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Lo all whom it may concer:

Beit known that I, Hexry H. CurLer, aciti-
zen of the United States, residing at Milwau-
kee, 1n the county of Milwaukee and State of
Wisconsin, have invented a certain new and
useful Improvement in Systems of Control-
ling One or More EKlectric Motors, of which
the following is a full, clear, concise, and ex-
act description, reference being had to the ac-
companylng drawings, forming a part of this
speclfication.

This invention relates to a system of con-
trolling one or more electric motors. As it
has been especially designed to operate the
apparatusfor controlling electric motors from
a distant point, 1t 1s particularly adapted for
operating a train of cars on the multiple-unit
plan from one or more points upon any one
of thecars. Thisinvention, however, may be
utilized in many other ways, and it may be
equallv advantageously employed for operat-
Ing a single car or for controlling one or more

motors Whlch are utilized for other PUTPOSES

than propelling vehicles.

For the purpose of disclosing my invention
I have designed the system shown in the ac-
companylng drawings, in which the circuits
and apparatus are especially arranged for op-
erating a train of cars on the multiple-unit
plan.

In said drawings, Figure 1 shows diagam-
matically Dortlons ot the circuits of two cars.
Hig. 2 shows the complete circult arrange-
munt and apparatus for a single car, and E Fm
3 1llustrates dnﬂmmnmtlcally one form of
interlocking lever for the series - parallel
switch.

This system em plovs a CIT cmt which I term
a  controlling” or *“‘ecar” circuit to distin-
guish 1t from the power-cireuit, which supplies
the motors with their operating - current.
Within this controlling-circuit arearranged a
plurality of electromagnetic windings, which
preferably actuate the elements of apparatus
tor controlling the operation of the motors:
but m‘i,mtestlv they may be employed in di-
ferent relations. - These windingsare so wound
that they respond to different voltages, and

- direct attention to Fige. 1.

therefore the actuation of the instrumentali-
ties operated by said magnetic windings is
dependent upon the voltaoe 1Impressed upon
the car or controlling eircuit. The current is
supplied to the contr ollmo -clrcuit from a gen-
erator, and means are DIOVIdBd for varyvine
the speed of the armature of said generator,
so that the voltage impressed upon the con-
trolling-cirenit may be varied at will.

For the present 1 shall not refer to the
windings on the controlling-cireuit or the in-
str umentahtle% controlled Lhel eby, butonly to
the generator for supplying the current to the
COD tmllmﬂ -circult and the devices for varying
the speed and direction of rotation of the ar-
mature which control the voltage impressed
upon the car ov controlling cireuit and the

direction of the currvent therein. Tir st I shall
Therein are repre-

sented portions of the equipment fortwo cars
A and B. As the equipment for each car is
the same, I shall refer to the car A at the left-
hand side of Fig. 1 only.

The car A is [JIOVIdBd with a motor-gener-
ator, which has the motor part 7 fmd the oen-
erator part .  The motor-field 7" and gener-
ator-field ¢’ are constantly connected in paral-
lel between the trolley T and ground G by
wires 15 and 16, to which the terminals of
sald field are connectec-. At each end of the
car 1s situated a controller Z. which has seQ-
ments 4 i L7 & and two sets of contacts /7.
Between the contacts of oneset are connected
the sections of the resistance 4°, while between
the contacts of the other set are connected the
sectionsof the resistance 4'. In practice only
a single resistance would be employed: but
two are shown for the purpose of convenience
in following the circuits.

The controller-arm 4%, having handle 2*,
preferably pivoted so as to be | momble over
the contacts and segoments, and when it is in
1ts 1nitial position, as shown, the seements 7/
and 4°and the contacts of 1‘081%13111(3@ 7 are ar-

ranged on one side of the arm, while the seg-
ments £° and &' and the COI’lt‘LCtS of resistance
k' on the other side thm eof. The arm car-

ries brushes A" and 4", which are situated in
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such positions that they engage the segments |

and contacts when the arm 1s moved from its
initial position. If the arm ot the controller
at the left be moved in the direction indi-
cated by the arrow, the brush A" will connect
the seoement 4 and the contacts of the resist-
ance 4’ and the brush Z" will connect seg-
12t butif the arm be moved in the

ments £’ anc
reverse direction then the brush 4" will con-
nect the segment 47 with the contacts of the re-
sistance /‘, and the brush 2% will bridge seg-
ments / and /5. The two controllers in the
car are connected with each other by ftour
wires 20 21 22 23, which under commercial
conditions would preferably be formed 1nto a
single cable. Thesegments /' of the two con-
trollers are connected with each other by wire
20. The wire 21 joinssegments 4. The seg-
ments A7 and £' are all connected with each
other by wire 22, and the last contact £’ of
each resistanceisconnected with the same con-
tact of each of the other resistances by wire 23.

The last contact of each resistance 18 con-
nected with the trolley T through wires 15
and 23, and the segments 4°and /' are con-
nected with the ground G by wires 16 and 22.
The motor-ar nmtme nd has its terminal 27
connected with the segments 4 through wires
24 and 21 and its terminal 77" with segments
& by wires 25 and 20.

The circuits which are established by the
manipulation of the controller-arm will now
be traced by referring to the controller at the
left-hand side of the figure. When the cir-
cuit 1s [irst made by movement of the arm in
either dirvection, the whole of one or the other
of the resistances is included 1n the circuit,
and as the arm 1s moved farther from its 1ni-
t1al position the section of the resistances are
cut out of circuit one by one until finaily all
the resistance 1s removed from circuit. Let
it be assumed that the fum of the controller
at the left be moved in the direction of the ar-
row. In this movement of the arm the con-
tacts of resistance 4° will be connected with
seements 4 by brush 4% and segments 4 and
L4 will be connected by brush £'". The cir-
h the motor-arma-
ture may now be traced from the trolley I
over wire 15 to the resistance 7, thence through
the sections of resistance /4 and across the
brush Z" to the seement 4. rom here the
current will llow over wires 20 and 25 to mo-
tor-terminal 72", The current after traversine
the motor-armature will then pass from ter-
minal 7’
1t will then be conducted by brush £ to sco-
ment 4 and flow by wire 16 to the oround
(x. 1f the controller-arm be moved in the re-
verse direction, so that brush A will bridee the
contacts of the resistance £ and the brush /"
will connect seoments 4 and /°, the current
will How ti nouﬂh the motor-armature in the
opposite direction to that whieh it did when
the controller-arm was moved in the other di-

]

trolley and ground.

over wires 24 and 21 to segment 4.

786,429

rection. In the downward movement of the
controller-arm the current will flow from trol-
ley T, over wires 15, resistance At brush 4,
Segment I ) and wires 21 and 24 to armature-
terminal 7', Then after passing through the
armature in a reverse direction to that which
it did before 1t will flow from armature-ter-
minal 7', over wires 25 and 20, segment A/,
brush Z'", segment 47, and wire 16 to the
oround (x. The str eny Lh of the current which
traverses the armature may therefore be regu-
lated by varying the resistance included 1n
the circuit by the controller, and the direction
of the flow of current through the armature
will depend upon the direction in which the
controller-arm 1s moved. Asthespecd of the
armature depends upon the strength of the
current with which it is supplied, 1ts speed
may be regulated by adjusting the resistance
in its circuit through the agency of the con-
troller.  Also as the direction of the rotation
of the armature depends upon the direction of
the flow of the current 1n the armature the
armature may be caused to revolve in either
direction, as desired.

The generator-armature ¢* is operated from
the armature of the motor part of the motor-
oenerator, and therefore its speed and direc-
tion of rotation will depend upon that of the
armature of the motor. If the speed of the
armature of the generator he increased, the
voltage of the current developed thereby will
be correspondingly increased at 1ts terminals
¢ and ¢, and the polarity of the current will
depend upon the direction of rotation of the
armature. The strength and polarity of the
motorand generator field are constant, asthey
are connected 1n parallel directly between the
Therefore the direction
of the flow of the current developed by the
generator -armature and the voltage thercof
may be regulated at will from either of the
control lels., as the direction of rotation of the
armatures of the motor-generators will de-
pend upon the direction in which the con-
troller-arm is moved, and the speed of said
armatures will be increased as the strength
of the current flowing through the motor-ar-

mature is increased by removing thesection of

the resistance from the circuit thereof.

In the car is arranged a car or controlling
circult which 1s supphed with current from
the generator part of the motor-generator.

fhe, direction of the flow of the cur rent m
said cireuit and the voltage orstrength thereof
may be regulated at will from the controller :
as before described. This circuit preferably
has two wires 26 and 27, which are connected
with the armature-terminals ¢’ and ¢' of the
generator, and a switch 28 1s preferably ar-
ranged 1n said eircult for opening and closing
the same, so that in operating a train of cars on
the multiple-unit plan the propelling-motors ot

cach car may be contr olled from th(J controller

ot the forward end of the frontcar. Iach car
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18 provided with a train-line which comprises
wires 29 and 30, preferably formed in practice
into asingle cable. The train-line of each car

"~ hasatitsendssuitable couplingstforconnecting
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1t with the train-line of the next car, and this

coupling 1s preferably of such construction
that 1t will connect the wires of the train-lines
symmetrically throughout the train, so that
stmilar relations between the circuits of the
several cars will always exist and the proper
operation of the system will be insured. The
train-line of each car is connected with the
car or controlling circutit by a wire 31, which
connects wires 30 and 27, and a wire 32, which
connects wires 29 and 26, and suitable switches
33 are preferably arranged between the train-
lines and the controlling-circuit in order that
the train-line and the controlling-circuit may
be disconnected, if desired.

By reference to Kig. 1 1t will be observed
that the generator of car A will not only sup-
ply current to the controlling-cireuit of car
A, but also to the similar circuit of car B
through the train-iine, and in this way the
controlling-circuits of any number of carsmay
be supplied with current from one of the cars.
The current on each of the controlling-circuits
may of course be varied in strength and po-
larity, as before described, in connection with
a single car. This 1s only one way of sup-
plylng each of the controlling-circuits with
carrent, the strength and polarity of which
may be varied at will from a single controller.
Another way would be to control the opera-
tion of each motor-generator from a single
motor-controller.

The manner of supplying each controlling-
circult with current and the means for vary-
1ng the direction of said current and the vol-
tage 1mpressed upon said controlling-cireuit
having been set out, I shall now proceed to a
description ot that part of the system which
operates the elements of the apparatus for
controlling the motors which propel the cars,
and 1n describing such system reference wili
be had particularly to Iig. 2 of the drawings,
which showsthe complete circult arrangement
of a single car.

Two setq of motors of two motors each are
preferably emploved in propelling each car,
one set of motors beinge arranged on the for-
ward truck and the other set on the rear truck:
but while I shall deseribe my invention as ar-
ranged for use with two sets of motors 1t will
be understood that it may be equally advan-
tageously employed for controlling a single
motor upon each car. Kurthermore, the in-
vention may be utilized for controlling motors
for other purposes than operating a train of
cars, and other forms of the system which I
am about to deseribe for operating the con-
trolling apparatus for the electric motors may
be employed.

Referring now particularly to Fig. 2, it will

o

set of motors are connected 1n parallel paths

and also that the fields «" and /4 of said set of
motors are likewise connected 1n parallel.
The armatures ¢ and « of the other set of mo-
tors are similarly connected in parallel, as are
also the fields ¢ and . At the left of the
figure are solenoids ' and 47, which respec-
tively control sections »* and »* of the resist-
ance for the armatures « and /. At the right
are solenoids #* and +*, which control sections
" and 7° of the resistance for the armatures ¢
and . The coreof the solenoid #' carries con-
tact 34, which when lifted blldue terminals
35 and 36 to cut out the section of resistance .

The core of the solenoid +7 lifts the contact 37

to bridee terminals 38 and 39 to cut out the
resistance +*. The corc of the solenoid /¥ has
contact 40, which when raised bridges Lel mi-
nals 41 and 42 to cut out the resistance /- , and
the core of the solenoid 7' has contact 43,
which when hifted bridees terminals 44 and 45
to remove the section 7* of the resistance from
the circait of the armatures ¢ and . The
several solenoids ', 77, +°, and +' are connect-
ed across the controlling- ('ilcuit i parallel
paths. Thesolenoids ' and 77 respond tO( if-
ferent voltages, as do also the solenoids +* and
4 ryvy. . ! 3 | |

»*. The solenoids +* and 27 respond to the
same voltage, and the solenoids +* and +' re-
spond to the same voltage with respeet to each

other, but require a higher voltage for their
energization than the solenoids ' and

Theletm e when the voltage on the control-
ling-circuit has risen to a predetermined point
the solenoids 2/ and 7 will respond and cut
their respective resistances out of cireuit.
When-the voltage has further 11’101 eaqm] su ff -
ciently to energize the solenoids »* and ', said
solenoids will Iift their cores, and thereby the
sections of resistances controlled by said so-
lenoids will be removed from the circuit of
the armatures. These solenoids all respond,
irrespective of the direction of the current.
The movement of the master controller-arm
1n either direction will cause a current to trav-
erse the conttolling-cireuit, and when the
strength of said current has increased sufli-

uentlv by cutting out the resistance to pro-

duce the ILquued potential to energize the
resistance - solenolds sawd solenoids will re-
spond and remove the resistance from the ar-
mature-circuits of the propelling-motors.

On the left-hand side of the diagram 1s llus-
trated a reversing-switceh for the motors « and
s, which operates to send the eurrent through
the motors ¢ and / in the direction required
to produce the rotation of their armatures in
the proper direction to propel the car.  This
switch comprises two solenoids v and @, re-
spectively. Ifach solenoid consists of two
windings, the solenoid ¢ having windings '
and «0° and the solenoid # having windings «/

and «°. The upper windings 72" and & arc
connected 1n series between the trolley T and

be noted that the armatures « and 5 of one ! the ground (x and are constantly supplied with
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current from the source of the main supply.
The lower windings " and #* are connected
In series between opposite sides of the con-
trolling-circuit, and therefore the direction of
the flow of the current therein depends upon
the direction of the flow of the current on the
car- -circuit; but in the other windings, ' and
', of said solenoid the current flows con; tinu-

ouslym one direction. The winding «* is ar-
ranged to tend to energize the solenoid

with polarity opposite to that which the so-
lenoid " produces when the current flows in
one direction through the winding " and to
produce the same polarity of the solenoid as
the winding «" when the current flows in lho
opposite (]110(31:101]“—-131]{113 18, 1f the winding '
produces at the upper end a nor th pole “and
at its lower end 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 its lower

end and a south pole at its upper end and

when the lower winding «° tends to produce
the same polarity as the winding 70" then said
winding «o” would produce a north pole at its
upper end and a south pole at 1ts lower end.
Therctore when the winding «* tends to pro-
duce different polarity from that of winding
1w’ like poles wounld be in proximity and the
effect of one winding would neutralize or de-
stroy the effect of the other winding, so that
the bOlF‘HOi(l would remain inert: but if the
winding 2»” has the current Homuw therein in
a direction whmh produces the same polarity
as the winding " then the solenoid will be
cnergized and raise 1ts core, the two wind-
INgs assisting each other

The wmdmm 7 and " of the solenmd 7 Are
similar to those of the solenoid 7, and wh(.,n
the current flows through the wmdmu 2 1n
one direction it tends to ploduee opposite
polarity to that of the wmdmg +, and when
1t flows through the winding #* in the oppo-
site direction said latter wmdmu tends to pro-
(] uce the same polarity as the upper windine
+'.  The windings of the two solenoids and
& Are SO ary .:11'1ue.d that whon Lhe current lows
through the Wm(lmua w” and «° in one diree-
tion one solenoid will be energized and the
other remain Inert and when the current
flows 1n the opposite direction the reverse re-
sult will be effected. The solenoid 7 has its
core provided at the lower end with a contact
46, which bridges terminals 47 and 48, and
at 1ts upper end with a contact 49, which
brideges when raised the terminals 50 and 51.
The solenoid « also has its core provided at
the lower end with contact 52, which bridees
terminals 53 and 54, and at its upper end with
a contact 55, which bridges terminals 56 and
57.  When one solenoid is encrgized to lift
1ts core, the contacts carried bv sald core
bridee theu respective terminals and close
the circult through the armatures ¢ and 4 in
one direction, and when the core of the other

| solenoid,

786,429

, 1s lifted 1ts contacts close the cir-
cult through their respective terminals in a
manner to canse the current to flow through
the armatures « and ) in the opposite direc-
tion. As before explained, when o:.¢ solenoid
ot the reversing-switch is energized the other
solenoid remains inert throug h the neutraliza-
tion of 1ts windings. The energization of
either of the so. enolds 1w OF & 1S depundunt
1t will be observed, upon the direction of the
flow of the current in the windings " and «",
and as said latter windings are included in the
controlling-circuit on which the direction of
the flow of the current is within the control
of the operator of the master-controller either
one of the solenoids 7 or 2 may be energized
at the will of the operator by the proper
movement of the master controller-arm. In
practice to msure the lowering of the core of
one solenoid when the opposite solenoid is
energized a suitable interlocking lever 1s ar-
ranged between the two cores, and normally
the two cores are situated in an intermediate
position, so that the contacts carried thereby
will not be in engagement with their respec-

tive terminals.

The reversing-switch at the right of Fig. 2
for the motors ¢ and « is the same as the re-
versing-switch for the motors ¢ and 4.  Said
switch has two %{)]enmdq 1 ¢ .;md z, the solenoid
Y having windings ?j and f»y “and the solenoid

hm*inu windinws =" and z°, the upper wind-
1Ng's /' and 2 of Lhe two so]enmds being con-
nected in series between the trolley and the
oround and constantly supplied with currentin
one direction. It will be observed that the
windings 0’ a,nd 2 of onerever sing-switch and
the wmdmua 1" and 2’ of the othel reversing-
switch are :L“ connected In series. Lhe lowu
windings #” and z°of the solenoids v and zare
wnnected in series between opposite sides
of the controlling-circuit and are wound to
1)10( uce opposite polarity, like the windings
w”and #°, so that when the current traverses
sald windings in onedirection onesolenoid will
be encrgized while the other remains inert.
The core of the solenoid y carries at its upper
end a contact 58, which bridees terminals 59
and 60 when the coreis raised, and at its Jower
end a contact 61, which bridees terminals 62
and 63. The core of the other solenoid has at
1ts upper end a contact 64, which when the
core 1s raised bridges terminals 65 and 66, and
at 1ts lower end a contact 67 to bridee termi-
nais 68 and 69. Like the previous switeh.
the cores in practice are suitably interlocked,
and while one solenoid is energized the other
always remains inert. Onesolenoid when en-
ergized establishes a path for the current to
ow through the armatures ¢ and ¢ in one di-

rection, and the other solenoid when energized
causes the current to traverse the armatures
in the opposite direction.

At the center of the diagram are situated
| the parallel and series switches, the parallel
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switch being to connect all the motors across
the line in a parallel relation and the series
switch being to establish a series relation of
said motors in circuit. The solenoid p of the
parallel switch and the solenoid s of the series
switch are arranged in parallel across the con-
trolling-circuit, and the parallel solenoid is
wound to re spond under a higher voltage than
the series solenoid. The series solenoid has
its core carrying at the upper end a contact 70,
which when raised bridges terminals 71 and 72

and atits lower end a contact 73, which when
raised bridges terminals T4 and 75. Said core
also carries atits lower end a contact 76, which
when the core i1s lowered bridges tGIll]lI]ﬂl‘S
77 and 78, and a contact 79. which when raised
bridges termm%ls 30 and 81. The core of the
parallel solenoid is provided at its upper end
with a bridge 82, which when raised bridees
terminals 89 and 84, and at its lower end a con-
tact 85, which when raised bridees terminals
86 and 87. Also at the lower end of said core
1s arranged a contact 88, which when the core
1s lowered bridgees terminals 89 and 90.

In the initial path for the current througch
each of the several solenoids above deseribed
1s arranged a switch /, one being provided for
each solenoid, and in a shunt-path around
each of said switchesisa resistance or lamp /.
Sald switeh is situated in a position to be
opened by the core of the solenoid when it is
raised, and when said switch is opened the re-
sistance or lamp /7' is thrown into circuit with
sald solenoid and protects the same from ex-
cessive 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 it will
pass by conductor 90’, through the solenoid
s of the series switch, it first passing through
the resistance-switch 7 thereof. After trav-
ersing the solenoid s the current will flow to
termm‘bl 30, thence to terminal 90, across the
bridge 88 to terminal 89, and then by con-
ductor 91 to the opposite side of the control-
ling-circult. At the same time the current
wﬂl flow from one side of the controlling-
cu*mut l_w conductor 92, through the wmdmu S
w® and #° of one 1‘@\?@1‘51110-5“/113011, and thence
to the opposite side of the controlling-circuit
by conductor' 93. The circuit lhlouﬂh the
windings »* and 2z° of the solenoids of the other
reversing-switch can also be traced from one
side of the controlling-circuit by conductor
94, through the windings, and thence by con-
ductor 96 to the opposite side of the control-
ling-circuit. Assume that the solenoid sand
the solenoid of the reversing-switch respond
to twenty volts and that the master controller-
arm has been moved sufliciently to produce
such a voltage upon the controlling-circuit.
Also suppose in this instance that the direc-
tion of the flow of current on the controlling-

wml

O

circult will cause the energization of the so-
lenoid 7 of one reversing-switch and the so-
lenoid # of the other reversing-switeh. These
solenoids will then raise their respective cores,
while the other solenoids of the said revers-
ing-switches remain inert. The solenoids #
and 2°, which control the resistances, operate,
for mstance, under a potential of thirty volts

each, and therefore when the current on the
controlling - eircuit hclcs risen to thirty volts
the solenoids + and »* will be energized and
lift their cores, thereby removing their re-
spective resistances from the armature-cir-
cuits. The path for the ecurrent of the solen-
oid 7' can be followed from one side of the
controlling-circuit by conductor 96, through
the solenoid 7/, thence by conductor 97 to ter-
minal 81, across contact 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 cur-
rent through t. he solenoid #° may be traced by
conductor 98, through said solenoid, over con-
ductor 99 to termunl 81, and thence to the
opposite side of the controlling-circuit by the
same path previously traced for the current
for the other resistance-solenoid. On further
increase of the voltage to forty volts the so-
lenoids +* and +* will be energized and re-
move their respective resistances from cir-
cuit, 1t being presumed that said solenoids re-
spond under forty volts potential. The paths
tor the current of the solenoids 7% and +' are
substantially the same as those for the solen-
oids +* and »” and may be readily followed,
the solenoid 7 being situated in a shunt-path
around the solenoid »' and the solenoid #* be-
mg likewise situated in a shunt-path around
the solenoid #°.

I shall now trace the motor-circuits when
said motors are connected in series and the
solenoids w and # of the reversing-switches
are energized. The current will follow the
conductor 100 tothe terminal 50 and pass over
bridge 49 to terminal 51. Thence forward it
will How to terminal 53 of the other solenoid
and pass through armatures ¢ and & to the
terminal 48. Here it will cross the bridee 46
to the terminal 47, pass between the termi-
nals 39 ‘Ll]d 38 by contact 37, 1f the resistance-
solenoids 7 ;

and 2° are energized to remove

their leq}eetwe resistances ‘n'on:l circuit, mld
thence flow by conductor 101 to the fields ¢
and /" of the armatures « and 0.  After trav-
ersing sald fields it will pass by conductor 102
to terminal 74. Here it will eross the con-
tact 73 to terminal 75, and thence flow by con-
ductor 103, through terminal 72, contact 70,
and terminal 71 to the conductor 104. At this
point 1t will pass to terminal 44 of the solen-
oid »* and through contact 43 and bridge 45.

1t will Lhen pass over conductor 103, thmwh
fields ¢ and ', and to terminal 62 by conduc-
tor 106. After crossing bridee 61 to termi-
nal 63 1t will How through the armaturescand
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d to terminal 68, and thence to terminal 60,

across contact 53 to terminal 59, and to the
oround by conductors 107, 108, and 109.

If the solenoids @ and z of the reversing-
switches be energized, then the current will
flow through the armature in the opposite di-
rection and cause the reverse rotation of the
armatures thereof. At the reversing-switch
on the lett, when the solenoid « 1s energized,
the current instead of flowing through the ter-
minals, as above described, will pass from
conductor 100 by conductor 110 to terminal
57, thence across the contact 55 to terminal

56, terminal 48, through armatures «and 4 m.

the opposte direction, the terminal 53, across
contact 52 to terminal 54, and thence by con-
ductor 111 to terminal 47. Ina similar man-
ner the circuit can be traced through the re-
versing-switch at the right, the current, when
the solenoid z 1s energized, passing from ter-
minal 62 to terminal 69, thence across contact
67 to terminal 68, through the armatures ¢
and « in the opposite direction to that which
it betore pursued, to the terminal 63, thence
to the terminal 65, through the brush 64 and
terminal 65, and by wire 112 to conductor 107.

With the parallel and series switches 15 as-
sociated in practice an interlocking mechan-
1sm somewhat similar to that employed with
the coresof thereversing-switches. One form
of this interlocking mechanism 1s diagram-
matically illustrated in Fig. 3 of the drawings.
Sald 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 contact 88 will be itted from
terminals89 and 90 to brealk the eircuit through
the solenoid ¢ ot the series switch before the
latter releasesitscore.  The solenoid p, as be-
fore stated, responds to a higher voltage than
the solenoid &, and we will assume that sixty
volts are required for its energization, so that
its core will not be lifted until after all the
resistance is removed tfrom the circuit ot the
motors. Therefore when the voltage on the
controlling-circuit rises to sixty volts the so-
lenoid p, connected across the car-ciremt, will
be energized, and when the contact 881s lifted
to brealk the connection between terminals 89
and 90 the solenoid ¢ will be cut out of the cir-
cult and 1ts core will fall and cause the con-
tact 76, carried thereby, to bridge the termi-
nals 77 and 78.

When the contact 88 breaks the circuit be-
tween the terminals 89 and 90, the resistance-
solenoids +/, %, +°, and +* are deénergized and
the resistances +°, +', #, and #° again inserted
in the motor-circuit. A new path 1s now es-
tablished for the current to flow through the
resistance-solenoids, it being 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 27
of the controlling-circuit. This resistance o is

786,422

' such as to increase the respective voltages re-

quired for the energization of the resistance-
solenoids, and we will consider for the pres-
ent that when the resistance o 1s in series with
the resistance-solenoids the solenoids +" and
" will respond to eighty volts and the solen-
oids 7% and 7' will respond to one hundred
volts. Therefore after the parallel switch 1s
operated to connect the motors in parallel the
sections 27 and »* of the resistance will not be
cut out until the voltage impressed upon the
controlling - circuit has increased to eighty
volts, and a further merease of the current to
one hundred volts will be required to operate
the solenoid-switches #»* and +* to cut out the
sections of resistance 7 and 7.

I shall now trace the power-circuits for the
current when the parallel switeh is closed and
the solenoidssnand s of the reversing-switches
are energized and all the resistance for the
motors is cut out of circuit. The current will
flow from the trolley through the reversing-
switch and the motors « and 4 to the wire 102,
as above deseribed, when the series switeh was
closed. Ifrom wire 102 instead of going to
the motors of the other set it will pass throuel
terminal 86 and 87 and contact 85 to the wire
109, and thence to the ground. The current
for the other motors ¢ and « will pass from
wire 100, connected with the trolley, through
wire 110, to terminal 83, thence across con-
tact 82, to terminal 84, and over wires 104
and 105, through fields ¢ and ', armatures ¢
and « of the motors, to terminal 68, through
terminals 60 and 59 and contact 58, to wire
107, and thence by wires 108 and 109 to the
oround.

In the system which 1 have deseribed the
motors may be perfectly controlled by vary-
ing the voltage impressed upon the control-
ling-circuit and regulating the direction of
the flow of the current. Of course other forms
of my system may be conceived, and other 1n-
strumentalitics than the elements of an elec-
tromotor -controller may be employved with
the electromagnetic windings. By arrangimg
a controller at each end of each car a control-
ler will always be situated at the forward end
of the front car of the train, from which the

motors of all the cars may be controlled. T'he

controllers of each car are preferably con-
nected in the circuit i such a manner that
corresponding movements- of the controller-
arm will produce a similar operation of the
car or train—that 1s, the controllers are so
connecited that no matter which of the con-
trollers on any car is at the front end of the
forward car movement ot the controller-arm,
say. to the right will cause the tram to move
forward, while movement of the arm to the
left will cause the train to move rearward.
It is manifest that my invention may have
many other forms than that herein illustrated,
and I therefore do not desire to limit myself

70

75

(O

95

100

0§

110

I.IS

120

125




10

20

30

35

40"

45

50

55

60

05

786,422

to any of the features of the system shown,
except as hereinafter particularly specified,
and pointed out in the claims.

Having described my invention, what L
claim as new, and desire to secure by Letters
Patent, 18— |

1. The combination with a controlling-cir-
cuit, of a plurality of electromagnetic wind-
inos suitably associated therewith, a genera-
tor supplying current to said controlling-cir-
cuit, and means for varying the speed of said
generator to selectively actuate said electro-
magnetic windings.

2. The combination with a controlling-cir-
cuit, of a plurality of electromagnetic wind-
ings suitably associated therewith, a genera-
tor supplying current to said controlling-cir-
cuit, means for varying the speed of said gen-
erator to selectively actuate said electromag-
netic windings, and the elements of an elec-
trie-motor controller adapted to be actuated
by saild windings.

3. The combination with a controlling-cir-
cuit, of a plurality of electromagnetic wind-

ings suitably associated therewith, a genera-

tor supplying current to said controlling-cir-
cuit, and means for varying the direction and
speed of operation of said generator toselect-
ively actuate said electromagnetic windings.

4. The combination with a controlling-cir-
cuit, of a plurality of electromagnetic wind-
ings suitably associated therewith, a gencra-
tor supplying current to said controlling-cir-
cuit, means for varying the direction and speed
of operation of said generator to selectively
actuate said electromagnetic windings, anc
suitable instrumentalities controlled by sald
windings. |

5. The combination with a controlling-cir-

cuit, of a plurality of electromagnetic wind-

ings suitably associated therewith, a genera-
tor supplying current to said controlling-cir-
cuit, means for varying the direction and speed
of operation of said generator to selectively
actuate said electromagnetic windings, suit-
able instrumentalities controlled by said wind-
ings, and the elements of an electric-motor
controller arranged to be actuated by said
windings. |

6. The combination with a car or control-
ling circuit, of a generator for supplying cur-

rent thereto, a plurality of electromagnetic

windings arranged in said controlling-circuit
and adapted to respond to different voltages,
ANC
the armature of said generator, whereby the
voltage impressed upon said controlling-cir-
cuit may be varied.

7. The combination with a car or control-
ling circuit, of a generator for supplying cur-
rent thereto, a plurality of electromagnetic
windings connected in parallel across said cir-
cuit, and adapted to respond to diflereat vol-
tages, and means for varying at will the speed
of the armature of sald generator, whereby

means for varying at will the speed of

V2

the voltage impressed upon said cireuit may
be varied at will. .

8. The combination with a car or control-
ling circuit, of a generator for supplying cur-
rent thereto. a plurality of electromagnetic
windings arranged in said circuit and adapted
to respond to variations in voltage, suitable
devices controlled by said electromagnetic

windings, and means for varying at will the

speed of the armature of said generator where-
by the voltage impressed upon said control-
ling-circuit may be varied.

9. The combination with a controlling-cir-
cuit, of a cenerator for supplying current
thereto, a plurality of electromagnetic wind-
ings connected in said cirenit and wound to
respond to different voltages, elements of an
electric-motor controller associated with said
windines and actuated thereby, and means for
varying at will the speed of the armature of
said generator, whereby the voltage impressed
upon said controlling-cirenit may be varied at
will. |

10. The combination with a controlling-cir-
cuit, of a generator tor supplying current
thereto, a plurality of electromagnetic wind-
ines connected in said controlling-circeuit and
wound to respond to different voltages, an
armature resistance controlled by said wind-
ings, and means for varying at will the speed
of the armature of said gencrator, whereby the
voltage impressed upon said controlling-cir-
cuit may be varied. |

11. The combination with acontrolling-cir-
cuit, of a generator for supplying current
thereto, a plurality of electromagnetic wind-
ines connected in said circuit and wound to
respond successively as the voltage upon the
controlling-circuit is increased, and means for
varying at will the speed of the armature of
said generator, whereby the voltage impressed
upon said controlling-circuit may be regu-
lated. |

12. The combination with a controlling-cir-
cuit, of a generator for supplying current
thereto, a plurality of electromagnetic wind-
ings connected in said circuit and wound to
respond to variations in voltage, and means tor
varying at will the speed and direction of ro-
tation of said armature whereby the voltage
impressed upon said controlling-circuit and
the polarity thereof may be regulated.

15. The combination with a car or control-
line circuit, of a generator for supplying cur-
rent thereto, a plurality of electromagnetic
windings, arranged within said cirenit and
wound to respond to different voltages, suit-
able instrumentalities controlled by said wind-
inos, means for operating said generator, and
means for varying at will the speed of the
armature of said generator, whereby the vol-
tage impressed upon said controlling-circuit
may be varied.

14. The combination with a controlling-cir-
cuit, of a generator for supplying current
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thereto, a plurality of electromagnetic wind-

ings for controlling suitable instru mentalities, !

said windings being connected in said cireuit
and wound to respond to different voltages,
a motor for operating said generator, and
means for varying the speed of said motor.

15. The combination with a controlling-cir-
cult, of a generator for supplying current
thereto, a plurality of electromagnetic wind-
Ings connected in said cireuit and wound to ro-
spond to different voltages, suitable devices
controlled by said windings, a motor for OP-
erating said generator, and means for el
lating the relative strength of the motor field
and armature, whereby the speed of the ar-
mature may be varied at will so as to inerease
or decrease the voltage impressed upon the
controlling-cireuit.

16. The combiration with a controlling-cir-

cuit, of a motor-generator havine the genera-
tor part connected to said eirenit so as to sup-
ply current thereto, a plurality of electro-
magnetic windings connected in said eirenit
and wound to respond to different voltages,
suitable devices arranged to be controlled by
said windings, and means for varying at will
the speed of said motor-ocnerator whereby
the voltage impressed upon said*cireuit may
be varied.
- 17, Thecombination with asuitable control-
ling-circuit, of a motor-cenerator having the
generator part thercof connected to said eir-
cult so as to supply current thereto, a plural-
1ty of electromagnetic windings connected in
sald circuit and wound to respond to varia-
tions in voltage, and a rheostat for varying
the speed of said motor-generator, wherehy
the voltage impressed upon said car-cireuit
may be varied.

18. The combination with a controlling-cir-
cult, of a motor-generator having the oenera-
tor part thereof connected to said circuit so
as to supply current thereto, a plurality of
electromagnetic windings connected in said
circult and wound to respond to different vol-
tages, suitable instrumentalities controlled by
sald windings, and a rheostat for varying at
will the speed of the motor-generator,where-
by the voltage impressed upon said control-
Iing-cireuit may be increased or decreased as
desired to effect the proper actuation of said
instrumentalities through said windings.

19. The combination with asuitable supply-
circuit, of a motor-generator havine the field
ot the generator part connected across said
circult so that the strength and polarity will
be constant, a controlling - circuit supplied
with current from said generator, a plurality
of electromagnetic windings connected in said
controlling-circuit and wound to respond to
variations in voltage, and means for varyine

-at will the speed of said motor-generator,

whereby the potential of the current npon
sald controlling-circuit may be increased or
decreased as desired.

786,492

20. The combination of a motor-generator.,
a suitable source of supply for the motor part
thereof, a controlling-circuit supplied with
current from the generator part of said mo-
tor-generator, a plurality of electromagnetic
windings connected in said controlling-circuit
and wound to respond to different voltages,
suitable instrumentalities controlled hy said
windings, and means for varyine at will the
strength of the armature-currvent of said mo-

tor, whereby the voltage upon the control-

[ing-circuit may be varied as desired.

21. The combination with a controlline-cir-
cuit, of a generator for supplying current
thereto, a plurality of electromagnetic wind-
ings connected in said circuit and wound to
respond to variations in voltage, an armature
resistance controlled by said windings, a re-
versmg-switceh also controlled by said wind-
ings, and means for varying at will the speed
of the armature of said generator, wherehy
the voltage impressed upon said circuit may
be mereased or decreased as desired.

22. The combination with a controlling-cir-
cuit, of a generator for supplyine current
thereto, a plurality of electromagnetic wind-
ings connected in said cireait and wound to
respond to different voltages, a reversino-
switch controlled by pairs of said windines,
and means for varying at will the speed of the
armature of sald generator, whereby the vol-
tage 1mpressed upon said controlline-civeuit
may be increased or decreased as desired.

23. The combination with a suitable con-
trolling-cireuit, of a generator for supplyine
current thereto, a plurality of electromagnetic
windings connected in said circuit and wound
to respond to different voltages, a reversing-
switch actuated by pairs of said windings and
depending for its operation upon the direction
of the flow of current upon the car-circuit,
and means for varying at will the speed and

direction of rotation of the armature of said

generator, whereby the voltage and polarity
of the current upon said controlline-cireuit
may be varied as desired.

24. The combination with a suitable circuit,
of a generator for supplying current thereto.
a plurality of electromagnetic windings con-
nected with said cirenit and wound to respond
to variations in voltage, a motor or power cir-

cutt, a switch for directing the flow of the cur-

rent upon said power-cireuit, electromagenetic
windings in said controlling-cireuit for actuat-
ing said switch, the operation of said switeh
being dependent upon the direction of the flow
of current upon said controlling-cireuit, and
means for varying at will the speed and direc-
tion of rotation of the armature of said gener-
ator, wherchy the voltage and polarity of the
current upon said controlling-circuit may he
regulated according to the circumstances.

25. T'he combination with a controlling-cir-
cuit, of a generator for supplying current
thereto, a plurality of electromagnetic wind-
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ings connected in said circuit, and wound to
respond to variations in voltage, a series-paral-
lel switch, and means for varying at will the
speed of the armature of said generator, where-
by the voltage impressed upon said control-
ling-circuit may be increased or decreased, as
cdesired. |

26. The combination of a plurality of car or

controlling circuits, a generator for supplying

current to sald circuits, a plurality of electro-
magnetic windings connected in each of said
circuits and wound to respond to variations
in voltage, an electric-motor controller asso-
ciated with the set of windings upon each con-
trolling -circuit and having its elements ar-
ranged to be actuated by said windings, and
means for varying at will the speed of the ar-
mature of said generator whereby the voltage
impressed upon said controlling-circuit may
be regulated as desired.

27. Thecombination with a motor, of a suit-
able supply-circuit, a controlling-circuit hav-
ing a plurality of electromagnetic windings
connected therewith and adapted to respond
to different voltages, a controller for said mo-
tor actuated by said windings, a generator for
supplying current to said controlling-circuit,
means for varying at will the speed and di-
rection of rotation ot the armature of said
generator whereby the voltage and polarity
of the current upon said controlling-circuit
may be regulated as desired, and a switch for
making the direction of rotation of the arma-
ture of the motor dependent upon the polarity
of the current on the controlling-cireuit.

28. The combination with a suitable con-
trolling-circuit, of a plurality of electromag-
netic windings assoclated therewith, a gener-
ator supplying current to said controlling-cir-
cuit, means for varying the operation of said
generator to selectively actuate said windings,
and an armature resistance and a reversing-
switch controlled by said windings.

29. The combination with one or more elec-
tric motors, of suitable instrumentalities con-

ot

trolling the operation thereof, a controlling-
circuit, a plurality of electromagnetic wind-
1ngs assoclated with sald circuit and operat-
1ng sald instrumentalities, a generator sup-
plying current to said controlling-cireunit, and
means for varying the operation of said gen-
erator to selectively actuate said windings.

30. The combination with a plurality ot con-
trolling-circuits, of a plurality of electromag-
netic windings suitably associated with each
of said controlling-circuits, a motor-generator
supplying current to said plurality of con-
trolling-cireuits, and means for varying the
speed of said motor-generator to selectively
actuate sald electromagnetic windings.

31. The combination with a plurality of con-
trolling-circuits, of a plurality of electromag-
netic windings suitably associated with each
ot said controlling-circuits, a motor-generator
supplyine current to said plurality of con-
trolling-circuits, means for varying the speed
of said motor-generator to selectively actuate
sald electromagnetic windings, and the ele-
ments of electric-motor controllers arranged
to be operated by said windings.

32. The combination with a plurality of con-
trolling-circuits, of a plurality of electromag-
netic windings suitably associated with each
of sald controlling-cireuits, a train-circuit, a
motor-generator adapted to be connected with
saicdd plurality ot controlling-circutts through
the agency of sald train-circuit, means for
varying the speed of said motor-generator to
selectively actuate sald electromagnetic wind-
ings, and the elements of electric-motor con-
trollers arranged to be operated by said wind-
Ings. |

In witness whereof I have hereunto sub-
seribed my name in the presence of two wit-
116SSeS. -

HENRY H. CUTLER.

Withesses: |
T. E. BaArNuwm,

F. R. Bacon.
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