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Y., ASSIGNOR TO THE GENERAT
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SYSTEM OF ELECTR

1C TRAIN CONTROL.

SPECIFICATION forming part of Letters Patent No. 661,686, dated November 13, 1900.

ﬁppliaatimz filed October 23, 1897. werial No. 656,134,

(Mo modei.)

To all whom it may concern:

- be 1t known that I, CHARLES B. MARTIN, a
citizen of the United States, residing at New
York, (Brocklyn,) county of King gs, and State
of New York, have invented CGIfELlT] new and
useful Implovements in Systems of Elecirie
FTrain Control, of which the following is a
specification.

'T'his invention relates to a system for con-
trolling electrie motors, and especially to the
control of a plurality of vehicles forming an
electrically-propelled train. It has been pro-
posed to operate such trains by means of
separate motors placed on each car of the
train, each such car having also one or more
switches or controllers the operation of any
one of which i1s effected simultaneously with
the operation of all the others, the motors of
each car being supplied and operated by sepa-
rate branch eircaits each under the control
of one of the convrollers. The separate op-
erating-cireuits of the several cars have in
this case separate sliding contacts or connec-
tions with the supply wire or rail. One dis-
advantage of such a system lies in the multi-
plicity of controllers, each of which is charged
with the performance of all the operations
necessary tor the complete control of the car,
imcluding variation of resistance, breaking
of the motor-cireuit, throwing from series to
parallel, and reversal. Inasmuch as some of

these operations are unavoidably attended

with considerable arcing between the con-
troller contacts, the distribution of the con-
trollers over the vhole train introduces the
possibility of serious arcing oceurring at
many points remote from the motorman.
The object of my invention is to concen-
trate the controlling action or that part there-
ot which is productive of most of the arcing
at a {ew poings, only one controlle bemu
used at a time—namely, the one situated at
the point from which the motorman is for
the timme being operafing the train. Thus
while there may bDe any de&lred number of
motor equipments and any desired number
of controllerson u train only one of such con-
trollers 18 operated at a time, and its opera-

tion controls simultaneously all of the motor
equipments or as many of them as may be
There may be any

In operative connection.

desired number of motor equipments; but it
will in general be sufficient to have only the

end cars equipped with motors, while in light
trains—rtor example, three cars or less—there 55

need be only a single motor-car. T'he con-
trollers may also be located at any preferred
pm_ntq of the train; but 1n general 1t would

be sufficient to plomde one, or at most two

for every motor eqmpment, it only bemg 6o
necessary that there should be a countroller

at each end of the train.

My invention involves the use of a main
supply system ranning through the train .:1;1.;.._
connecting all the motor equipments, said
system beuw so arranged that the flow of
curreuit to .;LH the motors may be controlled
from a single controller located at any de-

] )01 xample, at the end of
the train. The operation of any one of the 7o
controllers connected to the main supply
system will control all of the motor equip-
ments connected to this system; but it will
not atfect the position of the othercontrollers.
Kach controller thus acts independently. 75

In the specific arrangement which I have
illastrated in this application the main sup-
ply system comprises a single main lead con-
nected to each motor equipment and also to
each of & number of controlliers,

Inasmuch as it is desirable that certain
operations usually performed by a car-motor
controller—such as the reversal of the mo-
tors, the change from series to parallel rela-
tion, &e.—should be effected by separate de- 8y
vices on the respective cars, I have found 1t
expedient to remove these dem@eb from the
controller proper and to place on each of the
motor-cars circult-changing switches per-
forming these functions, the operation of go
these switches being controlled by auxiliary
controlling-switchesassociated with the main
controlling-switch of each controller. The
controller as used by me comprises, there-
fore, a common or main controlling-switch di- g5
rectly controlling the flow of current from
the source of supply to the motors and a plu-
rality of auxiliary controlling-switches indi-
=L(Jtly' controlling the encmt connegtions of

30

each of the motor equipments by means of roo

circuit-changing switches on the several cars,

the stmilar switches on the several cars be-

65‘*:"'
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ing operatively connected with the corre-
sponding auxiliary switeh of the controller.

The direct fanction of the controller is pri-
marily to open and close the connection from
the main lead to the source of supply both
in stopping and starting the car and at any
other proper time, asin shifting from series to
parallel,or vice versa. Asubsidiary function
naturally associated with this is the adjust-
ment of resistance in this connection, so as to
control and graduate the current supplied to
the motors. T'he other iunctions of the con-
troller, are performed indirectly through 1its
connections with the electromagnetic actuat-
ing devices ol the separate circult-changing
switches on the several motor-cars. T'he cir-
cuit-changing switches are located in part at
least at points remote from the operating-
controller, and their manipulation would be
attended with areing at points comparatively
inaccessible to the motorman if they should
he operated while current is flowing in the
motor-cireuits. In order, therefore, that the
said switehes may be operated when no eur-
rent is flowing in the motor-circuits,I provide
a controlling system therefor independent of
the main supply systein, and therefore inde-
pendent of the motor-cireuits, and I arrange
the main controlline-switeh so that the conneec-
tion with the source of supply may be broken
before the circuit-changing switches are op-
erated. Thebrunft of the arcing comes,there-
fore,on the maiu controlling-switeh and prac-
tically under the eye of the motorman. To
insure aganst any accldental damage, how-
ever, I may, and preferably do, pr omde each
of the circuit-changing switches with means
for disrupting any arce that may form.

In the specific arrangement illustrated in
this application the controlling system for
the circuit-changing switches comprises three
leads connected, on the one hand, to the ac-
tuating devices of the said cireunit-changing
switches and, on the other hand, to the aux-
iliary controlliing-switcehes of the several con-
trollers.

Further features and advantages of my
system will appear from the following de-
tailed description, while the scope of my in-
vention will be pointed out in the appended
clatms.

In the accompanying drawings, Figure 1 is
a general diagram of the arrangement and
connection of the motorequipments and con-
trollers on the carsof atrain. Ifig. 2isa dia-
crammatiec representation of the system of
electric circuits and apparatus employed by
me, showing the condition when the train is
at rest. Fig. 3 isasimilar view with the con-
troller-in the operative position. Iigs. 4, 5,
and 6 show details.

Assuming my system to be applied to a
train of, say, five cars, the general arrange-
ment of the train circults and apparatus
would be as roughly indicated in Fig. 1,
wherein 1 25 4 5 represent the cars aforesaid.
Preferably enly the end cars would be pro-

vided with motor equipments, as shown, M
M’ indicating a pair of motors, K the revers-
ing-switch, and S the series-parallel switeh
therefor. Hach end car is also preferably
provided with means (indicated at'l') for tak-
ing off the current from a supply wiire ot
rail and with one or more controllers C,which
control the connection from this source of
supply to the motorsand regulate the strength
of the current. In cases where it 1s possible
to turn the car end for end one controller
will suffice, it being placed at the outerend,
as indicated in full lines in cars 1 and D3 but
where this is not possible a controller should
be also placed at the other end of the car, as
indicated in dotted lines in car 1. L is the
nain train-lead passing from end to end of
the train,with couplers or joints between the
several ears, which are so arranged as to keep
it well insulated and protected. T'his lead is
so connected that each controller can put it
in direet connection with the source of sup-
ply independent of the action of the other
controllers. It is also connected to each of
the sets of motors, so that when the main con-
trolling-switeh of any one controlier 1s oper-
ated current is supplied to all the motor-cir-
cuits simultaneously. The connections of the
motors of each motor equipment arve con-
trolled by the reversing-switches I¢C and the
series-parallel switches 5, which are 1n turn
operated from the auxiliary controlling-
switches of the controllers € throu oh wires 6
7 8, which also pass {rom end to (,ml of the
train and have suitable coupling devices.
The wires 6,7, and 8 may be grouped together
and coupledsimultaneously in a single deviece
by means of composite couplersof well-known
construction. Circuit-breakers C b are iu-
terposed in the connections to the source of
supply.

I have indicated in dotted lnes in car 3
that & motor equipment may, 1f desired, be
inserted at any pointof the system independ-
ent of the location of the controllers.

In Figs. 2 and 5 I show the wiring for two
motor equipments and two motor-controllers,
as indicated in full lines in Fig. 1. In cach
of these figures one of the controllers C is
shown in partial develop nent,while the other
for simplicity of illustration is shownonly in
outline, it being understood thatthe connec-
tions of the two motor equipments and con-
trollers to the ““‘line” and to the train-leads
are identical.

In Fig. 2 the motor-circuits are represented
in open condition, the train being supposed
to be at rest. Hach controller C comprises a
main controlling-switeh eylinder 9 for mak-
ing and breaking and controlling the resist-

ance of the motor supply-circult, an auxihary
controlling-switch 10 for controlling the series-
parallel switches of the several motor equip-
ments, and a second auxiliary controlling-
switeh 11 for controlling the several revers-
ing-switehes.

The controlling-cylinder 9 1s mounted on a
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troller-handle 13. A contact 14 on this coi-
troller-cylinder engages with fixed contact 15,
which 1s connected to circuit-breaker C B and
the line. A series of contacts 16 16* 16° 16°,
&ec., on the controller-cylinder are all con-
nected to contact 14 and engage with fixed
contacts 17, the contacts 16 being of different
length, as indicated, so as to come into con-
tact successively. T'he several contacts 17
are connected through separate resistances of
a rheostat 18 or, in ease of the last contact of
the series, through a short circuit 51 to a com-
mon junction-point 19, whence the counection
18 made, on the one hand, through a switeh 20
to the main train-lead L, and, on the other
bhand, through a switeh 21 to the motor equip-
ment of the car upon which the controller in
gquestion 1s located, the latter connection in-
cluding the series - parallel and reversing
switches, as hereinafter described.
Associated with the main eylinder 9 and
preferably inclosed in the same casing are the
switches 10 and 11.  Switeh 10 may consist of
acylinderoperated by gears23and 24 from the

‘main controller-shaft 12 and ecarrying contact

26, engaging with fixed contact 20, connected
to line connection J, and contact 27, con-
nected to controlling wireor lead 6. Tun each
car equipment a connection from this wire 6
18 made to a magnet orsolenoid 28, which by
1t armature or core 29 operates a series-par-
allel switeh 5. The switeh 11, which takes
the place of and performs indirectly the fune-
tion of the usual reversing-cylinder, consists
of a cylinder carrying contact 51, engaging
with contact 32, connected to line connection
J, and contact 32°, connected with eontact 31
and engaging with contaets 33 or 34, connect-
ed, respectiveiy, to the two train-wires 7 and
3. The latter are in turn respectively con-
nected to magnets or solenoids 35 56, operat-
ing the reversing-switch I.

The removable handle 30 of the switeh 11
has a guard, as indicated at 37, preventing it
from being taken off except when the switch
1s in the middle or open position.

The general operation of the apparatus and
circuits so far described is as follows: The
motorman having put the handles 13 and 30
ou their respective cylinder-shafts first turns
the reversing-handle 30 to one side or the
other, according to the direction in which it
1s desired to move the train. Assuming it to
be thrown as shown in Fig. 2, circnit will be
closed from the trolley or line through cir-
cuit-breaker C B to line connection J, thence
through wire 35 to contaect 32 of switeh 11,
and through contacts 31, 324, and 34 to wire
09, which 1s connected to the controlling wire
or lead 3, running throughout the train. This
cireult now proceeds by as mmany branches as
there are car equipments in operation, each
branch leading from wire 8 through wire 40
to magnet or sclenoid 36 of the reversing-
switch K of that equipment and thence
through wire 41 to ground. The magnet 36

]

a—1

then draws the switeh K into the position
shown 1 I'1g. 2. Thus the operation of the
reversing-handle 30 causes the simultaneous
operation of all the reversing-switches of the
several equipments, determining the direc-
tion in which all of the motors shall run.
Now when the motorman turns the main con-
troller from the open position (shown in Fig.
2) into the first working position contacts 14
atnd 16 thereof strike contacts 15 and 17 and
the motor-circnits are established as follows:
from line connection J through wire 42, con-
tacts 15 14 16 tocontacet 17, and thence through
one of the resistances 18 to junction 19. Here
the circuit divides, one branch passing
through switeh 20 to the wain train-lead or
supply-wire L and the other branch leading
directly through switeh 21 and wire 43 to re-
versing-switch K, which establishes connec-
tions through wire 44 to armature a and field-
magnet 72 of motor M and thence to contact
45 of series-parallel switch S. The electro-
magnet of this switech not having been ener-
g1zed, the connections it establishes are such
as to put the two motors in series, the circuit
above traced leading from contact 45 through
contact 46 of the switch to contact 47 and by
wire 48 back to the reversing-switeh K, which
connects 1t through wires 49 and 50 to the ar-
mature ¢ and field-magnet m’ of the motor
M, from which it passes to ‘“‘ground.” At
the same time all of the other motor equip-
ments in the train are energized by that part
of the current which passes from the point
19 to the main train-lead L, from which eir-
cuits branch through switches 20 and 21 to
all other motor equipments connected to the

lead, the circuit connections heing otherwise

similar to those traced above. All of the mo-
tors on the train are thus started simultane-
ously, and the current which supplies all of
them comes from the single controller which
has been operated, the other controllers re-
malaing in open position. As the train ac-
celerates the motorman decreases the oiimic
resistance of the operating-cireuit by further
rotation of the main controller-cylinder 9,thus
bringing econtacts 16* 16°, &e., into sucecessive
action, and thus including successive resist-
ances 13 1n parallel connection in the usuual
manner, finally closing the connection 5t,
short-circuiting the resistances. The next
step 1n the usual operation of the motors in
case a continued acceleration is desired is 1o
throw the motors from series Lo parallel rela-
tion. Accordingly the gearing or connection
between the main controlling-switch eylinder
9 and the auxiliary controlling-switch 10 1is so
arranged that shortly after the resistances 18
have been short-eireuited by the complete ro-
tation of the cylinder 9 the eylinder of switeh
10 18 tarned far enough to bring its contact
20 against contacts 26 and 27, thus closing
branch circeuit from line connection J through
wire 53 to contacts 26 25 27 and thence to
the wire 6, running through the train, and
irom this wire passing by as many branches as
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there are motor equipments to the operating- |

inagnetsof theseveralseries-parallel switches,
the circuit for each branch being completed
from wire 6 through wire 54 to magnet or
solenoid 28 and to ground. All of the series-
parallel switehes & will thus at once be shift-
ed to the position shown in Fig. 3, putting
the motors in parallel. At the same time or
just before this the main-controller eylinder
breaks the line connection of the motors by
coming into its original position. The shift-
Ing of theseries-parallel switches is therefore
offected on a circuit which is practically dead,
and the contacts of such switches are thusin
litstle or nodanger from arcing. Such arcing
as may arise will generally be developed in
the main controiler, which i1s under the im-
mediate inspection of the motorman and in
whicl the usual provisions for itscontrol may
be easily made. The cylinder 9 having re-
turned to 1ts original position, the circuit is,
as atoresald, momentarily broken:; but this
being merely a transition point it is imme-
diately closed again at contacts 14, 15, 16,
and 17, and, as shown in Ifig. 3, current will
now pass from line connection J through the
above-mentioned contacts and the first resist-
ance to the junection 19, thence through the
switch 20 te the main train-lead Liand through
swit¢h 21 to the point 55, and thence through
the reversing-switch I£ and the two motors
M M’ in parallel to ground. One branch of
this parallel connection leads from point 55
through wire 43 to the reversing-switch and
thence throughthe armatureand field-magnet
of motor M to series-parallel switeh S, which
by contacts 45 56 57 completes connection to

ground. Theotherbranchleadsfrom pointds

by wire 58 to the series-parallel switeh S and
by contacts 59 (60 47 of that switeh to wire 61,
and so to the reversing-switeh I, which es-
tablishes connection through armature and
field-magnet of motor M’ to ground. Similar
branch circuits lead from the main frain-sup-
ply wire or lead L for each motor equipment
through switeches 20 and 21 and thence as
traced above. Allthe motorswillnowoperate
in paraliel, and the acceleration may be con-
tinued by successive lowering of resistance,
as before, the controller-cylinder being adapt-
ed to make two complete revolutions for one
revolution of switeh 10. Contact 25 on the
latter switeh 18 long enough to maintain the
circuit controlling the series-parallel switches
during all of the second revolution of the
main controller-cylinder. On turning back
the controller these operations are of course
reversed, and at or just before the moment at
which theswiteh 10 isopened and theswitches
S are thereby thrown back from parallel to
series the line connection 1s again broken
and then reéstablished. Finally, when the
handle 15 comes back to 1ts original position
the line connection i1s broken and power is
cut off. The switches 20 and 21 serve to cut
out any of the motor equipments when out of
order or unnecessary

A switeh 62 may be |

applied to close a circult between the ¢o-
tacts 26 27 in shunt around the switeh 10,
thereby maintaining the switch S for that
equipment in a parallel position. This may
sometimes be desirable in running with a
single equipment. In general, however, the
switch would be open and the series-parallel
switches would be entirely under the control
of switch 10 and 1ts circuit. The result of
this is that not only when the main controller
is in the open position, but also when for any
reason current goes off of this branch cireait,
as by breakin the branch orstoppage of power
on the supply-line itself, the switches
will remain in or at once go into the series
position, and therefore there 1s no possibility
of current comingsuddenly onto the line with
the motors connected in parallel. Resist-
ances 7 ' ¢ may, if desired, be included, re-
spectively, in thecircuits of magnetsor solen-
oids 28, 35, and 36. The reversing-switches
IC are shown in Fig. 3 1n the opposite position
from that shown in Ifig. 2, thus reversing the
current through the armatures ¢ and o', while
maintaining the current-flowin the field-mag-
net circult in the same direetion.

It will be noted that the reversing-switehes
IL are protected to some extent from liability
to arcing, in thatthe main controller is always
brought to off position before the reversing-
handle is thrown. 1 prefer, however, to so
construct both these reversing-switches IC
and the series parallel-switches 5 that any
arcs that do form therein will be ruptured,
and for this purpose I may provide each of
sald switches with electromagnetic arc-rup-
turing devices, as indicated in Ifigs. 4 and 9.

The series-parallel switeh 5, as shown in
Fig. 4, may consist of a lever 635, pivoted to
a frame and carrying an armature or core 29,
acted on by the magnet or solenoid 26 and a
retracting-spring 606, serving to oppose the
action of sald magnet in well-known manner.
The core of the magnet may be extended
around into proximity with the contacts 40,
56, and 60 of the switeh, so as to ereate a mag-
netic field capable of rupturing any are thaf,
may form at these contacts. _

Thereversing-switches may be of somewhat
similar construction, as shown in Fig. 5, the
pivoted lever 67 carrying the reversing-con-
tacts and the armatures or cores 68 69 of mag-
nets or solenoids 85 36, the cores or magnetic
rrames of which extend around in proximity
to the switch-contacts. In both the series-
parallel and the reversing switches the con-
tacts may be separated by arc-deflecting
plates 69* in the manner usual in such de-
vices. Springs 73 74, acting oppositely on
the switeh-lever, tend constantly to hold it
In or restore it to a central position, in which
position 1t opens the motor-¢ircuit. Thus if

power goes off the line or if the circuit 1s
broken for any reason, as by separation of
the cars, the reversing-swifches will stay 1n
or return to the open position.

It will be seen that the system above de-
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scribed provides for the operation of all the
motor equipments in the train by a sinzle con-
troller acting independently of any other con-
troller on the same train. For example, a
five-car train provided with two motor equip-
ments can be operated from either end,
whether or not the motor-cars are situated at
the ends of the train, and if at any time one
of the motor-cars is removed the rest of the
train may then in general be operated by ¢
single motor equipment controlled by a single
controller sitnated at either end of the train.

Having thus deseribed my invention, the
following is what I claim as new therein and
desire to secure by Letters Patent:

1. Incombination, one or more motorequip-
ments, & main controlling-switeh for control-
ling the supply of current to all the motors, a
cireulit-changing switch or switches in codp-
erative relation toeach motor equipment, and
means located at any desired point for oper-
ating the cireuit-changing switch or switehes
without connecting the motor-circuits to the
source of supply. |

2. In combination, a plurality of motor
equipments, a main supply systemn connect-
1ng sald motor equipments, a common con-
trolling-switech for controlling the supply of
current to all the motors, a circuit-changing
switch or switches in codperative relation to
each motor equipment, and an independent
controlling system for controlling the opera-
tion of the circuit-changing switches.

0. In asystem of train control, one or more
motorequipments, a main controlling-switeh,
located at any desired pointon the train, for
controlling the supply of current to all the
motors, a circuit-changing switeh or switches
In codperative relation to each motor equip-
ment, and means, independent of the motor-
circuits, for controlling, from any desired
point on the train, the operation of the cir-
cuit-changing switches,

4, In asystem of train control, in combina-
tion, a plurality of ecars provided with motor
equipments, a main supply system connect-
ing said motor equipments, one or more main
controlling-switches for controlling the flow
of current to all the motors in said equip-
ments, a eircuit-changing switch or switches
1n codperative relation to each of said motor
equipments, and an independent controlling
system for controlling the operation of the
circuit-changing switches.

9. Incombination,oneor more motor equip-
ments, a main supply system connected to
sald motor equipment or equipments, a ¢ir-
cult-changing switeh or switches in codpera-
tive relation to each of said motor equipments,
an independent controlling system connected
to sald circuit-changing switches, and a con-
troller comprising means for controlling the
flow of current to all the motor equipments
and means for controlling the operation of the
circuit-changing switches.

6. In combination, a plurality of motor
equipments, a main supply system connect-

g said motor equipments, a eirenit-chang-
1 switeh orswitches in cooperative relation
1o each of said motor equipments, an inde-
pendent. controlling system for said switches,
and a controller comprising a main control-
ling-switeh direetly controlling the flow of

current from the sourvce of supply to the mo--
torequipments and one or more auxiliary con-

trolling -switches indireetly controlling the
circuitconnections of each of the motor equip-
ments through said independent controlling
system.

7. In a system of train control, a plurality
of motor equipments, a main supply system
connecting said motor equipments, reversing-
switches in coobperative relation to each of
sald motor equipments, an independent con-
trolling system for said switches, a main con-
trolling-switeh directly controlling the flow of
current from the source of supply to the mo-
tor equipments, and an auxiliary controlling-
switeh for controlling the operation of said re-
versing-switches.

8. In a system of train control, a plarality
of motor equipments, & main supply system
connecting said motoreguipments,series-par-
alleland reversing switchesin cooperative re-
lation to each of said motor equipments, an
independent controlling system {for said
switches, and a controller comprising a main
controlling -switeh directly controlling the
flow of eurrent from the source of supply to
the motor equipments, and auxiliary control-
ling-switches for controlling the operation of
said series-parallel and reversing switches.

9. The combination with two or more sets
of motors and two or more series-parallel
switches, of asingle rheostat cooperating with
all of said switches

10. The combination with two or more sets
of motorsand twoor moresetsof series-parallel
switches, of a rhecstat, and a controller oper-
ating directly upon the said rheostat upon
said series-parallel switches by an electro-
magnetic device.

11. The combination with two or more sets
of motors, of two or more series-parallel
switches, a rheostat, a controller for the rheo-
stat, electromagnets for operating the said
switches, and a circuit from the said magnets
to the said controller, whereby the controller
may operate the rheostat directly and the
switches indirectly through said magnets.

12. The combination with two or more sets
of motors, of a series-parallel switch 1n coop-
erative relation to each of said sets, a com-

mon source cof current forall the motors, and

a rheostat interposed between said source
and the motors. | - |
15. The combination with a plurality of
electric motors, of a switech for connecting
them in series or in parallel relation, an elec-
tromagnetic device for operating said switeh,
a rheostat, a controller, and circuit conneec-
tions leading from the sections of the rheo-
stat, and from said electromagnetic devices
to the controller, whereby the controller acts
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directly upon the rheostat and indirectly by
means of said electromagnetic device, upon
the series-parallel switch.

14. The combination with two or more sets
of motors, of series-parallel switches there-
for, a common rheostat for controlling the
flow of current to all the said motors, and
train-cireuits having electromagnetic devices
governing the said switches.

15. The ceombination with a plurality of
electric motors located on two or more cars
of a train, of a rheostatie controller for all of
sald motors located npon one of the cars, and
series - parallel switches for countrolling the
cirenits of the several motors, located on the
respective cars, but controlled from one car
of the train. |

16. In a system of electric-power transmis-
sion and control, the combination with a
source of electric supply and a plurality of
electromotive devices, of a main lead con-
nected to all of the electromotive devices, a
main controlling-switceh centrolling the con-
nection between said main lead and the source
of electriec supply, electromagnetically-con-
trolled switches and connections for connect-
ing said electromotive devices in either series
or parallel relation, and an auxiliary control-
Iing-switeh and connections for controlling
the operation of said series-parallel switches.

17. Inasystem of electric transmission and
contrel, the combination with a source of
clectric supply, of a plurality of electromotive
devices arranged in pairs, separate switching
devices for econnecting the electromotive de-
vices of each pair in series or parallel rela-
tion, a main lead connected to all of the pairs
of electromotive devices, and a controller con-
trolling the connection between the main lead
and the source of supply.

1S. In asystem of electric-power transmis-
ston and control, the combination with a
source of eleciric supply, of a plarality of
electromotivedevicesarranged insets, a main
lead connected to all of said sets of electro-
motive devices, a main controlling-switch for
controlling the flow of current from said
source to said electromotive devices, switches
for connecting the eleetromotive devices in
each of said setsin different circuit relations,
and means for controliing the operation of
said switches.

19. Inasystemof electric train control, the
combination with a source of electric supply,
of a plurality of electromotive devices ar-
ranged in pairs, separate electromagnetically-
operated switches for connecting the electro-
motive devices of each pairin series or paral-
lel relation, a main lead connected to all of
the pairsof electromotive devices, acontroller
controlling the connection between the main
Jlead and the source of supply, and contacts
and connections operated by the controller at
the time when the latter opens the supply
connection, to conirol the electromagnetic-
ally-operated series-parallel switches.

20. T'he combination with a supply-circuit,

|

of a plarality of motors connected thereto, a
switeh and connections for connecting said
motors in series or parallel relation, an elee-
tromagnetic device operating said switeh,
means for connecting said eleetromagnetic
device to the supply-circuit, and means ren-
dered operative upon cessation of current in
the cirenit of sald electromagnetic device for
operating said switeh to place the motors in
series relation.

21. Inasystem of electrie train econtrol, the
combination with a source of electric supply
and a plurality of cars having motor equip-
ments, of a main lead extending {rom car to
car and connected to the several motor equip-
ments, switches on the respective motor-
equipped cars for conunecting the motors of
each equipment in series or parallel relation,
electromagnetic devices for operating said
switches, operating connections fov said elee-
tromagnetic devices extending from car to
car, and one or more controllers each com-
prising means for connecting the main lead
with the source of electrie supply, means for
varying the resistance in the connection so
established, and means for controlling the
operating connection of the electromagnetic
devices for operating the series-parallel con-
trol-switches.

22. In asystem of electric train control, the
combination with a source of electric supply,
of a plurality of electromotive forces arranged
in sets, a plurality of controlling devices for
connecting the electromotive devices of each
set in series or parallel relation, a main lead
connected to all of said sets of motive devices,
means for controlling the connection between
said main lead and the source of electric sup-
ply, and means for operating all of the afore-
sald series-parallel controlling devices from
one point.

23. In asystem of electrie train control, the
combination with a source of electric supply
and a plurality of cars having motor equip-
ments, of a main lead extending from car to
car, and connected tothe several motor equip-
ments, switches on the respective motor-
equipped cars for connecting in series or par-
allel relation the motors of each equipment,
and one or more controllers, comprising
means for connecting said main lead with the
source of supply and means for controlling
the series-parallel switehes, said means being
operatively related, and a single handle for
operating both the connecting means and the
series-parallel econtroliing means.

24. In a system of electriec-power transmis-
sion and control, the combination with a
source of electric supply, of a plurality of
electric motors supplied therefrom, an elec-
tromagnetically-operated switch for connect-
ing said motors in series or parallel relation,
a controller comprising means for controlling
the connection of the motors with the source
of supply and means for controlling the elec-
tromagnetic device operating the series-par-
allel switeh, said latter means comprising
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contacts for connecting said electromagnetic
device to the source, and aswitch for closing
a shunt around said contacts, so as to oper-
ate the series-parallel switch independently
of the controller.

25. In a system of electrie train control, in
combination, a plurality of cars provided sith

-motor equipments, a source of carrent-sup-

ply, a main lead to which the motor equip-
ments of the several cars are connected, one
or more main controlling-switches for con-
trolling the flow of eurrent from said source
to sald motors, circuit-changing switches for
sald motor equipments, and one or more aux-
iliary controlling-switches for controlling the
operation of said circuit-changing switches.

26. In a system of electric train control, in
combination, a plurality of cars provided with
motor equipments, a source of current-sup-
ply, a main lead to which the motor equip-
ments of the several cars are connected, a
main controlling-switech for controlling the
flow of eurrent from said source to said mo-
tors, circuit - changing switches on each of
said motor-cars, and means independent of
the motor-circuits for simultaneously operat-
ing the corresponding switches on the several
cars.

27. In a system of electric train control, in

30 combination, a plurality of cars provided with

motor equipments, a source of carrent-sup-
ply, a main lead to which the motor equip-
ments of the several cars are connected, a
main controlling-switeh for controlling the
flow of current {from said sourece to said mo-
tors, a ecircuit - changing switeh on each of
sald motor-cars, a lead or leads independent
of the motor-cireuits to which the operating-
circuits of said circuit-changing switches are
connected,and an auxiliary controlling-switch
for simultaneously operating the circuit-
changing switches on the several cars.

26. In a system of electric train control, in
combination, a plurality of cars provided with
motor equipments, a source of current-sup-
ply, a main lead to which the motor equip-
ments of the several cars are connected, a
main controlling-switeh for controlling the
flow of current from said source to said mo-
tors, cireuit - changing switeches on each of
satd motor-cars, leads independent of the mo-
tor-cireuits to which the operating-circeuits of
sald circuit-changing switches are connected,
and auxiliary controlling-switches for con-
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trolling the c¢ireunit connections between the zg

source and their respective leads.
CHARLES B. MARTIN.

Witnesses:
ARTHUR P. KNIGHT,
- M. V. BIpGoob.
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