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To all whom Tt maly concerr:

of the United States, residing at Schenectady,
in the county of Schenectady, State of New
York, have invented certain new and useful
Improvements in Systems of Train Control,
of which the following is a specification.

In order to obtain the greatest tractive and
accelerating effort on a train propelled by
electric motors, it is necessary to divide the

motive force into a number of units and to | train as a whole will be operated from a single

apply the several units to the axles of the
different cars.

To successfully operate a train having
number of motor-cars, it is necessary that the
controlling be done from a single point on the
train; otherwise the motors of one car may be
called upon at times to do an amount of work

~ whieh differs materially from the amount be-
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ing done by the motors of another car.
To reduce the complications of a train sys-

tem to a minimum and to enable the train to

be conveniently made up of different lengths
as may be required, it is desirable to make

each motor-car a complete unit in itself—that

is to say, to provide it with a contact device,
motor or motors, and a suitable controlling

mechanism, which is arranged to work in con-

junction with other controlling devices on the
train. The system should be so arranged that
any number of similar cars may be coupled

together in any desired order or position and
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that all the motors of the train may be con-
trolled from any one of the cars. Further, it
is highly desirable that the contact devices
on each car should take current suffictent for
the needs of that particular car only and that
the heavy currents which actuate the motors
should not pass from car to car. |

It is the principal object of my invention
to provide a system of train control fulfilling
the requirements above set forth, such that
from any selected point on the train all of the
machines may he made to act simultaneously
and equally to accelerate the train or to main-
tain it in motion in either direction or to re-
tard it evenly and strongly and that all of
these actions in all cars of the train may be
under the control of a single motorman.

In carrying out my invention I prefer to
divide the motors of the train into sets, each

Beit known that I, FRANK K. CASE, a citizen

1

a |

set preferably comprising the motor equip-
ment of a single car, and to govern each set
of motors by a separate set of motor-control-
ling devices, and, further, to provide at a
number of selected points on the frain mas-
ter-controllers so arranged that each desired
master-controller will actuate all of the mo-
tor-controllers, |
It is obvious that with the arrangement
above outlined at any particular time the

selected point. It is one cbject of my inven-
tion to provide means sufficient to prevent
any successful attempt from any other point
to interfere with such operation. To this end
I may provide an interlocking arrangement,
preferably electrically controlled, such that
any movement of either of the master-con-
trollers from its off position will automatic-

ally lock all other master-controllers of the:

train. These devices are preferably so ar-

ranged that as long as all of the master-con-

trollers are at the off position any one of them
may be operated, while the operation of that

|l one will lock all of the others.

:

-1 Calr.

It is another feature of my invention to

provide each master-controller with three

switches—the power - switch, the reversing-
switch, and the braking-swith, respectively,
and to divide the motor-controllers into cor-
responding switches or divisions. _
It is a further feature of my invention to

accomplish a part of the motor control, as the

usual series-parallel and resistance steps, by a

number of separate contacts or switch-blades,

while the other steps are provided by the ac-
tion of controller-cylinders or their equiva-
lents. All of these devices should be con-
trolled or actuated by electromagnetic means.

My invention also comprises various details

of construction and arrangement, to be here-

inafter more particularly described and
claimed. - |

In the accompanying drawings,which show
an embodiment of my invention, figure 1 rep-
resents diagrammatically a three-car train
viewed from below. Fig.2isadiagram illus-
trating the controllers and cables on a single
Fig. 3 is an end elevation of a contact-

operating magnet. Iig. 4 is a section of a

magnetically-operated contact, taken on the
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such a mechanism is employed and may be |
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line44 of Fig. 3. _
the stationary and moving contacts, together
with the are-disrupting chute. Figs. 5* and
5" are details of the contacts. Fig. 6 is an
end view of a switch-operating mechanism.
Fig. 718 a diagram of the motor and controller
circuits. Figs. 8 and 9 are detail views of a
slight modification of the magnetically-actu-
Fig. 10 is a diagram of the
circuit connections of the modlﬁed contacts.
Fig. 10> shows the applications of said con-
tactstothemotor-circuits. Fig. 11 illustrates
diagrammatically the motor and brake com-
binations, and Fig. 12 illustrates the loekmo'
device for the controllers

Referring to Fig.-1, I have shown each car
provided with two motors M M', mounted, re-
spectively, on two of the four axles; but the
number may be varied to suit the traffic con-
ditions. Mounted on those axles which are
not provided with motors are electromagnetic
brakes M? of any desired construction, the
ones shown comprising a disk m’, which re-
volves with the axle, and a magnet m,which

1s prevented from rotating by bar m?, as well

understood 1n the art. DBy this arrangement
the retarding eflect is applied to all the ecar-
axles, and consequently a gocd distribution
of the braking effect is obtained. If all the
axles on the vehicle are provided with elec-
tric motors, then the brake-magnets may be
mounted in the usual manner and the brak-
ing eflect of both brake-magnet and genera-
tor obtained from each axle. One or more
contact devices M*, making contact with the
stationary conductor M®, should be provided
for each car. Situated on the front and rear
platforms of the cars areshown ‘“ master-con-
trollers” N,so called because they regulate the
operation of the motor-controllers O*, which
are located under the car or seats, as ma,y be
desired.

Referring to I'ig. 2, the relation of the mas-
ter and motor controllers is elearly shown.
Each motor - controller consists of three
switches O O" 0%, which will be more fully
described in detail later; but for the present
1t 18 sufficient to say that switch O is ar-
ranged fo couple the motors in series and
parallel and to control the resistance of the
circuit. Switeh O'1is the ordinaryreversing-
switch arranged to establish the proper rela-
tion of the motor-circuits for forward and
backward movement of the car, and switch
O* assists while in one position to establish
the proper relation of the motor-circuits when
the motors are employed in propelling the
vehicle and in the other. position to convert
the motors into braking-generators employed
to retard the progress of the car and to ap-
ply the brake-magnets.

The master-controller consists of three cy-
lindrical switches N, N’, and N? each pro-

vided with a separate actuating-handle, and

while no interlock mechanism is shown be-
tween the switches it is to be understood that

Fig. 515 a detall section of |

are secured to a suitable support.

736,816

of any of the well-known constructions.
Mounted for engagement with the cylinders
N N’ N-* are vertical rows of stationary
brushes 7Z Z' Z¢, which are connected, re-
spectively, as will be shown hereinafter, to
the various wires of a cable P, which extends
through the car, Since the master-control-
lers of the different cars are similar in con-
struction and connected to the cable in mul-
tiple - are relation, similar movements pro-
duce similar relations of the circuits. The
switeh or power ¢ylinder N, through suitable
electromagnetic means to be hereinafter de-
scribed, controls the action of the series-par-
allel motor-switch O. Reversing-cylinder N’
controls the action of the motor-reversing
switch O, and brake-cylinder N*® controls the
action of the power brake-switch O-%
ends of cable P are provided with terminals

P’, which engage similar terminals on adja-

cent motor-cars. For simplicity of illustra-

tion no trail-cars are shown on the train; but

it is to be understood that they may be em-
ployed and placed between the motor-cars or
at the front or rear end of the train, as de-
sired. Obviously it is possible to place a
master-controller upon one or more of the
trail-cars and to omit them from one or more
of the motor-cars, if preferred. When trail-

cars are placed in front of or between motor-

cars, 1t will be necessary to provide them
with a cable P in order to complete the train
connections.

As the master-controllers do not vary the
motor-currents, but only the small carrents

necessary for switeching purposes, they need

not be as large and heavy as the motor-con-
trollers.

The motor-controller O comprises a plural-
ity of separate electromagnetically-actuated
contacts or switches of the form shown in
Figs. 5, 4, and 6. Hach contact is provided
with a cup-shaped casting or supporting-
frame A, arranged toform a part of the mag-
netic circuit, and within said casting is mount-
ed an energizing-coil or solenoid-winding A'.
Secured to the top of casting A isa cover A,
provided with a downwardly-extending core
A3, slightly hollowed out at its lower end to
receive the upper end of core A% On the
side of casting A are lugs A, by means of
which the contacts or the switches as a whole
Iixtend-
ing downwardly irom the casting are lugs AS,
which support pivots B® of the switch-blade
B, at the same time forming a part of the
magnetic eircuit of the blow-out. Connect-
ing the lower ends of the lugs A’is a piece of
wood or other insulating material AY, form-
ing a support for the stationary contact B'.
The core A*is pivotally secured at its lower
end to switch-arm B and under normal con-
ditions—that is, when no current is flowing
in coil A'—is held in the position shown by a
compression-spring I3° and by the weighted
arm B* The spring B? surrounds a pivoted
pin B® which acts as a guide for the switch-
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arm and at the same time retains the spring
in place. The movable core A*igsurrounded

by a non - magnetic bushing A% and sur-

mounted by a sheet-metal cap A® to prevent
it from sticking to the casting and stationary
core A%. The outer and inner ends of the
switch-blade are insulated from each other,
as indicated in the drawings, and conneeblon
is established between the outer end of the |
switeh-blade and the motor-eircuit by a flexi-
ble cable BS, which is wrapped around the
pin B* to further increase the flexibility of
the connection. The Statlona,ry terminal B’
consists of a spring-supported piece of metal

provided at its outer end with a rounded por-,

tion B, with which the switch-blade makes
contact
are provided with arcing
tions BS, as shown in Fws 3 and 5.
arrangement of the termmal mounted on the
smtch blade and the terminal constituting
the ﬁxed brush 1s a partmulally deswable

points or projec-

one, for it permlts a wiping connection be-
tween the parts as they are moved to the po-
sition shown by the dotted lines, Fig. 4, yet

when the parts are free to 1eturn to thelr nor-

mal position there is no friction between
them tending to retain them in the closed po-

sition. On the contrary, there is a decided

effort exerted by the brush, tending to force.

the switch-blade back to its full hne position.

The direction of the wiping movement 1s |

transverse t0 the movement of approach of
the switch terminals or contacts. When the

cireuit is first closed between the switch-arm
B and brush B’, the projections B® are in con-

taet; but as the switch-blade moves to its

ﬁna,l closed position, as shown in dotted lines,

Fig. 4, the projections B® move away . from
each other. This particular fea.ture is more
fully represented in Figs. 5* and 5°.
first figure switeh-blade B is just making
contaet with the
jections B®are in contact.

to break it. Consequently all of the arcing

takes place af this point, and the 1ema1nder.
- of the parts are left bright and clean.

- Fig.
5° represents the final closed position: of the
switch-blade, the projections B® being sepa-
rated by a definite space.
much arcing takes place at the projections

be good, for it is made ab some distance from
t,he pomb at which the are forms.
Screw-—threaded to castmﬂ' A IS the blow-

.....

18 & Wmdmn' C, con31st1ng of a number of

turns of flat metal ribbon which is connected
1The

to cable Bf in any suitable manner.,
downwardly-extending lugs ASare conneeted
by a web A, 'ha,vmﬂ* ‘a central opening
through Wthh e*‘ctends the switch - blade.

one pole-meee for the blow-out macrnet and
plate C? forms the other. Plate C? is hmﬂ'ed

on the right-hand side ’fo enable it to be | pel the car in the forward dueetlon

|

The switch-blade and fixed brush
The

In the
xed brush B’ and the pr 0-"_

These projections
being the first to close the circuit are the last

No matter how

This Web in connection with lugs AS forms |

ey

swung ouftward when it is desired to inspect

the conta,ctcs and is retained in position by a
screw Cf which enters the core C. Situated
between the metal parts of the blow-out mag-
net and the switeh-blade are msulatmﬂ*-walls
which form an open-bottom chamber C3 KEx-
tending parallel to this chamberin a vertical
direction is a rectangular open-ended chute
Ct, made of msulatmﬂ material. The cham-
ber and chute are connected by a rectangu-

70
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lar opening C°, through .which project the; .

areing extensmns B8 of the switch-blade and,
fixed contact-brush. By winding coil ¢/ in

the proper direction the arc may e made to

open-ended chute C% since an arc when in a
magnetic field tends to travel at rw*ht angles
to the direction of the lines of fowe ThlS

action causes the arc to be stretched as shown
in dotted lines in I‘w 5, and as the arce 1is
blown farther away from the contacts by the

80

‘travel toward the extensions B® and into the

action of the magnet it strikes against the

side wall of chute C% and as the progress of

the arc in this dir ec‘mon is limited by the wall

of the ¢hute, the are still being within the in-
fluence of the magnetic field, it is expanded
in flattened loops “until dlsrupted the sides

of the loops extending parallel to the side

walls of the chute. By this arrangement it
will be seen that the arc is first blown 130 the

QO

95

right for a certain distance and then by rea--

son of the restrictions afforded by the walls
of the chute the arc is blown in two dlree-;

tions from a central point and pmallel to the

direction of movement of the moving smtch-*

‘blade or contact B, o
In Fig. 6 1have shown the means employed

for actuatmﬂ' the motor-reversing switch O'.

ICO

105

The reversing and power brake smtches of

| the motor- controllers being similar in con-

struction, except for the nu mber and relation

of the contaets, a description of one of them

will be sufiicient.

mounted in suitable bearings.
On the outer periphery of the eylinder is a

| plurality of contacts arranged to make and
The
| eylinder is actuated by means of iron-clad
| electromagnets O* and O°.

break the circuit of fixed bmsheg O3,

cup- shaped castings OF, plowded with de-
tachable covers O, h&vmﬂ' inwardly-project-
ing and hollowed- out cores. Mounted upon

the top of the switch-cylinder is a metal plate
08, to which are attached the movable mag-
By setting the magnets O*and.
1 O% at an angle to each other I am enabled to
‘economize space, and also to limit the move-
ment of the cores by securing them to the
switeh-cylinder at points near the center of
The parts are shown as being

‘mounted on a wooden support. D, but any
| other form of support may be. employed

With the part.s in the position shown the
fpom er-circuit is established, the motors be-

ing connected in the proper manner to pro-,
The

net cores O°,

movement

‘The reversing-switch cyl-
inder O’ is provided with a central shaft O?,
(Not shown. );_ '

- These consist of
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dotted-line pOSItIOIl represents the reverse of | will be seen that by this arrangement a re-

the above.
For operating the separate contacts and

also the motor-controllerand reversing-switch
5 I prefer to employ a source of power in addi-

tion to that supplied to the motors, so that

in the event of failure of the mocfor-supply
from any cause I am still able to control the
action of any one of the contacts or switches.

10 For braking the vehiele or train suitable
switch mechanism 18 provided for convert-
ing the motors into generators and connect-

- ing them in local circuit, resistance being
employed to regulate the flow of current.

15 In addition to these generator-brakes the

separate source of energy employed for ac-
tuating the switches and contacts is utilized
for braking purposes. Thisis accomplished
by providing the cars with suitable brake-
20 shoes m m', Fig. 1, provided with energizing-
coils, (indicated in diagram at M3, Fig. 7,) and
passing a current from the said source through
the coils, suitable regulating means being
employed. In operating the brakes I prefer

25 10 close the circuit of the brake-magnets be-
fore sefiting the generator-brakes in action;
but this is not essential. By this arrange-
ment I obtain the advantage of a double set

of brakes, each independent of the other, the

30 power of the braking-generators decreasing
relative to the decrease in speed of the mov-
ing train or vehicle, while the braking effect

of the brake-magnets may be constant or in-
creasing as the current in the braking-gen-

35 eratorsdecreases. Thearrangementpossesses
a further advantage in that the brake-mag-
~nets will hold the car when stopped on a
orade without the use of hand or air brakes,
since the source of supply for the brake-mag-

40 netsisindependentofthe braking-generators.
In Ifig. 7 the circuits of the controllers and
‘motors are illustrated in detail, also the stor-
age battery and motor-generator used tc ac-
tuate the contacts and switches. The storage
45 battery I 18 charged by means of a motor-
generator comprising two separate armatures

E E’, mechanically coupled by shaft E?. If

desired, a single armature having a double
winding may obviously be employed. The
50 motor E which is provided with a shunt field-
wmdmg, is supplied with current from con-
tact-shoe m* The windings of the motor-
generator are so arranged that the voltage of
the battery- chargmn' clremt is reduced from

55 that of the lin Under normal conditions—

that is, with the full main-line voltage—the
motor-ﬂenerator E’ will supply the current
em ployed for actuating the separate contacts,
the reversing-switch O', power brake-switch
6o O° and the brake-shoes M3 At the same
time a certain amount of current will flow
through the storage battery to ground, thus
charging the battery. As soon, however, as
the potential of the motor-generator is re-

serve or additional source of supply is always
at hand and in a position to perform any use-
ful work as soon as the voltage of the motor-

‘generator decreases.

It is evident that any of the well-known
means may be employed on the motor-gener-
ator for compensating for variations of main-
line voltage; bnt as this feature forms no part
of the present invention reference thereto
will be omitted.

In circuit with the lead from the shoe is a
coil K3, which when the normal current is
flowing through vhe motor holds the battery-
switch F' closed; but as soon as the current
falls below a certain amount, owing to a par-
tial or complete fallure of the source of sup-

ply, the switch automatically opens. DBy

this arrangement the battery I is prevented
from converting the generator K into a motor
and driving the motor K as a generator to
supply current to the line. Dattery K 18
charged by the generator E' and is connected

master-controller at the other. All the bat-
teries and motor-generators on the train are
connected in multiple between cable-wire 19°
and the ground. DBy this arrangement as
soon as the circuit of a master-controller is
completed all the batteries and motor-gener-
ators I’ on the train unite to supply current
to actuate the switches and contaects.

In order to facilitate the reading of the
diagram of connections in Fig. 7 all wires
and brushes which are in electrical connec-
tion and the contacts controlled thereby are
given the same reference-numeral, but with
different exponents. For example, brush 1
of the power-c¢ylinder N is connected to cable-
wire 1°¢, and cable-wire 1° is connected to
wire 1*,which in turn furnishes current to the

magnet-coil operating the switech-contact 14,

Theoperation of myinventionis as foliows:
Assuming that it is desired to propel the car
or train forward, the left-hand set of contacts
on reversing-switech N’ is moved into engage-
ment with brushes 13 and 23, which causes
switch O' to move fto the posuslon shown,

75

30
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t to ground at one end and to brush 19 of the

95
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switch N 1s moved into engagement with the .

vertical line of stationary brushes at the posi-
tion 1 1, and current flows from the storage
battery ¥ and motor- generator E' to brush 19,
to brush 1, by means of the contacts on cylin-
der N to cable-wire 1°, by wire 1* through two
energizing switeh eoﬂs, each of Whlch corre-
sponds to coil A’ of the switech shown'in' Fig.
4, to ground. This causes the switch- blades
£0 close the circuit of the first two contacts T¢
and 19, A second circuit is from brush 19,
by cross-connecied contact to brush 3, to
cable-wire 3°, thence through wire 3* and
switch-coil to ground. This energizes the
switch-magnets and closes the motor-circuit
at 3. A third circuit is from brash 19, by

05 duced, due to any cause, the baitery ¥ will | cross-connected contacts on the cylinder to
brush 11, by cable - wire 11° to wire 117,
throungh the switch-coil connected therewith

supply the current for actuating the separate
contacts, switches, and brake-magnets. It

|
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to ground. 'This causes the motor-cireuit to
be closed at 114, and the mofor-circuit 1s as

follows: from contact-shoe M* to contacts T¢
and 1¢, through section R® of the resistance

R (the first section R/ being employed only
for braking purposes) to wire 21, to switeh
0%, to leversmﬂ'-swwch O, to armature of
motor M, to 1eversmo'-sw1toh O’, to switeh
0%, thence through the field of motor M to
contact 114, by wire 22 to switch 0%, to re-
VGI‘SIHU-SWIECh O’, to armature of motor M,
to reversing-swi
connection “to field of motor M, 0 ground.
With the circuits arranged as above Lhe two
motors are connected in series, as indicated at
50, Fig, 11, with full resistance. The differ-
ent resistance-coils R are preferably graded,
(those shown at the left in the drawings being
of highest resistance,) as is common in all
eontroller% in which the resistances are
thrown inin multiple with-each other. Ihave
indicated this roughly in the drawings by the
different lengths of the coils.. At the time

“the power-cir cuw is first closed a cireuit is

completed from the battery F and motor-

cenerator B’ through the brake-shoes M2 in a

dlrectlon to deenermze them. 'This brake-
from battery F
and motor-generator X' to brush 19, by cross-
connected contacts on cylinder N £0 brush 16,
to cable-wire 16°, to auxiliary resistance R*

to switeh OZ, thence through the brake-shoes.
in the direction indicated by the dotted ar-

row to switech O° and to ground.. This cir-
cuit is only closed momentarily and acts to

deénergize the brake-magnets, so that they

will release their hold on the brake-disks.
The relation of the brake-magnets, and sep-

‘arate source of supply is shown at 51, Fig.

11. To increase the speed of the motors,

‘switch-cylinder N is moved to the left, and

as each contact thereon engages with its

corresponding stationary brush an additional
switeh-coil is energized, which closes the eir-

cuit of one of the resistance-contacts. The
resistance-circuitis thus gradunally decreased
by cutting in sections of resistance in multi-
ple until the brushes rest on line 7 7 and the
resistance is short-circuited at 99 This is
the last series running position. After this
the resistance is cut back into circuit step
by step to a sufficient amount, one motor is
shunted, as more fully shown hereinafter,

‘and the motors are connected Iin multlple
With the brushes resting on line 8§ 8 the e¢ir-

cuit is as follows: from the separate source
of supply to brush 19, by cross connection on
cylinder N to brush 1, to cable-wire 1, by wire
1* to the switch-coils, and thence to ground.
This closesthe circuitof the first two contacts
Tland 1% A second cireuitis from brush 19,

- by cross-connected contacts to brush 3, to ca-

tacts to brush 4, to cable - wire 4¢,

ble-wire 3¢, thence through wire 3* and switch-
coil to ground. Thiseclosescontact 39. A third

path is from brush 19, by cross-connected con-
thence

through wire 4° and switeh - coll to D'ron_nd.

itch O', to switeh O°, by cross.

i

at 52, Fig. 11.

ance R.

‘tacts now situnated on the left.
are propelling the car backward, the brushes

eontacts.nowsituated on the right.

This closes contact 4%. A fourth circuit is
from brush 19, by cross-connected contacts
tobrush 10, to cable-wire 10¢, wire 10%, through

1tsswitch-coll toground. This closes contact -

104, . A fifth cirenitis from brush 19, by cross-
connected contacts to brush 12, to cable-wire
12¢, wire 12?, and switch-coiltoground. This
closes contact 129 With the circuits ar-
ranged as above the motor-circuit will be as
follows: from contact-shoe M* to contacts T¢
and 1¢, to contacts 3¢ and 44, throngh two sec-
tionsof resistance mmultlple toswiteh 04, to

reversing-switch O', to the armature of motor

M, toreversin g-switch O’, to switch O?, thence,
through the field or motor M, to contact 129,

and to ground. The second circuif is from

point.con wire 21 by contact 10¢ to wire 22, to
switch O% to the reversing-switch O’, to the
armature of motor M’, reversing- _switch O,
switch O% by cross connection to thef
tor M, and_‘no ground. With the connections

as a,bo ve the motors are connected in multiple

with fall resistance for that position,as shown
A further movement of the
cylinder N cuts out step after step of resist-

in diagram as consisting of twelve contacts

and eight relatively movable brushes, is op-
erated by means of coils O* and O° which

are connected, respectively, to brushes 13 and
14 of the master reversing-switch N'. * If the
motors are propelling the car forward, the
brushes will rest on the vertical line of con-
If the motors

will. rest on the line of contactls now situated
on the right. The circuit for these coils,

from battery F to wire 232, by cross- connect-

ed contacts to brush 13, to eoil O to ground.

This will establish the relation of contacts

and brushes which is shown in .the figures.
Assuming that it is desired to reverse the mo-

tors, eylinders N:and N*? are brought to the
off pO“::ItIO[l and reversing-switeh N'is moved
to a point where the brushes will rest on the

cuit will then be from battery F by wire 23°
to brush 23, by cross- connected contact to
brush 14:,_thr011gh coil O° to ground. This
will energize the magnet and its core will be

the point where the upper line of- contacts
will be in engagement with the first row of
brushes and the third line of contacts in .en-
cagement with the lower row of brushes.

The reversing-switch O, indicated

as-
suming the car to be propelled forward, 18

For
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The cir-
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attracted and the reversing-switch moved to. .

120

operamnw the power-brake switch 02, I have

shown a slightly-different arrangement of the
circuits, the object being to cut the actuat-

‘ing-coils.out of circuit as soon as they have:
performed .their work. Assuming that the

parts are as shown in the diagram Fig. 7 and
that it is desired to move the switch O® to a
position where it will establish proper brak-

'ing connections, the master-controller brake-

switch N? is moved to a point, where . the

I25.

132

| brushes will restonlinel 1,and the circuit is !




IO

15

20

_-.\_- -

from battery I or generator X', or both, as the
case may be, by wire 23*to brush 23", by cross-

connected contacts to brush 15°, to eable-wire

15¢, by wire 15, through a contact on switeh
0%, to coil BC, to ground. Assoon as coil BC
is energized it will attract its core and throw
the switch to a position where the upper line
of contacts will bein engagement with the sta-
tionary row of brushes. Assoon as the switch
assumes its new position the circuit of the coil
BC is interrupted, as the switch-contact will
pass from underneath the brushes, and the
circuit of the coil PC is partially completed
by the contact now situated directly above
the brush connected to coil PC. With this
arrangement the coil PC is in position to re-
ceive current assoon as it is desired to throw
the switeh O? to its power position; yet
neither of the switch-coils is consuming en-

"ergy. By this arrangement I can make the

coils comparatively small and of low self-in-

~duection, so that there will be no time lost be-
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tween the closing of the circuit and the ac-

tuation of the switch O?, While I have not
shown this arrangement applied to the re-
versing-switech, it is of course evident that
such an arrangement can be applied, or the
arrangement shown in connection with the
reversing-switch could beemployed for actu-
ating the power brake-switch. Assuming
that it is desired to arrest the movement of
the train, switech N is broaght to the off po-
sition and the brake-circuit closed by ad-
vancing the master-controller brake-switch
N? to a point where the stationary brushes
rest on linel 1. The circuit is then as fol-
lows: from the battery F,by wire 23*,to brush
23, by cross connection to brush 12° to ca-
ble-wire 12¢ to wire 12* and its switeh-coil, to
eground. This closes contact 12¢, which con-
nects one end of the field of motor M to
ground. A second circuit is from brush 23°
by eross connection to brush 16°, to cable-
wire 16¢, thence through the auxiliary re-
sistance R, to switech O? thence through the
brake-shoes M2 in the direction indicated by
the full-line arrow, to the switch O* The
circuit divides here at point 33, one path be-
ing through the field of motor M’ to ground,
the second path being, by way of connection
30, through the field of motor M, to contact

- 129 t0 ground and to the negative side of the

55
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battery. -With the circuits thus arranged
the two fields are connected in multiple and
grounded at one end and united at the other
end and connected to the brake-shoes M?,
the battery F and generator E' supplying
current to energize the brake-shoes and field-
magnets, as indicated at 53, Fig. 11. A fuar-
ther movement of the brake-switch N” to the
left will cut out one section after another of
the aunxiliary resistance R% which increases
the power of the brakes. When the brake-
eylinder N? has advanced to a position where
the vertical row of brushes rests on line 4 4,
the motors M M’, which have been converted

%

R ‘ 736,816

are coupled in a local circuit with a cerfain
amount of resistance, and the circuit of the
master-controller is as follows: from battery

Fand generator E', by wire 25* to brush23®, by

cross-connected contacts to brush 2°, tocable-
wire 2¢, wire 2%, to its switech-coil, to ground.
This closes contact 2¢ and the circuilt of first
section of resistance R. A second circuit is
from brush 23%, by eross-connected contacts to
brush 10°, to cable-wire 10°¢, wire 10* and its
switch-coil, to ground. This closes the circuit
at contact 109, and the circuit of the motors
now actingasgeneratorsisasfollows: starting
at point 80 on switch O®, to reversing-switch
O’', to the armature of motor M, to the revers-
ing-switch, to point 31 on switch O% where
the circuit divides. One path is through
wire 32 to the first resistance-point, through
the first section of resistance, through con-
tact 10, wire 22, switeh O%, by cross-connected
contacts to geround. A second path is from
point 30 to the field of motor M, to contact
1249, to ground. A third path is from contact
34 on switch O? to the reversing-switch O, to
the armatureof motor M', to reversing-switch
O’, to switeh O? to point 31, where it unites
with the current from the armature of motor
M and passes through the resistance to ground.
A fourth path is from point 33 on switch O°
to the field of motor M and to ground. With
this arrangement of circuits the motors are
grounded at one end and connected in mul-
tiple with an equalizer f between the fields and
armatures. Thetwo motors are controlled by
the resistance R, which is grounded on one
end. The circuit of the brake-shoes remains
unchanged, so that further deseription is un-
necessary. A further movement of the cylin-
der N? to the left will decrease the resistance
of the brake-circunit by cutting one section
after another of resistance into multiple with
the one already in circuit. The circuits as
deseribed above are illustrated at 54 in Iig.
11. When the ceylinder N* has advanced to
a position where the brushes rest on line 13
13, the power of the brake-shoes is decreased

by cutting in the first two sections of the

resistance R* It will be noticed that as soon
as the brake-cylinder N* is thrown the field-
magnets of both motors are energized from
the battery ' and generator K. This pro-
vides for a certain amount of field excitation
at all times in a direction to assist the excita-
tion duetothe armature-current. Asonlya
small current is required to deénergize the
brake-magnets, the resistance R*is of con-
siderable amount, and in order to decrease
the effect of said resistance when it 1S em-
ployed for regulating the brake-shoes with-
out increasing the number of cable-wires and
controller-brushes a short-circuiting contact
35 is mounted on switch O?% and when the
switech is thrown by energizing - coil BC the
last section of resistance R* is cut out of
circuit. The ecircuit is normally complete
through the master brake-switch N® by the

into generators by the shifting of switch 02, | contacts thereon and brushes 23° and 20". By
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this arrangement the power br ake switech O? | danger of short-circuiting of the motors, due

will be retnrned to the proper positien for
establishing the power-circuit of the motors
48 300N as. the brake-cireuit is interrupted.

s Assuming that the power brake-switch O 1s
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at the. blake position, as soon as brush 20°
engages  with contact 37 a circuit is com-

‘pleted from battery I and generator K’ to

wire 23%, brush 23°, by cross- “connected con-

tacts to brash 200, to cable-wire 20¢, to con-
tact 38 on switeh O2 coil PC, andto aground..
This will cause coil PC to attmet its core, and

the power brake-switch O° will be meved to

its power position, the circult of coil PCinter- |

rupted, and the circuit of coil BC oempleted

at this point and in readiness to receive cur-:
rent for throwing switech O? to its brake posi-

tion. Intheordinaryarrangement of electric

brakes the brake-magnets are connected In
circuit with the motors in such manner that

the current from the armature passes through

them. With a construction of this kind the

power of the brakes decreases as the speed of
the vehicle decreases; but by my invention 1

am enabled to maintain any predetermined

braking effect by utilizing the battery ¥ and
cenerator E'. This will hold the car or train
upon. a grade after the generators
ceased to work. By er_e]_:)leym«:r braking-gen-

erator and brake-magnets energized from a

separate source and operating them in con-

junction—as, for example, in the manner de-
seribed above—I am enabled to obtain a

much smoother braking effect than hereto-
fore, besides furmshmw a certain field excita-

tion for the motors, so that they will be

ready to act mstently as braking-generators.

Assuming that battery F and generator E'

are deelcrned to furnish one hundred and

twenty - ﬁve volts and that the ecircuit is
closed through the brake-shoes and motor-

fields, there will be a certain drop in voltage
due to the resistance of the field magnet- coﬂs
amounting to one or two voits; but when the
armature-circuits of the bmkmw-ﬂ'enel ators

e |

are coupled.in series with the ﬁelds and are
forcing a-large current through the magnet-
- ¢olls there will be a drop of potentml aCcross
the terminals of the field-magnets which will.
be proportional to the current flowing there-
in, and the effective voltage of the sepalete,

source of supply will be decreased by an

amount dependmn‘ upon said drop. This will

6o

cause a decrease in the retarding effect of
the brake-magnets by an amount correspond-
ing to the increase of current in the arma-
As soon, however, as the braking ef-
fect of the weneretore decreases, due to va-

turee

riationsin speed of the vehicle end changes
of resistance in the armature- ellcmt the re-

tarding effect of the brake - mef}*nets will
‘again increase.

By this arran ﬂ-"emeet it will
be seen that the total braking effe(,t of a train

can be made miueh more emooth and n‘reduml-

than in the ordinary manner.

In changing the motors from series to par-

allel 1e1f1t10n there is a ‘certain amount of | the notehed disk n, which is rigidly seemed;

have

to celelees manipulation of the contrellel--

cylinders. Topreventthis, I provide an elec-
tromagnetic 1nberleek between certain of the
smtches or eeutaets SO ar ranﬂ'ed that thetr
operation 1is automatm and bhe improper
connections cannot be estabhshed no matter
how carelessly the centroller is hendled

7._
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In Kig. 10"L T hfwe zlluetleted the connee- |

tions of the motors at the time they are going.
it will be seen that
ashuntis momentarily ‘nhl own around the sec-.
ond motor by ground-wire 12 before the mo-.
tors are conneeted in parallel, as.shown by
1f by reason of improper.
manipulation wire 36 is connected from the
second motor to the trolley before the circuit.

from series to parallel. .

the dotted line 36.

at contact 11¢1is epened there will be a short
circnit from the resistance R to oround

through wire 36 and contact 11¢ and wire 12.

To avoid this, I use special switches for con-
tacts 10 and 114,
in Figs. 8, 9, and 10.

a8 elready described.
piece of msula,tmﬁ' material e, carrying the
conducting-strip €', is mounted on the under

side of weighted erm Bt and is arranged 130

open and close the circuit of the contacts gq,

which are secured to one elde of the meulatﬂ

ing-block A"'

In Fig. 10 the ar renﬂelnent of tﬂe mreults.
Current entele by wire 11°, passes
from contact g to contact ¢/, through strlp e
This will energize coil:

11¢, whleh Wlll attract its core and open the
This

18 shown
to coil 11¢, to ﬂ‘round

Oll‘CI]lt between the contacts h and n'.
will also close the circuit between emteh-

blade B and brnsh B’, and so long as coil 11°

remains energized the circuit of 011 10° can-
not be closed, even though brush 10 rests
upon the COthCt eyhnder As soon,

gized in the ordinary manner.

of 0011 10¢ is completed, the circuit between
this switch-blade and brush will be closed

and the cirenits of coil 11° will remain open .
120

until coil 10¢ is deénergized.

In Fig. 12 is shown the means employed to
pwvenb the simultaneous operation of two
switches on the same train.

when the reversing-switeh is at its off posi-

tion all the circuits are interrupted. Assum-
‘ing that switch N’ is located on the control-
11110'-— car and that it is moved to a. position
where the contacts rest on the proper brushes,
to establish a forward movementof the train

These are shown in detail
Switch-arm B and its.
eeime,tm*Dr eme At are constructed the same
In addition to this a

how-

ever, as coil 11¢ is deénergized the welghted_
arm B“:L will cause theswitch to open and close
the circuit between the contacts h and h'.
After this the circuit of ecoil 10° may be ener-f
If, on the -
013he1 hand, the controller- cylinder is travel-.
ing in the opposlte direction and the circuit,

I have Showni
this device applied to the reversing-switeh,
for it is customary to provide a meehemcal-_
interlock between the leveremtr-smtch a,nd_
the other controller-switches so euenﬂ'ed tha.t_
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to the operating-shaft of N', will take the po-

sition shown. A magnet 37 is provided for
each switeh and is provided with a pivoted
armature 83, which'is retained in the raised
position by spring 39 as long as no current
flows in magnet-coil 40. The hooked end of
armature 38 1s arranged to engage, when the
magnet-coil is energized, with the noteh 41in
disk n and retain the switeh in the open- cir-
cuit pOE:IthIl |

It is desirable to employ two reversing-
switches on each car and to locate them at
opposite ends. With this arrangement the
colls 40 are connected in series, and if the
power-circult is ¢losed current flows from bat-
tery It or motor-generator K’ through the coils
40 to cable-wire 19¢, to wire 232, Fig. 7, brush
23, by eross-connecied contacts to brush 13,
to coil 04 and to ground or to brush 23V if
the brake- chemt iselosed or brush 19 if the
power-circuit is closed.

Normally any one of the master-controllers
may be operated as the armatures 38 are
raised by the springs 39; but when one of the
switches N'—for example, the one located at
the head of the train—is thrown to an opera-
tive position current flows from all the bat-

- teries and IﬂOtO]—ﬂ‘E_;_ﬂela,tOI'S on the train 1n

30
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35
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multiple through cable wire 19°and energizes
the mao*net—coﬂs 40, which attract the arma-
tures 33 and lock sl the master-controllers
on the train; excepting only the one in actual
(Shown ontheleftin Fig. 12.) As
soon as the cireuit of wire 19¢is in terrupted
the armatures will assume their normal posi-
tion and release tha switches. By this ar-
rangemeni any switch on the train may be
opemted and the remaining switches locked
against improper manipulation. -

It will be seen that I divide the motors of
the train into a number of sets, each operated
by a separate controller. In the form shown

- two motors constitute a set; but my invention

45

is not limited thereto, as each controller may
operate one, two, four, or any desired num-
ber of motors. In general I prefer to pro-

- vide a separate controller for each car what-
ever may be the number of motors mounted

50
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thereon. )
I can and preferably do wind the contact
magnet-coils A’ in such direction that their

magneto motive forcées assist the mafrnetlza- -

tion of the blow-out magnets.

An additicnal advantage of my system is
that it allows the brakes to be fed from a
source of supply of {airly constant potential
as distinguished from the ordinary method of

feeding them with current from the braking-

n'enera,tors In the last-mentioned arrange-
ment the current in the brake-shoe falls off
at just the tine when the braking action of

the generator decr eases, which nny be ob-

Jectlonable

It should also be noticed that in my im-
proved system of control the motor-control-
lers and master - controllers are in positive

736,816

| ter-controller is placed in any position the

motor-controllers instantaneously assume the
corresponding position without any appreci-
able time interval intervening and that any
motion of the master-controller forward or
back one notch or several notches will be
instantaneously and accurately responded to
by the motor-controllers.

Certain types of train-control systems have
been proposed in which upon an interruption
or upon an interruption and restoration of the
main current-circuit the motor-controllers are
automatically brought back to zero. The re-
sult of such an arrangement is that at or af-

75

30

ter every slight momentary interruption of

the power-cireunit of any car the controller of
that particular car begins to run back. It
followsthat upon therestoration of the power-
circuit the controller of that particular car
may be placed in a position different from the

| position c¢f controllers on other cars of the

train, so that the different cars receive differ-
ent accelerations and a ‘‘pulling-and-haul-
ing” action takes place, which is exceedingly
disagreeable and wasteful of current. It will
be seen that with my improved system I sup-
ply current to the motor-controllers at all
times fron: the auxiliary source and maintain
them in aperative condition whether the
power-circuit is open or closed.

The claims in this application, drawn on
the partlculm arrangement of motors, brake-
shoes, d&c¢., shown in the last position of Fig.
11, are to be regarded as subordinate to my
pendmﬂ‘ appheatlon Serial No. 699,587, filed
December 17, 1898.

I have not claimed in this case the method
of disrupting arcs disclosed herein, since
claims for said method are embodied in a di-
visional application, Serial No. 139,518, filed
January 19, 1903.

What T claim as new, and desire to secure
by Letters Patent of the United States, is—

1. In a controller system for dynamo-elec-
tric machines employed for propelling and
braking purposes, the combination of a set of
separately-actuated contacts for controlling
the machifies when employed for pmpellmn'
and braking purposes, and a master-con-
troller for}'regulating the operation of said
contacts. -

2. In a controller system, the combination
of & master-controller comprising power, re-
versing and brake switches, a motor-con-
13101161‘ comprising power, reversing and brake
switehes, and means controlled by the mas-
ter-controller for regulating the action of the
motm -controller.

3. In a controller system, the combination
of a master-controller comprising power, re-
versing and brake switehes, a motor -con-
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troller containing a plurality of separately- .

actuated contacts, and means conftrolled by
the power and brake switches f01 actuating
the contacts.

4. In a controller system for dynamo-elec-

synchronous relation, so that when the mas- | tric machines employed for propelling and
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brakm purposee the combination of a mas- |

ter. - oontroller comprising. a plarality of
switehes, a motor-controller comprising a plu-
rality . of separate. eleotromawnetlcally-aetu-
ated contacts, a reversing-switch, a power
brake-switch separate ther efrom and electro-
magnets controlled by the master controller
for controlhnﬂ‘ the switches.

- 5. In a controller system for dynamo- eleo-

tric machines employed for propelling and
braking purposes, the combination of a mas-
ter - controller comprising power, reversing
and brake switches, a motor-controller com-
posed of oorrespoodmﬂ' switches, and means
connecting the master and motor controllers,
whereby the operation of a maetor-oootroller
switeh producesthe operationofa COrY espond-
ing motor-controller switeh. .

6 In a controller system for dynamo- eleo-
tric machines employed for propelling and
braking purposes, the combination of & mas-
ter - controller comprising power, reversing
and brake switches, each provided with a
separate operatmmhandle, a motor-control-
ler comprising power, reversing and brake

switehes for changing the motor oonneotlons,.
and electrical connections. between similar

switches of the master and motor econtrollers,

whereby the closing of ‘a master-controller

switch producesthe olosmﬂ' of asimilar motor
controller switeh, -

7. Ina controller system forelectric motm 3,
the. combination of a plurality of separately-
actuated contacts for controlling and regulat-
ing the motors when they are employed for
propelhnn' and braking purposes, a switch
controlling the operation of the separate con-
tacts When the motors are connected 1or pro-
pelling, and a second switch mechanically
separate from the first, for controlling the ac-
tion of the separate contacts when the motors
are connected for retarding.

S. Inacontrollersystem for electric motors,

| the combination of a plurality of separately-
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eotueted contacts for controlling and regulat-
ing the motors when they are employed for
propelhoﬂ' and braking purposes, a switeh
controlling the Operemon of the separate con-
tacts when the motors are connected for pro-
pelling,asecond switch mechanicallyseparate
from the first, for controlling the action of the
separate contaote when the motors are con-

nected for retarding, and means for connect-

ing said motors for propelling or for braking.

9 In a train system, the combination of a
number of motor-cars, each motor-car form-
ing aseparate unit a .:.jnd provided with a mas-
'ter and a motor controller, each of said con-
trollers being provided with power, brake and

reversing switches, electrical connections be-

tween the corresponding switches of the mas-

ter and motor controllers, whereby the closing

 of a master-switch ploduoes a similar olosmg

of a motor-switch, and electrical connections
extending throuﬂo the train to which the mas-
fer - oonbrollere are connected, the arrange-

‘more cars, a plurality of
‘and circuit connections such that upon opera-

RS

switch causes the closing of all the oorreepond-

“ing motor-switches on the train.

10 In a controller system for dynemo eleo-

trie machines, the combination of a plurality

of separately- “actuated contacts for control-
ling said machines both when they are oper-
atmﬂ as propelling-motors and when they are
operating as braking-generators, a switch for
connecting said machines for propelling or
for brakm and a master-controller for con-

trolling bhe opereblon of said switch and said

separately-actuated contacts.
11. In a system of motor control, the COM -

‘bination of a master-controller, a motor con-

troller regulated by the master-controller for
regulating the motors, a source of supply for
Lhe motore and an admtlonal source of sup-

ply for supolymg current for controlling the

motor-controller.

12, In a system of train oomrol in combi-
nation, a number of motor-cars, a motor -GON-
troller for each motor-car, eleobrloally -actu-
ated -means for operating said controllers,
sources of current-supply carried by one or
more cars, a master-controller, and circuit
connections such that upon operation of the
master-controller carrent from said sources
flows through said master-controller to said
controller-operating means.

13. In a system of train control, In oombl-
nation, a number of motor-cars, & motor -GOon-
troller for each motor-car, electrically-actu-
ated means for operating -sald controllers,
sources of current-supply carried by one or
master-controllers,

tion of any master-controller current from

gaid sources flows through said master-con-

troller to said controller-operating means.
14, In a system of motor control, the com-
bination of a master-controller, comprising a
plurehty of switches, a motor-oontroller COMi-
prising a plurality of similar switches for

regulating the action of the motors when
employed for propelling and braking
.poses, a source of supply for the motore, and

pur-

an additional source of supply for supplying
carrent for actuating the motor -switches,

and means whereby t:he action of the .motor-

switches is controlled by the master-switches.
15. In a system of train control, the com-
bination of a number of motor-cars, provided

‘with master-controllers consisting of power,
‘brake and reversing switches, and a motor-
controller for each motor-ear, consisting of

corresponding brake, power and. reversing

switches, electrical connections between cor-
_resooudmfr swuohes, a source of supply for
‘each motor-car, independent of the current
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supplied to the motors, foractuating the mo-

tor-switches, and a ca,ble connecting all of
the master-controllerswitehes, the relation of

the controllers and separate sources of sup-.

ply being such that the closing of a master-

switeh at any point on the train causes the
closing of all corresponding 1not01'-env1tohee

ment being such that the o]osmﬂ' of a mesber | on tho train.
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16. Inan eleetrieally-propeﬂed vehicle, the ] brakes, means for closing a eircuit from said

combination of a controller for converting
the motor or motors into generators and in-

cluding them in a local circuit, one or more

electrie brakes mounted in a suitable man-
ner, and means for energizing the brake-
magnets from a source of supply independ-
ent of the current induced in the generators,
during the time that the motors are acting
as generators to retard the progress of the
vehicle, and means for controlling the said
controllers and energizing means from a dis-
tance. | l

17. In an electrie-train system, the combi-
nation of a number of motor-cars each pro-
vided with means for converting the motors
into generators- for braking the train, and
magnetically-controlled brakessupplied from

. & separate source ol energy, and a master-
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controller located at a selected point on the
train for controlling the action of the brak-
ing-generators, and also of the brakes.

18. In a system of electric brakes, the com-
bination of a braking-generator, magnetic-
ally -operated brakes, a separate source of
power for the brakes, means for closing the
o
malntaining the circuit of the brakes closed
during the time that the generator is acting
to brake the vehicle.

19. In a system of electric brakes, the com- |

binationof a braking-generatorand a storage-
battery brake, and means for ¢losing the gen-
erator on a local circuit, the circuit of the
storage-battery brake and the generator be-
ing so arranged that the power of the battery-
brake decreases at the time the power of the
generator-brake increases, and increases as
the power of the generator-brake decreases,
due to the slowing of the car.

20. In a system of electric brakes, the com-
bination of a dynamo-electric machine, an
electrically-controlled brake, a source of sup-
ply for the brake independent of the dynamo-
electric machine, and means for closing the

circuit of the brake through the field-magnet

of the dynamo-electric machine.

21. Inasystem of electric brakes, in combi-
nation, a dynamo-electric machine, an elec-
trically-controlled brake, a source of current-
supply for actuating said brake, and means
forclosing the circuit of the brake-controlling
means through the field-magnet of the dy-
namo-electric machine to apply the brake.

22. In asystem of electric brakes, in combi-
nation, a dynamo-electric machine, an elec-
trically-controlled brake, a source of current-
supply for actuating said brake, means for
closing the circuit of the brake-controlling
means through the field-magnet of the dy-
namo-electric machine to apply the brake,
and means for closing the circuit of the dy-
namo-electric machine on itself.

- 23. In a system of electric brakes, a plural-
1ty of dynamo-electric machines, an electro-

generator on a local circuit, and means for |

source through the brake magnet or magnets
and the field-magnets of the dynamo-electric
machines to apply the brakes, and means for
converting thedynamo-electric machinesinto
generators for braking.

24. In a system of electric brakes, the com-
bination of a plurality of dynamo-electric ma-
chines,electromagnetically-controlled brakes,
asourceof supply for the brakes independent

of the dynamo-electric machine, means for.

converting the machines into generators for
braking purposes, and means for closing the
circult between the separate source .of supply
and the fields of the generators to provide
them with an initial excitation.

29. In a system of electric brakes, the com-

bination of a plurality of dynamo-electric ma-
chines,electromagnetically-controlled brakes,
a source of supply for the brakes independ-
ent of the dynamo-electric machines, means
for converting the machines into generators
and connecting them in multiple in a local
grounded circuit, contacts for closing the cir-

cult between the separate source of supply

and the brake-magnets, and contacts for con-
necting the separate source of supply to
ground in such mannerthat the current passes
through the magnets of the brakes and the
fields of the generators.

26. Ina system of electric brakes, the com-
bination of a controller for regulating the mo-
tors,a master-controller forregulating the mo-

tor-controller, electrically-controlled brakes,

and contacts on the master-controller forregu-

lating the passage of current from the bat-

tery to release the brakes.

27. In a system of electric brakes, the com-
bination -of a controller, for converting the
motors into generators for braking the vehi-
cle and for regulating them when so connect-
ed, brake- magnets, a storage battery, and
contacts on the controller for completing the
battery-circuit through the brake-magnets in
a direction to deénergize them.

28. In an electric switch, tho combination
of fixed and moving contacts, a magnet for
blowing the arc formed between the contacts
in a direction at an angle with the plane of
movement of the contacts, and an arc-re-
straining chute situated at one side of the
contacts, into which the arc is blown.

29. In an electric switch, the combination
of fixed and moving contacts, a magnet for
blowing the arc formed between the contacts
in a direction at an angle with the plane of
movement of the contacts, and an arec-re-
straining chute situated at one side of the
contacts and provided with open ends, into
which the arc is blown. |

30. In an electric switch, the combination
of fixed and moving.contacts, a chamber in
which the contacts are mounted, an are-re-
stralning chute provided with an opening,
and a blow-out magnet for blowing the arc

magnetically -controlled brake or brakes, a | from the chamber into the arc-restraining
source of current-supply for actuating said

chute.
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31. In an electric switeh, the combination | tion between one of sald ter mmals and the

of fixed and moving conta,cts an open-ended
chamber:in which. the contaets are mounted,
an open-ended arc-restraining chute, a pas-

sage between the chamber aud the ohute and -

a ma,wnet for blowing the arcs formed a,t the
contaets through the passage into the chute.
32. In an electric switch, the combination

of fixed and moving contacts, situated out-
side of the arc-restraining chute arcing pro-

jections on the contacts, an arc- re&,trammﬂ*
chute into which the projections extend, &nd
a magnet for blowing the arc along the pro-
jections into the chute.

33. In an electric switch, the combination

of fixed and moving contacts, arcing projec-

tions on both contacts arranged to protect
the contact-surfaces, an insulated chamber

surrounding the contacts, an arc-restraining

chute extending parallel to the chamber, and

anopening connecting the chamber and chute

through which the projections extend.

34. In an electric switch. the combination

of fixed and movable contacts, means for pro-
ducing a magnetic field at the said contacts,

and an are- restra,mmﬂ' chute gsituated at one

side of said contaets, said chute being pro-
vided with an opening adjacent to the con-
tacts and having a closed wall opposite to said

opening in the direction of travel of the are.:

35. In -an electromagnetically - actuated
switeh, the combmatwn with a resilient or

spring#supported'contact, of a moving con-

tact arranged to make a wiping or sliding

contact therewith, and an actuating-coil for

said moving contact located in a circuit sep-

arate and distinet from the circuit controlled

- by said contacts, the arrangement of said

40

~and the other of -said contacts being resili-

50

55

confacts being suech that when the moving

contact is released by the deénergizing of

said coil, the resilient contact assists in open-
ing the circuit controlled by said contacts.
- 386. In combination, a control-c¢ircuit, an
actuating-coil located in said circuit, a con-
trolled circnit, and switch-contacts located
in said controlled circuit, one of:said con-
tacts being moved by said actuating-coil,

entlv mounted so that as the contacts are

brought into engagement by the energizing

of said coil a sliding connection between the
parts is obtained and said resiliently-mount-
ed contact assists in opening the controlled
circuit when the coil is deénergized. -

37. In an -electromagnetically -

contacts, an actuating-coil for said moving

- contact located in a control-circuit independ-

6o

another and will tend to be forced agalt when

ent of the circuit controlled by said contacts,
and a resilient mounting for one of said con-
tacts so arranged that the said contacts will
make a wiping or sliding connection with one

the moving contact is released.

38, In an electromagnetically - actuated*
‘switech, the combination of a fixed terminal,

a moving termmal and a resilient connec-

‘said motors, _
| trolled locking device {for

actuated
switch, the combination of fixed and moving

support on which it is mounted, an actuat-

-ing-solenoid for the support upon which said
said solenoid
being located in a circuib mdependent of the
' elrcult in which said terminals are located,
the two terminals being so constructed a,nd--

moving terminal is mounted,

arranged that as the support carrying the

moving terminal is moved to cause said ter-
mmals to engage, the resﬂlently-mounted-

terminal will be displaced in such a manner
a8 1o make a sliding or wiping contact Wlth

the other terminal.

39. A series-multiple controller having sep—
arateelectromagnetically-controlled eontacts

in combination with means operated by a se-
ries contact for opening the controlling-cir--

cuit of a multiple contact or contacts.
40. A series-multiplecontroller having sep-
arate electromagnetically-controlled contacts

11
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in combination with means operated by a se-
ries contact for opening-the controlling-cir--

cuit of a multiple contact or contaets, and
means operated by a multiple contact for:

opening the controlling - eircuit of a semes

contact or contacts.

41, In combination, a plurality of motor

‘equipments, & motor-controller for each mo-

tor equipment, master-controllers located at

‘a plurality of separate points, and means ac-

tuated upon the operation of any one of said

master-controllels forloeking the other mas-
" - ICO

42, Jn a system* of train control, in combi-

ter-controllers awa,mst movement.

nablon o plurality of cars earrying motors,a

tion of said motors; and means actuated upon

‘the operation of any one of said switches for
locking the otherswitches against movement.
43. Tn a train-control system, in combina-

Q0

95

'iplmahty of switches located at- dlffereﬂt- --
‘points on the train for controlling the opera-

105

tion, a motor or motors, a plurality of switches

mounted on separate vehicles for controlling

an electromagnetically - con-
each of said

ITO

switches, and circuit-closing devices so ar-

ranged that when one of smd switches is in

-onemtmn the remainder are locked against

movement; said circuit- closing devices on
the sev eral vehlcles bemﬂ' in multlple mth

‘each other.
44, In atrain system, the combmatmn of a

plurality of switches mounted on separate

cars, a wire extending through the train, an

electromag netleally-contmlledlockmcrdevwe
for each smteh an energizing-coil for each
of said devices, a source of supply derived
from each car f01 energizing the coil or coils

of all the coils from a selected pomt

115

120

125

I of that car, and means for elosmfr the circéuit

45, In a systemof electric brakes, the com-

bination of a braking-gen erator,a brake—maﬂ'-

‘net which is supphed atall times from a sep--

arate source of power, and means controlled

by the current flowing in the generator-cir-
cuit, for 1eﬂ'ulmtmfr tl1e actlon of the brake-.

man'net
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46. In a system of electiric braking, the | peltmg-fs_a,me, a 1elat1vely ﬁxed switch-cori-

combination of a braking-generator, a brake-

magnet supplied from a separate source of |

power, and an electrical connection between

varied In a manner corresponding to changes
in the braking effect of the generator.

47. In a. system of electrlc braking,:the
combination of a braking-generator, a brake-
magnet supplied from a storage battery,
means for completing the circuit of the brak-
ing-generator, and means for closing the cir-
cuit of the brake-magnet through the fieid of
the-generator, so that changes of currert in
the-field of the generator will produce corre-
sponding Lhanﬂ‘es in the braking effect of the
magnert.

4:6'5 The Combmdtmn with a ser les-wo_md
motor and an mdependent source of current-
supply, of a controller adapted to close:the
motor on itself and adapted to direct current
from said mdependent source through: the
same series field of such motor whlch ener-
oizas it in running at the same time that. the
armature-current from the motor as a gener-
ator is flowing through that field, whereby
the-motor-current may instantly apply:the
brake without waiting to build itself up,-but
after built up energizes its field, substantially
as described. 5

49, The c¢combination, with a serles-wound
motor and an mdependent source of current,

of a:controller adapted to close the motor on

itset and adapted to direet the current irom
sai¢ independent source through the main
field of such motor, and an artificial resist-
ance in the path of the current from such
source to the field of the motor whereby-the
reduced current from the said source causes
the motor-current to instantly build up when
closed as a brake without interfering with the
motor-carrent energizing its field when built
up, substantially as deseribed. -

50. Theherein-described meansfor br akmﬂ*
by a series-wound motor without an oxtra
field provided for braking, which consists of
the ®fombination of such motor, a conduegtor
from a source of current-supply, a reducing
resistance therefor, means for directing the
curetent from said conductor through such re-
sistance and through the ordinary field of the
motor, and “means for directing the current
pmduced by the motor as a Denelator through
such field, substantially as descrlbed .

5%. Inanelectrically-actuated switch,asup-
porting-frame, a solenoid-winding mounted
thereon, a switch-contact rigidly mounted. at
one side of said frame and insulated there-
from, arelatively movable switeh-contact car-
ried: by an arm pivoted to the supporting-
frame, a solenoid-core operatively conneeted
to said pivoted arm, a blow-out chute mount-
ed on the side of said supporting-frame, and
a blow-out magnet having its poles embrac-
ing the eontaots of said swltch

52. Inan electrically-actuated switch,asap-

tact carried by said frame, a relatively mov-

able switeh-contact mounted on an arm piv-
oted to said frame, an actuating-coil for said

the-braking-generator and-the magnet, soar- | arm carried by said frame, a blow out mag-

‘ranged that the effect of the brake-magnat is

net supported by said frame the poles of

which embrace said switeh-contacts, and a

blow-out chute into which the arce from said

contacts is adapted to be blown.
-53. Inanelectrically-actuated switeh,asup-

70

75

porting-frame, a solenoid-winding mounted

thereon, a relatively fixed switch-contact
mounted on said frame at oneside thereof, a
relatively movable switch - contact carried
by an arm pivoted tosaid frame and adapted
to engage said fixed contact at one side of
said frame, a solenoid-core operatively con-
nected to said arm, a blow-out magnet car-
ried by said frame, and a blow-out chute
mounted on one side of said frame between
the poles of said blow-out magnet.

_54. Inan electrically-actuated switch,asup-
porting-frame, a solenoid-winding mounted
on said frame, a relatively fixed contact car-
ried by said frame at one side thereof, a rela-

8o

Ve
O

tively movableswitch-contact supported from

said frame and adapted to engage said fixed
contact at one side of the frame with a wiping

| movement, a solenoid-core operatively con-

nected to said movable contact, a blew-out

‘magnet having its poles embracing sald

switch-contacts, and a blow-out.chute carried
by said frame at one side thereof into which
the are formed betwesn sald conmcts 18
adapted to be blown.

55. In a train system, the combmatlon of a
plurality of cars equipped with motors and
motor-controllers, one or more master-con-
trollers for opeldtinw the motcr-controllers,
and means for preventing an interruption of
the power-circuit from a,ffectm o the position
of the motor-controllers.

56. In a system of electric bmk:es, the com-
bination of an electric motor, means for con-
verting the motor into a genemtor for brak-
ing purposes, and for regulating the motor
when so connected, a brake-magnet, a sepa-
rate source of power, means {or connecting
the magnet in circuit with the source of
power, and means for simultaneously regu-
lating the braking effect of the generator and
brake-magnet. |

57. The combination in an electrically-ac-
tuated switch device of an iron frame, a so-
lenoid inclosed within said frame, a core in
inductive relation to said solenoid, a pivoted
switch member mechanically connected to
said core, a projection from the frame con-
stituting the core of a second ceil, and a piv-

oted pole piece for said second “01_1

58. The combination in an electrically-ac-
tuated switch device of a cast-iron frame, a
switch member pivoted in said frame and ac-
tuated by a solenoid carried bysaid frame, a
second switch member fastened to said frame
through a spring connection, a blow-out coil,
and a pivoted pole-piece serving to direct the
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lines of force from the blow-out coil across | the other of said train-conductors, and con-

the active terminals of the switch members.

59. Inanelectrically-actuated switech,asup-
porting-frame, an actuating-winding in the
form of a solenoid mounted thereon, a switeh-
blade pivotally mounted on the support and
connected to a core in inductive relation to
the solenoid, a movable terminal mounted on
the switch- blade, a fixed terminal adJacent
thereto, and a chamber provided with Insu-
lating- Walls inclosing the switeh-terminals.

60. Inan electrlcdllv-actuated switeh,asup-
porting-frame, an aetuatmﬂ'-wmdmﬂ in the
form of a solenmd mounted thel eon, a switch-
blade pivotally mounted on the support and
connected to a core in inductive relation to
the solenoid, a movable terminal mounted on
the switch-blade, a fixed terminal adjacent
thereto, a chamber provided with insulating-
walls 11101081110' the switch-terminals, and a
blow-out magnet arranged to create a mag-
netic field at said termmals

61. In a train system, a main eontlolhnﬂ'-
switeh on one or more cars of the train, a plu-
rality of electromagnets for controlhnn* the
Opera,tlon of each of said switches, a plural-
ity of train-conductors, conneetlons from
each of said train-conductors to the corre-
spondingelectromagnets of the main switches,

30 Onle Or More master-smtches arranged to sup-

ply eurrent from a suitable source to one or

tacts operatively related to each main switch
arranged to open the circuit of the actuating-

electromawnet before the switeh reaches the_

exfreme 111:1:1113 of its movement, and to par-
tially.complete a similar (311'011113 through the
other electromagnet and its correspondmw
train-conductor.

62. In a train system, a main controlling-
switch on one or more cars of the train, a plu-
rality of electromagnets for eontmllmo‘ the
operation of each of said switches, a plural-
ity of train-
each of said train- conduetors to the corre-
sponding electromagnet of each main switch,
one or more master- smtches arranged tosup-
ply current from a suitable source to one or
the other of said train-conductors, and con-
tacts on the main switch so arranged that in
either operative position of the switch a eir-
cuit between one side of the source of supply
and the electromagnet which is in a position
to operate the switch is maintained closed
and a circuit from the same side of the source
to.the other electromagnet open.

In witness whereof 1 hawe hereunto set my
hand this 21st dav of February, 1398.

FRANIK E. CASE.

Wltnesses

"~ DALLAS FLANNAGAN

I. L. KEELER.
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