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Lo all whom it may concern:

Be it known that I, RupoLpru M. HUNTER,
of the ecity and county of Philadelphia and
State of Pennsylvania, have invented an Im-
provement in Electric Railways, of which the
tollowing is a specification.

My invention has reference to electrie rail-
ways, and consists of certain improvements
which are fully set forth in the following
specification and shown in the accompanying
drawings which form a part thereof.

+ T'his applieation, Case No. 222, has special
reference to the method and means of su pply-
ing and regulating the electric current deliv-
ered from a stationary source to electric cars
while in motion. Heretofore the common
method of regulation for electric cars has heen
toemploy a rheostat under the control of the
motor man, with or without commutation of
the field coils of the motor. The objeet has
been to vary the resistance of the circuit, and
thereby under Ohm’slaw vary the flow of enr-
rentthrough the motor. It will be understood
that this method of regulation is objection-
able in thata complicated and expensive rheo-
stat was necessary, and much of the electrieal
energy was dissipated in useless heat.

In carrying out my invention, I'supply the
current from a distant source by line conduc-
tors having a part arranged parallel to the
railway track and with which a contact de-
vice on a traveling electrically propelled car
makes electrical connection for the purpose
of collecting and conveying current to the
motorsonthe car. Thecurrent passesthron oh
the motors which are coupled so as to add
their counter electro motive forces or other-
wise vary the counter current to oppose the
flow of current from the line, two motors at

embodiment of my invention. The object is |
to vary the counter electro motive foree of the
motors inversely with the current required
and power of the motor. TFor example, when
starting the car from rest on a constant po-
tential cirenit, the counter electro motive
force is reduced to that of one motor to over-
come the inertia of the car at rest, and pro-
duace only that counter electro motive force as

| large flow of current.

willnot oppose theinitial electro motive force
toostrongly, thereby permitting the necessary |

As the speed increases,
theinductive reaction increases and the coun-

ter electro motive force also increases and re-
duces the current passing through the motors 55
from the line conductor. It will thus be un-
derstood that within given speeds the regula-
tion is automatie, but when the speed reaches
that allowable in the streets, the counter elec-
tro motive foree is not sufficient to arrest the 6c
flow of the current to the proper or desired
degree unless the caris mounting a grade, at
which time excessive duty is required of the
mofors and a large current necessary. If the
car ison a level or no appreciable grade, and 65
has reached its allowable speed, the counter
electro motive forces of the motors are added
to produce greater opposing effect to the flow
of the line current. This opposes the initial
electro motive force tosuch an extent that the 70
required ampéres alone pass through the mo-
tors at the difference of potential resulting
from the opposing electro motive forces. The
motors then maintain their normal specd on
the level. The regulation is performed by 75
varying the counter electro motive force of
the motors inversely with the current re-
quired, and proportionally as the speed in-
creases above the normal. By this method,
no expensive or wasteful rheostats or resist- 8o
ances are required as heretofore. The mo-
tors should have their coils carefully caleu-
lated so as to give the proper counter electro
motive forces for given speeds, and so0 as to
work for proper regulation when coupled in 8y
parallel or series. In practice, I have found
that the motors should be series motors Or' SO
grouped that the armatures are in serieg
with the field coils whether the armatures bhe
coupled in series or parallel with respect to gc
each other. Withshunt wound motors there
1s danger in that the armature offers so little
resistance at starting it is liable to burn out
before the motor can overcome the inertig of
the loaded car, particularly on heavy grades. g5
Again such method of winding has the objec-
tion of sluggish reaction and consequentslow
generation of the counter electro motive force,
which sluggishnessis decidedly objectionable
in this method of regulation. TFor these rea- roo0
sons, I prefer series wound motors worked in

series or parallel and properly proportioned
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and wound to give the desired counter electro

motive force under special predetermined con-
ditions as to speed and power.

In the drawings:—Figure 1 is an elevation
of an electric railway and car embodying my
improvements. Fig.2isadiagram matic view

showing the motors, circuits, and regulators.

Fig. 3 is a cross section of an electric railway.
Fig. 4 is a diagram representing a plan view

of the railway circuits. Figs.5and 6are plan

views of other types of apparatus for carry-
ing out my invention, and Iig. 7 is an eleva-
tion of the brake used in IKig. 6.

B is the railway track
tuarn conductor.

A is the suspended working conductor ar- |
ranged above the level of the track for sup-

plying positive current to the cars I'.
E are one or more supply conductors lead-

ing from the stationary source of electric
energy, in the form of a dynamo electric ma-

chine W which may be located in a neighbor-

hood where power can be obtained economi-
cally, and so constructed as to maintain a.

constant or substantially constant potential

are also connected with the source of power

W by leaders e. The supply conductors I
may unite before reaching the generator W __ _
| elude thetwo reversing switches I’ I’. S rep-

and be connected with it by leader e..

| The Supénded WOI‘kri]]g GOHdUGtO]_‘ A m.&y.
be hung from insulators d on spanner wires

D connected to poles Carranged on each side

of the track. Any other suitable method of
suspension may be employed. 1 do not con-
fine myself to any position of the positive con-
location, broadly considered, i8
immaterial. The same is also true of the re-

ductor, as 1ts

turn conductors.

Referring to Figs. 1 and 2, H, H, are two
electric motors respectively geared to differ-

ent axles to propel the car wheels m of said
axles. Each of these motors is journaled
upon an axle, and at the free end is supported
by a spring connection i with a frame Z car-

ried by the axle in any of the well known
The gearing between the motor and
It is evident

ways. |
axle is shown by dotted lines. _
that any type of motor may be employed, and

furthermore, may be gearless, or otherwise

arranged to rotate the axle, as I do not limit
myself to any particular method of arranging
the motors to propel the car. The motors are
preferably series motors and two or more in
number. 1 is the motor regulator and is
formed of a movable surface having contacts,
as shown for instance in Fig.2, which may be
operated from either end of the car through
rods %k and cranks K supported in the stand-
ards J upon each platform, or by any other
equivalentdevice. Theregulatorhasaseries
of fixed contacts ¢ which are respectively con-
nected with the field coils and armatures of
the motors, the trolley and the return contact.
There are many ways of making the moving
connection between the movable and fixed

and acts as the re-

in the suspended conduector A. The rails B i

‘keep the motors as series motors.

494,705

 atype. The fegulator is formed of a cylinder

I upon the surface of which are secured the
contact blocks. This eylinder is moved by a
crank arm Z, rods k&, and cranks K, with re-
spect to the stationary contacts ¢, which latter

are in connection with the various terminals

of the motors and sources of power as shown

lin Fig. 2. As the cylinder is moved to a

greater or less distance, the motors may be
put into cireuit and coupled in series or par-
allel, as desired. When the left hand con-
tact blocks are in connection with the termi-
nal contacts the motors are coupled in circuit
with the line and also in series with each
other, that is, the armatures and fields of the
two motors are in series; and when the regu-
lator is moved to bring the right hand con-

| tact blocks into connection with the terminal
contacts the motors are in parallel with each

other, that is, the current divides and part

passes throngh each motor. In both cases
| the current first traverses the field magnets

and then the armatures so as to preferably
, rs. M are
the circuits leading from the trolley to the
regulator I and from the regulator I tothe

wheels and axles m running in contact with

the return conductor B. T T represent the
cireuits leading to the armatures O and in-

75

30

QO

95

resents the circuits leading to the field coils

of the two motors. These circuits T and S
are made flexible so as to permit the motors
to have the necessary independent motions

without interfering with the electrical con-
' nection with the regulator. 'Tliese circuits
are clearly shown in Fig. 2.
or current collecting device, and may be

G is the trolley

formed of any suitable construction, such for
instance as illustrated in Fig. 1, which con-
sists of an upwardly and rearwardly extend-
ing arm G pivoted to the car upon the uni-
versal joint G* so that its free end may swing
vertically and laterally, and is pressed up-
ward by a spring G’. Its upper end is-pro-
vided with a grooved contact such as a wheel,
making an under running contact with the
under side of thesuspended conductor. The
collector may be reversible. The ‘trolley

shown is pivoted on the vertical axis G® ar-

frang'ed on the top of the car and shown in

T

|'

dotted lines, so as to permit the trolley to be

completely reversed and trail toward either

end. Thearm G of thetrolley arm is hinged
on a transverse axis G* and is pressed upward
by the spring G’ making its grooved roller s

| form an elastic under running contact with

the under side of the suspended econductor A.
Both of the reversing switches I’ are operated

by the same devices, so that both motors are

reversed atthe same time. This reversing
mechanism connects with both ends of the

car by means of the rods [ and the hand

cranks L arranged upon each platform and
journaled in the standards J.
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the regulating and reversing mechanism from |

either end of the car as a large variety of
means may be employed for this purpose. I
have shown, however, a practical method of
carrying out this part of the invention. P
represents electric lamps included in multi-
Ple in a shunt circuit p arranged about the
motors. Q is an electric bell or signal in a
shunt cireuit 7 provided with a switeh R for
causing it to operate. The generator W is
preferably shunt or compound wound, and is
of the constant potential type, varying the
current for any requirement of the cars F
which may be in circuit while maintaining a
substantially constant electromotive force.

It may be provided with a regulator X for

varying the field strength. It will now be
observed that the car is completely reversible
50 far as its running is concerned, and may
be controlled from either end. The current
collecting device G may be moved about its
vertical axis so as to trail rearward, while
devices K, 1. at either end of the car may
be operated to control the motors according
to which end of the car is the forward end.
Ordinarily the handles would be removed
from the rear end so as to prevent any pPossi-
bility of interference with the operation from
the forward end. By means of the current
regulator I the counter electro motive forces
may be reduced to that of one motor or that
of the counter electro motive forces of the
two motors, by the motors being thrown in
series or parallel, or the motors may be cut
out of circuit. This will be understood from
the foregoing description, because it will be
remembered that when the regulator had its
surtace moved to bring the left hand contact
blocks into contaet with. the stationary ter-
minal contacts ¢, the motors were in series in
effect, and the counter electro motive forces
of the two motors are added to check the flow
of current from the line by opposing the in-
itial electro motive forece; and that when the
contact surface was moved to bring its right
hand contact blocks in econnection with the
fixed terminal contacts ¢, the coils of the mo-
tors were coupled in parallel and the counter

electro motive force, last specified, was halved.

Of course this counter electro motive foree is
constantly varying, and may be materially
changed relatively for series or parallel con-
nection by any variation in the speed. The
regulation is not dependent upon the wire re-
sistance except so far as that element may
enter as a factor in the construction of any
motor, but depends upon the electrical func-
tlons of the motors involving as an essential
element the speed, since no counter electro
motive force can be generated unless the
motor has speed. At all times the armatures
of the motors are preferably maintained in
series with their respective field coils so that
the motors are essentially series motors and
at given speeds on constant potential circuits

generate fixed counter electro motive foreces.

By this means the counterelectro motive force

may be varied to suit the requirements, and

the use of external rheostats or resistances

entirely obviated.

While in Figs. 1 and 2 I have shown the
motors so that they may be coupled up to add
their independent counter electro motive
forces for regulation without varying the in-
ternal counter electro motive force of each
motor otherwise than that which might be
due to its own acceleration in speed, my in-
vention is not so limited, as there are other
ways of accomplishing a variation in the
counter electro motive force without modify-
ing or changing the connections of the motors.

In Fig. 5 T have shown a construction in
which the motorsare journaled upon the axles
and have stationary field magnets and rotat-
ing armatures, which latter are secured to the
axles. The field magnet N and the armature
O are made substantially alike and are pro-
vided respectively with the. commutators 7
and o. P’ represents the revolving brushes
tor the field magnet commutator and P2 rep-
regent revolving brushes for the armature
commutator. The commutators or brushes
of field magnets are arranged with respect to
the similar parts of the armature so as to
cause the poles of the field magnet to be at
an angle to the poles of the armature. The
carrent passes from the current collector @
over the circuit M through the collector rin oS
S and field magnet brushes PP’, thence to the
collector rings S?and brushes P?of the arma.-
tare, and finally to the rails B through the
wheels m. The field magnets in Fig. 5 are
supported loosely upon the axle as is custom-
ary in electric cars with gearless motors, and
the armatures are firmly secured to the axles
in any suitable manner and rotate with them.
1'he brushes P’ for the field magnets, and P?
for the armatures are carried u pon a rotating
sleeve 8% journaled concentrically with the ar-
mature, and these by means of the belts and
motor N” are rotated. They are series motors
having the armature in series with the field,
+he current first passes through the field and
then through the armature. The armatuare
current may be reversed by the reversing
switches I’. N’ is a small electric motor
which through chains and sprocket wheels ro-
tates the field and armature brushes at any
speed desired. This motor N’ is in a shunt
circuit L* and is provided with g regulator L’
which may be operated from either end of the
car. A reversing switch 1.7 may be used for
reversing the motor N’. The reversing
switches for all of the motorg may be also op-
erated from either end of the car. The two
propelling motors are similarin construction,

and may be controlled by the same regulator

motor N’.  With this construction the speed
of the armature is controlled by the counter
electro motive foree which is generated in the
motor,and is regulated by the speed imparted
to the revolving brushes. If the brushes are

revolved with sufficient rapidity a sufficient
counter electro motive force may be produced
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in the motorsto arrest all flow of current from
the line conductors due to the initial electro

motive force, and in this case the motors will

be at rest. By varying the speed of the

brushes the counter electro motive force may

be varied, and the desired flow of current con-
trolled to change the speed and power of the

motors without in the least changing the re-

sistance of the motor circuits on the car.

A still further method of carrying out my
invention is illustrated in Fig. 6 in which we
nave the two motors H sleeved respectively
upon one axle of each of two pivoted trucks.
The field magnets N are secured fast to the
axle while the armatures O are sleeved and
free to revolve thereon. A sleeve D’ carries
a pinion d which works in connection with a
spur wheel D? upon the armature and an in-
ternal gear N? upon the field magnets. The
current in the field magnets is obtained from
the motor circuit M by means of collector
rings S8 The armature is provided with a
commutator o.- The armature brushes are

carried with the field magnets N so as to travel

around the commutator o at a speed commen-
surate with the travel of the field magnets.
If the sleeve D’ be permitted to revolve freely
the armature O will have no work to perform

and will be moving at its highest speed pro-

ducing a counter electro motive force suffl-

cient to arrest the flow of current from the ;

line. If now it is intended to start the car

into motion, a friction brake Q’ is applied to

the sleeve B’, gradually arresting its rotation.

This friction brake is adapted to be operated

from either end of the car by rod ¢. Onetype
of this friction brake is clearly shownin Fig.
7-and is of a well known construction. As
the sleeve D’ and pinion dslow down intheir
travel about the axle,the field magnets begin
rotation in an opposite direction to the rota-

tion of the armature but the relative speedis |

much slower as there is work being performed,
and consequently the counter electro motive
force is reduced, permitting the current from
the line to flow through the motors suffi-
¢iently to accomplish the desired speed. As

the inertia is overcome, the relative speeds of

the armature and field magnets increase and
the counter electro motive force increases to
reduce the flow of current to compensate for
the reduced work to be performed. If the
speed is to be great with a load this sleeve D’
and its pinion may be held at restand the car
will then be traveling at its maximum speed
and with a counter electro motive force ade-
quate to arrest all flow of current but that
necessary to the duty. ‘When it is desired to
stop the car, the brake Q' is thrown off and
the armature revolves rapidly without per-
forming work except to generate a counter

current which shall have an electro motive

force equal to and to balance the initial elec-
tro motive force of the line. The circults in
the cases of Figs. 5 and 6 are flexibleas inthe
case of the construection shown in Fig. 1.
These examples will illustrate the principles

!
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of the invention which eliminates the varying
resistance principle of regulation heretofore
commonly used in electric railway practice.
I do not limit myself to the ininor details
as they may be modified in various ways with-

| out departing from the prineciples of my in-

vention.
Having now described my invenlion, what
I claim as new,and desire tosecure by Letters
Patent, is— | | |
1. In an electric railway, the combination
of a working conductor extending along the

railway and insulated from the ground, a sta-
tionary source of electric energy for supply-

ing a current of constant potential and vary-
ing current to the said working conduector, a

series of electric cars each of which is pro-
vided with two or more electric motors adapt-

od respectively to rotate independent axles,
a current collecting device carried with each
car and making contact with the working

conductor, motor circuits upon each of the
cars, controlling mechanism on each car

adapted to be operated from the end of the

car for controlling the counter electro motive
force of the motors simultaneously,and a re-
turn rail circuit leading to the stationary
source of supply, whereby all of the cars may

receive current from the samesource and have
the current passing through the motors of the

respective cars controlled by independently
varying the counter electro motive force ot
the said motors of the difierent cars.

2. In an electric railway, the combination
of a working conductor extending along the
railway and insulated from the ground, a sta-
tionary source of electric energy for supply-
ing a current of constant potential and vary-
ing current, one or more supply conductors
leading from the source of constant potential
current and connecting with the working con-

ductoratone or more placesinits length to re-
duce theresistance and maintain as faras pos-
sible the potential of the working conductor

uniform, a series of electric cars each of which
is provided with two or more electric motors

| adapted respectively to rotate independent

axles, a current collecting device carried by
each car and making contact with the work-
ing conductor, motor circuits upon each car,

controlling mechanism on each car adapted
to be operated from the end of the car for

controlling the counter electro motive force
of the motors simultaneously, and a return
circuit leading to the stationary source of sup-
ply, whereby all of the cars may receive cur-
rent from the same source and have the cur-
rent passing through the motors ot the re-
spective cars controlled by independently va-
rying the counter electro motive force of the
said motors of the different cars.

3. In an electric railway, the combination
of a working conductor extending along the
railway and insulated from the ground, a sta-

tionary source of electric energy for supply-

l ing a current of constant potential and vary-
1

ng current to the said working conductor, a
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series of electric cars each of which is
vided with two or more electric motors adapted
respectively to rotate independent axles, a
current collecting deviee carried with each
car and making contact with the working con-
ductor, motor circuits upon each of the cars,
controlling machanism on each car adapted
to be operated from the end of the car for con-
trolling the counter electro motive forece of
the motors simultaneously, a return circuit
leading to the stationary source of supply,
whereby all of the cars may receive current
from the same source and have the current
passing through the motors of the respective
cars controlled by independently varyin gthe
counter electro motive force of the said mo-
tors of the different cars, and a switeh also
adapted to be operated from the end of the
car for reversing the motors simultaneously.

4. In an electric railway, the combination
of a working conductor extending along the
rallway, a source of constant potential cur-
rent connecting with the said suspended con-
duetor, an electrically propelled vehicle hay-
Ing two or more electric motors adapted re-
spectively to rotate independent axles, a cur-
rent collecting device making contact with
the working conductor for supplying the cur-
rent to the car, motor cireuits extending from
the contact device and including the motors,
regulating means carried by the car and ex-
tending to both ends thereof for coupling the
motors in series or parallel to vary the coun-
ter electro motive force, and a return circuit
leading from the car to the source of electric
energy. |

9. In an electric railway, the combination
of a working conductor extending along the
railway, a source of constant potential cur-
rent connecting with the said suspended con-
ductor, an electrically propelled vehicle hav-
ing two or more electric motors adapted re-
spectively to rotate independent axles, a cur-
rent collecting device making contact with
the working conductor for supplying current
to the car, motor circunits extending from the
contact device and including the motors, regit-
lating means carried by the car and extend-
ing to both ends thereof for controlling the
counter electro motive forece of both motors
simultaneously, means to reverse both of the
electric motors extending to both endsof the
car, and a return cireuit leading from the car
to the source of electric energy.

6. The combination of a suspended work-
ing conductor extending along a ratlway and
above the car, in combination with an elec-
trically propelled car having two or more elec-
tric motors connected to rotate its axle, an
upwardly extending vertically and laterally
movable current collecting device having its
weight carried by the car and making an un-

der running contact with the suspended con-

ductor, a motor cirenit connecting the current
collecting device with the rails and including

both electric motors, a source of electrie en- |

ergy connected with the suspended conductor

pro- | and the rails,and a caurrent regulatoradapted

to be operated from the end of the car for con-
trolling the counter electro motive force of
both motors simultaneously.

7. The combination of a suspended work-
Ing conductor extending along a rallway and
above the car, in combination with an elec-
trically propelled car having two or more elec-
tric motors connected to rotate its axles, an
upwardly extending vertically and laterally
movable current collecting device having its
welght carried by the car and making an un-
der running contact with the suspended con-
duector and reversible so as to trail in either
direction in the line of travel of the car, a
motor circuif connecting the current collect-
ing device with the rails and ineluding both
electric motors, a source of electric energy
connected with the suspended conductor and
the rails, and a current regulator adapted to
be operated from either end of the car to si-
multaneously vary the counter electro motive
force produced by both motors.

3. In an electric railway, the combination
of the rails acting as the return conduector, a
suspended conductor arranged above the ear
and parallel to the railway, an electrically
propelled car,an upwardly extending current
collecting device having its weight carried by
the carbody and making an under running
contact with the suspended conduector, two
electric motors on the car for propelling the
same Journaled upon the respective axles and
spring supported at their free ends upon a
frame carried by the axles, a regulator upon
the carbody for coupling the motors in series
or parallel, a circuit from the current collect-
ing device to the regulator, flexible circuits
from the two motors to the regulator whereby
the motors mayhave movementsindependent
of the regulator without interfering with the
electrical circuits, a circuit connecting with
the rails which act as the return cireuit, and
means extending to the end of the car for op-
erating the regulator for the purpose of va-
rying the counter electro motive foree of the
motors for changing the speed of the car.

J. In an electrie railway, the combination
of the rails acting as the return conductor, a
suspended conductor arranged above the car
and parallel to the railway, an electrically
propelled car,a current collecting device hav-
Ing its weight carried by the carbody and
making an under running contact with the
suspended conductor, two electric motors on
the car for propelling the same journaled upon
the respective axles and spring supported at
their free ends upon the frame carried by the
axles, a regulator upon the carbody for coup-
ling the motors in series or parallel, to vary
the counter electro motive forece, a circuit
from the current collecting device to the regu-
lator, flexible circuits from the two motors to
the regulator whereby the motors may have
movementsindependentof the regulator with-
out interfering with the electrical connec-

| tions, a circuit connecting with the rails which
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act as the return cireitit, #iéals extending to
the end of the car for operating the regulator

to vary the counter electro motiveforce of the

motors in varying the speed of the car, and
an independent switch for reversing the mo-
tors also extending to the end of the car.

10. The combination of a vehicle, two or
more electric motors upon the vehicle to pro-
pel it, a source of electric energy of constant
potential, means controllable by hand for va-

rying the counter eleectro motive force of the

motors, and electric circuits for putting the

494,705

electric motots in electrical doniiéetion with
the source of electric energy and maintaining
at all times thearmaturesin fixed series work-
ing relation with the field magnets and the in-
dividual counter electro motive forces of the
several motors equal or substantially equal.
In testimony of which invention I have
hereunto set my hand. |
RUDOLPH M. HUNTER.
Witnesses:
ERNEST HOWARD HUNTER,
S. T. YERKES.
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