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To all whom it may concern:

Be it known that I, Warrer O. Loy, a
citizen of the United States, residing at
Schenectady, county of Schenectady, State
of New York, have invented certain new
and useful Improvements in Motor-Control
Apparatus, of which the following is a speci-
fication.

My invention relates to motor control ap-
paratus, and particularly to those systems in
which a plurality of electrically controlled
switches are employed to cut out step-by-
step the rvesistance initially inserted in the
motor circuit. Such arrangements are often
employed in the starting of electric motors
and have been so arranged that by closing a
single switch the electrically controlied
switches are caused to operate automatic-
ally to connect the motor to the source and
to cut out section-by-section resistance in-
terposed in the motor circuit on starting.
In systems of motor control, or in the so-
called “automatic starters”, of the type
above described, it is highly desirable that
a certain interval of time should elapse be-
tween the successive closing of the resistance
controlling switches.

It 1s an object of my invention to pro-
vide an improved airangement whereby a
series of switches may be caused to operate
mn succession with a definite time interval
assured between the operation of successive
switches.

The accompanying drawing shows dia-
graminatically a motor and a starting de-
vice arranged in accordance with my inven-
tion. I wish to state, however, that T have
shown my invention as incorporated in an
automatic starting system simply for the
sake of simplicity, and that I realize that it
may be used in connection with many forms
of electrical apparatus. The particular em-
bodiment of my invention, which is hevein-
after described, is, therefore, merely illus-
trative and is not to be considered as limit-
ing my invention as hereinafter defined in
the appended claims.

Referring to the drawing, M indicates a
motor, llustrated as a shunt wound direct
current motor, although any type of motor
may be used.

R is a resistance which is adapted to be

connected in circuit with the motor in start-
ing, and to be removed therefrom gradually
and automatically as the motor speeds up.

A indieates a line switch adapted to con-
nect_the motor to a source of current indi-
cated by lines I and L.

B, C, D, and B are resistance-controlling
switches, they being adapted to short-cireuit
the resistance R.

F is a relay for controlling the automatic
progression of the switches B, C, D, and .

The switch A and each of the resistance
controlling switches, B, C, D and E are pro-
vided with a lifting coil 1 and a holding coil
2. The lifting co1l of switch A has its cir-
cuit completed through a normally open
push-button switch 4 and a normally closed
auxiliary switch 5 connected to the main
switch. The holding coil of switch A is
controlled by a normally closed push but-
ton switch 6.

When it is desired to start the motor, the
button 4 is momentarily pressed and, the cir-
cuit of the actuating coil of switch A being
thus closed, this switch closes and the motor
circuit is completed with all the resistance
in series with the armature. In closing, the
maim switch opens auxiliary switch 5, thus
breaking the circuit of the actuating coil;
the switch being maintained closed, however,
by means of the holding coil. As soon as
switeh A is closed, current flows also from
line L throngh actuating coil of the relay T,
through auxiliary switeh 23 associated +ith
switch K, through auxiliary switch 7 asso-
ciated with the relay, to line Li, and the core
of the relay is drawn upward subject to the
influence of the dash pot 8. When the core
reaches the upper position it closes auxiliary
switch 9, so that current may flow from line
L through auxiliary switch 10 associated
with switch A, through auxiliary switch 11
associated with switch B, through the actu-
ating coil of this latter switch, through ac-
tuating wire G and switch 9, to line I
Switch B therefore closes, short-circuiting a
section of resistance R,— and, in closing,
breaks its actuating circuit at switch 11. It
1s maintained closed, however, by current
passing from line L through switch 10, con-
ductor 12, auxiliary switch 13 associated
with switch E, through holding coil of
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switch B, to line L. The relay, upon reach-
ing its upper limit, also breaks its own cir-
cuit through the operation of switch 7; and
therefore the core of the relay again drops,
subject to the retarding influence of dash
pot 8, until the lowermost position is reached
and switch 14 is closed. Current then flows
from line L through switches 10 and 15,
switch 16, through the actuating coil of
switch O, through another actuating wire H
and relay switch 14 to line L*; switch C is
therefore closed cutting out a second section
of the resistance. In closing, switch C in-
terrupts its actuating circuit at switch 16,
and establishes an actuating circuit for the
succeeding main switches at switch 17; the
switch C as in the case of switches A and B,
being held closed by means of the holding
coil.” It will be seen that the circuit of the
relay is also completed at the same time
that the relay closes the circuit for the
switch C by the closing of switch 7 which
occurs when the relay is in its lowermost
position. Therefore, when it has closed the
actuating circuit for the switch C, the relay
starts again on its upward movement, break-
ing circuit at switch 14 and completing the
actuating circuit G for switch D at switch
9. Switch D closes, cuts out a third section
of resistance and shifts the actuating circuit
from auxiliary switch 18 to auxiliary switch
19, so that when the relay again drops, the
actuating circuit H for switch E is com-
pleted through relay switch 14. The switch
E places a shunt about the entire resistance,
so that the motor is.connected directly to
line and switches B, C,and D need no longer
remain closed. Therefore the holding cir-
cuit for the switches B, C and D is inter-
rupted by auxiliary switch 18, when the
switch I closes, and these switches resume
their normal open position. The closing of
switch 1 also causes the circuit of the relay
to be interrupted at switch 23, whereby fur-
ther operation of the relay is prevented.
When it is desired to stop the motor, the
switch or push button 6 is opened, deéner-
gizing the coil of the switch A and causing
this switch, and therefore switch E, to open,
interrupting .the motor circuit. The pro-
gression of the switches is therefore effected
automatically after the momentary closing
of a single push button switch, and the stop-
ping of the motor takes place upon the op-
eration of another push button. It is clear
that since the actuating wires G and H lead
to alternate resistance controlling switches,
and since these wires are temporarily ener-
gized alternately by the action of the relay
I, that a certain time interval is assured be-
tween the operation of successive resistance
controlling switches which interval may be
varied at will by adjusting the dash pot on
the relay in any well known manner.

Tt will be seen that although a large num-

ber of resistance steps may be obtained in
starting the motor, only a small amount of
energy is consumed in the starting appa-
ratus, since the lifting coils are only momen-
tarily in use and only the maintaining or
holding coils of switches A and E remain in
circuit when all the resistance is cut out.

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

1. In combination, a plurality of switches
adapted to be actuated in automatic suc-
cession, a two-position relay having con-
tacts located in the actuating circuits of a
series of said switches and adapted to be
closed in one position of the relay, and a
gecond set of contacts adapted to be closed
in the other position of said relay and ar-
ranged in the actuating circuits of switches
alternating in progression with the switches
of said series.

9. In combination, a plurality of switches
adapted to be actuated in automatic suc-
cession, a two-position relay having contacts
located in the actuating circuits of a series
of said switches and adapted to be closed in
cne position of the relay, and a second set
of contacts on said relay arranged in the
actuating circuits of switches alternating in
progression with the switches of said series,
and auxiliary contacts on each switch for
controlling the actuating circuit of the next
succeeding switch.

3. In combination, a plurality of switches
each having an actuating coil and a main-
taining coil, means for causing the actuating
circuits for said switches to be completed
momentarily and in automatic succession,
means for completing the maintaining cir-
cuits for said switches, and means controlled
by the last switch whose actuating circuit is
completed to interrupt the maintaining cir-
cuits of the proceding switches.

4. In combination, a motor, a line-switch
for connecting the motor to a source of cur-
rent, a speed-controller including a series of
switches having actuating and maintaining
coils, means operative upon the closing of
the line switch to cause the actuating cir-
cuits for said series of switches to be com-
pleted momentarily and in automatic suc-
cession, means for completing maintaining
circuits for the switches; and means con-
trolled by the last switch of said series to

interrupt the maintaining circuits of the .

remaining switches of the series.

5. In combination, a plurality of electric-
ally controlled switches, actuating coils there-
for, a plurality of actuating circuits suc-
cessively connected to the actuating coils of
successive switches, and means for causing
temporary energization of said actuating
circuits successively.

6. In combination, a plurality of electric-
ally controlled switches, actuating circuits
arranged to control alternate switches, and
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means for automatically causing temporary
energization of said actuating cireunits alter-
nately. )

7. In combination, a plurality of electric-
ally controlled switches, two actuating cir-
cults arranged to control alternate switches,
and electro-magnetically operated means for
automatically causing temporary energiza-
tion of said actuating circuits alternately.

8. In combination, a plurality of electric-
ally controlled switches, two actuating cix-
cults arranged to control alternate switches,
means for automatically causing temporary
energization of said actuating circuits alter-
nately, and auxiliary switches in said actu-
ating circuits controlled by said electrically
controlled switches for insuring the closing
of said last named switches in regular order.

9. In combination, a plurality of electric-
ally controlled switches, two actuating cir-
cuits connected to alternate switches, means
for automatically causing temporary ener-
gization of said circuits alternately, and
means controlled by each switch for com-
pleting the actuating circuit for the sue-
ceeding switch.

10. In combination, a plurality of electric-
ally controlled switches, two actuating cir-
cuits connected to alternate switches, and a
two-position relay mechanism for automatic-
ally causing temporary energization of said
circuits alternately.

11. In combination, a plurality of electric-
ally controlled switches, two actuating cir-
cuits connected to alternate switches, and a
two-position relay controlling contacts on
each actuating circuit for automatically caus-
ing temporary energization of said actuating
circuits alternately.

12. In combination, a plurality of electric-
ally controlled switches, two actuating cir-
cuits connected to alternate switches, and a
relay controlling contacts in each actuating
circuit, which contacts ave closed, respec-
tively, when said relay is in its opposite ex-
treme positions.

13. In combination, an electric circuit, a
resistance therein, a plurality of electrically
controlled switches for short-circuiting said
resistance, actuating wires arranged to con-
trol alternate switches, and means for auto-
matically causing temporary energization of
said actuating wires alternately.

14. In combination, an electric circuit, a
resistance therein, a plurality of electrically
controlled switches for short-circuiting sec-
tions of said resistance, two actuating wires
arranged to control alternate switches, and
means for automatically causing temporary
energization of said actuating wires alter-
nately. :

15. In combination, an electric civcuit, a
vesistance therein, a plurality of electrically
controlled switches for short-circuiting sec-
tions of said resistance, two actuating wires
arranged to control alternate switches, and
electromagnetically operated means for
automatically causing temporary energiza-
tion of said actuating wires alternately.

16. In combination, an electric circuit, a
resistance therein, a plurality of electrically
controlled switches for short-circuiting sec-
tions of said resistance, two actuating wires
arranged to control alternate switches,
means for automatically causing temporary
energization of said actuating wires alter-
nately, and auxiliary switches in said actu-
ating wires controlled by said electrically
controlled switches for assuring the closing
of said last named switches in regular order.

17. In combination, an electric circuit, a
resistance therein, a plurality of electrically
controlled switches for short-circuiting sec-
tions of said resistance, two actuating wires
connected to alternate switches, means for
automatically causing temporary energiza-
tion of said wires alternately, and means
controlled by each switch except the last in
closing for completing the actuating circuit
for the succeeding switch.

18. In combination, an electric circuit, a
resistance therein, a plurality of electrically
controlled switches for controlling said re-
sistance, two actuating wires connected to
alternate switches, and a two-position relay
mechanism for automatically causing tem-
porary energization of said wires alter-
nately.

19. In combination, an electric circuit, a
resistance therein, a plurality of electrically
controlled switches for controlling said re-
sistance, two actuating wires connected to
alternate switches, and a two-position relay
controlling contacts in each actuating cir-
cuit for automatically causing temporary
energization of said actuating wires alter-
nately.

20. In combination, an electric cireuit, a
resistance therein, a plurality of electrically
controlled switches for controlling the con-
nections of said resistance in the circuit, two
actuating wires connected to alternate
switches, and a relay controlling contacts in
each actuating circuit, which contacts are
closed respectively when said relay is in its
opposite extreme positions.

In witness whereof I have hereunto set
my hand this 27th day of July, 1906.

WALTER O. LUM.

Witnesses:

Bexsamix B. Howr,
Grace M. Haniean,
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