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PaTENT OFFICE.

ERNST WERNER SIEMENS, OF BERLIN, GERMANY.

ELECTRIC RAILWAY.

SPECIFICATION forming part of Letters Patént No. 322,859, dated July 21, 1885.
Application filed April 8 1885, (No model.) |

To all whom it may concern:

Be it known that I, ERNST WERNER SIE-
MENS, a subject of the Emperor of Germany,
residing at Berlin, in the German KEmpire,
have invented certain new and useful Im-
provements in Klectric Railways; and I do

~ hereby declare that the following is a full,
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clear, and exact description of the same.

My invention relates to electric rallways
and to means and apparatus made use of for
transporting persons and things by the elec-
trical transmission of power; and the nature

of my invention consists in the means used

for conveying the electrical energy to or from
the electro-dynamic motor mounted upon the
vehicle to be moved. Acecording to my in-
vention the current is conducted by a rigid
conductor fixed upon insulating standards.
On this conduector or rail is placed a small
contact-truck composed of a set of wheels
which travel upon the rail and support the
truck, and a set of adjustable and reversible
spring-brushes so arranged as to secure a per-
fect contact with the rail.

In the accompanying drawings, in which
corresponding parts are designated by simi-
lar letters, Figure 1 shows a side view, par-
tially in section, of a contact-truck operating
with a rigid conducting-rail according to my
invention, and Fig. 2 is an end view of the
same. Fig. 3 is a part side elevation of a car
having my invention applied thereto. Iig. 4
is a plan of the under framing of the same;
and Fig. b is a diagram showing the connec-
tions of the electrical current. Fig. 61saside,
and Fig. 7 an end view, of the car. Iigs. 8
and 9 illustrate a method of electrically con-
necting a traveling truck with a wmoving car.
- The iron or steel conducting-rail A, in con-
nection with the stationary dynamo-electric
machine, is suspended by sultable insulators,
B, from standards along the line or from the
roof of a tunnel. The truck consists of two
side cheeks, C C, fixed together at a certain
distance apart by bolts D, and having up-
rights B at their ends,that carry grooved roll-
ers I, by means of which the truck 1is sup-
ported on the rail. |

G G are sockets, in which are secured the

| der surface of the conducting-rail A, so as to
carry the current from the latter to the frame
of the truck, from which it is led to the pend-
ent socket I, in which is secured the flexible
conductor K, leading to the railway-carriage. 55
In order to insure perfect contact betweenthe
brushes & & and the rail, the sockets G G are
pressed upward by means of springs L, con-
nected at the upper ends to brackets M on the f
frame, and at their lower ends to side pins on 60
the sockets G. The brushes are also adjust-
able in the sockets by means of clamping-
screws N. When the truck travels in the di-
rection of the arrows, Fig. 1, they will assume
the angular positionshown, being held inthat 65
position by stops o. On the motion of the -
carriage being reversed, the brushes will of
themselves assume a reversed inclined posl-
tion, being held then by stops P P.

The locomotive made use of by me at the 70
city of Berlin in the year 1879, which is de-
seribed in another application, consisted of a
vehicle with four wheels which were rigidly
fastened to their axles, and a frame-work -
which ecarried the bearings of the driving- 75
axles, the electro-dynamic motor, and the sup-
ports for the axle of such wheels as were re-
quired to produce the required ratio of veloc-
ity between the fast-running axle of the elec-
tro-dynamic motor and the comparatively 8o
slow-running axlesof thedriving-wheeis. The
metallic parts of the electro-dynamic motor
were electrically insulated from the metallic
parts of the frame-work, and the electrically-
conducting communication through the 85
toothed wheels between the motor and the |
frame was broken by applying an insulating-
piece in one of the toothed wheels. The four
wheels of the locomotive were in conducting-
connection with the frame, and also in connec- go
tion, through the rails, with the stationary
dynamo-electric machine. Between the two
rails upon which the vehicle traveled a middle
rail, insulated upon wood orin any other prop- -
er manner, was made use of for transmitting the g5
current, and both of the track-rails were made
use of for the return-current. The electrical
connection between the rail running in the
middle between the two track-rails and the

so contact-brushes & %, that press against the un- | el_ectro-_d‘ynamic motor of the locomotive was 100
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effected by means of metallic brushes attached
to the car-frame in an insulated manner, and
the gap in the cireuit thus formed between the

brushes and the frame was closed by the cop-

per wire of the electro-dynamic motor,and by

a Switch provided with artificial resistances by

leading an insulated wire from the brushes

upon the rail to one of the poles of the electro-

dynamic motors of the locomotive, and an-
other insulated wire from the frame through
the switch to the other pole of the motor.

~According to my present invention,a con-

~ducting-rail is placed above the track and in

15

conductive communication with the stationary
dynamo-electric machine. The rails upon
which the car movesare joined by copper sta-
ples, and form the return-circuit, and the cur-
rent 1S conveyed to the car by the flexible con-

~ductor K, which may be attached to the side

20

25

of the car, as shown in Figs. 8 and 9, or to
the top. From the flexible conductor K the
current is taken to a commutator by a lever,
which switches resistance-frames placed un-
der the car in or out, as may be desired, and
also changes the position of the brushes on
the commutator of the electro-dynamic mo-

- tor, and thus reverses the direction of its mo-

30

tion. o
In starting thelocomotive the current is not

turned on suddenly, but is made to pass

through the resistances, which are afterward

cut out in part or altogether, according as the

- conductor chooses to run fast or slow. The

30
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- contact-plate @ of the switch; from the june-

05

current 1s conveyed from the electro-dynamic
motor through the axle-boxes to the axles,
and from thence to the tires of the wheels,
and finally led by the insulated track-rails to
the stationary dynamo-electric machine, as
shown by dotted lines at Z, Fig. 4.

The parts of the conductor may be connected
by fish-plates,and also by double copper loops
securely soldered to the iron, and the track-
rails are connected in a similar manner.

The electro-dynamie motor K is placed.be-_

neath the floor in the center of the car, and by
means of intermediate spur-gear drives one
axle only, andthe levers working the mechan-
ical brakes and also the reversing-levers are
connected to both ends of the car, so that the
conductor can always stand insuch a position
as to have an uninterrupted view of the rails.

In Fig. 5, A’ represents the stationary dyna-
mo-electric: machine, from which the current
passes by the conductor B’,which represents
the conducting-rail A, previously described,
and through the before-mentioned brushes to
the switch I/ and resistance-frames M’ upon
the car. It will be seen that the resistances
1 2 3 4, &c., are connected together in series,
while connection is made from resistance 1 to

tion of resistances 2 and 3to plate b; from the
Jjunction of 4 and 5 to plate ¢; from the junc-
tion of 6 and 7 to plated, and from resistance
8 to plate e. The contact-plates a’ ¥ ¢ d' ¢
are connected, respectively, to a, b, ¢, d, and e,

- so that when the contact-lever N’ is moved to |

322,859

the same angular position on either side of the
central position it makes the same contacts.
Erom the contact-lever N’ a conducting-wire, 70
O, leads to the one pair of brushes P P’ of
the commutator of the electro-dynamic motor
on the car,while from the other pair of brushes,

Q Q,a conductor, R, representing the wheels

of thevehicleand rails, leads the currentback 75
to the dynamo A’. An extension, N% of the
lever N', is connected by a rod, S, to a frame,

T, pivoted on the axis V of the electro-dyna-
mic machine,which frame carries spring-arms

W, the ends of which are made to slide with 8o
a certain pressure upon the arms X, that carry
the contact-brushes, and that swing on pins -
X', fixed to the dynamo-frame. Thusonshift-
ing the contact-lever N, say to the right from

‘the central position, the frame T will be moved 83
80 as to cause the arms W to bring the brushes

P and Q in contact with the commutator; and
immediately upon such contacts being made,
the lever N will be brought on to the contact-
plate @, so that the eircuit from B will now pass go
consecutively through all the resistances in
the diréction from 8 to 1, and thence through
plate ¢ and wire O to the commutator, caus-
ing the dynamo-machine to rotate in the direc-

tion determined by 'the position of the con- g5

tact-brushes, the current being, however, of

comparatively little strength. On moving

over the lever N sunccessively to the plates b,
¢, d, and ¢, the strength of the current will be
successively increased by reason of the re- 100
sistances 1 2 3, &e., being successively cut out
of the circuit until, when contact is made with
plate ¢, the whole of the resistances are thus
cut out, and the full strength of the currentis
made to pass throngh the machine, which 103
thus will propel the car at full speed. |

For slacking the speed the lever is moved
back to the contact-plates d, ¢, b, or a, accord-
Ing to the speed required, thereby introduc-
Ing the corresponding resistancesinto the ¢ir- 110
cult, while for reversing the direction of mo-
tion of the electro-dynamic motor, and conse-
quently of the car, the lever is moved over to
the left of the central position, whereby, first,
the frame T and arms W will be moved so 115
as to bring the brushes P Q out of contact,
and those P’ and Q' in contact with the com-
mutator, after which, by the continued mo-
tion of the lever onto the contact-plates o’ ¥,
&e., the strength of the carrent will be grad- 120
ually increased by the successive elimination
of the resistances. | | | .

Thus 1t will be seen that in stopping and
starting the car motion will be very gradually
decreased and increased, while in reversing 125
the position of the commutator-brushes there
will be little or no objectionable sparking, as
the lever will have been moved to the central
position in which the current from B will be
interrupted by the time the brushes are 130
brought out of contact, as shown on the draw-
ings. | | N .

Figs. 3 and 4 show the actual arrangement
of the stopping, starting, and reversing gear
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1ip0n the car. f’fare vertical spindles at each | adjusted by clamping-screws, as and for the

end of the car,provided at their upperends with
crank -handles ¢ ¢, moving over graduated

quadrants % A, while at their lower ends they |

are connected by levers N’ to the rod 5, pass-
ing along underneath the car, and connected
by a link, §', with the before-mentioned rock-
ing frame T of the commutator V of the elec-
tro-dynamic motor K, supported at the mid-
dle of the car-framing by suspended bearers.
The spindle f, at the right-hand end of the
car, also carries at its lower end a contact-le-
ver, N’, the end of which, on the rotation of
the spindle in one direction or the other,
makes contact with one or other of the plates
ab e de &ec., of the switch L/, which plates
are connected to resistances, as described
with reference to Fig. b, and which may be
placed at any convenient part of the car.
The divisions on the gquadrant / being made

10

15

20

to correspond with the contact-plates ¢ 6 ¢

d e, &c., it will be seen that according as
the driver moves his handle g to one or other
of these divisions he will effect the stopping,
starting, or reversing of the motion of the car,
or will vary the speed with which 1t travels.
- The lever N’ makes contact with a conduct-

ing-wire leading to theone pair of the commu-
tator-brushes, while the other pair of brushes
is electrically connected through another wire
and the axles and wheels of the car with
the permanent way serving as the return con-
ductor. -

The motion of the dynamo-axis i1s commu-
nicated to the axle by means of a pitch-chain
passing over a small pitchon the dynamo-axis
and a larger pitch-wheel on the axle.

The car herein described 18 the same 1n all
respects as that deseribed in another applica-
tion filed by me on the 9th day of December,
1884, except that the pole of the electro-dy-
namo motor is connected to a pendent conduct-
or, K, instead of being connected to a spring
at the side of the vehicle. I therefore do not
desire to secure by Letters Patent anything
deseribed herein which is elaimed in the said
application filed December 9, 1554.

Having thusdescribed my invention, I claim
and desire to secure by Letters Patent of the
United States—

1. The combination of the suspended rail,

_25

30

40

the contact-truck having brushes that press .

against the under surface of the conducting-

rail, and the pendent socket having a fiexible .

conduetor leading to the railway-carriage.

2. In an electric railway, the combination
of a conducting-rail with a smooth under sur-
face for the contact-brushes, connected with a
stationary dynamo-electrie machine, and an in-
sulator from which the conducting-rail 18 sus-
pended. |

3. The contact-truck consisting of two side
cheeks,C C, connected by bolts D,and uprights
E, provided with grooved rollers I, as and
65 for the purposes described.

4. The combination of the contact-truck hav-
ing sockets G, and stop-pins, o, with brushes

55

50

— ——

purposes deseribed. . |

5. In an electrie railway, the combination,
with a rail connected with a stationary dy-
namo, of a series of brushes mounted in a trav-

70

eling truck, and having . springs which cause

them to press against the side of the rail, as
and for the purposes described.

75

. 6. The combination, with a rail connected

with a stationary dynamo-electric machine, of

a truck movable upon the rail, and having
ogrooved rollers which travel upon the edge
thereof, as and for the purposes-described.

a stationary dynamo-electric machine, with a
truck provided with sockets in which are se-
cured contact-brushes that press against the

- 8o
7. The combination of a rail, connected with

under surface of the rail, so as to carry the 85

current from the latter to the frame of the
truck. - o |

8. The combination, with a condueting-rail,
of a contact-truck having reversible brushes
provided with springs and stops, as and for
the purposes described.

9. In an electric railway, the combination of

one or more stationary dynamo-electric ma-
chines, a movable car having an electro-dy-
namic motor mounted thereon, a conductor

90

935

arranged above or at the side of the ‘movable

car or vehicle, and a branch conductor pro-
vided with a contact-truck having reversible
brushes in electrical contact with the conduct-
or and electrically connected with the motor,
as and for the purpose described.

10. The combination of a conducting-rail

electrically connected with one pole of a dy-

100

namo-electric machine, a traveling contact-

truck provided with reversible brushes, an
electro-dynamic motor electrically connected
with the contact-truck and mounted upon a

105

movable car, axle-boxes electrically connected -
with the motor, wheels the axles of which re-

volve in the axle-boxes, and rails supporting
the wheels and electrically connected to the
stationary dynamo-electric machine, as and
for the purposes described.

11. Thecombination, substantially as herein

set forth, of an electro-dynamic motor mou nted
upon a movable vehicle, a circuit-controlling

I1IO

115

lever capable of closing the circuit upon the

commutator of the motor to produce either for-
ward or backward motion of the motor, and a
traveling contact-truck provided with reversi-
ble brusheselectrically connected with the mo-
tor, as and for the purposes deseribed.

12. The combination, substantially as herein

120

shown, of an electro-magnetic motor and its

commutator, with two sets of contact-brushes
clectrically connected with a traveling con-
tact-truck having self-reversing brushes, one
set of contact-brushes being so adjusted as to
produce rotation of the motor 1n one direction,

and the other set so adjusted as to produce

rotation in an opposite direction. _
13. The combination, in an electric rallway,
substantially as herein described, of an elec-

trical dynamic motor, two sets of contact-

125

130
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50

brushes, a lever adapted toﬁ throw either one |

of the two sets of contact-brushes into contact
with the commutator, and the other set out of
contact therewith, and a contact-truck hav-
ing reversible brushes connected to the car,
whereby a single movement of the lever re-
verses the direction of travel of the car.

14. The combination of an electro-dynamic
motor and its commutator, two sets of con-
tact-brushes, a lever capable of being placed
In a position for throwing the brushes for
producing a direct motion into contact with
the commutator, of removing all contacts from
the commutator, and of throwing brushes for
producing a reversed motion of the motor into

contact with the commutator, and a contact-

truck having reversible brushes connected to
the car upon which the motor is placed, as
and for the purposes herein described.
15, The combination, substantially as herein
set forth, of an electro-dynamie motor and its
commutator, two sets of commutator-brushes,
adjusted respectively to proeduce direct and
reversed motion of the motor, a reciprocating
rod or bar, operated by levers attached. at
cach end thereof, and a contact-truck provided
with reversible brushes attached to a car.

16. The combination, substantially as here-
in set forth, of an electro-dynamic motor and

1ts commutator, two sets of commutator-

brushes arranged to produce either a direct or
reversed motion of the motor, a sliding rod or
bar adapted to throw one set of brushes into
contact with and the other set out of contact
with the commutator, devices for adjusting the

Pposition of the shifting or sliding bar, and a

traveling contact-truck provided with revers-
ible brushes electrically and mechanically
connected to a car. | |
17. The combination, substantially as here-
In shown, of an electro-dynamic motor and its
commutator mounted in a depending frame
beneath the car with two sets of commutator-
brushes, one of which is so adjusted in rela-
tion to the commutator as to produce rota-
tion of the motor in one direction, and the
other of which is so adjusted as to produce ro-
tation in the opposite direction and a con-

tact-truck provided with brushes which re-
verse themselves when the direction of th

motor of the car is changed. -

- 18. The combination, substantially as set
forth, of an electro-dynamic motor and its
commutator, supported by suspended beams,
two sets of contact brushes or devices, respect-
lvely adjusted to produce direct and reverse
motlon, a shifting-rod passing along under-

nea,_th- the car and connected with the rock- .

~ance on either side of its contact

ing frame of the commutator-brashes, and a

contact-truck traveling npon a econductor and
provided with brushes which reverse them-

selves when the direction of the motion of the

car 18 reversed. | | | |
19. The combination, substantially as set

forth, of an electro-dynamic motor and its

commutator, suspended by beams from the

bottom of the car, two sets of contact-brushes
or devices, respectively adjusted to produce
direct and reversed motion, a shifting- rod

- passing along underneath the car and connect-

ed with the rocking frame of the commuta-

tor-brushes, vertical spindles at each end of
the car connected by levers with the shifting-

rod, and a traveling contact-truck having re-

versible brushes electrically connected to the

contact-brushes of the commutator. .
20. The combination, substantially as here-

‘in set forth, ‘of an electro-dynamic motor sus-

6C

70

75

perded by bearers from the bottom of the car, -

and having upon its axle a pitch-wheel, a
large pitch-wheel upon the axle of the car-
wheel, and a pitch-chain passing over the

small pitch-wheel on the axle of the motor

and the large pitech-wheel on the axle of the
wheels, and a traveling contact-truck having
reversible brushes, as and for the purposes
described. . a

21. In an electric railway, the combination,
substantially as herein set forth, of a frame
suspended beneath the car, having resistances
connected together in series, a series of con-
tact-plates electrically connected together, a

80_

QO

contact-lever which makes the same connec-

tion with the contact-plates when moved a
certain distance in one direction as when
moved a certain distance in a réversed direc-
tion, and a contact-truck having reversible

95

brushes and electrically connected with the

contact-lever.

22. The combination of the contact-plates ¢’
b’ ¢’ d' ¢, connected, respectively, with the con-
tact-plates a b ¢ d e, the contact-lever N, which
on being moved to the same angle of resist-

makes the same contact, and the contact-truck
having reversible brushes electrically con-
nected to the contact:lever.

- Intestimony whereof L have signed my nante

to this specification, in the presence of two

subsecribing witnesses, this 9th day of Septem-
ber A. D. 1884. |

ERNST WERNER SIEMENS.

Witnesses: -
- M. S. BREWER,
JOHN R. ROSLYN.
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