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UNITED STATES

PATENT OFFICE.

ADAM MILLAR, OF GLASGOW, SCOTLAND.

ELECTRIC MOTOR.

—— -

SPECIFICATION forming part of Letters Patent No. 271,602, dated January 20, 18&3,

Application filed July 3, 1832,

(Nomodel.) I'atented in Lingland October 20, 1881, No. 4 599,

Lo all whom it may concern :

be it known that I, ADAM MILLAR, of Glas-
gow, neotland, have invented certain Improve-
ments in Llectric Motors, of which the follow-
ing is a specification. | |

L'iiis Invention relates to an improved coun-
struction of electromotor operated by elec-
tricity, which may be derived from magneto-
electric machines, or from any other source.
This electromotor comprises a shaft, working
in snitable bearings, carrying on one end a

- disk, on the face of which are arranged a se-
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ries of electro - magnets having their poles
shaped at the inner ends to resemble teeth of
spar-wheels. The maguets are arranged in a
circle concentric with the shaft, with the poles
pointing inward and resembling a wheel with
internal teeth. A second shaft, working in
suitable bearings, also carries a disk «on one

end, considerably smaller than the first disk, |

this disk also carrying a series of electro-mag-

nets within those on the other disk, and with

their poles shaped as in the first series, ar-
ranged with their poles pointing outward and
In a circle concentrie with the shaft, and pre-
senting some resemblance to an ordinary spur-
wheel, The bearings of the shaft are fixed to
the common bed-plate, so as to bring the one
disk in the same plane as the other disk, bat
with the shafts eccentric to each other or ro-

tating in different axial lines, so that the cirele

of the tooth-shaped poles of the series of the
electro-magnets on the smaller disk euts into
the circle of tooth-shaped poles of the outer
clectro-magnet on the other disk, somewhatin
the manner of a pair of toothed wheels gearing
together. The number of magnets on the one
ax1s or disk is greater than on the other axis
or disk—as, for example,in the ratio of twelve
to ten—and on account of this difference in
number, and also owing to the eccentricity of
the shafts, thie poles of the electro-magnets on
each disk are near each other as they come to
the position where they fit or cut into each
other like the teeth of geared spur-wheels, and
approach each other until the point at which
the eccentricity of the shaft causes the tooth-

- like electro-magnets to diverge. The poles of

_56

one pair of magunets are thus a considerable

distance apart, the next pair nearer together,
the third pair still nearer, and the fonrth pair

are passing each other. A current of elec-
tricity sent through the coils of the electro-
magnets causes tne voles to be attracted to-
gether, and as they can approach each other
only when the two disks ate made to rotate
simultaneously in one direction a motion of
rotation is established. In casethe actual con-
tact of the electro-magnets at the point of di-
vergence should be found to be a disadvan-
tage, the relative positions of the two series of

| magnets may be governed by gearing the

shatts together, so as to insure that they shall
not touch each other at this point, or other-
wise the sides of the magnets where contact
would take place may be covered by a non-
magnetic substance, such as conper. An ar-
rangement ol commutators in connection with
the shafts causes the currents of electricity to
magnetize tlie teeth of the respective disks
during the parts of the rotation where the poles
of the magunets approach each other in pairs,
as described, and the current ceases to pass
through the coils and the tooth-shaped poles
cease to attract each other at the point where
the poles of the electro-magnets passeaeh other
and diverge. As one pair of the electro-mag-
nets becomes inactive another pair in the op-
posite side becomes magnetized by the current
being sent through them by the action of the
commutator, and a continvons rotary move-
ment 18 thus maintained. Asthe poles of the
magnets itersect each other’s circalar paths,
the attractive force which they exert upon
each other 1s in a direction nearly parallel with
the tangents of both cireular paths. Therefore
nearly the whole of the attractive force is ex-
pended in producing rotation, and this con-
struction of the two wheels, so that the lines
of movement of the poles of the magnets shall
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lntersect to give a tangential attraction, forms

the main feature of my invention. -

Iz place of each of the two disks carrying
electro-magnets, one disk may carry perma-
nent steel magnets, in which case the current
causing the mutual attraction should be re-
versed at the point in the rotation of the two
disks where the tooth-shaped poles begin to
diverge from each other, so that while they are
mutually attracted up to this point they will
become mutunally repellent to each other im-

\ mediately on passing this point, and the repul-
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sive action so produnced will also produce aro-
tary motion in the same direction asI1s pro-
duced by the attraction of the poles previous

to the current being reversed. In place of the
disks referred to, arms radiating from a cen-
tral axis may be employed, and, when neces-
sary, the series of magnets may be supported
at each end. The one series of magnets may
be so placed in relation to each other that they
intersect each other only in the cirenlar paths
of the poles. | |
 The power prodaced by means of this motfor
may be employed for driving machines in the
same manner as in the case of other prime
movers.

Referring to the drawings, Figures 1 and 2
are sectional end and side elevations, respect-
ively, showing one form or arrangement of an
electromotor constructed in accordance with
my invention.

A disk or plate, A, of bronze, is fixed to the
shaft B, which works in suitable bearings, I/,
A series of twelve electro-magnets, It 1§ K, of
horseshoe form, are secured to the inside of the
rim A’ of the disk A, the poles ¢ pointing 1n-
ward toward the center. The electro-magnets

are placed so that their poles are at the same

distance from tlie center of the disk and at a
uniform distance from each other. A second

disk or bhollow drum, If, on a second shaft, &G,

works in suitable bearings, (/. The diameter
of the disk or drum T is considerably less than
the cirele formed by the poles ¢ of the electro-
magnets I8 . A series of ten electro-magnets
of*horseshoe form, J J J, are carried by the
disk or dram ¥, the bends or neatral parts J
being placed toward the center, and the poles
the disk. The bearings G/ are so placed that
the disks A and If are parailel to each other,
but not concentric to cach other, the shaft &
being eccentric to the shaft B, and to such a
degree that the cirenlar paths of the poles ¢ ¢
and j j of the two series of magnets Ii It K and
J J J intersect: each other, somewhat similar
to the action of toothed wbeels working to-
oether. Suitable commutators, M, are carried
by each disk, so as to cause the electric cur-
rents to ecirculate in the coils of the electro-
magnets It E and J J as they arrive 1n suac-
cession at the positions shown by ¢ and
and continue till they reach the positions ¢
and j%. The mutual attractions between the

~electro-magnets I& and J produce a motion
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of rotation of both disks with their respect-

ive shafts B &, and Dboth in the same direc-
tion, as indicated by the arrows in Iig. 1.
The currents should cease in the magnets I

and J Dbefore actual contact takes place, and

beyvond the position of contact they may slide
or roll upon each other at their polar extremi-
ties similar to the action of the teeth of the
wheels. The commutators are merely 1ndi-
cated in the drawings. In order that the mo-
tion obtained may be regular and iree from

any jerking, the shafts G and I are ceared to-

I
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projecting outward beyond the periphery of ;
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oether by a toothed wheel, I, on the shatt G
in front of the electro-magnets J J, and an in-
ternal-toothed wheel, I/, carried on the disk
A, A pulley may be fixed to either shaft for
the purpose of giving motion by a belt to any
machine; or any other convenient wmode ot
transmitting power may be adopted.

In cases where the large diameter of the ex-
terior series of magnets I ¥ is found objee-
tionable, theform of electro-magnets shownin
sectional end and side view in Figs. 3 and 4
may be adopted, the limbs Ii of the magnets
being at right angles to thie poles e, and with
the bend or neutral portion K/ projecting out-
ward from the 1limbs on the side opposite to the
poles. ¢ e are the poles; E I, the limbs with
their coils of wire, and I the neatral portion
or bend of the horseshoe. The electro-mag-
nets are attached to their disks by meaus of
projecting studs AZ.

figs. 5 and G are a vertical end and side
section of a still more compact arrangement
of electromotor. A isahollow casting of iron,
the outer surface being cylindrical and the in-
ner surface having a series of ribs, B B3, pro-
jecting inward toward the axis. The ribs are
parallel to the axis of the eylinder, and ex-
tond from end to end. These ribs I torm
the poles of the clectro-magnets A, forming
the bLody of the magnet between the 1ibs or
poles B B. Tansulated copper wire @ a 18
wound round the body partsof the eylinder A
between the ribs B B in a direction parallel to
the axis. The wires « are cotled so as to pro-
duce a vorth pole in the onerib I3, and a south

pole in the next rib, and so making theribsal-

ternate north and south poles.
The above-described eylinder A is for the
exterior series of magnets. The cylinder J for

- the interior series hasthe ribs j projectingout-

ward. The interioreylinder, J, is carried by a
hollow shaft, G, fixed to the bosses F, (one at
cach end,) which have five radial arms, I/, se-
cured to the ribsj. Theexterior cylinder, A, 1S
carried Ly hollow trunnions IT at each end,

from which six arms, H’, extend, and are se-

cured to the alternate ribs B of the eylinder A.
The trunnions IT work in suitable bearings, I,
on suitable supports, /. Thetrunnions I are
sufficiently large to permit the shaft G of the
interior eylinder to passthirough them to thelr
Dearings ¢ on suitable supports outside the
trunnions H, the interior shaft, =, being eccen-
tric to the axis of the onter eylinder, as de-
seribed in reference to Figs. 1 and 2. The
commutators M of the interior series ot electro-
magnets J are carried by the shaft &G, and the
wires leading from the commutators M to the
clectro-magnets are carried through the 1nte-
rior of the hollow shaft G, past the boss If and
arms I/, and are joined to the wires of the
eleetro-magnets J. The commutators M’ of
the exterior series are carried by a projecting
part of the trunnion H. The internal cylin-
der, J, like the outer. cylinder, A, is formed

| into electro-magnets, with alternate north and
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Hig, 8,

are .all of one form—viz., spur-wheels.

~cular paths at which they are nearest to each |

21,

south poles jj, by suitably coiling the wires |
round the body part J between them.

The gearing-wheels K and K/, for steadying
the motion, are shown attached to arms F’ and
H', and the action is otherwise similar to that
of the motor described in reference to Figs. 1
and 2, ,_

Figs. 7 and 8 are respectively a Sectionall
clevation and plan, showing an arrangement
suitable for a locomotive-engine or for a tram-
way-car, the framing 7 of which is shown in
The series of electro-magnets O O are
50 placed as to act on the two series P P and
() Q—one on each side. The circles deseribed
by the series of poles P P and O O intersect
each other, and on the other side O O and Q
( also intersect each other. The magnets are
of a horseshoe form, and the gearing-wheels
The
shafts of the series P and Q carry flanged
wheels IV for traveling on the rails 8. Each
shatt or axle carries an arrangement of suita-
ble commntators, M. The intermediate series,
O O, is necessary in order that the series P
and () shall rotate in the same dlirection, as in-
dicated by the arrows in Ifig, 7. ,

The gearing-wheels K K’ K? are necessary
to insure that the electro-magnets shall be car-
ried round by the shaft or axle in their proper
relative positions.

The commutators should be soarranged that
the current ceases from each electro magnet
before it arrives at the point of nearest ap-
proach to the corresponding electro-magnet of
the adjoining series.

‘In this arrangement or form of motor the
repelling foree of magnets of similar polari-
ties may be employed in addition to the at-
tractive force already described for producing
rotary motion. In adapting this modification
the commutators should be so arranged that
the electro-magnets should attract each other |
up to the position of nearest approach, and
shall repel each other imwmediately after they
have passed the point or position in their cir-

other and have Legun to recede from each
other. |
Iigs, 9, 10, and 11 show an arrangement in

which the electro-magnets donotextend across
the whole of the space between the pair of

wheels R I/ of each axle, but only oceupy the

space under the seat Z’ of the carriage Z, and
S0 permlt of the floor Z? of the carriage to be
brought close to the axles to which the wheels
are fixed. .
The currents of electricity whieh actuate
theselocomotive-engines may beobtained from
secondary batteries (also known as “storage-

cells”) carried by or upon the locomotive-en-

gine; or the currents may be supplied from a
source of electricity at some distance off, and
1 connection with conductorsextending along
the lines of the route in which the locomotive
18 made to travel. |

I am aware of Boulton’s British Patent No.
926 of 1879, and do not desire to claim any-
thing therein shown and described ; but

I claim as my invention—
- 1. The combination of a wheel carrying an
annular series of magnets with inwardly-pro-
jecting poles with a second wheel having a
corresponding series of magnets with out-
wardly-projecting poles within the first series,
the two wheels being mounted on axes eccen-
tric to each other, and the ecircalar path of
movement of one set of poles intersecting that
of the other, substantially as described, where-
by the magnetic attraction is in a direction
approximately tangential to the said paths of
movement. |

2. The combination of an annular series of
electro-magnets with a second annular series,
each series mounted on an axis, and the poles
of the magnets of the two series projecting
radially toward each other, and the eircular
path of one series intersecting that of the
other, substantially as and for the purpose set
torth.

In testimony whereof I have signed my name
to this specification in the presence of two sub-
seribing witnesses,

ADAM MILLAR.

- Witnesses:
| W. R. M. THOMSON,
JOHN SIME,
Loth of 96 Buchanan Street, Glasgorw.
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