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304,544, March 2

UNITED STATES

PATENT OFFICE.

CHARLES J.

VAN DEPOELE,

OF LYNN, MASSACHUSETTS.

PULSATORY-CURRENT MOTOR.

PECIFICATION formmg pa.rt of Letters Patent No. 422 856, dated March 4, 1890,
~ Application filed May 22, 1889, Serial Nu. 311,717, (No mudel.)

Be it known that I, CHARLES J. VAN DE-
POELE, & citizen of the United States, resid-

ing at Lynn, in the county of Essex and State

of Massa,chusetts have mvented certain new
and useful Improvement& in Pulsating-Cuur-

rent Motors, of which the following is a de-

scription, reference being had to the accom-
panying drawings, and to the letters and fig-
ures of reference max ked thereon.
My invention relates to improvements 1in
electro-dynamic motors. |
A motor constructed according to the pres-

‘ent invention 18 operated wﬁhout the use of

a sectional commutator, and 1s especially de-
signed to be operated by currents supplied
from a generator of the type shown, deseribed,
and claimed in oy application, Serial NO
3, 1889. |

_ My 11nproved moto_r is neither a continuous-
current machine per se nor an alterating-cur-
rent machine, but 18, 8o to speak, a combina-
tion of both, in that the supply-current is al-
ways of the same polarity in the field-magnets
and continunally changing or reversing in the
armature-circuit, or vice versa. 'This appar-
ently paradoxical arrangement results in con-
tinually shifting one set of poles with respect

“to the other whel‘eby I am enabled to secure
continuous 1‘0tm:'y motion without the use of

the very objectionable sectional commutator,
and, moreover, while the machine constructed

.aeoorduw to the present invention must be

moved in synchronism-with the pulsations of

‘the supply-cuarrent, 1t-will develop a power-

ful torque at starting and fulfill all the re-
quirements of a continuous-current machine.
The peculiar nature of the supply-current
would ordinarily result in an oscillatory mo-
tion of the armature at starting. 1 find,

however, that by providing a s1mple mechani-

cal or electrical contrivance this tendency is
entirely overcome and the armature readily
started in either direction, when it will con-
tinue to move in the desired direction so long

as current is supplied. Broadly considered,

 the system comprises a three-wire supply-ecir-

cuit. Two of the three conductors are con-
nected to stationary positive and negative
commutator-brushes upon the commutator of
the generator, and the field-magnet coils of

cuarrent of contiullous polarity therefrom.
One terminal of the armature-circuit is con-
nected with the field-magnet circult, the other
terminal thereof being connected to the third-
circuit conductor, itself connected to a mov-
ng commutator-brush mechanically rotated

about the commutator- cylinder and alter-

nately approaching and receding from the
main stationary positive and negative com-
mutator-brushes.
stood that the current flows conftinuously in
the same direction through the field-magnet

coils of the motor, but that the armature-cir-

cuit is controlled by the moving brush, and
that as said brush is carried around the com-
imutator the current flowing in said armature-
circuit will first be in one direction—that 1s,

‘when the moving brush is in the vicinity of

the fixed posﬂ,we cominutator - brush—and
then in the other direction when said moving
brush is nearest the main stationary newatw
commutator-brush. |
The simplest form of the invention com-
prises a motor having two fieid-magnet poles
and an armature having two poles,with which
arrangement the highest possible speed will
be developed with a stated number of 1m-
pulses per minute.
starting but a slower gpeed 1s, however, pro-
duced by the use of alarger number of poles
both in the field-magnet and armature. The
armature may have four poles to the field-
magnet two, or the number of poles in the
field-magnet and armature may be equal. It

A stronger torque at
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From this it will be under- -
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will be apparent, therefore, that the mven- -

tion may be considerably modified so long as
the principle of operation which comprises a
reversal of the polarities 1s only one element

of the motor, whether armature or field-mag--

nets be retained.

Several forms of motor embodying the in-
vention are shown in the accompanying drasw-
ings and will be referred to in the following
detailed description and appended claims.

Figures 1 and 2 are diagrammatic views of

90

93

a motor embodying the invention and -pro- .

vided with mechanical means for determin-
ing the direction of rotation of the armature

thel eof, said means being shown in different
p051t10118 in the figures. “Tig. 3 is a view in

100

elevation showing a generator arranged with

‘the motor are in circuit theremth and receive | a 1‘6?01\?111“‘1)1‘11811 to produce (,urrents forop-
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erating the motor.
the commutator-brush 10m11no mechanism.
Fig. 4 18 a side elevation of a motor differing
from the motor seen in Figs. 1 and 2 princi-
pally in having a four-pole instead of a two-
pole armature. Ifigs. 5 and C are diagrams
showing the circuits of the motor and the di-
1‘601210118 of the flow of current in the arma-
ture during two suceessive phases. IFig, 7 is
) dmfrrmnmatle view ol a motor, 5]10w111g aQ
different construction of a ‘two-pole machine.
Iig. 8 1s a diagrammatic view of a motor, the
m‘nmture and field-magnets of which are each
provided with four poles. Fig. 9 is a dia-
grammatic view of a motor differing from
those previously referred to punmpall} in
being arranged to develop eight poles in the
armature and a similar number in the field.
Fig. 10 is a digrammatic view of a two-pole
motor,together with circuits and connections

“wher ebvthe direction of rotation thereof can

be controlled eleetueally Figs. 11 and 12
are diagrammatic views of a two-pole motor,
tog‘ether with ¢ireuits and connections there-
for,

The species of current for which the pres-
ent motor 18 adapted may be furnished by a
generator, which, as stated in my said prior
application, may consist of any type of con-
tinuous-current machine. One form is, how-
ever, shown in Fig, 3 for completeness of
illustration. As there seen, the armature A
rotates between polar extensions B B’ of the
field-magnets 0 b, whieh said field-magnets
may be separately e‘xmted 1n any convenient
manner, or may be placed in shunt relation

to the ﬁxed positive and negative commuta-

tor-brushes C D. Main cireuit-conductors
1 2 extend irom the positive and negative
commutator-brushes, respectively, and a third
conductor 3 18 connected to a commutator-
brush I, which is arranged to be rotated
about the commutator-cylinder d by appro-
priate mechanical means—1f{or example, as de-
scribed In my said prior application. The
brush E, as seen in Iig. 3, 1s in position equi-
distant between the stationary brushes, and
therefore the minimum current will be pass-
ing in conductor 3 and the maximum in con-
ductors 1 2. As the brush E approaches the
brush C, moving in the direction of the ar-
row, positive current will be collected thereby
and flow into the third wire, and the positive
impulse will Inerease until the traveling
brush K is nearest to the fixed brush C, de-
creasing as the said brush moves away there-
from in 1ts travel about the commutator.
When past the opposite equidistant point, as
the brush E approaches the negative main

brush D negative current will flow there-

through until 1t has passed the said negative
brush and again reaches the position shown
in IFig. 3. T'he current flowing in conductor
3, or the third wire, will therefore be first in
one direction and then in the other, or posi-
tive and negative—that 1s, the armature-cir-

cult will be alternately in shunt with

Fig. 5" 1s a plan view of |

each |
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halt of the field-magnet circuit. While the
rotating brush will detract from the sum of
the current flowing in the main conductors
from the stationary brushes, it will never en-
tirely deprive them of current, and, there-

fore, while the potential may rise and fall in

said eonductors, any body of 1iron wound with
conductors in circult with said main conduect-

70
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orswill becontinuously magnetized with a con-

stant polarity, which, although it mayrise and
fall to some extent, will never be interrupted,
and which can be rendered practically con-
stant by increasing the mass of the cores of
the said field-magnets.
- The foregoing is illustrated in Figs. 5 and
6, in which I G represent the coils of the
field-magnet of a motor and M the coils of the
armature thereof. Thearrowsupon said coils
I Grindicate the constant flow of currentfrom
the fixed brushes of the generator. One ter-
minal & of the armature-circuit is connected
to the field-magnet circuit, the other terminal
being attached to the conduector 5, connected
with the rotating brush E.

XVhen, as seen in Fig. 5, the brush E is re-

ceiving current from the 1)051twe portion of

the 00111mutat01* cylinder thesaid current will
flow through conductor 3 and armature-coils
E 1n the du*eetlon indicated by the arrow, re-
turning to the generator through field-magnet
coll & and the negative commutator-hrush.
As seen in Ifig. 6, the succeeding phase is
flowing through the motor and the conditions
in the armature-circuit are reversed. In this

Instance the brush K is nearest to the nega-

tive commutator - brush and current is re-
turning into the generating-armature there-
through, instead of flowing out, as in Fig. 5
Under these conditions the armature-coils
receive current from the field-magnet coils F,
the current so diverted from the field-magnet
circuit passing out through the armature to

conductor 3 and thenee to the gencrator
through brush E.

As seen in Figs. 1 and 2, F G are the field-
magnet coils wound upon ‘suitable cores f ¢.
The cores f g are magnetically united to pos-
itive and negative polar extensions I1’. The
armature-conductor II is wound upon a suita-
ble laminated orsubdivided armature-core J,
mounted in rotative relation to the field-mag-
net polesI'I’. Thearmature-terminals 227" aro
connected to a pair of annular metallic con-
tact-surfaces 75, upon which bear contact-
brushes 5% 7%, The Dbrush 7*is connected by
wire /v? Wlth the field-magnet conductor, and
the brush 7° is connected to the conduetor 3,
extending to or in circuit with the traveling
commutator brush K of the generator.

It will be apparent that, the field-magnet
poles being of constant po]arlty and the pole%
in the ar mature of alternating polarity,if the
armature of the motor when at rest 1s enecr-

gized by an alternating current it would be
mwnetlfed in one direction by one phase of
the supply-current and then attracted toward
the fixed field-magnet poles.

Ieing ener-
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eized in an opposite sense by the succeeding | 1&110'0(1 and connected to produce diametric-

phaee, said armature would be repelled there-
by, and instead of moving forward with a

continuous motion would oseﬂlete between
the poles of the field-magnet. 1 find, how-
ever, that at starting by simply preventing
the effect of the second phase the similar at-
traction of the poles produced by the suc-
ceeding phases will start the armature in the

desired direction and impart suffictent mo-

mentum thereto to secure continuous rota-

tion, for justas soon asrotationis established.

one set of armature-poles will be attracted
toward the field-magnet poles, and the oppo-
site poles set up in the armature by the suc-
ceeding phase will, if they have passed the
ﬁeld-mewnet poles, be first. repelled thereby

‘and then attracted by the poles in advance,
“which are then of opposite s

be first attracted and then repelled

Any form or species of clutch may be em-
ployed to prevent backward rotation of the
armature (or the effect of the reverse phase)

Cat Staitlng, the form here illustrated com-

30

prising a pivoted lever K, provided at its
lower extremity with a centrally pivoted
double-contact pawl k, pivotally connected to

the lever K and nor mally held at right an gles

thereto by a spring £’. Thelever K is suita-
bly mounted nupon an extension of the mo-

“tor-frame, (indicated in dotted lines,) and the

pawls k. may either of them engage the ratchet
K’, mounted upon the ermature shaft a.

 With the lever K in the position shown in

35

Fig. 1 the armature will rotate in the direc-
tlon of the arrow.
Fig. 2 shows the lever K in the 0pp051te

~ position when the armature will rotate in the

40
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form shown in Figs. 1 and 2 chiefly in the :

construction of the armature, which, instead
of being of the Gramme type, arranged for

55

contrary direction. The starting-lever
only used for a short period, or untﬂ the ar-
mature has obtained synchronism, when it 1s
moved into the position indicated 1n dotted

lines in Fig. 1, when both pawls are out of
entrairement with the ratchet,

Athouwh not shown in the remaining ﬁb-
ures of the drawings, it will be understood

that some kind of contrivance is needed to

restrain the nundesired movement of the ar-
mature at starting. .-
The motor seen in: Flﬂ' 7 differs from the

two poles, is in the form of an elenfrated mag-
net rotatably mounted within the field-mag-

net and oppositely magnetized at its ezxtrem-

 ities by coils G’ G? wound thereon, the cir-
~ cuits and connections being similar to those

60

already deseribed.
Fig. 4 shows a form of motor eempusnw aQ

two-pole field-magnet, as seen in Figs. 1 and

2:but the armatme L is of the four-pole type,

::mcl may be construeted with four arms (" [*
$ I* of suitably subdivided iron. Said arms

are provided with windings I H? H? H4, all
in cncult with the main eonduetm o ﬂl’l(l ar-

field-magnet circuit.

s1gn, and S0 on,

ciples here stated.

K is |

'elly' opposite poles at the extremities of the

said four arms, which extremities are ar-
ranged to _retete In clese proximity to the
poles I I’ of the field-magnet.
conductors are connected to form a single cir-
cuit, one terminal of which is eo:rmeetecl to
the ring j, the other to the ring 7’. A con-

‘tact-brush 7* bears upon the ring 7 and is con-

nected by suitable conductor _hz with the
The ring j’, represent-
ing the other armature-ter 111111&1 18 1n connec-

.thIl Vlth the main third eonduetm through
brush 7° and suitable connection.

My improved motor being synchronous in

operation, when the field- maﬂ'net and arma-
ture poles are equal 1n numbe1 the speed of

the armature will correspond with the pulsa-

tions of the supply-current. Where, how-

ever, as in Iig. 4, the armature has twice as

many poles as the field-magnet, the speed of
the armature will be exactly half that of the
number of pulsations of the supply-current.

- Various different motive effects may be se-

cured and machines constructed with refer-

ence to particular service in view of the prin-
ber of poles in the armature and in the field-
magnet the speed of the armature will not be

fore, the simplest and cheapestform compris-
ing the fewest number of pole- pieces, both

in field and armature, may be adopted; but
where the motor is constantly required to
| start a heavy load—as, for example, in elec-

iric railways—it will be found desirable to

3

The armature-

By increasing the num-

75

80

90.
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'-affeeted but its torque may be greatly in-
ereased._ - For constant speed-motors, there-

10C

provide the motor with an increased number -

of poles, both in the armature and field-mag-

nets, in order to have the deswecl torque at

starting. -
In Flg. 3 is seen a 11101301 provided with

four polar extensions I I’ I? I* united by suit-
able cores and wound with conduetors in-
cluded in circuit between the main conduc-

tors 1 and 2. The armature of this motor is

similar to that seen in Fig. 1, except that the

conductor H thereon is arranged and con-
nected to produce four instead of two poles

in the core J, as indicated by the sign=.

A duplication of the motor seen in I';:» = i

found in Fig. 9, where is seen a machi=.. nro

vided with eight polar extensions I’ 1< i

I¢ 17 I8, connected by suitable cores an<! e 1o

gized by conductors wound thereon a«:: <oy

105

I1O

115

nected between the main supply-conductors

1 and 2, substantially as hereinbefore de-
scribed and as indicated in diagrams, I1gs. 3
and 0.

upon the core J thereof is so dispoged as to
produce ein'ht poles therein, as indicated by
the signs. The usual signs are used through-

out to indicate the posi tions of the poles both-
in ﬁeldﬂnm nets and armatures, the poles es-

The armature seen in S‘le ﬁf"llle 18
similar to that shown and described Wlth ref-
erence to Fig. 1, except that the conductor

125

30
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tablished by one phase being indicatedinfull |

lines and those of the succeeding phase in
dotted lines. |

A form of automatic electric switeh for use
in starting the motor, and which may be sub-
stituted for the mechanical device hereinbe-
fore reterred to, 1s shown in Fig. 10 in con-
nection with the simplest form of my im-
proved motor. As there seen, M M’ are the
fleld-magnets, which are provided with coils
m m’ in eireuit with the main conductors 1
and 2, extending from the stationary brushes
of the generator. 4representsthebridge-con-
ductor, by which the coils of the field-mag-
nets are connected and the main ecireuit closed.

O represents a two-pole armature wound
with magnetizing-coils . The said coils are
connected to form a single circuit the termi-

nals of which are brought to two annular me-

tallic contact-surfaces 7 4. Contaets 7% 73 are
held in contact with the rings j 7% and one of
said blushes——-for' emmple, 9 “—is connected
by switeh 7% and conductor 3 with the rotat-
ing brush K. The brush 5% is connected to a
movable switeh N, adapted to engage a con-
tact n, connected by conductor 5 with the
bridge-conductor 4. VWhen the switch N is
upon the contact n, the armature-circuit is
closed, and currents will flow therethrough in

alternation, precisely as hereinbefore de-

scribed. It is obvious, however, that if said
circuit 1s opened during the period of every
alternate phase current of only one polarity
will flow therethrough, and if the armature has
received motion thrc onfrh one phase of current
if the next one is prevented from exerting a
neutralizing effect the said armature will be
free tomoveforward byits momentum, which,
1f sufficient, will carry it into position to be
again attracted by the field-magnets. Asingle
impulse in theright direction is,however, suffi-
cient to start the motor. A simple means for
accomplishing the desired result consists in
providing mechanism for throwing the switch
N after one phase of current has passed and

- before thenextisreceived and then closing the

55
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switeh for the succeeding phase, after whwh 1t
can remain closed—as, fo_r instance, by engag-
ing the catch Q. The contact-rings 74" are
mounted upon the armature-shaft O’ and suit-
ably insulated therefrom. A cam P is also
mounied upon said armature-shaft and ar-
ranged to engage an extension p of the switch
N, so that during one half-revolution of said
armature-shaftthe cam will move theswitch N
1into engagement with its contact 7 and close
the armature-circunit. If, therefore, av start-
ing the armature O is in the position indi-
cated in Fig. 11—that is, at an angle with re-
spect to its field-magnets—and if at that mo-
ment the switeh N is open, the iron cores of
the armature will be powertully attracted to
the field-magnets, when by the partial rota-
tion the cam will ¢lose the switeh N,and cur-

rent flowing in the armature will then be re-
pelled from the field - magnets, the circuit
The mag- i

closed, and rotation established.

422,856

netism in the armature set up by the attrac-
tion of the field-magnets will of course di-
minish as it moves away therefrom; but be-

ing free from the restraining influence of

current of opposite polarity it will be carried
forward by its momentum, and upon the
closing of the switeh N it will receive another
1impulse and be again attracted or repelled.
It will be obvious that the results just de-
scribed may be accomplished magnetically,
as by the closingof a switeh in the armature-
circult, and thus depriving it of current.

- duch an arrangement is indicated in Figs. 11

and 12, a switeh R being provided in the
armature-circuit, by opening which at start-
ing the armature will move forward as a bar
of iron. YWhen once started, the switch R is
closed and the machine will continue to op-
erate on the principles hereinbefore set forth.

Having described my invention, what I
claim, and desire to secure by Letters Patent,
15— _
- 1. An electro-dynamic motor having two
circuits separately connected to the source of
current, one circutt being connected at an

Intermediate point to the other, and separate

~means for directing current of constant po-

larity through one cirenit and of alternating
polamty tthllD‘]l the other.

. An electro- dynamic motor having two
circuit-s, one including the field-magnet coils
and the otherincluding the coils of the arma-
ture, and means for placing one of the said

circuits in shunt relation alternately with

either half of the other circuit.

3. Thecombination, with an electric motor
having two circuits, one arranged to receive
continuous currents and the other currents
of alternating polarity, of a generator sup-
plying both pulsatory and continuous cur-
rents and circuit-connections between the
generator and motor, whereby currents of
one polarity are supplied to one of the motor-
circuits and currents of alternating polarity
to the other of said cireuits, &ubstantml]y as
described.,

4, The combination, with an electro dy-
namic motor having m‘nmtur and field-mag-
net circuits, of a Denemior of the contmuous-

_current type ha,vmﬂ‘ stationary commutator--
brushes and cireuit- connections therefrom

to one of the circuits of the motor, a mov-
able commutator-brush rotated about the
commutator, and circuit-connections from the
movable brush to the other of the motor-cir-
cuits, whereby continuous currents are sup-
phed to one motor-circuit and alternating
currents to the other, substantially as de-
seribed.

5. T'he combination, w 11.11 an electro-dy-
namic motor having two circuits thereon, one
supplied with currents of continuous polm 1ty
and the other with currents of alternating
polarity, of means for preventing oscillation
of the armature or rotating member of the
motor at starting subsmntmﬂy as described.

. The eombumtwn with an electro-dy-
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namic motor having two circuits, one supplied |

with continuous current and the ofther with
currents of alternating polarity, of means for

preventing the backward movement of the
armature at starting, substantially as de-

scribed.

7. The combination, with an eleetro- dy-
namic motorhaving two circuits, onesupplied
with current of continuous polarity and the |

other with currents of alternating polarity,

“whereby said motor is adapted to rotate in

20

either direction, of a clutch mechanism adapt-

ed to engage the armature-shaft to prevent

rotation in one direction, whereby action of
the reverse phase is prevented and the arma-
ture free to move in the desired direction
only, substantially as deseribed.

8. An electro-dynamic motor system com-

prising 4 combined source of continuous and

pulsating currents, two circuits upon the mo-
tor, one including the field-magnets and the
other the armature, and connections whereby
the current is divided and caused to flow al-
ways in the same direction in one cireuit and
alternately in opposite directionsin the other
circuit, substantially as described.

9. An electro-dynamic motor having two
circuits arranged to be operated by the flow
of currents of continuous directionin one Cir-
cuit and of alternating direction in theother, .30
and means for connecting the second circuit
in shunt relation first with one side and then
with the other side of the said continuous-cur-
rent circuit. - - o

10. An electro-dynamic motor having two. 35
cirenits arranged to be operated by the flow.
of currents of continuous direction in one and
of currents of alternating direction in the
other, closed connections between the continu-
ous-current eireuit and the positive and nega-
tive supply-conductors, connections toone ter-
minal of the second circuit located midway
of the continuous-current circuit, and means
for placing the other terminal of said second
circuit in circuit with first one and then the 45
other half of the continuous-current circuit.
In testimony whereof Taffix my signature in
presence of two witnesses. - - -
CIHARLES J. VAN DEPOELE.
Witnesses: . — -
TFRANKLAND JANNUS,

40

JHAS. L. STURTEVANT.
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