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To all whom Tt Mt concern:

Be it known that I, Grorar H. H1LL, a citi-
zen of the United States, residing at Schenec-
tady, county of Schenectady, Smte of New

¢ York, have invented certain new and usetul
Impxovemonts in Means for Controlling Cir-
cuit - Breakers, of which the following 1s a
speclfication.

My invention relates to means for control-
ling the operation of circuit-breakers, espe-
cmllv circult-breakersof the type par twulfwlv
adapted for use in systems of motor control.

In electrically-propelled raillway-vehicles 1t
has been customary to employ circuit-break-
ers which automatically open the motor-cir-
cuit whenever the current in said circuif rises
above a predetermined value. These circuit-
breakers are usually mounted under the hoods
of the vehicle-platforms or adjacent to the
controller within easy reach of the motor-
man, so that they can be reset by hand when-
ever they have operated. In motor-control

‘systems as applied to electrically - propelled
vehicles, and especially as applied to a plural-
ity of electl ically-propelled vehicles coupled
together to form a train, there has been a
tendency toward using largerand larger cars,
which require considerable current to operate
them. Forthe controlof such heavy currents
the automatic circuit-breakers must necessa-
rily be made large and bulky, and it 1s objec-
tionable to have said circuit-breakers located
in the motorman’s cab or under the hood cov-
ering the platform. Furthermore, asit isnot
advisable to employ a heavy bus-line or train-
wire which will conduct the current for all
the motors on the train through a single cir-
cuit-breaker located adjacent to the master-
controller, from which the train 1s being at
the time controlled by the operator, separate
circuit-breakers should be provided to take
care of the overload in the motor-circuits oi
each of the cars constituting the train, and it
would cause considerable trouble and annoy-
ance to be obliged to reset each of said cir-
cuit-breakers by hand when they operate auto-
maticaily.

The object of my invention 1s to produce an

eflicient circuit- bre‘lker—conbrolqy stem which
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is especially applicable for use in connection
with systerns of train control and simple 1n
operation, which permits the circuit-breaker
to be located at any desired point on the car

50

or train adjacent to or remote from the con-
trolling-point.

In carrying out my invention 1 employ a

circuit-breaker provided with means adapted
to be controlled from a distant point for set-
ting' it and also with normally energized means
adapted to be controlled tfrom a distant point
for holding said circuit-breaker set and for
tripping 1t.

My invention also comprises means opera-
tively related to the hand-operated controlling
device or master-controller whereby unless
the m‘vater -controller 1s returned to 1ts initial
or — off” position or to such position that the
motors wiill be properly protected by a re-
sistance when the circuit-breaker 1s reset after
it has operated the said circuit-breaker can-
not be reset.

In the accompanying drawings, which illus-
trate the preferred embodiment of my inven-
tion, Figure 1 represents diagrammatically
the equipment of a single car of a tram-con-
trol system using a motor-controller of the
separately-actuated contact typeand equipped
with my invention. Fig. 2 1s a vertical sec-
tion through my preferred form of circuit-
breaker. Fig. 3 1s a diagram of the circuit-
breaker connections on a larger scale, and
Fig. 4 illustrates diagrammatically a train
of two motor-cars equipped with my inven-
tion.

Referring now to Fig. 1, the separately-
actuated contacts 1 to 16, inclusive, of the
motor-controller C are used for controlling
the motors M’ and M°. The said motor-con-
troller C is under the control of the master-
controllers (¢ and °, which may be located
at any desired 1:)0111‘5 on the car or train. The
master-controller C' is shown in development,
as 1s customary in 1llustrating such a strue-
ture, and the master-controller C* is merely
shown in outline. Both of said master-con-
trollers are connected to the train-wires 17 to
95. inclusive, which are operatively connected
to the actuating-colils of the separately-actu-
ated contacts of the motor-controller. The
said train-wires may be connected to corre-
sponding train-wires in adjacent cars of the
train by means of the couplers @. 'The con-
tacts 1 to 6, inclusive, operate to vary the
amount of resistance which 1s connected in
circuit with the motor M, the resistance-sec-
tions controlled by said contacts being repre-
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sented by 26 to 30, inclusive. The contacts T
and 8 represent the line-contacts which are
adapted to connect the trolley or main source
of power to the circuits leading to the motors
M" and M®. The contacts 9 and 14, inclusive,
operate tovary the amount of resistance which
18 connected 1n circuit with the motor M, the
sald resistance-sections controlled by said con-
tacts being represented by 31 to 35, inclu-
sive. 'The series and parallel contacts 15 and
16, respectively, are supplied with auxiliary
switches 36 and 37, which respectively pre-
vent the completion of the control-circult
through the actuating-coils of the contacts 16
and 15 and serve as an interlock between the
series and parallel contacts. Theline-contact.
7 1s provided with the auxiliary switches 38
and 39, and the line-contact 8 isprovided with
the auxiliary switch 40. The function and
operation of said auxiliary switches will be
hereinafter described. The resistance-sec-
tions 41, 42, and 43 are employed to compen-
sate for the resistance of the actuating-coils of
the contacts of the motor-controller when said
coils are cut out of circuit, thereby main-
taining approximately a uniform current in
the control-circuits. The master-controller
C' includes the relatively fixed contact - fin-
gers ¢ to e, Inclusive, and the movable con-
tact-segments &' to 0, inclusive, 0" and H",
¢ toc, ¢, and ¢. The movable member on
which said segments are mounted also car-

ries the contact-segments ¢ and «° which
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are electrically connected together and re-
spectively engage fingers ¢’ and ¢® when the
master-controller is in its off position. The
auxiliary cut-out switch, which is adapted to
open the motor-circuit automatically when-
ever the controlling-handle is released by the
motorman, 1s indicated at 44. A more de-
tailed description of said auxiliary switch and
1{s actuating mechanism may be obtained

trom Patent No. 750,947, granted February

2, 1904, on an application filed by Frank E.
Case. 'T'he blow-out coil for said auxiliary
cut-out switch 1s indicated at 45, and 46 is the
main blow-out coil of the master-controller.
The main cut-out switch for the motor-circuit
is indicated at 47. The contact-arm 48 of
the circuit-breaker B.is attached to the core
or plunger 49 of the actuating-solenoid 50.
The sald contact-arm comprises the brush-
contact 71 and the auxiliary contacts 51 and
52, which, together with said brush-contact,
are adapted to engage the fixed contact 53.
The blow-out coil for the said circuit-breaker
1s indicated at 94. The circuit-breaker is set
by an energization of the actuating-coil 50
and 1s held set by means of the normally en-
ergized holding-coil 54, the core of which is
operatively connected to the toggle 56. The
toggle 56 1s not moved into straight line or
buckled over center when the arm 48 is in its
closed position. Therefore when the circuit

65 through the holding-coil 54 is broken either |
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at the switch 58, controlled by the overload-
coll 59, or at the hand-operated switch 60, lo-
cated adjacent to the master-controller, the
circuit - breaker 1s tripped, and the arm 48
moves to open the circult by gravity, assisted,
if desired, by a spring or other mechanism.
The circuit through the closing or sectting
coll, which 1s energized when 1t 1s desived to

reset the circuib-breaker, 1s completed at the

switch 61, held normally open by means of
the spring 62, and preferably located adjacent
to the master-controller within easy reach of
the operator or motorman. The resistance
63 1s 1nserted 1n circuit with the holding-coil
54 for the purpose of cutting down the cur-
rent which flows through said coil, very little
current, being required to hold the circuit-
breaker set after 1t has been set by the mo-
mentary energization of the actuatine-coil 50.
- Referring now to Kig. 2, 1t will be seen that
the circuit-breaker ismounted 1 a frame 64.
The actuating-coil 50 1s held in position be-
tween the heads 65 and 66, which are held
firmly 1n the desired relative position by the
rods 67 and are properly fastened in said
frame. Projecting into the coil 50 and rig-
1dly attached to the upper head 635 is a fixed
corec 49*. The movable core 49 of said coil
operates through an opening 68 1n the lower
heacd 66 and 1s pivoted to the contact-arm 48
at 69. The contact-arm 48 of the switch or
circult-breaker 1s pivoted to the frame 64 at
70 and 1s maintained normully 1n the open
position by i1ts own welght, assisted by the
spring 57. The contact-arm 48 carries the
brush-contact 71 and the auxiliary contact 51,
which are adapted to engage the fixed con-
tact. 53. The said arm also has loosely pivot-
ed to 1t at the point 72 the long auxiliary
spring contact-finger 52, which 1s adapted to
engage the carbon contact-block 73, carried
by the hxed contact 53 and tforming part
thereof. "The contact-linger 52 engages the
block 73 betore and leaves after the brush 71
malkes and breaks contact with the fixed con-
tact 53, and thereby bears the limit of the
arc which tends to form when the circuit-
breakeris tripped. The polesof the holding-
magnet are indicated by 74 and 73 and when
the holding-coil 54 1s energized act upon the
armature 76, carried by the upper togele-link,
to hold the toggle 56 1n a position slightly
removed from a straight line, as shown in
Fio. 2. The pole 75 1s an extension of the
core dd, on which thecoll 54 1s mounted. The
overload-coll 59 when energized by current
in the motor-circuit magnetizes the core 77
and attracts the armature 78, pivoted in the
frame 64 at 79. The strength of current aft
which the overload-coil 59 1s adapted to op-
erate to trip the circuit-breaker may be varied
by adjusting the tension of the spring 81,
which maintains the armature 78 normally in
engagement with the stop 80. The upper
end of the armature 78 1s adapted to strike
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the head of a bolt 82, reciprocally mounted in
an opening 83 in the frame 64 and maintained
in the position shown in Fig. 2 by means of
the spring 84. Said bolt is pivoted at 86 to
the lever-arm 85, pivoted to the frame 64 at
87. The arm 85 carries at its upper end a

‘button 88, which rests against the spring con-
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finger ¢ to ground.

tact-finger 89, one end of which is rigidly fas-
tened at 90 and the other end of which engages
with the fixed contact 91. The resistance 63
is mounted in a frame 92, attached to the back
of the frame 64. The contacts of the circuit-
breaker operate in a blow-out chute 93, one
of the side plates of which has been removed
to more clearly show the position ot the con-
tacts and the blow-out coil 94.

In the operation of the system when it is de-
sired to set the circuit-breaker the master-
controlier C' is moved into its off position.
Then the normally open switch 61 is closed
momentarily and theswitch 60 isclosed perma-
nently. A circuit is thereby completed from
the trolley T through the switch 60, thence
through the switch 61 to contact-finger «,
thence through the contact-segments ¢° and
d®, contact ¢, train-wire 21, resistance 43,
auxiliary switch 38, auxiliary switch 40,
through the actuating-coil 50 of the circuit-
breaker to ground. The coil 501s thus ener-
oized and the cirenit-breaker is closed, being
maintained in its ciosed position by the nor-
mally energized holding-coil 54, the circuit
through which is controlled by the switch 60
and may be traced asfollows: from troliey T
through switch 60, train-wire 25, coil 54,
switch 58, resistance 63 to ground. It will
thus be seen that on account of the auxiliary
switches 88 and 40, carried by the line-contacts
7 and 8 and the auxiliary contact-segments in
the master-controller the motor-controller
and master-controller must be in their off po-
sition before the circult through the setting-
coll of the circuit-breaker can be completed.
When the master-controller is moved into 1ts
first operative position, a control-circuit 1s
completed from the trolley through the switch
60, blow-out coil 46, blow-out coil 45, cut-out
switch 44, contact-finger «¢', contact-segments
b and §°, contact-finger ¢, train-wire 24, ac-
tnating-coils of the contacts 6, 7, 9, and 15,
auxiliary switeh 37, train-wire 17, contact-
inger ¢, contact-segments 5™ and 4", contact-
The motor-controller
contacts are operated to connect the motors
in series with all the resistance, and the cir-
cuit throueh said motors may be traced as
follows: from trolley T, main cut-out switch

47, blow-out coil 94 of the circuit-breaker,

contact 53, contact-arm 48, overload-coil 59,

60

65

contact 7 of the motor-controller, thence
through contact 6 of said controller to the re-
sistance-sections 30 29 28 27 26, motor M/,
contact 15, thence through contact 9 of sald
controller through the resistance-sections 31,
32, 33, 34, and 85, through motor M”to grourd.

O

As the master-controller moves through its
subsequent operative positions the resistance-
sections are successively cut out of the motor-
cireuit until the motors are connected 1n se-
ries without resistance, then the motors are

connected in parallel with resistance 1n cir-

cuit with each motor, and the resistance-sec-
tions are successively cut out until the motors
are connected in parallel without resistance.
When the contact 7 is operated, the circuit
through the actuating-coil 50 of the circuit-
brealker is broken at the auxiliary switch 38,
thereby disconnecting the train-conductor 21
from the core 50 and rendering it impossible
to reset the circuit-breaker after 1t has been
operated, so long as the contact 7 remains 1n
its closed position; but by employing means
such as the auxiliary switch 39 1t is possible
to use the train-conductor 21 during the ac-
celeration of the motorsto control the contacts
of the motor-controller corresponding to a cer-
tain resistance-step. Thus with the master-
controller in its fourth position (indicated by
4 4) the control-circuit, in addition to that
above traced, may be traced as follows: from
contact-finger «', contact-segments 4" and /7,
contact-finger «°, train-wire 21, resistance 43,
auxiliary switch 389, through the actuating-
coils of the contacts 3, 4, and 5 to ground at
(', also branching at the point £, through the
actnatine-coils of the contacts 12, 11, and 10
to ground at . Thus in said position of

the master-controller the contacts 3, 4, 5, 6,

7.9, 10, 11, 12, and 15 are operated, and the
resistance-sections 28, 29, 30, 31, 32, and 33
are short-circuited.

The control -eircuit corresponding to the
first parallel position of the master-controller
(indicated by 7 7) may be traced as follows:
trom trolley T, switch 60, coils 46 and 45,
cut-out switeh 44, contact-finger ¢, contact-
seoments ¢ and ¢, contact-finger «’, train-
wire 24, actuating-coils of contacts 6, 7, 9, 3,
and 16 of the motor -controller, auxiliary
switch 36, train-wire 18, contact-finger ¢’ of
the master-controller ', contact-segments ¢’
and ¢°, contact-finger ¢ to ground. Lhe cor-
responding motor - circuits are as follows:
from trolley T through the switch 47, the
circuit-breaker arm 48, overload-coil 59, con-
tact 7. contact 6, resistance-sections 30, 29,
98. 97, and 26, motor M’, contact 16 to ground,

also branching at the point p through the con-

tact 8, contact 9, resistance-sections 31 to 39,
inclusive, motor M” to ground. It will thus
be seen that the motors are connected in par-
allel with each other with the resistance-sec-
tions 26 to 30. inclusive, connected in series
with the motor M’, and the resistance-sections
31 to 85, inclusive, connected in series with
the motor M* If while the master-control-
ler is in any one of its operative positions
the circult-breaker 1s tripped, either inten-
tionally, as by the opening of switch 60, or
automatically, by the operation of the over-

76

75

30

Q0

95

IRele

IOS_

110

115

120

12§

30




10

5

20

30

35

45

55

6o

Ry
e .
'q']
—

loacl-coil 59, or due to a loss of current, in the
motor-circuit, 1t 18 impossible to reset said
circult-br ewher without first moving the mas-
ter-coniro
to bridge the contact-fingers ¢’ and «°. Any
desired number of circuit-breakers may be
controlled in this manner from any desired
master-controller.

Referring now to Fig. 3, which illustrates
diagrammatically, on alarger scale, the circuit
connections of the circuit-breaker, the motor-

circulb is as follows: through the blow-out

coll 94, fixed contact 53, contact-arm 48, and
overload-coil 59. The actuating-circult passes
through the actuating-coil 50 and thence to
ground at . The holding - circuit passes
through the holding-coil 54, switch 58, and
resistance 63 to ground at (.

I do not claim, broadly, means for con-
trolling the cn*cmt breaker from a distance
nor the arrangement of motor -control ap-
paratus which permits one of the control-
conductors to be used for setting the circuit-
breaker and which makes the operation of the
setting means of the circuit-breaker depend-
ent upon the position of the motor-controller,
since these, among other features, form the
subject-matter of an application of Frank 1.
Case, filed July 21, 1904, Serial No. 215.114.
Neither do I claim the structural details of
the circuit-breaker contact, since the mechan-
1cal construction of the circuit-breaker forms,
among other features, the subject-matter of
an application of Samuel B. Stewart, Jr., filed
March 20, 1905, Serial No. 250.895.

Although I have herein shown a specific
torm of circuit-breaker embodying my inven-

tlon as applied to an electric control system,

1 do not care to be limited thereto, as many
modifications may be made and other actuat-
ing and controlling power may be substituted
for that shown without involving a departure
from the spirit and scope of my invention,
and in the claims hereto appended I aim 0
cover all such modifications and substitutions.

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

1. In combination, a circuit-breaker, means
acdapted to be controlled from a distance for
setting sald circuit-breaker, and normally en-
ergized means for holding said circuit-breaker
set.

2. In combination, a circuit-breaker, means
adapted to be controlled from a distance for
setting said circuit-breaker, normally ener-
gized means for holding said circuit-breaker
set, and means located at a distance for de-
energizing said holding means to trip said cir-
cult-breaker.

. In combination, a cirecuit-breaker, a coil
for setting said circuit-breaker, and a nor-

mally eneromed coil for holdmu said circult-
breaker set.

4. In combination, a circuit-breaker, a coil
05 for setting said circuit-breaker, a normally |

oller " back to its off position, so as
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energized coil for holding said cireuit-hrealker
set, and a switch located at a distance for de-
energizing sald holding-coil to trip the said
circult-breaker. |

In combination, an electric circuit, a cir-
cuit-breaker therein, a coil for setting said
circuit-breaker, a normally energized coil for
holding said circuit-breaker set, and means
controlled by current in said circuit for de-
energizing the holding-coil to trip said cir-
cult-breaker.

6. In a circuit-breaker, means for setting
the circuit-breaker, means for controlling the
operation of said circuit-breaker -setting
means from a distant point, a holding-coil for
maintaining said circuit-breaker in its set po-
sition, and an overload-coil adapted to open
the circuit through the holding-coil to permit
the eircuit-breaker to open.

7. In a circuit-breaker, means for sefting
the circuit-breaker, means for controlling the
operation of said circuit- breaker -setting
means from a distant point, a holding-coil for
maintaining said circuit-breaker in its set po-
sition, an overload-coil adapted to open the
circutt through the holding-coil to trip the
circuit-breaker, and a switch in circuit with
the holding-coil and located at a distant point
for opening the circuit through said holding-
coll to trip the circuit-breaker independent of
the overload-coil.

8. In combination, a circuit-breaker, a coil
for setting said circuit-breaker, a switch for
Completlnﬂ the circult through said setting-
(:01.., a holding-coil for maintaining said cir-
cult-breaker set, an overload-coil ada,l_.}ted to
open the circuit through the holding-coil to
trip the circuit-breaker, and a switch located
at a distant point for opening the circuit
through said holding-coil to trip the circuit-
breaker 11]dt.,pendent of the operation of the
overload-coil.

9. In a system of motor control, a motor-
circult, a motor-controller, a master-control-
ler, a circuit-breaker, means for setting said
circuit-breaker, and means for rendering said
setting means inoperative when the master-
controller 1s in any of its operative positions.

10. In a motor-control system, a motor-cir-
cuit, & motor-controller for the motor or mo-
tors 1n said circuit, a master-controller for
sald motor-controller, a circuit-bhreaker in said
motor-circuit, means for setting said circuit-
breaker, means for controlling the operation
of said circuit-breaker-setting means, and
means for preventing the setting of said cir-
cult-breaker unless the master-controllerisin
its “"off ” position.

11. In a motor-control system, a motor-cir-
cult, a motor-controller in said cireult, a mas-
ter controller, a circult-breaker 1n said mo-
tor - cireuit, means for setting said circuit-
breaker, means for controlh,:}g the operation
of sald circuit-breaker-setting means, and
means for preventing the setting of said cir-
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cult-breaker unless the motor-controller and
master-controller are both in the ““off ” posi-
tion. |

12. Ina motor-control system, a motor-con-
trollerof theseparately-actuated-contact type,
a master-controller, a circuit-breaker in the
motor-circuit, setting means for said circuit-
breaker, a plurality of conductors connecting
the actuating means of the motor-controller
contacts to the master-controller, auxiliary
means attached to certain of said motor-con-
troller contacts for connecting one of said con-
ductors to the circuit-breaker-setting means
when said motor-controller contacts are open
and for connecting it to the actuating means
of a motor-controller contact when ¢ said first-
mentioned motor - controller contacts are
closed, and means operatively connected to
the master - controller whereby the circuit-
breaker is prevented from being set when the
motor-controller contacts are open unless the
master-controller is in its " off ”’ position.

13. Inatrain-control system, a plurality of
motor-controllers, a master-controller, a plu-
rality of circuit-breakeérs, means for setting
sald circult-brealkers, means for holding said
circult-breakers set, and means independent
of the master-controller for controlling said
holding means so that said circuit-breakers
may be maintained set independently of the

F.

>

position of the master-controller and may be
tripped at will.

- 14. In atrain-control system, a plurality of
motor-controllers, a master-controller, a plu-
rality of circuit-breakers, a holding-coil for
each circult - breaker, a traln-conductor to
which said holding-coils are all connected, and
means independent of the master-controller
for controlling said train-conductor so that
the circmit-breakers may be maintained set
independent of the position of the master-con-
roller and may be tripped at will.

15. In a train-control system, a plurality of
motor-circuits, a plurality of motor-control-
lers for controlling the motor or motors in
sald circuits, a master-controller for said mo-
tor-controllers, a circuit-breaker in each of
said motor-circults, meansfor setting each cir-
cuit-breaker, means separate from said mas-
ter-controller tfor controlling the operation of
sald setting means, and means for preventing
the setting of said circuilt- bl e%lxels unless the
master-controller is in its ”? position.

In witness whereof 1 hereunto have set my
hand this 5th day of August, 1904.

GRORGE H. HILIL.

Witnesses:
Bexgaviny B. Huoror,
HeLex ORFORD
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