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UNITED STATES

PaTeENT 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.

SPECIFICATION forming part of Letters Patent No. 334,823, dated January 26, 1886.

Application filed May 6, 1885,

To all whom it may concermn:

Be it known that I, NixorLa TESLA, of
Smiljan Lika, border country of Austria-Hun-
gary, have invented an Improvement in Dy-

5 nawmo-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 foree, 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 elee-
tromotive force—such, for instance, as those

15 used forare lights—whenever one commutator
bar or plate comes out of contact with the col-
lecting-brush a spark appears on the commu-
tator. This spark may be due'to the break of
the complete eircuit, 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 eircuit is broken a discharge
of the magnets through the field-helices, pro-

25 ducing 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. For this pur-
pose I employ with the commutator - bars

40 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-
vice; 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 noun-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 miea or other material. It
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.

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 mieca or
any other snitable 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- 83
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 electric apparatus in which sliding
contacts with intervening insulating material
are employed, the combination, with the con-
tact springs or brushes, of a solid insulator or g5
bad conductor of electricity, as and for the
purposes set forth.

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

63

80

NIKOLA TESLA.

Witnesses: :
Gro. T, PINCKNEY,
Wirtiam G. MorT,
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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 RATWAY,

NEW JERSIEY.

ELECTRIC-ARC LAMP.

SPECIFICATION forming part of Letters Patent No. 335,786, dated February 9, 1886,

Application filed March 30, 1885,

To all whom it may concern:

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

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

My invention relates more particunlarly 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 common to the greater
part of the lamps heretofore made.

The objects of my invention are to prevent
the frequent vibrations of the movable elec-
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 impereeptibly,and thereby obtain a very
steady and uniform light.

In that class of lamps where the regulation
of the arc is effected by forces acting in oppo-
sition on 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 diff-
35 culty, 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 operation, the feed
mechanism actingindependently; butin these
4¢ lamps, whena clamp is employed, it frequently
occurs thab the carbons come into contact and
the light is momentarily extinguished, and,
frequently,parts of the circuit are injured. In
both these classes of lamps it has been custom-
45 ary to use dash-pot, clock-work, or eguiva-
lent retarding devices; but these are gener-
ally unreliable and objectionable, and increase

“the cost of construction.

My invention is intended te effect the de-

IS
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sired objects and to remedy the before-men- 5o
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 thaf
in the normal working position of the arma-
ture-lever the same is kept almost rigidly in
one position, and is not effeeted even by con-
siderable changes in the electric cireunit; but
if the carbons fall into contact the armature
will be actuated by the maguets 8o 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 position. 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 counsists, 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
lamp. Tig. 2 is a plan view of the same be-
low the line » . ¥ig. 3 isan elevation of the
balancing lever and spring, and Fig. 4isade-
tached plan view of the pole-pieces 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 npper-carbon holder
S is a parallel rod sliding through the plates
&’ §° of the frame of the lamp, and hence the
electric current passes from the positive bind-
ing-post - throungh the plate §°, carbon-
holder 8, and upper carbon fo the lower car-
bon, and thence by the holder and a metallic
connection to the helix M.

The carbon-holders are of any desired char-
acter, and to insure electric connections the
springs 7 are made use of to grasp the upper-
carbon holding rod S, bub 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 theseetion 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-segmentss 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

_upper end 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 4 to a ring upon
one of the columns S°. 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, 7%, serves to support or suspend the
weight of the parts and %al’aﬁce the same, or
nearly so. This spring is preferably adjust-
able.

Atoneendof the lever A isasoft-iron arma-

ture block, @, over the core M’ of the helix
M, and there is preferably a limiting-serew, ¢,
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 projeetion ¢ 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 at 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 as follows:
In the condition of inaction the upper carbon
rests upon the lewer 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 r, and by the lateral
pressure causes the clamp R to grasp the rod
Y, 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 e 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 these parts
are close to each other, and the magnetism of

© ¢ acts at right anglés 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 7 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 S. . 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
80 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 armature-lever A againinto the nor-
mal horizontal position;and this oceurs before
the feed can take place. The segmental arma-
ture pieces r are shown asnearly semicireunlar.
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 cirenit
and the other in a shunt-cirenit, and an arma-
ture-lever to draw the arc, 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 earbon-hold-
ers, of two magnets, one in the main circuib
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 arc becomes too
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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 ¢, spring #°, armature-lever A, and
electro-magnets M N in the main and shunt
circuits, respectively, the pole-pieces M* N,
and armature-segments », substantially as set
forth.

B. 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-

N
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ments upon the tubular clamp adjacent tothe
lateral poles of the electro-magnets, substan-
tially as set forth. -

6. In an electric-arc lamp,the combination,
with the carbon-holding rod, of a clamp, two
armatures upon the clamp, and electro-mag-
nets in the main and shunt circuits, re-
spectively, the poles of which act upon the
armatures of the clamp for bringing the same

into action or releasing it, substantially as set 10
forth,

Signed by me this 25th day of March, A.
D. 1885.

NIKOLA TESLA.
Witnesses:
GEo. T. PINCKNEY,
CHAs. H. SMITH.
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UNITED STATES

PaTeNnT 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 No. 335,787, dated February 9, 1886.

Application filed July 13, 1885,

To all whom it may conceri:

Be it known that I, N1xorA TESLA, of Smil-
jan Lika, border country of Austria-Hungary,
have invented certain Improvements in Elec-

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

1o 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 cutting out the same,
when, from afailureof thefeed, thearcreaches

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

My invention will be understood with refer-

23 ence to the accompanying drawings.

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

30 right angles to Fig. 1. Fig. 4 is a sectional
plan at the line y y of Fig. 1. Fig. 5 is asec-
tion of the elamp 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 ¢ a ¢ ¢. 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,
so 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.

jaw @ of the top plate, B.

(Xo 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 magnetism upon 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’ n'.

The armature is soldered or otherwise fast-
ened to the clamp », which is formed of a
brass tube, provided with gripping-jaws e e,
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. T also make the guides f f, through
which the carbon-holding rod R slides, of the
same material. This hastheadvantage to re- 75
duce greatly the wear and corrosion of the
partscomingin frictional econtact with the rod,
which frequently caunses trouble. The jawsee
are fastened to the inside of the tube r, so
that one is a little lower than the other. The
objeet of this is to provide a greater opening
for the passage of the rod when the same is
released by the elamp. The clamp » is sup-
ported on bearingsw w, Figs. 1, 5and 5, which
are just in the middle between the jawsce. 1
find this disposition to be the best. The bear-
ings w w ave carried by a lever, t, 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 & 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
This plate B, with
the jaw, is preferably east in one piece and
serewed to the side columns, § 8, that extend
up from the base A. To partly balance the
overweight of the moving parts a spring, §, 100
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Figs. 2 and 6, is fastened to the top plate, B
and hooked to the lever ¢, - The hook o is to-
ward one side of the lever or bent a little
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 carbons
are renewed, is also to be fastened to the base.
Thisswitch 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
normally in 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
produace similar poles, # » or s 5, on the cor-
respouding 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 thestart the
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 2’
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 ecar-
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.

It will be seen that the armatures L and ¢
are practically the keepers for the magnets M
and N, and owing to this fact both magnets
with either one of the armatures Land ¢ 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

. magneticinduetion from the magnet M is such

65

as to produce opposite poles on the corre-
sponding ends of the magnet N; but the cur-
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 eclamping 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 through the fine wire,

70
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85
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and the compound magnet becomes sufficient- -

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

It oceurs often in practice that the rod sticks
in the guides. In this case the arc 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 eur-
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- magneb N until it strikes the releas-
ing-pole #’. As soon as the contact is estab-
lished, the current passes from the positive
bmdmg post over the clamp #, 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

110

115

120

125

opposite direction and changes the polarity of 130

the magnet M, at the same time maintaining
by magnetic induction in the core of shunt-
magnet the required magnetism without re-
versal of polarity, and the armature ¢ remains
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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 contact the arc is started
again, For this purpose I proportion the re-
sistance of the part »" and the number of the
convolutions of the wire upon the main mag-
net so that when the carbons come in contact a
sufficient amount of eurrentisdiverted through
the earbons and the part 2’ to destroy or neu-
tralize the magunetism of the compound mag-
net. Then the armature g, having a slight
tendency to approach to the clamping-pole w/,
comes out of contact with the releasing-polew’.
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
¢ is attracted, and the rod clamped. "At the
same time the armature-lever Lis pulled down
out of its normal position and the arc started.
In this way the lamp cuts itself out automatic-
ally when the arc gets so long, and reinserts
itself antomatieally in the eircuit 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 cireuit 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 arc-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 formingacompound electro-magnet,
substantially as set forth.

2. The combination, in an electric-arelamp,
of a earbon-holder and its rod, a clamp for
such carbon-holder, a clamping-armature con-
neeted to the clamp, a compound electro-mag-
net controlling the action of the clamping-ar-
mature, and electrie-circuit connections, 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 deseribed.

3. The combination, with the earbon-hold-
ers in an electric 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 magnets,
and therespective poles of thesame toactupon
the clamping - armature and armature-lever,
respectively, substantially as set forth.

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

5. In an electric-arc lamp, the combination,
with the carbou-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-arc lamp, the combination,
with two upright magnets in the main and
shunt cireunits, 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 clamping-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 eireuit 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 earbon-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 eleetric arc between the carbons be-
comes abnormally long, substantially as set
forth.

9. The combination, with the carbon-hold-
ing rod and a clamp for the same, of an ar-
mature upon the clamp, a shunt-magnet the
pole of which acts to release the clamp, and a
main magnet with a two-part helix, one por-
tion being in the main cireuit and the other
portion inashunt or cut-out cireuit, the clamp-
ing-armature acting to eclose said cut-oub cir-
cuit when the arc becomes too long and to
break theshunt-circuit whenthe carbounscome
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 OrFrice,

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.

APECIFICA

To all whom it may concern:

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

5 Klectric 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 anxil-
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 shuut becomes inoperative
when the auxiliary brush bas 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 electrie
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
current developed can be regulated in pro-
portion to the demands in the working-cireuit.

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

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

45 illustrating the electric devices 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 «a and b are the positive and negative brushes

TION forming part of Lietters Patent No, 336,961, dated March 2, 18886,
Application filed May 18, 1885, Serial No. 163,793,

(No model.)

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

M M represent the field-helices, the ends of
which are connected to the main brushes a
and . The branch or shun$ wire ¢’ extends
from the aunxiliary 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 forece between the
brushes ¢ and ¢ is to the electro-motive force
between the broshes ¢ and b as the resistance
of the cireuit @ M ¢’ ¢ A to the resistance of
the cireuit b M’ ¢ ¢ B, the potentials of the 70
points X and Y will be equal, and no current
willflow overtheauxiliary brush; butwhenthe
brush ¢ occupies a different position the po-
tentials of the points X and Y will be differ-
ent, and a carrent will low 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 neatralizing the current
in the part M; but if the space between the
brushes « and ¢ is increased, the current will 83
flow over the auxiliary br ush in an opposite
direction, and the current in M will be
sbregthened, and in M’ 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. (Inthis
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 magunetism 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 posmlons of the respectlve
brushes may be varied by moving the auxil-
iary brush or the brash ¢ may remain qui-
escent and the corep be connected tothe main-
brush holder A’, so as to adjust the brushes
a.b in their relatlon 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 to an eleetric current.

- I'have shown the moving cores in Figs. 4 and

30

35

40

45

5 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. In all eases the adjustment may
be such that no ecurrent 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-
brush holder, carrying the main brushes, and
C the auxiliary-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,
inclosing a coil is shown. .

instead of a solenoid, an‘iron tube
The piston of the

coil is attached to both brush-holders A. A and
C. 'When the brashes are moved directly by
electrical devices, as shown in Figs. 4 and b,
these are so constructed that the force exerted
for adjusting is practically uniform through
the whole length of motion.

Iam 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 withont 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 circuit
 through the field-helices. '

My improvementhas, besides, the advantage
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 arc-light machines. In this case I
place the auxiliary brush ¢ nearto or in pref-
erence in contact with the brush b, as shown in
Fig. 6. In this manner the pqrt M is éom-
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
automatlcally to its normal position.
I claim as my invention—

The combination, with the commutator hav ‘

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

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

NIKOLA TESLA.
Witnesses: o
Geo. T. PINCENEY,
WALLACE L. SERRELL,
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PaTenT OFFICE.

NIKOLA TESLA, OF SMILJAN LIKA, AUSTRIA-HUNGARY, ASSIGNOR TO THE
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SPECIFICATION forming part of Letters Patent No, 336,962, dated March 2, 1886.

Application filed June 1, 1885, “Serial No. 167,136,

(No model.)

To all whom it may concern:

Beit known that I, NIKoLA TESLA, of Smil-
jan Lika, border country of Austria-Hungary,
have invented an Improvement in Dynamo-

5 Electric Machines, of which the following isa
specification.

My invention is designed fo provide an im-
proved method for regulating the current in
dynamo-electric 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
commutator of the respeective 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.

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

In Figure 1, ¢ and b are the positive and
negative brushes of the main circuit, and ¢
an auxiliary brush. The main circuit D ex-
tends from the brushes ¢ and &, as usual, and
contains the helices M of the field-wire and
the electric 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 acommutatorof ordinary construction.

From that which has been said in the ap-
plication above referrved to it will be seen that

when the electro-motive force between the

40 brushes ¢ and ¢ is to the electro-motive force
between the brushes ¢ and ) as the resistance
of the circuit ¢ M ¢’ ¢ A to the resistance of
the circnit b C B ¢ ¢ D, the potentials of the
points « and y will be equal, and no carrent

43 will pass over the auxiliary brush ¢; but if
said brush occupies 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 g, according to the

50 relative position of the brushes. In the first

20

W
1

case the current through the field-helices will

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

In Figs. 6 and 7 I have represented some of 6o
the automatic means that may be used for
moving the brushes, The core P, Fig. 8§, of
the solenoid-helix S, is connected with the
brush ¢ to move the same, and in Fig. 7 the
core P is shown as within the helix S, and &3
connected with both brushes ¢ and ¢, s0 as to
move the same toward or from each other,
according to the strength of the current inthe
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 Fig. 7. Ia 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 running with the ordinary load no
current flows over the auxiliary brush.

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

-intheountgoing and the other partin the return 9o

circnit, and two auxiliary brushes may be
employed as shown in Figs. 3and4. Instead
of shunting the whole of the field-helices, a
portion ouly 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 break 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 opposive
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
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 thataunxiliary
brushes have been 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 current de-
veloped by the machine.

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

20

said aunxiliary brushes received the current
continuously and caused great sparking,
whereas in my invention the auxiliary brush
receives current only when the normal elee- 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 ¢ir- 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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- Application filed January 14, 1886,

,’Z"'o @ll whone 76 may conceri:

3¢ it known that I, Nixora Trsnay, from
Snu]‘]'m Lika, border countm of X.ustlm Hun-
gary, have invented certain Improvements in
Dynamo-Iilectric Machines, of which the fol-
lowing is aspecification.

In other applications T have shown the com-
mutator of o dynamo-machine with the main
brushes connected in an electrie urcmt, and
one ormoreauxiliary brushes serving to shunt
a part or the whole of the field- coﬂs, the regu-
lation of the current being effected by shifting
the respective brushes antomatically upon the
commutator in proportion to the varying re-
sistanees of the civenit.

My present invention relates to the mechani-
cal devices which I employ to effect the shift-
ing of the brushes,

My invention is clearlyshown in Lhe aceom-
panying drawings, in which I igure 1isan ele-
vation of the regulator with the {rame partly
in section: and Fig. 2 is a scetion at the line
wx, Pig. 1.

C is the commutator; B and B/, the brush-
5 holders, B earrying the main brushes ¢ &
and B’ the anxiliary or shunt brushes b 4. The
axis of the brush-holder Bissupported by two
pivot-screws, pp. The other brush- holder B
has a sleeve, «, and is movable around the 1\1\
of the brusb-helder B. In this way both
brush-holders can turn very freely, the frie-
tion of the parts being reduced to a minimam.
Ovesr the brush-holders is mounted the solen-
oid 3, which rests upon a lorked column, c.
This column also atfords a supportbfor the piv-
ofs p p, and is fastened upon a solid bracket
or projection, I°, which extends from the base
of the machine, and is preferably ecast in one
piece with thesame. The brush-holders B B’
are connected by means of thelinks ¢ eandthe
cross-piece I to the iron corc I, which slides
freely in the tube T of thesolenoid, Theiron
core L has o serew, s, by means of which it
ean be raised and ;L djusted in its position rel-
atively to the solenold, so that the pull ex-
erted upon it by the solenoid is practically

nniform through the whole length of mo-
tlon which is required fo effect the regulation.
In order to effeet the adjustment with a greater

FTOR FOR DYNAMO-ELECTRIC

art of Letters Patent Wo. 350,254, dated Ocic

S MACHINES,

Serial No. 183,539, (No model.)

precision the eore T is provided with a small 5

iron screw, s The core being first brought
very nearly inthe required position relatively
to the solenoid by means of the screw g, the
small serew & is then adjusted until the mag-
netic attraction uponthe coreis the samewhen
the core isin any position. A couvenient stop,
t, serves to linmit the upward movement of the
iron core.

To eheck somewhat the movement of the
core I, a dash-pot, I, 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 movement of
the core whenthe same is pulled up underthe
action of the solenoid.

To balance the opposing forees, the weight
of the moving parts, and the pull exerted by
the solenoid upon the iron core, the weights
W W may be used. The adjustment is such
that when the solenoid is traversed by the
normal current it is just strong enough to bal-
ance the downward pull of the parts.

The electrical circuit-connections are sub-
xt’iutn]ly thesame, as indicated in my former
applications, the solenoid being in series with
the circuit when the tmnslating devices are
in series and in a shunt when the devices are
in multiple are.

The operation of the device i3 as follows:
When upon a decrease of theresistance of the
circuit or some other reason the current is in-
creased, the sclenoid S gains in strength and
pullsup the iron core I, thus shifting the main
brushes in the direction of rotation and the
auxiliary 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 current in the circuit is
diminished, then the weight of the moving
parts overcomes the pull of the solenoid, the
iron core I descends, thus shifting thebrushes
the opposite way and increasing the current
to the normal strength. The dash-pot con-
nected to the iron core I may be of ordinary
construetion; but I prefer, especially in ma-
chines for are lights, to provide the piston of

6o
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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 lamps in the circuit, as
the brushes assume at once the proper position.
‘When lights are eut 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 ’ ’

_Theregulator 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 bruoshes, of two brush-holders, an axis
fastened to one of the brush-holders, support-
ing-screws for the same, asupportfor 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 bruash-
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 35
and their axes, of a solenoid and core, and a
connection from the core to the brush-holders,
and an iron screw at the inner end of the core
to adjust the action of the magnetism on the -
core, substantially as set forth. ; 40

4. The combination, with the brushes, the
brush-holders and their axes, of a solenoid and
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 ard 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. 60
D. 1886.
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NIKOLA TESLA.

Witnesses: /
GEeo. T. PINCKNEY,-
WiLriam G. MoTr.
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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 RATTWAY,

NEW JERSEY.

DYNAMO-ELECTRIC MAGHINE.

SPECIFICATION forming part of Letters Patent Wo. 359,748, dated March 22, 1887.

Appli(‘aﬁon filed January 14, 1886,

To «ll whom i6 may concern:

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

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

The main objects of my invention ave 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 armatuare, and to
other features of construetion, hereinafter more
fully explained.

My invention is illustrated in the accompa-

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

2c section of the shaft and commutator -bars.
Irig, 7 isa diagram illustrating the coils of the
armature and the connections to the commn-
tator-plates. v

The cores ¢ ¢ ¢ cof the field-nagnets may be

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

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

30 Ifig. 4, thelower part being provided with the

" spreading curved cast legs ¢ ¢, so that the ma-
chine will rest firmly upon two base-bars, # 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

B, which is provided with bearings b for the
armature-shaft II. 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 Foueault currents and to

45 the change of polarity, and also to shorten as

much as possibie the length of the inaciive
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 carrents are generated 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
currentsare generated principally on and near
the surface of the armature-core, diminishing
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 earrents are gen-
erated. Bysubdividing the iron coreelectric-
ally in this direction the generation of these
currents can bereduced to a great extent. For
instance, if the length of the armature-core is 65
twelve inches, and by a suitable construction
thesameissubdivided electrically,sothatthere
areinthegenerating direction six 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
construeted of thin iron disks I3 D D, of vari-
ous diameters, fastened upon the armature-
shaft in a suitable manner and arranged ac- 73
cording to their sizes, so that a series of iron
bodies, i1, 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 cast- 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 are Sg
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 direection; and therefore the go
Foucault currents 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 Pplaces where the generated currents
are comparatively weak. An armabure-core
constructed in the manner described may be
revolved between the poles of the field-mag-
nets without showing the slightest inerease of
temperature.

The end disks, d d, which are of sufficient
thickness and, for the 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 in two 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 # z;
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 2 #. In 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 at the
two sides of the plane # 2 are practically
equal.

To further equalize the armature-coils at
both sides of the plates that are in contact
with the brushes, the winding
up is effected in the following manner: The
whole wire is wound upon the armature-core
in two superimposed parts, which are thor-
oughly insulated from each other. Iach of
these two parts is composed of three separated
groups of coils. The first 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
wounnd; 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,twelveineach part—
and consequently twenty-four commutator-
plates. Therewill beineach partthree groups,
each containing four coils, and the coils will

be connected as follows:
Groups.  Commutalor-dars.
Firsto.ooooennin, 1—5
First part of wire < Second. A7—21
Third .... v 9—13
First... 13—17
Second part of wire < Second........ voe 5— 9
Third.............21— 1

and connecting |

359,748

In constructing the armature-core and wind-
ing and connecting the coils in the manner in-
dicated, the passive or electrically-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 eiﬁmency of the ma-
chine is increased. :

The commutator-plates ¢ are shown as out-
side the bearing b of the armature-shaft. The -
shaft H 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 ecylinder, %, and insu-
lated, and thiseylinder is to he properly placed
and secured by expanding the split end of the
shaft by a tapering screw-plug, v.

I do not claim herein the coves 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-
electric machines.

‘What I claim is—

1. In a dynamo-clectric 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-electric machine, the arma-
tare-core having iron disks of various diame-
ters, in combination with inwardly - curved
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-coils, the cross-
ing wires of which coils pass into the concave
heads and project equally, substantially as set
forth.

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

5. An armatare 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-electric machine, the mag-
netic frame composed of the cores ¢ ¢ ¢ ¢, the
curved pole-pieces N S, and the connceting-
frame with the curved and outwardly- pro-
jecting legs e ¢, substantially as described.

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

NIKOLA TESLA.
Witnesses:
Gro. T. PINCKNEY,
WALLACE L, SERRELL.
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UNITED STATES

PATENT OFFICE.

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

ELECTRO-MAGNETIC MOTOR.

SPECIFICATION forming part of Letters Patent No, 381,968, dated May 1, 1888.
Appl_ication ﬂl;ad October 12, 1887, Serial No. 252,132, (No model.}

To all whom it may concern:

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

s vented certain new and useful Improvements
in Electro-Magnetic Motors, of which the fol-
lowing is a specification, reference 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 me-
chanical energy involves certain requirements
which the apparatus and systems heretofore
employed have not been capable of fuifilling.
5 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 economieal 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
than those heretofore available, and though I
have described various means for the purpose,
they involve the same main principles of con-
- struction and mode of operation,which may be
deseribed as follows: A motor is employed in
which there are two or more independent cir-

.10
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cuits through which alternate currents are

passed at properintervals,inthe inanner here-
inafter described, for the purpose of effecting
a progressive shifting of the magnetism 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 elementof 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
8o avoidall the usual commutating appliances in

40

45

‘1 the system I prefer to connect the motor-eir-

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- s5;
tion will be described 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 60
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-
matic representation of a motor, a generator,
and conneeting-cireunits in accordance with my
invention, M is the motor, and G the gener-
ator for driving it. The motor comprises a 70
ring or annulus, B, preferably built up of
thin insulated iron rings or annular plates, so
as to be as susceptible as possible to variations
in its magunetie condition. This ring is sur-
rounded by four coils of insulated wire sym- 75
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 eylindrical arma-
ture-core, A, wound with the two coils B B’. go
The free ends of each coil are carried through
the shaft ¢’ and connected, respectively, toin-
sulated coutact-rings b bV’ ¥'. Any conven-
ient form of collector or brush bears on each
ring and forms a terminal by which the ecur-
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 Cofthe 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 8,

. foranillustration ofthe various phases through
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which the coil§ of the generator pass when in
operation, and the corresponding and result-
ant magnetic changes produced in the motor.

The revolation of the armature of the gener-

ator between the field-magnets N S obviously
produces in the coils B B’ alternating currents,
the intensity and direction of which depend
upon well-knownlaws. Inthe positionof the
coils indicated in Fig. 1 the current in the
eoil Bis practically nil, whereas the coil B’ at
the same time is developing its maximum cur-
rent, and by the means indieated in the de-

- seription of Fig. 9 the circuit including this

coil B’ may also include, say, the coils C C of
the motor, Fig. 1> Theresult, with the proper
connections, would be the magnetization of
the ring R/, the poles being on the line N S.
The same order of connections being observed
between the coil B and the coils V, the latter,
when traversed by a current, tend to fix the
poles at right anglesto theline N S of Fig. 17
1t results, therefore, that when the generator-
coils have made one eighth of a revolution,
reqchmg the position shown in Fig. 2, both
pairs of coils C and C' will be tmversed by
currents and act in opposition, in 8o 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 arevolution. 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 polés
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 for an understanding of their
significance. Figs. 4 and 4" illustrate the con-
ditions which exist when the generator-arma-
ture has conipleted three eighths of a revolu-
tion. Here both coilsare generating 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; hence the resultant pole will be on
the line N S; as shown. In Fig. 5 one-half of
one revolutlon of the armature of the gener-
ator has been completed, and the 1esultmg
magnetic condition of the ring isshown in Fig.

5*. 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 cousequently be shifted

through one half of the ring. In Fig. 6 thear-
matare has completed five- elghths of arevolu-
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 theline N 8, Fig. 6*, .

or, in other words, the poles of the ring will
be shifted along five-eighths of its periphery.
Figs. 7 and 7° in the same manner illustrate
the phases of the generator and ring at three-
qunarters of a revolution, and Figs. 8 and 8*
the same at seven-cighths of a revolution of
the generator-armature. These figures will
be readily understood from the foregoing.
‘When a complete revolution isaccomplished,
the conditions existing at the start are re-es-
tablished and the same action is repeated for
the next and all subsequent revolutions, and,
in general, it will now bescen that every revo-
Iution of the armature of the generator pro-
duces a corresponding shifting of the poles or
lines of force around the ring. This effeet I
utilize in producing the rotation of a body or
armature in a variety of ways—for example,
applying the principle above deseribed to the
apparatus shown in Fig. 9. The disk D, ow-
ing to its tendency to assume that position in
which it embraces the greatest possible 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 eircular
disk, as indieated by dotted lines, is also set
in rotation. This phenomenon I attribute to
a certain inertia or resistance inherent in the
metal to the rapid shifting of the lines of force
through the same, which results in a continu-
ous tangential pull upon the disk, causing its
rotation. This seems to be confirmed by the
fact that a cirealar disk of steel is more effect
ively rotated than oneof soft iron, for the rea-
son that the former is assnmed to possess a
greater resistance to the shifting of the mag-
netic lines.

In illustration of other forms of my inven-
tion, I shall now describe the remaining figures
of the drawi ings.

Fig. 10 is a view in elevation 'Lnd 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 sec-
tion. This form of motor may be used in place
of that shown above. D is a cylindrical or
drum-armature core, which, for obvious rea-
sons, should besplit up as far ag practicable to
prevent the circulation within it of currents
of induction. The core is wound longitudi-
nally with two coils, Band E', the ends of which
are respectively connected to insulated con-
tact-rings d 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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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 b’ ¥’. The ring is suitably mounted
on a shaft, a', between the poles N 8. The
contact-rings of each pair of generator-coils
are connected to these of the motor, respect-
ively, by means of contact-brushes and the
two pairs of conduectors 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 producescurrents in the coils ' I, 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 np 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-magnels in section, The field of the mo-
tor M is produced by six magnetic poles, G’ 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 eylinder or disk, D, of wrought-iron,
mounted on the shaft «. Two segments of
The gen-
crator 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 understood 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.16isa
horizontal cross-section of the motor. In thig
case a disk, D, of magnetic metal, preferably
cut away at opposite edges, as shown in dot-
ted lines in Fig. 15, i3 mounted so as to turn
freely inside two stationary coils, N’ N”, placed
ab 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-
currenf 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 bhaving their ends secured to the termi-
nals¢ ¢ t'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 contaects 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. TFig. 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 diagra 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 .in series and the free ends conneeted to
four terminals, w, the rule 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-
tatein sideof 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’ 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.

Tn order to properly energize the field-magnet
of the motor, however, the connections are so
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 terminalsof
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 isobvious that the same principle may be
applied to the various typical forms of motor
hereinbefore deseribed.

Having now described the nature of my in-
vention and some of the various ways in which
it is or may be carried into effect, I would call
attention to certain characteristics which the
apphcatxons 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 these 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 wmotor through three hun

dred and.sixty degrees.

In the particular constraction shown in Fig.
15,0r in others constructed on a similar plan,
the number of alternating impulses resulting
from one revolution of the generator arma-
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 shown in Fig. 17, where

the poles of both elements are shlfted in op-

- pogite directions.

6o

Again, considering theapparatus ll]usu ated
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 digk 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.

arbitrary limit as determined by the gener-
ator, and also that within certain limits ab
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

It is clearly .
apparent that the speed can never exceed the -

70

above desecription how far the requirements of 75

a practical system of electrical transmission
of power are realized in my invention. I se-
cure, first, a uniform speed under all loads
within the normal working limits of the mo-
tor without the use of any auxiliary regulator;
second, synchronism between the motor and
generator; third, greater cfficiency by the
more direct application of the current, 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 frominjury to
persons and apparatus.

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

The means or devices for carrying out the
principle may be varied to a far greater ex-
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 more independent circuits
bhrough 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 ab 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 I're-
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-cirenits 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 the method
of operating motors which is herein involved,

‘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 3

armature or field-maguet, 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 enrrents 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 armafure,
or both, of an alternating-cnrrent 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 iransmis-

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 connecting the terminals of said coils to

the terminals of the motor, respectively, and 40

in such order that the rotation of the gener-
ator and the consequent production of alter-
nating currents in the respective cireuits pro-
duces a progressive shifting of the poles of the
motor, as hereinbefore desecribed.

NIKOLA TESLA.

Witnesses: )
FrANK E. HARTLEY,
FrANK B, MURrPHY.
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NEW JERSEY.

ELECTRO-MAGNETIC MOTOR,.

SPRECIPICATION i’ofmin‘g part of Lietters Patent INo. 381,869, dated May 1, 1888.

Application filed November 30, 1887. Serial No. 256,502,

To all whom it muy concerm:
"~ Be it known that I, NIxoLA 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
accornpanying and formlncr apart of the same.
In an application filed by me October 12,
1887, No.252,1
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-circuits on either the armature or field
magnet, or both, (it issufficient for present pur-
poses to consider the case in which the coils
are on the armaturealone,) and these coils are
connected up with corresponding ecircuits on
an alternating-current generator. As the re-
salt 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 direc-
tiontothat in which the movement of the poles
takes place, owing to the attractive force be-
tween said poles and the field-magnets,and the
speed of rotation increases from the start un-
til it equals that of the generator, supposing
both motor and generator to be alike.
g 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 induetion, exhibiting two distinet poles,
one in each of the pole-pieces.” In starting
the motor, however, the speed of the arma-
45 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-
50 ture become synchronous with that of the gen-
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32, I have shown and deseribed.

(No model)

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

I have found that advantageous results are
secured by winding the feld- magnets with a 35
coil or coils and passing a continunous current
through them, thus maintaining a permanent
field, and in this feature my plesent invention
cou51sts

I shall now describe the apparatus which T 60
have devised for carrying out this invention
and explain the mode of using or operating
the same.

Figure 1 is an end view'in elevatlon of my
improved motor. TFig. 2 is a part horizontal 65
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 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 magnoetism to the said poles.in the
ordinary manner.

D D' are two independent coils wound upon 75
a suitable cylindrical or equivalent armature-
core, whieh, 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 mounted in non- 8o
magnetic cross-bars E E, secured to the poles
of the field-magnet. The terminals of the ar-
mature-coils D D’ are connected to insulated
sliding eontact-rings ¢ a b b, carrled by the ar-
mwture shaft, and brushes ¢ ¢’ bear upon these 8s
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: F I, the field-
magnets, energized by a continuous current
passing in its field-coils G G; H H’, the coils
carried by the eylindrical armature; dd e ¢,
the friction or collecting rings, carried by the g3
armature-shaft and forming the terminals of
the armature-coils; and f f7, 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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UNITED STATES
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NIKOLA TESLA, OF NEW YORK, N. Y., ASSIGNOR OF ONE-HALF TO CHARLES
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To all whom it may concern:

Be it known that I, Nikora 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 relates to those systems of
electrical distribution in which a current from
a single source of supply in a main or trans-
mitting circuit is cansed to induce by means
of suitable induction 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—viz., to divide the cur-
rent from a single source,whereby a number
of lamps, motors, or other translating devices
may be independently controlled and operated
by the same source of current, and in some
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 cireunit or eircuits,

The general character of the devices em-
ployed in these systems is now well under-
stood. An alternating-current magneto-ma-
chine is 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 differs
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,
onn the other hand,if a quantity current of
lower potential is wanted the longer coil is
made the primary. In lieu of these devices

various forms of eleetro-dynamic induction- 50
machines, including the combined motors and
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 3
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¢c
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 induecing-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 currents in the induced coils,

‘Without enumerating the objections to these
systems in detail, it will snffice to say that the 7o
theory or the principle of the action or opera-
tion of these devices has apparently been so
little understood that their proper construc-
tion and use have up to the present time been
attended with various 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 bave 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 83
State that, in so far as the prineipal 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
is hence not liable to wear or other derange-
ment, and requires no more attention than the
other and more common induection-machines,

In carrying out my invention I provide 4
series of inducing-coils and corresponding in- gg
duced coils, which, by preference, I wind upon
a cotre closed upon itself—such asan annulus or
ring subdivided in the usunal manner. The

8o
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two sets of coils are wound side by side orsu-
perposed or otherwise placed in well-known
ways to bring them into the most effective re-
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
&, in passing {from ifs maximam 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 induection 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 I 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 connected 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 anannular orsimi-
lar magnetic core and primary and secondary
coils wound thereon, of an alternating-eur- 30
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. : 25

3. The combination, with independent elee-
tric transmission-circuits, of transformers con-
sisting 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-

40

{ duced or armature coils connected with the

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

45

NIKOLA TESLA.

Witnesses:
RoBT. H. DUNCAN,
- RosrT. F. GAYLORD.
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ELECTRO-MAGNETIC MOTOR.

SPECIFICATION forming part of Lietters Patent No. 382,279, dated May 1, 1888.
Applcation filed November 30, 1887. Serial No. 256,561, (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-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 Gctober 12,
1887, No. 252,132, I have shown and deseribed
a mode or plan of operating electric motors by
causing 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-circuits, on the
field-magnets,for example, and I connect these
up with corresponding induced or generating
circuitsin an alternating-current generator, so
that alternating eurrents are caused to trav-
erse the motor - circuits. - 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. I
havediscovered 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 nature of the in-
vention Lrefer to the accompanying drawings.

TFigure 1 represents in side elevation the
operative parts or elements of a motor em-
bodying the principles of my invention, and
in section the generator for operating thesame.
Fig. 2isahorizontal 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. 4isa 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 astobe suseeptible to rapid
variations of magnetism. This core is wound
with four coils, CC C' C', the diametrically-op-
posite coils being connected in the same cir-
cuit, and the two free ends of each pair being
brought to the terminals ¢and ¢, respectively,
as shown., Within this annular field-magnet
A is mounted a soft-iron c¢ylinder or disk, D,
on an axis, ¢, in bearings 0 b, properly sup-
ported by the frame-work of the machine.
The disk carries two coils, i &, of insulated
wire,wound atright anglesto oneanother,and
having their respective ends joined, so that
eacl coil forms a separate closed circuit.

In illustration of the action or mode of op-
eration of this apparatus,letit be assumed that
the annular field-magnet A is permaneutly
magnetized, 8o as to present two freepoles dia-
metrically opposite. If suitable mechanical
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.
Evidently these currents would be the most
powerful at or near the points of the greatest
density of the lines of foree, and they would,
as in all similar cases, tend, at least theoreti-
cally, to establish magnetic poles in the disk
D at right angles to thosein the annular field-
magnet A. As a result of the well-known
reaction of these polarities upon each other,
a more or less powerful tendency in the disk
to rotate in the same direction as that of the
field-magnet would be established. If, onthe
other hand, the ring or annular field-magnet
A be held stationary and its magnetic poles
progressively shifted by passing through its
coils C ' properly-alternated currents, it is
obvious that similar results will follow, for
the passage of the currents causing the shift-
ing or whirling of the poles of the field-mag-
net A induces currents in the closed circuits
of the armature coils It I, with the result of
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 manmner, the poles
of the disk or cylinder follow continuously
the poles of the annular field-magnet, main-
taining, at least theoretically, the same rela-

6o

63

70

80T

83

o]}

95

1cO



10

20

25

30

35

40

50

55

60

65

oy

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 produeing 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. TFisa 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 f and f’,upon which
bear the brushesgy ¢. TFour wires connectthe
motor-terminals ¢ and ¢’ with the brushes g and
¢’s respectively. ‘When the generator is ro-
tated, the coil G will ab the certain point shown
in the drawings be’ generating its maximum
current,while coil G’ is neutral. Tet it be as-
sumed that this eurrent is conveyed from the
rings f f to the terminals¢ ¢t and through the
coils C C. Its effect will be to establish poles
in the ring midway between the two coils.
By the farther 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 dlmlﬂlbheﬁ as
the said coil recedes from those points. The
current from the coil G, being conveyed to
the terminals ¢ ¢ and tyhrough coils ¢ ', has
a tendency to establish poles at right angles
to those set up by the eoils C C; but owing
to the greater effect of the current in coils C
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
C alone. This progression continues for a
quarter-revolution until ceil G G becomes
neufral and ceil G" G’ produces its maximum
current. The action described is then re-
peated, the poles having been shifted through
one-half of the field,or a half-revolution. The
second halfrevolution is accomplished in a
similar way, the same po]arity being main-
tained in the shifting poles by the movement
of the generator - coils alternately through
fields of opposite polarity.

The same principle of operation may be ’lp
plied to motors of various forms, and I have
shown one of such modified forms in Figs. 8
and 4 of the drawings. Iu these figures, MM
are field-magnets secured to or forming pard
of a frame, I, mounted on a base, D. TDhese
magnets should be laminated or composed of
a number of electrically-insulated magnetic
sections, to prevent the circulation of indueed
carrents and to render them capable of rapid
magnetic changes. These magnetic cores or
noles are wound with insulated coils C O, the
dnmetrlmlly opposite coils being conneoted

282,
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together in series and their (ree ends brought
to terminals ¢ ¢, respectively. Between the
poles there is mounted, in bearingsin the eross-
picces 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 T, which are secured to the
sides and ends of the cylindrical core in well-
known ways. Theseplates or conductors may
form one or preferably several independent
circuits around the core. Inthedrawings two
of such circuits areshown, formed respectively
by the conductors B and. 1, 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 gven the opera-
tion of this apparatus will be readily under-
stood. Tothe binding-posts ¢ ¢ are connected
the proper cireuits from the generator tocause
a 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 eore, which, energiz-
ing the core strongly, maintain a powerful at-
traction betweenthe same and the field, which
causes arvotation of the armature in the direc-
tion in which the resnltant poles are shifted.

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

When these motors are not loaded, bub run-
ning free, therotation of the armature is nearly
gynchronous with the rotation of the poles of
the field, and under thiese cirecumstances very
little current is perceptible in the coils E I';
but if aload is added the speed tends to di-
minish and the currents in coils I2 It arc ang-
mented, so that the votary elfortis mclemsed
proportionately.

Obviously the principle of this inventbion is
capable of many modified applications,most of
which follow as a matter of course from the
constructions deseribed. 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 eondueted 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; bnbﬂmve 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 desceribed in my said
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prior application, I may by short circuiting
the armature-coilsapply the present invention
in order to obtain greater power on starting.

An advantage and characteristic feature of
motors constructed and operated in aceordance
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-circuits.
If it be borne in mind that in a dynamo-elec-
triec 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 motfor is very greatly reduced at the
moment of reversal, so that a much greater
amount of current pfxsses through the energlz

ing-cirenits.

The phenomenon alluded to—viz., the varia-
tion of the resistance of the motor apparently
like that in ordinary motors—T attribute to the
variation in the amount of self-induction 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 the generators or the motors, the system
is capable of a very perfect action and involves
but little loss.

I do not claim herein the mode or plan of
producing currents in closed conductors in a
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 cirecuits, of an alter-
nating-current generator having induced or
generating circuits corresponding to and con-
nected with the eneroizing-circuits of the mo-
tor, as set forth.

2. An electro - magnetic motor having its
field-magnets wound with independent coﬂs
and its armature withindependent 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 annular
field-magnet wound with independent coils
and a cylindrical 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.

Wltnesses

FrANK B. MURPHY
FRANK E. HARTLEY.
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UNITED STATES

PATENT OFFICE.

NIKOLA TESLA,

OF NEW YORK,

N. ¥

ELECTRICAL TRANSMISSION OF POWER.

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

Original lpphcation filed October 12, 1887 Serial No. 252,132. Divided snd this application dled M m,h 9, 18#8. Serial No.
266,755. (No model.)

To all whom it.-may concern: .

Be it known that I, NIxor.A TESLA, from
3miljan, Lika, border country of Austria-Hun-
zary, and residing in the city, county, and State
»f New York, have invented certain new and
1seful Improvements in the Transmission of
Power, of which the following is a specification,
reference being had to the drawings accom-
panying and forming a part of the same.

This application isa divigion of an applica-
ton 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 econoniy 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
transmlssmn, may be avoided.

My present invention is a new method or
mode of effecting the transinission 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 force,” which,inaccordance with well-known
theones, produces the action of the motor.

It is'obvious that a proper progressive shift-
mg of the lines of force may be utilized fo set
up a movement or rotation of either element
of the motor, the armatare,or the field-magnet,
and that if the currents directed through the
several circuits of the motor are in proper di-
rection no commutator for the motor will be
required; but to avoeid all the usual commu-

tating a.pphances in the system I connect the |

motor-circuits directly with those of asnitable
alternating-current generator. The practical
results 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.

55

Figures1to 8 and 1° to 8¢, inclusive, are dia- °

grams illustrating the prmclple of thﬁ action
of my invention. The remaining figures-are
views of the apparatus in various foris by
means of which the invention may be éarried
into effect, and which will be descrlbed in their
order.

Referring first to Fig. 9, \\lllcll is a dia-

6o

grammatic representation of a motor, a gen- .

erator, and connecting-circuits in accordance
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 .

65

up of thin insulated iron rings or annular .

plates, so as to be as susceptible as possible to

70

variations in its magnetic condition. Thisring -

is surrounded by four coils of insulated wire

symmetrically placed and designated byCCC' .~

C. The diametrically-opposite coils are con-
nected up soas to co-operatein pairs in produe-

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 prefelably inside of i,
there is mounted on an axis or shaft a mag-
netic disk, C, generally circular in shape, but
having two segments, cut 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
having field-magnets N S and acylindrical ar-

75
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85

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 VY. Any g0

convenient form of colliector 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-

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' of the gen-
erator and the motor.

1t remajing now to explain the mode of op-

98 .

1co

eration of thls system, and for this purpose I -



10

t5

20

25

30

35

40

45

50

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 thearmature of the
generator between the field-magnets N 8 ob-
viously produces in the coils B B’ alternating
currents the intensity and direction of which
depend upon well-known laws. In the posi-
tion of the coils indicated in Flg 1the current
in the coil B is practieally nil, whereas the
coil B’ at the same¢ time is developmg its
maximum eurrent, and by the means indicated
in the description "of Fig. 9 the circuitinclud-
ing this coil may also include, say, the eoils 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 C,
the latter 'when traversed by a current tend to
fix the poles ab 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 C, 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 ofthe magnetizing forces of the coils—
that is to say, it will advance along the ring to
a position corresponding to one-eighth of the
revolution of the armature of the generator.
In Fig. 3 the armature of the generator has
progressed to one-fourth of a revolution. At
the point indicated the eurrent in the coil B
is maximum, while in B" it is «i, the latter
eoil being in its neutral . position.
of the ring R in Fig. 3* will in consequence be
shifted to a position ninety degrees from that
at the start, as shown.. T haveinlike manner
shown the conditions existing 2t each succes-

sive eighth of one revolution in the remaining

figures. A short reference to these figures will
suffice to an understnudmv of their. 81gmﬁ
cance.

Figs. 4 and 4* illustrate the conditions which
exist. when the generator-armature hds cor-
pleted three-eighths of a revolution. Here
both coils are generating currents; but the coil
B’; having now-entered the opposite field, is
generatmg a current in the opposite dueetnon

- having the opposite magnetizing effect; hence

-55
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the resultant pole w1ll be on the line N S as
shown.
. In:Fig. b one- half of one revolution of the

armature of the generator has been completed,

and the resu]tmg 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 is in the
same direction as in Fig. 4. .The poles will
consequently be shifted through one half of
the ring. -~

In Fig. 6 the armatnre has completed five-
eighths of a revolution.

The poles’

In this position coil .
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B’ develops a less powerful current, but in the
same direction as before. The cml B, on th

_other hand, having entered a field of opposm

polarity, generates a current of opposite di
rection. The resultant poles will therefore b
in the line N 8, Fig. 6% or, ii other words
the poles of the ring. will be shifted along five
eighths of its pemphery

Figs. 7 and 7% in the same manner illustrat
the phases of the generator and ring at three
quarters of a revolution, and Flgs 8 and 8
the same at seven eighths of 'a revolution o
the generator-ar niature. These figares will b
readily understood from the foregoing.

When acompleterevolation isaccomplished
the conditions existing at the start are re-es
tablished, and the same action is repeated fo
the next and all subsequent revolutions, and i
general it will now be seen that every revola
tion of the armature of the generator produce
a corresponding shifting of the poles or line
of force around the ring. This effect 1 utiliz
in producing the rotation.of a body or arma
ture in a variety of ways—for example, apply
ing the principle above deseribed to theappa
ratus shown in Fig. 9. The disk D, owing t.
its tendency to assnme that position in whiecl
it embraces the greatest possible number of th
magnetic lines, is set in rotation, following th
motion of the lines or the pomts of greates
attraction. .

The disk D in Fig. ‘9 is'shown as cut awa;
on opposite sides; but this I have found is no
essential to effecting its rotation, as a circula
disk, as indicated by dotted lines, is also se
in rotation. 'This phenomenon T attribute t
a certain inertia or resistance inherent in th

.metal to the rapid shifting of the lines of fore

through the same, which Tesults in @ continu
ous tangential pull upon the disk, causing it
rotation. This seems to be confirmed by th
faet that a circular disk of steel is niore effec
ively rotated than one of soft iron, for the res
son that the former is assnmed to possess

greater resistance to the shifting of the mag
netic lines.

In illustration of other forms of appamtu
by meuns of which I carry out my inventior
‘I shall now describe the remaining ﬁgures «
the drawings. -

Fig. 10'ig'a view in clévation and part vel
tical section of a motor: Fig. 12 is a top vie
of the same with the ficld in- seetion and-
diagram of connections. Fig. 11 is an end ¢
side view of a generator with the fields in ses

"tion. This form of motor m'ty be-used in plac

of that shown.

D i3 a cylindrical or drum arinature-core
whlch for obvious reasons, should be split u
as far as practicable to prevent the eirculatio

within it of currents of induction. The co:
is wound longitudinally with two coils, E an
E/, the ends of which are respectively ool

nected to insulated contact-rings d dd &, ca
ried by the shaft «, upon which the armsata
1s mounted,

- The armature is set to revolve mthin L
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iron shell, R, which constitutes the field-mag-
net or other element of the motor. Thisshell

is preferably formed with a slot or opening, r;
but it may be continuous, as shown by the

5 dotted lines, and in this event 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
1o device shown in Fig. 11. This represents an
annular or ring armature, A, surrounded by
four coils, F F IV ¥, of which those diamet-
rically opposite are connected in series, 80
that four free ends are left, which are eon-
15 nected to the insulated contact-rings b b I’ ¥'.
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

20 contact-brushes and the two pairs'of conduct-
~ors, L L and I/ I/, as indicated diagrammat-

ically in Fig. 13. -

Now, it is obvious from a consideration of

the preceding figures that the rotation of the

25 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
30 armature,oiving totheattractive 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
35 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,
40
motor and a generator connected and con-
~ strocted in accordance with my invention.
Fig. 14 i3 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-
50 nected in pairs,so as to produce opposite poles
" in each pair. Thigleaves six free ends,which
are connected to the terminals T T T T T T”.
The armature which is mounted to rotate be-
tween the poles is a cylinder or disk, D, of
55 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 armakbure, A, wound with three
" coils, K X’ K”, at sixty degrees apart. The
60 ends of these coils are connected, respectively,
" to insulated contact rings e e ¢’ ¢ ¢’ ¢’: These
rings are connected to those of the motor in
proper order by means of collecting-brushes
and six wires, forming three independent cir-
65 cuits. The variations in the strength and di-
rection of the currents transmitted through
these circuits and traversing the coils of the

15

terminals ¢ ¢ ¢' 7.

Fig. 13 is a diagrammatic illustration of a

‘view of such-a motor.

motor produce a steadily-progressive shifting

of the resultant attractive force exerted by the
poles G’ upon the armature D, and conse- j¢
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 generaliy 75°
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. Inthis case
a disk, D, of magnetic metal, preferably cat
away at opposite edges, as shown in dotted
lines in the figure, is mounted so as to turn
freely inside two stationary coils, N’ N”,placed
at right angles to one another. The coils are 85
preferably wound on a frame, O, of insulating
material, and their ends are connected tothe
fixed terminals T T'' T'. The generator G is
a representative ot 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-
nets, P P’, wound with coils, those -diamet- -
rically opposite to.each other being connected g5
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 effect to turn the disk
D. This mode of carrying out the invention
has the advantage of dispeusing 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
remaing, 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-
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 eontact-rings, dd &' d.
The generator for this motor may be of any
Buitable kind to produce currents of the de-
sired character. In the present instance it
congigts of a field-magnet, N S, and an arma-
tare, A, with two coils at right angles, the
‘ends of which are connected te four contact-
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rings, b5 ' I, carried by its.shaft.” The cir-
cuit-connections are established between: the
rings on the generator-shaff and those on the
motor-shaft by colleeting 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 maguoetic lines of force upon the
armature are shifted in one direction those

" upon the field-magnei are made to progressin

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

In Figs. 17 and 19, for example,the terminals
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; bub they may be in series or
in independent circuits.

1t is obvious that the same principle may

be applied to the various {ypical 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, T would call
attention to certain characteristics which the
applications of the invention possess, and the
advantages which it offers.

Tn 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 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 armatare A. This feature by
practical demonstration I have found to ex-
igt in all otheér forms-in which one revolation
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 others constructed on asimilar plan,
the number of alternating impulses resulting
from one revolntion of the generator-armature
is double as eompared 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
thé poles of both elements ave shifted in op-
posite diréetions. ., TR
Again,considering the apparatus illustrated
by Fig. 9 astypical of the iuvention, it is ob-
vious that-since the attractive effect nupon the
"disk Disgreatest when the disk is in its proper

relative position to the poles developed in the

ring B—that is to say, when its ends or poles:

immediately follow. those of the ring—the
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speed of the motor for all loads within the
normal working limits of the motor will be
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 deseription how far the requirements of

-a practical system of clectrical transmission

of power are realized in my invention. Ise-
cure, first, a uniform speed under ali 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

1 and simplicity of mechanical construction;

fifth, the capability of being very easily man-
aged or controlled, and, sixth, diminution of
danger from injury to persouns and apparafus.

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

I am aware that it isnet new to produce the
rotations of a motor by intermittently shifting
the poles of one of itselements. This hasbeen

 done by passing through independent ener-

gizing-coils on one of the elements the cur-

| rent from a battery or other source of - direct

or continuous currents, reversing,such cur-
rent by suitable mechanical appliances, so that
it is divected through the. coils in alfernately
opposite directions. In such casés, however,
the potential of the encrgizing - 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 mebhod 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 exaet conditions
of the generator, and by such currents and the
eonsequent produection 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 car-

rent.. Tuso far,then,asthe plan of acting upon
one element of the motor is concerned, my in-
vention involves the use of an alternating as
distingunished from'a reversed current,or a cur-
rent’ which, while cofitinuous and direet, is
shifted from eoil 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

8cope of the invention, although I do not con-

sider the use of reversed currents of any prae--

5 tical importance. . :
What I claim is— A
The method herein described of electrically
transmitting power, which consists in produc-
ing a continuously-progressive shifting of the

polaritiés of either or both elements (the arma- . 1o

ture or field magnet or magnets) of a motor by

developing alternating currents in independ-
ent circuits, ineluding 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. :

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
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. .

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-
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
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
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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-
maguoets energized by a continuous curreng
passing in its field-coils G G; H H, the coils
carried by the cylindrical armature; d d ¢ ¢,
the friction or collecting rings carried by the
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 generator with the motor,

The coperation of this system. will be under-
stood from the foregoing. 'Che 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
shat in which the poles move. If, now, the
continuous enrrent he directed through the
field-coils 80 as to strongly energize the mag-
net A A, thespeed of the motor, which depends
upon that of the 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 charaeter-
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 arcshifted.
‘['o reverse the motor the connections of either
of the eircuits ¢ ¢ must be reversed.

I bgve 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 Yhe 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 passthrough 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
priaciple maintain alimost 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,
is diminished synchronously with that of the
motor,

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

‘stance, by rotating the field about a station-

ary armature or rotating 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 uf a person skilled io-the art to con-
strues. .

I am aware that a device embodying the
characteristics of a motor and baving a per-
manently-magnetized field-magnet has been
operated by passing through independent coils
on its armature a direct or continuous current
in opposite directions. 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 not contin -
ous, and thab there is necessarily involved &
waste of energy. ‘ L

In my present application I donotlimit my-
self to any special form of motor, nor of the
means for producing the alternating currents
as distingnished from what are called ‘‘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 I claim ig—

"The method herein deseribed of transmit-
ting power by electro-magnetic motors,which
consists in continnously and progressively
shifting the poles of one element of the mator
by alternating currents and magnetizing the
other element by a direct or continuous cur-
rent, as set forth. o

NIKOLA TESLA.

Witnesses:
FrANk B, MURPHY,
FrANK BE. HARTLEY.

53

O
(¥1}

70

85

90

95

100



(No Model.) 2 Sheets—Sheet 1.

| N. TESLA.
METHOD OF CONVERTING AND DISTRIBUTING ELECTRIC CURRENTS.
No. 382,282, - . Patented May 1, 1888,

WITNESSES:

, . INVENTOR
el Mo | ks, Teall,
| BY A

ATTORNEY®

N. PETERS, Photo-Lilhingraphar, Washington, D. C.




(No Model.) 2 Sheets—Sheet 2.

N. TESLA.
METHOD OF CONVERTING AND DISTRIBUTING ELECTRIC CURRENTS.

No. 382,282. . Patented May 1, 1888.

Q

N )
N ,
NN ~Nid
ib <
E _ “x
X .
S x
& X
WITNESSES: ] INVENTOR.
Forpgn » Deforln Sente.

Br

ATTORNEYS:

M. PETERS, Photo-Lithographer, Washingtan, D. C.




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 March 9, 1883, Serial No.
266,757. (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

30

various forms of electro-dynamic inductions |

“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 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 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 y5
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. .
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—subdivided in 