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16 Claims. (CL 200---38)

This invention relates to time switches for controlling
repetitive operations which require progressively varying
time intervals.

It is. sometimes desired, in certain types of coin-
operated beverage dispensing machines, for example, to
withdraw repetitively a fixed amount of liquid from a
storage tank having an outlet through which the liquid
may flow under the influence of gravity and having a
valve for controlling such flow. When the tank is full,
the desired amount of liquid can be withdrawn by open-
ing the valve for a predetermined time interval. As the
tank empties, the liquid flows through the outlet at a
progressively slower rate.  Consequently, if equal
amounts of liquid are to be withdrawn at each operation,
the valve must be opened for progressively increasing
time intervals., A principal object of this invention is to
provide an improved time switch for controlling the valve
mechanism in such dispensing machines and for control-
ing other repetitive operations which require progres-
sively varying time intervals, Other objects and ad-
vantages of the invention will appear as the description
proceeds. : '

Briefly stated, in accordance with one aspect of the
invention, a time switch of the type described has an
actuator driven by a first timing motor, first and second
switching :mechanisms operated successively by motion
of the actuator, and means driven by a second timing
motor to move one of the switching mechanisms for
progressively varying the time interval between the re-
spective operations of the two switching mechanisms,
‘When used to control a beverage dispensing machine,
for example, operation of the first switching mechanism
may open a valve to let liquid flow from a storage tank,
and operation of the second switching mechanism may
close the valve. Significant advantages accrue from the

use of two separate timing motors, one to drive the actu- ;

ator and one to drive the means for adjusting the time
interval.

My invention will be better understood from the fol-
lowing description taken in connection with the accom-
panying drawings, and its scope will be pointed out in
the appended claims. In the drawings,

Fig. 1 is a front elevation of a time switch embodying
principles of my invention,

Fig. 2 is a top view of the same time switch, with
electrical switching mechanisms 6 and 7 removed, and

Fig. 3 is a schematic circuit diagram showing the time
switch connected to control the withdrawal of liquid
from a tank.

Referring now to Figs. 1 and 2 of the drawings, a cir-
cular actvator 1, having substantially the form of a spur
gear, is rotated clockwise about a stationary shaft 2 by
a pinion 3 driven by an electrical timing motor 4. The
actuator 1 has four recesses 5 cut into its periphery and
equally spaced apart thereon, as shown. The recesses 5
are cut into the front half only of the actuator, leaving
gear teeth behind the recesses to:engage pinion 3 as the
Aactuator rotates,
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Three electrical switches, 6, 7 and 8, are angularly
spaced apart around the periphery of actuator 1, and are
operated successively by each of the recesses 5 as the
actuator rotates. These electrical switches are of a con-
ventional type having switch arms, as shown, which ride
upon the periphery of actuator 1 and successively drop
into recesses 5§ as the actuator rotates to operate the
switches.

Switches 6 and 8 are fixed in position, and are attached
to the stationary back plate 9 by screws extending into
posts 10 and 11, respectively. Switch 7 is attached to a
movable mounting bracket 12 by screws extending into
posts 13. Bracket 12 is rotatable about shaft 2 to adjust
the spacing between switches 6 and 7. This spacing de-
termines the time interval between the respective opera-
tions of switches 6 and 7. Switch 8 controls the ending
of each timing cycle. For each complete cycle of opera-
tion, actuator 1 rotates through one-quarter revolution,
at the end of which the arm of switch 8 enters the next
recess 5.

A rotatable shaft 14 is supported by a bushing 15 at-
tached to back plate 9 and by a bracket 16 attached to
stationary bottom plate 17. A cam 18 and a gear 19
are attached to and rotate with shaft 14. The shaft 14
and cam 18 are rotated counterclockwise by an electrical
timing motor 20 through a friction clutch 21 and a gear
22 which engages gear 19, as shown. Motors 4 and 20
are preferably of a synchronous type and operate at a
constant speed ratio; but motor 4 operates at a much
faster speed so that cam 18 rotates by only a small frac-
tion of a revolution each time that actuator 1 turns
through one-quarter revolution to complete an operating
cycle of switches 6, 7 and 8.

A cam follower 23 is attached to one end of an arm
24 which is rotatable about shaft 2. Arm 24 is attached
to bracket 12 by a screw 285, so that arm 24 and bracket
12 rotate together. One end of a spring 26 is attached
to arm 24, and the other end of the spring is attached to
a lug 27 on the bottom plate 17, as shown. Spring 26
pulls arm 24 downward to keep cam follower 23 in en-
gagement with the periphery of cam 18. As cam 18 ro-
tates counterclockwise, cam follower 23 is forced upward
by the cam, and bracket 12 with switch 7 is rotated
clockwise about shaft 2. This increases the spacing be-
tween switches 6 and 7, and thus increases the time interval
between the respective operations of these two switches.

The exact size and shape of cam 18 are determined
by the requirements of each particular application. When
a time switch is desired which may be used in a number
of different applications, selectively, a number of inter-
changeable cams of different sizes and shapes may be
provided, each cam being designed for a specific set of
requirements, Also, the speed at which cam 18 rotates
may be changed, either by changing the speed of motor
20 or by changing the ratio of gears 19 and 22. This
might be done, for example, in adapting the time switch
to control the withdrawal of liquid from storage tanks of
different sizes. .

In general, where a progressively increasing time in-
terval is required, to control the withdrawal of liquid
flowing from a tank under the influence of gravity, for
example, a major portion of the cam 18 has a periphery
of progressively increasing radius, as shown. When the
tank is full, cam 18 is set to its position of minimum
radius with respect to the point where cam follower 23
engages its periphery. This provides a minimum time
interval between the respective operations of switches
6 and 7. During each cycle of operation, cam 18 is ro-
tated counterclockwise a small fraction of a revolution,
so that the time interval increases progressively as the
tank empties,
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A minor portion 18’ of the cam has a periphery of sub-
stantially uniform greater radius. The cam position
where cam follower 23 engages portion 18’ is reached
when the liquid storage tank is substantially empty.
When cam follower 23 engages-cam porticn 18’, the cam
follower is forced upward the maximum ameunt and
engages the arm of an electrical switch 28: The switch
28 is thereby operated, and it may be used to illuminate
a signal lamp or to initiate -any control action Whlch may
be desired when the tank is empty.

When the tank is refilled, cam 18 can be reset manually
to its starting position by turning a knob 29 attached to
the front of shaft 14. Friction clutch 21 permits this
to be done without turning motor 20. The cam ‘can also
be reset by electrical means, as is hereinafter-explained.
The latter means of resetting is especially desirabiz
when automatic refilling of the ‘tank is provided, or
when automatic control means are employed to swicth
to-another full tank after the first tank is emptiad.

An important advantage of my time switch is that the
amount of liquid to be withdrawn from the tank at each
op\.ratlon can be changed without making any changes
in cam 18 or its driving mechanism. For example, 25
sume that it is desired to double the amount of liquid
withdrawn at-each .operation. This can be done by re-
placing pinion 3 with a smaller pinion cf such size that
timing motor 4 rotates actuator 1 at one-half its former
speed. This change doubles the time interval between
the respective operations of switches 6 and 7, so that sub-
stantially twice as much liquid is withdrawn during cach
operation. The total cycle time during which actuator
1 is rotated one-quarter revolution is also doubled, and
since timing motor 20 rotates cam 18 at the same speed
as before, cam 18 rotates during each cycle through
twice as large an angle as was previously the case, so that
the changes in position of cam 18 continue to be cor-
rectly related to the changes in liquid level within the
storage tank. Consequently, once the cerrect size, shape
and speed of cam 18 have been selected for a storags
tank of given size and shape, no changes in the cam de-
sign are required when changes are made in the quantity
of liquid withdrawn at each operation.

To facilitate changing pinion 3, motor 4 is mounted
on a bracket 30 attached to back plate 9 by screws 31
which extend through a slot 32 in bracket 30. By loosen-
ing screws 31, motor 4 can be moved closer. to or farther
from actuator 1, selectively, to accomodate . pinions of
different sizes.

An alternative way to change the amount of liguid
withdrawn at each operation is to make motor 4 a two-
speed or muiti-speed motor, so that the speed of actuator
1 can be changed by electrical means whenever desired,
without changing pinion 3. Another alternative is to
use two timing motors operable selectively to rotate
actuator 1 at either of two different speeds.
example of how such electrical speed-changing means
may be useful, asume that a beverage dispensing machine
is required to deliver a small amount of beverage upon
the insertion of ten cents, and a larger amount of bev-
erage upon the insertion of fifteen cents. One electrical
circuit, energized by the coin mechanism of the dispens-
ing machine upon the receipt of ten cents, causes the tim-
ing motor to rotate actuator 1 at a relatively fast speed
to deliver a small amount of beverage. Another elec-
trical circuit, energized by the coin mechanism upon the
receipt of fifteen cents, causes the same or another timing
motor to rotate actuator 1 at a somewhat slower speed
to deliver a larger amount of beverage. Since cam 18 is
rotated by a separate timing motor of its own, as pre-
viously explained, the cam position is always changed in
correct proportion to changes in the level of liquid re-
maining in the storage tank, despite the fact that different
amounts of liquid may be withdrawn at different times.

Screw 25 extends through a slot 33 in arm 24 into a
threaded hole in bracket 12. To adjust the initial time in-
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terval between the respective operations of switches 6 and
7 when the liquid storage tank is full, screw 25 is loosened
and bracket 12 is adjusted to the correct position while
cam follower 23 engages the periphery of cam 18 at its
point of minimum radius. Screw 25 is then tightened,
and thereafter bracket 12 and arm 23 move together as
a single unit about shaft 2 to increase the time interval
between the switch operations as cam 18 rotates in cor-
respondence with changes in the liquid level within the
storage tank.

Fig. 3 shows a circuit using my time switch to control
the withdrawal of liquid from a storage tank 34. When
valve 35 is opened, liquid flows under the influence of
gravity from tank 34 through an outlet 36. Valve 35
is normally closed, but it may be opened when desired
by supplying electric current to energize a valve-operat-
ing solenoid 37.

Electric power from any suitable source is supplied
through leads 38 and 39. To withdraw a fixed amount of
liquid from the tank, a switch 40, biased to the raised posi-
tion shown, is closed downward momentarily to complete
a circuit which energizes a relay 41. In a coin-operated
dispensing machine, switch 40 may be a part of the con-
ventional coin-receiving mechanism. ‘A holding contact
42 keeps relay 41 energized after switch 40 returns to its
initial raised position. Now a circuit is completed through
relay contact 43 which supplies electric power to operate
the timing motors 4 and 20 simujtaneously. Motor 4 ro-
tates actuator 1 at a relatively fast speed, and motor 20
rotates cam 18 at a relatively slow speed, as hereinbefore
explained. When actuator 1 has been rotated sufficiently
to move the arm of switch 8 out of the actuator recess,
switch 8 is operated to the left from its initial position
shown in Fig. 3, and the holding circuit of relay 41 is
broken, whereupon the relay is deenergized and relay con-
tacts 42 and 43 open. At the same time, another circuit
is completed through switch 8 which supplies electric
power to motors 4 and 20, so that the two timing motors
continue to operate.

When the arm of switch 6 enters recess 5, switch 6
closes and completes a circuit which energizes solenoid 37
to open valve 35 and start the flow of liquid through out-
let 36.. Upon further rotation of actuator 1, switch 6
reopens, but solenoid 37 is kept energized by a holding
contact 44. After a time interval which depends upon
the spacing between switches 6 and 7, the arm of switch
7 enters recess 5 and switch 7 opens. This breaks the
circuit to solenoid 37, and deenergizes the solenoid to
close valve 35 and stop the flow of liquid through outlet
36. Motors 4 and 20 continue to operate until actuator
1 has completed one-quarter revolution, whereupon the
arm of switch 8 enters the next recess 5. All of the
switches are now back in their initial positions shown in
Fig. 3, and no further operation occurs until switch 40
is again closed downward.

When substantially all of the liquid has been withdrawn
from tank 34, cam 18 has rotated to a position where cam
follower 23 engages the cam portion 18’ having the great-
est radius. ‘The cam follower is raised by cam portion
18’ sufficiently to operate switch 28, which completes an
electric circuit to illuminate the signal lamp 45 and at
the same time opens the circuits to motor 4, solenoid 37
and relay 41. When the tank 34 is refilled, cam 18 must
be reset to its initial position. This can be done by closing
a switch 46 downward, which completes a circuit to oper-
ate motor 20 without operating motor 4. As motor 20
operates, cam 18 continues its counterclockwise rotation
until cam portion 18’ moves out of engagement with cam
follower 23, whereupon the cam follower is moved down-
ward by spring 26 into engagement with the minimum-
radius portion of cam 18. Now switch 28 returns to its
initial position, lamp 45 is extinguished, and switch 46
may be closed upward to restore the circuit to its inital
conditions.

Cam 18 rotates contmuously in the same direction as
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long as motor 20 operates, and no reverse rotation of the
‘cam is required for resefting purposes. The provisions
for operating motor 20 without operating motor 4 prevent
undesirable operations of valve 35 during the resetting
operation. Since the resetting operation may be accom-
plished wholly by electrical means, my time switch is
well suited to applications where means are provided for
refilling tank 34 automatically, or for transferring auto-
matically to another tank when the first tank has been
emptied.

My invention is not limited to the specific embodiment
herein illustrated and described. The following claims
are intended to cover all changes and modifications which
do not depart from the true spirit and scope of the in-
vention.

I claim:

1. A time switch comprising an actuator, a first timing
motor operable to move said actuator at a constant speed
and in repetitive cycles, first and second switch mecha-
nisms successively operated by movement of said actuator
through one of said cycles, and means including a second
timing motor operable to vary progressively the time in-
terval between the respective operations of said first and
second switch mechanisms.

2. A time switch comprising a rotatable actuator, a first
timing motor operable to rotate said actuator, first and
second switch mechanisms angularly spaced apart with re-
spect to the actuator axis and successively operated by
rotation of said actuator, and means including a second
timing motor operable to ‘move one of said switch mecha-
nisms around the axis of said actuator to vary the angular
spacing between said first and second switch mechanisms,
whereby the time interval between the respective opera-
tions of said first and second switch mechanisms is varied
progressively.

3. A time switch comprising a rotatable actuator hav-
ing at least one recess in its periphery, a first timing motor
operable to rotate said actuator, first and second electrical
* switches spaced apart around the periphery of said actu-
ator and operated successively by said recess as said actu-
aor rotates, a mounting bracket for one of said electrical
switches rotatable about the axis of said actuator, and
means including a second timing motor operable to rotate
said bracket to vary the spacing between said electrical
switches, whereby the time interval between the respective
operations of said first and second electrical switches is
varied progressively.

4. A time switch comprising a rotatable circular actua-
tor having a plurality of recesses equally spaced apart
around its periphery, a first timing motor operable to
rotate said actuator, first, second and third electrical
switches spaced apart around the periphery of said actua-
tor and operated successively by said recesses as said ac-
tuator rotates, circuit means operable to start said first
timing motor, circuit means stopping said first timing
motor upon operation of said third electrical switch, a
mounting bracket for said second electrical switch rotat-
able about the axis of said actuator, and means includ-
ing a second timing motor operable to rotate said bracket
to vary the spacing between said first and second elec-

trical switches, whereby the time interval between the ¢

respective operations of said first and second electrical
switches is varied progressively.

5. A time switch comprising an actuator, a first timing
motor operable to move said actuator, first and second
switch mechanisms successively operated by movement of
said actuator, a rotatable cam, a second timing motor op-
erable to rotate said cam, and cam follower means mov-
ing cne of said switch mechanisms upon rotation of said
cam to vary progressively the time interval between the
respective operations of said first and second switch
mechanisms.

6. A fime switch comprising a rotatable actuator, a first
timing motor operable to rotate said actuator, first and
second electrical switches angularly spaced apart with
respest to the actuator axis and successively operated by
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rotation of said actuator, a mounting bracket for one of
said electrical switches rotatable about said actuator axis
to vary the angular spacing between said first and second
electrical switches, a rotatable cam, a second timing motor
operable to rotate said cam, and a cam follower rotating
said bracket upon rotation of said cam, whereby the
time interval between the respective operations of said
first and second electrical switches is varied progressively.

7. A time switch comprising an actuator, a first tim-
ing motor operable to move said actuator, first and second
switch mechanisms successively operated by movement of
said actuator, means including a second timing motor
operable to vary progressively the time interval between
the respective operations of said first and second switch
mechanisms, circuit means for operating said first and
second timing motors simultaneously, and circuit means
for .operating said second timing motor without operat-
ing said first timing motor.

8. A time switch comprising an actuator, a first tim-
ing motor operable to move said actuator, first and sec-
ond switch mechanisms successively operated by move-
ment of said actuator, a continuously rotatable cam, a
second timing motor operable to rotate said cam, cam fol-
lower means moving one of said first and second switch
mechanisms upon rotation of said cam to vary progres-
sively the time interval between the respective opera-
tions of said first and second switch mechanisms, and an
additional switch mechanism operated upon each com-
plete rotation of said cam.

9. A time switch comprising an actuator, means op-
erable to move said actuator, first and second switch
mechanisms successively operated by movement of said
actuator, a cam, means operable to move said cam
simultaneously with the movement .of said actuator, cam
follower means moving one of said switch mechanisms
upon movement of said cam to vary progressively the time
interval between the respective operations of said first
and second switch mechanisms, and means for changing
the speed at which said actuator is moved without chang-
ing the speed at which said cam is moved.

10. A time switch comprising an actuator, means op-
erable to move said actuator, first and second switch
mechanisms successively operated by movement of said
actuator, a cam, means operable to move said cam
simultaneously with the movement of said actuator, cam
follower means moving one of said switch mechanisms
upon movement of said cam to vary progressively the
time interval between the respective operations of said
first and second switch mechanisms, and means for
changing the speed at which said cam is moved without
changing the speed at which said actuator is moved.

11. A time switch comprising an actuator, a first tim-
ing motor operable to move said actuator, first and sec-
ond switch mechanisms spaced apart and successively op-
erated by movement of said actuator, a rotatable cam,
a major portion of said cam having a periphery of pro-
gressively increasing radius, a minor portion of said cam
having a periphery of substantially uniform greater radius,
a second timing motor operable to rotate said cam, cam
follower means engaging the periphery of said cam and
progessively increasing the spacing between said first
and second switch mechanisms as said cam rotates to
positions of progressively increasing radius, whereby the
time interval between the respective operations of said
first and second switch mechanisms is progressively in-
creased, and an additional switch mechanism operated
by said cam follower means upon rotation of said cam to
said minor portion having a periphery of substantially
uniform greater radius.

12. A time switch comprising a rotatable circular ac-
tuator having a plurality of recesses equally spaced apart
around its periphery, a first timing motor operable to
rotate said actuator at a relatively fast speed, first, second
and third electrical switches spaced apart around the pe-
riphery of said actuator and operated successively by
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said recesses as said actuator rotates, circuit means op-
erable to start said first timing motor, circuit means stop-
ping said first timing motor upon operation of said third
electrical switch, a mounting bracket for said second elec-
trical switch rotatable about the axis of said actuator to
vary the spacing between said first and second electrical
switches, a continuously rotatable cam, a major por-
tion of said cam having a periphery of progressively in-
creasing radius, a minor portion of said cam having a pe-
riphery of substantially uniform radius greater than the
largest radius of said major portion, a second timing
motor operable to rotate said cam at a relatively slow
speed, cam follower means engaging the periphery of said
cam and rotating said bracket to increase progressively
the spacing between said first and second electrical
switches as said cam rotates to positions cf progressively
increasing radius with respect to the point of engage-
ment of said cam follower, whereby the time interval be-
tween the respective operations of said first and second
electrical switches is progressively increased, an addi-
tional electrical switch operated by said cam follower
means upon rotation of said cam to a position where said
cam follower engages said minor portion of said cam,
circuit means for operating said second timing motor

simultaneously with operation of said first timing motor, -

circuit means for operating said second timing motor
without operating said first timing motor, means for chang-
ing the speed at which said actuator is moved without
changing the speed at which said cam is moved, and

means for changing the speed at which said cam is <

moved without changing the speed at which said actuator
is moved.

13. A time switch comprising an actuator, a motor
operable to move said actuator at a constant rate of
speed and in' repetitive cycles, first and second switch
mechanisms successively operated by movement of said
actuator through one of said cycles, and means includ-
ing a motor operable automatically to vary the time
interval between the respective operations of said first
and second switch mechanisms from one amount during
one of said cycles to a different amount during the next
of said cycles.

14. A time switch comprising an actuator, means en-
gaging said actuator to move said actuator at a constant
rate of speed from a start position to a stop position,
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first and.second switch mechanisms successively operated
by movement of said actuator, one of said switch mecha-
nisms being movable relative to the other of said switch
mechanisms, and means operable automatically to move
one.of said switch mechanisms relative to the other of said
switch mechanisms during movement of said actuator
from said start position to said stop position.

15. A-time switch comprising a rotatable actuator hav-
ing at least one switch actuating means, a motor operable
to rotate said actuator at a constant rate of speed, first
and second switch mechanisms spaced apart around the
path of said switch actuating means and operated suc-
cessively by said switch actuating means as said -actuator
rotates, a mounting bracket for one of said switch mecha-
nisms rotatable about the axis of said actuator, and means
including a motor operable to rotate said bracket to
vary the spacing between said-switch mechanisms, where-
by the time interval between the respective operations of
said -first and second switch mechanisms is varied ac-
cording to a chosen pattern. ;

16. A time switch comprising an actuator, a first elec-
trical timing motor operable to move said actuator at
a constant rate of speed and in repetitive cycles, first
and second switch mechanisms operated by movement of
said actuator through one of said cycles, a second elec-
trical timing motor, and means operated by said second
electrical timing motor to vary the time interval be-
tween -the respective operations of said first and second
switch mechanisms from a first amount of time during
one of said cycles to succeeding amounts during the next
succeeding- ones of said cycles, said succeeding amounts
varying according to a non-linear pattern.
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