15

20
is coneerned,.the gpecific construction of the:

apparatus is largely immaterial. -1 donot, |

however, clajim in this- application, broadly,
. the -application of a variable heat to vary the
25 magnetic conditions of & field of -foree in-
whicl an indaced conductor ig.contained.

In so far as my present ifivention, broadly, |

‘What I claim is—

1. 'In an electrical generator, the combina-
tion, with a magnetized core or body and a
conductor within the field of force produced 30
thereby, of an inclosed source of heat applied
to a portion of said_core, and an artificial
cooling device for reducing -the temperature

‘of the heated portionthereof, as set forth.
as much of it as may be needed Has been ap- |-

9. Theeombination, with a magnetized core 35
vt -body and-a conductor under the icfluence
thereof, of an inclosed source of heat applied
to a portion of said core, means for bringing
a cooling gas or fluid in dontact with the
hedted portion of the core, and means forcon- 40

‘trolling the admission of the same.

3. Thecombination, witha magnetized core
containing es Or channels, and coils
wound thereon, of means for applying heatto
a portion of the core, and a connection with 45
a boiler for admitting steam into_the chan-
pels, as set forth. ' ‘

- NIKOLA. TESLA.
Witnesses: -
R. J. STONEY, J1., -
E. P.-COFFIN.



(No Model.)

N. TESLA. /
ALTERNATING CURRENT ELECTRO MAGNETIC MOTOR. !
No. 433,700. - Patented Aug. 5, 1890.

Wetregbes: . . Zrevestor
Coreect S ot Mﬁw m Y’éx

Attorree 20/ »

1 ERS CO., PHOTO-LITHO., WASHINGTON, D. C:




UNITED STATES PATENT OFFICE.

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

ALTERNATING-CURRENT ELECTRO-MAGNETIC MOTOR.

SPECIFICATION fornding part of Letters Patent No. 433,700, dated August 5, 1890.
Application filed March 26, 1890, Serial No, 345,388, (No model.)

To all whom it may concern: magnets, each wound with coils connected
Be it known that I, NIKoLA TwsLa, a sub- | with a souree of alternating or rapidly-vary-
ject of the Emperor of Austria-Hungary,from | ing currents, but forming two separate paths
Smiljan, Lika, border country of Austria- | or eircuits. The magnets of one set I pro-

5 Hungary,residing at New York,in the county | tect to a certain extent from the energizing 55
and State of New York, have invented certain | action of the current by means of a ma gnetic
new and useful Improvementsin Alternating- | shield or sereen interposed between the mag-
Current Electro-Magnetic Motors, of which | net and its energizing-coil. This shield is
the followingis aspecification,referencebeing | properly adapted to the conditions of particu-

¢ had to the drawings accompanying and form- | lar cases, so as to shield or protect the main 6o
ing a part of the same. core from magnetization until it has become

This invention is an improvement in that | itself saturated and no longer capable of con-
class of electro-magnetic motors in which the | taining all the lines of force produced by the
rotation is produced by the progressive move- | current. By this means it will be seen that

15 ment or effect of the maximum magnetic | the energizing action begins in the protected 6 5
points or poles produced by the conjoint ac- | set of magnets a certain arbitrarily-deter-
tion or effect of two energizing - circnits | mined period of time later than in the other,
through which are passed alternating cur- | and that by this means alone or in conjunec-

. rents, or currents of rapidly-varying strength | tion with other means or devices heretofore
20 of a kindred nature. employed a practically-economical difference 70
“The improvements subject of this applica- | of magnetic phase may readily be secured. -
tion are more particularly applicable to that The nature and operation of the invention
class of motors in which two or more sets of | will be more fully explained by reference to
energizing-magnets are employed, and in | the accompanying drawings.

25 which by artificial means a certain interval Figure 1 is a view of a motor, partly in see- 75
of time ismade o elapse between the respect~ | tion, with a diagram illustrating the inven-
ive maximum or minimum periods or phases { tion. TFig. 2 is a similar view of a modifica-
of their magnetic attraction or effect. This | tion of the same. ‘
interval or difference in phase between the In Fig. 1, which exhibits the simplest form

30 two sets of magnets, when artificially pro- | of the invention, A A is the field-magnet of a 8o
duced, is limited in extent. It is desirable, | motor, having, say, eight poles or inwardly-
however, for the economical working of such | projecting cores B and C. ~ The cores B form
motors that the strength or attraction of one | oneset of magnetsand are energized by coils
set of magnets should be maximum at the | D. The cores C, forming the other set, are

35 time when that of the other set is minimum | energized Ly coils E, and the coils are con- 83
and conversely; but these conditions have not | nected, preferably, in series with one another,
heretofore been realized exceptin cases where | in two derived or branched circuits I G, re-
the two currents have been obtained fromin- | spectively, from a suitable source of current.
dependent sources in the same or different | Each coil E is surrounded by a magnetic

40 machines, shield I, which is preferably composed of an go

The object of the present invention is to | annealed, insulated, or oxidized iron wire
establish conditions morenearly approaching | wrappeéd orwoundon the coils in the manner
the theoretical requirements of perfectwork- | indicated, so as to form a closed magnetic
ing, or, in other words, to produce artificially | circuitaround the coilsand between tlie same

45 a difference of magnetic phase by means of | and the magnetic cores C. Between the pole g5
a current from a single primary source suffi- | pieces or cores B C is mounted the armature
cient in extent to meet the requirements of | I, which,asisusual in this type of machines,
practical and economical working. is wound with coils L closed upon themselves.

In carrying out my invention I employ a | The operation resulting from this disposition

50 motor with two sets of energizing or field | is as follows: If a current impulse be di- roo
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rected through the two circuifs of the motor,
it will quickly energize the cores B, but not
so the cores C, for the reason that in passing
through the coils E there is encountered the
influence of the closed magnetic eircuits
formed by the shields H. The first effect is
to effectively retard the current impulse in
circuit G, while at the same time the propor-
tion of current which does pass does not mag-
netize the cores C, which are shielded or
screened by the shields H. Astheinecreasing
electro-motive force then urges more current
through the coils E, the iron wire II becomes
magnetically saturated and incapable of car-
rying all the lines of force, and hence ceases
to protect the cores C, which become mag-
netized, developing their maximum effect
after an interval of time subsequent to the
similar manifestation of strength in the other
set of magnets, the extent of which is arbi-
trarily determined by the thickness of the
shield II, and other well-understood condi-
tions.

From the above it will be seen that the ap-
paratus or device acts in two ways. First, by
retarding the current, and,second, by retard-
ing the magnetization of one set of the cores,
from which its effectiveness will readily ap-

ear.
P Many modifications of the principleof this
invention are possible. One useful and effi-

" cient application of the invention is shown in

35

40

Fig. 2. In said figure a motor is shown simi-

larin all respects to that above described, ex-
cept that the iron wire H, which is wrapped
around the coils E,; is in this case connected
in series with the coils D. The iron-wire
coils M, are connected and wound, so as to
have little or no self-induction, and being
added to the resistance of the circuit I the

"action of the current in that circuit will be

accelerated,while in theothercireuit G it will
be retarded. The shield H may be made in
many forms, as will be understood, and used
in different ways, as appears from the forego-
ing description. I do not, however,limit my-
self to any specific form or arrangement; but

What I elaim is—

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

2. In an alternating-current motor having
two energizing-cireunits, the combination,with

the magnetic cores and the coils of one of the-

circuits wound thereon, of magnetic shields
or coils wound around said coils at right an-
gles to their convolutions, as set forth.

3. In an alternating-current motor having
two energizing-eircuits, the combination,with
the magnetic cores and the coils of one of the
circuits which energize the said cores, of mag-
netic shields forming closed magneticcircuits
around the coils and interposed between the
coils and cores, as set forth.

4. In an alternating-current motor having
two energizing-circuits derived fromthe same
source, the combination,with the cores and the
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 convolutions and connected up in series
with the coils of the other energizing-cireuit,

as set forth. (
NIKOLA TESLA. .
Witnesses:
RoBT. . GAYLORD,
PARKER W. PAGE.
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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-Hungary, from
Smiljan, Lika, border country of Austria-

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

Current Motors, of which the following is a
specification, reference being had to the draw-

1o ings accompanying and forming a part of the
same.

This invention relates to that class of alter-
nating-current motors in which the field-mag-
nets are energized by coils connected up in

15 two circuits derived from the same source
and having different degrees of self-indue-
tion, whereby the currents in one cirenit or
branch are retarded more than in the other,
with the result of producing a progressive

20 advance or rotation of the points of maxi-
mum magnetic effect in the field that main-
tains the armature in rotation. In motors of
this kind I have employed, among other
means, a self-induction coil in oné cireuit and

25 a dead-resistance in the other, or T have se-

cured the same resalt by the special charac-
ter of the winding of the two circuits, and in
still another instance I have so constructed
the motor that the retarded-current coils were
nearly inclosed by iron, whereby the self-in-
duction of such coils was very greatly in-
creased.

Theinvention subject of this application is
an improvement on this last-named plan.

35 In carrying out the invention I construct

a field-magnet having two sets of poles or in-

wardly-projecting cores and placed side by
side, so as practically to form two fields of
force and alternately disposed—that is to
say, withthe poles of oneset or field opposite
the spaces between the other. I then con-
nect the free ends of one set of poles by means
of laminated-iron bands or bridge-pieces of
considerably smaller cross-section than the

45 cores themselves, whereby the cores will all

form parts of complete magnetic ecircuits.

When the coils on each set of magnets are

connected in multiple circuits or branches
from a source of alternating currents, electro-
motive forces areset up in or impressed upon
each circuit simultaneously; but the coils on

30

50

the magnetically bridged or shunted cores
will have, by reason of the closed magnetic
circuits, a high self-induction, which retards
the current, permitting at the beginning of 55
each impulse but little current to pass. On
the other hand, no such opposition being en-
countered in the other set of coils, the cur-
rent passes freely through them, magnetizing
the poles on which they are wound. As soon, 6o
however, as the laminated bridges become
saturated and incapable of carrying all the
lines of force, which the rising electro-motive
force, and consequently increased current,
produce, free poles are developed at the ends 65
of the cores, which, acting in conjunection with
the others, produce rotation of the armature.

The construction in detail by which this
inventionis illustrated is shown in the accom-
panying drawings.

Figurel is a view in side elevation of a mo-
tor embodying the invention. Fig.2isaver-
tical cross-section of the same.

Aisthe frame of the motor, which is prefer-
ably built up of sheets of iron punched out 7s
to the desired shapeand bolted together with
insulation of a proper character between the
sheets. When complete, the frame makes a
field-magnet with inwardly-projecting pole-
pieces B and C. To adapt them to the re- So
quirements of this particular case these pole-
pieces are out of line with one another, those
marked B surrounding one end of the arma-
ture and the others, as C, the opposite end,
and they are disposed alternately—thatis to 85
say, the pole-pieces of one set oceur in line
with thespaces between those of the other sets.

The armature D is of eylindrical form, and
is also laminated in the usual way and is
wound longitudinally with coils closed upon go
themselves. Thepole-pieces C areconnected
or shunted by bridge-pieces E. These may
be made independently and attached to the
pole-pieces, or they may be parts of the forms
or blanks stamped or punched out of sheet- g3
iron. Their size or mass is determined by
various conditions, such as the strength of
the current to be employed, the mass or size
of the cores to which they are appplied, and
other well-understood conditions. - 100

Coils I surround the pole-pieces B, and
other coils G are wound on the pole-pieces C.

70
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Thege coils aré connécted in series in two
circuits, which are braches of a eircuit from a
generator of alternating currents, and they
may be so wound, or the respective circuits
in which they are included may beso arranged,
that the circnit of coils G will have inde-
pendently of the particular construction here-
in described a higher self-induction thanthe
other cirecuit or branch.

The funetion of the shunts or bridges E is
that they shall form with the cores C aclosed
magnetic circuit for a current up to a prede-
termined strength,so that when saturated by
such current and unable to carry more lines
of force than such a current produces they
will to no further appreciable extent inter-
fere with the development by a stronger cur-

- rent of free magnetic poles at the ends of the

cores C.

In such a motor the current is so retarded
in the coils G and the manifestation of the
free magnetism in the poles C is delayed be-
yond the period of maximum magnetic effect
in poles B that a strong torque is produced
and the motor operates with approximately
the power developed in a motor of this kind
energized by independently-generated cur-
rents differing by a full-quarter phase.

What I claim in this application is—

1. In an alternating-current motor having
two sets or series of pole-pieces, the combi-
nation, with one of such sets or series, of mag-

433,701

netie shunts or bridges connecting their free
ends, as herein set forth. :

9. In an alternating-current motor having
two sets or series of pole-pieces energized by
coils in independent cireunits from the same
source, the combination, with one of the sets
or series of pole-pieces, of magnetic shunts or
bridges connecting their free ends, as de-
seribed. »

3. In an alternating-current motor having
a laminated or subdivided field-magnet pro-
vided with two sets or series of cores or pole-
pieces, the combination, with such pole-pieces,
of energizing-coils connected, respectively, in
two cireuits derived from the same source of
alternating currents and laminated or sub-
divided ironshunts or bridges of smaller cross-
section than the pole-pieces and joining the
free ends of all the cores or pole-piecesof one
set to form closed magnetic circuits, as set
forth. ‘

4, Tn an alternating-currentmotor, the com-
bination, with a set or series of field-poles
and énergizing-coils wound thereon, of an in-
termediate set of pole-pieces forming portions
of closed magnetic cireuits and coils thereon
in a circuit derived from the same source of
alternating currents as the other, as set forth.

NIKOLA TESLA.

Witnesses:

RoeT. 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.

ELECTRICAL TRANSFORMER OR INDUCTION DEVICE.

SPECIFICATION forming part of Letteré Patent No. 433,702, dated Auzust 5, 1890,
’ Apnlicat‘ion filed March 26, 1890.‘ Serial No, 345,390, (No model.)

To all whom it may concern.:

Be it known that I, N1korA TESLA, a sub-
Jject 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 Electrical
Transformers or Induection Devices, of which
the following is a specification, reference be-
ing had to the drawings accompanying and
forming 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-
curing, first, a phase difference between the
primary and secondary currents adapted to
the operation of my alternating-current mo-
tors and other like purposes, and, second, a
constant current for all loads imposed upon
the secondary., :

In transformers as constructed now and
heretofore it will be found that the electro-
motive force of the secondary very nearly co-
incides with that of the primary, being, how-
ever, of opposite sign. At the same time the
currents, both primary and secondary, 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
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 property of self-induction. On
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 resistance—such as incan-
descent lamps—wheéreby the time interval be-
tween the maximum or the minimum periods
of the primary and secondary currents is in-
creased. This time interval, however, is lim-
ited, and the results obtained by phase dif-
ference in the operation of such devices as
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 primary and
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
cireuit should be maximum when that in the
other cireuit is minimum. Tomore perfectly
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 possi-
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 by sur-
rounding either the primary or the secondary
with a comparatively-thin magnetic shield or
screen. Under these conditions or eircum-
stances, as long as the primary current has a
small value, the shield protects the secondary;
but as soon as the primary current has reached
a certain strength, which is arbitrarily deter-
mined, theprotectingmagneticshield becomes
saturated and the inductive action upon the
secondary begins. Itresults,therefore,thatthe
secondary current begins to flow at a certain
fractionof a period later than it would without
the interposed shield, and since this retarda-
tion may be obtained without necessarily. re-
tarding the primary current also, an addi-
tional lag is secured, and the time interval be-
tween the maximum or minimum periods of
the primary and secondary currents is in-
creased. I have further discovered thatsuch
a transformer may, by properly proportion-
ing its several elements and determining in
amanner well understood the proper relations
between the primary and secondary win dings,
the thicknessof the magneticshield, and other
conditions, be constructed to yield a constant
current at all loads. No precise rules can be
given for the specific construction and pro-
portions 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-
seribed will be found under all eonditions to
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.2isa simi-
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lar view of a modified form of transformer,
showing diagrammatieally the manner of
using the same.

A A is the main core of the transformer,
composed of a ring of soft annealed and insu-
lated 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
C'C, wound in a direction at right angles to
said 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
by the wires C is below magnetic saturation
the secondary coil or circuit is effectually pro-
tected or shielded from the induective influ-
ence of the primary, although I would state
that on open cireuit it may exhibit someelec-
tro-motive force. When the strength of the
primary reaches a certain value, the shield C,
becoming saturated, ceases to protect the sec-
ondary from inductive action, and current is
in consequence developed. therein. TForsimi-
lar reasons, when the primary current weak-
ens, the weakening of the secondary is re-
tarded to thesame or approximately the same
cxtent. i

Thespecific construction of the transformer
is largely immaterial. In Fig. 2, for exam-
ple, the core A is built up of thin insulated
iron plates or disks. The primary circuit D
is wound next the core A. Over this is ap-
plied the shield C, which in this case is made
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
changing currents. The primary of the trans-
former is connected with the circuit of the
generator.

T is a two-circuit alternating-current mo-

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

Having now described my i
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 or screen
interposed between said coils, as herein set
forth. ,

9. In an electrical transformer or inductive
device, the combination, with the magnetic
core and the primary and secondary coils or
circuits, of a magnetic shield or screen sur-
rounding one of said coils only, as set forth.

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 byilt up around one only of said
coils, as described. :

4. In an electrical transformer or induction
device, the combination, with a main lami-
nated magnetic eore and primary and seeond-
ary coils thereon, of a subdivided or lami-
nated magnetic 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 a mag-
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,
as set forth. ‘

nvention, what

NIKOLA TESLA.

- Witnesses:
Rost. 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.
SFECIFICATION forming part of Letters Patent No. 433,703, dated August 5, 1890,
' Application filed April 4,1890, Serial No. 346,603, (No model.)

To all whom it may concermn:

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

5 Hungary, residing at New York, in the county
‘and State of New York, haveinvented certain
new and useful Improvements in Electro-Mag-
netic Motors,of which the followingisaspecifi-
cation, reference being had to the drawings ac-

10 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-circuit alternating-
current torque-motor of economical and sim-

15 ple construction.

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

Itiswellknown thatif a magnetic core, even
if laminated orsubdivided, be wound with an

2o 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

25 the fact that the action of the current is to
energize first those laminze or parts of the
core nearest the surface and adjacent to the
exciting-coil, and from fthence the action pro-
gresses toward the interior. A certain inter-

30 val of time therefore elapses between the
manifestation of magnetism in the external
and the internal sectionsor layers of the core.
If the core be thin or of small mass, this effect
may be inappreciable; but in the case of a

35 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

40 of the core and in those parts adjacent to the
coil is more marked, and in the construetion
of such apparatus as motors which are de-
signed to be run by alternatingor equivalent
currents—such as pulsating or undulating

45 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
objectI attain by constructing a field-magnet
in which the parts of the core or cores that
exhibit at different intervals of time the mag- 53
netic effect imparted to them by alternating
or equivalent currentsin an energizing coil
or coils are so placed with relation”to a rotat-
ing armature as to exert thereon their attract-

ive effect successively in the order of their 6o

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-.65
gression of the magnetic poles or points of
maximum attraction of the field of force.

In the drawingsIhaveshown asimple form
of motor, which will serve to demonstrate the ,
principle of the mode of operation, which I 7o
have above described 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. Tig. 3 is a central vertical section of 75
the same in the plane «f the axis of rotation.

Referring to Fig. 1, let X represent alarge
iron core, which may be composed of a num-
ber of sheets or lamin® of soft iron or steel.
Surrounding this core is a coil Y, which is 8o
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 or near the center, and any other
point, ag a, nearer the surface. When acur- 85
rent-impulse is started in the magnetizing-
coil Y, the section or part at @, 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- go
vening sections or layers between a and b,
does not at onceexhibitits magnetism. How-
ever, as the magnetization of a increases, b
becomes also affected, reaching finally its
maximum strength some time later than a. g5
Upon the weakening of the current the mag-
netization of ¢ first diminishes, while b still
exhibits its maximum strength; but the con-
tinued weakening of « is altended by a sub-
sequent weakening of b. Assuming the cur- roo
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rent to be an alternating one, ¢ will now be
reversed, while b still 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 itsposition relatively to
the core, the tendency being to turn the por-
tion of the disk nearest to the core from « to
b, as indicated in Fig. 1. This action 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 eir-

cular frame of iron, from diametrically-oppo-.

site points of the interior of which the cores
project. Each coreiscomposed of three main
parts B, B, and C, and they are similarly
formed with a straight portion or body e,
around which the energizing-coil is wound, a
curved arm or extension ¢, 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
hetween the other two and with its polar ex-
tension reaching in the opposite direction.
Tn 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 insuch cases. These
cores are wound with coils D, which are con-
nected in the same cireunit, either in parallel
or series,and supplied with an alternating or
a pulsating current, preferably theformer, by
a genecrator I, represeunted diagrammatically.
Between the cores or their polar extensions is
mounted a cylindrical or similar armature
T, 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 current impulse or alternation is di-

rected through the coils D, the sections B B
of the cores, beingon the surface and iu close
proximity to the coils, are immediately ener-
gized. The 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 magnetisin of B B increases, however,
the sections ¢ are also energized; but they do
not attain their maximum streugth until a
certain time subsequent to the exhibition by
the sections B B of their maximum. Upon

the weakening of the current the magnetic
strength of B B first diminishes, while the
sections C have still their maximum strength;
but as B B continue to weaken the interior

sections are similarly weakened. B B may
then begin to exhibit an opposite polarity,
which is followed later by a similar change
on €, and this action continues. B B and C
may therefore be considered asseparate field-
magnets, being extended so as to act on the
armature in the most efficient positions, and
the effect is similar to thatin my other forms
of motor—viz., a rotation or progression of
the maximum points of the field of force. Any
armature—such, 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 conjunction
with other means, such as I have elsewhere
set forth, for securiig 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.

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

What I claim is— »

1. In an alternating -eurrent 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 a rotating armature, a field-
magnet composed of a coil and a core with
two sections in proximity to the coil and an

innar section between the same, the sections .

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 a rotating armature, a {rame
and field-magnets thereon, each composed of
an energizing-coil wound around a core made
up of outer and inner or protected magnetic
sections, each of which is formed or provided
with independent 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.

SPECITICATION forming part of L_etteis Patent No. 445,207, dated January 27, 1881.
Application filed May 20, 1888, Berial No, 311,417, (No model))

To all whomn & may corncern:

Be it known that I, NIROLA TESLA, a sub-
Jjectof the Emperor Of Austria- IIun<rary, from
Smiljan, Lika, border country of Austria-ITun-

5 gary, residing at New York,in the county and

State of New York, have invented certain new

and useful Imptovmnents in Electro-Magnetic
Motors, of whieh the following is a spe(uﬁea-
tion, reference being had to the drawings ac-

1o companying and forming a part of the same.
Among the various forms of alternating-
“eurrent motors invented by me is one which

I have described in other applications, and
whichis constructed asfollows: I build a field-

.15 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 inthe main eircuit. On the
“z0 same 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 passthrough the pri-
mary coils it energizes directly one set of

25 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 timefrem thoseof the

primary current,and hence a rotation or shift-

30 ing of the poles is effected that imparts rota-
tion to the motor.
These motors may be constructed in many
other ways; but for purposes of this case itis
only necessary to consider the speecific form

35 which T have thus generally described, as my

improvements relate mainly to such form.
The object of my present invention is to
render this form of motor more efficient and

to improve its action or inode of operation.
In the motors constructed in aceordance
with this prineiple I bring two cnergizing-
cireuits into induetive 1'elat10n in the motor
itself—that is to say, the secondary currents
_which energize one set of the field-cores are
45 induced in the motor itself, and the employ-
ment of an external mductlon deviece is thus
avoided. The operation of these motors, how-

40

ever, is dependent upon the existence of a
certain difference of phase between the cur-
50 rents in theprimary and secondary coils. To
obtain a differcnce of phase or Jag that is

" tive force.

-gsince the sanie laws apply.

suited to w ox’i{mfr conditions is the speclﬁc
object ¢f my present invention.

The following explanations will serve to
illustrate the punuple itpon which ‘said in- 55
vention is based. . T.et it be assumed that an

-ordinary alternatin g-current generator is con-

nected up in a eirenit of practically no -self-
induction, sucly, for example, asa cireuiteon-
taining ineandescent lamps only. - On the op- Go

-eration of the machine alteriiating currents

will be developedin thecireuit, euld the phméee
of these currents will theoretically coincide
with the phases of the impressed glectro-mo-
Such currents may be regarded 65 - .
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 girenit, which modifies to a cor-
respondmg extent theso conditions; but for 7o
convenience this may be disregarded in the
consideration of the principle ot operation,
Assume mnext
that a path of currents be formed across any
two points of the above cirenit, consisting, 75
for example, of the primary of an induection
device. The phases of the currents passing
throngh the primary, owing to the self-in-
ductlon of the same, will not coincide with
the phases of the impressed electro-motive 8o
force, but will lag behind tiic same, such lag
being directly propormonal to the self-mduc—
tion and inversely proportional to the’ Tesist-
ance of the said coil. The insertion of this
coil will also cause a lagging or retardation 8j
of the currents traverem(r and delivered by
the generator behind the impressed électro-
motwe force, such lag being the mean or re-
sultant of the lag of the cur rent through the
primary alone and that of what I have des- 90
ignated the “unrctarded current” in the
entue working-circuit. Next consider the
conditions nnposed by the association in in-
duetive relation with the primary coil of a
seeondarycoil. The current generated in the o3
secondary coil will react upon the primary
current, modifying the retardation of the
same, according to the amount of self-induec-
tion and resistance in the secondary cireuit.
If the secondary circuit have but little self- 100
induction—as, for instance, when it contains
incandescent lamps only—it will increase the




10
15
20
25
30
35
40
#

50

actual difference of phase’ between its own
and the primary current, first, by diminish-
ing the lag Letween the pumary current and
the ilnpl'eSsecl electiro-motive force, and, sec-

ond, by its own lag or retardation bLehind-
On the -

the impressed electro-motive forece.
other hand, if the secondary cirveuit have a

“high self-induction its lag behind the cur-

rent in the primary is dneetly increased,
while it will be still further increased if the
primary have a very lowself-induction. The
bette1 results are obtained when the primary

has a low self-induction. Iapply these prin-
ciples to the construction of a motor which I
shall now describe.

. The details of the impxovements .are 111us-.

trated in the drawings, in which—

Figurel is a diagram of amotor exhibiting '
1410 2 i3 a similar diagram of .

my 1nvent10n
a modification of the same.

In Fig. 1 let A designate the field-magnet
of a motor whick, as. in all these motors, is
built up of sections or plates. B C are polar
Drojections upon whieh the coils are woand.
Upon one pair of these poles, as C, I wind

primary coils D, which are directly connected ‘
‘to the circuit of an alternating-current gen-
erator G. On the same poles T also wind sec-

ondary coils T, either side by side or over or
under the primary coils, and these I connect
with other coils E, which surround the poles
B B. "The currents in both primaryand sec-
ondary coils in such a motor will be retarded
or will lag behind the impressed electro-mo-
tive foree; but. to secure a proper difference
in phase between the primary and secondary
currents themselves I increase the resistance
of the cireuit of the secondary and reduce as
much as practicable its self-induetion. Ido
this by using for the secondary circuit, par-
ticularly in the coils B, wire of comparatlv ely

.small diameter and ha,vmo' but few turns-

around the cores; or I use some conductor of
lughe1 specific 1e51stance, such as German
silver; or I may introduce at some pomt in
the secondary circuit.an artificial'resistance
R. Thus the self-induction of the secondary
is kept down and its resistance increased
with the result of decreasing the lag between
the impressed electro-motive force and .the

~current in the primary coils and increasing

.55

the difference of phase between the primary
and secondary currents.

In the disposition shown in Fig. 2 the lag

in the secondary is increased by increasing
the self-induction of that. circuit, while the
" increased tendency of the primary to lag is

‘have

445,20.7‘

-.counteraeted by inserting thmuu a dead re-
The primary coils D-in this case

sistance.
a low self-induction and high resist-
ance, while the coils E F, included in the sec-
ondary circuit,havea hl"h self-induction and
low resistance. This may be done by the
proper winding of the coils, or in the circuit
including the seconda,ry coils E IF, I may in-

‘troduce a self-induction coil S, Whlle in the

primary cireunit from the gener ator G and in-
cluding. coils D, I may 1nqe1t a dead resist-

60

03

ance-R. By ﬂllS means the difference of .

phase between the primary and secondary is
inereased. Tt is evident that both means of

by the special winding as well as by the sup-
plemental or external inductive and dead re-
sistance—may be employed conjointly. _

In the operation of this motor the current
impulses in the primary coils induee currents
in the secondary coils, and by the conjoint
action of the two the points of greatest mag-
netie attraction are shifted or rotated.

In practice I have found it desirable to
wind the armature with closed ceils in which
currents are induced by the action thereon
of the primaries.

I do not claim, broadly, helem the method
of operating motors by indueing in one cir-

70

_increasing the difference of phase—mnamely, -

8o

85

cuit currents by means of those in another, .

nor the other features herein not specifieally
pointed out in the elaims; having personally

filed applications for such features.

" 'What I claim is— :

1. The combination,in amotor,of a primary
energizing-circuit adapted to be connecled
with the ¢ircuit of -a generator and a second-
ary eneroxzmo-mrcmt in induetive relation
thereto, the two circuits being of -different
electrical character or resm_tance, as set forth.

2, Thecombination, in a motor,of a primary
energizing-circuit adapted to be connected
with the circuit of a generator and a second-

ary enervmnv-clrcult in inductive relation

thereto, the two eircuits being of different
self-induction, as herein set forth.

3. The combination,in a motor, of primary
energizing-coils adapted to be connected toa
source of current and secondary energizing-
¢oils in a eireuit in inductive relation thereto,
one set: of said coils being formed by conduct-
ors of small size and few turns, the other by
conductors of larger size, as 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. Y.

METHOD OF OPERATING ARC LAMPS.

SPECIFICATION forming part of Letters Patent No. 447,920, dated March 10,1891.

Application filed October 1, 1890,

To all whom it may concern:

Be it known that I, NIkovLA T®SLA, a sub-
ject of the Emperor of Austria-Hungary, re-
siding at New York, in the county and State
of New York,haveinvented certain new and
useful Improvements in Methodsof Operating
Arce Lamps, of which the following is a speci-
fication.

This invention consists in an improved
method of operating electric-arc lamps which
are supplied with alternating or pulsating
currents.

It has now become a common practice to
run are lamps by alternating or pulsating as
distinguished from continuous currents; but
an objection to such systems exists in the fact
that the arcs emit a pronounced sound, vary-
ing with the rate of the alternations or pulsa-
tions of current,butunderany circumstances
constituting an objectionable and disagree-
able feature, for which heretofore no effective
remedy has been found or proposed. This
noise isprobablydue totherapidlyalternating
heating and cooling and consequent expan-
sion and contraction of the gaseous matter
forming the arc which corresponds with the
periods or impulses of the current, for I have
succeeded in abating it and producing quiet
and smoothly-acting lamps by increasing, per
unit of time, the number of alternations or
pulsations of the current producing the arc
to such an extent that the rate of the vibra-
tions or changes in the are producing the
noise approximately equals or exceeds that
which is generally regarded as the limit of
audition. Forexample,I mayusea generator
which produces ten thousand or more alter-
nations of current per second. Insuch a case
the periodical heating and cooling of the arc
would oceur with such rapidity as to produce
little or no perceptible effect upon the ear.

There are a number of ways in which the
current may be varied at a rate exceeding
the limit of audition, but probably the most
practicable known to me at present is by the
use of an alternating-current generator with
a large number of poles, and specially con-
strueted for the purpose. Sucha generator, for
the purpose of the illustration of this case, I
have shown in the accompanying drawings.

TFigure 1 1is a view of the generator in side
elevation. Fig.-2 is a vertical cross-section

Serial No. 366,734, (No model.)

of the same with a diagram of the cirenit-con-
nections. Iig. 3 is an enlarged view, in side
elevation, of a part of the machine. Tig. 4 1is
an enlarged sectional detail of the armature
and field. Fig. 5 is a detail section of the
field-magnets exhibiting the plan of winding.

A is an annular magnetic frame supported
by the cross-bars or brackets B, provided with
feet C, npon which the machine rests., The
interior of the annulus A is provided with a
large number of projections or pole-pieces D.
These may be formed or applied in a variety
of ways—as, for example, by milling trans-
verse grooves E,

Owing to the very large number and small
size of the polesand thespaces between them,
I apply the exciting or field coils by winding
an insulated conductor ¥ zigzag through the
grooves,as shown in Ifig. 5, carrying said wire
around the annulus to form as many layers
as is desired. In this way the pole-pieces D
will be energized with alternately opposite
polarity around the entire ring.

For the armature I employ a spider or cir-
cular frame G on a driving-shaftH, mounted
in bearings in the brackets B. This spider
carries a ring J, turned down, except at its
edges, to form a trough-like receptacle for &
mass of fineannealed iron wires X, which are
wound in the groove to form the core proper
for the armature-coils. Pins Lare set in the
sides of the ringJ,and the coils M are wound
over the periphery of the armature-structure
and around the pins. The coils M are con-
nected together in series, and these terminals
N carried through the hollow shaft IT to con-
tact-rings P P, from whence the currents are
taken off by brushes O. In this way a ma-
chine with a very large number of poles may
be constructed. It is easy, for instance, to
obtain in this manner three hundred and
seventy-five to four hundred poles in a ma-
chine that may be safely driven at a speed of
fifteen hundred or sixteen hundred revolu-
tions per minute, which will produce ten
thousand or eleven thousand alternations of
current per second. Arc lamps R R arve
shown in diagram as connected up in series
with the machine in ¥ig.2. If sucha current
be applied to running are lamps, the sound
produced by or in the arc becomes practically
inaudible,for by inereasing the rate of Change
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in the current, and consequently the number
of vibrations per unit of time of the gaseous
material of the are upto or beyond ten thou-
sand or eleven thousand per second, or to
what is regarded as thelimit of audition, the
sound due to such vibrations will not be au-
dible. The exact number of changes or un-
dulations necessary to produce thisresult will
vary somewhat according to the size of the
arc—that is to say, the smaller the arc the
greater the number of changes that will be
required to render it inaudible within certain
limits. Of course, as the rate of alternations
orundulations for a given size of arcbecomes
very high the sound produced is less percep-
tible, and hence for some purposes the actual
limit of audition may only be approached,
provided the sound be rendered practically
inaudible.

447,920

Another advantage gained by increasing as
above set forth the number of alternations
is that the arc acts more like that produced
by a continuous ecurrent, in that it is more
persistent, owing to the fact that the time in-
terval between undulations is so small that
the gaseous matter eannot cool down so far
as to increase very considerahlyin resistance.

I claim— :

20

25

The method of abating or rendering inau- .

dible the sound emitted by are lamps sup-
plied with or operated by an alternating or
pulsating current by increasing the rate of
such alternations or pulsations up to that of
the limit of audition, as set forth.
NIKOLA TESLA.
Witnesses:
FrANK B. MURPHY,
RAPHARL NETTER.
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UNITED STATES

PAaTENT OFFICE.

NIKOLA TESLA, OF NEW YORK, N. Y.

ALTERNATING-ELECTRIC-CURRENT GENERATOR.

SPECIFICATION forming part of Letters Patent No, 447,921, dated March 10, 1891,
Application filed November 15, 1890, Serial No, 371,554, (No model.)

“—

To all whom it may concern:

Be it known that I, N1goLa TESLA, a sub-
Jject 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 Alternating-Carrent
Machines, of which the following is a specifi-
cation, reference being had to the accompa-
nying drawings.

In the systems of distribution of electrical
energy from alternating-current generators
in present use the generators give ordinarily
from one tothree hundred alternations of cur-
rent per second. I haverecognized and dem-
onstrated in praectice that it is of great ad-
vantage, on many accounts, to employ in such
systems generators capable of producing a
very much greater number of alternations
per second—say fifteen thousand per second
or many more. To produce such a high rate
of alternation, it is necessary to construct a
machine with a great number of poles or polar
projections; but such construction, on this
account, in order to be efficient, is rendered
difficult. If an armature without polar pro-
jections be used, it is not easy to obtain the
necessary strength of field, mainly in conse-
quence of the comparatively great leakage of
the lines of force from pole to pole. If, on
the contrary, an armature-core formed or pro-
vided with polar projections be employed, it
is evident that a limit is soon reached at
which the iron is not economically utilized,
being incapable of following witheut consid-
erable loss the rapid reversals of polarity.
To obviate these and other difficulties, I have
devised a form of machine embodying the
following general features of construection.

I provide a field-magnet core made up of
two independent parts formed with grooves
for the reception of one or more energizing-
coils. The energizing coil, or coils, is com-
pletely surrounded by the iron core, except
on one side, where occurs the opening be-
tween the polar faces of the core, which open-
ing is made as narrow as the conditions of
the machine will permit. The polar faces of
the core of the field are not smooth, but formed
with a great many projections or serrations,
the points of which in one side or polar face
are preferably exactly opposite those in the

other. Between the faces so formed I mount
or support the armature coil or coils and pro-
vide either for rotating the field-magnet or
the armature, or both, and I arrange the said
armatuare-coil or conductor so that it will be
symmetrically disposed with respect to the
field—that is to say,sothat when one portion
of the conductor is passing through the
strongest portion of the field the other por-
tion, which forms the return for the former,
is passing through the weakest points or
parts of the field. 'T'he strongest points of
the fleld, it will be understood, are those be-
tween the projections or points on the polar
faces, while the weakest points lie midway
between them.

A field-magnet, when constructed as above
deseribed, produces, when the energizing-coil
is traversed by a continuous current, a field
of great strength,and one which may be made
to vary greatly in intensity at points not far-
ther distant from one another than the eighth
of an inch. In a machine thus constructed
there is comparatively little of that effect
which is known as “magnetic leakage,” and
there is also but a slight armature reaction.
Either the armature-conductor or the field-
magnet may be stationary while the other ro-
tates, and as it is often desirable to maintain
the conductors stationary and to rotate the
field-magnet I have made a special modifica-
tion of the construction of the machine for
this purpose, and with a view in such case of
still furthersimplifying the machine and ren-
dering it more easy to maintain in operation
I arrange the armature-conductors and the
frame or supports therefor so as to support
also a fixed coil or coils for energizing the ro-
tating field-magnet, thus obviating the em-
ployment of all sliding contacts.

In the accompanying drawings I have illus-.

trated the two typical forms of my machine
above referred to.

Figure 1 is a vertical central section of the
machine, taken on lines » « of Fig. 2; and
IFig. 2 is a horizontal section on line % y of
Irig. 1. The machine in these two figures is
one in which the armature-conductor and the
field-coil are stationary while the field-mag-
net core revolves. Fig. 3 is a vertical central
section of amachine embodying the same plan
of construction, but having a stationary field-
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fiagiet and totating armature; Fig. 4 i &
diagram illtistrating the peculidr configtira-
tion of the polar fates and the relation of the
armatire condudtoi or conductors thereto.
In Tigs. 1 and 2, A A designate two ¢ylin-
drical castings provided with bracket-arms B
B, in which latter are bushings C for the ro-
tating shaft. The conductor in which the
currents are induced may be constructed or
arranged in various ways; but I prefer to
form it in the following manner: I take an
annular plate of copper D and by means of a
‘saw or other cutting-tool cut in it radial slots
from one edge nearly through to the other,
beginning alternatcly from opposite edges.
In this way a continuous zigzag conduetor is
formed. To the inner edge of this plate are

secured two rings of non-magnetic metal E,
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which are insulated from the copper con-
duector, but held firmly thereto, as by means
of bolts ¥. Within the rings K is then placed
an annular coil G, which is the energizing-
coil for the field-magnet. The conductor D
and the parts attached thereto are supported
by means of the eylindrical shell or casting
A A, the two parts of which are brought to-
gether and clamped by bolts F’ to the outer
edge of the conductor D. The conductor D
is also insulated from the shell A. .

The core for the field-magnet is built up of
two circular parts H H, formed with annular
grooves I, which, when the two parts are
brought together, form a space for the recep-
tion of the energizing-coil G.
parts or hubs of the cores H II are trued off,
so as to fit closely against one another, while
the outer.portions or flanges which form the
polar faces JJ arereduced somewhat in thick-
ness to make room for the conductor D, and
are serrated on their faces or provided in any
other convenient way with polar projections.
The two parts of the core H II are mounted
on and fixed to the shaft K, and are bound
together by bolts L. The number of serra-
tions in the polar faces isarbitrary; but there
must exist between them and the radial por-
tions of the conductor D a certain relation,
which will be understood by reference to Fig.
4, in which N N represent the projections or
points on one face of the core of the field,
and 8 8 the points of the other face. The
conductor D is shown in this figure in sec-
tion, a a’ designating the radial portions of
the conduetor, and b the insulating-divisions
between thesame. The relative width of the
parts o o’ and the space between any two
adjacent points N Nor 8 8 is such that when.
the radial p