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UNITED STATES

PatenTt OFFICE.

ALBERT CUSHING CREHORE, OF ITHACA, NEW YORK. |

ELECTRIC-RAILWAY SYSTEM.

"SPECIFICATION forming part of Letters Patent No. 523,396, dated July 24,1894.
Application filed July 20, 1893, Serial No, 481,067, (Nomodel.) B

To all whom it may conceri.: ‘

Be it known that I, ALBERT CUSHING CRE-
HORE, a citizen of the United States, and a
resident of Ithaca, in the county of Tompkins
and State of New York, have invented a cer-
tain new and useful Electric-Railway System,
of which the following is a specification.

My invention pertains to an electrie rail-
way system in which a main conductor (here-
inafter called .the “line”) supplies current
from a stationary source to -secondary con-

ductors (hereinafter called “working con--

duetors”) suitably disposed along the line of
travel; and in which the working conductors

convey the current to a motor or motors upon

a moving vehicle or car.

The object of my invention is to provide a
practical method of operating electrical rail-
ways where the motive power is supplied from
a stationary source to & moving vehicle or car,
without necessarily resorting to the overhead

. wires with the unsightly poles which usually
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accompany them, and without having the ele-
ment of danger connected to its operation
which to-day exists where the overhead trol-
loy wires are used.

"My invention relates more particularly to

systems wherein the moving vehicle or car
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derivesits current successively from working
conductors, each of which is automatically

-connected to the line as the car passes, and
disconnected from the line when it has passed |

by the operation of a magnetic switch. It
has heretofore been proposed in this art to use
on the car’a storage battery which should aect,
under certain conditions, to operate the mag-
neticswitches and to provide means for charg-
ing said battery by current taken from the
main line.. It has also been proposed to use
what I term auxiliary eonductors which pro-
vide a path for the current energizing the
switch magnets. i o

My:present invention relates to asystem in
which these features are employed and con-
sists, among other things in charging the bat-
tery with a shunted portion of the main or
power current which circulates in the motor

_ instead of with a.current shunted arvound the

50

motor, whereby I am enabled to use alow po-
tential battery and.keep the same charged
without the use of wasteful resistance to cut

down the main line potential as would be-

necessary if the battery werein ashuntaround

the motor. :

. In my invention, the battery, instead of be-
ingina shuntaround the.motor is in a branch
around the magnet. :

My invention consists farther in the com-
bination with the series of working condue-
tors, of a contact or contacts adapted to move
from one seection to another without break of
cireuit, a series of magnetic switches for con-
necting said section to a line, an auxiliary
conductor over which the magnetic switches
may be operated, and a storage battery in a
branch of the power circuit on the ear around
said auxiliary eonductor branch.

My invention cousists also in the combina-
tions of circuits and devices involving a stor-
age battery charged from the circuit on the
car for operating the switch magnets and an
auxiliary conduetor over which said magnets
are energized either by the storage battery or
by the power current as more particularly
hereinafter described and claimed. Y

The working conductors may takea variety
of forms. The essentials are that they have
such forms and are so situated along theline
of travel that one of the working conductors
at least may be continually maintained in
electrical connection with a conduetor upon
the moving car. For example, each of ‘the
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working conductors.may be a short condiictor -

terminating at one end in a contact piece so
situated as to engage a conductor upon the
car as it passes over it, and terminating af
the other end in an electro-magnetic switeh,
the purpose of which is to connect the work-
ing conductor, normally insulated from the
line, to the line as the car passes. If the
working conduetors do thusterminate in con-
tact pieces situated atintervals along the line
of travel, a continuous conductor or brush
(hereinafter called the “working brush?”)
should be provided upon the car, so that of
the line of contact pieces, one at least, may
be continually in eleetrical communication
with the car. Again, the working conductors
may terminate in a series of insulated rail
sections, each section constituting the ter-

‘minal of one working-conductor, the other

terminal being in the electro-magnetic switch

85

[¢]e]

95

100




10

as before described for the purpose of con-
necting the working conductor to the line as
the car passes on to that rail section.

In case the working conductors have the
rail form it is sufficient that a trolley wheel
or trolley wheels or short brushes (hereinafter

called the “working trolley ”’) be used upon

the car for the purpose of continuously en-
gaging one of the working conductors instead
of using the long brush before desceribed. In

- either case, whether the contact points areat
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--ground, or the conductor carrying the return’
current, and normally from the working con-
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intervals along the track and a continuous

conduetor upon the car to engage these con-

tact points, or whether the.continuous see-.

tional conductor is along the track and con-
tact points upon the car, the same purpose is
subserved in maintaining a continual con-

nection between the carand workingconduc-:

tors, and the same plan of making the elec-
trical connections in the track and on theecar
may be used with each method.

It is immaterial wherethe “line?” is placed:

with relation to the line of travel. It may

be overhead or beside the vehicle or car but

it is preferably buried within an insulating

sheath or cable underneath the ground. In’

any position it must be insulated from the

duectors.

In addition'to theline and working condue--
tors I, by preference, employ a third set of con-
ductors to gowith the track construction,suit-;
ably arranged along the line of travel, and
normally insulated both from theline and the:
This third set of con-

working conductors.

+ duetors T term the “auxiliary conduectors.”
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The auxiliary conductors may have different:

forms as is the case with the working con-
ductors. ‘For example, each auxiliary con-

ductor may have one terminal in a contact

piece somewhere along the lineof travel so

situated as to engage a conductor (hereinaf-

ter called the “auxiliary brush™) upon the
moving car; or each auxiliary conductor may

terminate in one rail section so situated asto.

engage a trolley wheel or trolley wheels, or a
short brush or brushes (hereinafter called the
“auxiliary: troiley”) upon the moving car.
It is important in my present invention to
have this auxiliary brush or trolley nupon the
car insulated from direct contaét with the
working brush-or trolleys upon the car. 1

say “direct contact” because there may be

an indirect connection between them through
the motor or motors upon the car. The ob-
ject of this set of auxiliary econductors is to
provide an independent path for the electric
current from“or to the car through the elec-
tro-magnetic switch situated in the track.
'The use of the storage battery in the man-
ner proposed by me makes it necessary:to

provide at least three distinct paths for the

electric current; one from the line to and
through the working eonductors and thence
to the car by any suitable trolley or collector;
a second from the power circuit (either the

523,396

line or its return) through the magnet of the
switeh; and the third directly to the ground
or return from the car, and hence it is nec-
essary to use at least one additional rail be-
sides the ordinary rails on which the car runs.
If one additional rail only be used, it is nee-
essary to insulate one of the ordinary rails
from the ground, and I hence prefer to em-
ploy a fourth rail in which case both the or-
dinary rails may be used as a return and
neither need be insulated from the other.

In a simple form of my invention, the main
.motor -current would first pass through the
motor or. motorg on the car and suitable rheo-
stat, and thence to a switch where the main
current has either of two paths according to
the position of the switch, onea divided path,
in a branch including a storage battery to the
return cireuit, the other brach-leading to the
brush of the auxiliary conduector or rail and
thenece through the:switeh magnet to the re-
turn, the battery being, as will be obvious, in
a branch around the magnet and being
charged by a portion of the current which
flows in the motor; the other path which is
established by throwing the switch would be
from the motor to-the ground or return ecir-
cuit, the storage battery being then left to
work alone on the magnet by discharge
through the same, until such time as the mo-
tor or power circuit may be again established
through the auxiliary ‘conductors, By this
method of connecting the eircuits it will be
found that not only does the storage battery
not become discharged so as to be rendered
unavailable, but in addition the-line may be
continually kept in contaet with the car when
at rest as well as in motion, so that in case i
is desired to light the car by electricity, the
lights may be run from the working trolley
as they are at present.

As will be hereinafter described the work-
ing or power circuit might ‘be branched be-
tween the line and the -motor instead of be-
tween:the motor and return, the battery be-
ingin one branch and theswitch magnet and
auxiliary conduector in the other; the battery
then, as before, being charged by a current
due only to the difference of potential atthe
terminals of the branch eontaining the switch
magnet. ‘

In'the accompanying drawings:—TFigure 1,
s 'a diagrammatic view illustrating a plan of
a short portion of a road, having contact
pieces placed at intervals alongthe road, and
having a car thereon carrying the long con-
ductors which are to engage the contact
pieces, and showing the ‘electrical -cireuits,
connections, &e., made according to my plan.
Fig. 2, is'a diagrammatic view illustrating a
short portion of road having rails: divided
into sections and having a car thereon carry-
ing trolley wheels which are to roll upon these
rail sections, and showing the electrical cir-
cuits, connections, &e., similar to Fig.1, made
according to my plan.. Tig. 3, illustrates the

same simplified. Fig. 4, illustrates diagram-
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matically the modification in which the power
current which runs the motor is branched
through the battery and switch magnet be-
tween the line and motor. Fig. 5, illustrates
the same, simplified. Figs. 6 and 7, are dia-
grams illustrating the current and potentials
under different conditions.

Referring to the drawings—R, R, represent
the track rails—L, the line which is intended
to be maintained at a constant potential dif-
ference with the rails R, R,or with the ground
by means of the veneratoxs situated in the
stationary power ‘house or power houses—L,
may be situated either above or below the sur-
face of the ground.

W/, W3, represent the mdependent sections
of the Workmfr conductor terminating at one
ond in the contact pieces, P’, P? Flg 1, orin
the rail sections, P/, P? Fig. 2, situated at in-
tervals along the road a,ud at the other end
at the pomts g/, 8% in the electro-magnetic
switches M’, M2 -

M/, M3 1enresent any kind of an electro-
mao'netlc switch whereby one circuit may be
opened or closed by means of the magnetic

action of the current flowing in another cir- |

cuit. The switch is normally open, as at M2

A’, A% represent the auxiliary conductors
terminating at one end in the contact pieces
Q, Q3 situated at intervals along the road,
and at the other, after passing around the
magnet of the electro-magnetic switch M’, or
Mz, in the rails R, R, or what is the same
thing in the ground.

WB, is the working brush or trolley car-

ried bv the ear so as to engage the WOI‘kInO‘
conduectors P’; P2
AB, is the auxﬂmry brush or trolley car-
ried also on the car for the’ purpose of con-
tinuously engaging the auxiliary conductors
’ Qe : i o

iSotil of the brushes WB, and AB,are made

long enough so that before one contact piece

is left the next is reached, and thus there is
neveratime when no piece engages the brush.

From the working brush WB,a conductor
leads to a rheostat D, or ordinary regulator
for the motor, and thenee to the motor and
its field E,.and next to a switeh - F. This
switeh may be set so as to turn the current
from the motor off by either of two paths be-
ginning at contacts G or H. The path from
H, leads directly to the ground .through N,
and 0, to the wheels of the car and the ralls
R, R; ‘the path from G, immediately divides
into two paths at- J; one of these paths leads
from J to T, and thence along the auxiliary
brush AB, to contact piece Q’, “and from Q',to
ground va - A’, and- the eleetro - magnetic
switch M’; the other of these paths leads from
J, thr out'h the storage battery B, to the switch
and rheostat K, and thence to the ground
through N and O The rheostat serves toad-
just the current of the battery. Although
the rheostat is represented at K, in the stor-
age battery branch, I do not hmlt myself to
thls method of ad;]ustmrrthe ratio of the cur-

rents in the two branches, viz. the storage

battery branch, and the electro-magnetic
switch branch. Either branch may include
an adjustable resistance. In order that the
action of this arrangement of the circuits

may be more clearly set forth, I will deseribe

the whole cycle of operations as they may
oceur, subject to the control of a man upon
the car, while the car starts from any desired
position.

Suppose the car is'at rest in the position
indicated in Fig. 1, and the connection be-
tween the line L, and- the car is broken, the
armature of the electro- magneticswitch being
in the position o’ represented by the dotted
line. The rheostat and switch at D, are set
open, no eurrent passingintothe motor. The
switchatF, is sefas indicated, and the switch
at K,is open. The firgt thing to do in order
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to start the caristo close the switch K. This |

closes a circuit through the storage battery B,
and magnetic switch M’, allowing the cur-
rent to flow as follows, discharging the bat-
tery:—from B to J and thence to T and Q’;

" from Q' to the ground via A’ and M’; from the

ground up at O thence to N, to K, and back
to B, again. The action of this current upon
the electro-magnetic switch M’, is to close the
cireuit between the line and W', moving the
armature from the position ¢, to a®. This
puts the point P’, in connection with L, but
no current will yet flow through W', until
there is some connection made between P’,

-and the ground. But the brush WB;is now

charged to the potential of .the line and will
furnish a current to the motor when theswitch
D, is turned. Next the switeh D, is set so
as to allow the current to flow throrwh the
motor. At J, the motor current ﬁnds two
paths by which it'may go to the ground; 'so

‘| the motor current divides, part of it going
-through the storage battery in such a direc-

tion as to charge it, viz, from J to B to K to
N to O, and part going through the magnetic
switeh M’,in the same direction in which the
storage battery furnished the current before,
vizi—trom J to T to Q’, through: A’ to M’ to
R. The ear now proceeds and at each sec-
tion of working conduetor the switch will be
operated by the current flowing over the anx-
iliary conduector, and consisting either of a
portion of the power current flowing from the
motor, or in some cases of the power current
reinforced by the current from the battery.
As will be seen, however, the trolley or brush
being constructed to preserve the connection
in passing from one section of .the working
conductor to the next, the action of the switch
magnet is normally caused by the main cur-
rent and the battery is an auxiliary which
will operate at any position, and it is not nec-

essary, as in some prior plans, that the main.

line or power conneetion should break in or-

der to establish a connection for the battery

through the switch magnet,
Since the amountof current that flowsin the

_branches of a divided circuit is determined
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by the relation between the resistances and
the electro-motive foreces in those branches,
the following will make it apparent that this
arrangement of circuits is extremely advan-
tageous. Suppose, for instance, the resist-

ance of the storage battery branch is R®, and -

of the magnetic branch is R™, and that the
total current passing through the motor is I.
If E, is the electro-motive force of the bat-
tery and I' represents the current flowing
through the battery and I™, the current

- through the magnet switch, then a simple cal-
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culation shows that—
' R® B
(1) Im—':Rn1+RbI+an_|_Rb

‘ R= E
(2) Ib:R’“_—}-RbI_R‘“—{—R".‘

and

in these equations, I® and I° being depend-
ent variables, all other quantities being con-
stants, it is evident that each of the equa-
tions represents a straight line, as in Fig. 6.
This figure shows how the branch currents

change when the total or motor current varies..
When the main current comes to be so small;
as that represented by the abscissa O Q, Fig..

6, then the current I°, through the battery

ceases, the total current passing through the’

magnetic switch. If the main current falls

below the value O Q, the storage battery be-:

gins to discharge, the current going in the
opposite direction through the battery, so

that it keepsup the current through the mag-
netic switeh even though the main motor cur-.

rent stops altogether or even reverses and the
motor runs as a dynamo. ‘ )
According to the equations (1) and (2) if R®
is small compared with R®, the coefficient of
I in equation (1) representing the tangent of
the angle the line makes with the axis of ab-
scissas, approaches the value zero; and the

eoeflicient of I in (2) approaches the value’

unity, so that the lines of Fig.6,are modified
as in Fig. 7. . This shows that the current I™,
operating the magnetic ‘switch M, may be
maintained constant independent of any va-
riation of the main motor current.

As the current eurve of a railway motor:is
usually of an extremely variable nature, it'is
probable that the current through the storage
battery will frequently be reversed, but the

system may be so designed that .the battery:

will be charged as much as it is discharged,
and thusis always ready for use:
at F, is provided so that in case the battery
ever ‘becomes overcharged the main motor

current may go by the path H, fo N, to O,di-

rectly to the ground. ‘When this is the case
the storage battery alone is used to operate
the magnetic switch M, through the path B,
J,T,Q,AM,R,O,N, K, B.

As illustrated in Figs. 4 and 5, the power
current might be branched in its passage

from the line to the motor instead of branch-:

ing after passing the motor, one branch tal-

, . through the “motor to the return.
If 1 is considered asthe independent variable.

The switeh.

ing in coils of the switch magnet which oper-
ates said switeh so as to close the connection
between the line and working conduector, the
other taking in the storage battery. 'The one
branch which operates the switch is from the
brush WB, which is normally charged with

the main line potential being always in eon-

nection with a working conductor, to the con-
tact P?, when the car advances to connection
therewith, thence through .coils 12, on the
magnet to the auxiliary contact and brush Q?,
AB, and thence through the switch ¥, in the
position shown to motor and to the return;
the other branch is from WB, through astor-
age battery B, which is charged as before by

75
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a current due to the difference of potential .

at the terminals of the branch including the
magnet coils; a switch K; thenceto AB,and
The two
branches which start or diverge from WB,re-
unite in AB, and thence the current of both
passes by way of the motor. This is more
clearly seen in Fig. 5. Aswill be obvious the
battery does not have to take a current cor-
responding to the whole difference of . poten-
tial between the line and the return. The
charging current may be determined by the
resistance given to the switch magnet coils.
Suitable switches and rheostates may be pro-
vided as before described. The switech F’,
when turned from the position shown to the
other contact opens the common return for
the two branches just described and connects
the motor directly to WB. Thebattery isleft
in connection across the brushes WB, AB,and
may obviously operate in the manner before
described. ' ‘ v

Eachswiteh magnet may haveanadditional
coil 13, which will take the current flowing
direct from L, through any working branch
W7’ or W?, and hold the switch up, but this
additional coil may be dispensed with.

As illustrated in Fig.-2, the working and
auxiliary brushes of the car may consist of
trolley wheels'in pairs so as to preserve con-
tact in passing joints, said trolleys running
on lines of rails. The trolley wheels of W B,
and AB, are so placed one in advance of an-

‘| other that the forward wheel may give the

switech magnet of the advance section time to
act before the rear wheel leaves itsrail. - The
connections are the same as in Fig. 1.

A method of running lights on the carisin-
dicated in Fig. 1. One terminal of the light
cirenit 10, conneets to the working brush WB,
the other to the return by way of the car
wheels.

‘What I claim as-my invention is—

» 1. In an electric railway system; the com-

bination, substantially as deseribed, of a se-
ries of working conductors, a series.of elec-
tro-magneticswitches for connecting the same
tothe line normally operated by current taken
from the power line, an auxiliary conductor
over which the magnets for operating said
switches are energized, and a storage battery
in the car.placed in a branch -around the
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switch magnet, and charged by a portion of
the line power current which flows in the
motor.

2. In an electric railway system, the com-
bination, substantially as described, of a se-
ries of working conductors normally discon-
nected from the line, a series of electro-mag-
netic switches, an auxiliary conduector or con-
ductors, electro-magnets for said switches con-
nected to the auxiliary econductors, a power
cireuit through the niotor, a branch of the
power circuit completed over said auxiliary
conductor, and & branch from the power ¢ir-
cuit around the switch magnets containing a
storage battery, as and for the purpose de-
seribed. .

‘3. The combination, substantially as de-
seribed, in an electric railway system, of a
sectional working conduector, electro-mag-
netie switches for connecting the same to the
power line, an auxiliary conductor over which
said switch magnets are initially energized,
as the car progresses by current taken from
the power circuit, a power circuit through the
motor, a storage battery on the car charged
in a branch from the power circuit, and con-
nected to the auxiliary conductor, and switch
devices for disconnecting said power circuit
from the circuit of the auxiliary conduector
and connecting it to the return direect, and
leaving the storage battery connected to the
auxiliary circuit.

4, Inan electric railway system, the com-
bination, substantially as deseribed, with the
series of working conductors, of a contact or

contacts adapted to move from one section to

another without break of circuit, a series of
magnetic switches for connecting said sec-
tions to a line, an auxiliary conductor over
which the electro-magnetic switches may be
operated, and a storage battery in a branch

35
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of the power circuit on the ear around said -

auxiliary conductor branch.
5. In an electric railway system, the com-
bination with the sectional working eonduc-

“tor and magnetic switches therefor, of a car

and its driving electric motor, a connection
from one terminal of said motor to a circuit
branched through a storage battery and the
auxiliary conductor connection leading to 2
switech magnet, and a switch on the car pla_ced
in the motor connection and having two points
as described, one connected to the branched
circuit, and the other directly to the working
cireuit or its return, as and for the purpose
described. -
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Signed at New York, in the county of New

York and State of New York, this 14th day of
July, A. D. 1893.

ALBERT CUSHING CREHORE.

Witnesses:
‘Wu. H. CAPEL,
THOS. F. CONREY.




