No. 678,86l. | Patented July 23, 190l
F. E. CASE. |

SYSTEM OF MOTOR CONTROL.

(Application filed Feb, 15, 1901.)

(No Model.)

witnesses:

M,é %

THE NORRIS PETERS CO., PHOTOLITHO.. WASHINGTON, L. C.




IO

I5

20

30

35

40

45

50

UNITED STATES

PATENT OFFICE.

FRANK E. CASE, OF SCHENECTADY,

NEW YORK, ASSIGNOR TO GENERAL

ELECTRIC COMPANY, OF NEW YORK.

"SYSTEM OF MOTOR CONTROL.

SPECIFICATION forming part of Letters Patent No. 678,861, dated July 23, 1901.
Application filed February 15,1901, Serial No. 47,413, (No model)

10 all whom it may concermn:

Be it known that I, FRANK E. CASE, a citi-
zen of the United States, residing at Schen-
ectady, county of Schenectady, State of New
York, have invented certain new and useful
Improvements in Systems of Motor Control,
(Case No. 1,720,) of which the following is a
specification. | | |

This invention relates to systems for elec-
tric-motor control, especially those applicable
to electric-railway motors, the object being
to enable one or more motors to be controlled

from a distant point, so that in case of a train

of two or more motor-cars all the motors can

be controlled from one or more points on any

one of said cars. It hasbeen heretofore pro-
posed to accomplish this by means of a plural-
1ty of separately-actuated contacts or switches
controlling a plurality of resistance-coilsin se-
ries with the motor or motors, said switches
being directly actuated by separate electro-
magnets responsive to successive increases in
current strength in a circuit across the line
parallel with the motor-circunit. It was also
proposed to inclade in the control-circuit in
series with the electromagnetic switches an
electromagnet for actuating aswitch compris-
ing contacts arranged to connect the motors
in series or in parallel; but such a system is
impracticable, mainly for the reason that the
electromagnets must be of such enormous di-
mensions as to prohibit their use and, fur-
ther, because the control-cireuit requires such
a very large percentage of the line-current to
operate it as to make it far too expensive for
commercial service. |
In the improved system which I have de-
vised instead of operating the resistance cut-
outs directly I interpose relays controlling
said switches and operate the relays by a
small currenttaken, preferably, from the trol-
ley-line through a high-resistance rheostat.
1'his reduces the excessive heating of the re-

lay-coils and permits them to be made com-

paratively small and compact. The relay-
coils may evidently be connected either in se-
ries or in multiple. 'The solenoids for actu-

-ating the series-parallel switch and the re-

versing-switch are in'separate circuits. Coms-
bensating resistances are provided to keep

| theresistance of the relay-cireuit constant for
one, two, three, or more cars.

The accompanying drawing is a diagram of
the circuits on an electric-railway car embody-
Ing my improvements. 55

1The car, which is merely outlined at A, is
shown as equipped with two motors, whose ar-
matures b B'are connected in series with their
field-coils C C' through reversing-switches D
D’, both actuated by electromagnets E E’, one 6o
of which throws the switches into the forward
position and the other into the reverse posi-
tion. These electromagnetfs are connected
by leads 1 2 with flexible couplings 1* 2* at .
each end of the car, whereby they can be put 65
in connection with an adjoining car or with
a lead 3, running to a contact 3', adjacent to
a grounded contact 3. Branch leads 1’ 2’
lead to contacts 1" 2", adjacent to a hand-
switch K connected by leads 4 5’ with the #o
trolley-lead 5 through an adjustable resist-
ance E°. The switch carries bridging con-
tact-plates ¢*, which when the switch is open
and midway between the contacts 1” 2" con-
nect both sets of contacts 8’ 3”. As soon, #g
however, as the switch is swung one way or
the other to cut in the electromagnet E or I
the ground connection of both electromag-
nefs 18 broken at that end of the car.

- Current is supplied to the motor through a $o
5"y branching off from the trolley-lead 5,

lead 5
running through the ear and having flexible
couplings 5* at each end for connection with
unother car, if desired. The branch lead 5"
includes a resistance G, divided into sections 35
each adapted to beshort-circuited by a switch
g 9" g*¢® g* in order to supply an increasing
amount of current to the motors. Between
theresistanceand the motorsis a series-paral-
lel switch composed of two electromagnets go
HH',whosearmature-levers A #' are connected
by a rod ~?so as to move in unison and make
contact with buattons 6 7 or 6’ 7. Springs ;3
keep the armature-levers in the off position
when neitherelectromagnetisenergized. The 05
buttons 6 7 are looped together. Button ¢ is
in the lead 5'”, running from the resistance G
to the field-coil C'. Button 7' is grounded.
Armature-lever k is connected with the field-

| coll C, and lever /' connects with the revers- 100
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ing-switech D’ of the motor-armature B’, the | 8 and segment M? by lead 9" with the series

othel reversing-switch D being grounded. Th,e
electromagnet H gives the series connection
and the electromagnet ' the parallel connec-
tion of the motors, as is apparent from the
diagram Fig, 1. Each electromagnet 1s con-
nected by a lead 8 9 with flexible connections
3* 9% at the ends of the car, which can be con-
nected with an adjacent car or with leads 10
11, running to contacts 10" 11', adjacent to
crounded contacts 10” 117, controlled by the
relay-switch handle, ashereinafter described.
Cuarrent is SUpphed to said electromagnets
through branch leads 8’ 9" in a manner hgre-
1nafter set forth. |
The cut-outs or switchesg ¢' ¢g* g° ¢g* are ac-
tuated by electromagnets 11'1°1° 1% each hav-
ing one terminal grounded and the other con-
nected by a lead 5 with a branch lead 5"
from the trolley-lead 5", preferably through
a resistance IX. Ineach lead 5Y is a normally
open circuit-closer [ I' 7 [’ I*, controlled by a
161&3 -solenoid L I’ 12 12 L%, all connected in
series and of successively - decreasing val-
ues—that is to say, the relay L hasthe great—
est number of ampere-turns, so that it will
be sufficienlly energized by a comparatively
small current to actuate its cireuit-closer /,
while the succeeding relays have a regularliy-
decreasing number of ampere-turns in order

to require a successively-increasing current

35

to properly energize them. The ratio be-
tween any two quaeent relay-coils should be
the same throughout the series.

By means of one of the rheostats M, located

- at the ends of the car and having coils m of
- very high resistance, a small current can be

40

sent through the branchlead 12’ from the trol-
ley-lead 5" to the lead 12, connecting the series
of relay-solenoids with flexible connections
12* at the ends of the cars, by which the cur-

- rent can be transmitted to adjacent cars or
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grounded through the lead 13, running to a
contact 13', adjacent to a grounded contact
13", controlled by the relay-switch handle M,

~which carries three insnlated contact-plates

m’ m* m?, the first serving to connect the con-
tacts 10" 10", the second the contacts 11" 11",
and the third the contacts 13’ 13" when the
rheostat is not in use, thereby grounding the

leads 8, 9, and 12; but as soon as the handle |
18 moved to send em rent through the relays

the bridging contacts m' m*m® move off their
ter mmals and break the grounds at that end
of the ecar.

Each rheostat M comprises a handle M/',
carrying, besides the bridging contacts m' m?
m?, a contact-arm m?, adapted to sweep over
the resistance-contacts m® and the segments
M< M3, There are two sets of contacts m°,
properly looped together, so that when the
arm passes over segment M? it will also cut
out the resistance successively, and when the
arm passes to the other segment M3 it will
again successively cut out the resistance-
¢oils. 'T'he segment M- 1s connected by lead

‘sumed to be the front of the car.

and par allel electr omagnets H IH', respec-
tively. Thetrolley- cmrent 18 br oufrht to the
contact-arm m? by a lead 5'. In the lead 12’
are resistances N N’ N% in number equal to

| the greatest number of motm -cars ever made

up 1nt0 a train and each offering a resistance
equal to the relay-coils on one car. When a
car is taken off, one of the resistances N 18
cut into cireuit to maintain the total resist-
ance of the relay-circuit constant. In each

| lead 8 and 9'is an adjustable resistance P P

to prevent too great a proportion of the ¢ur-

‘rent passing thl ough the contact-arm m* from
flowing to the electmmaﬂ'net H or H'.
i blow-out magnet IR 1s melnded in the motor-

A

cireuit 5",

The operation of myinvention is as follows:
The several flexible connections at the front
end of the car are connected with their adja-
cent grounded leads. Those at the rear end
of the car are similarly connected if the car
is to run alone; but if another car 18 cou-
pled to it then the flexible connections are
coupled to those of the following car in order
to preserve the series connection of each
oroup of electromagnets. 'The proper nums-
ber of compensating resistances N is cut into
cireuit with the relays I, and the resistances
B3 P P’ are set to correspond. The switch KE?

moved to break the ground connections 3,
energize the forward solenoid of the revers-

‘ing-switeh, and throw the switches D D', as

shown at the left hand of Fig. 1, which 18 as-
The left-
hand rheostat-handle M'is then moved down-
ward, opening the ground connections, at the
front end of the car, of the relays and the se-
ries-parallel electromagnets. Thecontinued
movement of the rheostat-handle sends trol-
ley-current through the segment M~ and leads
8 8 to energize the magnet II and connect
the motors in series across the circuit with
all resistance in. At the same time current
passes through the resistance-coils m to the
relays. When the rheostat-handle 13 moved
to a certain point, depending upon the re-
sistance of the rheostat, the solenoid L will

be energized, thereby eclosing ihe circuit-
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| at the front end of the car or ftrain is then
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closer/ in the cireuit of the solenoid I, which

at once picks up the main switch ¢ and cuts
out the first section of the motor resistance
G, permitting current .to flow to the motors
through the leads 5" 5. As the arm m*
continues to cut out the resistance-coils m
the relay-current presently becomes strong
enough to energize the eoil L', short-circuit-
ing another section of the motor resistance,

and so on until all the coils m have been cut

out and the motors are running under full
trolley-current. A reverse movement of the

arm m* deénergizes the relays in reverse or-
der and cuts in the motor resistance again.
If the arm m? is carried over to the segment
M?, the motors are placed in parallel,with all
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the resistance G in circuit, which is gradu-
ally cut out by the movement of the arm over

the second set of contacts mb.

T'o obtain a successful operation of the re-
lays, their relative values must be the same
throughout the series. IFor instance, if one
one-hundredth of an ampere is sufficient to
magnetize the first coil, and the second should
require four one-hundredths of an. ampere,
then the third must take sixteen one-hun-
dredths of an ampere, the fourth sixty-four
one-hundredths, and the fifth two hundred
and fifty-six one-hundredths. These small
currents are insufficient to properly actuate
the main cut-outs g, but are ample to control
the circuits of the main-switch solenoids T.
The total resistance of the relays must be high
enough to give only the required small maxi-
mum current when all the resistance-coils m
are cut out, and the total resistance of the
colls m must be exceedingly high to give the
required range in current down to the mini-
mum.

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

1. In an electric-railway system, the com-
bination with one or more electric motors, of
a plurality of separately-actuated contacts
for varying the motor speed, separate elec-
tromagnets for actuating said contacts, re-

- lay-coils responsive to different current

35

40

45

55

6o

strengths for energizing said electromagnets,
and means for sending a current of varying
strength through said relay-coils.

2. In an electric-railway system, the com-
bination with one or more electric motors, of
a plurality of separately-actuated contacts
for varying the motor speed, separate elec-
tromagnets for actuating said contacts, high-
resistance relay-coils responsive to different
current strengths, for energizing said electro-
magnets, and means for sending a current of

varying strength through said relay-coils.

3. In an eleetric-railway system, the com-
bination with one or more electric motors, of
a plurality of separately-actuated contacts
for varying the motor speed, separate elec-
tromagnets for actuating said contacts, re-
lay-coils connected in series and responsive
to different current strengths, for energizing
sald electromagnets, and means for sending a
current of varying strength through said re-
lay-coils. | -

4. In an electric-railway system, the com-
bination with one or more electric motors, of

a plurality of separately-actuated contacts

for varying the motor speed, separate elec-
tromagnets for actuating said contacts, re-
lay - coils responsive to different current
strengths, forenergizing said electromagnets,
and a rheostat for sending a current of vary-
Ing strength through said relay-coils.

5. In an electric-railway system, the com-
bination with one or more electric motors, of
a plurality of separately-actuated contacts

for varying the motor speed, separate elec-
tromagnets for actuating said contacts, re- |

,

| lay - coils responsive to different current
. strengths for energizing said electromagnets,

and a rheostat of exceedingly high resistance
for varying the current flowing through said
relay-coils.

6. In an electric-railway system, the com-

bination with one or more electric motors, of
a plurality of separately-actuated contacts
for varying the motor speed, separate elec-
tromagunets for actuating said contacts, high-
resistance relay-coils responsive to different
current strengths for energizing said electro-
magnets, and a rheostat of high resistance
for varying the cuarrent flowing through said
relay-coils.

7. In an electric-railway system, the com-
bination with one or more electric motors, of
a controller comprising a plurality of elec-
tromagnetic switches, a series of high-resist-
ance relays successively responsive to suc-
cessively - increasing current strengths for
controlling the actuating - circuits of said
switches, and means for supplying current to
sald relays. |

3. In an electric - railway system, a con-
troller having a plurality of separately-actu-
ated contacts, electromagnets for actuating

sald contacts, relay-coils, responsive to dif-
ferent current strengths, for controlling the

operation of said electromagnets, and means
for controlling the flow of current to said re-
lay-coils. |

9. In an electric -railway system, a con-

troller having a plurality of separately-actu-

ated contacts, actuating devices for said con-

tacts, relay-coils, responsive to different cur-
rent strengths, for-controlling the operation
of said actuating devices, and means for con-
trolling the flow of current to said relay-coils.

10. In an electric-railway system, a con-
troller having a plurality of separately-actu-
ated contacts, actuating devices for said con-
tacts, relay-coils, responsive to different cur-
rent strengths, for confrolling the operation
of sald actuating devices, a circuit to which
all the relay-coils are connected, and means
for regulating the current strength in said
cirenit. |

11. In a train system, one or more motor-
cars, a controller, having a plurality of sep-

arately-actuated contacts mounted on each

of said motor-cars, actuating means for said
contacts, relays responsive to different cur-
rent sirengths for controlling the operation
of said actuating means, a train-circuit to
which all of said relays are connected, and
a master-controller, located at any desired
point on the train, for regulating the current
strength in the train-circuit. -

12. In a train system, one or more motor-

‘cars, a controller, having a plurality of sep-

arately-actuated contacts, mounted on each
of said motor-cars, actuating means for said
contacts, relays responsive to different cur-
rent strengths for controlling the operation
of said actuating means, a train-circuit to
which all of said relays are connected, a mas-
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ter-controller, located at any desired point on
the train, for regulating thecurrent strength
in the train-cireunit and resistances on each
motor-car adapted to be cut into or out of

the train-circeuit in accordance with the num-
ber of motor-cars in the train.

13. In atrain system, a motor-car provided
with a pluarality of separately-actuated re-
sistance - controlling contacts, actuating
means for said contacts, relays responsive to
different current strengths for controlling the
operation of said actuating means, a train-
circult to which all of said relays are con-
nected, other contacts for controlling the cir-
cuit connections of the motors, electromag-
nets for actuating said contacts, and a sep-
arate train circuit or circuits to which the
said electromagnets are connected.

14, Ina train system, a motor-car provided

678,861

with a plurality of separately-actuated resist- 2{::

ance-controlling contacts, actuating means
for said contacts, relays responsive to differ-
ent current strengths for controlling the oper-

ation of said actuating means, a train-circuit

to which all of said relays are connected,
other contacts for controlling the circuit con-

nections of the motors, relays for actuating

sald contacts, a separate train eircuit or eir-

25

cults to which said latter relays are connect-
ed, and adjustable resistances included in all 30

of said train-cirenits.
In witness whereof I have hereunto set my
hand this 11th day of February, 1901.

FRANK E. CASE.

Withesses:
bBenJAMIN B. HULL,
"MARGARET L. WOOLLLEY.
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