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To all whom it may concern:

Beitknownthatl, Hexry H. CurLER, a citi-
zen of the United States, residing at Milwau-
kee, in the county of Milwaulkee and State of
Wisconsin, have invented a certain new and

) ] - . 4 L i |
useful Improvement in Systems for Control-

ling Electric Motors, of which the following

1s a full, clear, concise, and exact desc,rlptlon
lefelence bemﬂ‘ had to the accompanying
drawings, forming a part of this specification.
My invention relates to a system particu-
larly designed for controlling electric motors:
but it may be useful for other purposes.
The system permits an electric motor to be
controtled from a distant point, and therefore

1t may be utilized to advantage in operating

a train of cars or other vehicles on the mul-
tiple - unit plan. The system, however, is
equally applicable to a single car or vehicle,
and 1ts principles may be employed for op-
erating electric motors which are arranged
for other purposes than propelling vehicles.
Moreover, certain features of this invention
may be applied for actuating other devices
than electric-motor controllers.

A system which finds i1ts foundation in my
invention has been worked out, and for the
purpose of revealing my invention the same
has been diagrammatically illustrated in the
accompanying drawings, in which—

Figure 1 shows a portion of the circuit ar-
rangement for two cars, and Fig. 2 illustrates
the complete cireuit arrangement for a single
car. Kig. 3 1isa diagrammatic view of the in-
terlocking lever of the series-parallel switch.

Although the system shown in the accom-

panying drawings is especially arranged for

operating a train of cars upon the multiple-
unit plan, 1t may be equally advantageously

employed for operating a single car.

In carrying out my invention in the way
shown in the dlawmﬂs 1 emplos a circuit,
which I term the "‘car” or ““controlling” cir-
cult to distinguish it from the power-circuit,

~which supplies the motors with their operat-
ng-current, and one ot these controlling-cir-
cuits 1s preferably arranged 1n each car.
With each car-circuit is connected a plurality

- of electromagnetic windings, which are wound

to respond to different voltages. These wind-
Ings 1n the system shown herein control the
elements of an electromotor-controller:
1t 18 obvious that they may be employed in
many other relations. The current is sup-
plied to the controlling-circuit from any suit-
able source, and by varying the IPSISEELHCB or
other conductive means arranged within the
controlling -circuit the voltage and polarity
of the current upon said circuit may be va-
ried to selectively actuate the electromagnetic
windings.

In describing the drawings by reference
characters I shall first refer to Fig. 1, in which
are shown portions of the circuits for two
cars A and B, and as the circuit arrange-
ments for each car are similar I shall direct
attention to the diagrammatic showing of the
circults for the car A at the left-hand side of
Fig. 1. The car has at each end thereof a
controller 2. These controllers are suitably
connected, as shall be hercinafter deseribed.
For the present I shall only refer to the con-
troller which 1s situated at the left-hand side
of the car A, as the two controllers are alike.
T'his controller has two sets of contacts 4" and
k7, respectively, and between the contacts /-
are connected the sections of resistance /7,
while between the contacts 4* are connected
the sections ot resistance 4. One end of

each of these resistances is connected with
the trolley T by the wire 15, while the opposite
end of each of these resistances is connected
by wire 16 with the ground . 1t will be ob-
served that the current will flow from the
trolley T to the resistances, then it will divide
and flow through said lG‘%lSt‘LllCBS and finally
1t will flow to the oround bv wire 16. Ie-
tween the contacts 7 " and £ are segments 4
and £°.
trollers on the car are conmected with cach
other by wire 17, while the segments /* and
' of said contlollors are connected by the
wire 18. The ends of the resistances of the
controller at the right-hand end of car A are
connected with the ends of the resistances of
the controller at the left-hand end of said car

but

The segments £° :smd ;> of the con-
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by wires 19 and 20, so that current from the
trolley T will flow to the ground (+ through
the resistances of said controller at the right-
hand end as it does through the resistances
of the controller at the left-hand end of said
car. Again, referring tothe controllerat the
left-hand end of car A, an arm %', having a
handle %%, is arranged so as to be movable over
the contacts and seements of the controller,and
said arm carries a brush ', arranged to bridge
the contacts 2 and segment £°; and a brush 4%,
which is disposed on the opposite side of the
pivot to the brush 4°and constructed to bridge
or connect the contacts 4* and segment A°.
The arm of the controller normally rests in a
central position, as shown, so that the brush
7 engages the center contact of the series ot
contacts /. while the brush 42" engages the
center contact of the series of contacts 4°, and
as each of the resistances 2* and %' are equal
they are divided by the center contact, so that
the lower sectionsof resistance i’ are the same
as the lower sections of resistance £°, while
the upper sections of the resistance %’ are the
same as the upper sections of the resistance
. With the wire 18 is connected one side,
21, of the controlling-circuit, while with the
wire 17 is connected the other side, 22, of .said
controlling-circuit, and switches 23 are pref-
erably arranged in said controlling-circuit, so
that the same may be opened, if desived. It
will be observed that the side 21 of the con-
trolling-circuit is connected with the segment
7 of the controller by the wire 18 and that
the side 22 of said controlling-circuit 1s con-
nected with the segment %" of the controller
by the wire 17. The segment £’ is normally
connected with the resistance £°,through which
part of the current is flowing, by the brush
42 which engages the center contact of the
series of contacts 4, and the segment A’ is
likewise connected with the resistance 4,
through which the other part of the current
is flowing, by the brush £°, which engages
the center contact of the series of contacts
7. As the sections of resistance on each side
of the center contacts of the series of con-
tacts % and Afare the same,as above explained,
the potential of the current flowing through
the two resistances £° and A" will be the same
at the center contacts, and therefore no cur-
rent will low off from said resistances to the
controlling-circuit when the controller-arm
is in its initial position; but let 1t be sup-
posed that the controller-arm be moved by the
handle in the direction of the arrow, then the
potential of the current at the contacts en-
aaged by the brushes 2* and £” will be differ-
ent, and therefore the current will flow upon
the controlling-circuit by passing from one
of the resistance-contacts across the brush in
engagement therewith to the segment and
then over the controlling-circuit back to the
othersegment and acrossthe brush in engage-

ment therewith to the opposite resistance. .

786,423

The reason that the current will now flow 1s
that the potential at the brush 47 is greater
than the potential at the brush Z°. In the
movement of the arm as just described the
current will flow from trolley L' to the resist-
ance 45, thence it will pass through the sec-
tions of said resistance not cut out of circuit
antil it reaches the contact which the brush
i engages. Here the current will flow across
the brush to the segment £’ and thence pass
by wire 17 to the wire 22 of the controlling-
circuit. In returning the current will flow
back over wire 21 of the controlling-circuit
and wire 18 to the segment 4°, where it will
cross the brush £ to the contact of the series
of contacts 4% with which the brush Z£" en-
oages, and flow through the sections of the re-
sistance 4 not cut out to the wire 16 and then
pass to the ground . Now if the arm be
moved in the opposite direction, so that the
potential at the brush 4’ is less than the po-
tential at the brush 2, then the currentwill
flow from the trolley T through the resist-
ance 4' in eireuit across brush 4" to segment
¢ and thence traverse the controlling-circuit
in the reverse direction to that previously de-
seribed, and therefore will return to the seg-
ment 4°. Here it will cross the brush 47 and
pass through the sections of resistance 4* not
cut out and wire 16 to the ground. In move-
ment of the controller-arm in either direction
the sections of the resistance 4* and 4 will be
cut out of cirenit one by one, and therctiore
the voltage upon the controlling-circuit will
he increased until all the resistance has been
removed from the circuit, and likewise as the
controller-arm is returned to its initial posi-
tion the voltage upon the controlling-circuit
will be decreased as the sections of resistance
are cut in. The operation of the other con-
troller in car A, as well as the controllers
car B, is the same as that of the controller
which has just been described. So that cach
of the controlling-circuits upon the several
cars may be supplied with current through
the controller of the car which 1s at the for-
ward end of the train a train-line 1s provided,
consistine of wires 23 and 24, which under
commercial conditions would be formed into
a single cable and made in sections, onc of
said sections being arranged upon cach car.
At each end of each section of the train-line
would be provided a suitable coupling adapt-
ed to connect the wires of the sections of the
train-line. The wire 23 of each section of
the train-line is connected with the wire 18
by the wire 25, and the wire 24 is conncected
by the wire 26 with the wire 17. In order
that the controlling-circuit of any onc of the
cars may be disconnected from the train-line,
switches 27 are preferably provided. Dy ref-
erence to the two cars shown in Ifig. 1 the
manner of supplying the controlling-circuit
of the car B with current will be readily un-
derstood. It will be noted that the current
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flows from wires 17 over wires 26 and 24 of car | sistance 2", and the core of the solenoid 7+ has

A and wires 24, 26, and 17 of car B to one
side, 22, of the controlling-circuit of the car
B and returns from the other side, 21, of said
controlling-circuit by wires 18, 25,and 23 of car
B and wires 23 and 25 of car A to the wire 18
of car A. Therefore as the current upon the
controlling-circuit of car B is supplied from
the trolley T and ground  of car A through
the master-controller Z the direction of the
flow of the current and the voltage thereof
upon the controlling-circuit of car I3 may be
confrolled 1in a similar manner to that of the
current upon the controlling-circuit of car A.
Any number of cars may be connected 1In
train and have their controlling-circuits con-
trolled through a master-controller upon one
of the cars. |

The manner of supplying each controlling-
circuit with current and the means for vary-
ing both the direction and voltage of said cur-
rent having been set out, I shall now proceed
to a description of that part of the system
which operates the elements of the apparatus
tor controlling the motors which propel the
cars, and 1n describing said system reference
will be had particularly to Fig. 2 of the draw-
ings, which shows the complete circult ar-
rangement of a single car. Two sets of mo-
tors of two motors each are preferably em-
ployed 1n propelling each car, one set of mo-
tors being arranged on the forward truck and
the other set on the reartruck. While Ishall
describe my invention as arranged for use
with two sets of motors, 1t will be understood
that it may be equally advantageously em-
ployed for controlling a single motor upon
ecach car. HNurthermore, the invention may
be utilized for controlling motors which are
arranged for other purposes than operating a
train of cars, and other forms of the arrange-
ment which I am about to describe may be
employed to operate the motor-controlling ap-
paratus.

Referring now particularly to Kie. 2, it will
be noted that the armatures « and 4 of one set
of motors are connected in parallel paths and
also that the fields ¢ and &' of said set of mo-
tors are likewise connected in parallel. The
armatures ¢ and ¢ of the other set of motors
are similarly connected in parallel, as are also
felds ¢ and ¢'. At the left of the figure are
solenoids 7" and 77, which respectively control

sections 7° and 7° of the resistance for the ar-

matures ¢ and 6. At the right are solenoids
f?"“' and ?'** which respectively control sections
» and 7° of the resistance for the armatures ¢
and . Thecore of thesolenoid ' carries con-
tact 34, which when lifted bridges terminals 35
and 36 to cut out the section of resistance »”.
The core of the solenoid 77 lifts the contact 37
to bridge terminals 38 and 39, and thereby
cut out the resistance #°. The core of the so-

lenoid 77 has contact 40, which when raised
bridges terminals 41 and 42 to cut out the re-

' paths.

contact 43, which when lifted bridges termi-
nals 44 and 45 to remove the section +° of the
resistance fromtheeir cult ot AT atures cand .
The several solenoids +7, +°, #°, and »* are con-
nected across the contr ollmo (311 cuitin parallel
The solenoids # and #* ' respond to dif-
terent voltages, as do also the solenoids +* and
»*. The solenoids 7' and +* respond to the
same voltage, and the solenoids »* and 7 re-
spond to the same voltage with respect to
each other, but require a higher voltage for
thelr energization than the solenoids #' and
»*.  Therefore when the voltage on the con-
trolling-circuit has risen to the predetermined
point the solenoids 7 and 72° will respond and
cut, their respective resistances out of circuit.
When the voltage has further increased suf-
ficlently to energize the solenoids »* and 4+,
said latter solenoids will lift their cores, and
thereby remove their respective resistances
from the circult of the armatures. These
solenoids all respond 1rrespective of the di-
rectlon of the current. The movement of
the master controller-arm in either direction
will causeacurrentto traverse the controllinge-
circult, and when the strength of said current
has been raised sufliciently to cnergize the
resistance - solenoids sald solenoids will re-
spond, and thereby remove the resistance from
the armature-circuits of the propelling-mo-
tors. On the left-hand side of the diagram
1s 1llustrated a reversing-switch for the mo-
tors @ and 6, which operates to send the cur-
rent through the motors « and 4 1n.the direc-
tlon required to produce the rotation of their
armatures 1n the proper direction to propel
the car. "Thisswiteh comprisestwo solenoids
wand @, respectively. HKach solenoid con-
sists of two windings, the solenoid 2 havinge
windings " and 0" and the solenoid z havine
windings 2 and «°. The upper windings 7'
and ' are connected in series between the
trolley ' and the ground (x and are con-
stantly supplied with carrent from the source
of the main supply. The lower windings +4°
and «” are connected in series between oppo-
site sides of the controlling-circuit, and there-
fore the direction of the flow of the current
therein depends upon the direction of the flow
of the currenton the controlling-circuit; but
in the other windings, " and &, of said solen-
oids the current flows contmuously In one
direction. The winding 20 i1s arranged to
tend to energize the solenold w with pohlll}y
opposite to that which the solenoid 20" pro-
duces when the current flows in one direction
through the winding 2v° and to produce the
same polarity of the solenoid as the winding
w’ when the current flows in the opposite di-
rection—that 1s, 1if the winding 0" produces
at the upper end a north pole and at 1ts lower
end a south pole then when the winding 70°
tends to produce an opposite polarity to that
of the winding v said winding «° would tend
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to create a north pole at 1ts Iower end and a
south pole at 1ts upper end, and when the lower
winding 20° tends 130 produce the came polm ity
as the wmdmﬂ " then said winding «° would
produceanor th poleatitsupperend and asouth
])016 th itslowerend. Thereforewhenthe wind-
ingw" tends to pr oduce different polarity from
that of winding 20 like poles would be in prox-
1m1tv, and thel efore the effect of one wind-
ing would neutralize or destroy the effect of
the other winding, so that the Solenmd would
remain inert: but if the winding " has the
current flowing therein in a direction which
tends to produce the same polarity as the
winding 20" then the solenoid will be energized.
and raise its core, the two wmdmus asm%m o
ecach other. The windings and «* of the

solenoid « are similar to those of the solenoid
w, and when the current flows through the
winding #* in one direction it tends to pr oduce
opposite pohntgf to that of the wmdmg 7

and when it flows through the winding «° in
the opposite direction said latter windin o tends
to produce the same polarity as the upper
winding 2’. The windings of the two solen-
oids 20 and # are so arranged that when the
current flows through the windings «° and o°
in one direction, one solenoid will be energized
and the other remain nert and when the cur-
rent Hows in the opposite direction the reverse
result will be effected. The solenoid 20 has
its core provided at the lower end with a con-
tact 46. which bridges terminals 47 and 48,
and at its upper end with a contact 49, w’]ich
bridees, when raised, the terminals 50 and 51.
The Solenmd z also hfm 1ts core provided at
the lower end with contact 52, which bridges
terminals 53 and 54, and at its upper end with
a contact 55, which bridges terminals 56 and
57.  When one solenoid is energized to lift 1ts
core, the contacts carried by said core bridge
their respective terminals and close the circuit
through the armatures « and 0 1n one direc-
tion, and when the core ot the other solenoid,
., is lifted its contacts close the circuit through
then r et:pectwe terminals in a manner to cause
the current to low through the armatures «
and o in the opposite direction. As before
explained, when one solenoid of the revers-
mg—smtch is energized the other solenoid re-
mains inert thy ough the neutralization of its
windings. The energization of either of the
solenoids 70 or « is dependent, 1t will be ob-
served, upon the direction of the flow of the
current in the windings «° and «°, and as said
latter Windings are included in the control-
ling-circuit, on which the direction of the flow
of the eurrent is within the control of the op-
erator of the master-controlier, either one of
the solenoids 70 or @ may be energized at the
will of the operator by the proper movement
of the master controller-arm. In practice to
insure the lowering of the core of one solen-
oid when the opposite solenoid 1s energized 2
suitable interlocking lever 1s fumnﬂed be-

o
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tween 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 respective ter-
minals. The reversing-switeh at the right of
Fig. 2 for the motors ¢ and « 1s the same as
tho reversing-switch for the motors « and 4.
Said switeh I 148 two qolenmdq i/ (m(l z, the so-
lenoid # having windings Y “and a/ “and the so-
lenoid = Il.:urllw ﬂfln(,.i:lg&, and z°, the upper
windmgs 4 and 2 of the two solenoids heing
connected in series between the trolley and the
oround and constantly supplied with current
in one direction. 1t will be observed that the
windings " and fr"' of one reversing - switch
and the wmdmm; i and 2 of the other revers-
Ing-switch are &“ connoctud in series. ‘the
lower windings 7/ ‘and 2° of the solenoids » and
2 are connected in series between opposite sides
of the controlline-circuit and are wound to
produce opposite polarity hke the windings
' and &, so that when the current traverses
said windings in one direction, one solenoid
will be enereized, while the other remains n-
ert. The core of the solenoid  carries at 1ts
upper end a contact 58, which bridges termi-
nals 59 and 60 when the core 1s raised, and at
its lower end a contact 61, which bridges ter-
minals 62 and 63. The core of the other solen-
oid has at its upper end a contact 64, which
when the core is raised bridges terminals 65
and 66, and at its lower end a contact 67 to
bridee terminals 68 and 69. Iike the other
reversing-switch, the coresin practice are suit-
ably mtelloched, and while one solenoid 13
energized the otheralwaysremainsinert. One
solenoid when energized establishesa path for
the current to ﬂow throueh the armature c
and « in one direction, 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 par-
allel and series switches, the parallel switch
being to connect all the motors across the line
in a parallel velation and the series switch he-
ing to establish a series relation ol said mo-
torsin circuit. The solenoid p of the parallel
switch and the solenoid & of the series switeh
are arranged in parallel across the control-
ling-circuit, and the parallel solenoid is wound
to 'espond under a higher voltage than the
series solenoid. The series solenoid has its
core carryinge at the upper end a contact 70,
which when raised bridees terminals 71 and
72. and at its lower end a contact 73, which
when raised bridees terminals 74 and 75, Said
core also carries at its lower end a contact 76,
which when the core is lowered bridges ter-
minals 77 and 78, and a contact 79, whieh when
raised bridees terminals 80 and 81. The core
of the parallel solenoid is provided at 1ts up-
per end with a bridge 82, which when raised
bridees terminals 83 and 84, and at its lower
end a contact 85, which when raised bridges
terminals 86 and 87. Alsoat the lower end of
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sald core is arranged a contact 88, which when
the coreislowered bridges terminals 89 and 90.

In the iitial path for the current through
each of the several solenoids above described

1s arranged a switeh /, one being provided for

each solenoid, and in a shunt-path around each
of said switches 1s a resistance or lamp /.
Sald switch 1s situated 1n a position to be
opened by the core of the solenoid when 1t is
raised, and when said switch 1s opened the re-
sistance or lamp /' 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 now flows in a given direction. Then
1t will pass by conductor 90" through the so-
lenoid ¢ of the series switch, 1t first pass-
1ng through the resistance-switch / thereof.
After traversing the solenoid ¢ the current
will flow to terminal 80, thence to terminal
90, across the bridee 88 to terminal 89, and
then by conductor 91 to the opposite side of
the controlling-circuit. At the same time the
current will flow from one side of the control-
ling - eircult by conductor 92, through the
windings " and 2’ of one reversing-switch,
and thence to the opposite side of the control-
ling - circuit by conduetor 93.  The circuit
thlouoh the windings ¥* and z° of the solen-
oids ot the other lever&ng—smtch can also be
traced from one side of the controlling-cir-
cuit by conductor 94, through the windings,
and thence by conductor 95 to the opposite
side of the car-controlling circuit. Assume
that the solenoid s and the solenoid of the re-
versing-switech respond to twenty volts and
that the master controlling -arm has been
moved sufficiently to produce such a voltage
upon the controlling-circuit. Also suppose in
this instance that the direction of the flow of
the current on the controlling -circuit will
cause the energization of the solenoid w of
One rever %mu—smtch and the solenoid 7 of the
other rever %mmsmtch These solenoids will
then raise their respective cores, while the
other solenoids of said reversing - switches
remain inert. The solenoids +" and +*, which
control the resistances, operate, for instance.,

~under a potential of thirty volts each, and

55
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therefore when the current on the control-
hno-clrcult has nqe to thirty volts, the so-
lenoids 7" and 2” will be energized and ft
their cores. The path for the current of the
solenoid 7' can be followed from one side of
the controlling - circuit by conductor 96
through the solenoid 7, thence by conductor
97 to terminal 81, across contact 79 to termi-
nals 80 and 90, over contact 88 to terminal 89
and conductor 91, and then to the opposite
side of the controlling-circuit. The path of
the current through the solenoid »* may be
traced by conductor 98 through said solenoid,

5

over conductor 99 to the terminal 81, and

thence to the opposite side of the controlling-
circuit by the same path previously traced for
the current of the other resistance-solenoid.
On further increase of the voltage to forty
volts the solenoids 7% and +* will be energized

and cut their respective resistances from cir- ;

cuit, 1t being presumed that said solenoids re-
spond under forty volts potential.
for the current of the solenoids »* and #* are
qubstmtiallv the same as those for the solen-
olds 7" and +* and- may be l‘e‘LdllV followed,
the solenoid 7~ being %ltu‘LtOd in a Shunt-mth
around the solenoid + and the solenoid #* be-
Ing likewise situated in a shunt-path around
the solenoid ++.

- I shall now trace the motor-circuits when
saldd motors are connected in series and the

solenoids 70 and ¥y of the reversing-switches
are energized.
conductor 100 to the terminal 50 and pass
over bridge 49 to terminal 51. Thencefor-
ward 1t wﬂl flow to terminal 33 of the other
solenold and pass through armatures ¢ and
to terminal 48. Here 1t will cross the bridee
46 to the terminal 47 and pass between the
terminals 39 and 38 by contact 87, if the re-
sistance-solenoids ' and +* are energized to
remove their recspectwe resistances h*om cly-
cuit, and thence flow by conductor 101 to the
fields « and 2’ of the armatures ¢ and b.

ter traversing said fields it will pass by con-

duetor 102 to terminal 74. Here it will cross

the contact 73 to terminal 75 and thence flow
by conductor 103 through terminal 72, con-
tact 70, and terminal 71 to the conductor 104.
From this point it will pass to terminal 44 of
the solenoid +*, through contact 43 and bridee
45, over conductor 105 through fields ¢ and .
and to the terminal 62 by conductor 106.
After crossing bridge 61 to terminal 63 it will
flow through the armatures ¢ and ¢ to termi-
nal 68 and thence to terminal 60, across con-
tact 58 to terminal 59 and to the ground by
conductors 107, 108, and 109. If the solen-.
oids = and z of the reversing-switches be en-
ergized, then the current will flow t througeh
the motors in the oppositedirection and cause
a reverse rotation of the armatures thereof.
At the reversing-switch on the left, when the
solenoid = 1s energized, the current, instead
of flowing tuouuh the terminals, as above

described, will pass from conductor 100 by
conductor 110 to terminal 57, thence across
the contact 55 to terminals 56 and 48, through
armatures @ and 6 to terminal 53, across con-
tact 52 to terminal 54, and thence by conduc-
tor 111 to terminal 47. In a similar manner
the circuit can be traced through the revers-

ing-switch at the right, the current, when the
solenoid z1s energized, passing from terminal
62 to terminal 69, thence across contact 67 to
terminal 68, thr ough the armature ¢ and « in
the opposite direction from that which it
| fore pursued to the terminal 63, thence to

he-
the

The paths

The current will follow the
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terminal 65, through the brush 64 and ter-
minal 65 and by wire 112 to conductor 107.
With the parallel and series switches 1s as-
sociated in practice an interlocking mechan-
1sm somewhat similar to that empl oved with
the cores of the reversing -switches. One
form of this interlocking mechanism is dia-
orammatically illustrated in Fig. 3 of the
drawings. Said interlocking mechanism 1s
constructed to permit a slight freedom of
movement of the core of the solenoid p, so
that when said solenoid is energized the con-
tact 88 will be lifted from terminals 89 and
90 to break the circuit through the solenoid
s of the series switch. The solenoid p, as
bhefore stated, responds to a higher voltage
than the Solenmd s, and we will assume that
sixty volts are leqmred for its energization,
so that its core will not be lifted untﬂ after
all the resistance is removed from the circuit
of the motors. Therefore when the voltage
on the controlling-circuit rises to sixty VO]tS
the solenoid 2, connected across the control-
ling-circuit, will be energized, and when the
contact 88 is 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, thereby causing the contact 76 to bridge
the terminals 77 and 78.  When the contact
the circuit between the termm%ls
89 ‘md 90, the resistance-solenoids 7', +%, fr“.,,
and r are deenex ogized and the IBSISt‘LHCBS 9"
. 7' and 2° agaln inserted in the motor-cir-
cuit. A new path is now established for the
current to flow through the resistance-solen-
oids, it being from terminal 81 through re-
sistance 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 con-
trolling-circuit. This-resistance o is such as
to increase the respective voltages required
for the energization of the resistance-solen-
oids. and we will assume for the present that
when the resistance o is in series with the re-
sistance-solenoids the solenoids #' and ¢ will
respond to eighty volts and the solenoids 4+°
and 4+ will respond to one hundred volts.
Therefore after the parallel switch 1s oper-
ated to connect the motors in parallel the
sections #° and " of the recistances will not
be cat out until the voltage impressed upon
the controlling-circuit has increased to eighty
volts, and a further increase of the current to
one hundred volts will be 1equued to operate

55the solenoid-switches +* and 2 to cut out the

. 6o

65

sections of resistance 2° and 2°.

1 shall now trace the power-circuits for the
current when the parallel switch is closed and
the solenoids w and v of the reversing-switches
are energized and all the resistance for the
motors is cut out of eircuit. The current will
flow from the trolley through the reversing-
switeh and the motors ¢ and & to the wire 102,
as above described, when the series switch
was closed. From wire 102 the current in-

786,423

stead of ooing to the motors of the other set

will pass tluou h ter minals 86 and 87 and
contact 85 to the wire 109 and thence to the
oround. The current for the other motors, ¢
and d, will pass from wire 100, connectecd with
the tr ollev through wire 110 to ter minal 83,
thence across contact 82 to terminal 84, and
over wires 104 and 105 through fields ¢ and
d' and armatures ¢ and & of the motors to ter-
minal 68, through terminals 60 and 59 and
contact 58 to wire 107, and thence by wires
108 and 109 to the ground.

In the system which I have described for
controlling the operation of the motors the
control of said motors depends upon the po-
larity and voltage of the current upon the
controlling-circuit. As the voltage and di-
rection of “the current upon the conhollmﬂ—
circuit may be varied at will from the master-
controller, the operation of the motors may
be per tectly controlled from the distant point
at which said controller is situated.

While 1 have described my invention as ap-
plied for controlling electric motors for pro-
pelling motor-vehicles, and par ticularly with
reference to operating a trainof electric cars
upon the multiple-unit, plan, it will be under-
stood that my system is equally applicable to
the control of one or more motors which are
utilized for other purposes than propelling
vehicles. Also, it is obvious that the windings
may be employed for actuating or controlling
other instrumentalities than switches for
brideing armature-resistances. These differ-
ent ‘LppllC‘LthIl‘S of my system are intended to
be fully covered by this SDOClﬁULthlL and,
moreover, many other changes in the system
which I have described are manifest and are
fully within the scope of my invention.

I claim—-

1. The combination with a suitable supply-
circuit, of a controlling-circuit connected with
said Supply circuit, a plur J]]LY of clectro-
magnetic windings, connocted in sald control-
lmﬂ‘ circult and fuhptcd to respond to varia-
tions in voltage, and conductive means for
varying at will the voltage and polarity of the
current delivered by said supply -circult to
said controlling-circuit.

9. The combination with a suitable supply-
circuit, of acontrolling-circuitconnected there-
with,a plumlltv ot electl omagnetic windings
arranged in said controlling-ctr cult and wou nd
to respond to variations in voltage, suitable
instrumentalities controlled by said windings,
and conductive means for transtorming the
voltage and polarity of the current delivered
by c:‘ud supply-circuit to said controlling-cir-
cutt.

3. The combination with a suitable supply-
circuit,ofacontrolling-circuitconnected there-
with, a plurality of eloctr omagnetic windings
ary ‘mged in said controlling-circuit and : anlm)t*
ed to respond to variations in voltage, an arma-
gure resistance controlled by sald windings,
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and conduective means for varying at will the
voltage and polarity of the current delivered
by said supply-circuit to said controlling-cir-
cuit.

4. The combination with a suitable supply-
circuit,of acontrolling-circuit connected there-
with, a plurality of electromagnetic windings,
arranged in said controlling-circuit and wound
to respond to variations in voltage, an electric-
motor controller having its elements con-
trolled by said windings, and conductive means
tfor varying at will the voltage and polarity ot
the current delivered by said supply-circult to
the controlling-circuit.

5 The combination of a suitable supply-
circuit,ofacontrolling-circuitconnected there-
with, a plurality of electromagnetic windings,
arranged in said controlling-circuit and adapt-
ed to respond to variations in voltage, suitable
instrumentalities controlled by said windings,
and a resistance-controller for conductively
varying at will the voltage and polarity of the
current upon said controlling-circuit.

6. The combination with a suitable supply-
circuit,of acontrolling-circuitconnected there-
with, a plurality of electromagnetic windings,
arranged in said controlling-circuit and adapt-
ed to respond to variations in voltage, motor-
controlling instrumentalities controlled by
said windings, and a rheostat for conductively
varying at will the voltage and polarity of the
current upon said controlling-circuit.

7. The combination with a suitable supply-
cirenit.ofacontrolling-circuitconnectedthere-
with. a plurality of electromagnetic windings,
arranged in said controlling-circuit and wound
to respond to variations in voltage, an arma-
ture resistance and a reversing-switch con-
trolled by said windings,and conductive means
for varying at will the voltage and polarity
of the current upon said controlling-circuit.

3. The combination with a suitable supply-
circuit,of acontrolling-circuitconnected there-
with, a plurality of electromagnetic windings
connected insaideontrolling-cireuit,and adapt-
ed to respond to variations in voltage, an ar-
mature resistance, a reversing and a series-
narallel switeh controlled by said windings,
and conductive means for varying at will the
voltage and polarity of the current upon said
controlling-circuit.

9. The combination with a suitable supply-
circuit, of acontrolling-circuitconnected there-
with, a plurality of electromagnetic windings
arranged within said controlling-circuit, and
adapted to respond to variations in voltage,
a reversing-switch controlled by a part of
said windings and depending for its operation
upon the direction of the flow of the current
upon the controlling-circuit, and conductive
means for varying at will the voltage and po-
larity of the current upon the controlling-
circult. , -

10. The combination with one or more elec-
tric motors, of a suitable supply-circuit there-

| for, a controlling-cirenit connected with said

supply-circuit, a plurality of electromagnetic
windings connected in said controlling-circuit
and adapted to respond to variations in vol-
tage, an armature resistance controlled by said

“windings, a switch for reversing the armature-

current of said motor also controlled by said
windings, said switch depending for 1ts opera-
tion upon the direction of the flow of the cur-
rent upon the controlling-circuit, and conduct-
ive means for varying at will the voltage and
polarity of the current upon said controlling-
circult.

11. The combination with two or more elec-
tric motors. of a suitable supply-circuit there-
for. a controlling-circuit connected with said
supply-circuit, a plurality of electromagnetic
windings, connected in said controlling-circuit
and adapted to respond to variations in vol-
tage, an armature resistance controlled by said
windings, a reversing-switch and a series-par-
allel switch for said motors also controlled by
said windings, said reversing-switeh depend-
ine for its operation upon the direction of the
flow of the current upon the controiling-cir-
cuit, and conductive means for varying at will
the voltage and polarity of the current upon
said controlling-circuit.

12. Thecombination with a suitable supply-
circuit, of resistances connected across said
supply-cireuit in different paths, a controlling-
circuit, a plurality of electromagnetic wind-
ings connected in said controlling-circuit and
adapted to respond to variations in voltage,
and means for connecting the terminals of said
controlline-circuit with the different points of
said resistances to produce the particular vol-
tage and polarity desired.

13. The combination with asuitable supply-
circuit. of two resistances connected across said
supply-circuit, a controlling-circuit, a plural-
ity of electromagnetic windings connected in
said controlling - circuit, and adapted to re-
spond to variations in voltage, suitable instru-
mentalities controlled by sald windings, and
means for connecting the terminals of said
controlling - circuit with ditferent points ot
said resistances to produce the particular vol-
tage and polarity desired upon the controlling-
circult. |

14. The combination with a suitablesupply-
circuit, of a plurality of controlling-circuits
connected therewith, a plurality of electro-
magnetic windings arranged in each of said
circuits and adapted to respond to variations
in voltage, and conductive means for varying

at will the voltage and polarity of the current

upon said controlling-circuit to selectively ac-
tuate said windings.

15. The combination with asuitable supply-
cireuit, of a plurality of controlling or car cir-
cuits connected therewith, a plurality of elec-
tromagnetic windings arranged in each of said
circuits and adapted to respond to variations
in voltage, an electric-motor controller asso-
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ciated with the windings of each of said con-
trolling orcar circunits, and having its elements
controlled thereby, and conductive means for

varying at will the voltage and polarity of the |

current upon said car or controlling cireuit.

16. The combination with a suitable supply-
circuit, of a plurality of car or controlline eir-
cuits, a 1)lumhtv of electromagnetic Wlndmg,_s
connected 1n each of said contlollmo clreults,
an electric - motor controller &ssocnted with
the windings of each of said civeuits and hav-
1no 1ts elements controlled thereby. conduct-
ive means associated with each of said con-
trolling-circuits for varying at will the vol-
tage and polarity of the current upon said con-
tr ollmﬂ -circuits, and means whereby the vol-
tage and polarity of the current upon all of

said controlling-circuits may be varied at will
from any one of the first-mentioned means.

17. The combination with a suitable supply-
circult,ofacontrolling-circuitconnected there-
with, a plurality of eleetlom‘wnetlc windings
‘L%%ocmted with said contlollmo circuit. and
concuctive means for varying at will the vol-
tage and polarity of the current delivered by
said supply-circuit to said controlling-cireuit
to selectively actuate said windings.

18. Thecombination witha sulmble supply-
cireuit,otacontrolling-circuitconnected there-
with, a plurality of electmm‘wnetlc windings
assoclated with said COI]thHII]U -circuit, con-
ductive means for varying at w1ll the v oltf,we
and polar 1ty of the current delivered by said
qupplv circult to said controllinge - circuit to
selectively actuate said windings, and the ele-
ments of an electric-motor controller arranged
to be operated by said windings.

19. The combination with a controlling-cir-

cutt,of a plurality of electromagnetic wmdmn S
40 associated therewith, a fsupplv O POWer Clr-
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cuit, and a resistance-controller for conduct-

Ively varying the polarity and other charue-
teristics of the current supplied to said con-

trolling-circuit to selectively actuate said elee-
tromagnetic windings.

90. The combination with a controlline-cir-
cuit, of a plurality of electromagnetic wind-
ngs sultably associated therewith, a supply or
power circult, and a resistance-controller for
changing by conduction the polarity and vol-
tage of the current supplied to said controlling-
circuit to selectively actuate said electromag-
netic windings.

21. The (,oml}mallon with a controlline-cir-
cuit,of a plurality of electromagnctic windines
associated therew ich, and adapted to respond
under different electrical conditions, a revers-
me-switch and motor-speed -controllinge in-
strumentalities controlled by said wimhnua, q
supply or power circuit, and a resistance-con-
troller for conductively varyine the electrical
conditions of said controlling-circuit.

22. 'The combination with a controlline-¢ir-
cuit,of a plurality of electromagnctic windings
suitably associated therewith and adapted to
respond to different voltages, and conductive
controlling means for transforming the cur-
rent from said supply-circuit into a current
sultable for use upon said controlling-cireuit
and for varying the polarity and other charac-
teristics of the current imposed upon said con-
trolling-cireuit.

In witness w hercof I have hercunto sub-
seribed my name in the presence of two wit-
11CSSeS.

HENRY H. CUTLER.

Withesses:
T. K. Banr~ua,
K. R. Bacox.
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