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Lo all whom 7t may concern:

36 it known that I, FRANK E. CASE, a c¢iti-
zen of the United States, residing at Schenec-
tady, county of Schenectady, State of New

5 York, have invented certain new and useful
Improvements in Systems of Motor Control,
of which the following is a specification.

My present invention relates to means for
opening a motor or other circuit antomatie-
ally whenever the current in said circuit
reaches a predetermined limit, and is espe-
cially designed for systems in which the con-
tacts which control the low of currentthrough
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the motor-circuits are electromagnetically op-

erated through circuits connected to a mas-
ter-controller located at any desired point.
Such systems are now extensively used for
controlling the propelling-motors on the sev-
eral motor-cars of an electueally operated
train, and my invention is especially valu-
able in such connection, since it permits the
motor-circuits to be opened at the controller-
contacts on any car upon which an excessive
flow of current occurs without affecting the
circuit connections of the motor equipments
on the other cars of the train and at the same
time permits the motor-circuit to be again im-
mediately closed as soon as the master-con-
troller has been moved back to a position
where a protecting resistance will be included
'1n a motor-¢ircuit.

My invention will be better understood by
reference to the following description, taken
in connection with the acecompanying draw-
ings, while its scope will be pointed out'in the
appended claims.

Inthe drawings, Figure 1isadiagrammatic
representation of the elements comprised in
the equipment of one of the motor-cars of a
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which the present invention may be applied
to such a system. Fig. 2 is a diagrammatic

representation of a portion.of the control-cir-

cuits of the same system on a larger scale,

45 showing more clearly the connections of the

train-conductors to the actuating-windings

for the controller-contacts and the relation of
my invention thereto; and Fig. 5 is a dia-
ocrammadtic representamon of a mod1ﬁed form

50 of connections.
Ineachof the ficures 51m11ar 1eference char-

train-control system, showing the mannerin

i

acters are used to deswnate corresponding

parts.
In Fig. 1 the letters T, T', R/, R?, R3 R,

R, RY Rs, RS, S, and P P mdleate the vari-
ons elements of a series-multiple controller
(' of the separately-actuated contact type.
Each of these elements comprises a pair of
switch-contacts connected to a power-circuit
through which current flows from the trolley- 6o

‘shoe T to the motors M and M?and thence to

ground. The various control - circuits are
connected to the train-conduactors 2 to 9, in-
clusive, and each leads through certain of the
actuating - windings of the controller C to
ground. Trolley-currentforoperating the va-
rious controller-contacts is obtained through
the conduetor 1, which is directly connected
to the trolley-shoe T. Connection between
this conductor and the other conductors of 7o
the system to which the various .control-cir-
cuits are connected is controlled through
one of the master-controllers M, located at
any desired point on the train. Preferably
each motor-car is provided with two mas-
ter-controllers, one located at each end. Of
the two master-controllers shown in Fig. 1
of the drawings the noneon the right is shown
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' in outline ouly, while the one on the left is

shown with its fixed and movable contacts 8o
developed on a plfme surface in a manner
now commonly used in illustrating suech a
structure. 7 to 7%, inclusive, represent re-
sistance 1nserted in the motor-circuit, while
R%, Re¢, and R! represent resistance inserted
in the master-controller circnit. The con-

struction and arrangement of the several ele-

ments of the controller and the econnections
of the motor and master-controller circunits
thereto constitute no part of the present in-
vention. A more detailed description of the
controller and connections herein shown is
contained in the patent to Perry, No. 687,060,
eranted November 19, 1901.

My present invention comprises additional
features especially designed for use in con-
nection with a system of the eharacter above
described and in one of its aspects consists
in combining with a system of the character
described a device which will secure the open-
ing of the motor-circuits at the controller-
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| contacts whenever the current in the motor-
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circuits rises above a predetermined limit
and which will permit the closing of the same
immediately as soon as the master-controller
has been moved back to a point where a re-
sistance sufficient to protect the motors when
the circnit is again closed will be included
in the said circuit. . |
~In another aspect my invention consists in
providing a motor-control system, which may
be of any type whatsoever, with means which
will operate automatically upon an excessive
load of current to open the motor-circuit in

 case the controller is in a ‘“‘low-resistance”

~at starting without danger of automatically |

opening the motor - ¢circuit, while when the | the short circuit around the solenoid ¢; but

controller is moved forward into a running |
| moved into its second or any succeeding se-

immediately operative to open the motor-cir- | ries position current is caused to low through

| the conductor 12, and if now the motors M’
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or ‘‘running” position, but which will not
operate when the controlier is in an initial
or ‘““high-resistance” pesition. 1 thus am

enabled to obtain the large current necessary

for rapidly accelerating a heavy car or train

position the circuit-breaking means becomes

cuit in case of an excessive flow of current.
- The circuit-opening device or relay 1s des-

ionated as a whole by S', and, as shown 1n |

the drawings, is made up of the switeh s?and | through the motor - eircuit the solenoid 0

| would operate to open theswitch s>. Through

the switeh s°, connected together by the lost-
motion connection «.

cuit, actuates the switch s° whenever the said
circuit becomes overloaded. The solenoid c,
which is connected in the second master-con-
troller cirenit, actuates the switch s~

which is normally closed around the solenoid

¢ at the contacts d, thus causing eurrent to |
flow through the solenoid ¢, energizing said |
solenoid and operating the switch s® to open |

the first master-controller eircuit which con- | |
' a slight movement of the switeh s°is required
| to operate the circuit-opening device, since

trols the circnit connections of the motors at
the contacts e. The actuating-coils of the

cirenit-controlling elements of the motor-con- | _
| tacts d of the switch s”.

| relay S’ may be very delicately adjusted to

troller C are thus deénergized and the main
power-circuit is opened at the points which
they control.

s? open throngh the agency of the lost-motion
connection ¢ after the solenoid b has become
deénergized until the master-controller has
been returned to its first operative position,
or if the motors are running in multiple to
its first multiple position, at which time the
circuit through the conductor 12 1s broken
and the relay S’ is permitted to close auto-
matically throngh the action of gravity. The
relay S' may be assisted in closing by springs
or weights and may be set to operate at any
predetermined amount of current.

‘The operation of the device herein shown
s as follows: IL.et us assume that the master-
controller is in its second series position (in-
dicated by 2 2) on the developmeunt of the
master-controller in FKig. 1. The first mas-

ter-controller circuit may be traced from trol-
ley T through conductor 1, fixed contact 1’,
movable contacts 1* and 2* in the master-con-

| ground.
| controller circuit is closed the relay or cir-

The solenoid b, which |

is connected in the main power or motor cir- | the opening of the switch s° will not act me-
| chanically to open the switeh s°; but since
| the switeh s° controls the shunt 13 around

| the solenoid ¢ it will be seen that the solen-
The |

solenoid b operates to open a shunt-circuit |
| ductor 12, solenoid ¢, conductor 14 to ground.

The solencid ¢ remains ener- |
ogized, thus maintaining the switches s* and |
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troller M, train-conduector 2, conductor 2%,
contacts e of the switeh s, conductor 2°, ac-
tuating-coils of the controller elements T" T
R’ S, conductor 17, train-conductor 3, con-
tacts 4', 4%, 3*, and 3’ to ground 1in the mas-
ter-controller M. The second master-con-
troller circuit branches from the fixed con-
tact 2’ to contact 6', movable contacts 6* and

| 7t to 7', train-conductor 5, resistance RY, ac-

tuating - coil of element R3, conductor 12,

' shunt 13 around the -solenoid ¢, through the

contacts d of the switch S? to ground. The
main power - circuit may be traced from

 trolley T through the proper elements of the

controller C, motors M’ and M?, solenoid 0 to
So long as onlyv the first master-

cuit-opening device remains inoperative, for
the reason that nocurrentis flowing through

a8 soon; as the master-controller has been

and M? should become overloaded or an ex-
cess of current should for any reason flow

the agency of the lost-motion connection «

oid ¢ will become energized, current flowing
in the second controller-circuit through con-

The first controller-cireunit will be opened at

' the contacts e of the switeh s°, and therefore

the main power-circuit will be opened at the
main controller C. It will be seen that only

there will be little or no sparking at the con-
On this account the

operate between narrow limits.

- It will be noted that whenever the master-.
| controller is brought back to its first opera-

tive position the circuit-opening device or re-
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lay will be reset and also (which is another

way of stating thesame thing) that the circuit-
breaker will not operate to drop the contacts
of the main coniroller elements upon excess-
ive flow in the motor-circuits until the mas-
ter-controller has been moved into the sec-
ond or some one of its succeeding positions.
This results from the fact that the circuitin
which the actuating coil or solenoid ¢ of the
circuit-breaker or relay is included is the sec-
ond control-circuit, which is not closed until
the master-controller has been moved into its
second position.

In Fig. 3 1T have shown the solenoid b di-
vided into two parts 0’ and b? one part, 0/,
being in series with the motor M’ and the
other part, b? in series with the motor M-
By this arrangement an overload on either the
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motor M’ or the motor M% whether the motors | tors, a controiling device therefor,a source for

are connected in series or in parallel, will op-

eratetoopen the motor-circuit through the re-
| plication of currentfrom said source,a circuit-

lay S°; otherwise the operation of the modifi-

cation shown in Iig. 3 is the same as that

above described with reference to Figs. 1and 2.

I have shown my invention as applied to a
train-control system, but do not intend to
limit myself to such a system, as the inven-
tion is equally applicable to any system in
which it is desirable to open a main power-
circuit by opening an auxiliary controlling-
cireuit upon an overload in said main power-
circuit, and though in the system which I
have illustrated the circuit-opening device is

inoperative only in the first series and the

first multiple positions of the controller it
will be understood: that my invention is not
limited to this particular arrangement, it be-
ing only necessary that the device shall be
operative iIn the running positions of the eon-
troller and inoperative in such other posi-
tions as the particular conditions in the sys-
tem under consideration may determine.
Many changes may also be made in the sys-
tem as a whole and in the details of construc-
tion without departiong from the spirit and
scope of my invention.

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

1. In combination, in a motor-control sys-
tem, automatic means for securing the open-
ing of the motor-cireuit upon an abnormal
flow of current therein, and means for ren-
dering the same inoperative when a resist-
ance suificient to protect the motor is in-
cluded 1n the motor-circuit. |

2. In combination, in a motor-control sys-
tem, a controller, a device for securing the
opening of the motfor-circuit upon an abnor-
mal flow of current therein, means for caus-
ing said device to operate when the control-
ler is in a low-resistance or ‘‘running” posi-
tion, and means for preventing the operation
of said device when the controllerisin a high-
resistance position.

3. In combination, in a motar control sys-
tem, a motor- controller, a master-controller
for controlling the operation of said motor-
controller, a device for securing the opening
of the motor-cirecuit upon an abnormal flow
of current therein, and means for rendering
sald device inoperative when the master-con-
troller is in an initial or high-resistance p031—
tion.

4, In eomblnatmn an electric motor or mo-
tors, a  controlling demce therefor, electro-
magnetic means f0r actuating said controlling
device, a source of current-supply for said
electromagnetic means, an electromagnetic
circult-opening deviee in circuit with said

source, a shunt-circuit around the actuating-

coll of said circuit-opening device, and means
controlled by the currentin the motor-cireuit
for opening said shunt-circuit toactuate said

circulit-opening device.

{ supplying current toactuate said controlling

device, & master-controller controlling the ap-

opening device In circuit with said source,
means controlled by the currentin the motor-
circult for actuating said circuit-opening de-

vice, and means whereby the said circuit-

opening device will be immediately closed

‘when said master-controller has been returned

to an initial or high-resistance position.
6. In combination, a controlling device for
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electric motors, electromagnetic meansfor op- 3o

erating sald device, a source of current-sup-
ply, a master-controller for controlling the
sapply of current from said source to said
electromagnetic means, a circuit-opening de-
vice in circuit with said source and said mas-
ter-controller, automatic means for actuating

| said circuit-opening device to cut off the sup-

ply of current to said electromagnetic means
thereby opening the motor- clrcmt at the said

85

motor-controlling device, and means whereby go

the sald circuit-opening device will beimme-
diatelyclosed when thesaid master-controller
has been returned to an initial or high-re-
sistance position. -

7. In combination, a main circuit, a con- 95

troller in said main e1rcmt, electlomaﬂ'netle

means for operating said controller, a control-

circuit for said electromagnetic operating
means, an electromagnetic circuit-opening
device in sald control-cirenit, a shunt-cireult
around the actuating-coil of said cireuit-open-
ing device,and means actuated by an excess
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of current in said main cireuit for automatie- )

ally opening said shunt-circuit.
8. In combination, a main circuit, a con-

troller for said circuit, a control-cireuit for .

said controller, an electromagnetic circuit-
opening device in said control-circuit, means
for operating said eireuit- opening device
upon an excess of current in said main cir-

I cuit, and means whereby the said circust-

opening device will be immediately closed as
soon as the controller has been moved to an
initial or high-resistance position.

9. In combination, a main circuif, a con-
troller in said circuit, a control- circuilt for

sald controller, a master-controller and an

automatically - resetting circuifi-opening de-
vice in said control-circuit, means for actu-
ating saild circuit-opening device upon an
overload in said main circuit, and means for

preventing said circuit-opening device from
resetting until said master -

controller has
been returned to an 1n1t1al or hwh-reblstance
position.

10. In combination, a main circuit, a con-
troller in said circuit comprising separately-
actnated contacts, electromagnets for oper-
ating sald contacts, a master-controller, a
plurality of control-circuits connecting said
master-controller with said econtroller, an au-
tomatically-resetting circuit-opening device
in one of sald control-circuits, an actuating-

5. Incombination, an electrle motor or mo- | coil therefor in another of SE—le control-cn'
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cuits, a shunt around said actuating-coil, a
switch in said shunt, and a solenoid in said
main circuit for opening said switeh to actu-
ate said circuit-opening device on an over-
load in said main circuit. |

11. In combination, a motor-circuit, & mo-
tor or motors, a controlling device compris-
ing separately-actuated contacts, electromag-
nets for actuating said contacts, a controlling-
cireuit for part of said electromagnets, a cir-
cuit-opening device in said circuit, a second
control-circeuit for the remainder of said elec-

tromagnets, an actuating-coil for the cirenit-.

opening device in said circuit, a shunt around
said coil, a switeh in said shunt and a solen-
oid in said motor-circuit for actuating said
switch on an overload in said motor-¢ireuit.

12. In combination, a main circuit, a con-
trol-circuit, an electromagnetie circuit-open-
ing device in said control-ecircuit, a shunt
around the actuating - coil of said circuit-
opening device, a switch in said shunt,a me-
chanical connection between said switch and
said circuit-opening device, means in said
main cireuit for opening said switch upon an
overload in said main circuit, and means for
preventing the closing of said shunt-switch
until said circuit-opening device has been
closed.

13. In combination, a circuit to be con-
trolled, a controller comprising separately-
actuated contacts, electromagnets for con-
trolling the operation of said contacts, a con-
trol-circuit for securing the operation of cer-

—
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tain of said contaects to close the circuit to be 35

controlled through a high resistance, another
control-cireuit for securing the operation of
other contacts to reduce the resistance in the
circuit to be controlled, a circuit-opening de-
vice included in the first control-circuit, an
operating - winding therefor, and means for
including said winding in the second control-
circuit upon the occurrence of an abnormal
flow of current in the circuit to be controlled.

14. In combination, a motor-circuit, a con-
troller therefor comprising separately-actu-
ated contacts, electromagnets for controlling
the operation of said contacts, a control-cir-
cuit for securing the operation of certain of

‘saidcontactstoclosethe motor-circuit through

a high resistance, another control-circuit for

' securing the ovperation of other contacts to

reduce the resistance in the motor-circuit, a
circuit-opening device included in the first
control-circuit, an operating-winding there-
for, means for including said winding in the
second control-ecircuit upon the oceurrence of
an abnormal flow of current in the motor-ecir-
cuit, and a master-controller for controlling
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the supply of current to the said control-cir- 6o

cuits.
In witness whereof I have hereunto set my

hand this 23d day of April, 1902.
FRANK E. CASE.

Witnesses:
BENJAMIN DB. HULL,
HeLEN ORFORD.
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