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United States Patent Office 3,360,092 
Patented Dec. 26, 1967 

1. 

3,360,092 
ELECTRONIC TIMER ESCAPEMENT AND 

CON COUNTER 
James L. McConnel, Stevensville, Mich., assignor to 

Whirlpool Corporation, Benton Harbor, Mich., a cor 
poration of Delaware 

Filed May 31, 1966, Ser. No. 559,649 
40 Claims. (C. 194-9) 

ABSTRACT OF THE DISCLOSURE 
A control circuit for home and/or coin-operated ap pliances such as washing machines, dry cleaning machines 

and clothes dryers which require different time intervals 
to accomplish respective individual functions wherein an 
electronic control circuit periodically energizes a motor 
for incremental rotation and wherein the periods between 
such motor energizations are varied. A pulse-generating 
circuit is combined with a sequential controller so that 
the width of the pulses is adjustable to provide variable 
sequential timing. 

This is a continuation-in-part application of Serial No. 
373,157 filed June 8, 1964, now forfeited. 
This invention relates generally to a control circuit for 

sequencing the operation of appliances and the like where 
in a plurality of functions are to be carried out for re 
spective time periods depending upon the type of ap 
pliance or the type of load to be supplied to the appliance. 
The invention is particularly intended to provide a con 
trol circuit of a basic design which is adaptable to the 
control of a line of home and/or coin-operated appliances 
such as washing machines, dry cleaning machines, and 
clothes dryers which require different time intervals to 
accomplish respective individual functions. 
In appliance control circuits of the type employing a 

series of timing cams, it has heretofore been common 
practice to manufacture a number of different cams for 
the various time intervals involved in the sequencing of 
the various types of appliances. As appliances become 
more complex and new types of appliances are added to 
a manufacturer's line, the number of different cams which 
must be produced has also increased. In an embodiment 
of the present invention a basic set of actuating cams 
is provided which may be moved at different rates at 
different parts of an operating cycle so as to provide any 
desired combination of timing sequences. The particular 
timing sequences for different appliances or for different 
operating cycles of a given appliance may be very simply 
determined, for example by the selection of particular 
resistance values in a bank of timing resistors which 
control the timing of the successive steps in an overall 
cycle of operation. 

It is therefore an object of this invention to provide 
a simple and economical appliance control circuit which 
is readily adapted to provide a variety of different timing 
Sequences. 

It is a further object of the invention to provide a timing 
control circuit which is also capable of performing a coin 
counting function in coin operated appliances. 
Another object is to provide an appliance control cir 

cuit having a high degree of flexibility as to available tim 
ing cycles and which is readily equipped with means for 
selecting different timing sequences. 

Still another object of the invention is to provide a 
combination timing and coil counting circuit which is 
readily adjusted so as to be actuated by different numbers 
of coins. 
Yet another object of the present invention is to pro 

vide a basic sequential timer control which can be used 
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to control the operation of various types of appliances 
and/or machines. 

Still another object of the present invention is to pro 
vide a sequential timer control which can be adapted to 
condition sensing devices, for example, water level sens 
ing devices, temperature sensing devices and pressure 
sensing devices, which devices will coact with the sequen 
tial timer control to control the operation of the appa 
ratus being controlled. 
A still further object of the present invention is to pro 

vide simple and efficient electronic switching means to 
control the energization of a drive motor. 

In the past, many appliances have been sequenced by 
means of a relatively expensive timing control requiring 
a high quality motor that would not vary appreciably in 
speed. Also, if the appliance was to be activated by the 
insertion of one or more coins, a separate coin counting 
and coin rejection control circuit was required. 
A feature of the present invention resides in the pro 

vision of an appliance control circuit which employs a 
relatively inexpensive shaded pole motor. 

Another feature of the invention involves the provision 
of an appliance control circuit having a timing mechanism 
which is advanced a predetermined increment in re 
sponse to each coin inserted into a coin mechanism and 
which automatically begins its normal timing cycle after 
a predetermined number of coins have been received, 
and which at the end of the sequential control cycle is 
automatically reset to a predetermined position in readi 
ness for a subsequent coin counting cycle. 
A further important feature of this invention involves 

the use of a pulse generating circuit in combination with 
a sequential controller wherein the width of the pulses is 
adjustable to provide variable sequential timing. The 
pulse width may be selected by an infinitely adjustable 
control operable by the user, if desired. 
Another feature of the present invention is the adapta 

tion of one or more condition sensing devices which are 
connected in circuit with an electronic timing circuit to 
coact therewith thereby sequencing the apparatus under 
control as a function of time as well as a function of one 
or more preselected conditions. . . . . . 

Yet another feature of the present invention is the use 
of a silicon controlled rectifier connected in series with a 
timer drive motor to initiate energization thereof. 
. These and other objects, features and advantages will 
become more fully realized and understood from the fol 
lowing detailed description when taken in conjunction with 
the accompanying drawings in which like reference nu 
merals through the various views of the drawings are in 
tended to designate similar elements or components and 
wherein: . . . 

FIGURE 1 is a schematic diagram showing an appli 
ance control circuit in accordance with this invention; 
FIGURE 2 is a detailed view showing the construction 

of a reed switch which is used in the control circuit of 
FIGURE 1; w 
FIGURE 3 is a detailed view showing the relation be 

tween the coin counting cam and the end-of-cycle reset 
ting can in the control circuit of FIGURE 1; 
FIGURE 4 is a schematic diagram illustrating a modi 

fied form of appliance control circuit in accordance with 
the present invention; 
FIGURE5 is a partial schematic diagram illustrating 

a modified form of the electric timing circuit shown in 
FIGURE 1; and 
FIGURE 6 is a schematic diagram illustrating a modi 

fied form of the motor energizing circuit of FIGURE 1. 
The appliance control circuit shown in FIGURE 1, is 

designed to be energized by a source of alternating cur 
rent through a pair of conductors 11 and 12. A main 
Switch 15 is closed to place the control in condition for 
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operation; however, in the illustrated embodiment a pre 
determined number of coins must be inserted into a coin 
mechanism after closure of switch 15 before the control 
begins its timing cycle. 
The insertion of each coin of the required denomination 

may momentarily actuate a switch 16. The switch 16 
serves to momentarily connect a capacitor 17 with a ca 
pacitor discharge circuit associated with stationary con 
tact 18 of the switch and then to reconnect the capacitor 
17 with its charging circuit extending through resistor 23 
to stationary contact 19 of the switch. 
A coin reject device is controlled by a solenoid 20, So 

long as the solenoid 20 is energized, coins are accepted 
and the switch 16 may be actuated by inserted coins. The 
solenoid energizing circuit extends through a variable re 
sistor 24 and is controlled by a switch 25. Each actua 
tion of coin operated switch 16 causes an incremental 
rotation of cam 26 until a point is reached where can 
26 shifts switch 25 to its upper position to deenergize 
solenoid 20 and thus to cause any further coins to be re 
turned without actuating coin Switch 16. 

With the actuation of switch 25 to its upper position by 
cam 26, a timing circuit 30 becomes effective. The timing 
circuit 30 comprises a plurality of resistors 31-35 and 
a plurality of sequentially operated switches 36-41 which 
are successively closed by respective sequencing cams 42 
47. Connected to a common circuit point 48 of the 
switches 42-47 is a zener reference diode 51 which serves 
to determine the input voltage to the timing circuit 36. 
D.C. line 52 is connected to circuit point 48 through a re 
sistor 53. A filter capacitor 54 is connected between the 
lines 12 and 52 to eliminate unwanted variations in the 
D.C. supply. The line 52 is connected to supply line 11 
through a rectifier 57, line 58 and switch 15. - 
An appliance is diagrammatically indicated in FIGURE 

1 by a dash line rectangle 60 and is indicated as having a 
series of electrically operated devices 6-63 for sequen 
tial activation during a cycle of operation of the ap 
pliance. A shaded pole motor is indicated at 65 for 
driving an output shaft represented by dotted line 66. 
The electrical devices 61-63 may comprise motors, 
pumps, relays and the like, and have electrical energiz 
ing circuits controlled by respective sequentially actuated 
switches 67-69. Mounted on the output shaft 66 of the 
motor 65 are cams 73-76 which control the respective 
switches 67-69. 
A toothed camwheel 77 is also driven by the output 

shaft 66 and serves to provide for an intermittent ener 
gization of the motor 65 during the timing cycle. During 
each increment of rotation of the output shaft 66 by the 
motor 65 a tooth of camwheel 77 shifts switch arm 72a 
of switch 78 to the left to engage stationary contact 79 
and then allows the switch arm to return to its initial 
right-hand position (under the impetus of suitable spring 
means, not shown) where it engages stationary contact 
80. The contact 80 is connected to the line 52 through a 
resistor 83, while the contact 79 is connected to a line 
84 through a resistor 85. The line 84 connects with a sta 
tionary contact 87 of the switch 25, and also with capaci 
tor 88 which is connected with the timing circuit 30 when 
switch 25 is actuated at the end of the coin counting cycle. 
A neon lamp 89 is coupled to capacitor 88 in a starting 
circuit and is arranged to conduct when the voltage across 
capacitor 88 reaches a predetermined value. The rate of 
charging of the capacitor to the predetermined voltage 
value is determined by the timing circuit 30. 
A relay device generally designated by reference numer 

all 90, has connected thereto a pair of windings 91 and 
92 for controlling actuation and deactuation of a reed 
Switch 93 which is in a motor energizing circuit. The de 
tails of construction of a suitable reed switch are indicated 
in FIGURE 2: As there indicated, the reed switch 93 may 
comprise a pair of reed-like contact arms 93a and 93b of 
magnetically soft material which are magnetized and 
close when subjected to a magnetic field of sufficient in 
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4 
tensity produced by one of the windings 91 and 92. The 
arms 93a and 93b may be of a spring material and 
rigidly fixed at 93c and 93d so as to automatically return 
to the open condition shown in FIGURE 2 when the at 
tracting force therebetween is removed. 
The magnet 95 provides a magnetic field of insufficient 

strength to actuate the switch93, but of sufficient strength 
to maintain the arms 93a and 93b in engagement once 
the arms are actuated to closed position by energization 
of one of the windings 91 and 92. 
The contact arms 93a and 93b may be released from 

their actuated condition by energization of winding 91 
with current of polarity to produce a magnetic field op 
posing that of the bias magnet 95 in the region of the con 
tact arms and of amplitude to produce a magnetic field 
substantially cancelling the magnetic field produced by the 
bias magnet 95 in the contact arms. 
The motor 65 has one lead thereof connected to the arm 

93a of the switch 93 and also to a contact 97 of a switch 
98, while the other lead of the motor 65 is connected to 
the line 12. The switch 98 is connected to the arm 93b 
of the switch 93 and to the line 58 to apply power there 
from to the motor 65 during predetermined times. 
The pair of magnetic coils 91 and 92 have one end 

thereof connected to the line 12, while the other end of 
the magnetic coil 92 is connected to one end of the dis 
charge device 89, and the other end of the magnetic coil 
9i is connected to the resistor 83 through a capacitor 
100. The capacitor 100 is shown connected to a pair of 
circuit points 103 and 104 which are connected to con 
tactors 18 and 80 respectively. 
The appliance 60 is readied for operation when the 

Switch 15 is closed applying power from the line 11 to 
the line 58 and through the rectifier 57 to the line 52. 
The electrical devices 61-63 of the appliance 60 will re 
main inoperative until the switches 67-69 are actuated 
at various time intervals by the sequencing cams 73-75. 
The pulsating D.C. applied to the line 52 will charge 
capacitor 54 to maintain a relatively constant D.C. volt 
age between lines 12 and 52. During the preconditioning 
time before and during inserting of coins or the use of 
other actuating means, the capacitor 17, connected to the 
contact 19 through the switch 16, is charged to the D.C. 
voltage of line 52 through the resistor 23. Also during the 
preconditioning time, the electromagnetic device 20 is 
energized through the switch 25, resistor 24, variable 
timing circuits 30 and resistor 53, thereby allowing the 
Switch 16 to be actuated by a coin. It should be noted at 
this time that one of the switches 36-41 must be closed 
at all times. At this time capacitors 88 and 100 are sub 
stantially fully discharged. 
By way of example and not by way of limitation the 

coin Switch 16 may require two coins to place the ap 
pliance 60 into operation. With the first coin, the switch 16, 
which is initially connected to the contactor 19, will be 
actuated and come in contact with the contactor 18 there 
by discharging the capacitor 17 through the magnetic coil 
91 of the switching device 90. This action will establish a 
magnetic field in the switch arms of the switch 93 causing 
them to make contact to thereby complete the motor ener. 
gizing circuit and apply power to the motor 65. When the 
switch 93 is closed the permanent magnet 95 will exert a 
Sufficient magnetic field adjacent to the switch93 to main 
tain its contact arms 93a and 93b in engagement without 
further currentflow passing through the coil 91. The motor 
65 will continue to rotate the shaft 66 until the switch 93 
is opened. While the incrementally movable cam 77 is ro 
tating, the Switch arm 72a is disconnected from contact 
80 removing the ground path from point 104, thereby al 
lowing the capacitor 100 to charge through the resistor 83 
and the magnetic coil 91. As the incrementally movable 
can 77 continues to rotate, the switch arm 72a will be 
again placed in contact with the contactor 80 to complete 
a terminating circuit and discharge the capacitor 100 
through the magnetic coil 91. This current flow through 
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the magnetic coil 91 is in such a direction as to create a 
magnetic field of polarity to overcome the magnetic field 
of the permanent magnet 95, thereby releasing the switch 
arms 93a and 93b to interrupt the motor energizing cir 
cuit and stop the motor 65. It can be seen that as the 
motor 65 advanced the indexing cam 77 through one in 
crement all the sequencing cams advance the same amount, 
which by way of example, can be one-twelfth of a com 
plete revolution. The coin switch 16, which makes mo 
mentary contact with the contactor 18, is again connected 
to the contactor 19 thereby allowing the capacitor 17 to 
recharge through the resistor 23 in readiness for a subse 
quent coin. 
When the second coin actuates the switch 16 and places 

it in contact with the contactor 18, the capacitor 17 will 
again discharge through the magnetic coil 91 to actuate 
the switch 93. Again, the permanent magnet 95 will hold 
the switch 93 in the closed position until a deemergizing 
signal is received. As the motor rotates, the incrementally 
movable cam 77 actuates the switch arm 72a to disconnect 
it from contact 80 removing the ground path from circuit 
point 104, thus allowing the capacitor 100 to charge 
through the resistor 83 and the magnetic coil 91. As the 
incrementally movable cam continues to advance, the 
switch arm 78 will again contact contactor 80, discharging 
the capacitor 100 through the magnetic coil 91 in the 
opposite direction from the preceding discharge path of 
capacitor 17. This action will again overcome the biasing 
force of the permanent magnet 95 thereby deactuating the 
switch 93 and stopping the motor 65. 

It has been noted that the sequencing cams 26, 42, 43, 
44, 45, 46, 47, 73, 74, 75, 76, and the indexing cam 77 
have advanced exactly two increments of the twelve in 
crements which comprise a complete revolution of the cam 
77. At this position of the sequencing cams, the cam 26 
has advanced to actuate the switch 25 thereby deener 
gizing the electromagnetic device 20 to cause rejection 
of any further coins inserted in the coin mechanism as 
sociated with switch 16. Also at this time, the cams in the 
timing circuit 30 have advanced to open the switch 41 
and close the Switch 40, thereby forming a charging path 
for the capacitor 88 through the switch 25, resistor 24, 
resistor 35, Switch 40 and resistor 53. The value of the 
capacitor 88, resistor 35, and resistor 24 will determine 
the time required to charge the capacitor 88 to a prede 
termined voltage (approximately 80 volts, for example). 
For purposes of illustration, cams 73-75 have been 

shown for controlling respective electrical devices 61-63 
of an appliance. By way of example, the electrical device 
61 may be energized by the closure of switch 67 when 
the cam 73 has indexed or moved to its second predeter 
mined position. If the electrical device 61 in the appliance 
60 is to be energized for a 12 minute period, the resistor 
35 may be chosen to have a value which allows the ca 
pacitor 88 to reach the predetermined voltage in three 
minutes and the cam 73 may be designed to maintain 
Switch 67 closed during four successive actuations of 
motor 65. The time required to energize the motor 65 and 
cause the rotation of the sequencing cams connected there 
to during each increment of rotation is comparatively 
short. Therefore, the total time which the electrical device 
61 is energized is controlled primarily by the number of 
times the motor is to be actuated and the time required 
to charge capacitor 88 between successive actuations. 

In operation, each timing cycle is controlled by the 
R.C. time constant of capacitor 88, resistor 24, and one or 
more of the resistors 31-35. As shown in the embodiment 
of FIGURE 1, as the resistance in series with capacitor 
88 is increased the time required to charge capacitor 88 
will also increase. By way of example, if sequencing 
cams 42-47 are so arranged as to have switch 40 close 
and resistor 35 in series with capacitor 88, the time re 
quired to charge capacitor 88 to the discharge voltage of 
neon lamp 89 may be three minutes. At the end of the 
three minutes interval capacitor 88 will discharge through 
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6 
the starting circuit, which includes neon lamp 89 and 
magnetic coil 92, to actuate reed switch 93, and com 
plete the motor energizing circuit, whirh, in turn, will 
energize motor 65 thereby advancing the sequencing cams 
in a similar manner as described hereinabove during the 
insertion of coins. In this instance, let us assume that 
switch 40 has opened and switch 39 has closed because of 
rotation of the sequencing cams 46 and 45. By this func 
tion resistor 35 is disconnected from the charging circuit 
capacitor 88, and resistor 34, which can have a larger 
value, is connected in the charging circuit of capacitor 88 
to provide increased charging time for capacitor 88. 

During the rotation of the sequencing cams in the tim 
ing circuit 30, the sequencing cams 73-76 are also rotated. 
By way of example, at the end of the sixth increment of 
rotation the switch 67 may be opened by the cam 73 and 
the switch 68 may be closed by the cam 74 thereby de 
energizing the electrical device 61 and energizing the elec 
trical device 62. Also at this time, the switch 40 may be 
opened by the cam 46 and the switch 39 may be closed 
by the cam 45 placing the resistor 34 in the charging cir 
cuit of the capacitor 88 to change the timing cycle be 
tween each increment of rotation. The electrical device 62 
will continue to be energized until the switch 68 is opened 
by the cam 74, at which time the electrical device 63 may 
be energized with switch 69 being held closed by the cam 
75. At the end of the cycle of the appilance 60 all the 
switches 67-69 will be open and the cam 76 will close 
the switch 98 causing the motor 65 to rotate continuously 
until all the cams connected thereto are in the reset or 
preconditioned position, which will place the coin-receiv 
ing means in readiness for a subsequent operation. 
FIGURE 3 illustrates the construction and relationship 

of the cams 26 and 27 mounted on the common shaft 66. 
The cam 26 has a lobe portion 112 which, by way of 
example, may extend for 26 of its circumference. The 
cam 76 can be constructed from a pair of symmetrical 
cam parts 113 and 114, which have lobe portions 115 
and 116 respectively. Securing means 119 and 120 engage 
shaft 66 to fix the positions of cam parts 113 and 114, 
respectively, relative to the shaft. An opening 122 be 
tween the lobes 115 and 116 can be adjusted to any 
desired angular extent between 0 and 180 degrees. 

If the appliance 60 is to require two coins before the 
Sequential operation starts, the cams 26 and 76 are in 
the preconditioned position as shown in FIGURE 3. 
When the first coin is inserted into the appliance coin 
mechanism, causing the switch 6 to be actuated, the 
cams 26 and 76 will rotate in the clockwise direction 
indicated for one increment. When the second coin is in 
Serted into the machine the switch 16 will again be actu 
ated to index the cams 26 and 76 a second time, thereby 
actuating the switch 25 which is adjacent to the cam 26. 
Although the cam 26 was positioned in a manner to re 
ceive two coins it is possible by adjusting the cam 
76 to place the cam 26 in an initial position to require 
one, two, three or four coins before an operating cycle 
begins. It will be understood that cams having more than 
twelve increments of movement can be used in an actual 
embodiment in accordance with the present invention, 
or that cam wheel 77 may be driven through gearing so 
as to make a complete revolution during movement of 
the other cams through a smaller arcuate distance. The 
Switch 25 will remain actuated for the remainder of the 
controlling cycle, which is represented by the region 
from position number 10 to position number 12 on the 
cams 26 and 76. At the end of the control cycle, posi 
tion 10 of the cam 76 will actuate the switch 98 causing 
the motor 65 to rotate the cams 26 and 76 until the 
Switch 98 is opened by the cam 76 at position 12 thereby 
completing one revolution of the sequencing cams. 

If one coin is required for the operation of the ap 
pliance 60, the cam 76 will have the lobe 115 thereof 
adjusted to increase the opening 122 so as to extend 
between the positions 1 and 10 of the cam part 114. 
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This would cause the timing motor to continue to rotate 
until the position 1 of cam part 114 was at the top as 
viewed in FIGURE 3. Therefore, only one coin would 
be required to move the cam 26 from an orientation with 
position 1 at the top to an orientation with position 2 
at the top. If three coins are required to initiate the 
operation of appliance 60 the lobe 115 of the cam 76 
will be adjusted so as to decrease the extent of the open 
ing 122. 

Summary of operation of FIGURE I 
When the appliance 60 is ready for operation, the tim 

ing motor 65 and sequencing cams connected thereto are 
in a preconditioned position. A given number of pulses 
from the coin counting switch 16 are required to set 
the appliance into a sequence of operation. After inser 
tion of a predetermined number and denomination of 
coins, the coin counting switch 16 is disabled and will 
reject any over amount of coins which may be inserted. 
When each coin is inserted the incrementally movable 
timing motor 65 will advance one increment, and after 
the last coin is inserted the timing motor will be incre 
mentally advanced to a position whereby the motor will 
be controlled by a timing circuit that can be adjusted 
for the desired operation. 
As the cams progress through increments of move 

ment during the sequence of operation, the timing cir 
cuit can be automatically varied during respective se 
quential operations by switching between different val 
ues of resistors in the timing circuit. 30. The motor 65 is 
energized and deenergized by a reed switch assembly 90 
which is controlled by a pair of discharge capacitors 88 
and 109, 
When the last sequence of operation is completed, the 

cam 76 will actuate the switch 98 to apply power to 
the motor 65 for a time sufficient to rotate the motor 65 
and the sequencing cams thereon to a preconditioned po 
sition in readiness for a subsequent operation. 
A modified form of the invention is shown in FIGURE 

4. In this embodiment, an appliance is indicated at 20 
having a plurality of electrical devices 202-204, which 
are to be operated by a plurality of switches 207-209 
having sequencing cams 212-214 adjacent thereto. A 
shaded pole motor 25 has one terminal thereof connected 
to a line 216 and the other terminal connected to a line 
217 through a switch 218. Shunting the switch 218 is 
a switch 221 which is operated by a cam 22. The switch 
218 is part of a relay device in the form of a reed switch 
assembly 225, which has a pair of magnetizing coils 226 
and 227 and a biasing permanent magnet 228 located 
therein. A transformer 230 has a primary winding 231 
-connected to the leads 216 and 217, and a secondary 
winding 232 which has a center tap 233. A pair of recti 
fiers 236 and 237 have their anodes connected to the outer 
leads of the secondary winding 232, and their cathodes 
connected to a common tie point on a line 238. Connected 
between the line 238 and the center tap 233 is the filter 
capacitor 239. Also connected to the anode electrode 
of the rectifier 236 is a plurality of resistors 240-244 
through a plurality of switches 245-250. The switches 
are controlled by sequencing cams 251-256 respectively. 
Also connected to the resistors 240-244 is the center 
tap 233 of the transformer 230 through a line 260 and 
an adjustable resistor 261. A start switch 257, which is 
actuated by cam 258, is placed in series with the center 
tap 233 and the switch of the timing circuit. 
The resistors 240-244 and resistor 261 are connected 

across one-half of the secondary winding 232 of the 
transformer 230 and develop alternating signals to be 
applied to the base electrode of a transistor 265. How 
ever, the alternating signal applied thereto is clamped to 
the potential of line 260 by a rectifier 266 connected 
between a resistor 267 and a capacitor 268. The emitter 
electrode of the transistor 265 is connected to the emitter 
electrode of a transistor 270 and a resistor 271, while 
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the collector electrode of the transistor 265 is connected 
to the line 238 through a resistor 272. The base of the 
transistor 270 is also connected to the collector electrode 
of the transistor 265 through a resistor 273 and a capaci 
tor 274 and to the line 260 through a resistor 275. Con 
nected to the collector electrode of the transistor 270 
is the line 238 through a resistor 278, and also a diode 279 
through a resistor 280. Connected to the other terminal 
of the diode 279 is the emitter electrode of a unijunction 
transistor 281. A capacitor 282 is arranged to receive a 
Series of pulses from the output of transistor 270 at the 
frequency of the output from transformer 230 to pro 
gressively charge the capacitor 282. The upper base of 
the unijunction transistor 281 has connected thereto the 
line 238 through a resistor 285, while the lower base 
of the unijunction transistor 281 is connected to the line 
260 through the magnetizing coil 227. A resistor 286 has 
one end thereof connected to the line 238 and the other 
end thereof connected to a line 287. 
A coin receiving device, which is used to initiate the 

operation of the appliance 201, has a switch 290 con 
nected to the line 260 through a capacitor 291 and an 
electro-magnetic device 292 which is operative to reject 
coins when deemergized. The switch 290 has a pair of 
stationary contacts 295 and 296. An incrementally mova 
ble cam wheel 301 is used to actuate the movable arm 
300a of switch 300 between contacts 298 and 299 while 
a sequencing cam 302 is used to actuate a switch 303 
connected to the electromagnetic device 292. A capacitor 
305 is connected between the resistor 286 and the mag 
netizing coil 226. 
The DC voltage between the lines 238 and 260 is used 

to charge the capacitors 282, 291 and 305, to energize 
the electromagnetic device 292 and to apply operating 
voltages to the transistors 265, 270 and 281. An AC signal 
from the lower terminal of the secondary winding 232 
is applied to one terminal of the capacitor 268 through 
one or more of the load resistors 240-244, while the 
diode 266 is connected between the center tap 233 of the 
transformer and the other terminal of the capacitor 268 
to prevent the potential at the other terminal from going 
appreciably below the potential of line 260. The potential 
at the lefthand terminal of capacitor 268 will vary from 
Zero (relative to line 260) to twice the amplitude of the 
AC signal applied to the righthand terminal of capacitor 
268. The signal supplied to transistor 265 can be de 
scribed as a sine wave with its negative peaks clamped 
to the potential of line 260. The transistor 265 is biased 
in the non-conductive state by a small positive DC volt 
age developed across the resistor 271, transistor 270 being 
in the conductive state. The transistor 265 will remain 
non-conductive until the incoming signal applied to the 
base thereof exceeds the small positive DC voltage ap 
plied to the emitter. Also during this time, the transistor 
270 is rendered conductive by the forward bias applied 
thereto from the voltage divider resistors 272, 273 and 
275. When the incoming voltage is greater than the DC 
voltage across the resistor 271, the transistor 265 will 
be rendered conductive regeneratively causing transistor 
270 to become non-conductive. During the time interval 
when the transistor 270 is non-conductive the capacitor 
282 will charge through resistors 278 and 280 and the 
rectifier 279. When the transistor 265 is switched to the 
non-conductive state by the incoming signal, transistor 
270 becomes conductive again and the capacitor 282 
will stop charging. Therefore, each time the transistor 
265 is rendered conductive by the incoming signal, the 
capacitor 282 will receive an increment of charge. When 
the charge across the capacitor 282 has reached ap 
proximately 15 volts, the unijunction transistor 281 will 
be rendered conductive to discharge the capacitor 282 
through the coil 227 of the switching device 225. This 
action will close the switch 218 and cause incremental 
rotation of the motor 215. 
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The incrementally movable cam wheel 301 will momen 

tarily actuate the switch 300 thereby completely dis 
'charging the capacitor 282 in readiness for a subsequent 
timing cycle and allowing the capacitor 305 to become 
charged through the resistor 286 and the coil 226. When 
the switch 300 is deactuated the capacitor 305 is dis 
charged through the coil 226 to produce a magnetic field 
of polarity to neutralize the bias magnetic field from mag 
net 228 to deactuate the switch 218 and stop the 
motor 215. 
The time required to charge the capacitor 282 suffi 

ciently to render the unijunction transistor 281 conduc 
tive is determined by the amplitude of the alternating 
signal applied to the capasitor 258, which in turn is 
varied by the resistors 240-244. If the amplitude of the 
controlling signal is small and only renders the transistor 
265 conductive for very short periods of time, the tran 
sistor 270 will be rendered non-conductive for equally 
short periods of time so that the capacitor 282 will re 
ceive relatively small increments of charge and will re 
quire a longer period of time to become charged to the 
firing voltage of transistor 231. The transistor 265 is 
rendered conductive for longer periods of time when 
the control signal applied thereto is of larger amplitude. 
This action will cause the transistor 270 to be rendered 
non-conductive for longer periods of time, thereby apply 
ing larger increments of charge to the capacitor 282 and 
decreasing the time intervals between actuators of motor 
2S. 

It can be seen therefore that by switching in resistors 
240-244 sequentially, the timing of the successive ap 
pliance cycles is readily controlled. It should also be 
noted that the cams 222 and 302 in conjuction with the 
switches 221 and 303 form a similar circuit to that 
shown in FIGURE 1 wherein the cams 26 and 76 are 
used in conjuction with the switches 25 and 98. 

Summary of operation of figure 4 
When the appliance 201 is ready for operation, the 

timing motor 215 and the sequencing cams connected 
thereto are in a preconditioned position. A given number 
of pulses from the coin counting switch 296 are required 
to set the appliance into a sequence of operation. After 
insertion of a predetermined number and denomination 
of coins the coin counting switch 290 is disabled and 
will reject any over amount of coins which may be in 
serted. When each coin is inserted, the incrementally 
movable timing motor 215 will advance one increment, 
and after the last coin has been inserted, the timing motor 
will be incrementally advanced to a position in which 
the motor will be controlled by a timing circuit that 
can be adjusted for the desired operation. 
The operation of the incrementally movable timing 

motor 215, the sequencing cams connected thereto, and 
the reed switch assembly 225 are similar to that of the 
timing motor 65 in conjunction with the sequencing 
cans thereon, and the reed switch assembly 90 described 
in the summary of operation of FIGURE 1. 

However, after the last coin is inserted, the timing 
motor will then be controlled by a transistor timing 
circuit thereby energizing a suitable motor which will 
incrementally move the sequencing cams through a com 
plete cycle of operation. 
A plurality of timing resistors 240-244 are selectively 

connected to the input of the timing circuit by a series 
of sequencing cams 251-256. When a low amplitude 
signal is applied to the input capacitor 268 a small charg 
ing pulse is applied to the capacitor 282 thereby re 
quiring a long period of time to render the unijunction 
transistor 281 conductive so as to actuate the reed switch 
assembly 225 and energize the timing motor 215. When 
a high amplitude signal is applied to the capacitor 268 a 
larger charging pulse is applied to the capacitor 282 
thereby requiring a shorter period of time to render the 
unijunction transistor 281 conductive so as to actuate 
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10 
the reed switch assembly 225 and energize the timing 
motor 215. 
As seen in FIGURE 5, the timing circuit 30 is modi 

fied to include a pluarality of switches 500, 501 and 502 
which are operated in response to condition sensing de 
vices connected thereto. For purposes of simplicity, the 
condition sensing devices per se are not shown, and 
therefore the phrase "condition sensing device' and 
the phrase "condition sensing switch” will refer to the 
switches 500, 501 and 502. 

For example, the normally open condition sensing 
switch 500 may be responsive to temperature which is 
sensed from the heated exhaust air of the appliance dur 
ing the drying cycle. When used in this manner, the 
switch 500 will remain open during the drying cycle 
until the clothes being treated are dried to a predeter. 
mined level. Thereafter, the switch 500 will close com 
pleting the timing circuit through resistor 33 and charg 
ing capacitor 88 to continue the drying cycle for a pre 
selected interval to insure complete drying of the clothes. 
The condition sensing switch 501 is connected in cir 
cuit with the timing circuit 30' and replaces the resistor 
32. Therefore, closing the normally open switch 501 
will rapidly charge the timing capacitor 88 which, in 
turn, will energize the drive motor 65 to advance the 
sequencing elements or cams connected thereto. The 
sequencing switch 501 may be responsive to the water 
level of the appliance being controlled. Furthermore, 
the sequencing switch 502 may be responsive to tem 
perature of the clothes being treated. The sequencing 
switch 502 is connected in shunt relation with the re 
sistor 531 thereby initially providing a time responsive 
sequence which is terminated when a preselected condi 
tion is sensed. For example, the condition sensing switch 
502 may be used in the cool down cycle of the appliance 
where a preselected time interval for the cycle is estab 
lished by the resistor 531 and wherein the cool down 
cycle is terminated prior to the expiration of the time 
interval should the fabric temperature reach a pre 
determined level prior to the completion of the cool 
down cycle. 

It will be understood that various types of condition 
sensing devices may be associated with the timing circuit 
30. For example, devices responsive to temperature, pres 
sure, light or vibration may be connected to the timing 
circuit 30' as desired to obtain the required results. 
To further increase the flexibility of the timing circuit 

30, one or more of the resistors associated therewith may 
be variable. For example, the resistor 34 is replaced with 
a variable resistor 534 which may be used to vary the time 
duration of the wash cycle. 
FIGURE 6 shows a modified circuit arrangement of 

the sequencing control circuit of FIGURE 1 which in 
cludes the modified timing circuit 30' of FIGURE 5. The 
drive mechanism start circuit is substantially the same as 
that shown in FIGURE 1 in that the neon lamp 89 is fired 
in response to a predetermined voltage charge across the 
charging capacitor 88. The starting pulse created by the 
ionization of the neon lamp 89 is used to trigger an elec 
tronic switching device, as will be described in full detail 
hereinbelow. 
The diode 57 of FIGURE 1 is removed and replaced 

with a diode 600 connected in series with the line 12. A 
diode 601 has its anode connected to the line 12' and its 
cathode connected to a line 602 which, in turn, is con 
nected to one end of the drive mechanism 65. A Zener 
diode 603 is connected in shunt relation with the timing 
circuit 30' and the charging capacitor 88 to maintain the 
voltage drop thereacross substantially constant. Therefore, 
variations in line potential will not affect the timing cir 
cuit 30 and the timing function thereof. 
A charging diode 604 has its anode connected to the 

line 58 and its cathode connected to one end of capacitor 
54 to provide a low resistance charge path for the capaci 
tor 54. A resistor 606 is connected in shunt relation to 
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the diode 604 to provide a high resistance discharge path 
for the capacitor 54, as will be explained hereinbelow. 
A current limiting resistor 607 has one end thereof con 

nected to the resistor 606 and the cathode of the diode 
604 and the other end thereof connected to the timing cir 
cuit 30'. 
To insure that the charging capacitor 88 is fully dis 

charged at the end of each timing cycle so that the next 
preceding timing cycle will start at a Zero reference, a dis 
charge diode 608 is connected between the capacitor 88 
and the circuit point between the resistors 606 and 607. 
The magnetically operated switch 93 of the magnetic 

actuating device 90, of FIGURE 1, is replaced with a sili 
con controlled rectifier 609 which now forms the ener 
gizing circuit for the drive mechanism 65'. The provision 
of the silicon controlled rectifier 609 greatly simplifies 
the circuit arrangement of the sequencing control circuit 
and also increases the reliability thereof. A capacitor 610 
is connected in shunt relation with the silicon controlled 
rectifier 609 and together with the diode 601 provide a 
transient suppression circuit to ensure proper perform 
ance of the silicon controlled rectifier 609. 
To terminate the operation of the drive mechanism 

65 a terminating circuit including a terminating switch 
611 is also connected in shunt relation with the silicon 
controlled rectifier 609, and the switch 611 is operated 
by a cam 612 which, in turn, is connected to the drive 
mechanism 65' for rotation thereby. 
The gate electrode of silicon controlled rectifier 609 is 

connected to the charging capacitor 88 through the neon 
lamp 89. Therefore, ionization of the neon lamp 89 will 
deliver a triggering pulse to the gate electrode of silicon 
controlled rectifier 609 to render the silicon controlled 
rectifier conductive. This action will energize the drive 
mechanism 65 and cause the cam 612 to rotate sufficient 
to close the terminating switch 61i. Upon closing of the 
switch 611, all of the energizing current for the drive 
mechanism 65 will pass through the switch 611 thereby 
decreasing the current flow through the silicon controlled 
rectifier 609 below its characteristic holding current to 
render the silicon controlled rectifier non-conductive. The 
drive mechanism 65' will continue to rotate until the 
terminating switch 611 is opened by the cam 612 to re 
move the energizing current from the mechanism. 65. 

For purposes of simplicity, the coin counting mecha 
nism of FIGURE 1 is not shown in the modified circuit 
arrangement of FIGURE 6. However, it will be under 
stood that such a coin counting mechanism can be incor 
porated in the arrangement of FIGURE 6 if desired. 

Summary of operation of FIGURE 6 
When AC current is applied between lines 58 and 12, 

only the positive half-cycles are impressed across the lines 
58 and 12' due to the action of the blocking diode 600. 
The positive pulses are applied to capacitor 54 through 
the charging diode 604. The charging diode 604 provides 
a low resistance charge path for the capacitor 54. 
The timing circuit 30' is connected across the DC po 

tential of the capacitor 54 through the current limiting 
resistor 697. The resistance of resistor 607 is relatively 
high as compared to the low resistance path through the 
blocking diode 604 to further provide a high resistance 
discharge path for the capacitor 54. However, it will be 
understood that the resistance of the resistor 607 is rela 
tively low as compared to the sequence timing resistors 35, 
534, 33 and 531 of the timing circuit 30'. Therefore, when 
either switch 41 or switches 37 and 501 are closed, the 
timing capacitor 88 will charge rapidly through resistor 
607, timing circuit 30', and the motor 65. After capacitor 
88 has charged, it will ionize neon lamp 89 which will 
energize the silicon controlled rectifier 609 through its 
gate electrode. 
The starting circuit, which comprises neon lamp 89, 

will render the silicon controlled rectifier 609 conductive 
when the charge across the timing capacitor 88 has 
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reached the ionization potential of the neon lamp. There 
fore, during the positive half-cycles, as sensed by line 58, 
energizing current will be delivered to the drive mecha 
nism 65. However, during the negative half-cycles on 
line 58 energizing current is not delivered to the drive 
mechanism 65'. The design of the drive mechanism 
65 is such that it will operate when energized by 
the intermittent half-wave current supplied only during 
the positive half-cycle on line 58. To ensure that the 
silicon controlled rectifier will remain conductive during 
the negative half-cycles of line 58, and to ensure that the 
silicon controlled rectifier 609 will be rendered conductive 
during such time, when a trigger pulse is applied to the 
gate electrode thereof, a hoiding current path is provided. 
This holding current path is from the positive side of the 
capacitor 54 through resistor 606 and then through the 
silicon controlled rectifier to the negative side of the 
capacitor 54. 

During the time interval when silicon controlled rectifier 
609 is conductive, a discharge path for timing capacitor 
88 is provided through the discharge diode 608, resistor 
606 and silicon controlled rectifier 609 thereby completely 
discharging the timing capacitor 88. Therefore, when the 
operation of the drive mechanism 65' is terminated, the 
charging capacitor 88 is ready to receive charging current 
through the charging circuit 30' and to time the next se 
quence of operation. This circuit arrangement compensates 
for the relatively high deionization potential of neon lamp 
89. That is, the neon lamp 89 will become non-conductive 
before the timing capacitor 88 is completely discharged, 
and therefore, it is necessary to remove the remaining 
charge on capacitor 88. 
As mentioned hereinabove, when the silicon controlled 

rectifier 609 is rendered conductive, the drive mechanism 
65 is energized. This action will advance the sequencing 
elements for cams connected to the drive mechanism to 
shift the operation from one of the controlled circuit 
elements 6-63 to another one of the controlled circuit 
elements 61-63. Also, during the energization of the drive 
mechanism 65' the cam 62, which is analogous to the 
cam 77 of FIGURE 1, is rotated to close the switch 6. 
Therefore, all of the energizing current delivered to the 
drive mechanism 65' passes through the switch 611 and 
the current passing through the silicon controlled rectifier 
609 will drop below the required holding current thereof 
thereby rendering the silicon controlled rectifier non 
conductive. The drive mechanishm 65' will continue to 
rotate until the switch 61 is opened by the action of the 
cam 612 which will terminate the operation of the drive 
mechanism 65'. 
The capacitor 610, which is connected in parallel with 

the silicon controlled rectifier 609, and the diode 601 are 
combined to form a transient suppression circuit thereby 
improving the reliability of the control system. 
The circuit arrangement as shown in FIGURE 6 pro 

vides a new and improved timing and sequencing control 
circuit which utilizes a simple and inexpensive drive 
mechanism. It will be understood that the arcuate travel 
between each step or advance of the drive mechanism 
may be kept small by providing many lobes on the cam 
612. This feature will enable the sequencing and control 
circuit of the present invention to provide many machine 
functions in a single 360° rotation of the drive mechanism. 
Although the Switch 611 is shown as cam operated, it will 
be understood that a switch contact may engage a mov 
able wiper arm or commutator connected directly to the 
drive mechanism, if desired. 

Therefore, the present invention provides a new and 
improved timing and sequencing control system which 
simplifies the construction and operation of an appliance. 
Although the present invention has been described in con 
nection with the appliances such as washers and driers, it 
is not to be construed as limited solely thereto. Variations 
and modifications may be effected without departing from 
the spiirt and scope of the novel concepts of this invention. 



3,360,092 
13 

The embodiments of the invention in which an ex 
clusive property or privilege is claimed are defined as 
follows: 

1. In an appliance control circuit having an incremen 
tally movable timer device for controlling the duration of 
a cycle of operation of an appliance and having switch 
means for actuation a predetermined number of times as 
a precondition to operation of the appliance, 

precondition means requiring actuation as a precon 
dition to setting of said appliance in operation, 

timer control means controlling actuation of said 
timer device and responsive to actuation of said 
switch means to step said timer device through an 
increment of movement, 

timer actuation responsive means coupled to said pre 
condition means and to said timer device and respon 
sive to a predetermined number of increments of 
movement of said timer device to actuate said pre 
condition means, and 

means under the control of said precondition means for 
thereafter enabling the automatic cycling of said 
timer device to control the duration of a cycle of 
operation of the appliance. 

2. In an appliance control circuit as defined in claim 
1, means driven by said timer device and controlling the 
end of cycle position of said timer device and being ad 
justable to vary the end of cycle position of said timer 
device to correspondingly vary the number of actuations 
of said switch means required to actuate said precondi 
tion means. 

3. In an appliance control circuit as defined in claim 
1, said timer control means comprising: 
a reed switch assembly having timer control contact 
means controlling energization of said timer device, 

means responsive to closure of said switch to actuate 
said reed switch assembly and close said timer con 
trol contact means thereof, 

said reed switch assembly having a bias means for pro 
ducing a magnetic field of strength to hold said timer 
control contact means in closed condition, 

said reed switch assembly having a winding for ener 
gization to produce a release magnetic field overcom 
ing the holding effect of said bias means to release 
said contact means, and 

said timer control means further comprising: 
means coupled with said timer device and respon 

sive to each incremental movement thereof to 
supply a release current pulse to said winding of 
said reed switch assembly of polarity to release 
said timer control contact means thereof. 

4. In an appliance control circuit as defined in claim 
3 and further characterized by said switch closure respon 
sive means supplying actuating current pulses to said 
winding of said reed switch assembly of polarity to close 
said timer control contact means thereof. 

5. In an appliance control circuit, 
a timer device for actuation step-by-step to drive a 

plurality of sequencing elements of an appliance, 
relay means controlling energization of said timer de 

vice and having first and second energizing circuits, 
a first switch controlling said first energizing circuit 

of said relay means, 
a second switch controlling said second energizing cir 

cuit of said relay means, 
means for actuating said first switch a predetermined -- 
number of times in response to fulfillment of a pre 
determined condition to actuate said relay means and 
thus actuate said timer device a corresponding num 
ber of times, and 

means controlling said second switch and responsive 
to actuation of said timer device said predetermined 
number of times to actuate said second switch. 

6. In an appliance control circuit, 
a timer device for actuation step-by-step to drive a 

plurality of sequencing elements of an appliance, 
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14 
relay means controlling energization of said timer de 

vice and having first and second energizing circuits, 
a first Switch controlling said first energizing circuit 

of Said relay means, 
a second switch, 
receiving means for actuating said first switch in re 

sponse to fulfillment of a predetermined condition to 
actuate said relay means and thus said timer device, 

means controlling said second switch and responsive to 
actuation of said timer device to actuate said second 
switch, 

a timing circuit controlled by said second switch and 
controlling the Supply of energy to said second en 
ergizing circuit of said relay means to actuate said 
relay means by means of said second energizing cir 
cuit a predetermined time after actuation of said 
second switch, and 

means responsive to a predetermined number of actua 
tions of said timer device to change the time delay 
provided by said timing circuit. 

7. In an appliance control circuit, 
a series of sequencing elements for movement to control 

the operation of an appliance, 
a rotatable timer drive device for driving said sequenc 

ing elements and having an energizing circuit, 
timer operating means controlling said energizing cir 

cuit of said timer drive device and operable to incre 
mentally actuate said timer drive device, and 

a timing circuit providing a variable timing interval be 
tween the incremental actuations of said rotatable 
timer drive device for controlling operation of said 
sequencing elements. 

8. In an appliance control circuit, 
a series of sequencing elements for movement to 

sequence the operation of an appliance, 
a rotatable timer drive device for driving said sequenc 

ing elements and having an energizing circuit, 
a relay controlling said energizing circuit of said timer 

drive device and having a relay actuating circuit 
operable to incrementally actuate said rotatable timer 
drive device, 

a timing circuit providing a variable timing interval 
between the incremental actuations of said rotatable 
timer drive device for controlling the operation of 
said sequencing elements, 

said timing circuit having a plurality of time interval 
control elements, and 

means responsive to rotational movement of said 
rotatable timer drive device to connect different ones 
of Said time interval control elements in said timing 
circuit at respective times in the operation of said 
rotatable timer drive device. 

9. In an appliance control circuit, 
a series of sequencing elements for movement to con 

trol the operation of an appliance, 
a rotatable timer drive device for driving said sequencing 

elements and having an energizing circuit, 
timer operating means controlling said energizing cir 

cuit of said rotatable timer drive device and operable 
to incrementally actuate said rotatable timer drive 
device, 

a timing circuit providing a variable timing interval 
between the incremental actuations of said rotatable 
timer drive device for controlling the operation of 
said sequencing elements, 

said timing circuit having a plurality of time interval 
control elements, and 

means responsive to movement of said rotatable timer 
drive device to connect different ones of said time 
interval control elements in said timing circuit at 
respective times in the operation of said rotatable 
timer drive device. 

10. In an appliance control circuit, 
a Series of sequencing elements for movement to con 

trol successive steps in the operation of an appliance, 
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a motor for driving said sequencing elements and 
having an energizing circuit, 

timer operating means controlling said energizing cir 
cuit of said motor and operable to incrementally 
actuate said motor, 

a timing circuit providing a variable timing interval and 
controlling said timer operating means to vary the 
speed of operation of said sequencing elements, 

said timing circuit being controlled by a plurality of 
variable width pulses and providing timing intervals 
in accordance with the width of said pulses, and 

means responsive to said motor to vary the width of 
said variable width pulses in successive portions of 
the operating cycle of said motor. 

11. In an appliance control circuit, 
a series of sequencing elements for movement to vary 

the operation of an appliance, 
a motor for driving said sequencing elements, and 

having an energizing circuit, 
a relay controlling said energizing circuit of said motor 

and having a relay actuating circuit, 
a timing circuit providing a variable timing interval 

and controlling said relay actuating circuit to vary 
the speed of operation of said sequencing elements, 
said timing circuit being controlled by a series of 
variable width pulses, and 

means for adjusting the width of said variable width 
pulses to correspondingly adjust the speed of opera 
tion of said sequencing elements. 

12. In an appliance control circuit having an incre 
mentally movable timer device for controlling the duration 
of a cycle of operation of an appliance and having a 
switch for actuation a plurality of times as a precondition 
to operation of the appliance, 

precondition means requiring actuation as a precondi 
tion to setting of said appliance in operation, 

control means controlling actuation of said timer device 
and responsive to each actuation of said switch to 
step said timer device through an increment of move 
ment, 

timer actuation responsive means coupled to said pre 
condition means and to said timer device and respon 
sive to a predetermined number of increments of 
movement of said timer device to actuate said pre 
condition means, 

means under the control of said precondition means 
for thereafter enabling the automatic cycling of said 
timer device to control the duration of a cycle of 
operation of the appliance, and 

means responsive to actuation of said precondition 
means to disable said switch. 

13. In an appliance, 
a step-by-step timer device having an actuating circuit, 
a coin-counting circuit having a coin Switch for actua 

tion a predetermined number of times by coins, 
a relay controlling said actuating circuit of said timer 

device and having a start circuit energized each 
time said coin switch is actuated, 

means for holding said relay actuated after actuation 
thereof, 

means for releasing said relay, 
means responsive to an increment of movement of 

said timer device to momentarily energize said relay 
release means to release said relay, 

means for enabling operation of said appliance in re 
sponse to a predetermined number of incremental 
movements of said timer device, and 

means in said appliance controlled by said timer de 
vice during normal operation of said appliance. 

14. In an appliance, 
a step-by-step timer device having an actuating cir 

cuit, 
a coin-counting circuit having a coin Switch for actua 

tion a predetermined number of times by coins, 
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reed type relay means having reed operated contacts 

controlling said actuating circuit of said timer de 
vice and having a start winding for energization 
each time said coin switch is actuated and having a 
permanent magnet for holding said reed contacts 
closed upon engagement thereof by energization of 
said start winding, 

means for releasing said relay means, 
means responsive to an incremental movement of said 

timer device to momentarily energize said releasing 
means to release said relay means, 

means for controlling the normal operation of said 
appliance in response to a predetermined number of 
incremental movements of said timer device, and 

means in said appliance controlled by said timer de 
vice during normal operation of said appliance. 

15. In an appliance, 
a step-by-step timer device comprising: 

a motor having an alternating current actuating 
circuit, 

a series of sequencing elements driven by said 
motor, relay means controlling said alternating 
current actuating circuit of said motor and hav 
ing a start circuit for periodic energization dur 
ing operation of the appliance in response to 
the position of said sequencing elements to in 
crementally actuate said motor, and 

means responsive to movement of said motor at 
the end of a cycle of operation to automatically 
interrupt said start circuit. 

16. An appliance, 
control system comprising: 

a step-by-step timer device having an actuating 
circuit, 

relay means controlling said actuating circuit of 
said timer device and having actuating means 
controlling actuation of said relay means, 

means for holding said relay means actuated after 
actuation thereof for a limited time interval, 

time delay means providing a time delay and op 
erable after said time delay to energize said 
actuating means after each movement of said 
timer device, and 

means responsive to said timing device for auto 
matically changing the time delay provided by 
said time delay means in respective parts of 
the appliance cycle. 

17. In an appliance, 
a step-by-step timer device having an actuating circuit, 
initiating means actuatable to initiate operation of 

said appliance, 
relay means controlling said actuating circuit of said 

timer device and having a start circuit engaged each 
time said initiating means is actuated, 

means for holding said relay means actuated after 
actuation thereof, 

means for releasing said relay means, 
means responsive to an increment of movement of 

said timer device to momentarily energize said re 
leasing means to release said relay means, 

means for enabling normal operation of said appliance 
and actuated in response to a predetermined number 
of increments of movement of said timer device, 

means in said appliance controlled by said timer de 
vice during normal operation of said appliance, and 

a variable timing circuit controlling the speed of op 
eration of said timer device and selectively adjustable 
to vary the duration of the operating cycle of the 
appliance. 

18. In an appliance, 
a step-by-step timer device having an actuating cir 

cuit, 
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relay means controlling said actuating circuit of said 
timer device and having a start circuit for actuation 
to operate said timer device, 

means for holding said relay means actuated after 
actuation thereof, 

means for releasing said relay means, 
means responsive to an increment of movement of 

said timer device to momentarily energize said re 
leasing means to release said relay means, 

a variable timing circuit controlling actuation of said 
start circuit and adjustable for selectively changing 
the speed of operation of said timer device, and 

Sequencing elements driven by said timer device and 
having rates of advance which are collectively varied 
by adjustment of said variable timing circuit. 

19. In an appliance, 
a step-by-step timer device having an actuating cir 

cuit, 
a coin counting circuit having a coin switch for actua 

tion a predetermined number of times, 
relay means controlling said actuating circuit of said 

timer device and having a start circuit which is 
energized each time said coin switch is actuated, 

means for holding said relay means actuated after 
actuation thereof, 

means for releasing said relay means, 
means responsive to an increment of movement of said 

timer device to momentarily energize said releasing 
means to release said relay means, 

a coin rejection means, and 
means responsive to a predetermined number of in 

cremental movements of said timer device to actuate 
said coin rejection means. 

20. In an appliance control circuit, 
a timer device for actuation step-by-step to drive a 

plurality of sequencing elements of an appliance, 
relay means controlling energization of said timer de 

vice and having first and second energizing circuits, 
a first switch controlling said first energizing circuit 

of said relay means, 
a Second Switch controlling said second energizing cir 

cuit of said relay means, 
receiving means for actuating said first switch a pre 

determined number of times in response to fulfillment 
of a predetermined condition to actuate said relay 
means and thus actuate said timer device a corre sponding number of times, 

means controlling said second switch and responsive 
to actuation of said timer device said predetermined 
number of times to actuate said second switch, and 

means responsive to the movement of said timer device 
to a position near the end of its cycle to energize 
Said timer device independently of said relay means 
until Said timer device moves to a predetermined 
initial position from which said predetermined num 
ber of actuations of said timer device is required 
before actuation of said second switch to reset said 
timer device at the end of the appliance cycle. 

21. In an appliance control circuit having an incre 
mentally movable timer device for controlling a cycle 
of operation of an appliance and having a switch for actu 
ation a plurality of times as a precondition to operation 
of the appliance, 

precondition means requiring actuation as precondition 
to Setting of said appliance in operation, 

timer control means controlling actuation of said timer 
device and responsive to each actuation of said 
Switch to step said timer device through an increment 
of movement, 

timer actuation responsive means coupled to said pre 
condition means and to said timer device and re 
sponsive to a predetermined number of increments of 
movements of said timer device to actuate said pre 
condition means, 
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means under the control of said precondition means 

for thereafter enabling the automatic cycling of said 
timer device to control a cycle of operation of the 
appliance, and 

means responsive to the timer device reaching a point 
near the end of its cycle to continuously energize 
said timer device for continuous movement thereof 
to a reset position. 

22. In an appliance, 
a timer motor means having an output means and op 

erable for counting coins and for driving timing ele 
ments of said appliance, - 

means for stepping said output means of said timer 
motor from a reset position to a cycle start position 
in response to receipt of a predetermined number of 
coins and for thereafter stepping said timer motor 
until an end of cycle position of said motor. output 
means is reached, and . . . . 

means for continuously energizing said motor and re 
sponsive to movement of said motor output means to 
said end of cycle position to initiate continuous 
energization of said motor in response to the motor 
output means reaching said reset position to inter 
rupt energization of said motor. 

23. In a machine control circuit, 
a plurality of sequencing elements for movement to 

control the operation of a machine, 
drive means periodically advanced in increments for 

driving said sequencing elements, 
an energizing circuit for supplying electrical energy to 

said drive means for actuation thereof and includ 
ing energizing circuit control means for controlling 
the energization of said energizing circuit, 

a starting circuit for controlling the energizing circuit 
control means, . . . . 

a timing circuit periodically completing said starting 
circuit for closing said energizing circuit through 
said energizing circuit control means and energizing 
said drive means, and 

a terminating circuit including means operated by the 
actuation of said drive means for opening said en 
ergizing circuit through said energizing circuit con 
trol means to deactuate said drive means. 

24. The machine control circuit. of claim. 23. 
wherein said energizing circuit control means includes 

a selectively conductive silicon controlled rectifier, 
and 

wherein said starting circuit includes a gate circuit con 
nected to said silicon controlled rectifier for con 
trolling the conductive state thereof. 

25. The machine control circuit of claim 24 
wherein said terminating circuit is a shunt circuit in 

parallel with said silicon controlled rectifier, and 
wherein said means operated by the actuation of said 

drive means is a cam operated switch for closing 
said shunt circuit in response to rotation of said drive 
means to continue the supply of electrical energy 
to said drive means while deemergizing said energiz 
ing circuit, said cam operated switch opening said 
shunt circuit upon further rotation of said drive means 
to deactuate said drive means. 

26. The machine control circuit of claim 23 
wherein said energizing circuit control means includes 

a magnetically operated switch means, and 
wherein said starting circuit includes a magnetic coil 

operable to close said magnetically operated switch 
means for completing said energizing circuit. 

27. The machine control circuit of claim 26 
wherein said terminating circuit includes a second 

magnetic coil operable to open said magnetically 
operated switch means for deactuating said drive 
means, and 

wherein said means operated by the actuation of said 
drive means is a cam operated switch for energizing 
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said terminating circuit in response to rotation of 
said drive means. 

28. The machine control circuit of claim 23 
wherein said timing circuit includes variable time de 

lay means for establishing the duration of the inter 
vals between periodic completions of said starting 
circuit. 

29. The machine control circuit of claim 28 
wherein said variable time delay means includes 

capacitance means, and 
variable resistance means for varying the charging 

rate of said capacitance means. 
30. The machine control circuit of claim 23 
wherein said timing circuit includes 

capacitance means, and 
resistance means for controlling the charging rate 

of said capacitance means. 
31. The machine control circuit of claim 30 
wherein said timing circuit further includes 

condition responsive means connected in series 
with said resistance means and responsive to an 
operational condition of the machine, said con 
dition responsive means rendering said timing 
circuit ineffective to control said starting circuit 
until said operational condition of the machine 
has been satisfied. 

32. The machine control circuit of claim 30 
wherein said timing circuit further includes 

condition responsive means connected in parallel 
with said resistance means and responsive to an 
operational condition of the machine, said con 
dition responsive means rendering said resist 
ance means ineffective to control the charging 
rate of said capacitance means when the op 
erational condition of the machine has been 
satisfied. 

33. A programming device for sequentially actuating 
a plurality of controlled circuit elements throughout an 
operational cycle and providing a series of intervals of 
varying duration between the sequential actuations of 
said controlled circuit elements comprising: 

a control circuit electrically connected to said controlled 
circuit elements for the energization thereof, 

switch means in said control circuit controlling the 
energization of said controlled circuit elements, 

programming means regulating the actuation of said 
switch means, 

drive means driving said programming means through 
a series of operational positions for sequential actua 
tion of said switch means, 

an energizing circuit for supplying electrical energy to 
said drive means and including energizing circuit 
control means for controlling the energization of 
said energizing circuit, 

a starting circuit for controlling the energizing circuit 
control means, 

a timing circuit automatically sending periodic pulses 
to said starting circuit for closing said energizing 
circuit through said energizing circuit control means 
and energizing said drive means, 

said timing circuit including variable time delay 
means for establishing the duration of the in 
tervals between said periodic pulses, and 

a terminating circuit including means operated by the 
energization of said drive means for opening said 
energizing circuit through said energizing circuit con 
trol means to deemergize said drive means. 

34. A control system for sequentially operating a plu 
rality of devices of a machine, comprising: 

a power Source, 
a drive motor, 
a first group of switches for controlling the energizing 

of said devices, 
a second group of Switches, 

0 

15 

20 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

20 
first and second groups of sequencing elements con 

nected to said motor for rotation therewith, 
each of said first group of sequencing elements posi 

tioned adjacent a corresponding one of said first 
group of switches for actuation thereof, and each 
of said second group of sequencing elements posi 
tioned adjacent a corresponding one of said second 
group of switches for actuation thereof, a motor 
energizing circuit for selectively connecting said drive 
motor to said power source, 

a control circuit including said second group of Switches 
and said second group of sequencing elements for 
generating sequencing signals, 

a starter circuit connected between said motor ener 
gizing circuit and said control circuit for actuating 
said motor energizing circuit in response to said se 
quencing signals to energize said drive motor, and 

a terminating circuit connected between said power 
source and said drive motor and operable by said 
drive motor for deenergizing thereof in response to 
rotation of said drive motor through a preselected 
quantum of rotation. 

35. The control system of claim 34 wherein 
said motor energizing circuit includes an electronic 

switching device having anode and cathode electrodes 
and a controlled electrode, and 

said controlled electrode being connected to said start 
ing circuit to render said electronic switching device 
conductive in response to said sequencing signal. 

36. The control system of claim 35 wherein 
said terminating circuit includes a switch connected in 

shunt relation with said electronic switching device, 
and 

a cam connected to said drive motor for rotation there 
with, 

said cam positioned in proximity with said switch for 
actuation thereof, 

whereby, energization of said drive motor will advance 
Said cam to close said switch to provide a current path for 
Substantially all of the motor energizing current thereby 
rendering said electronic switching device non-conductive 
during the remainder of the motor energizing cycle, and to 
deenergize said drive motor when said switch is opened by 
said cam. 

37. The control system of claim 34 wherein said con 
trol circuit further includes: 

a. timing capacitor having one end thereof connected to 
a circuit point with said starting circuit, 

a Source of direct current potential connected to said 
Second group of switches, and 

means connected between said circuit point and said 
Second group of switches for controlling the rate of 
charge of said timing capacitor from said direct cur 
rent potential in response to the actuation of at least 
one of Said second group of switches by said second 
group of sequencing elements. 

o 38. The control system of claim 37 further including a 
discharge (diode having its anode connected to said circuit 
point, and 

circuit means connecting the cathode of said discharge 
diode to said starting circuit, 

whereby actuation of said starting circuit will cause a por 
tion of the current charge on said timing capacitor to flow 
through said discharge diode and said starting circuit to en 
Sure complete discharge of said timing capacitor during 
each cycle of operation. 

39. The control system of claim 34 wherein 
said control circuit further includes at least one condi 

tion sensing switch connected in circuit with said sec 
ond group of switches to cause a sequencing signal to 
be generated irrespective of time thereby energizing 
said drive motor in response to a preselected sensed 
condition. 
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