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CHARLES J. VAN DEPOELE, OF LYNN, MASSACITUSETTS.

ALTERNATING-CURRENT MOTOR.

SPECIFICATION forming part of Letters Patent No. 408,641, dated Au.g'ust G, 1889,

Original application filed M‘u'ch 8, 1889, Serial No, 302 544, Divided and this application filed July 5, 1889, Berial Xo. 316,578,
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To all whom it may concermn:

- Be it known that I, CHARLES J. VAN DE-
POELE, a citizen of the United States, residing
at Liynn, in the county of Essex and State of
Massachusetts, have invented certain new
and useful Improvements in Alternating-Cur-
rent Motors, of which the following is a de-
seription, reference being had to the accom-
panying drawings, and to the letters and fig-
ures ot 1‘01?61‘611(36 11’131]&11 thereon.

This application is a division of case filed
March 8, 1889, Serial No. 302,544,
My invention relates to an improvementin

electro-dynamic motors, and comprises a ro-.

tating electro-magnetic motor or engine anpli-
cable to any form of work and capable of be-
ing operated in some of 1ts forms by any spe-
cies of current, whether pulsating or inter-
mittent. Since many forms of electric mo-
tors are capable of operation with continuous

~currents, I will deseribe the invention more

particularly with reference to its operation
under the influence of alternating, intermit-
tent, or pulsating currents. It iswell known
that almoest any form of dynamo-electric ma-
chine having its iron parts sufficiently sub-
divided to respond to rapid reversals of po-
larity is capable of being set in motion by al-
ternating electric currents; but such machines
are not capable of efficient action until the
armature speed corresponds with oris Insyn-
chronism with -that of the generator supply-
ing the current. Therefore thp torque of such
a motor is ver y feeble at starting, and it has
been hitherto found impracticable to apply
alternating currents to motors where they
Were
load—as, for example, in electric - rallway
work where the motors are frequently stopped
and started with the full load. -

My improved motor comprises an armature,
which may be of any of the well-known types
including a wire-wound iron core; but 1 pre-
fer to use a Gramme ring the terminals of the
sections of which may be connected in vari-
ous wayvs, as will appear. The armature ro-
tates under the action of a field of force in the
usual manner. In addition to the armature
and field-magnets, I use a third element 1n
the form of a non-rotating coil or coils of 1n-

required to run at low speed or start a |

sulated wire, the said coils enveloping or par-
tially enveloping the armature and acting in-
dnetively thereon to produce in the armature
a definite and concentrated polarity—that 1s,
true poles adapted to cause the rotation of
the armature under the influence of the field-
magnet. It has been proposed to cause the
rotation of an armature by carrents induced
therein while rotating in its field of force; but
while this may produce practical results when
the armature is rotating at high speed, its ef-
fect is almost nal at starting, and various ex-
traneous means have been proposed for cre-
ating magnetism in the armature-core at start-
ing. By my invention, however, these diffi-
culties are entirely overcome, and the motor
is rendered as efficient at low speed and at
starting as any continuous-current machine,
and without any reference whatever to the
rate of the phases of supply-current.

The ,invention may of course be applied
and modified 1n a great variety of ways,some
of which are shown in the accompanying
drawings, and set forth and referred toin the
following deseription and the claims appended
therefo.

In the drawings, Flﬂure 1 is a view in ele-
vation of a 1n0t01 embodynw my invention.
Fig. 2 is a diagrammatic view of the motor,
showing circuits and regulator. Iig. 3 18 a
diagrammadtic view similar to Fig. 2, but show-
ing a different arrangement of circuits. Ifig.
4 is a view in elevation, partly in section,
showing a somewhat different arrangement of
the moving parts. “Fig.51san elevation show-
ing aconstruection and arrangement differing
in some respects from that seen in Iig. 4. I‘w

6 is a view in elevation, partly in seetmn of

another arrangement of parts of the motor
also embodying the invention. Iigs. 7 and 8

are diagrammatic views illustrating different
| modes of regulating

and controlling the ac-
tion of the motor. Iig. 918 a view in eleva-
tion, partly in section, showing a motor of the
same general form, the connections and man-

ner of energizing the armature being some-

what different. Fig. 10 is also a view in ele-
vation, partly in section, but showing a some-

what dlﬁ“erent arrang emen‘r of the m‘nmtur'

winding.
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As indicated in the drawings, with refor-
ence to Ifig. 1 and other similar figures not
specilically mentioned, A A’ represent oppo-
sitely-located field-magnets, the polar exten-
sions « " «* ¢’ of which are magnetized by
coils b B" wound upon laminated iron cores
extending between and conneeting the polar
extensions. € is an iron ring constituting
the core of the armature D, which ig wound
with a continuous conductor C/.  As shown,
the coils of the armature D are connected by
conductors d o, extending across at right an-
gles with each other and electrically uniting
diametrically-opposite portions of the arma-
ture - conductor to form two eclosed circuits
therein. Inlargearmaturesitwill frequently
be desirable to use more cross-connections
than the two here shown, hut they will serve
to 1llustrate the principle. The armature is
partly inclosed within a non-rotating exterior
induction-coil K, which is placed about its
transverse axis, the normal position of the
coil It being at right angles to the axis of the
field -magnets. TFor convenience, as herve
shown theinduetion-coil K is sustained within
recesses formed at the neutral points of the
field-magnet; butit may also be entirely with-
In the field-magnet and movably sustained in
the desired position. As shown, the coils of
the field-magnets A A” and of the coil T are

connected in series, the current entering coil |

13" by conductor I, passing thence hy conductor
2 to coil I3, thence by conduector 3 to solenoid
K, and from thence to line by eonductor .
Carrent flowing through said coils will mage-
netize the polar extensions as indicated Dy
the signs thercon, while the coil 1§ will, when
an alternating or pulsating current is em-
ployed, act inductively upon the armature,
causing scecondary currents to flow therein,
which secondary currents, having a defined
path, by reason of the cross-connections d /.
will eoncentrate their magnetizing effect and
form true poles along the lines represented
by said eross-conductors, and, whether the ar-
mature be held stationary or bhe in motion, the
poles so established in the armature will be
strongly attracted by their opposite poles on
the fielkd-magnets and repelled by like ones.

Thus 1t will be seen that the action of my
motor, while depending upon the magnetiza-
tion of the armature from currents induced
therein, is not dependent upon the rapid ro-
tation of said armature for its efficiency, since
the same inductional effects will tale place
when the armature is foreibly prevented
from rotating.

In Tig. 2 an arrangenient similar to the
foregoing is represenied diagrammaticall Y3
but I have shown a regulator, in the form of
reactive coil If; included in a derivation from
the series cireuit.

In Ifig. 3 T have shown a view similar fo
IFig. 2, except that the eircuit 7 S of the coil
& and of the field-magnets A A’, by conduct-

ors o 0, are entirely separate and cach one

408,841

provided with a reactive coil T I for con-
trolling the flow of eurrent in their rexpective
circuits. The reactive coils can be solenoids
provided with movable iron cores f, which,
when entirely inserted in the coils, create a
reaction thevein,which, by creating a counter
clectro-motive foree in said coils, opposes the
flow of the main current therethrough.  As

the cores  are withdrawn. the reactions are
] 7

diminished and a convenicnt means for con-
trolling the flow of current is thus afforded.
When two such cireuits are placed in paral-
lel, either one or the other can be made to
predominate to produce the desired effects.

In Ifig. 4 is seen an annular exterior field-
magnet (v, having two cenergizing-coils ¢ ¢,
which are separated at their extremities to
expose the positive and negative poles g% ¢
1 theiron core. The armature D’ is mounted
within the field-magnet, and the induetion-
coil I&” is located between the exterior of the
armature and the interior of the field-magnet.
In this ease, algo, the armature is shown as
an ordinary Gramme ring; but each section
1s provided with a terminal e, eonnected to a
corresponding section of a commutator H. A
pair ol oppositely-mounted and adjustable
commutator-brushes are held in any desired
position with respeet to the commutator, and
when electrically connected serve to close the
commutator-c¢ircuil npon itsell, theveby caus-
g currents flowing in the armature to trav-
erse o delined path and to establish frue
poles therein upon - -the line occupied by the
commutator-brushes.  Itmay be desirable, for
more thorough regulation and control, to ¢on-
nect an adjustable resistance between the
commutator-brushes,  Asshown, the positive
commutator-brush o is conneeted by con-
ductor /o7 with the switeh-lever 72 of an ad-
justable resistance T, the other extremi Iy of
the resistance I being connected by con-
ductor « to commutator-hrush 7,

The indue-
tion-coll B acts inductively upon the coils of
the armature D', generating cirrents theres 1,

which, flowing around said armature and
along the Iine established by the commutator-
brashes and cireuit-connections, will estab-
lish a polarvity in the said armatu re, whieh,
being at an angle from the poles of the field-
magnet, will be atiracted thereby and the
armature thus set in motion,
the position of the commutator-hiushes the
polar axis of the armmature can be moved as
destred to secure the bhest workin o elfeet un-
der varyinz circumstances, the normal DOSI-
tlon being, however, at right angles to the
polar axis of the field-magnef, as indieated,
I'have referred 1o the coils acting upon the

armature as an induction-coil. It will be w1

derstood, however, that the said eoil m Ay b
formed in two or more parts, according to the
mechanical exigencies of the case. Wherever
movable commutator-brushes are used it will
also be desirable that the position of the in-
duction-coil be movable—that is to say, that

By c¢hanging
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although it must not rotate as does the arma-

ture, the best effect will be secured by keep-
g its axial line always at right angles with
the desired polar axis of the armature. The
form shown in Fig. 4 may be readily subdi-
vided to produce a four or more pole machine.

As seen in Fig. 5, the field-magnet G’ is pro-
vided with four oppositely-located polar ex-
tensions between which the magnetizing-coils
6" 0* b° b* are wound. The armature D’ is
similar to that seen in the preceding figure,
as also 1s 1ts induection-coil E’. Since, how-
ever, the field-magnet 1s provided with four
poles, a double set of poles must also be
formed in the armature,whichis accomplished
by providing the commutator I1” thereof with
two setsof commutator-brushesJ J” and J* J*.
T'he said brushes are attached at right angles
and are movably mounted upon a stationary
part of the machine and provided with an
operating-lever J* by which they may be ad-
justed about the commutator as desired. The
mduction-coil K’ is also sustained by a sta-
tionary portion of the machine and connected
or attached to the commutator-brush carrier,
so that both move together, thus insuring
symmetrical 1‘61&1;1011811113 between the mag-
netic axis of the induction-coil and the pol::],r

lines it 1s desired to establish in the arma-

tare. Opposite commutator-brushes are con-
nected by conduetors ;3 7/, thus forming two
closed circuils in the armature, and conse-
quently two polar axes therein, which, as in-
dicated, are at right angles to each other. It
will be understood that the induction-coil as
an entirety can be connected so as to produce
four poles in thearmature; but the better way
is to arrange the connections to form two in-
dueing: circuits to maintain the four armature-
poles. With this form the most economical
action will take place when the axis of the
induction coil or coils and of one pair of com-
mutator-brushes is upon the line x a’. Al-
though desirable for purposes of regulation,

1t 1s not necessary that any exterior resistance

be placed in the short circuit connecting the
commutator-brushes.

In Fig. 4 the coils of the field-magnet and
of the induction-colls are 1n separate circuits.

9 and 10 represent one set and 11 12 the other

set of terminals of the field-magnet coils ¢ ¢/,
which, beingunite d with their lin e-conductors,
place the coils g ¢’ in multiple are. The in-

duction-coil E’ receives current through con-

ductors 13 14, cither from a separate cirecuit
or from a source local to the motor. In Fig. 5
the coils of the field-magnets and of the in-
duection coil or coils E are
muliiple are, the current entering at 15 di-

vides through conduectors 16 17, passing to the

field- mmnet coils and to the solenoid, trav-
ersing same, and passing out by conductors
18 19, and thence to line-conductor 20.
Various different methods of regulating the
flow of supply-currentin the field-magnet cir-

cuit and induction-coil may be adopted.

all connected 1In

|

.

In IF1g. 7 the apparatus is indicated dia-
ogrammatically, and an artificial resistance 1’
is shown in a derivation from the field-mag-
net circuit. It will be clear, however, that
the adjustable resistance might be connected
1 a derivation from the induection-coil, or a
separateresistance be used in connection with
both the field-tmagnet cireuit and the indue-
tion coll or coils.

In Fig. 8§ I show a reactive coil F in deri-
vation fl‘Olll the field-magnet circuit. The
field-magnet coils and those of the iInduction-
coll are connected 1n series. Instead of con-
necting all the coils of the armature into one
or more circuits closed upon themselves, I may
employ the arrangement shown in Flﬂ' 6, In
which the field-magnet eircuit and mduetlon-
colls are similar ‘LO that seen in Fig. 1. The
coils of the armature D* are, however, some-
what differently connected. Alternate sec-
tions L are connected by conductors 1 17 to
separate sections of a commutator H? in the
same manner as the sections of a Gramme
ring. Commutator-brushes J* J° bear upon
opposite sides of the commutator and are pro-
vided with conductors 21 22, connected in
derivation from the main supply-circuit of
the machine. A reactive coil I is connected
In series with the supply-circuif, the course of
which is as follows. The current enters by
conductor 23, passing through reactive coil
I, and theuee by conductor 24 to the field-

‘magnet coll B. Irom said coil current passes

by conductor 25 fo the other field-magnet coil
B’, thence by conductor 26 to point 27, from
where the main current passes by conductor
28 to the coil K, leaving the said coil by con-
ductor 29, which isconnected to the other side
of the circuit at 30. The conductor 22, (rep-
resenting one of the commutator-brushes,) is
connected to the conductor 26 at the point 27,
and the return-conductor 21 from the other
commutator-brush 1s connected to the other
sideof the circuit at point 30. The field-magnet
coils and those of the induction-coil are there-
fore connected in series, with the armature-
circult invderivation therefrom. Coils M are
placed between each of the coils L on the
armature and each coil M is closed apon it-

‘self. Theinduetion-coil K will act inductively

upon the coils M, and thereby add to the mag-
netizing effect of the coils I, which -are con-
nected in the main eircuit. It will ‘be obvi-
ous that by disconnecting the conductors 21
and 22 from the main circuit and uniting
them the same effects would be produced as
described with reference to Fig. 4, with the
addition of the magnetizing effect upon the
core of the armature B* produced by the ad-
ditional coils M.

Fig. 9 represents a modification of the spe-
cific forms, already referred to,in the matter
of connecting the armature-coils. Instead of
bringing all or part of the terminals of the
successive coils 1o a commutator, as in a
Gramme or Pacinotti armature, thus con-
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necting all the sections in one continuous eir-
cuil, I wind the core N with a number of
c,(,p.«,w%tr- colls n, or even a single copper ring,
according to the size of the armaturve, each
coil heing o closed upon itself and well insu-
lated from its neighbors. By thisdisposition
the action of the inducing-coil E* upon the
coils n will produce 01111@1115 flowing on the

right side of the armature—say from bottom
to top in the said coils—and on the left side
from top to bottom. This is due to the Tact
that the coils on the right side, say, present
all their inner closed terminals upward and
their outer terminals downward, the reverse
being the case with the coils upon the other
side of the armature, so that under these con-
ditions the current 111(111@0(1 by the solenoid
will produce a north pole on the top of the
armature and a south pole on the bottom, and
these conditions will obtain whether the ar-
mature be at rest or rotating at any spoed.
The field-magnets of my 1110101' may be con-
structed of forms and arranged differently
from those heretofore deseribed. As, for ex-
ample,in satd Ifig. 9 the polar extensions O O
aresenmieir eulm in formandenveloptheindue-
tion-coil k=, and most of the armature being
separated at their extremities. IFrom the ex-
tremities of the pole-pieces O O extend cores
0° and P and O P’ each of which is pro-
vided with a magnetizing-coil p,acting to pro-
duce north poles at each extremity of the

pole-piece O and south poles at the ex-

tremity of the pole-piece O. With this ar-
rangement the positive pole at the top of the
armature will be repelled by the adjacent
north pole in the field-magnet and attracted
toward the adjacent south pole of the field-
magnet, while the south pole at the bottom
of the armature will be repelled by the adja-
cent south pole, thus establishing and main-
taining rotation in the arnmtme 0 Jong as
the same is magnetized by the 11](‘111011()11&1
effects upon its e{)ﬂs of the induction-coil I&*
The field-magnet coils and the induction- coil
seen in Ifigs. 9 and 10 may be coneccted in any
of the different ways hereinbefore referred
to.  As seen,however, they are provided with
sepmmte cireuits represented by terminals 31
o2 and 53 54,

As indieated mm Fig. 9, the coils of the ai-
mature are almost entirely enveloped by the
indueing-coils &5, There will still De, how-
ever, some current developed in the coils
passing between the poles of the field-mag-
nets by the action of the field-maenets thore-
on, and these currents, being in an opposite
direction from the currentsinduced by the in-
duction-coll, will tend to diminish the desired
magnetizing etlect. 'his will not amount to
very much where the induction-coil is of
the proportions indicated in said figure; but
whatever their quantity the produet ion of
sald opposing currents may, when desired, he
entirely prevented by culting out the {_:.(;.1.15
passing between the field-magnet poles, allow-
ing them to pass those points in an entirely

408,641

| inactive condition, Thismay beaccomplished

In man y different ways—for example, as in-
dicated in Fig, 10, where the coils m are each
provided w lﬂl a Tree terminal Q, provided
with a contact deviee or brush ¢, the other
extremities of all the coils being connected
to and united by a conductor R.  Fixed seg-
nents R R arearranged to engage and there-
by connect in nuﬂhphl arc the memfﬂs 7 of
the coils on each side of the armature which
are under the influence of the induction-coil
E* butnot to engage the terminals of the coils
passing under the influence of the poles of
the field-magnet, they being open-cireuited
mtd (331‘1 ti_rely 'i nactive. The S{E}g]lm'lli"% LP ’ 'F{ are

,5111(1 (“*11110111*-:, uuhmc-d n Hu_,, u_nh 1111111 3h
the influence of the induection-coil on one side
of the armature flow in multiple are to the
SeQ! 1"1@1:1‘[; R? for example, thence by conduet-
ors 7" to the segment R/, thenee by the ter-
lﬂllhﬂb ¢ of the con (“31}011(11]1“ cotls upon that
side of the armature, and out of said coils into
the conductor R,and by said conduactor to the
imner terminals of the coils upon the opposite
side of the armature, substantially as indi-
cated by the arrows.  Any kind of commuta-
tion will answer, the form shown Dbeing by
way of illustration.

Ag Indicated in Figs, Y and 10, the arma-
ture-shatt S is provided with a b S , Trom
which extend non-metallic spokes or arms I,
which, being mechanically attached to the
core N Detween the > cotls e or i, forms astrong
and symmetrical support { herefor,

This case being a division of a prior appli-
cation, it will of course be understood that
many n_mlt-e]__mu ¢ herein shown and deseribed,
but not elaimed, and that whatever is not
herein elaimed continues to form part of the
parent case.

Having described my invention, what I
claim, and desire to secure by Letters Patent,
iS—

. An electro-dynamic motor comprising a
wire-wound armature, means for connecting
the armature-conductor into one or more
closed circuits, an adjustable resistance in
the circuit or cireuits across the armatuve, a
stationary coil for induecing currents in the
armature, and a suitable ficld- -magnet for re-
acting upon the resultant armature-poles, sub-
mqnimlly as described.

. In an electro-dynamic motor, a wire-

wound armature, a commutator to which see-

tions thereof are connected, adjustable coni-
mutator-brushes therefor, a stationary field-
magnet, a non-rotating coil incloging the ar-
mature and adw%able relatively with respect
to the poles of the field-magnet and acting

Inductively upon the armature to produce
magnetizing-currents therein upon the line of
the axls of 1.]_1(,, sald coll, and connections for
maintaining a lixed relation between the in-
dueing system and the commutator-brushes,
%ubaf anti lally as deseribed.

5. In an eleetric motor, an armature-core
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with a plurality of circuits all independent | Intestimony whereof I affix my signatare in
of each other and closed upon themselves, a | presence of two witnesses.
stationary induction system therefor, & field-

» _. . AF . N 1 ) VB
magnet for the armature, a single source of _ CHARLES J. VAR DEPOELE_
current, and means for adjusting the phases | Witnesses: |
of the divided ecircuit with relation to each JOHN V. GIBBONEY,

other, substantially as described. - FRANKLAND JANNTUS.
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