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- useful Improvements in Mechanism for Start-
ing, Stopping, and Reversing the Direction
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UNITED STATES

PatenT OFFICE.

FRANK H. FOSTER, OF BROOKLYN, NEW YORK.

MECHANISM FOR STARTING, STOPPING, AND CONTROLLING SPEED OF MOTORS OF ELECTRIC CARS.

SPECIFICATION forming part of Letters Patent No. 598,199, dated February 1, 1898.
Application filed August 12, 1897, Serial No, 647,964, (Wo model,)

To all whom it may concerns

Be it known that I, FRANK H. FOSTER, a
citizen of the United States, and a resident
of Brooklyn, in the county of Kings and State
of New York, haveinvented certain new and

of Motion of Electric Cars and Controlling
the Speed of Their Motors, of which the fol-
lowing is a specification. |

My invention is designed as an improve-
ment upon that class of mechanism which is
made use of for starting, stopping; and re-
versing the direction of motion of electric
cars, and has forits objeet to provide a mech-
anism of this class in which the starting, stop-
ping, and reversing of the direction of mo-
tion of a series or train of electric cars and

‘the control of the speed of their several Pro-

pelling-motors may be effected in synchronism
from any one of the car-platforms desired
through the controlling devices usually car-
ried by the several cars. |

T'o this end the invention consists in vari-
ous constructions and combinations with the

‘motors and controllers of appropriate mag-

netsand electricand otherconnections where-

by the several results specified are accom-

plished, all as will hereinafter more fully ap-
pear. | | o
Referring to the accompanying drawings,
which form a part of this specification,
ure 1 1s a side elevation of a number or train
of cars with my invention applied in con-
nection therewith, the
ing omitted from all but the middle car; Kig.
2, a reverse plan view of such ecars with the
propelling-motors and various of the parts

- omitted; Ifig. 3, a side elevation of the mech-

40

50

anism through which the controller and cur-
rent-reversing switch of each of the cars are

operated, the containing-case, the vacuum-

chamber, and various of the other parts be-
ing shown in vertical longitudinal section;
Fig. 4, a plan view thereof, the containing-
case, vacuum-chamber, diaphragm, and stop
being illustrated in horizontal longitudinal
section; I'ig. 5, a diagram showing the mag-
nets for each of the several cars and the elec-
tric circuits in which they are respectively
located with the switches through which the
several electriccircuitsare opened and closed.

be constructed in various forms.

Fig-

propelling-motors be-

struction, however, I

Fig. 6 is a diagrammatic plan view of the

controller, reverse-switch, and electrical con-
nections intermediate such parts and the mo- g3
tors with my invention applied in connection
therewith, the motors and parts of a car be-
ing shown in dotted lines; and Fig. 7, a fur-
ther diagrammatic view of the controller and
reverse-switch with the several contacts with 6o
which they respectively cooperate. |

Inallthe figureslike letters of reference are
employed to designate corresponding parts.

A indicates a series of cars, ¢ the wheels
upon which they are supported and propelled, 65
B and B’ the motors through which such pro-
pulsion is effected, C the overhead or other
main conductor, D the trolley arms or poles
for conducting the electric current from the
overhead or other conductor to the motors, 7o

B the current-controllers, and I the reverse

switches through which the reversal of the
motion of the cars is effected, all of which are
or may be of any ordinary or preferred con-
struction and require no further description 7g
herein. |

Located upon each of the cars A is an elec-
tromagnet G, by means of which and its co-
operating armature G’ the controller and re-
verse switch of such car may be operated. 8o
This electromagnet, with its armature, may
I prefer,
however, to construct -the first of these in the
form of a double electromagnet with con-
lcally -shaped pole-pieces g projecting out- 8¢
ward from its operating end, and to construct:
the other with correspondingly - shaped re-
cesses g for reception of the said pole-pieces
when the armature is moved toward the mag-
net under the influence of the latter or other- go
wise. As thus constructed the required ro-
tation of the controller E and the reverse
switch F may be imparted therefrom through
various means. In my preferred form of con-
nd i convenient to gs
mount the armature G' upon the upwardly-
extending arms of the bell-crank levers ¢2
which are pivoted within the casing or hous-
ing I on the pivot ¢°, and to communicate
the required rotation tothe controller through 100
the intervention of a pawl ¢* and a ratchet e,
the former being pivoted to the horizontally-
extending arm of the bell-crank lever ¢® on
a pivot ¢° and the latter being fixedly secured
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to the shaft e’ of the controﬂer K, which in |

the embodiment of the invention shown in
the drawings is, with the reversing-switch I,
arranged in a horizontal position. The sev-
eral parts being thus arranged, when the pawl

“g*isbroughtinto engagement with theratechet

e the rotatmn of the cont1 oller E by a step-
by-step progressive movement will be effected
by simply moving the armature G’ back and
forth toward and away from the magnet G,
and its rotation in the opposite du*ectlon Wlll
be prevented by the pawlor detent ¢°, which,
pivoted WlthlII the casing or housing H upon
the pivot g7, engages w1t11 the mtchet e, as
shown.

To provide for bll]ﬁlﬂ‘lﬂﬂ‘ the pawls ¢? :;md'_
g° into engagement with the ratchet e when
“the step- by step rotation of the confrollerin

one direction is required and for carrying
them out of engagement therewith when the
rotation in the opposite direction is desired,
the electromagnet I and codperating armature
I' are employed.
net (x, may be constructed in various forms.
As here shown, however, it 1s, like that mag-
net, constructed in the form of a double elec-
tromagnet, and the armature is secured to
the ends of two levers ¢ and ¢/, which are piv-
oted upon a rod <%, that is secured within the

casing or housing II with the levers, provided

with an upwar dly extending arm %° and a

downwardly-extending arm @‘l tothe extremi-
ties of which, by eonnecting-rods 1’ and 7°,
the pawls g and g* arerespectively connected.
As thus arranged the engagement of the said
pawls with the ratchet e and their disengage-
ment therefrom are effected by simply mov-
ing the armature I' back and forth toward
and away from the magnet I, and in order to
permit of these pawls moving back over the
teeth of the ratchet when in engagement

therewith the connecting-rods 2° and 2° in-

stead of being poswwely jointed to their re-
spective pmvls arearranged looselyin orifices
formed in studs 2’ and 2° on the latter and are
each provided with a collar %, between which
and the outer side of its 1*espeet1ve pawl 1s
arranged a coiled spring 219

To provlde for the energization of the mag-
nets I and G, whereby to 1mpart to the arma-
tures I' and G the required movements to
efﬁeet the engagement of the pawls g* and
¢® with the ra tchet e and the appropriate
movements of the controller E and reverse-

switeh ¥, I'make use of the conductors K and
' Lr.

These conductors extend throughout the

 lengthofthecarandare provided at theirends

6o

‘with suitable conpling devices whereby the

corresponding conductors of the several cars
may be united and the magnets of the several
cars thereby rendered active in synchronism.

The conductor K 18 connected through a

magnet I on each of the cars with the trolley
by a conductor b, and the circuit in which
these several elements are combined is ren-
dered complete by a conductor b', leading
from the conductor Ik to the ground or to one

This magnet, like the mag-

ing I, as desired.

of the car-wheels ¢, a suitable switeh M being
located within the circuit, and preferably in
the conductor b’,whereby the said circult may
be opened and closed when desired.
net I, a trolley D, conductors b and b', and &
SWltch M being thus arranged 1n eonneetlon
with each of the cars, and the conductor K be-
ing common to them all, the magnets I of all
the cars of the series may be 1**endel ed active
or inactive and all the pawls ¢* and ¢° there-

by carried into and out of engagement with

the teeth of their respective ratchets in uni-
son by operating the switch M on any one of
the platforms of the series of cars in the re-
quired direction. The conductor L is like-
wise connected to the trolley D on each of the
cars by a conductor ¢, in which is preferably
located a switch N, Whereby the current pass-
ing thelethrounh may be interrupted or al-
lowed to flow, {md the circuit in each of the
cars in whwh these several elements are in-
cluded is rendered complete by the employ-
ment of a conductor d, leading from the con-
ductor L, through the mag uetG to the ground
or to one of the car-y vheels, as desu*ed A
trolley D, a magnet G, conductors ¢ and d,
and a sw1teh N bemﬂ thus employed In con-

neclion with each Of the cars in the series,

and the conduector L being common to them

all, the magnets G of the several cars com-

posing the train may be similarly rendered
active or inactive in unison and the several
pawls ¢* thereby operated to rotate their re-
spective controllers E in synchronism, as 1s
the case with the parts operated fromthe mag-
nets I, by simply opening or closing the smtch
N on any one of the platforms of the cars mak-
ing ap the train. The operation of the con-
troller F of each car, when brought into ac-
tion, being thus e focted by the “back - and-
forth movement of its respeetlve armature G’
through its particular pawl ¢g* and ratchet e,
and i;he necessities of its operation requiring
that its forward rotation be accomplished by
a step-by-step progressive movement, it is nec-
essary to the imparting of the required move-
ment to such armature that the circuit in
which its respective magnet G 1s brought by
the closing of the SWltCh N be broken and
made anu mber of times in succession, where-
by to render said magnet in like succession
mactwe and active.

For breaking and making the circuit in
which each of the magnets G 1s arranged 1
make use of a circuit-breaker. This circuit-
breaker may be constructed in various forms.
I prefer, however, to construet it in the form
of two levers T and 7', which are pivoted to-
cether by a pivot /%, and the former ful-
crumed upon a pivot f?in a stand f*, secured
to the support of the magnet G or to the hous-
The lever /is connected
with the armature G’ by a suitable connect-
ing-rod /%, whereby to be caused to move back
and forth theremth, and is provided at its
free end with the spring-actuated bell-crank-

shaped trigger f%, which normally engages

A mag-
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with a noteh /7, formed in the free end of the |
lever /7, that constitutes one terminal of the.
conductor ¢ in cireunit with magnet G. At
all points, except where the trigger engages
5 with the notch f7, the lever ' is insulated
- from the lever f and in its movements it co-
operates with the terminal /v of the conduc-
tor d, that is also in circuit with the magnet

G. This terminal 7 is preferably carried

10 upon the free end of a rod &' of a piston 72
which, provided with air-passages /3, formed
therethrough, is fitted to move back and forth

in the cylinders or dash-pot %, secured to the
housing H or other convenient part of the

I5 car. As thus arranged, with the trigger 7
engaged with the notch 7, whenever the ar-
‘mature G’ is moved toward the magnet G,
either through the attraction of the latter or
otherwise, the levers f and f’, with the two

20 terminals and the rod and piston of the dash-
pot, will be moved in a similar direction
therewith in unison or in a direction toward
the left in IFigs. 3 and 4 of the drawings with-
out any break between the two contacting
25 terminals taking place. In order, therefore,
to provide for breaking the cireuit in which
the magnet G islocated when this movement

of the parts is taking place, I provide a pin
- or an abutment £, which is arranged in the
30 line of travel of the outer end of the trigger |
/' and employed in connection with the levers
Jand /' and with the piston %* of the dash-
pot appropriately-formed springs %' and 75,
respectively. DBy this arrangement when-
35 ever the circuit in which the magnet G on
any one of the cars is located is closed by the
proper movement of its appropriate switch N,
‘suchmagnet will be immediately magnetized
and its armature thereby attracted and
40 caused to swing toward it on its pivot ¢®. As
a result of this movement of the armature the
pawl ¢* thereon will be caused to rotate the
controller K through the distance of one tooth
of the ratchet e, and the parts composing the
45 circuit-breaker will be carried in the direc-
tion in which the armature was attracted.
In moving with the armature G’ the outer
end of the trigger f° in passing the pin or
abutment & will engage therewith and be
5o thereby disengaged from the noteh 7 in the
outer end of the lever £/, which will then be
forced back away from the terminal /1 of the
conductor ¢ by the spring %', and the cireuit
in which the magnet G is located thereby
55 broken. This breaking of the circuit will
cause the immediate demagnetization of the
magnet G, when the armature G’ will fall
back away from the same, the pawl ¢ there-
by drawn back.over the ratchet e for engage-
6c ment with another tooth thereof, and the
levers fand /' of the circuit-breaker drawn
back away from the terminal 7. As these
levers f and /' are thus carried in a direc-
tion away from the terminal 7 this terminal
65 will follow thereafter under the influence of
- the spring /°; but in consequence of the re-
sistance offered to the piston A? by the airin |

the cylinder or dash-pot /i* the movement of
the terminal /v will be retarded. - It will, how-
ever, be forced back in contact with the le-
ver ', forming the terminal of the conductor
¢, when the current will be again restored,
the magnet G again magnetized, the arma-
ture " again attracted, the controller E ro-
tated through the space of one tooth, and the

levers f and /' moved for a second break of

the circuit, and so on, the breaking and mak-
ing of the circuit and the operation of the
various parts being thus continued until the
switch N is opened or the rotation of the con-
troller K is restrained by a suitable stop, with
which it may in practice be provided. While
thus the breaking and making of the circuit
in which the magnet G is included on each of
the cars is automatically effected, when the
operation of the controller is required the
breaking and making of the corresponding

cireuits on all the cars of the train when the

several controllers are to be operated is simi-
larly effected automatically in unison in con-
sequence of all of such circuits, including as
one of their elements the common conductor
L,which extends throughout the seriesof cars
composing the frain.

With the parts above described for carry-

‘Ing the pawls ¢* and ¢° into and out of en-

gagement with theirrespective ratchets eand
operating theseveral controllers E of the train
in unison from any one of the platforms of
the cars of the train I make use of devices
whereby, after the several controllers have
been rotated to start and control .their re-
spective cars, these several controllers are all
returned to their initial positions in nnison,
when their respective pawls g* and ¢° are re-
moved trom their actuating-ratchets ready
for the next forward movement. The mech-
anism through which this return of the con-

trollers to their initial positions is effected

may ‘be modified in various ways. In the
form, however, selected by me for the illus-
tration of my invention it consists of a drum
O, which is fixedly secured to the shaft e’ of
the controller E of each of the cars and has
secured thereto one end of a band o, the other
end of which is secured to appropriate re-
tracting means—as,for instance, a diaphragm
o' of a vacuum-chamber 02 that isor may be

secured to the casing or housing II or other

convenient part of the car. By these means
when the controllers of the several cars are
rotated forward under the action of their re-
respective pawls g* and ratchets e the several
bandscooperating with them will all be wound
upon their respective drums O, and the dia-
phragms o', to which they are respectively se-
cured, thereby distorted. The several dia-
phragms having been thus distorted as their
respective controllers have been rotated un-
der the action of their coéperating pawls and
ratchets will when such pawls are removed
from engagement with their respective ratch-
ets, as when the current in which the mag-
nets I are located is broken by the switch M
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to stop the train, resume their normal form

~and thereby, through the bands o and drums

I1Q

20

30

35

40

O, automatically return their respective con-
trollers to their original positions ready for &
further forward rotation when the current 1s
again restored, as is the case when the train
is to be again started.

In order to provide for rotating the reverse-
switch of each of the cars, whereby to re-
verse the direction of the currenft passing
from the controllers K to the propelling-mo-
tors B and B’ when it is desired to reverse
the direction of the car and cause it to run in
an opposite direction, I make use of a disk P
on each of the cars, which is loosely mounted
on a shaft 7°, that 1s supported in suitable
bearings secured to the casing or housing il.
This disk is provided on one of its sides with
a spur-gear p’, which meshes with and com-

municates a rotary motion to a pinion p? that
is fixedly secured to the shaft p° of the re-

verse-switch ¥, while projecting fromits other
side is a circular row of pins p*, that are dis-
posed thereon at approximately equal dis-

tances from the axis of the disk and codper-

ale with a hook », secured to or formed as a
part of a rod 7', which is jointed at one of its
ends to the armature . The other end of
this rod passes loosely through an orifice in
a lug 7°, which extends upwardly from the
armature 1" a sufficient distance therefrom as
to bring the hook 7 on such rod into engage-
ment with the pins p* on the disk P when
such armature 1s not attracted by the mag-
net L and 1s at itsfarthest distance therefrom,
but carry said hook above and out of engage-
ment therewith when attracted by and in con-
tact with said magnet. With the parts con-
structed and arranged as thus described and
with the magnet I inactive and its armature
I’ removed from it to the limit of its back-
ward movement the rotation of the reverse-
switch may be effected by simply moving the

~armature G’ toward its magnet G, which in

- communicated to the reverse-switch through

55

practice 1s done by energizing such magnet
through the means by whiech 1t is ordinarily
energized to rotate the controllers. When
the armature G’ is thus moved toward its

magnet &, the hook 7 on the rod " will en-

gage with one of the pins p* and rotate the
disk P through approximately the same dis-
tance as the armature is moved. The rota-
tion thus 1mparted to the disk will then be

the gears p’ and p*, and in order to insure the
proper movement of the switeh to reverse the
current the gears p’and p*are so proportioned

- that for every movement of the disk P by the

60

_ hundred and eighty degrees; butthis distance

armature & the switeh will be rotated the re-
quired distance.  In the construction shown

in the drawings the distance through which

the switch 1s moved 1s a semirotation, or one

may be more or less, as the exigencies of the
particular form of switch employed may re-
quire. |

switches in the position to which 1t may be -

moved during the time that its respective
controller E is being progressively rotated by

the movements of its.appropriate armature

G, while yet permitting of its being rotated
when the controller is occupying its extreme
backward position and the current for oper-
ating the propelling-motors B isinterrupted,
I provide the periphery of the disk P with a
series of curved recesses s, which are ar-
ranged in proper relations with respect 1o
the pins p*, and employ in connection there-
with a disk S, which is fixedly secured to the
shaft ¢ of the controller E and 1s in turn
provided with a similar curved recess s’ in its
periphery. Theradiiof the disks P and Sare
approximately the same as that of the curves
of their respective codperating recesses sand

s',and the recesses s are successively engaged

by the disk S as the disk P is intermittingly
rotated to effect the successive movements ot
the switech T, the recesses s being thus suc-
cessively engaged by the disk 5. The disk I,
and with it the switeh I, is locked thereby
and prevented from turning in either diree-
tion, except when the recess s’ in the disk S
is brought opposite to the disk P, whichis
done when the controller E is occupylng its
extreme backward position and the current
for operating the propelling-motors is inter-
rupted. When the controller occupies this
position, the movement of the reverse-switch
may be readily effected without obstruction;
but the moment that the controller 1s moved
forward either under the influence ot the ar-
mature G’ or otherwise the disk S engages
with the particular recess that may be oppo-
site to it and locks the disk P and the switch
F against further movement until the con-
troller is again returned to its original or ini-
tial position.

As the movement of each of the disks P 1s
in practice effected from its respective mag-
net G through the armature G', hook r, and
rod 7" and as one movement of the armature

toward the magnet is sufficient to rotate that

disk the proper distance to cause the reverse-
switeh T to reverse the direction of the cur-
rent passing therethrough, 1t 1s necessary
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that provisions be made to prevent the cur-

rent passing through such magnet from being
interrupted and allowed to flow a number of
times and the magnet thereby rendered in-
active and active a corresponding number of
times, as would be the case if such current
was allowed to pass from the magnet to the
around through the terminals /" and / of the
circuit-breaker. To this end I make use of
the conductor 7, which extends from each of
the magnets G to the conductor d, and pro-
vide it intermediate of its length with a switch
T, which is or may be opened and closed by
the armature I'. In the construction of this
switch various forms may be adopted. As
here shown, however, it consists of the two
contacts ¢’ and #3, to which the respective por-

With aview tolocking each of the reverse- ! tions of the conductor are connected, and of
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a blade#. Thisblade is preferably connected
with the free end of a lever #, which is ful-
crumed at its other end to a cap on the mag-
net I or other convenient part, and is con-
nected with the armature I' by a connecting-
rod #*in such a manner that when the magnet
I is inactive and the armature I’ is in its re-
tracted position the blade # will be carried
between the contacts ¢ and # and the switch
thereby closed, and when, on the other hand,

the magnet is rendered active and the arma- -

ture attracted thereby it will be carried from
between such contacts and the switch thereby
opened. With the parts as thus arranged
when the switch T is closed the current ad-
mitted to the magnet G by closing the switch
N avill pass therefrom to the ground through

- the conductor d by way of the conductor ?
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and switch T instead of by way of the ter-
minals /" and 7 of the circuit-breaker. As a
consequence of this a circuit will be estab-
lished through the magnet &, which will re-
main unbroken solong as the two switches N
and T' remain closed, and only such move-
ment be given thereby to the reverse-switeh
I' as is necessary to effect the required re-
versal of the direction of the current passing
therethrough. |

In practice I find it desirable to arrange
the controller and reverse-switch of each car,
with thelr respective operating devices, in a
suitable casing or housing H, which may be
secured to any convenient part of the car
as, forinstance, under either of the platforms
thereof—and to support the various parts
therein in anyapproved way, using 110N-mag-
netic and insulating materials in connection
therewith wherever required. The switches
M and N may in like manner be supported
from any convenient part of the car. I pre-
fer, however, to support them from the dash-
board V, and, although shown in the drawings
as supported from onlyone of the dashboards
of each car, in practice they will be prefer-

ably supported from both dashboards there-

of and connected with their respective mag-
nets by appropriate conductors. So, too, with
the propelling-motors B and B’. These mo-
tors instead of being applied in connection
with but one of the cars of the series will in
practice be preferably applied in connection
with each one of the series. Similarly with re-
spect to thetrolleys D. While I have shown
them in side elevation in Fig. 1 of the draw-
ings and in full lines in Fig. 5 as applied to
each of the cars of the series, and in some
cases may elect so to apply them, I preferin
practice to omit them from some orall of the
cars but one and communicate the current
therefrom to such cars through suitable con-
ductors carried by them, as shown by dotted
lines at W in Fig. 5. B
With the several carsof the series or train
individually provided with a current-control-

ler and a reverse-switch and -with the mech-

anism above explained for actuating them,
the starting, stopping, and reversal of the qi-

rection of the motion of the several ecars and
the control of their speed from any one of
their platforms are thus effected. Starting
with the cars at a standstill and with the parts
In the position shown in the drawings, the
switch M on any one of the platforms of the
train will first be closed and the ecireuit in
which each of the magnets I islocated thereby
established. As a result of this the arma-
ture I' cobperating with each of these mag-
nets will be thereby attracted and the pawls
g* and ¢° operated therefrom brought into
engagement with their respective ratchet e.
The switch N on any one of the platforms of
the train will then be closed, thereby closing
the circuit in which each one of the magnets
G 18 arranged, and through it and the eir-

cuilt-breaker codperating therewith such mag-

nets will be rendered active and inactive a
number of tfimes in quick succession and
its respective current-controller E thereby
progressively rotated by a step movement
through the armature G, pawl g% and ratchet

e.  The rotation thus given to the controller

will successively start its respective car and
increase its speed of movement until the re-
quired speed is attained, when the switch N
will be opened, the magnet G rendered inac-
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tive, and the eontroller left in the position to -

which it was adjusted. In this position the
controller will be left until it is required to
either increase the speed of the car or to ar-
rest its movement, when in the former case
the switch N will be again closed and a repeti-
tion of the former movement of thecontroller
effected, and in the latter case the switch will
be opened and in that condition left with the
switch M until the car is again started. The
stopping of the car having been effected by
the opening of the switch M, and this opera-
tion of the latter serving to render the mag-
net I of each carinactive, the respective pawls
g* and ¢® operated thereby will be disen-
gaged from their respective ratchets e and
the respective controller K returned to its ini-
tial position through the action of the dia-
phragm O and band o. To again start the
series or frain of cars, the switches M and N
will be again closed in succession, when the
same movement of each of the controllers,
with its operating parts, will be repeated, and
SO on.
rived at the end of its route, or otherwise, and
1t be the desire to reverse the direction of
movement of the train, the switches M and N
will be both opened, and thelatter then closed,
while the former remains open, when the ro-
tation of each of the réverse-switches I from
their respective magnets G will be effected
through the cotperating armatures G', hook 7,
rod 7', disk P, and gears »' % the direction
of the current passing therethrough will be
reversed, and the several cars, when again
started, moved in an opposite direction.
With a view to a clearer understanding of
my invention I have in Figs. 6 and 7 shown
a current-controller and a reverse-switeh of

The series or train of cars having ar-
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well-known form, with the electrical connec-
tions whereby the starting, stopping, and re-
versal of motion of the motors and the con-
trol of their speed from the mechanism above
described are respectively effected.

The controller B thus selected by me for
the purpose of illustration consists of a suit-
able cylindrical body E/, which is provided
along its periphery with a series of contacts
® to 6318 inclusive, and issupported upon the
shaft ¢ in such relationship to the contacts
d@? and e® to e, inclusive, as to bring the con-
tacts thereon into and out of engagement
with these latter contaets in the required
order as the body is progressively rotated.
The contact ® on this controller-body E' ex-
tends around the upper end of the same,with
a short break therein that is located opposite
the contact * when the controller is in 1ts
original or normal position. As thus dis-
posed this contact c® is electrically connected
to the contacts d*, d°, d°, and d' by suitable
conductors, (shown bV heavy lines in Fig. 7,)
and the same is true respecting the contacts
d® and d° the contacts d, d', and d**, the con-
tacts d¥?, d*, d'% and d*®, and the contacts
d® and d'. The reverse-switch I in like
manner also consists of acylindrical body I,
that is provided with two longitudinal rows
of contacts n to n', inclusive, a,nd nd to nb,
mcluswe, and is supported upon the shaft p°
in such a position with respect to the contacts
m to m’?, inclusive, as to bring first one and

then the other of the rows of contacts 1 to N

and 7® to n® thereon into engagement there-
with as the body F' is rotated. The contacts
being thus arranged upon the body K’ the
contacts 1 and n", n* and »®, nt and n°, and
nb and n’ of the row n to n” and the contacts
n® and n% n? and nll, n'® and n'%, and n' and
n' of the row n® to n'® are respectively con-
nected in pairs by suitable conductors, as
shown by heavy lines in Fig. 7. As thus con-
nected the current, 'pa,ssing from the con-
troller E therethrough to the motors B and
B’, may be caused to flow in one orthe other
direction to the latter, as their rotation in
one or the other direction may be required,
by bringing one or the other of the rows of
contacts 7 to n or 18 to nl® into engagement
When the row
of contacts n to n’is in engagement there-
with, the flow of the current from the con-
tlollel to the motors will be in one direction
and the motor rotated in a direction appro-
priate thereto. When, on the other hand,
the row of contacts n® to nld is brought into

‘engagement with these contacts m to m,

Whlch may be accomplished by rotating the
body ¥’ through a semirotation, then the cur-
rent will be eondueted to the motors in an
opposite direction and the latter rotated in a
reverse direction, and thus by simply rotat-
ing the body K" first one and then the other of
the rows of contacts 7 to n’and 78 to n®® will
be brought into engag ement with the contacts

T

current from the controller to the motors
and the direction of the rotation of the latfer
reversed, as may be required.

With the controller and reverse-switch con-
structed as above explained the current sup-
plied through the trolley-arm D or other ap-
propriate devlce is conveyed to the controller
E by a conduector d', which in practice pret-
erably extends to one or the other end of the
car, where it is provided with a suitable
switch D’, thence to the opposite end thereof,
where it is supplied with a second switeh D2
thence to and through a lightning-arrester D3
and thence to a contact 622 which is a,uanﬂed
to be brought into eleetueal connection with
the ontact d?, secured to the upper end of
the controller-cylinder, when such cylinder is
rotated. The contact 2 of the contr oller,
being thus in electrical connection with the
tlolley arm D.or other appropriate current-
supplying device, is energized at all times
when current 1is plesent therein and the
switches D' and D? are closed, and the cur-
rent passing thereto 1s Conveyed to the mo-
tors, when the step-by-step rotation of the
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controller is effected and the contacts n to n*

on the reverse-switch I are 1n engagement
with the contacts m to m®, as follows: Upon
the first forward movement of the controller
E to the distance of one stepin the direction
of the arrow in Fig. 7 the contacts d?, d*, ¢,
and ' carried by it are brought into elec-
trical connection with their 1espeetive coOp-

erating contacts d?, €%, €%, and ¢° along the line

1 of that figure, and the current supphed to
the conta(,t d? will, through the connected
contacts d3 and d, be eonducted to the COT-
tact e, thence alonn the conductor ¢’ to the
ter 1:1:1111&1 a®,thence thl ough the resistance R to
the ter mma;l a?, thence alonﬂ the conductor a*
to and thr ouu}l the contact e* to the contact €,
thence along the conductor ¢’ to and thr ouﬂh
the contact m to the contact n of the reverse-
smteh If, thence to and tlnouﬂh the contact
1 thereon to the contact m’, thenee along the
conduector ¢f to and thr ounh the ar nmtme b?
of the motor I3, thence alono the conductor
a’ to and thlouﬂh the eontact m?*, thence to
and through the contacts n?and »n° on the re-
verse-smteh to the contact m3, thence along
the conduector a® to and thr omh the field 63 of
the motor B, thence along the conductor o’
to the eontact e, thence 130 and through the

contacts d'®, dii, ‘and d° on the contr oller to

the contact eﬁ thence along the conductor o™
to the contaet m?, thence 130 and through the

contacts n' and »° of the reverse- smteh F,

thence to the contact m?, thence along the
conductor a'* to and 13111011“’11 the ar mature b
of the motor B, thence alonn_the conductor
a'*-to the eontaet m?8, thence to and through

the contacts n% and n’ of the reverse-switch,

thence to the contact m', thence along the
conductor a!® to the field 0% of the motor B/,
thence along the conduetor ¢ to the cond ue-—
tor 0', and thence to the ground at the point

.m ‘to m’ and the dueemon of the flow of the ! aﬁ“ thel eby allowing of the flow of the current
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from the controller to and through the resist- |
“ance and to and through the arm

1atures and
fields, respectively, of Lhe twomotors in series.

The ne.},_t step-by-step forward movement of
the controller & brings the contact d° against
the contact e? and, with the contacts d?, d* d?,
and d" and their eoopemtmo contacts CF 33 e‘J
and e°, form electrical connections alonﬁ the
line 2 of I 1g. 7. In this position, with oontaot
(3 electrmally connected with the contact (3 Dy
a suitable conductor, as shown, the current
supplied to the latter contact will flow to and
throughthe contaet dto the contact €3, thence
along the conductor 0° to the terminal b7,
thence through a portion of the resistance R
to the ter 111111&1 ®, and thence to and through
the armature and ields of the respective
motors B and B’ along the same conductors
and through the same contacts on the con-
troller &ndlevel se-switeh as above explained
in connection with the preceding movement
of the controller. The next step forward of
the controller in its operation brings the con-
tact ¢® thereon against the contact et and,
with the contacts Z3 «’, d°, and d'® and their

respective cooDela,mnﬂ* contacts ?, €% e and

e®, forms an eleetrw&l connectlon alonﬂ* the
line 3, while carrying the contact d* away
from the contact e*and thereby breaking con-
nection therewith. The contact (Z“bemo thus
brought mto operative connection with the
contact ¢* and being connected with the con-
tact *° through the contacts * and d° b

suitable eonductms as shown by heavy hnes
in FKig. 7, the cunent delivered to the con-
ductor (l° w111 flow thereto, thence to the con-
tact e, whence, instead of flowing therefrom

“to and throurlh the resistance R it euts out.

such 1681513&110@ and passes dlre(,tly to the
contact ¢°, through the short conductor >,
thence to t]1e conduetor a”, and thence .-.:LlOl]ﬂ
the same conductors and throuﬂh the same
contacts on the controller and reverse-smteh
to and through the armature and field of each

of the motors I and B’ in series as were re-

ferred to above in describing the course of
the current from this point Forw ard when the
controller is in the position it occupies after
having been moved forward to the distance
of its "l‘st step. Thenextor fourth step for-
ward of the controller brings the contacts dU,
d?, and d'7 thereon ag Ainst their respective

cooperating contacts e"" e, and e and, with
the contacts d3, 5 f df’ and (13 and their
codperating contacts (?7”3 63 et, ¢, and e8, estab-
lish electrical conneetmns at di erent points
along the line 4 of Fig. 7. As a result of
this, mth the contact d“ onn the controller
eleetuedlly connected with the contacts ¢?
and d' thereon and with the contacts '

and ' also thereon similarly connected, as
1s shown by the full lines extending between
them, the current delivered to the coutaet (?
by the contact d? passes to the contact (1,
thence to and through the contact e, thence
through the short eonductor a* 1o the COn-~
tact ¢’, thence aleng the conductor ¢ to the |

¢contact m thenece to and through the contacts

n and % 011 the reverse- Smtch If to the COMN-
tact m', thence along the conductor af to and
thl*ounh thﬂarmatm*eb of the motor B, thence
along the conductora’to the eontact m? thence
to and through the contacts 112 and ?2,3 on the
reverse - swifch to the contact m?, thence
along the conductor ¢® to the point ¢, where

the current divides and one portion contnmes
‘along the conductor «® and passes to and

thmuﬂh the field 0° of the motor B, thence
along the conductor ¢ to and uhmunh the
contact €° to the contact d¥on the contmller
and thence to the contact d"! thereon, v;hlle
the other pmtmn of the current dwlded oif
at the point ¢’ passes along the shunt-con-
ductor ¢*, thence through the resistance R/,
thence alonﬂ the eonductm‘ ¢’ to the coataet
e’, thence to the contact ', where it umteb
with the portion divided off at the point ¢’
and with it passes to and through the contact
’ on the controller to the eoutaet e, thence
along the conductor ¢ to the contact me,
thenw to and through the contacts ntand n?
on thereverse- smteh tothe contact m5, thence
along the conductor ¢ to and throun}l the
ar matuve 0* of the motor B’, thence ::110110' the
conductor a'* to the eontaet m®, thence Lo and
through the contacts nf and n?on the reverse-
5W1t(3h thence to the contact m?, thence along
the conductor a®® to the point 64 where the
current 1s again divided and one portion
passes to and through the field ° of the motor
B, thence along the conductor ¢! to.the con-
duetor b', and Lhence to the ground at the
point @', while the other portwn divided off

at the pomt ¢* passes along the shunt-con-

ductor ¢® to and through the resistance R2,
thence along the conductor ¢ to the contact
e, thence to and through the contacts ¥
and b on the controller, thence to and
through the contact ", thence along the con-
ductor ¢ to the nr-ound at the pomt a'’, the
current being thus passed as a whole throunh
the armatme of the motor B, then d1v1ded
and a portion passed through the field of that
motor, then the two portmns of the current
unlted and passed through the armature of
the motor B, then divided and a poygtion
passed throuoh the field of this latter motor,
and thence to the ground. The next forward
step of the contr oller carries the contacts db,
d', d¥, and d'7 away from their respective

eoopemtmﬁ contacts e, €', €% and e'l, there-
by breaking electrical eonnectlon wn;h them
and lea,vmo only the contacts d® °, d°, and
A% in contact with their eaopemtmo contacts
d? e* €, and €% along the line 5 of Fig. 7.

In this position the eurrent supplied will be
passed through a portion of the resistance
R, thence t]nmwh the armature and field of
the motor B, &nd thence thlonﬂ'h the arma-
ture and field of the motor B’ in series along
the same conductors and through the same
contacts as is the case when the controller
K is moved to its second forward step po-
sition.  The sixth forward movement of the
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 tacts n*and n° on the reverse-switch If, thence |
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controller carries the contacts d’ and d* away
from their codperating contacts e’ and ¢° and

brings contacts d'* and d'® on the controller.

against their codperating contacts ¢’ and ¢,
thereby breaking connections between the
former and making connections between the
latter. The connections thus made between
these contacts d¥, d'®, ¢°, and ¢! with those
existing between the contacts d?, °, d?, and
¢® will be formed along the line 6 of Ifig. 7,
and the current supplied to the contact ?
through the contact d* will be passed to the
contact d°, thence to and through the contact
3 to the conductor %, thence along this con-
ductor to the terminal b7, thence through a
portion of the resistance R to the terminala?,
thence along the conductor a* to and through
the contact ¢! to the contact ¢°, thence along
the conductor ¢® to and through the contact
m to and through the contacts n and n’ on
the reverse-switch, thence to and through the
contact m/, thence along the conduetor ¢’ to
and through the armature b? of the motor b,
thence along the conduetor ¢’ to and through
the contact m? thence to and through the
contacts #* and 7° on the reverse-switch 1o
the contact m?, thence along the conductor ¢
to and through the field b® of the motor I,

thence along the conductor ¢’ to the contact

e8, thence through the short conductor a”* to

and through the contact ¢’, thence to the con-
tact d** on the controller, thence to the con-
tact ¢ thereon, thence to and through the
contact ¢, and thence along the conductor
¢™ to the ground at ¥, thereby cutting out ot
the circuit the armature and field of the motor
B’. Thenextorseventhforward movement of
the controller maintains the same connec-
tions asthelast preceding movement thereot,
but upon line 7 of Fig. 7,and the current de-

livered to the contact ? passes through the

armature and field of the motor B along the
same conductors and through the same con-
tacts asin that movement. The next forward
movement of the controller continues the
same electrical connections between the con-
tacts d3, d°, d*, and d' thereon and their re-
spective codperating contacts d?, €% €', and

el as in the last, but upon the line 8 of Fig..

7,and in addition thereto brings the contacts
8 and d'°, which are connected as shown,
into electrical connections with their respec-
tive codperating contacts ¢’ and ¢°. Asthus
related the current is confined wholly to the
motor B, cutting out entirely the motor B,
and passes to the contact ® from the contact
a? and is conducted to and through the con-

“tact ¢3, thence along the conductor 0° to the

terminal b7, thence through a portion of the
resistance R to the terminal «®, thence along
the conductor ¢! to and through the contact

et to the contact €° thence to and through
the contact d® to and through the contaet d*,

thence to and through the contact €°, thence
along the conductor a' to and through the
contact m?, thence to and through the con-

' to the contact mS, thence along the conductor

all to and through the armature 0° of the
motor B, thence along the conductor a' to
and through the contact m®, thence to and
through the contacts n® and n' on the re-
verse-switech T, thence to and through the
contact m’, thence along the conductor a® to
the point ¢*, thenee to and through the ield
b5 of the motor B, thence along the conductors
a* and b’ to the ground at ', the conductor
3, that passes through the resistance R%, being
dead-ended at the contact ¢'. Thenext step
forward of the controller continues the same
electrical connections between the contacts
a3, @5, s, dv°, d¥, and %, with which such
controlleris provided, and theirrespective co-
operating contacts &% €% €% ¢ ¢’, and el as
that just described in connection with the last
preceding movement, but upon the line 9 of
Fig. 7, and also brings the contact d', which
is likewise carried by the controller and con-
nected with the contact d®, into electrical con-
nection with the contact e* along the same
line. As a result of this the motor B and the
several resistances are eut out and the cur-
rent confined wholly to the motor B', passing
thereto from the contact d?to and through the
contacts @3, d4, d? and d° on the controller to
the contact e*, thence to and through the con-
tact € to the contact €, thence to and through
the contact di® to the contact ¢, and thence
suceessively to and through the armature and
field of the motor B’ along the same conduc-
tors and to and through the several contacts
as it does from this point forward when the
controller is in the position it oceupied at the
end of its last preceding movement. Thenext
and last step forward of the controller maln-

tains the same electrical connections between

the several contacts @3, d°, d, d°, d", d¢**, and
4% thereon and their several codperating con-
tacts 2, €, e, €%, b, €, and e as it did at the
end of its last preceding movement, but upon

the line 10 in Fig. 7, and in addition thereto

brings the contacts d*and d*, which are upon
the former and connected with the contacts
At and d' thereon, into electrical connections
with their respective codperating contacts e’
and e!l.  With the several contacts thus men-
tioned electrically connected as described the
current supplied to the contact d° by the con-
tact d? will, through the contacts d* and &
and their connections, be concluded to and
through the contact d”to the contacte®, thence
through the conductor ¢* to the contact ¢,
whereitwill be divided and one portion passed
along the conductor a®to and through the
contact m, thenee to and through the contacts
n and n' on the reverse-switch I' to the con-
tact m’, thence along the conductor ¢’ to and
through the armature b*of the motor 5, thence
along the conductor ¢’ to and through the
contact m?, thence to and through the con-
tacts n® and n® on the reverse-switch to the
contact mé, thence along the conductor «® to

the point ¢, where this portion of the cur-

rent is itself divided and one portion con-

75

So

QO

95

ICO

105

110

115

I20

125

130




i0

20

30

35

40

45

50

6>

‘the motor B, thence dW1ded and one

598,199

ducted along the conductor ¢8to and through
the field 6° ef the motor B, thence along the
conductor ¢? to and threuﬂ*h the eonmet es,
thencealongthe conductor rﬁ“x to and throu frh
the eont&et ¢’ to the contact ', while the
other permen of this current divided at the
point ¢’ is conducted along the conductor ¢?
to and through the 1’*es1emnee R’, thence along
the eonduetor ¢® to and throur'h the eontaeb
¢!, thence to and through the contact d* to
the contact d4, where it forms a junction
with the portion divided off at ¢, and with it
is conducted to and through the contact ¢1°
to the conductor ¢7, and thenee along the
same to the ﬂreund hevmﬂ* in its tlavel, af-
ter dividing off at the eentaet e, passed as
& whole threun‘h the armature of the motor
I, then dlmded and a portion thereof passed
throu'ﬁh the field of this motor, then united
with 1 ne portion from which it was separated

alter passing the armature and passed to the

or ound The otherportion of the current di-
Vlded off at the contact ¢ duri Ing this time
will be passed from this eontaet to and
through the contacts d® and d*° on the con-
131‘011:11" K, thence to and through the contact
e’, thenee along the eenduetor a® to and
throuﬂh the COIltc..rCt m*, thenee toand thro ugh
the eontaets nt and »n® on the revelse-smteh
F to the contact m°, thence along the con-
duetor a'* to and thrmwh the Mmature bt of
the motor B’, thence a,lono the conductor g
to and t]_r‘ouﬁ'h the eontaet mﬁ thence to and
through the eonteets n® and n¥on the reverse-
smteh I to the contact m*, thence along the
conductor a® to the point 04 where this por-
tion of the current is also dwlded and one
part thereof carried to and through the field
b° of the motor B’, thence along the conduc-
tor a!* to the eenduetor O’, and thenee to the
ground at a®, while the other part of this
eurreﬂt chwded off at c¢*is carried along the
conductor ¢’ to and through the 1*e51smnee
R? thence along the eendueter ¢® to and
threuﬂh the eonteet ell, thence to and through
the eontaets 'S and cllﬁ on the controller to
the contact e and thence along the con-
ductor 0’ to the ground at P, the portion of
the current lelde off at the contact e’ thus
passing as a whole through the armature of
part
thereof pessed through the field of such mo-
tor, and thence with the other part conveyed

to the ground at the point ¢! in the -same

way as Lhe other portion was passed through
the armature and field of the motor B to the
same destination. The controller E, having
been thus rotated to the limit of its ferwar-d
movement or other required distance, is re-
turned to its original position when desired
by simply 10’0&’01116 1t in a backward direc-
tion to the proper distance, when the con-
tacts thereon will be em*med away from their
cooperating contacts and the current thereby
cut off from it and from the motors ready for

the next forward movement of the former to | which the

=il

‘may be carried into e
1o secure by Letters Patent of the United

start and control the movements of the lat- |

ter, and so on.

Thedirections in which the current from the

controller K passes to and through the motors

B and B', above explained, are ﬂlese in which
1t tra vels when the contacts n to n7 on the
reverse-switeh F are in electrical connection
with the contacts m to m. W hen, onthe other
hand, the contacts n8 to n1® thereon are in en-
ga ement with these contacts m to a7, then
the directions in which it passes from the re-
verse-switch to and through the motors are
reversed, and while eondueted through the
same resmta,nees and through the same arma-
tures and fields of the metor s as 1t does when
the other sets of contacts are in engagement
and the controller is in its different 1)0811310118

respectively, it is conducted therethrough in
an opposite direction, as is common to this
peculiar arrangement of mechanism and as
shown in the dl awings, wherein the connec-
tion of the contacts on the reverse-switeh and
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the disposition of these contacts with respect

to the parts with which they codperate are
1llustrated.

From the feleﬁemﬂ it will be seen that I
produce a sunple and efficient mechanism
whereby a series or train of electrically-pro-
pelled cars may bhe not only started, stopped
and their motion reversed, when desu*ed from

‘any oneof the platforms thereof butthe speed

thereof when in motion hkemse controlled
therefrom. |

Although in the above I have described the
best means contemplated by me for carrying
my invention into praetwe Iwish it distinctly

understood that I do not limit myself thereto,

as 1t 18 obvious that I may modify the same

in various ways without departing from the

spirit thereof.
Having thus described my invention and
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epemﬁed certain of the ways in which it is or -

fect, I claim and desire

States—
1. The combination, with an eleetmemotor
a current - controller therefor, and means
through which an electric euuent may be
passed to them, of an electromagnet, a con-
ductor for leadm.ﬂ an electric current thereto,
a switch throuuh which the flow of this cur-
rent may be perlmtted and interrupted as re-
quired, and mechanism intermediate the elec-
tromagnet and the controller, whereby the
said eeutreller may be eutomatweﬂy operated
from the electromagnet to start and control
the speed of the motor when the switeh is
operated in the 1eqmred direction, subsmn-
tially as described.
2. The combination, with an electric motor,
a current-controller the1 efor, areverse- SWlteh
for the current, and means through which an
electric current may be passed to them of an
electromagnet, a conductor for leedmﬂ an
electric current thereto, a switeh through
ow of this current may be per-
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mitted and interrupted as required, and mech-
anism intermediate the electromagnetand the
controller and reverse-switch, whereby the
said controller and reverse-switch may be at-
tomatically operated from the electromagnet
to start and control the speed of the motor
and to reverse the direction of the flow of the
current thereto, when the switeh in the con-
ductor leading to the electromagnet is oper-
ated in the required direction, substantially
as described. - |

3. The combination, with an electric motor,

a current-controller therefor, areverse-switeh.

for the current, and means through which an
electric current may be passed to them, of an
electromagnet, a conductor for leading an
electric current thereto, a switch through
which the flow of this current may be per-
mitted and interrupted, a second electromag-
net, a conductor for leading an electric cur-
rent thereto, and a switch through which the
flow of the current along this latter conductor
may also be permitted and interrupted,where-
by the first-mentioned electromagnet may be
engaged with, and disengaged from, the con-
troller and reverse-switch, and the two latter

~automatically operated from the former to

-39

35

40

KO

33

6o

start and control the speed of the motor, re-
verse the direction of the flow of the current
thereto, and permit of the return of the con-
troller to its original or normal position when
required by simply operating the switches in
the conductors leading to the two electromag-
nets in the required order, substantially as
deseribed. - |

4. The combination,withaplurality of elec-
tric cars, each of which is provided with an
electric motor,a current-controller,and means
through which an electric current may be con-
ducted to these devices, of an electromagnet
arranged upon each of such cars, conductors
for conducting an electric current to each of
these electromagnets, a switeh located on each
of the cars for codperating with these con-
ductors, and mechanism intermediate each of
these electromagnets and ifs respective cur-
rent-controller, whereby the controllers on all
of the cars may be automatically operated

from their respective electromagnets to start
and control the speed of all the motors, by
operating the switch on any one of the cars
in the required direction, substantially as de-

scribed. |
5. The combination, with a plurality of elec-
tric cars, each of which is provided with an

electric motor, a current-controller theretor,

a reverse-switeh, and electrical connections
through which an electric current may be sup-
plied to these parts, of an electromagnet ar-
ranged upon each of such cars, conductors
for conducting an electric current to each ot
these electromagnets, a switeh located on
each of the cars-for codperating with these
conductors,and mechanismintermediate each
of these electromagnets and its respective cur-
rent-controller and reverse-switch, whereby

598,199

the cars may be automatically operated from

their respective electromagnets to start and
control the speed of their appropriate motors,
and to reverse the direction of the flow of the
current thereto when required, by operating
the switch in the conductors leading to the
electromagnets on any one of the cars 1n
the required direction, substantially as de-

- sceribed.

6. The combination, with a series of con-
trollers, a series of electromagnets, and a trol-
ley or other source of electric supply, of a cir-

cuit in which each of the electromagnets is

arranged, an automatic circuit-breaker also
located in each of said circuits, an electrie
conductor between each of said circuits and
the trolley or other source of electrie supply,

g switch located in said conductor, and de-

vices intermediate each of the electromagnets
and its respective controller, whereby the sev-
eral controllers may be operated in synchro-
nism from their respective magnets by sim-
ply closing the said switch, substantially as
described. .- |
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7. The combination, with a current-con-

troller, an electromagnet, and a trolley or
other sourceof electric supply, of a circuit in
which the electromagnet is arranged, devices
through whieh this circuit may be made and
broken a number of times in succession, a
switch located in said circuit, mechanism
through which the electromagnet may be en-
caged with, and disengaged from, the current-
controller and the latter automatically oper-
ated therefrom, and retracting devices, where-
by the said controller may be automatically
operated from the electromagnet when en-
oaged therewith, by simply closing the switeh,
and returned to its original position when
disengaged therefrom, substantially as de-
seribed.

3. The combination, with an electric con-
troller, an electromagnet and armature, a
source of electrie supply, a circuit in which
said magnet is arranged, and an automatic
circuit-breaker and a switeh also located in
said circuit, of a ratchet secured to the con-
troller, a pawl carried by said armature for en-
oaging with said ratchet, and devices through
which the said pawl may be thrown into and
out of engagement with such ratehet, where-
by the controller may be operated from the
electromagnet by closing said switch and the
pawl throwninto and out of engagement with
said ratchet when desired, substantially as de-
seribed. | .

9. The combination, with an electric con-.
troller provided with an operating-ratchet, an

electromagnet and armature, a pawl carried
by said armature for engagement with said
ratchet for rotating the same, and a second
pawl or detent for preventing the backward
rotation of the ratchet, of a second electro-
magnet and armature connected with said
pawls, an electric circuit for each of sald mag-
nets, a switch arranged in each of the circuits,

the controllers and reverse-switches on all of | and an automatic circuit-breaker arranged
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1n the circuit of the first-mentioned magnet,
whereby the pawls may be thrown into and
out of engagement with the ratchet, and the
rotation of the controller effected or arrested
as may be desired by opening and closing the
said switches, substantially as described.

10. The combination, with an electric con-

troller provided with an actuating - ratchet,
and pawls for engaging with said ratchets for
respectively rotatingitand preventing it from
turning backward, of an electromagnet, an
armature therefor with which the said pawls
are connected, an electric eirenitin which said
magnet is arranged, a switch located in said
circuit, and means for returning the controller
to 1ts initial position after having been ro-
tated, substantially as described.

11. The combination, with a plurality of
electric cars, an electric controller arranged
upon each, and mechanism through which the
several controllers are rotated in unison to
start and control the speed of the several cars,
of an electromagnet, arranged in connection

with each of the controllers, an electric eir-

cuit in which the several electromagnets are
arranged, a switch also located in such cir-
cuit, devices through which the mechanism
for rotating the several controllers are thrown
Into and out of engagement with their respec-
tive controllersin unison, and means through
which the several controllers may be returned
to their initial positions when released from
thelr rotating devices, substantially as de-
scribed. | .

12. The combination, with an electric con-
troller, of a vacuum-chamber, a diaphragm,
a drum mounted on the shaftof the controller,
and a band leading from the diaphragm to the
drum, substantially as described.

13, Thecombination,with areverse-switch,
and an electromagnet and armature, of an
electric circuit in which such magnet is car-
ried, a switch located in said eireuit, a disk
connected with said reverse-switch, means
whereby the rotation of the said disk from

- 11

the armature of the electromagnet is effected,
a conductor leading from the magnet to the
ground, a switch located in said conductor,
and means whereby this switch may be opened
and closed, whereby when this last-mentioned
switch is closed the rotation of the reverse-
switech may be effected and the direction of
the current passing therethrough reversed by
closing the first-mentioned switch, substan-
tially as described.

14, The combination, with an electromag-
net, and an armature therefor, of a circuit
in which such magnet is arranged, a circuit-
breaker also located in such cireuit and Op-
erated to break said circuit at every move-
ment of the armature toward the magnet, a
current-controller,and devices through which
the armature may be engaged with, and dis-
engaged from, the current-controller, sub-
stantially as described.

15. The combination, with an electromag-
net, an armature therefor, and a circuit in
which the electromagnet is arranged, of the
circuit-breaker located in said ecircuit and
consisting of the levers fand f’, the trigger
/° the spring %', the abutment %, the ter-
minal /,, the piston-rod 7/, the piston 7?2, the
dash-pot 2%, and the spring 7%, substantially
as deseribed.

16. The combination, with the electromag-
net G, armature G', and reverse-switch I, of
the disk P connected with such switch and
provided with pins projecting from its side,
the hook 7, the rod #', a circuit in which the
magnet is arranged, and a switch located-in
sald circuit, whereby the rotation of the re-
verse-switch may be effected by simply clos-
ing the switeh, substantially as deseribed.

In testimony whereof I have hereunto set
my hand this 10th day of August, 1897.

FRANK H. FOSTER.

Witnesses:
Wi II. APPLETON,
R. . SWEENTY.

50

55

60

70

75

30




	Drawings
	Front Page
	Specification
	Claims

