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Yo wll whom it muay corcern:

Be it known that I, THOMAS . ITICKS, a
subject of the Queen of Great Britain, resid-
ing at Detroit, county of Wayne, State of
Michigan, have invented a certain new and
useful Improvement in Oscillatory Recipro-
cating Tripolar Electric Motors; and I declare
the following to be a full, clear, and exact de-
scription of the invention, such as will enable
others skilled in the art to which it appertains
to make and use the same, reference being
had to the accompanying drawings, which
form a part of this specification. |

This invention relates to new and useful

improvements in reciprocating electric mo-

tors. The device, however, embodying my
improvements I denominate an ¢ oscillatory
reciprocating tripolar electric motor” to dis-
tinguish it from other forms of construction
belonging to the same class of electric motors.

1Lhe nature of my invention may be clearly
understood by reference to the following
specification and annexed drawings, in
which— '

IFigure 1 is a vertical longitudinal section
showing the interior construection of a tripo-
lar-magnet solenoid and showing other parts
in side elevation. Fig. 2isa plan view show-
ing more clearly how I combine two of my
solenoid - magnets to operate in one motor.

Kig. 8 is a diagram showing all of the cireuits

and their connections with each other, the

~arrow-heads indicating the comparative di-

rections of currents when the motor-commu-
tating device is in the position of its rotation
indicated in this figure. The solenoid and
magnet windings are not shown in this figure
to be wound one upon the other; but this I

‘do simply to show the circuits more clearly.

Iig. 4 is a side elevation of the commutator

1 use to shift the current at the proper mo-

ment for the two solenoid-magnets. Fig. 5
1s a longitudinal sectional view of the mag-
netic and non-magnetic cores of the magnet
and solenoid. The plus and minus signs

shown in this figure indicate the number and

relative positionsof the magnetic poles of both.

the magnet and solenoid when the piston A
13 in the position of its phase. (Shown in
Fig. 1 in the solenoid-magnet, that is seen in
section. ) :

In the drawings like letters of reference in-
dicate like parts. __

I describe my invention as follows:

Looking first at Fig. 5, in which I show the
framework of my ‘tripolar magnet and so-
lenoid,” the same being shown complete, but
in section, in Fig. 1, B*isanon-magnetic tubu-
lar shell which-is inclosed by an outer mag-
netic drum consisting of a cylinder C', ends
C° C?, and an annular pole-piece B3, the lat-
ter dividing the outer part of the solenoid-
core into two parts. From the pole-piece B>
extendsoutward an annularextension ¢, hav-
ing journals ¢ attached thereto, which oseil-
late in journal-bearings D', the latter being
a part of the supporting-frame D, as may be
seen 1n Kig, 2.

In Kig. 1 I show the tubular shell B? and
dram C (illustrated in Fig. 5) wound with
bobbins of wire, (marked B’ and C3, respec-

tively.) Thesolenoid-bobbin consists of two

circuits b and 0, which are either wound in
reverse directions to each other or connected
to produce similar results, the two windings
being only alternately used, one to draw the
piston A in one direction and the other to
draw it in an opposite direction. The drum
or annular magnet-core C'isonly wound with
one circuit, C°; but the winding is reversed
in 1ts direction at the annular pole-piece B33,
50 as 1o produce consequent or like poles in
the pole-piece B° and opposite but like poles
in the ends C° C? of the drum; but I wish it
to be understood that I could reverse the or-
der and wind the tubular shell B? with only
one circuit and the magnet-drum ' with two
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circuits, but the latter method would produce

flashing from the discharge of the iron core
when the current became changed from one
circuit to the other, whereas in the former
case the tubular shell acts as a discharging-
circuit. These three circuits of the combined
solenold and magnet are shown more clearly
in diagram in Fig. 3, where it will be noticed
that the ecircuits b and b’ of the two solenoid-
magnets shown in Iigs. 1 and 2 terminate at

one end in conductors 0% leading from the

generator G, terminating at the other end in
switches K' K? and K3 K*, respectively, the
bobbin C° terminating at one end in the other

lead, ¢, from the generator and at the other.
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end in the conductor ¢, which is in clectrical |

circuit with the commutator-brush 7.

The two palrs of switches referred to are
shown mechanically joined togetherin Ifig. 2
This I do so as to reverse the direction of
motion in the two solenoid-pistons at the
same time. LKach pair of switehes has three
contact-points, (11‘1.;1,1']{0(1 vespectively, & &7 £°
and k° Y EP) kand &P are joined together,
and AP S aresimilarly joined together. \\T]mn
the switches are shifted, tlluefme, the two
solenoid-circuits b and ' exchange places
with each other, and the direction of motion
will thereby be reversed. Kach solenoid has
a reciprocating piston A, having non-mag-
netic arms A" and A~ for Hu]}pmtm;}, the pis-
ton in position for free action. The arms
have bearings in the ends C? of the magnet.
The arms A~ of the two pistons form piston-
rod connection with the cranks I, they be-
Ing joined to permit the rotation of the wheel
I* at e.

The commutator 01" current-shifling device
18 shown in Iies. 2, v, and 4. It consists of
a continuous metal ring I3, having a br ush f,
through which the current is Hlplmed, and a
S(,nm,ncvl.;w segment % joined to the ring,
as 1n I'ig. 4, and insulated segments a « a «,
which are only used to make an even surface
for the brushes or rollers II 1" and II2 I3
The commutator thus constructed is mount-
cd upon the shalt K’ so as to rotate there-
with, and by having two pairs of sliding or
rolling contacts IL II" and I H?* I am there-
by enabled Lo operate two reciprocating pis-
tons by the one commutator, and by lm,\ ing
two cireults in either the solenoid or the mag-
net acting in combination with the two sets
of satd sliding contacts and the two sets of
switches I am further enabled to reverse the
direction of rotation without stopping the
motor, and short-circuiting the current is also

effectually avoided. T]..’llb part of the con-
struction and combination therefore forms an
essential part of my invention.

Each annular tripolar-magnet solenoid is
constructed so as to oscillate independently,

cach being journaled from its center. In
Tlllb Way I can dispense with the usual Led-
plate. DBy constructing a motor thus, having
two solenoids, and connecting them 10 cranks
of the shaflt, so that one piston will always be

n advance 0[ the other, as may be seen in
IFigs, 1 and 2, I can thereby start the motor
from any position of the piston without hav-
ing what is known as a ““dead-center” to
overcome. ‘Ihis coustitutes another impor-
tant feature of myinvention. Thecombined
magnet and solenoid produce five magnet-
pmlcs two being produced by the solenoid in
1ts piston A, (11.1&11@{1 P and N,) and three
being produeed by the magnet, one in the

annular pole-piece and one in each end C=
The relative nature and loeation of these five
magnetic poles I illustrate in Fig. 0 Dy crosses
and dashes, (marked 1, 2, 3, 4, aud 5.y The
poles 2 and tave in the ends of the piston, 3 be-

ing in the annular pole-piece B*and 1 and 5 in
the magnet ends C* C* DBy such an arrange-
ment of magnetic poles there will be two at-
tracting and two wpv;llmﬂ forces throughout
the full stroke of the piston in either direction
of its motion; as 1 will explain in the following
manner: Suppose the piston to be advancing
in the direction forward, as indicated by the
arrow. Onepointof attraction wounld then be
between the ceud of the piston (marked N)
and the approaching end of the magnet C* &
second point of attraction being between the
opposite end of the piston (marked I’) and
the annular pole-piece B>, therepelling-points
being between the end of the piston (marked
N) and the annular pole-piecce B? and be-
tween the end C?of the magnet and the reced-
ing end PP of the piston, the said poles of
course being arranged as indicated in ig. 5
and the position of the piston being taken as
in Ifig. 1. The arrangement of husu mag-
netic poles as f:_[)(‘*uf’led and indicated. I.hut,-
fore forms anotheressential feature of my in-
vention, for such can only be accomplished
by the combination of a magnet and a solen-
oid, as aforesaid. In this way Inotonly gain
the advantage of attraction and 1@[)11.1::1011
referred to, but I am also thereby enabled to
Keep up an equal power throughout the whole
stroke of the piston, which will be readily
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understood by noticing that as the distances

inerease between the repelling-poles the dis-
tances decrease proportionately between the
attracting-poles. The length of the stroke
therefore can be very much greater than in
any other form of 10@11}1‘0&11111*3 motors.

The outer case of iron in my solenoid-mag-
net is made anindependent magnet by asepa-
rate helix, which produces like magnetic
poles in the center and ends of the drum.
T'he construction I show is therefore unlike
all others, and is new in every essential fea-
ture which 1 have mentioned.

I will now deseribe the direction of the flow
of current through the two solenoids, mag-
nets, and c,mnmm{_tmr during one complete
rotation of the drive-wheel X° and for this
purpose 1 desire attention principally to Fig.
5, which Tully represents all of the practical
features now to be explained.

starting from the generator G the current
flows from the brush G’ to the conductors b7
0% From herethecurrentdividesthrough the
helices C¥ C° of the two anolm* magnets and
reaches the commutator-ring I :111(1 segment
I'* through the conductors c ¢ and Lu wsh 7.
The roller- brushes Il and II° are shown on the
commutator semicircular segment F°, the
other two rollers IT" and 1I* being shown cut
out of circuit by the insulated segments a.
The current therefore can only flow through
the roller-brushes I and I1* and Lluounh
their respective conductors P’ and P2, which
terminate, respectively, in the sw iteh - ¢con-
tacts, (marked &' and £%) IFrom herethe cur-

rent flows through one cireuit 6’ of each so-
lenoid, the currents from said circuits &' then
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‘returning tothe generator G through the con-

ductors bzfmd bru&h G*. Theecir cmts for the
flow of current I have thus described may
also be clearly traced by the arrow-heads.
During the flow of current as described the
solenoid-piston is supposed to have moved
forward to the end of its stroke, and at the
same time the commutatoris supposed to have
made one-half of a revolution.
throw the roller-brushes H and H3, through
which the current has been ﬂowmg,, out of
circuit, and at the same time throw the roller-
brubh% H' and H? in circuit.  This will cut
the solenoid-circuits b’ b’ out and throw the
other solenoid-windings 6 b in cireuit, and
they being wound in a reverse direction to the

windings b'0’, the magnetic poles in the piston

would therefore become reversed, and this
would cause the piston to reverse its motion
until the commutator completes one rotation.
The current is not changed from one circuit
to the other in the two solenoids at the same
instant, there being a quarter of a revolution
of the Ely wheel dlfferenee which may be seen
by reference to the position of the rollers H
H° or I’ H? If the current were changed in
the circuits of both solenoids at the same time,
I would only need two roller-brushes for the
two solenoids. Using four brushes on one
rotating commutator in this way forms a very
essential feature of my invention, for I am
thereby enabled to prevent a dead - center
when starting the motor, and the power is
also more Sted,dy‘

By the term ‘“solenoid ” Tinclude the piston
A, the hollow core B? and the helix of wire
B’. The term “tnpol&r magnet” means a
magnet having three maﬂnetle poles, two of
hke or eonsequent poles being in one pole-
plece and two of opposite but of like polari-

ties to each other being in two separate pole-
pleces.

What I (,1&1111 Lherefor e, as my invention
18—

1. In a reciprocating electric motor, the
combination of a solenoid-core, wound with
two conductors b and b', a piston, A; the two
conductors being alternately traversed by a
current of electricity; the current when flow-
ing through the conductor b causing the pis-
ton to move 1n one direction in Lhe axis of

sald core, and when flowing through the con-
ductor ' causing the pl&ton t0 move in an
opposite dir ectwn substantially as deseribed.

2. In a rempromtmﬂ' electric motor, the
combmatmn of a solenoid with a 1311p01m

- magnet, substmltmlly as described.

60

3 In a reciprocating electric motor, the
combination of a solenoid with a mag net the
solenoid and magnet having a separate heln?
substantially as de,scrlbed

4. In a reciprocating electric motor, the
combination of a solenoid with a ma,ﬂ net,
each having their respective helix; said mag-

05 net %urroundmﬂ* the solenoid, subsbantmlly

as described.

This WO‘ﬂld

combination of a solenoid and a magnet; said
solenoid and magnet being ]oumaled In bear
Ings so as to oscillate tog ether substanmally
as deqerlbed
6. In a-reciprocating electric motor, the
combination of a magnet and a solenoid; said
magnet having an cmnular pole-piece, Bf’ SUT-
ronndmﬂ‘ the solenmd Substantmlly as de-
seribed.

7. In a reciprocating electric motor, the

combination of a solenoid and a man*net, the
magnet-poles being located in_termediate and
at the ends of the solenoid, substantially as
described.

8. In a.reciprocating eleetrle motor, the
combination of a solenoid and a ma,n*net . the

solenolid-helix having two cireuits, and the

magnet having only one circuit wound in two

reverse directions, thereby producing a con-

sequent pole-magnet, substantially as de-
scribed.

9. In a 1"8(31[)1"0(3&13111“ electric motor, the
combination of a solenoid with a m wnet the
conductors of the helices of the solenoid and
magnet being joined togetherin linear series,
substantially as described.

10. In a reciprocating electric motor, a ro-
tating commutator, consisting of a metallic
ring F , and a metﬁblllc semwlrcular segment,
F2 and three contact- -brushes; one of said
brushes being in sliding contact with said
ring, and the other two brushes being alter-
nately in sliding contact with said semicirer-
lar segment; the brushes in sliding contact
with the semicir cular segment bemﬂ' used to
produce the reciprocating motions Of the mo-
tor, substantially as described.

11. In a reciprocating electric motor, the
combination of two solenoids with a rotating
commutator; the pistons of the two solenoids
rotating the commutator and the commuta-
tor controlling the movements of the solenoid-
pistons, substantially as described.

12. In a reciprocating electric motor, the

combination of a commutator with a solenorld |
the solenoid having two electrical clrcmts

b, b'; the comm utator shifting the current al-
tern nately from one of said mrcuits to the
other; one circuit being used to move the
piston of the solenoid in one direction and
the other circuit being used to move the pis-
ton in an opposite direction; the commutator
being rotated by the pmton substantially as
desenbed

In a 1‘681]_31‘00&131]]*3' electric motor, the

_ combmatlon of a solenoid, a commutator, and

a palr of switches; the solenmd havmﬂ' two
electrical en*emts,, the commutator shlftmn*
the current alternately from one of the cir-
cuits to the other; the two switches being re-
spectively @1‘1’*&1:1@6(1 in the two solenmd -Cir-
cuits, said swﬂaehes serving to reverse the di-
rection of the piston of the solenoid, substan-
tially as described.

14. In a reciprocating electric motor, the
combination of {wo solenmds two pairs of

5. In a reciprocating electric motor, the | switches K', K? K3, K% and a commutator;
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cach solenoid having two circuits b and ¥,
the commutator E:lllft:ll]“ the current ::thel-
nately from one cirecuit Lo the other of each
solenoid, thereby oper{r;inn four eircuits; the
two pairs of switches being used to reverse
the movements of the )ISTOIIS of the two so-
lenoids simultaneously, substantially as de-
seribed.

15. In a reciprocating electric motor, the
combination of two tripolar magnetsand Lheu'
respective solenoids, two pairs of switches IS
IC%, IC3, K4 and a rotating commutator: the
Solenolds and magnets e.f,wh having their re-
spective helices and reciprocating pistons;
the commutator being used to shift the cur-
rent for producing reeciprocating motions of
the two pistons, and the switches for revers-
ing the direetion of rotation of the motor,
subsi antially as deseribed.

16. In an electric motor, the combination
with two solenoid-helices, e‘Leh having their
respective pistons, of 1m0 magnets, £ pairs
of switches, adrlve wheel, ﬂnd a I‘OIcLLHlﬂ ¢com-

568,047

- mutator; each solenoid being provided with
cireuits, b ', each magnet havi ing three mag-
netie poles the connnubtuor shlftuw the cur-
rent in the two solenoid-cireuits for produc-
ing automatic reciproecating motions of the
two pistons, the switches being used to re-
verse the direction of rotation of the drive-
wheel; the pistons having each oscillating
and 1‘8011)10(3.-_1111]“ IIZIDDIOllb, substantially as
described.

17. The combination of the herein - de-
scribed tripolar magnet and solenoid, sub-
Stc“ltlcb].].}* as set fﬂl‘t]l

1o, Inan electric motor, the combination of
two tripolar magnets and bOlOl’lDld&, herein de-
scribed andl &ubsbautmlly as set forth.

In testimony whereof I sign this specifica-
tion in the presence of two w1tnessos,

THOMAS II. HICKS.
Witnesses:

N. 5. WRIGHT,
JOHN I¢. MILLER.
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