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To all whom it may concern.:

3e it known that I, MARK W. DEWEY, of
Syracuse, in the county of Onondaga, in the
State of New York, have mvented new and
useful Implovements in Electric Railways,
(Case No. 81,) of which the fo]lowmg, taken
in connection with the accompanying draw-

1ngs, 18 a full, clear, and exact description.

My invention 1"ela,tes to electric railways:

and the object is to combine an induction

system the same or similar to that shown and
described in a priorapplication of mine, Serial
No. 315,457, filed June 25, 1889, with any well
known conduction Sybtem

The purpose of my invention is to provide

a System that as a whole will be less ex-
pensive than a system operated entirely by
the induction plan. The devices necessary
for the construction of an efficient induction
system make such system much more expen-
sive than an ordinary conduction system. By
combining the two systems in one a more

simple construction 1s derived, and in many

cases all the advantages are obtained which
would be gained by an entire induction sys-
tem. Forelectricrailwaysextending through
city and suburban places or the country this

system is particularly adapted, as the under-
ground induction system may be employed in
the city or through the streets thereof on
which there is eonhldemb ¢ travel, while the

overhead conduction system, or a system hav-
ing exposed line conductors, is used in the
Electric railways
often extend through and between two cities

and a distance of several miles through the

country where there is but little travel, and
where the overhead conduction system is not

.objectionable. Insuchecasestheinductionsys-
40

temisemployed fortheend portionsof theroad

thatareinthecities,whiletheintermediatepor-
tion in the countryis equipped with the over-

head conduction system. Kxposed line con-

ductors for rallwaysincitiesareobjectionable
for many reasons,and in some cities they are
not allowed to be suspended because thereof.
As the induction system is free from these
objections and has most of the advantages of
‘the conduction system, 1t 18 very ebbentml
50 that the two systems be combined to produce

conduetor, a car o move upon s

2. TFigs. 5, 6,7

a systemthat is both efficientand economical.
T'he car or cars for this railway are equipped
to receive current for the pwpellinﬂ'-motms

from either and both systems and without i 1n-

terruption, as hereinafter described.

T'o this end myinvention consists bloadly,
1n an electricrailwayhavinga portlon thereof
equipped wifh a conductmu system and an-
other portion equipped with an induetion
system.

My invention consists, further, in the com-
bination, in an electric railway, of a track, an
exposed line working-conductor extending
along a portionof the track,an insulated 1me
working-conductor extending along another
portion of the track, a source of alternatmﬂ
currents of electrlclt.y for the insulated lme
sald track, a
circuit on the car, a terminal for said circuit
to make contact with the exposed line con-
ductor, a circuit on the car adapted to be

completed thereon, a portion of the latter cir-

cult arranged in inductional relation to the
insulated line conductor, and a motor on the

car in both of the circuits thereon and ar-

ranged to move the car; and my invention
consists, also, in certain other combinations
of appamtus hereinafter described, arnd spe-
cifically set forth in the claims.

In the accompanying drawings, Figure 1 is

-a side elevation, partly in section, of an elec-

tric rallway and motor car embodying my iu-
vention. Ifig. 2 is a plan view of the same.
Figs. 3 and 4 are modifications of Figs. 1 and
7/, 3, and 9 are mOdlﬁCELthIlS of
side elevatlonb of my electric-railway system,
and Fig. 10 isan end elevation of the railway-
car eqmpped with my induection system, and
shows, also, a cross-section of the railway.

Refeumﬂ‘ specifically to the drawings, A in
the figures 1eplesents a source ot ureﬂ'ulm or
a,lternatlnﬂ currents. B and B’ are the line
conductors connected therewith and extend-
ing along the railway or track C.

a &L are poles or supports for the sus-
pended ezposed line conductor or conductors
1, and 2 1ndicates the underground insulated
line conductor or conductors of the induction
portion of the railway.

6 b b are U-shaped iron cores placed at in-
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tervals along the induction portion of tho |
railway and prefembly equal distances apart.

Said cores are embedded in the roadway and
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arranged at right angles to the rails thereon,
but with their 1)01(?{3 extendlnn‘ to,in proxims-
ity to, or above the surface of the road- bed,
preferably the latter. The poles of sa1d cores
are located on each side of the center of the
road-bed, but preferably between the rails of
the track. I do not limit myself to any par-

ticular distance between two of said cores,

but they may be placed apart about the
length of a car with good results. 0’ 0’0" are
coils wound upon the said cores. The coils
are shown connected in parallel with theline-
conductors, as this is preferred, but it will be
obvious that in some cases they may be con-
nected in series. The reference-figure 1 also

represents the portion or portions of the rail- ]

way equipped with the conduction system,
and the reference-figure 2 the portion or por-

- tions of the railway eqmppcd mth the induc-

.25

tion system.

D is the vehicle or ear to travel on the rail-
way.

d is the vehicle-conductor or the electric
cireuit on the vehicle, and ¢ ¢ are terminals

- of the conductor to move in contact with the
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exposed line conductors, and which may Dbe
of any suitable construction.

¢ is an elongated iron core carried on the
vehicle, and is similar to the cores 6 0, butis

inverted, and ¢’ is a coll wound on said core l

and connected in cucmt with the vehicle-
conductor. |
R is an electric motor in the Vehlele CON-
ductor, and 1 f are current-regulators there-
for, also in the circult.
A cmrem-reetlﬁer 1s 1ndicated in dotted
lines on the car in Iig. 1, and is to be em-

- ployed when the motor E is a direct-current

motor. When an alternating-current motor
is employed, the rectifier is chspeused with.
The ends of the insulation on the line con-
ductor or conductors of portion 2 of the rail-
way are indicated by dotted lines at a’ «’.
In Figs. 1 and 2 of the drawings the end
portions of the railway are shown equipped
with the conduction system or overhead ex-
posed line working-conductors, while the in-
termediate orcentral portion is equipped with
the underground induction system. The
cores for the latter system are preferably
laminated or divided to prevent cross-cur-
rents. Theends or poles of the cores may be
separated by an air-space, or they nmy be
connected by iron rollers or brushes e’ ¢’
fixed to the ends of the vehicle-core to form
a closed magnetic eircuit. Inthesame figures
but one of the line conductors B is qu%pended
and the other B’is formed by therailsof the
track. One terminal or contact ¢ of the ve-
hicle-conductor is mounted on the top of the
car D, while the other contact ¢ is formed by
the wheels of the car, or 1s mounted upon
arms ¢’ fixed to the core and extending out-

ward toward and above the rails of the track, |

452,099

as shown in Fig. 10 of the drawings. In IFig.

1 is also shown a switch ¢ for alternately clos-
ing and opening the circuit containing the

coils ¢’ and the conductor connected to the

movable contacts ¢ ¢. The said switch may
be moved to open both circuits by moving its

free end to the right from the DOSItIOIl 1n
‘which 1t 18 5110W11 in the figure, but when
‘moved to the left it will elose the conductor
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connected to the contacts ¢ ¢ and open the

circuit of the coil ¢’ or eut the same out of
cirecuit.  In the position in which it is shown
“the coil or eomplete circuit on the vehicle is
closed.

- The coil or complcte circult is to be closed
when the ear is on the portion of the railway
equipped with the induction system, and said

circuit is to beopened and the conductor con-
nected with the contacts ¢ ¢ closed when the
“car is upon the portion of the road equipped

with the conduction system or exposed line

conductors. 'T'he switeh should be operated

when the ear is moving from one portion to a
dilferently equipped portion of the railway.
In Figs. 3 and 4 both line working-con-

~ductors are suspended at portions 1 1 of the

road and the rails of the track are not used

for the return-conductor. In this case both

of the contacts are mounted on the top of the
car,as the lines are overhead, and tae switch
g simply cuts out or in the coil ¢’ when it is

moved. The other ecircuit of the notor is

opened and closed automatically by the car

“when it moves from one portion of the rail-
way to another. - The current-rectifier can be
used with this plan also when desired—that

is, when a direct-current motor is employed
to propel the vehicle. In other respects the
said figures are the same as or similar to Figs.
1 and 2.

Fig. 5 represents a railway divided into two
portions only, the portion at the end where
the source of electricity is located being
equipped with the induction system, and the
other end portion with the conduction system.
The cores and coils in the road-bed are sim-
ply indicated in this figure, and also in some
other figures hereinafter described, by boxes
b’’, which inclose said cores and coils.

In FFig. 5 aninductional current-transformer
I is shown connected bLetween the different
portions orsystems of the railway for the pur-
pose of changing or reducing the {ension of
the current for the exposed line conductors.
One of the coils of thesaid transformeriscon-
nected in circuit with the alternating-current
dynamo A, and the other coil of the trans-
former 1s in circuit with the exposedline con-
ductors. The exposedline conductorsinthis
case may be of greater cross-section than the
insulated conductors, if desired, and the con-
volutions of the former on the core of the
transformer may be less in number than the
convolutions of the latter or primary coil.

In I'ig. 6 the intermediate or central por-
tion of the railway is equipped with exposed
line conductors. The insulated conductors
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extend undérgromld between the portions 2 2. |
The transformer It is located and feeds the

overhead conductors about midway between |

the portions 22. A pluralityof transformers
may be used and placed at m‘rervals along the
line, if required.

Fig. 7 1s similar in most respects to Fig. 6;
but the primary circuit does not extend be-
between the portions 2 2 of the railway,asin

Fig. 6.
tion system, and a similar transformer T’

the conduction system and the second induc-
tion portion of the railway. With this ar-

rangement a great deal is saved in line con- |

ductors, especially when such central portion
is very long. A reduced tension is main-
tained in the exposed lines by the transformer
F, and an increased volume also, if desired,
and then by the transformer I’ the trans-
formed current or a portion thereof in the ex-
posed lines 18 reconverted into a current of
higher tension and less volume, if desired, for

‘the second induction portion of the railway.

In Fig. 8 the railway is divided into two
parts or portions, the portion on the left or
near the generating-station being equipped
with the conduction system and the portion

this case the exposed line conductors, one of

~ whichis shown suspended and the other being
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formed by the rails of the track,are eonneeted
with asource of direct continuous current, asa
direct-current dynamo A’ located at the gener-
ating-station, where the source of alternating
curr ents A for the induction syslem is located.

In order to save line conductors, the dynamo

A may be located between the two systems
at a separate generating-station, as shown in
dotted linesin the figure, and, if desired, both
dynamos may be located at thia point, thus
dispensing with the other generating-station.
The car in Fig. 8 is. shown equipped with a
direct continuous-current motor, a rectifier,
and current-regulators H and H’ for the mo-
for.
this case, and is located in the vehicle-cireunit
so as to cut out the rectifier with the coil ¢/,
as the rectifier will not, of course, be required
when the said coil is not in use, or when the
car is on the portion of the railway equipped
with the conduction system.
In Fig. 9 a direct continuous-current dy-
namo 18 shown as employed to generate the
currents for both systems. The said dynamo

A’ is shown located at one end of the rail-

way, but it may be located at the junction of
the two portions or systems, if preferred. An
inductional transformer EF’, the same as that
shown in FKig. 7,
necting the two qystem% for the purpose of

increasing the tension of the current in the
insulated leads and a suitable current-alter-

nator is indicated in the primary eircuit near

the tmnsformer to rapidly altemate the cur- | and the

A transformer F, the same as that |
‘shown in Fig. 5,isemployed between the por-
tion 1 on the left and one end of the conduc- |

The switch ¢ 18 a double-pole switch in

1S Shown between or con-

rent for the tmnbfmmer and for the induec-
tion portion 2 of the railway.

I do not limit myself to the details of con-
struction, as they may be modified in various
ways without departing from my invention.

Having described my invention, what I
claim as new, and desire to secure b} Letters
beteﬂt 1S—

1. Inan electric railway, a supply-conductor
extending along the railway, a car to move
along said mﬂway, an electric motor to pro-
pel the car, an electrie conductor on the car

| | connected to the motor, an electric connec-
reversed 1s located between the other end of |

tion to conduct the current between the sup-

| ply-conductor and the car-conductor, and

suitable means on the car whereby the cuir-
rent for the motor may be induced by the
current in the supply-conductor.

- 2. In an electric railway, the combination
of atrack, an exposed line working-conductor

'_extendmﬂ* along a portion of the track, an in-
sulated line wmkmw conductor extending

along another portmn of the track, a source

of a,lternatlnﬂ currents of electmclty for the
insulated line conductor, a car to move upon

sald track, a circuit on the car, a terminal for

said circuit to make contact with the exposed

line conductor, a second circuit on the ecar
adapted to be completed thereon, a portion

| of the latter circuit arranged in 111duet10na1
on the right with the induction system. In |

relation to the insulated lme conductor, and
a motor on the car in both.of the circuits
thereon and arranged to move the car.

3. In an electric railway, the combination
of a track, an exposed line working-conductor
extending along a portion of the track, an in-

sulated lme c,onduc,tor extending alonw an-

other portion of the track, a source of i irregu-
lar or alter nating cuuents for both eonduct—
ors, a car to move on said track, a circuit on
the car, having a terminal to move in contact
with the exposed conduector, means to form a
complete circuit on the car, a portion of the

complete circuit in inductional relation to the

insulated line conductor, and a motor on the
car in the circuit thereon and arranged to
propel the car.

4. Inanelectricrailway, asupply-conductor
extending along the railway, a car to move
along S&ld 1&11way, an electric motor to pro-

 pel the car, an electric conductor on. the car

connected to the motor, an eléctrie connectlion
to conduct the current between the supply-
conductor apd the car-conductor, and suit:
able means on the car whereby the current,

for the motor may be derived from the sSup-.

ply—couduetm by induction. -
. Inanelectricrailway, asuppl y-eonductm
:&tendmﬂ ‘along the 1a1lwa,y having one or
more porblons of its length exposed and one
or more portions insulated & car to move
along said railway, an electric motor to pro-
pel the car, an electric conductor on the car
connected to the motor, an electric connection
to conduct the current between the exposed
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portion or portions of the supply-conductor

car-conductor, and suitable means
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whereby the current for the motor may be
derived from the insulated portion or portions
of the supply-conductor by induction.

6. Inanelectricrailway, asupply-conductor
extending along the railway, having one or
more portions of its length exposed and sus-
pended above the ground and one or more
portions insulated and beneath the surface
of the ground, a car to move along said rail-
way, an electric motor to propel the car, an
electric conductor on the car connected to the
motor, an electriec connection to conduct the
current between the exposed portion or por-
tions of the supply-conductor and the car-
conductor, and suitable means whereby the
current for the motor may be derived from
the insulated portion or portions of the sup-
ply-conductor by induction.

7. In an electrie railway having a condue-
tion system for one portion and an induction
system for another portion, a source of high-
tension current for the induection system, and
a transformer to reduce the tension of a por-
tion of the said current to supply the condue-
tion system.

S. The combination of a car or vehicle
movable along a given path, a series of sta-
tionary magnetic cores placed at intervals
along a portion of said path, coils surround-
ing said cores and connected with a source of
irregular or alternating currents, an exposed
line working-conductor extending along an-
other portion of the said path, a magnetic
core carried by the car in inductional rela-
tion to the stationary cores, a secondary con-
ductor wound thereon, a movable contact con-
nected tothesecondaryconductortomalke con-

tact with the exposed line conductor, and an

electro-magnetic motor on the car and for
propelling the same and connected in circuit
with the secondary conductor.

9. The combination of a car or vehicle
movable along a given path, a series of sta-
tionary magnetic cores placed at intervals
along a portion of said path, coils surround-
ing said cores and connected with a source of
irregular or alternating currents, an exposed
line working-conductor extending aiong an-
other portion of the said path and deriving
carrent from the same source, a magnetic
core carried by the car in inductional rela-
{ion to thestationary cores, a secondary con-
ductor wound thereon,a movable contact con-
nected to the secondary conductor to make
contact with the exposed line conductor, and
an electro-magnetic motor on the car and for
propelling the same and connected in circuit
with the secondary conductor.

10. The combination of a car or vehicle
movable along a given path, a stationary
magnetic core extending along a portion of
the path, a conductor to magnetize said core
and connected with a source of irregular or
alternating currents, an exposed line working-
conductor extending along another portion
of thesaid path, a magnetic core carried by

452 099

tionary cores, a secondary conducter wound
thereon, a movable contact connected to the
secondary conductor {o make contact with
the exposed line conductor, and an electro-
magnetic motor on the car and for propel-
ling the same and connected iIn circuit with
the secondary conductor.

11. The combination of a car or vehicle
movable along a given path, a stationary
magnetic core extending along a portion of
the path, a conductor to magnetize said
core and connected with a source of irregu-
lar or alternating currents, an exposed line
working-conductor extending along another
portion of the said path, a current- trans-
former between the said conductor connected
with the source and the exposed line con-
ductor, a magnetic core carried by the car in
inductional relation to the stationary cores,
a secondary conductor wouncd thereon, a mov-

i able contact connected to the secondary con-

ductor tomalke contact with the exposed line
conductor, and an electro-magnetic motor on
the car and for propelling the same and con-
nected in circuit with the secondary con-

ductor.
12. The combination of a car or vehicle

movable along a given path, a stationary mag-

netic core extending along a portion of the
path, a conductor to magnetize satd core and
connected with a source of irregular or alter-
nating currents,an exposed line working-con-
ductor extending along another portion of the
said path, an induactional transformer having
one of its coils in cirenit with the conductor
connected with thesourceand theother coil in
circuit with the exposed line conductor, a
magnetic core carried by the car in induc-
tional relation to the stationary cores, a sec-
ondary conductor wound thereon, a movable
contact connected to the secondary conductor
to'make contact with the exposed line condue-
tor, and an electro-magnetic motoron the car
and for propelling the same and connected
in circuit with the secondary conductor.

13. The combination of a car or vehicle
movablealong a given path,aseriesof station-
ary magnetic cores placed at intervals along
a portion of said path, coils surrounding said
cores and connected with a source of irregu-
lar or alternating currents, an exposed line
working-conductor extending along another
portion of the said path, a magnetic core car-
ried by the car in inductional relation to the
stationary cores,asecondary conductorwound
thereon, a movable contact connected to the
secondary conductorto makecontact with the
exposed line conductor, a current-rectifier in
the conductor on the vehiele, and a direct-cur-
rent motor on the car and for propelling the

same and connected in circuit with the sec-

ondary conductor.

14. In an eleetric railway having a conduc-
tion system for one portion and an induction
system for other portions of the railway, the
combination of a source of high-tension cur-

the car in inductional relation to the sta- 1 rent forone of the portions equipped with the
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induction system, atransformer to reduce the
tension of a portion of the said currentto sup-
ply the conduction system, and a transformer
to increase the tension of a portion of the cur-
rent of the conduction system to supply

another portion of the railway equipped with

the induction system. -
15. In an electricrailway having a conduc-

tion system for one portion and an induction

system for another portion of the railway,
a source of low-tension current for the con-
duction system, and a current-transformer to
increase the tension of a portion of the said
current to supply the induction system.

16. In anelectric railway having a conduc-
tion system for one portion and an induction
system for another portion, meansfor supply-
ing the conduction system with a direct cur-
rent and the induction system with an alter-
nating current. |

17. In an electric railway, a supply - con-

ductorextendingalongtherailway,havingone |

| 1890.

or more portions of its length exposed and one

or more portions insulated, means for supply-
ing the exposed portion or portions of the sup-
ply-conductor with a current of lower tension
than the other portion or portions, a car to
move along said railway, an electric motor to
propel the car, an electric conductor on the
car connected to the motor, an electric con-

‘nection to conducet the current between the

exposed portion or portions of the supply-
conductor and the car-conductor, and suit-
able means whereby the current for the motor
may be derived from the insulated portion or
portions of the supply-conductor by induec-
tion. |

In testimony whereof I have hereunto
signed my name this 15th day of December,

MARK W. DEWELY.
Witnesses: |

* C. H. DUurLL,
H. M. SEAMANS.
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