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To all whom it may concerm:

Be it known that I, CHARLES J. VAN DE-
POELE, a citizen of the United States, resid-
ing at Lynn, in the county of Essex and State
of Massuchusetts, have invented certain new
and useful Improvements in Alternate-Cur-
rent Electric - Railway - Train Systems, of
which the followingis a description, reference
being had to the accompanying drawings,
and to the letters and figures of reference
marked thereon. T -

This invention relates to improvements in
electric-railway systems.

The invention comprises means for eco-
nomically supplying currents of thealternat-
type over
long lines of electrical conductors with little
loss, means carried by the moving vehicles
for utilizing said currents without danger to
life or liability of injury to the apparatus on
account of the tension of the supply-current
where the circumstances may render neces-
sary the use of a supply-current of high ten-
sion. L |
Many methods of conversion have been pro-
nosed but so far as I am aware it is entirely
novel to transmit the supply-current from the
source along the line of an electric rallway

upon an exposed working-conductor and at.

any potential necessary to carry the said cur-
rent to the remotest parts of the line without
wasteful loss. Thedisadvantagesof employ-
ing such a current in the motor-circults are
many, among which are the danger to life
by defective insulation, the danger of dam-
ace to the insulation of the apparatus,and the
danger of leakage and waste by the escape of
ihe current to the ground. I find, however,

that according to my present invention these

difficulties are entirely overcome, since the
main working-conductor, carrying the rela-
tively high-tension current, 1s usually sus-
pended at such a height above the roadway
45 to be inaccessible to animal life and there-
fore free from danger thereto. The current
iq furthermore collected from said conductor
by well-insulated apparatus, and although I
may employ the raiis as a return-conductor,
it will in many instances, especially where
the tension of the supply-current is quite

‘high, be found desirable toemploy acomplete
suspended metallic cireuit, 1n which event |

| the high-tension eurrent iscarried to the cir-

cuits of the motor-car and then back there-

| from by well-insulated conduectors toa return-

cireuit having no connection whatever with
the rails and earth,and this isthe preferable
form of arrangement.
is placed an inductional transformer or any

desired number of inductional transformers,

the primary circuit or circuits of which are
in communication with the supply-circuit, the
secondary circuit or circuits thereof feeding
directly into a local circuit, which I have de-
nominated the “train-circuit.” “T'he train-
circuit extends by suitable couplings through-
out the train, and a number of motor-cars are
provided, sufficient to propel the said train at

the desired rate of speed, the number being

only limited by the capacity of the converter
or converters. | |
In referring to the converter throughout

this specification it must be understood that
I propose to use one or a number of indue-

tional transformers, sufficient to produce the
desired volume of currentin the train-circuit.

Upon the motor-car
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Alternate-current motors of any desired type -

are employed to propel the motor-cars, said
motors being all connected in the train-cir-
cuit, and consequently all controlled from the
point where the output of the converter can
be reached. The flow of current in the train-
circuit is readily controlled by a resistance or
reactive coil in the primary circuit of the con-
verter, and the motors can be stopped and
started by deereasing or increasing the flow
of supply-current in the primary circuit of
the converter. Furthermore, all the motors
can be reversed by the use of a single switch
in the train-circuit, desirably on the motor-
car near the converter, and by means of which
the direction of rotation of the motors can be
controlled by the person in chiarge of the mo-
tor-car. The train-circuit will under any cir-
cumstances be so comparatively short that
itg resistance will be low, and the cost of the
additional conductor so small as to be of no
iinportance. A car in each train, hereinafter
referred to as the “motor-car,” is provided
with the current-collecting devices, and also
with an induectional transformer or trans-
formers for reducing the tension of the main
current. - S o L
A prineipal feature of the invention con-
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sists in collecting the high-tension supply-cur-
rent from the conductors extending from the
generating-station along the line of the rail-
way and converting the same into current of
lower potential and then supplying said sec-
ondary current to a local-train circuit travel-
Ing with the motor-car and provided with any
desired number of motors of the best form
for the purpose.

Several very advantageous type of alter-
nating-current motors have been invented by
me, which, owing to the fact that they re-
quire more than a two-wire circuit for their
successtul operation, would under some ecir-
cumstances be commercially impracticable

on account of the great cost of so many cir- |

cuif-wires. By means of the present inven-

tion, however, not only is that objection en-

- tirely overcome, but the said motors are
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found to be specially adapted to the purpose,
and a safe, practical, and convenient way is
provided for subdividing the power necessary
to propel a long train of cars, thereby doing
away with the necessity for a large heavy lo-
comotive, while at the same time the control
of all the motors on the train is located at a
single point, as though a single locomotive
were used. While I find it desirable to em-
ploy more than two conductors in the motor-
circuit, said circuit is only required to trav-
erse the train, and the cost thereof will be in-
considerable. S | |

The simplest form of my invention com-
prises a single converter upon the motor-car,
a local circuit traveling therewith, and suit-
able motors in the local cirecuit.
shown a particular form of motor in the pres-
ent Instance, the same being well adapted to
the purpose, I have shown a double-converter
system, since by means thereof the desired
difference in phase necessary to produce the
best results in the motor is secured.,

In theaccompanying drawings, which illus-
trate a form of my invention, Figure 1 is a
diagrammatic view showing the application
of the system to an electric railway. Fig. 2
18 a detail end view of the supply-circuit and
current-collecting devices.

As indicated in the drawings, A is the mo-

tor-car, desirably attached at the front of the

train and provided with current-collecting
devices and other mechanism, as will appear.
The motor-car may be of any desired size,
shape, or construction, and will in most in-

stances be occupied by the operator in charge

of all the propelling mechanism of the train
and the tension-reducing apparatus supply-
ing the local circuit. The trainisin the pres-
ent instance indicated by a second ear B, at-
tached to the motor-car A, and provided with
circuit-conductors and a propelling-motor.

It will be understood without further illus-
tration that any desired number of cars may
be attached to.the motor-car and operated
and controlled thereby.

As here shown, the supply-cireuit consists
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of two suspended conductors P N, which form
& complete metallic circuit extending over the
entire line of way, and the motor-car is pro-
vided with duplex traveling contact devices
engaging the said conductor and connected
with the primary converter-circuit upon the
said motor-car. |

B’ B®represent upward-pressure contact-
carrying arms sustained upon the top of the
car A, and provided at their free extremities
with one or more contact-shoes 0’ b% by which
traveling connection with the said supply-
circuit is established and maintained, suit-

able conductors b® b* extending from said

traveling contacts to the terminals of the con-
verter circuit or eircuits. A convenient: form

of apparatus for this purpose is shown and
described in my patents, No. 394,038, dated

December 4, 1888, and No. 409,156, dated Au-
gust 15, 1839, It should be understood, how-
ever, that the particular arrangement of the
supply-conductors or the form ornature of the

traveling contact devices forms no essential

part of the present invention, and therefore
the same may be arranged in any desirable

or convenient manner. . |
- The cars A B are mounted upon carrying-

wheels @ a’, which move upon the track A’.
Obviously the track A’ might be electrically
connected and used as a return-conductor, in
which event one side of the supply-circuit
would be dispensed with.

C (" are alternate-current motors of any
desired type or construction, and said motors

are mounted upon suitable supporting-frames
C? conneeted with or forming part of the

trucks upon which the carsare mounted. The

motor C is similar to the machine shown, de-
seribed, and claimed in my pending applica-
tion filed March 8,1889,Serial No. 302,544, The
motor C’ resembles the motor C in principle,
but differs slightly therefrom in actual con-

struetion,which, however, is immaterial, since

both are operated in the same circuit.

Both motors here shown are what I have
termed “double-cireuit” motors—that is to
say, the field-magnet systems of each are in-
cluded in one circuit of conductors. A sec-

ond circuit of conduectors is provided for en-

ergizing what I have termed an “inducing”
system, which is placed over or in induectivo
relation to the armature, and the armatures

are of the wire-wound type, the conductor

thereof being connected in one or more closed
cireuits. -

M represents the field-magnets of both mo-
tors, and O the armatures. |

In the motor C an inductional coil Q is
placed over the armature in inductive rela-
tion thereto, while in the motor C’ a pair of
secondary or auxiliary field-magnets R R’ are
provided, and have their polar extensions in
inductive relation to the armature, the said
secondary field-magnets acting to the same
effect as the induection-coil in the motor C.

Both inducing systems—the induction-coil Q
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in motor C and the secondary field-magnets
R R’ in motor C’—are connected in one cir-
cuit of conductors and both field-magnets In
another circuit. The magnetic cores of the
several parts of the several motors are lami-
nated or subdivided to an extent depending
upon the rapidity of current phase, and the
said motors are operated by supplying cur-
rents to the several circuits alternately—that
is to say, displacing the current phases, so as
to produce a magnetizing effect in the arma-
ture-circuit and a magnetizing effect in the
field-magnet circuit timed to react upon the
armature-poles. | -
It will be understood that while I have de-
scribed specifically the motors herein shown
said deseription is merely for the purpose of
necessary illustration, the particular form of
motor forming no essential part of the pres-
ent invention, except in that the said motors
areoperated without the use of sectional com-
mutators and commutator-brushes, thereby
eliminating one great source of trouble in the
operation of electric-railway motors, and such
motors I have referred to as being commuta-
torless. - | -
Any formof alternate or discontinuous cur-
rent motor might be substituted in the train-
circuit for those herein shown, although I

,» prefer to employ motors of the type of some

of the various types shown and deseribed in
pending applications for Letters Patent.
The apparatus for transforming or modify-
ine the supply-current for use in the local
train-cirenit is carried upon the motor-car A.
As here shown, the converter system is du-
plex, this being one of the methods of pro-
viding currents in separate circuits, said cur-
rents being displaced in phase. Aspreviously
stated, however, the invention 15 not limited
to the particular arrangement herein re-

~ ferred to.
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‘ingin said primary coil maj

The transformer D is provided with a pri-
mary coil d, which is connected to the sup-
ply-conductor P through conductor b, con-
ductor b3, carried by the trolley-arm, and the
current-collecting devices, whether shoes 0,
as shown, or grooved wheels. A reactive coil
I is introduced between the conductord and
the primary circuit d, by means whereof, or
any other suitable device, the currents flow-
rbe regulated and
controlled. The other end of the coil ¢ is
connected by conductor d’ with the conductor
b, also carried by the trolley-arm and eon-
nected to the contact devices b* of the supply-
conductor N. The transformerD is provided
with asecondary coil e, the terminals of which
are closed upon a coil £, constituting the pri-

mary of a second transformer ¥. The trans- |

former I is provided with a secondary coil 17/,

the ends of which are connected to conductors

1 2 of the local train-circuit. -
The train-circuit comprises four conduet-

secondary of the transformer D. The train-

circuit is complete in each vehicle, and each
vehicle 1s
couplings G G/, by which the said circuits are
rendered continuous throughout the train.
The induction system Q R R’ of the motors,

8

provided at its extremity with

whatever the number thereof employed to

propel the train, are connected by branch

conductors 7 8 in the cireuit 1 2, representing
the secondary of one of the transformers.
By means of any convenient form of circuit-
changing switeh, as I, the direction of the flow
of current in the said iuductional systems of
the motors can be changed at will, and said
systems being independent of the field-mag-

net eircuits proper it follows that if the di-

rection of the flow of current therethrough be

changed without affecting the field-magnet

circuit the direction of the rotation of all the
armatures upon the train will be reversed.
The field-magnet coils of the several motors

75

are supplied by branches 5 6 from train-con-

duetors 3 4, which represent the secondary of
the other converter. -
It will be obvious that the means hereshown
for supplying the motor-circuits will produce
in a very convenient and desirable manner
the necessary difference in phase between the
currents in the said local circuits, and this I
claim as a special feature of the invention.

It will readily be understood that all the

propelling mechanism of the train 1s under
the control of the operator in the motor-car

through the reactive coil E of the device, by
which the flow of currentin the primary-con-
verter circuit is determined according to cir-
cumstances. |

While I have referred to the converters
upon the motor-car as a means for reducing
the tension of the current in the supply-cir-
cuit, I wish it to be distinetly understood that

that is not their only purpose or function, nor-
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is it the only use of which they are capable

according to my invention, since it may be
desirable under some circumstances to utilize

110

them as a means of producing separate cur-

rentsin a numberof separate circuits, whether

two or more, and the tension of the second-
ary currents may be substantially the same or
lower than that of the supply-current, as de-

' gired.

Having described my invention, what 1
claim, and desire to secure by Letters Patent,
18— | -
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1. An eleetrie-railway svstem comprisinga

cirenit of working-conductors along the line
of travel, a source of alternating or discon-

| tinuous currents connected to said conduct-

ors, a traveling vehicle provided with cur-

rent - collecting devices engaging the said
working-conductors and with a system of in-

125

duectional transformers and means for control- -

| ling the current therein, and suitable electric

motors arranged to propel the vehicle and

ors—viz., 1 and 2 representing the secondary | connected in the secondary circuit of the
of transformer F,and 3 and 4 connected to the | -

transformer system.
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2. An clectric-railway system comprising a
circuit of working-conductors along the line

of travel, a source of aliernating or discon-

tinuous currents connected to said conduct-
ors, a motor-car provided with current-col-
lecting devices engaging the said working-

conductors and with a system of inductional

transformers, one or more vehicles attached
to the motor-car, a local circuit extending
through the vehicles and censtituting the
secondary circuit of the transformer system
on the motor-car, and suitable electric motors
arranged to propel the vehicleg, and all con-
nected 1n the said local cireuit. -

o. - An clectric-railway system comprising a
source of alternating or intermittent cur-
rents, working-conductors connected thereto
and extending along the line of travel, a mo-
tor-car provided with current-collecting de-
vices engaging said conductors, and an in-
ductional transformer system for modifying
the supply-current, vehicles moving with the
motor-car and carrying conductors in circuit,

- with the transformer system, electric motors
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for propelling the vehicles and in circuit with
the modified current of the said transformer
or transformers, and means for controlling
the speed, power, and direction of rotation of
all the motors simultaneously. |

4. An electric-railway system comprising a
source of alternating or intermittent cur-
rents of relatively high potential, exposed
working-conductors extending along the line
of travel and connceted to said souree of cur-
rent, a motor-car or train of cars, an indue-
tional transformer carried by onc of said
cars, current-collecting devices extending
from the primary circuit of the transformer-
circuit to the supply-conductors, commuta-
torless motors upon one or more of the cars, a
train - circuit receiving alternating current
from thesecondary circait of the transformer,
and means for controlling the speed, power,
and dircetion of rotation of all the motors
simultaneously.

5. An electric-railway system comprising a

=+ eireult of main supply-conductors extending

along the line of travel and connected to a
source of alternating, intermittent, or pulsat-
ing electriec current; a moving vehicle cCarry-

ing inductional transformers, a traveling con-

85

nection hetween the transformers and the
supply-circuit, and one or more local circuits
moving with the vehicle and supplied with
current of suitable tension from the said tran-
formers, and one or mmore commutatorless mo-
tors for propelling the vehicle, said motors
being all supplied with alternating, intermit-
tent, or pulsating currents from the local cir-
anits. | |

6. An clectric-railway system comprising a
circuit of exposed working-conductors along
the line of travel, a source of alternating or
discontinuous currents connected to said con-
ductors, a traveling vehicle provided with
current-collecting devices engaging the said

]
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working-conductors and with a d aplex sys-
temof inductional transformers, and suitable
electrie motors arranged to propel the vehicle

the transformer system. .

7. An electric-railway system ecomprising a
circuit of exposed working-conductors along
the line of travel, a source of alternating or
discontinuous currents connected to said con-
ductors, the motor-car provided with current-
collecting devices engaging the said working-
conductors and with a system of induetional
transtformers, one or more vehicles attached
to 'the motor-car, a duplex local eircuit ex-
tending through the vehieles and constituting
the secondary circuit of the transformer sys-
tem, the several parts of the local ecircuit be-
ing supplied with currents differing in phase,
and suitable electric motors arranged to pro-
pel the vehicles, and all connected in the said
moving circuit. | - o

3. An eleectric-railway system comprising a
cireuit of exposed working-conductors con-
nected to a source of alternating or diseon-
tinuous currents and extending along the line

-and connected in the secondary cireuits of 7c
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of travel, a motor-car provided with contact

devices for maintaining a moving contact
with said conductors, one or more cars mov-
ing with the motor-car, two separate circuits
extending between the connected car and
Inductional transformers supplied with eur-
rent through the said traveling contact de-
vices and arranged to supply currents of the
desired teunsion to the said separate train-
circuits in alternation, and electric motors
arranged to propel said cars and to be oper-
ated by the currentsin the respective circuits.

J. An clectric-railway system comprising a
circuit of exposed working-conductors con-
nected to a source of alternating or discon-
tinuous currents and extending along the line
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ot travel,a motor-carprovided with contactde-

vices for maintaining a moving contact with
sald conductors, one or more cars moving
with the motor-car, two separate circuits ex-
tending between the connected cars, an in-
ductional transformer having its primary cir-
cult connected to the traveling contact de-
vices and connections between its secondary
circuit and one of the train-circuits, a sec-

~ond transformer having its primary in cireuit

with the secondary of the first transformer
and 1ts sccondary supplying current to the
second train-circuit, and means for reversing
the current in one of the train-circuits.

10. An electric-railway system comprising
a circuit of exposed working-conductors con-
nected to a source of alternating or discon-
tinuous currents and extending along the
line of travel, a motor-car provided with con-
tact devices for maintaining a MOovVIng Con-
tact with sald conductors, one or more cars
moving with the motor-car, two separate cir-
cuits extending between the connected car,
an inductional transformer having its pri-
mary cireuit connected to the traveling con-
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tact devices and connections between the
secondary circuit and one of the train-cir-
cuits, a second transformer having its pri-
mary in circuit with the secondary of the

first transformer and 1ts secondary supplying |

current to the second train-circuit, means for
reversing the current in one of the train-eir-
cuits, and means for controlling the flow of

current from the traveling contact to the pri- |

|

| mary of the first converter, and thereby eon- 1
trolling the current in hoth the train-cireuits.

In testimony whereof I hereto affix my sig-
‘nature in presence of two witnesses. |

CHARLES J. VAN DEPOELE.

Witnesses:

JouaN W. GIBBONEY,
CHARLES L. OECHSNER.
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