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To all whonv it may concerm:

Beitknownthat I, Hunry H. CuTLER, a citi-
zen of the United States, residing at Milwau-
kee, in the county of Milwaukee and State of
Wisconsin, have invented a certaln new and
nuseful Improvement in Systems for Control-
ling Electric Motors, of which the following
18 a full, clear, concise, and exact description,
reference being had to theaccompanying draw-
ings, forming a part of this specification.

- My invention relates particularly to a sys-
tem for controlling electric motors, and al-
though it has been especially designed to op-
erate a train of cars or other vehicles on the
multiple-unit plan it may be applied in dif-
ferent relations, and certain of its features
may be utilized with other Instrumentalities
than those which I will particularly describe
for the purpose of disclosing my invention.

The system which I have worked out for op-
erating a train of cars on the multiple-unit
plan I have 1llustrated in the accompanying
drawings, In which—

Figure 1 is a diagrammatic view of a part
of the circuit and apparatusin each car. Kig.
2 is a diagrammatic view of the complete cir-
cult arrangement and apparatus for controi-
ling a single car, and Fig. 3 isa detail view of
the interlocking lever for the series-parallel
switch.

In the embodiment of my invention shown
in the drawings a plurality of circuits 1s pro-
vided, one of said circuits being located upon
cach car in the train. TForconvenience I will
designate these circuits the = controlling-cir-
cuits.” With each of the controlling-circuits
a plurality of electromagnetic windings 1s
connected. These windings are adapted to
respond selectively by a variation in the vol-
tage or other electrical conditions upon the
controlling-circuits. The controlling-ecircuits
cach have a separate source of current-sup-
ply, and in a suitable way the voltage of other
electrical conditions upon all of the control-
ling-circuits may be simultaneously varied.

In Fig.1 of the drawings are indicated por-
tions of the controlling-circuits 1in cars A and
B. Ineach carisinstalled a motor-generator,

the motor # and the generator ¢ of which are
cach preferably of the shunt-wound type. The
motor-armature 7¢ and the field »* thereof
are arranged in parallel paths between the
motor-terminals 72° and 7', the former being
connected with the trolley T by wire or con-
ductor 18 and the latter with the ground
by wire 19. At each end of each car 1s sit-
nated a controller £, which has segments /4,
i 78 and ' and two sets of contacts 2”.  The
resistance 4° has its sections connected be-
tween the contacts of one set and the other
resistance, 27, is similarly connected with the
other set of contacts. The two resistances
are here shown for the purpose of making 1t
possible to readily follow the circuits for the
current; but in practice only a single resist-
ance would be employed.

A centrally-pivoted arm £°, having a handle
k. is arranged In its initial position between
the contacts of resistance £° and segments £/
and 4% on the one side and resistance £’ and
seoments Z* and 4 on the other side and car-
ries brushes 2° and A", which are disposed to
engage the contacts and segments. When
the arm or brush carrier is in 1ts initial or off
position, the brushes make no connection be-
tween the seements and the contacts of the re-
sistance. When, however, the arm is moved
in one direction—say by moving the handle
upwardly in the direction of the arrow—the
brush 2" would bridee the contacts of resist-
ance 4% and segment 2 and the brush & would
bridee the segments A7 and A. The move-
ment of the arm in the opposite direction or
downwardly would connect the segments and
contacts in a ditferent relation, the brush 4"
in this direction of movement bridging the
contacts of resistance Z* and the segment A
and the brush Z'" brideing the segments A
and 4. |

Between the two controllers of each car ex-
tend four wires 20, 21, 22, and 23, which 1n
practice would be formed into a single cable.
The wire 20 connects the segments 2’ and the
wire 21 connects the segments &% The seg-
ments 2° and 4* are connected by a wire 22,
and a wire 23 connects the resistances, sald
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wire 23 being connected to the last contact of
each resistance.
with the motor-terminal 7»” by wire 24, and a
wire 25 connects the wire 22 with the motor-
terminal 7.".  The field ¢ of the generator has
one side connected with the wire 21 by the

wire 26 and the opposite side with the wire

20 by the wire 27, -
For the purpose of tracing the cirenits at-
tention will now be directed particularly to
Fig. 1 and the controller situated at the lett-
hand end thereof. The current flows from the
trolley I' by wires 18, 24, and 23 to the re-
sistances of the controller. If the controller-
arm be moved upward so that the bhrush 72"
bridges the contacts of resistance £ and scg-
ment 4" and the brush Z" bridges seements /-
and 47, the current will flow through the see-
tlons of resistance not cut out over the brush
k" to the segment 2 and thence by wires 20
and 27 to the field of the generator 4. After
traversing the generator-field it will pass by
wires 26 and 21 to the segment /°, and here it

~will cross the brush £" to segment 2! and flow

over wires 22, 25, and 19 to the eground. The
first contact of the resistance Z* engaged by
the brush %" in its movement upwardly in-
cludes the greatest amount of resistance in cir-
cuit, and as the brush engages the successive
contacts the resistance is cut out section by
section until the brush rests upon the last con-

tact, and then all resistance will be removed:

from the circuit. The reverse movement of
the contact-arm connects the contacts of the
resistance &' by brush 4" with the segment /?
and bridges the segments 4/ and 2 by brush
£, With the segmentsand contacts thus con-
nected the current will flow from the trolley
by wires 18, 24, and 23 to the resistance /-
and across the brush /' to the segment 7. 1t
wul then pass from the segment /° by the
wires 21 and 26 to the field ¢ of the genera-
tor and traverse said field in the opposite di-
rection from that which it did when the con-
troller-arm was moved in the other direction.
Krom the field of the generator the current
witl flow by the wires 27 and 20 to the seg-
ment A.  Thence it will cross the brush 7" to
the segment 4” and follow the wires 22, 25. and
19 to the ground. Asin the movement of the
arm upwardly the downward movement of
the arm over the contacts of resistance 27 will
successively cut out sections of resistance un-
til all resistance is removed from the circuit.

Of course when the most resistance is in cir- |

cutt the least current will traverse the Geld //
of the generator, and therefore the energizi-
tion of said field will be the minimum. As
the controller-arm is moved to cut down the
resistance in circuit with said field the eur-

rent which traverses said field will be in- |

creased, and consequently the strength of the
field will be increased, and when all the re-
sistance has been removed from the circuit of

LThe wire 23 i1s connected

07,778

Aow through said field and the same will he
energized to its greatest extent.

In addition to varying the strength of the
field m the manner above set out the polarity
of saxdl field may also be changed by the move-
ment of the arm in different directions. If
the arm 1s moved upwardly, the current will
traverse the field in one direction and produce
a certain polarity. A movement of the arm
downwardly will establish paths for the cur-
rent by which the current will traverse said
field in the opposite direction, and therefore
the polarity of said field will be reversed. As
the handle is moved in either direction from
its initial position over the resistance-contacts

therefore the strength of said tield will also be
increased.

The several cars of the train are ecach
equipped with a train-line, which comprises
wires 28 and 29 and which in practice would
consist of a single cable with the two wires ar-
ranged therein and suitably insulated from
one another. A suitable coupling is provided
at the end of each train:line and is of such
construction that 1t will connect the wires of
the train-line symmetrically throughout the
entire train—that is, it will connect the train-
lines in such a manner that all wires 28 will
be connected with one another, and the wires
29 will be similarly connected. The wire 29
of each train-line is connected by wire 30
with the wire 21, extending between the con-
trollers, and the wire 28 is connected with the
wire 20 by the wire 31. These wires 30 and

‘31 supply the wires 28 and 29 with current

from the wires 20 and 21, and theretfore if the
traimn-lines of cars A and B be connected and the
arm of the controller at the left-hand end of
the car A be operated to make the cirenit then
the current, in addition to pursuing the path
before set out to energize the ficld ¢ of the
generator of car A, will pass by conductor—say
51—1f the controller-arm be moved upwardly
to the wire 28 of the train-line, and thence
1t will flow by the wire 28 from car A to car B.
From wire 28 in car B it will pass by conduc-
tors or wires 31 and 27 to the field ¢ of the oen-
erator of car B and after traversing said field
will return to the wire 29 through the wires
26 and 30.. By wire 29 it will flow back to
car A from car B and thence flow by wire 30
to the wire 21. From here it will follow the

same course as the current flowing through .

the generator-field ¢ of the generator of car
A. Lt will therefore be observed that from
the controller at the left-hand end of Fig. 1
the current may be sent through the field of

- the generator 1n each of the cars, and the di-

rection which said current pursuesin travers-
g the fields of the several generators will de-
pend upon the direction in which the handle
of the controller is moved; also, that the
strength of all said fields may be varied by
changing the resistance included in eircuit
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with the fields. In a similar manner to that

described in connection with the controller at

the left-hand side of car A, may the fields of
each of the generators be controlled from any
one of the controller%

The armature ¢° of the Uenemtor part of
each motor-generator is nor m.:xlly driven at a
uniform speed from the armature of the mo-
tor, and the terminal ¢* of said generator 1S
connected with the wire 32 of the car or eon—
trolling-circuit, and the other terminal, ¢*, of
sald generator is connected with the wire 33
As the armature of the gen-
erator normally runs at a uniform speed, the
strength and direction of the current devel-
oped thereby will depend upon the polarity
and strength of the field. It was before de-
scribed how the strength and polarity of the
field ¢" might be changed by the manipulation
of one of the controllers, and therefore it will
be readily appreciated how the polarity and
voltage of the current upon the controlling-
circult may be varied.. The field of each of
the generators being within the control of the
master-controller, the strength and direction
of the current on the controlhnﬂ -clrcuit may
be varied at will from said controller.

I will now proceed to a deseription of that
partof the system which operates the elements
of the apparatus for controlling the motors
which propel the cars, and in describing the
same reference wiil be had particularly to Fige.
2 of thedrawings, which shows the complete
clrcult arrangement for a single car. Two
sets of motors of two motors each are pref-
erably employed in propeliling each car, one
set of motors being arranged on the forward
truck and the other set on the rear truck;
but while I will describe my invention as ar-
ranged for use with two sets of motors it will
be understood that 1t may be equally advan-
tageously employed for controlling a single
motor. Moreover, the motors may be em-
ployed for other purposes than operating cars
or vehicles, and in many ways the system of
my Invention may be adapted to accomplish
various ends which are not herein specified.
It will be noted that the armatures ¢ and &
of one set of motors are connected in parallel
paths and also that the fields " and ¢ of said

set of motors are ikewise connected In par-

allel. Thearmatures ¢ and ¢ of the other set
of motors are Slmlhrly connected in parallel,
as are also fields ¢ and . At the left of the
ficure are solenoids # and #*, which control
sections #” and #* of the resistance for the ar-
matures ¢ and 0. At the right are solenoids
7 and 7+,
the resistance for the armatures ¢ and .
The core of the solenoid 7 carries contact 84.
which when lifted bridges terminals 35 :;md

36 to cut out the section of resistance .

The core of the solenoid +* lifts the contact
37, which, when raised, bridees te1 minals 38
and 39 to cut out the wslsmncc .

The core

which control sections #' and +° of

3

of the solenoid + has contact 40, which when

raised bridges terminals 41 and 42 to cut out
the resistance ', and the core of the solenoid
»* has contact 43, which when lifted bridges
terminals 44 and 45 to remove the resistance
7*. The several solenoids 7', #% #°, and +* are
connected across the controlling -circuit in
parallel paths. The solenoids +' and #* re-
spond to dlf ey ent voltages, as do also the S0~
lenoids +° and 7, the solenoids # and #* being
adapted to respond to a lower voltage than
the solenoids +* and 7»*. Therefore when the
voltage on the controlling-circuit has risen to
a predetermined point the solenoids +" and #7
will respond and cut their respective resist-
ances out of circuit. When the voltage has
further increased sufficiently to energize the
solenoids 77 and %, said solenoids will 1ift
their cores, and thereby the sections of re-
sistances controlled by said solenoids will be
removed from the circuits of the armatures.
On the left-hand side of the diagram is 1llus-
trated a reversing-switeh for the motors ¢ and
b, which operates to send the current through
the motors ¢ and 4 in the direction required
to produce the rotation of thelr armatures in
the proper direction to propel the car. This
switch comprises two solenoids o and 2, re-
spectively. IKach solenoid consists of two
windinﬂs the solenoid 2» having windings 20’
and fw and the solenoid having wmdmgh 74
and «°. The upper windings « and « are
connected 1n series between the trolley T and
the ground ( and are constantly supplied
Wlth current from the source ot the ma,m
supply. The lower windings w° and «° are
connected 1n series between opposite sides of
the controlling-circuit, and thercfore the di-
rection of the flow of the current therein de-
pends upon the direction of the flow of the
current on the controlling-cireuit; but in the
other windings, 20" and /', of said solenoids the
current flows continuously in one direction.
The winding «0* is arranged to energize the so-
fenoid «» with polarity opposite to that which
the solenoid v produces when the current
flows inone direction through the winding 20°
anc to produce the same polarity of the solen-
oidd as the windine +" when the current flows
1n the opposite direction—that 1s, if the wind-
ing w0 produces at the upper end anorth pole
and at its lowerend a south pole then when the
winding " tends to produce an opposite po-
larity to that of the winding ' said winding +»*

would tend to create a north pole at 1ts lower-

end and a south pole at its upper end. and
when the lower winding " tends to produce
the same polarity as the winding 0" then said
winding 20° would produce a north pole at its
upper end and a south pole at it% lower end.

Therefore when the winding 20° tends to pro-

duce different polarity from that of winding
w' like poles would be in proximity, and
therefore the effect of one winding would
neutralize or destroy the effect of the other.
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winding, so that the solenoid would remain
inert. If the Wlndmw w* has the current

flowing therein in a direction which tends to.

produce the same polarity as the winding ',
then the solenoid will be energized and raise
its core, the two windings assisting each
other. The windings «' and #° of the solen-
oid @« are similar to tho‘se of the solenoid v,
and when the current flows through the Wmd-
ing @ in one direction, 1t tends to produce Op-
posite polarity to that of the winding #', and
when it flows through the winding " in the
opposite directlon said latter winding tends
to produce the same polarity as the upper
winding «'. The windings of the two solen-
oids w Emd 2 are Sso arranwed that whe,n the
current flows through the WlIldll’]U‘S w” and &
in one direction, one solenoid Wlll be ener-
oized and the other remain inert, and when
the current flows in the opposite direction the
reverse result will be effected. The solenoid
20 has 1ts core provided at the lower end with
a contact 46, which bridges terminals 47 and
48. and at its upper end with a contact 49,
which bridees when raised the terminals 50
and 51. The solenoid @ also has its core pro-
vided at the lower end with contact 52, which
bridees terminals 53 and 54, and at its upper
end with a contact 55, which bridges termi-
nals 56 and 57. When one solenoid is ener-
oized to lift 1ts core, the contacts carried by
sald core bridge their respective terminals and
close the circuit through the armatures « and
b In one direction, and when the core of the
other solenoid, w, 1s lifted its contacts close
the circuit through their respective terminals
in a manner to cause the current to flow
through the armatures ¢ and 4 in the oppo-
site direction. As before explained, when
one solenoid of the reversing-switch 1s ener-
oized the other solenoid remains inert through
the neutralization of its windings. The en-
ergization of either of the solenoids v or a 1s
dependent, it will be observed, upon the di-
rection of the flow of the current in the wind-
ings w0 and 7, and as said latter windings are
included in the controlling-circuit on which
the direction of the flow of the current is with-
in the control of the operator of the master-
controller either one of the solenoids w or 2
may be energized at the will of the operator
by the proper movement of the master-con-
troller arm. Therefore, the current may be
sent through the motors ¢ and 4 in either di-
rection, depending, as before stated, upon the
position of the master-controllerarm. In prac-
tice to insure the lowering of the core of one
solenoid when the opposite solenoid is ener-
gized a suitable interlocking lever 1s arranged
between the two cores, and normally the two
cores are situated in an intermediate position,
so that the contacts carried thereby will not be
inengagement with their respective terminals.
The reversing-switch at the right of Fig. 2 for
the motors ¢ md d is the same as the revers-

T e Brdrds

ing-switch for the motors ¢ and ). Said
switch has two solenoids # and z, the solenoid
v having windings fz/' and JE and the solenoid

h‘wino Windinos "and 27, the upper wind-
ings vy &Ild " of the two Solenmds being con-
nected in series between the trolley and the

oround and constantly supplied with current

in one direction. It will be observed that the
windings ' and « of one rever sing-switch
ancd the windings 7 and 2z of the ofhm- 1'e-
versing -switch are all connected in series.
The lower windings v* and z° of the solenoids
v and z are connected 1n series between oppo-
site sides of the controlling-circuilt and are
wound to produce OppOSlte polm 1ty like the
windings w* and #°, so that when the current
traverses sald Wmdmgs in one direction one
solenoid will be energized while the other re-
mains 1inert. LThe core of the solenoid v car-
ries at 1ts upper end a contact 58, which
bridges terminals 59 and 60 when the core is
ralsed, and atits lower end a contact 61, which
bridges terminals 62 and 63. The core of the
other solenoid has at its upper end a contact
64, which when the core is raised bridges ter-
minals 65 and 66, and at its lower end a con-
tact 67 to bridge terminals 68 and 69. Like
the other reversing-switch, the cores in prac-
tice are suitably interlocked, and while one
solenoid 1s energized the otheralways remains
inert. One solenold when energized estab-
lishes a path for the current to flow through
the armatures ¢ and ¢ in one direction, and
the other solenoid when energized causes the
current to traverse the armatures in the op-
posite direction. At the center of the dia-
oram are situated the parallel and series
switches, the parallel switch being to connect
all the motors across the line in a parallel re-
lation and the series switch being to estab-
lish a series relation of said motors in circuit.
The solenoid » ot the parallel switch and the
solenoid s of the series switch are arranged
in parallel across the controlling-circuit, and
the parallel solenoid is wound to respond un-
der a higher voltage than the series solenoid.
The series solenoid has its core carrying at
the upper end a contact 70, which when raised
brideges terminals 71 and 72, and at its lower

end a contact 73, which when raised bridges

terminals 74 and 75. Sald core also carries
at its lower end a contact 76, which when the
core 1s lowered bridges terminals 77 and 78,
and a contact 79, which when raised bridges
terminals 80 and 81. The core of the paral-
lel solenoid is provided at its upper end with
a bridge 82, which when raised bridges ter-
minals 83 and 84, and at 1ts lower end a con-
tact 85, which when raised brideges terminals
386 and 87. Alsoatthelower end of said core
1s arranged a contact 88, which when the core
15 lowered bridges terminals 89 and 90.

In the initial path for the current through
each of the several solenoids above described
is arranged a switch /, one being provided for
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by conductor 95 to the opposite side of the
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each solenoid, and 1n a shunt-path around each

of said switches 18 a resistance or lamp /.
Said switeh 1s situated in a position to be
opened by the core of the solenoid when 1t 1s
raised, and when sald switch is opened the
resistance or lamp / 1s thrown into circuit
with said solenoid and protects the same from
excessive currents.

A better understanding of the operation of

‘the system described will now be gained by

following the circuits for the current. As-
sume that the current on the controlling-cir-
cuit flows in a given direction. Then 1t will
pass by conductor 90 through the solenoid s
of the series switch, 1t first passing through
the resistance-switch / thereof. After trav-
ersing the solenoid s the current will flow o
terminal 80, thence to terminal 90, across the
bridge 88 to terminal 89, and then by con-
ductor 91 to the opposite side of the control-
At the same time the current
will flow from one side of the controlling-
circuit by conductor 92, through the windings
1w’ and 7 of one reversing-switch, and thence
to the opposite side of the controlling-cir-
cuit by conductm 93 The circuit through
the windings 7/° and 2° of the solenoids of the
other reversing -switch can also be traced
from one side of the controlling-circuit by
conductor 94, through the wmdmgs,, and thence

car - controlling circuit. Assume that the
solenoid s and the solenoid of the reversing-
switeh respond to twenty volts, and that the
master-controller arm has been moved sufh-
cient to produce such a voltage upon the
controlling-circuit. Also suppose 1n this in-
stance that the direction of the flow of the
current on the controlling-circuit will cause
the energization of the solenoid 2 of one re-
versing-switch and the solenoid # of the other
reversing-switch. These solenoids will then
raise their respective cores, while the other
solenoids of said reversing-switches remain
inert. We will say that the solenoids #" and
7°, which control the resistances, operate
under a potential of thirty volts each, and
therefore when the current on the controlling-
circuit has risen to thirty volts, the solenoids
7" and 7”° will be energized and lift their cores,
thereby removing their respective resistances
from the armature-circuits. The path for
the current of the solenoid +' can be followed
from one side of the controlling-circuit by
conductor 96, through the solenoid #/, thence
by conductor 97 to terminal 81, across con-
tact 79, to terminals 80 and 90, over contact
88 to terminal 89 and conductor 91, and then
to the opposite side of the controlling-circuit.
The path for the current through the solen-
oid #* may be traced by conductor 98 through
said solenoid, over conductor 99 to the ter-
minal 81, and thence to the opposite side of
the controlling-circuit by the same path pre-
viously traced for the current for the other

“through terminal 72, contact 70, and terminal

resistance-solenoid. On further increase of
the voltage to forty volts the solenoids +* and
7 will be energlzed and cut their respective
resistances trom circuit, 1t being presumed
that said solenoids respond under forty volts
potential. The paths for the current of the
solenoids »* and +* are sub%tfr,ntiallv the same
as those for the solenoids 7/ and # md may
be read ily” followed, the solenoid +* being
situated in a shunt- 1}‘1,1311 around the bolenoid
»" and the solenoid +"' being likewise situated
in a shunt-path around the solenoid +*.

I will now trace the motor-circuits when
said motors are connected in series and the
solenoids 2 and # of the reversing-switches
are energized. The current will follow the
concuctor 100 to the terminal 50 and pass over
bridge 49 to terminal 51. Thenceforward it
will flow to terminal 53 of the other solenoid
and pass through armatures ¢ and 4 to the ter-
minal 48. Here 1t will cross the bridge 46 to
the terminal 47, pass between the terminals
39 and 38 by contact 37, i’ the resistance-so-
lenoids +' and +” are energized to remove their
respective resistances from circuit, and thence
flow by concductor-101 to the fields ¢’ and &' of
the armatures ¢ and 5. After traversing said
fields 1t will pass by conductor 102 to terminal
4. Here 1t will cross the contact 73 to ter-
minal 75 and thence flow by conductor 103,

71, tothe conductor 104. At this point it will
pass to terminal 44 of the solenoid +' and
through contact 43 and bridee 45, whence it
will pass over conductor 105. thlough fields
¢ and ¢’ and to the terminal 62 by conductor
106.  After crossing bridge 61 to terminal 63
1t will flow through the armatures ¢ and  to
terminal 68 and thence to terminal 60, across
contact 88 to terminal 59 and to the ground
by conductors 107, 108, and 109. TIf the so-
lenoids # and z of the reversing-switches be
energized, then the current will flow through
the armatures in the opposite direction and
cause a reverse rotation of the armatures
thereof. At the reversing-switch on the left,
when the solenoid « is energized, the cmwnt
instead of flowing t1110110h the termnmls

above described, will 1DASS trom conduetm 100
by conductor 110 to terminal 57, thence across
the contact 55 to terminal ob,, terminal 48,
through armatures ¢ and ) in opposite direc-
tion, the terminal 53, across contact 52 to ter-
minal 54, and thence by conductor 111 to ter-
minal 47. In a similar manner the cirenit
can be traced through the reversing-switch at
the right, the current when the solenoid z is
energized passing from terminal 62 to termi-

' nal 69, thence across contact 67 to terminal

68, through the armatures ¢ and ¢ in the op-

posite direction from that which it before pur-
sued to the terminal 63, thence to the termi-
nal 65, through the brush 64 and terminal 65
and by wire 112 to conductor 107.

With the parallel and series switches is as-
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‘grammatically illustrated in Kig.

soclated in practice an interlocking mechan-
1sm somewhat similar to that employed with
the cores of the reversing-switches. One
form of this interlocking mechanism is dia-
3 of the
drawings.. Said interlocking mechanism is
constructed to permit a slight freedom of
movement ot the core of the solenoid p, so
that when said solenoid is energized the con-
tact 88 will be lifted from terminals 89 anc
90 to break the circuit through the solenoid
¢ of the series switeh. The solenoid 7, as he-
fore stated, responds to a higher voltage than
the solenoid s, and we will assume that sixty
volts are required for its energization, so that

1ts core will not be lifted until after all the

resistance 18 removed trom the circuit of the
motors. Therefore when the voltage on the
controlling-circuit rises to sixty volts the so-
lenoid »p, connectul across the controlling-cir-

~cuit, will be energized, and when the contact
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65 contact 85 to the wire 109 and thence to the |

“the terminals 77 and 78.

88 1s lifted to break the connection between
terminals 89 and 90 the solenoid s will be cut
out of the circuit and its core will fall and
cause contact 76, carried thereby, to bridee
When the contact
88 breaks the circuit between the tel m1mls
39 .-md 90, the resistance-solenoids #', 47, ?"i
and 7 ‘ue deénergized and resistances 7, +*,

", and ¢+° again inserted in the motor _cireuit.
A new path 1s now established for the current
to flow through the resistance-solenoids, 1t be-
ing from terminal 81, through resistance o,
to terminal 78, across contact 76 to terminal
77, thence by wire 113 to terminal 89 and
over wire 91 to wire 33 of the controlling-cir-
cult. This resistance ¢ is such as to increase
the respective voltages required tor the en-
ergization of the resistance-solenoids, and we
will assume for the present that when the re-
sistance ¢ 18 1n series with the resistance-so-
lenoids the solenoids +" and +* will respond to
eighty volts and the solenoids »* and 7 will
respond to one hundred volts. Therefore af-
ter the parallel switch i1s operated to connect
the motorsn parallel the sections »”and #' of
the resistances will not be cut out until the
voltage impressed upon the controlling-cir-
cuit has mecreased to eighty volts, and a fur-
ther increase of the current to one hundred
volts will be required to operate the solenoid-
switches 2»”-and +* to cut out the sections of
resistance ¢ and 7.

We will now trace the power-circuits for
the current when the parallel switch is closed
and the solenoids 7o and % of the reversing-
switches are energized and all the resistance
for the motors 1s eut out of circuit. Fhe cur-
rent will flow from the trolley through the
reversing-switch and the motors ¢ and 4 to
the wire 102, as above described when the
series switch was closed. From wire 102 1n-
stead of going to the motors of the other set
it will pass through terminals 86 and 87 and

oround.

7,778

The current for the other motors,
cand , will pass tfrom wire 100, connected
with the trolley, throueh wire 110 to terminal

83, thence across contact-82 to terminal 84,

over wires 104 and 105, through fields ¢ and
', armatures ¢ and ¢ of the motors to ter-
minals 68, through terminals 60 and 59 ‘md
contact 58 to wire 107, and thence by wires
108 and 109 to the eround.

By providing each car with a controller
from which the operator of the train may con-

75

trol the motors of all the ears a master-con- -

troller will always be situated at the forward
end of the front car in the direction in which
1t 1s desired to move the train regardless of
the arrangement of the cars 1n the train.

As before mentioned, certain portions of
this system have been adopted merely for the
purpose of disclosine my invention, and there-
fore I do not wish to limit myself thereto.
Moreover, certain detailsot the apparatus de-
scribed and other features of my invention
may be changed without in any way departing
from the spirit of my invention.

Having thus described my invention, what
I claim, and desire to secure by Letters Pat-
nt, 18 —

1. The combination with a plurality of con-
trolling-circuits, of a plurality of electromag-
netic windings connected in cach of said eir-
cuits and adapted to respond to variations of
voltage, a separate source of supply for each
of sald circuits, and means for simultancously
varying at will the voltage 1mpme%ed upon
cach ot said circuits.

9. The combination with a plurality of con-
trolling-circuits, of a plurality of electromag-
netic windings connected in parallel between
opposite mains of each of said circuits and
aclapted to respond to variations of voltage, a
separate source of supply tor each ot said cir-
cults, and means for simultaneously varying
at will the voltage 1mpressed upon said cir-
cuits. '

3. The combination with a plurality of con-

trolling-cireuits, of a plurality of electromage-

netic w mdmgs eonnectod with ecach of : .;11(1
circuits and adapted to respond to currents of
different character, a separate source of sup-
ply for each of said circuits, and means for
simultaneously varying at will the character-
istics of the current upon all of saild circults
to selectively actuate said windings.

4. The combination with a plurality of con-
trolling-circuits, of a piurality of clectromag-
netic windings connected with each of said
circuits and adapted to respond to currents of
different character, a separate source of sup-
ply for each of said cireuits, means for simul-
tancously varying at will the characteristies
of the current upon all of said circuits to se-

lectively actuate sald windings, and suitable

instrumentalities controlled by said windings.
5. The combination with a plurality of con-
trolling-circuits, of a plurality of electromage-
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netic windings connected with each of said
circuits and adapted to respond to cirrents of
different character, a separate source of sup-
ply for each of said circuits. means for simul-
taneously varying at will the characteristics
of the current upon all of said circuits to se-
lectively actuate said windings, and the cle-

- ments of an electric-motor controller arraneed
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to be operated by said windings.

- 6. The combination with a plurality of con-
trolling-circuits, of a plurality of electromag-
netic windings connected with each of said
circuits and adapted to respond to currents of
different character, a separate source of sup-
ply for each of said cireuits, and means for
simultaneously varying at will the polarity
and other characteristics of the current upon
each of said controlling-cirenits to actuate said
windings selectively.

(. The combination with a plurality of con-
trolling-circuits, of a generator for cach of
sald circuits, a plurality of electromagnetic
windings connected in each of said circuits and
adapted to respond to variations of voltage,
and means for simultaneously varying at will
the voltage impressed upon said circuits by
sald generators. | -

3. The combination with a plurality of con-
trolling-circuits, of a separate source of sup-
ply for each of said circuits, means for simul-
taneously varying at will the voltage im-
pressed upon each of sald circuits, a plurality
of electromagnetic windings connected in cach

of said circuits and adapted to respond to va-

riation in voltage, and elements of electric-
motor controllers operated by said windings.

9. The combination with a plarality of con-
trolling-circuits, of a separate source of sup-
ply for each of said circuits, means for simul-
taneously varying at will the voltage im-

pressed upon each of said circuits, a plurality

of electromagnetic windings arranged in each
of said circuits and adapted to respond to va-
riation of voltage, and armature resistances
controlled by said electromagnetic windings.

10. Thecombination with a plurality of con-
trolling-circuits, of a plurality of electromag-
netic windings connected in each of said cir-

cuits and adapted to respond to variation of .

voltage, a separate generator for each of said
circults, and means for simultaneously vary-
ing at will the voltage developed by each of
sald generators. | ~

11. The combination with a plurality of
separate controlling-circuits, of a generator
for each of said circuits, a plarality of electro-
magnetic windings connected in each of said
circuits and adapted to respond to variation of
voltage, and means for simultaneously vary-
ing at will the strength of the fields of said
generators. ]

12. Thecombination with a plurality of con-
trolling-circuits, of a plurality of electromage-
netic windings connected in each of said cir-
cults and adapted to respond to variation of

7

voltage, a separate generator for each of said
circuits, and a rheostat for simultaneously va-
rying at will the strength of the fields of said
generators.

13. T'he combination with a plurality of con-
trolling-circuits, of a separate generator for
cach of said circuits, a plurality of electromago-
hetic windings connected in each of said cir-
cuits and adapted to respond to variation of
voltage, and means for simultaneously vary-
ing at will the strength and polarity of the cur-
rent developed by said generators.

14. Thecombination with a plurality of con-
trolling-circuits, of a separate gencrator for
each of said circuits, a plurality of electromag-
netic windings connected with each of said cir-
cuits and responding to variation of voltage,
a reversing-switch controlled by pairs of said
windings in each of said circuits, and an ar-
mature resistance controlled by a plurality of
sald windings in each of said circuits.

15. "T'he combination with asuitable supply-
circult, ot a plurality of motor-generators hav-
ing the motor parts thercof energized from
sard supply-civeuit, aseparate controlling-cir-
cuit connected with the generator partof each
of said motor-generators, means for simulta-

neously varying at will the voltage developed

by said generator part, and aplurality of elec-
tromagnetic windings associated with said con-
trolling-circuits and adapted to respond to va-
riation of voltage. |

16. "T'he combination with a suitable supply-
circult, of a plurality of motor-generators hayv-
ing the motor parts thereot energized from
said supply-circuit, aseparate controlling-cir-
cult connected with the generator part of each
of said motor-generators, means for simulta-

‘neously varying at will the strength of the

fields of said generators, and a plurality of
electromagnetic windings connected in each

of sald controlling-circuits and adapted to re-

spond to different voltages.

17. Thecombination with a suitable supply-
circuit, of a plurality of motor-generators hav-
ing the motor parts thereof energized from
said supply-circuit, a separate controlling-cir-
cuit connected with the generator part of each
of said motor-gencrators, arheostat for simul-
taneously varying at will the strenoth of the
fields of said generators, and a plurality of
electromagnetic windings conneccted in each
of sald controlling-circuits and adapted to re-
spond to different voltages.

18. Thecombination with asuitable supply-
circuit, of aplurality of motor-generators hay-
ing the motor parts thereof energized from
sald supply-circuit, a separate controlling-cir-
cult connected with the generator part of each
of sald motor-generators, means for simulta-
neously varying at will the voltage developed
by said generator part, a plurality of electro-
magnetic windings connected in each of said
controlling-circuits and adapted to respond to

- variation of voltage, and the elementsof nio-
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tor-controllers arranged to be operated by
sald windings. - _

19. The combination with asuitable supply-
circuit, of a plurality of motor-generators hav-
ing the motor parts thereof energized from
said supply-circuit, separate controlling-cir-

cuits connected with the armaturesof the gen- .

erator parts of said motor-generators, means
for varying at will the strength of the field of
each of sald generator parts, and a plurality of

electromaenetic windings associated with each

ot said controlling-circuits and responding to
different voltages.

20. The combination with a supply-circuit,
of a plurality of motor-generators having the
motor parts thereof energized by said circuit,
a separate controlling-circuit connected with
the armature of each of the generator parts of
said motor-generators, nmeans for simulta-
neously varying at will the voltage developed
by said armatures, a plurality of electromag-
netic windings associated with each of said
controlling-circuits and responding to varia-
tion of voltage, a reversing-switch and an ar-
mature resistance controlled by the windings
ot each of said controlling-circuits.

91. The combination with a train of cars, of
a suitable supply-circuit, amotor-generator on
each car, a controlling-circuit supplied by each
oenerator, and means for controlling all of said
motor-generators in unison to vary the elec-
trical condition of the controlling-circuits, and
suitable instrumentalities associated with said
controlling-circuits.

99. Thecombination with a plurality ot sep-
arate controlling-circuits, of a plurality of
electromagnetic windings suitably associated

with each of said controlling-circuits, and

means for imposing like electrical conditions
upon each of said controlling-circuits to select-
ively actuate said electromagnetic windings.

T,TE

93. Thecombination with aplurality of sep-
arate controlling-circuits, of a plurality of
electromagnetic windings suitably assoclated
with each of said controlling -circuits, a sup-
ply-circuit, a plurality of motor-generatorsre-
ceiving current from said supply-circuit and
delivering current respectively tosaid control-
ling-circuits, and means for controlling said
motor-generators in unison to cause the same
to impose like electrical conditions on said con-
trolling - circuits to selectively actuate said
electromagnetic windings.

94. The combination with a plurality of sep-
arate controlling-circuits for a plurality of cars
of a train, of a plurality of eléctromagnetic
windings suitably associated with each of said
controlling - circuits, a train-line extending
through the train, and means controlled
through the agency of said train-line for 1m-
posing like electrical conditions upon said con-

trolling - cireuits to selectively actuate said

electromagnetic windings.

95. The combination with a plurality of sep-
arate conftrolling -circuits, of a plurality of
electromagnetic windings connected in each ot
said circuits and adapted to respond to varia-
tions of voltage, and means forsimultaneously
impressing at will like voltages upon each of
sald clrcuits.

26. The combination witha plurality of con-
trolling-circuits, ot a separate source of sup-
ply for each of said circuits, and means for
simultaneously impressing like voltages upon
cach of said circuilts.

In witness whereof I have hereunto sub-
seribed my name in the presence of two wit-

nesses.
HENRY H. CUTLER.
Witnesses:
T. E. BArNUM,
IF. R. Bacox.
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