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United States Patent Office 2,359,549 
Fatiented: Jan. 4, 1958 

CONTROL SYSTEM FOR CLOTHESDRYERS AND 
COMBINATION WASHER-DRYERS 

John W. Toma and John E. Ryan, Louisville, Ky.,..,as 
sig Rors to General Electric: Company, a corporation of 
New York, 

Application May 14, 1956, Serial No. 584,658 
9. Claims (C. 34-45). 

Our invention relates to clothes dryers and more partic 
ularly it relates to control systems for automatically, con: 
trolling, such machines, during; the drying. operation. 
While, this invention has general application to clothes 
dryers; it is particularly useful in combination clothes 
washing and drying machines. 

In the copending, application of Walter. E. Gray, Jr., 
S.N. 512,612 filed June 2, 1955, and assigned to the 
Sanhe assignee' as; the present invention, there is: described 
and claimed, an improved:control system for combination 
washer-dryers. The washer-dryer of the Gray application 
is: provided with two separate heating elements; for use 
during the drying operation and the control system is so. 
arranged that both elements are energized at beginning of 
the operation. However, toward: the end of the operation: 
one of the elements is de-energized and the operation is 
completed on the reduced power available. from the other 
element alone. The reason for this, control sequence is 
that the predetermined maximum-wattage available from 
the two - heaters may be advantageously, used for, mois 
tures extraction, so long as there, is surface. moisture re 
maining on the clothes. But after the surface, moisture is. 
removed, the maximum wattage. Supplies more heat. to the 
machine than can be used; for the evaporations of the 
internal moisture...within the-fabrics being dried, whereby 
if it were continued a rapid rise in the temperature within. 
the machine would result. The maximum rate of drying 
of the internal moisture within the fabrics is not a direct. 
function of the heat applied, but rather, after a certain 
point in heat application no mattershow much more power. 
is applied within reasonable limits, the rate of evaporation 
will not increase. The remaining increment of power: 
beyond that used for moisture extraction would, of course, 
cause arise: in the temperature. within the machine. Thus, 
in the Gray control system the power is reduced toward. 
the ends of the drying. operation, by, the de-energization. 
of the one heater, to a value which efficiently removes, the 
moisture, remaining in the fabrics without causing any 
overheating of the machine. In other words by reducing 
the power only enough, heat is supplied to evaporate 
efficiently, the moisture from the fabrics, without any, ap 
preciable heat being left over for heating up, the machine. 
Then when the internal moisture is removed or substan 
tially removed, the second heater is also de-energized and 
the operation of the washer-dryer terminated. 

In order. to reduce the power first and then terminate 
the operation of the machine, the Gray, control system 
utilizes a two level thermostat responsive, to the tempera 
ture, within the machine. 
having two separate trip points, responsive respectively to 
lower and higher, temperatures within the machine, at 
which it opens two separate sets of contacts. At the first 
trip point the circuit, to the one heating element is opened 
so as to de-energize it and reduce the heat applied to the 
clothes. At the second trip point the second heating ele 
ment is de-energized and the operation of the machine. 
terminated. The second trip point is, of course, selected 
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i. e. which indicates that both the surface and the in 
ternal moisture: have been removed from the clothes. 
The first trip point is selected at a temperature sufficiently 
below the Seconditrip point to insure that the power input 
is reduced early enough to prevent" temperature overshoot 
or heating of the machine beyond the second trip point. 
Our invention has for its primary object the provision of 

a new, and improved control for the drying operation of a 
laundry; machine, which control uses, a thernmostat: having 
but a single trip point in order first to reduce; the power 
toward the end of the: drying operation, and then to 
terminate the operation completely when the clothes: have 
finished: drying at the reduced power. This control, with 
the single-level, thermostat not only results in a 'shorter 
drying, operation, but, also is less expensive due to a de 
creased cost for the thermostat. 
Another object of our invention is to provide an im 

proved control system particularly adapted for use in 
combination washer-dryers, which utilizes a single level 
thermostat and a timer: operated sequence control mech 
anism first to apply full heat during the drying operation, 
then to reduce the heat and finally terminate the opera 
tion...of the washer-dryer after a cool down period. The 
sequence control mechanism utilized with the single level 
thermostat, for so controlling the drying operation may 
advantageously be, the same mechanism as is used to con 
trol the...washing operation of the washer-dryer. 

in carrying-out our invention in one form thereof, we 
provide a clothes. dryer. having clothes tumbling means 
and a pair of electrical heating elements for Supplying 
heat to the clothes, during the drying, operation in the 
washer-dryer we-incorporate a new, and improved control 
system embodying our invention. This control system. 
utilizes a single: level...thermostat and a timer operated 
sequence control mechanism, for controlling the heating 
elements during the: drying, operation. The thermostat 
trips at a predetermined high-temperature and resets at a 
predetermined lower temperature, and the thermostat 
and the sequence control mechanism are so arranged in 
the system that the system energizes: both the heating ele 
ments simultaneously at... the beginning of the drying 
operation, until the thermostat trips for the first time. 
Thereby maximum power is supplied to the clothes during 
the first part of the operation. After the thermostat re 
sets after tripping the first time, the system then energizes 
only one of the elements for applying reduced heat to the 
clothes. This reduced heat application continues until the 
thermostat trips a second time in response to the reduced 
heat, and at that point the system de-energizes the second 
heater also and terminates the drying operation. By this 
combined use of the single leveithermostat and the se 
quence control mechanism whereby the thermost at trips 
twice at the same temperature for controlling the heaters, 
once to reduce the power, and the second time to terminate 
the operation of the machine, the system so energizes the 
heating elements that a relatively short drying time is 
produced. The short drying time is, of course, an ad 
vantageous feature for combination washer-dryers as weii 
as for clothes dryers. Also, the system is particularly ad 
vantageous cost, wise in washer-dryers since it requires, 
only the addition of an inexpensive single level thermosiat 
to the sequence control mechanism which must be pro 
vided anyway for the washing operation. - 
The subject matter which we regard as our invention, 

is particularly, pointed out. and distinctly claimed in the 
concluding portion of this specification. Our invention, 
however, both as to organization, and methods of opera 
tion, together, with further objects and advantages thereof, 
may best be understood by reference to the following de 
scription taken in conjunction with the accompanying 
drawings in which: 
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Fig. 1 is a front elevational view of a combination 
washer-dryer, with a portion thereof being broken away 
to illustrate interior details; 

Fig. 2 is a fragmentary cross sectional view taken on 
line 2-2 of Fig. 1; 

Fig. 3 is a rear view of the machine with the rear panel 
removed to illustrate details; 

Fig. 4 is a side elevational view of the machine, partially 
in Section and with certain surfaces broken away to show 
details; and 

Fig. 5 is a schematic electrical wiring diagram and 
Sequence control cam chart illustrating a control systern 
for the machine, which system embodies our invention 
in one form thereof. 

eferring now to Fig. 1, have shown therein a domes 
tic laundry machine comprising a combination washer 
and dryer. The operating elements of the machine are 
included within an outer cabinet structure including a 
Wrap-around central section it. The central section is 
Slipported on a base and toeboard assembly 2 and carries 
a separate top 3 provided with an integral backsplash 
panel 4. Access to the interior of the machine is pro 
vided by a door 5 mounted on concealed hinges and 
opened by means of a knee-operated latch control num 
ber 6. 
The machine is so constructed that when a load of 

Soiled clothes is placed therein, it proceeds through a 
Sequence of operations, first washing the clothes and then 
drying them. In order to provide complete flexibility 
of operation of the machine a number of operator con 
trols are included therein, these controls being mounted 
on the backsplash panel 4. The controls include, for 
example, a plurality of push buttons consisting of an “off” 
button 7, hot and warm water buttons 8 and 9, a dryer 
control or "omit dry” button 10, and a water heater 
button i. A rotatable control knob 12 is provided for 
convenient operator selection of any separate sequence 
of operation, and a second control knob 13 is included 
for operator selection of operating temperatures for the 
drying portion of the cycle of operation. As will be seen 
hereinafter these controls provide for complete flexibility 
of operation of the machine. 
As shown in Fig. 4, the machine is of the horizontal 

axis type. That is, it has a clothes basket or drum 14 
nolinted for rotation on a generally horizontal axis within 
an outer enclosing tub structure 15. The basket 4 com 
prises a cylindrical shell 16 which is closed at its rear 
end by means of a suitable wall or plate 17. The basket 
also includes a front wall 8 which is formed so as to 
define an access or loading opening to the basket. The 
basket is rotatably supported by a shaft 19 which is 
mounted in an elongated bearing 20 supported from the 
rear wall 21 of the tub. The tub is provided with an 
opening 22 in the front wall thereof, which is aligned with 
the access opening to the basket so that clothes may be 
placed into or removed from the basket. The door 5 
(see Fig. 1) Seals against a suitable gasket 22a to close 
this opening during operation of the machine. 

During the operation of the machine the basket 4 is 
driven from an electric motor 23 through a drive includ 
ing a pair of flexible belts 24 and 25 (see Figs. 2 and 3). 
The belt 24 connects the output pulley 26 of the motor 23 
to the input pulley 27 of a transmission assembly 28. 
The belt 25 connects the output pulley 29 of the trans 
mission assembly 28 to a basket drive pulley 30 mounted 
on the shaft 9 of the clothes-tumbling basket 4. The 
transmission assembly 28 is of the multiple speed type, 
that is, the ratio thereof can be changed so that the basket 
is driven at two different speeds. The transmission as 
sembly thus provides one basket speed for clothes tumbling 
and another basket speed for centrifugal extraction. The 
ratio of the transmission assembly is changed by means 
of a suitable spring biased, solenoid actuated plunger 31. 
When the solenoid 32 controlling the plunger 3 is de 
energized, the transmission ratio is such that the basket 
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A. 
is driven at a suitable speed for washing and tumbling 
clothes, for example, 44 revolutions per minute. How 
ever, when the solenoid 32 is energized, the plunger 35 
changes the ratio of the transmission so that the basket 
is driven at a suitable speed for centrifugal extraction, for 
example, 200 revolutions per minute. 

During the operation of the machine the basket 14 is 
continuously rotated by means of this drive. The pre 
ferred sequence of operations through which the machine 
proceeds to wash and dry the clothes contained therein is 
described hereinafter. 
To heat the clothes during the drying portion of the 

cycle and also to warm the wash water during the wash 
ing portion of the cycle when desired, there is provided 
in the machine a heater assembly including two heaters 
35 and 36. These heaters are mounted within the upper 
portion of the tub. 5 so that when energized, they heat 
the basket 14. The heating elements are preferably of 
the sheathed type in which a resistance wire is maintained 
in spaced relation with an outer sheath by a highly com 
pressed, granulated, heat conducting, electrically insulat 
ing compound such as magnesium oxide. Such heating 
elements are sold under the trademark of "Calrod' and 
are available commercially. When the heaters are ener 
gized during the washing cycle, they heat the water by 
first heating the basket. Then as the basket dips into the 
wash water at the bottom of the tub, it in turn heats the 
water. In other words, the rotating basket serves as an 
effective heat transfer means between the heating ele 
ments and the water or other washing liquid. When the 
heaters are energized during the drying cycle, the heat 
transferred to the basket is then passed on to the clothes 
to cause vapor migration out of the clothes. Since the 
outer cylindrical shell of the basket is perforated some 
of the heat from the heating elements passes directly to 
the clothes by radiation. 

In order that the machine will not be damaged by the 
heat produced by the heaters 35 and 36, it is necessary 
that the basket 4 be rotating whenever they are ener 
gized. If either of the belts 24 and 25 fail, the basket 14, 
of course, stops rotating since it is then no longer con 
nected to the motor 23. Therefore safety means are pro 
vided within the machine whereby the heaters 35 and 36 
are de-energized whenever either of the belts fail. The 
safety means comprise a belt switch 37 which is actuated 
upon the failure of either belt so as to de-energize the 
heater relay 38 (Fig. 5) and thereby open the heater cir 
cuit. The belt switch 37 is arranged on a pivotally mount 
ed sled 39 which supports the transmission assembly 28. 
Upon the failure of either of the belts the sled 39 is moved 
by spring biasing means attached thereto, and this move 
ment results in the operation of the switch 37. The ar 
rangement of the sled 39 and the switch 37 is fully de 
scribed and claimed in the copending application of Daniel 
L. Duhamell, Jr., S. N. 526,413, filed August 4, 1955, and 
assigned to the same assignee as the present invention. 
The means whereby water is admitted to and discharged 

from the tub 15 during operation of the machine are par 
ticularly shown in Fig. 3. The water supply means in 
cludes connections 40 and 41 through which hot and cold 
water are supplied to the machine. For the washing oper 
ation a valve controlled by a solenoid 42 admits hot water 
to the machine and a valve controlled by an opposed sole 
noid 43 admits cold water to the machine. The hot and 
cold water valves under the control of the solenoids 42 
and 43 discharge through a common outlet conduit 44. 
From the conduit 44 the inlet water passes through a 
suitable air gap into a funnel 45. The funnel 45 dis 
charges into a line 46 which leads into the interior of 
the tub 15 through a suitable connection 47 (see Fig. 4). 
The break or air gap provided by funnel 45 makes it 
impossible for water to be siphoned from the machine 
to contaminate the incoming water supply line. In the 
illustrated machine a pressure actuated sensing device or 
water level control 48 controls both the water solenoids 



2,819,640. 
S 

42 and 43 to maintain the proper water level in thema chine during the washing operation. This-sensing device 
is connected to the interior of tub:15 by a suitable line'49, 
The illustrated machine: is of the type which uses cold 

water during the drying cycle for condensing the moisture 
extracted from the wet clothes. This condenser water is 
admitted to the machine through an additional Solenoid 
actuated valve controlled by a solenoid 50 (Fig. 3). The 
solenoid,50i is energized: during the drying operation so 
the valve passes: water at a slow rate sufficient to condense 
the moisture extracted from the clothes: As shown, the 
condenser water valve discharges into the funnel 45 
through a separate conduit 5: An air gap between con 
duit 51 and the funnel prevents supply line contamination. 
From the funnel the condenser water flows through line 
46 and connection: 47 into the tub. The condenser water 
flowing slowly into the tub is spread over the side of the 
tubby an inverted V-shaped bead 52' (Fig. 4) formed on 
the tub wall directly below, connection 47. The condenser 
water being so spread out cools a substantial portion of 
the area of the side wall whereby there is provided a 
large cool surface for condensing the moisture extracted 
from the clothes. - - 

The washi and rinse water used during the washing 
portion of the operation and the condenser' water and the 
moisture extracted from the clothes during the drying 
operation' are discharged from the machine through a 
sump 53, mounted at the bottom of the tub. A suitable 
discharge hose 54 leads from the fitting to a motor driven 
drain pump'55 which discharges to the household drain. 
The flow through the discharge line may, however, be con 
trolled by any suitable means, as for example, by a sole 
noid actuated drain valve: 

Referring now to the schematic circuit diagram of Fig. 
5, there is shown therein a control system for the com 
bination washer and dryer which embodies our invention 
in: one preferred form thereof. Thecontrol system in 
cludes a timer operated sequence control mechanism gen, 
erally indicated at 56 and a single level thermostat 57: 
The thermost at 57 is actuated by means of a sensing bulb 
57a within the tub.5 to which it is connected by means: 
of a hydraulic line 57 (Fig. 3). The sensing bulb 57a 
comprises, a generally U-shaped member which is posi 
tioned in the air gap between the sidewall of the -tub and 
the outer surface of the basket. Positioned in the air gap 4 
the bulb senses a temperature during the drying cycle 
which is correlated with the temperature of the clothes 
within the basket. The temperature at the thermostat 
bulb is higher than the clothing temperature but it rises 
and falls with the clothing temperature so that it can be 
used as an indication thereof. 
The thermostat 57 has a normal position and a tripped 

position and in its normal position it closes one set of con 
tacts 59 and opens a second set of contacts 60, whereas in 
its tripped position it closes contacts 60 and opens the 
contacts 59. In other words it includes a normally closed 
Set of contacts 59 and a normally open set of contacts 60. 
In the schematic showing of Fig.5 the thermostat bellows 
actuates a pivoted arrin': 63. So as to open and close the 
contacts, and the two sets of contacts include a common 
movable contact which is mounted on the end of the arm. 
61. The thermostat. 57 trips so as to open the contacts 
59 and close the contacts 60 at a predetermined high 

- temperature within the tub and it resets at a predetermined 
lower tempertaure so as to open the contacts 60 and re 
close the contacts 59. Suitable biasing, means (not, 
shown) may be included within the thermostatso. as to 
allow some operator selection of the trip and resetting, 
temperatures. The thermostat 57 is particularly used in 
our control system to control the heaters 35 and 36 during. 
the drying operation and also to control the length of the 
operation itself. - 
The sequence control mechanism"56 is utilized in con 

junction with the thermostat during the drying operation and it independently controls the machine during the 
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washing operation. The sequence control mechanism is 
operated by means of a suitable timer motor 62 and it in 
cludes is a series: of switches - 63 through 74 which are 
actuated in the desired sequence by "appropriate switch 
operating: means driven by the timer and indicated 
schematically by the diagram 75: Sequence controls gen 
erally are well known, and several types are commercially 
available. Therefore; the representation of Fig. 5 is pure 
ly schematic, it being understood, however, that each of 
the switches 63 74-is' operated from its normally open 
position to its closed position by means such as cams. In 
the particular representation of Fig. 5 it is to be understood 
that each switch is connected to an actuating means as 
indicated by the dot-dash lines, the switches being closed 
during the periods indicated by the heavy black lines on 
the can diagram. For example, switch 63 is actuated to 
its-closed position on the diagram from points 11 to 23. A. 
scale has been shown on the cam' chart 75 but it will be 
understood that this scale is not necessarily time but rather 
shows 1-the-length of the impulses given to advance the 
cams in the forward rotational direction. In other words, 
the chart 75 may be regarded for the purposes of this 
application to be a development of the peripheries of the 
respective switch operating cams, the heavy lines showing 
the cam rises: which, are effective to close respective 
switches: Further it will be understood that the timer 
cams are preferably: driven with an impulse or intermit 
tent motion by means of a suitable mechanism (not shown) 
connected between them and the timer motor. Thus at 
switchover points where- the chart 75 shows one switch 
opening and another closing, there is a quick make and 
break action so that one switch is closed simultaneously 
as the other is opened. 

Further details with respect to, and the operation of our 
new and improved control system will become apparent by 
a review of a typical sequence of operation. Since our 
invention is particularly directed to the control of the dry 
ing operation, the 'drying operation will be explained first. 
It will be understood, however, that normally the drying 
operation will be preceded by and will follow automatical 
ly the washing operation. Referring to the chart 75 it will 
be seen that the drying operation begins at the point 27 
of the-scale and that at that point the switches 65, 67, 68, 
69; 72 and 74 of the sequence control are closed. The 
remaining switches of the control are open. With these 
switches closed both the heating elements' 35 and 36, the 
drive motor 28, the condenser water valve solenoid 50, 
the drain pump 55 and the timer motor 62 are all energized. 
The power for energizing these elements is supplied from 
a three wire' power source comprising power supply lines 
76 and 77 and an electrical neutral line 78. This three 
wire source may for example comprise the conventional 
230 volt domestic supply, having a voltage of 230 volts 
between the supply lines 76 and 77 and a voltage of 115 
volts between each of the power supply lines and the neu 
tral line 78. 
With the above mentioned switches closed, the drive 

motor 28 is energized across the supply conductor 76 and 
the neutral line 78. Commencing with the conductor 76, 
the drive motor circuit extends through the main “off” 
switch 7 and a door operated switch 79 to a conductor 30. 
The 'door operated switch. 79 comprises a safety switch 
which is closed whenever the door 5 is closed and which 
is opened automatically whenever the door is open, and 
being connected serially in the motor circuit it, of course, 
interrupts motor rotation whenever the door 5 is open. 
From the conductor 80 the motor circuit continues 
through the "omit dry" switch 10, which is closed since it 
is desired to conduct a drying operation, to the switch. 65 
of the sequence control. From the closed switch 65 the 
circuit passes through a conductor 81 to the lower con 
tact 82 of the water level switch,48. Since there is little 
or no water in the tub 15, the lower contact 82 is engaged 
by the center movable contact 83 of the switch so that a 
circuit is completed therethrough. However, if the ma 
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chine should become flooded i.e. should become partially 
filled with water, the contact 83 will be actuated so as to 
disengage the contact 82 and close with the upper contact 
34 of the Switch. This breaks the motor circuit and inter 
rupts the rotation of the tumbling basket. The water level 
Switch thus acts as a flood switch during the drying 
operation. 
From the contact 83 of the water level switch the 

motor circuit continues through conductors 85, 86, and 87 
to the start and run windings 88 and 89 of the motor. The 
motor circuit is completed from windings 88 and 89 by 
means of a conductor 90 which is connected to the 
neutral line 78. The run winding 89 is connected directly 
to the conductor 90 and the start winding 88 is connected 
thereto through the contacts 91 of a motor centrifugal 
Switch 92. When the motor 23 is at rest the contacts 
9 are closed but as soon as the motor comes up to speed, 
the switch opens the contacts 9 so that the motor operates 
the main winding 89 alone. 

Energized through this circuit the motor 23 is effective 
to drive the basket 4 until such time as any one of the 
timer operated Switch 65, the door switch 79 or the main 
switch. 7 is opened. Flooding of the machine will also 
interrupt the motor rotation by the opening of the con 
tacts 82 and 33 of the water level switch 48. During the 
drying operation the basket should, of course, be driven 
at Eumble speed and not at centrifugal extraction speed 
and for that reason the shift solenoid 32 is de-energized. 
Specifically, the sequence control switch 73 is open which 
breaks the circuit for the shift solenoid 32 and thereby 
causes the transmission to be set at its tumbling speed 
ratio. 

Both heaters 35 and 36 are initiated at the beginning of 
the drying cycle in order to apply maximum heat to the 
clothes as they are tumbled. In order to energize the 
heaters the heater relay 38 is energized by means of the 
sequence control switch 69 so as to close the relay contacts 
or switches 93 and 94. The heater relay 38 specifically is 
energized by a circuit between the supply conductor 76 
and the neutral line 78. From the supply conductor 76 
to the conductor 87 the circuit is the same as the drive 
motor circuit. From the line 87 the relay circuit continues 
through the sequence control switch 68 and conductors 
96, 97 and 98 to the switch. 69. From the switch 69 the 
circuit passes through the conductor 99, the belt switch 
37 and the conductor 100 to the relay 38 itself. From 
the relay the circuit is completed through conductor 10, 
the contacts 102 of the motor centrifugal switch 92 and 
the conductor 9 to the neutral 78. The contacts 102 com 
prise a set of back contacts in the motor centrifugal switch 
and are closed whenever the drive motor is up to speed. 
With the heater relay energized through this circuit 

the relay contacts 93 and 94 are both closed for energiz 
ing the heaters. The heaters comprise 230 volt heating 
elements and they are energized between the two sup 
ply conductors 76 and 77. Commencing with the supply 
'conductors 76 the heater circuit extends through con 
ductort :03 and relay switch 93 to a safety thermostat 
104. The safety thermostat includes a pair of contacts 
135 and 86 and so long as the temperature within the 
machine is at a safe temperature for the clothes being 
tumbled, the movable element of the safety thermostat 
is closed against the contact 105. However, if an over 
temperature condition should occur the movable element 
closes against the contact 106. Assuming the tempera 
ture within the machine to be at a safe value, the heater 
circuit is continued from the contact 105 through a line 
17 to the normally closed contacts 59 of the thermostat 
57. The contacts 59 are closed until such time as the 
temperature within the machine rises far enough to trip 
the thermostat 57. The selection of this trip temperature 
will be explained hereinafter. From the contacts 59 
the heater circuit passes through a conductor 08 directly 
to the heating element 35. However, it passes to the 
heating element 36 through the switch 74 of the sequence 
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control mechanism. The sequence control switch 74 
is connected to the conductor 108 by a line 109 and is 
in turn connected to the heater 36 through another line 

0. From the heaters 35 and 36 the circuit is com 
pleted through the heater relay contacts 94. Energized 
through this circuit it will be seen that both heaters will 
be energized together until such time as the thermostat 
57 trips and opens the contacts 59. At that time both 
heating elements will be de-energized simultaneously. As 
will be explained later our control system is so arranged 
that the sequence control switch 74 never opens before 
the thermostat trips. 

In order to condense the moisture extracted from the 
clothes by the heating elements 35 and 36 the condenser 
water solenoid 50 is also energized at the beginning of 
the drying operation. The energization of the condenser 
water soleiloid of course opens the condenser water valve 
and passes a steady flow of condenser water into the 
tub 15 through the funnel 45, the conduit 46 and the 
fitting 47. This condenser water entering the tub is spread 
out by the inverted W-bead 52 and flows down the side 
wall of the tub in a thin film or sheet so as to cool the 
side wall and condense the moisture extracted from the 
clothes. The condenser water solenoid 50 like the drive 
notor is energized across the conductor 76 and the neu 
tral line 73. The circuit is the same as the drive motor 
circuit to the line 87 and from the line 87 the condenser 
Water Solenoid is energized through the sequence con 
trol switches 68 and 67. Commencing with the line 87 
the condenser water solenoid is energized by a circuit 
through the switch 58 and connections 96, 97 and 98 to 
the solenoid 59 itself. From the solenoid the circuit is 
completed through conductor 11, timer operated switch 
67, conductors 12 and E6, the back contacts 12 of 
the motor centrifugal switch 92 and the conductor 90 
to the neutral line 78. Energized through this circuit the 
condenser water valve remains in operation so long as 
the timer operated switches 65, 67 and 68 are closed and 
so long as the motor continues in operation. If the ma 
chine should be flooded, the drive motor will be de-ener 
gized by the water level control 48, and due to the action 
of the centrifugal switch 92, this will result in the de 
energization of the solenoid 50 and the stoppage of the 
flow of condenser water. The opening of the timer op 
erated Switch 65, of course, will de-energize the condenser 
water valve at the same time as it ultimately de-energizes 
the drive motor. 

Incidentally, it will be noted that a lamp 113 is con 
nected in parallel with the condenser water solenoid 50 
So that it is energized whenever the solenoid is energized. 
This lamp 13 acts as a visual indicator to show that the 
drying operation is in progress. 
The drain pump 55 is also energized during the dry 

ing operation in order to discharge the condenser water 
and the condensed moisture from the machine. The 
drain pump like the drive motor and the condenser water 
valve is energized through the Switch 65 of the sequence 
control. Commencing with the closed switch 65, the 
circuit for the drain pump extends through conductor 8. 
to the Water level Switch and thence through the con 
tacts 82 and 83 of the switch and conductor 85 to con 
ductor 86. Conductor 86 leads directly to the drain 
pump 55 itself and from the drain pump the circuit is 
completed through conductor 111, timer operated switch 
67, conductors 12 and 18, contacts 02 of the motor 
centrifugal switch and conductor 90 to the neutral line 
78. Energized through this circuit the drain pump re 
imains in operation so long as the sequence control switches 
65 and 67 are closed, and so long as the drive motor 
continues in operation. If the drive motor should cease 
running the drain pump will, of course, be de-energized 
by the centrifugal switch at the same time as the heat 
erS and the condenser water valve. 
At the beginning of the drying operation the timer 

motor 62 is also energized between the power supply 75 
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and the neutral line.78 so as to advance the operating 
cans of theisequence’ control mechanism. Specifically, 
the timer 62 is, energized through: the same circuit as the 
drive motor. to the conductor:87. and, from there; it is 
energized through the sequence control switch 72. The 
switch 72 is closed, at the beginning of the drying opera 
tion,...as: shown in the chart 75, and from it; the timer 
circuit continues through their conductors: 114 and 115 
to the timer motor 62, itself. From the timer motor the 
circuit is completed through conductors 116- and 90 to 
the neutral line: 78; Energized in this manner the timer 
motor continues, to run until such time as: the switch. 72 
opens. 

Referring to the cam chart it will be seen that the 
timer switch:72, remains: closed only briefly after the 
washer-dryer proceeds into the drying cycle. Specifically, 
the switch. 72 remains, closed: energizing the timer motor 
long enough for the timer motor to close: all the other 
switches for the drying cycle, i.e., long enought, for it 
to close; the switches, 68,.69 and 74, the switches 65, and 
67 being already closed. Then the timer switch. 72, opens 
up de-energizing the timer motor. With the timer motor 
de-energized the controls of the heating element and of 
the machine: itself is then placed under, the action of the 
thermostat 57. 

During this initial period, the heating elements 35 and 
36 are, of course, both energized to supply maximum 
wattages for heating the clothes. The size of the heaters 
will depend-upon the particular machine constructed, but 
in: a size of the illustrated washer-dryer suitable for 
domestic use having a clothes: basket twenty-six. (26) 
inches in diameter it has been found that a total power 
of four thousand (4,000) watts from the two heating 
units provides a satisfactory, amount of heat for moisture. 
extraction during the first stages of the drying operation. 
A total of 4,000 watts extracts moisture from the clothes. 
at a satisfactory rate without overheating the tub or any 
other portion. of the machine. For reasons: explained 
below the size of the heaters is apportioned in this exem 
plary machine so that the one heater.35 is approximately 
a twenty-eight hundred (2,800) wattheater and the other 
heater:36 is approximately a twelve hundred (1,200). watt 
heater. 

Both heaters. 35. and 36 remained energized applying 
maximum heat; to the clothes: until such time as the 
machine heats up far enough to cause the thernmostat. 57 
to trip. During this period of maximum heat or power 
application the machine. heats up, slowly at first as: the 

In fact, for a moisture is extracted from the: clothes. 
time therheat supplied may be approximately equal to the 
heat used for moisture extraction or evaporation and in 
that case a plateau may even occur in the curve of the 
temperature: rise. However, once all the surface moisture. 
is evaporated from the clothes, the machine then begins 
to heat up: rapidly. After the surface moisture has been 
renoved, the maximum wattage available from the two 
heaters, for example 4,000 watts, is more than can be 
used to extract the moisture contained in the fibers. In 
other words all of the 4,000 watts, once the surface mois 
ture has been removed, does not cause evaporation of the 
moisture: from the fibers. Rather only a portion of this 
power can be used for the evaporation of the moisture. 
from the fibers since it will only evaporate at a certain 
maximum rate no matter how much power is applied 
within reasonable-limits. The fabrics can deliver moisture 
by capillary action from the interior of the material to the 
surface' at only a certain maximum rate, and with 4,000. 
Watts' applied there is more power available than can be 
used for evaporation of the moisture actually delivered 
to the Surface. The remainder of the wattage available 
from the heaters thereby causes the machine to heat up 
rather rapidly: 
The trip point for the thermostat 57 is selected at a 

temperature slightly above where this rapid rise begins 
to occur. As a result when the machine is heated up to. 
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the trip point for the first time, all of the surface moisture 
from the clothes has been: removed...but there is still 
remaining within the fibers of the clothes an appreciable 
amount of moisture. The heat has not been applied long 
enough after the surface moisture is removed to evapo 
rate all of the moisture contained within the fibers. How 
ever, to continue the heating with both heaters energized 
for alonger period of time would result in overheating of 
the machine and the clothes: so that even: scorching of 
the clothes might result. 
The trip point thus is selected at a temperature slightly 

above that at which the surface moisture is all removed 
from the clothes. For example, in the illustrated machine 
it is contemplated that the thermostat will trip at 230 F. 
when a normal load of clothes is being dried, that is, 
a load substantially comprised of cotton materials. For 
a load of heavy fabrics such as shag rugs and dungarees 
the trip point may be selected slightly higher since there 
is more moisture: to be extracted from the fibers and since 
they may be heated to a slightly higher temperature 
without damage. For a load of very delicate synthetic 
fabrics the trip point would, however, be selected at a 
lower temperature. Thus preferably some means is in 
cluded in the thermostat to allow operator adjustment of 
the trip temperature on both sides of the tempeature 
suitable for the normal load. Incidentally it will be 
understood that the clothes temperature at the thermo 
stat trip point is considerably less than 230 F. since the 
air gap temperature at the thermostat bulb 57a is much 
higher than the clothes, temperature, as was mentioned 
above. 
When the thermostat 57 trips from its normal position 

to its tripped position, the thermostat contacts 59 are 
opened and the contacts 60 are closed. The opening of 
the contacts 59 breaks the heater circuit so that both 
heaters 35 and 36 are de-energized. Thereby the machine 
immediately starts to cool down. The simultaneous clos 
ing of the contacts 60, however, energizes the timer motor 
62 so that it begins to operate again. Specifically, with 
the contacts. 60 closed, the timer motor is again energized 
between the supply conductor 76 and the neutral line 78. 
Commencing with the conductor 76 the timer motor cir 
cuit extends through conductor 103, relay switch 93, the 
safety thermostat 104, conductor 107, and the now closed 
thermostat contacts 60 to a conductor 117. The conduc 
tor 117 is connected to the conductor 114 and from there 
the circuit is completed to the timer motor through the 
conductor 115. From the timer motor itself the circuit 
extends to the neutral line 78 through the conductors 116 
and 90. 

Energized through this circuit the timer motor begins 
to drive the sequence control mechanism toward the “off” 
position. Shortly after it begins to run, i. e. at point 28 
of the scale of the cam chart 75, the timer causes the 
Switch 72 of the sequence mechanism to close. This locks 
in the timer and continues it in operation even if the 
thermostat should reset immediately thereafter. Simul 
taneously, as it closes the switch 72 or slightly there 
after the timer causes the sequence mechanism to open 
the Switch 74. The opening of the switch 74 breaks the 
circuit to the heating element 36 whereby the heater 36 
cannot be re-energized when the heater circuit is re 
closed through the thermostat. After the switch 74 is 
open, the sequence control mechanism then continues to 
operate for a period of time, for example, to a point 
slightly beyond the point 30 on the cam chart and at 
that point the switch 72 is again opened. The opening 
of the Switch 72 again breaks the timer motor circuit 
so that the timer motor is completely de-emergized and 
the Sequence control remains at a standstill. 

During this operation of the sequence control motor the 
machine is continually cooling down due to the de-energi. 
zation of the heating elements. At a predetermined ten 
perture below the trip temperature the cooling down of 
the inachine results in a resetting of the thermostat 57. 
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In other words at that temperature the thermostat re 
turns to its original or normal position reclosing the con 
tacts 59 and opening the contacts 69. The closing of the 
contacts 59 completes the heater circuit again but now 
only the heating element 35 and not the heating element 
36 is energized. The above mentioned opening of the 
sequence control switch. 74 has removed the heating ele 
ment 36 from the circuit. Thus in the above menticned 
exemplary machine only 2,800 watts and not 4,000 watts 
are now applied to the clothes for the evaporation of the 
remaining moisture contained within the fibers. 
With the single heater 35 energized the drying opera 

tion continues at a very slow rate of rise or perhaps even 
with a temperature plateau. The heat supplied from the 
single heating element is for the average size load of 
clothes approximately equal to the maxii in wattage 
which can be utilized to extract moisture from the fibers. 
in other words heat is supplied from the single heating 
element at approximately the maximum rate which can 
be used for moisture evaporation from the fabrics. Thus 
there is not a rapid heating up of the machine although 
the temperature does rise slowly. This drying action 
continues until the trip point of the thermostat 57 is 
reached a second time. Normally the clothes are sub 
stantially dry when this temperature is reached. They 
may not be completely dry, that is all the possible mois 
ture may not be removed from them at that time, but 
a ceriplete removal of the moisture is not necessary for 
satisfactory drying. In fact, to prevent damage to the 
ciothes it is desirable that a slight amount of moisture 
may even remain in them, for example an amount of 
moisture equal to approximately 5% of the dry weight 
of the clothes. Thus it is contemplated that the trip 
point be so selected that the clothes will normally con 
tain this 5% moisture content, when the trip point is 
reached. It will be noted, however, that if all of the 
moisture should be removed from the clothes before the 
trip point is reached, the machine will then heat up very 
rapidly to the trip point and the heater 35 will be de 
energized before any substantial overheating and dam 
aging of the clothes can result. 
The tripping of the thermostat 57 for the second time 

again opens the contacts 59 and closes the contacts 60. 
The opening of the contacts 59, of course, de-energizes 
the heating element 35 and the closing of the contacts 
63 re-energizes the timer motor 62. The timer motor 
again begins to drive the timer mechanism toward the 
"off" position of the washer-dryer. Shortly after the 
timer motor again goes into operation, the sequence con 
trol switch 72 is closed so as to lock in the timer circuit. 
Simultaneously with or slightly after the closing of the 
switch 72, the switch 69 is opened. This opens the cir 
cuit to the heater relay 50 whereby the relay switches 93 
and 94 in the heater circuit are opened. Thus even if 
the thermostat should reset, the heater circuit can not be 
reclosed. 
The machine continues in operation with the heaters 

off and with the timer motor running so as to provide a 
cool-down period. In other words the drive motor con 
tinues to operate the basket 14 for a timed period with 
the heaters off so as to allow a cooling of the machine 
to a suitable temperature for the removal of the clothes. 
Ultimately at the point marked “Off” on the cam chart 
5 the tinner mechanism opens the switch 65. The open 

ing of the switch 65 de-energizes all of the elements of 
the control including the timer motor, the drive motor, 
the drain pump and the condenser water solenoid and 
thereby it completely terminates the operation of the 
machine. The dry clothes may then be removed by the 
operator. 

From the above it will be seen that we have provided 
a new and improved dryer control in which a single level 
thermostat is used both to control the heaters and to 
determine the length of the drying operation. As a result 
of the operation of the single level thermostat in con 
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junction with the sequence control mechanism, both 
heaters are initially energized to apply maximum wattage 
to the clothes until the Surface moisture has been re 
moved therefrom. At that time both heaters are de 
energized so as to allow the machine to cool down slightly. 
When the thermostat resets then only one heater is re 
turned to operation so as to extract the internal moisture 
from the fibers of the fabrics. This is done, of course, 
since both heaters supply more than enough heat than 
can be used for the extraction of the internal moisture. 
When the trip point of the thermostat is reached a second 
time under the heat supplied from the single heating ele 
ment alone, the internal moisture of the fabrics has been 
substantially removed. At that point the sequence con 
iro mechanism is again energized so as to completely 
break the heater circuit, and then after a suitable cool 
down period the operation of the machine is terminated, 
By this use of a single level thermostat a relatively in 
expensive and simple control arrangement is povided. 
Also it results in the total wattage being applied during 
the earlier portion of the drying operation for the maxi 
mum possible time. Thus a shorter drying operation is 
provided than has heretofore been possible. 

It will be obvious that the thermostat differential be 
tween its trip point and its resetting point is important 
to the functioning of the control. If the differential is 
too large, the thermostat will not have reset to reclose 
the contacts 59 and open the contacts 60 before switch 
72 is opened by the timer shortly after point 30 of the 
cam chart. Unless the thermostat has reset by that time, 
the opening of switch 72 would not turn off the timer, 
rather it would still be energized through contacts 60 so 
it would continue to run. Thereby it would first open 
switch 72 and then shortly thereafter reclose it. Once 
switch 72 is reclosed the timer is then, of course, energized 
continuously from slightly before point 31 on the cam 
chart to the “off” position to time out the operation no 
matter what the thermostat does. This would means the 
drying cycle would be quickly turned off without the re 
duced power operation taking place at all. Thus in order 
to obtain the reduced heat operation of the cycle, the 
thermostat must reset before switch 72 is opened. In 
other words it must regain control by that time. 

In our preferred embodiment using a 230 F. trip 
point, we arrange the thermostat so that it resets about 20 
below the trip point, plus or minus 5. With the dif 
ferential the thermostat ordinarily resets before point 30 
on the cam chart is reached and thereby the second or 
reduced power period of heating is assured. 

If the thermostat does not reset at this differential, it 
is incrmally because the clothes are already dry and do not 
need the second or reduced power period of heating. For 
example, a load composed of delicate synthetic fabrics 
may, unlike the heavier loads, be substantially dry when 
the thermostat trips the first time. Being substantially 
dry they are giving off little vapor or moisture whereby 
there is poor heat transfer within the machine. As a 
result the machine does not cool down so rapidly when 
the heaters are turned off. Thus, the thermostat does 
not reset until switch 72 has been reclosed at point 31, 
and the timer times the machine out. This is, of course, 
desirable because to apply more heat to the synthetic 
fabrics might result in over-drying. Thus our preferred 
differential not only assures that the reduced power opera 
tion will occur for those loads which need it, but also 
prevents it from occurring for these loads which do not. 
Of course, if the thermostat differential is too small, then 
the reduced heat operation would be effected for all 
loads, even for those delicate fabric loads which do not 
need it. 
With regard to the safety features available during the 

drying operation, it will be noted that if either of the 
drive belts 24 or 25 should break, the belt switch 37 in 
mediately opens the circuit to the heater relay and com 
pletes a circuit for driving the timer motor to the “off”. 
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position. Specifically, the belt,switch breaks, the:heater 
relay circuit between the conductors. 99 and 100-and-com 
pletes, a timer motor circuit by connecting the conductor 
99 to the conductor, 15. Energized through this circuit, 
the timer. motor, will run continuously until such time as 5 
the control switch 72 closes...for the... seconditime. The 
timer then continues in operation through that switch, until 
it., opens the switch. 65 to de-energize, all the operating 
elements of the machine. Thus, it will, be, seen that if 
either belt-should break, the heaters are de-energized,and 10 
the timer is caused to run continuously until the machine 
is finally shut-off. 

If the machine, should...become flooded, the heater relay. 
circuit is likewise, broken and the timer-motor-energized. 
Also, the drive motor, the condenser water valve and the 3 
drain pump are de-energized. If the machine becomes 
flooded the: water leveliswitch. 48 opens the contacts 82 
and-83 and closes: the: contacts,83 and 84. The opening 
of the contacts 82and83.breaks; the heater relay circuit. 
the drive motor a circuit, the condenser, water, solenoid 20 
circuit and the drain: pump. circuit. The closing of the. 
contacts. 83, and 84, however, energizes the timer. motor. 
through conductor. 117, switch. 71 of the sequence cont 
trol, and conductor. 15. The switch:71-of-the-sequence. 
control-is-so arranged... that: it-remains closed...until such, 25 
time, as the sequence, control switch. 72, closes...for the: 
second-time. Then if the machine...is still-flooded, the 
timer: motor. shuts off too; conversely if the flood cont 
dition has cleared up, the machine. will then, be timed. 
out through the cool-down period. 

If the machine should, overheat during the drying, op 
eration the safety thermostat. will be tripped...soas...to; 
close the conductor. 183, to the contact. 106 rather. than 
to the contact. 105. This, of course, results in the heater, 
circuit being broken and further it, energizes, the timer. 35 
motor through the conductors 17. and 1:15. Thus, so, 
long as the over-temperature, condition; continues... the 
heaters are: de-energized and the timer, motor is in opera 
tion, so as to drive: the sequence control mechanistanto 
ward, the "off" position. 
To complete; the description of the control system...of 

Fig. 5; we will now explain-how. it conducts, the machine. 
through the washing operation...prior to conducting it. 
through...the drying operation described above. For that. 
purpose, let it be assumed initially. that the sequence. 4 
control is set in the space.just preceding. Zero. on the scale. 
of the cam-chart, that is, in the "off position. Let it. 
also be assumed that main switch. 7... is... manually closed, 
and that the door switch 79 sis.closed. While can actu 
ated switches-67,.68 and 72 are closed, no power is: Sup- 50 
plied: to any of the electrical components...of the Washer 
dryer:from power supply lines 76, and 77 and neutral. 
line.78, To initiate the washing operation: the sequence: 
control is now, manually advanced to: a position, slightly, 
beyond zero. As a result cam-actuated switches. 67,.68 55. 
and 72 are opened while switches: 64, 66; 70, 71 and 74 
are: closed. Closure of switch 66, completes...a circuit. 
to main drive-motor 23; commencing with line.76 and 
extending through the main switch 7, and door. Switch. 79 
to line 80: From line-80 the circuit-continues through 60 
switch 66-to-the-conductor. 87 connected: to the drive. 
motor, and from the drive, motor it, is completed to neu 
tral line. 76 through conductor. 90. In this manner clo 
sure of the switch 66 causes operation of the mains drive 
motor throughout the period of operation of the appara- 65 
tus: as a washing machine. The starting winding. 88 of 
the 3 motor, of course, remains in the circuit only until 
motor comes up to speed, whereupon it is disconnected 
by the motor centrifugal switch.92. 

Simultaneously with the energization of the drive motor. 70 
an:automatic water fill controllis' energized through cam. 
actuated switch 66. This fill control comprises the water. 
valve solenoids 42 and 43 and the water level switch 48: 
The circuit for energizing the water valve solenoids may: 
betraced through the main switch:7; door switch:79, line: 7 
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8(and...cam.actuated switch:66 to the lines: 85, and 86 
leading to contact 83 of the: water level switch assein. 
bly, 48: . As; mentioned, above, contact: 83; is; normally 
closed with contact 82 when there: is no liquid in the 
machine; but as the liquid rises the hydro-static actuat 
ing means-rises, lifting contact:83 clear of contact 82 and 
closing it with contact 84. Thus: when the machine, is 
empty, a circuit is completed: through: the water level 
switch to the line 8::connected at the contact:82. The 
line, 3,...leads to a conductor 128 and the iconductor 18 
is connected to one terminal cf. the hot water control 
solenoid:42. The opposite terminal of the hot water Sole 
noid is connected through a line i9: to cam: actuated 
switch 64, which when closed, completes a circuit to line 
129. Line 120 is connected to the electrical neutral 78 
through conductor 10, the normally open contacts: 103 
of the centrifugal switch, and conductor, 98 to complete 
the water valve circuit. From this circuit it may be seen 
that the energization of the water valve; solenoid, 42...is 
dependent first upon closure of actuated switch; 66; Sec 
ondly, upon the closure of contacts 82, and 83 of the water 
level switch indicating that the machine: does not have 
normal liquid level; thirdly upon closure of can actuated 
switch 64; and finally upon closure of contacts 192 of 
the motor centrifugal switch indicating, that the machine 
is-operating at normal speed. It will also be noted that 
cold water: valve solenoid: 43 may be energized simuli 
taneously with the hot water valve solenoid 42 by closure 
of the manual "warm' water switch:9. Switch 9 corn 
pletes a circuit from line 118 to a line, 12 which is con 
nected to one-side of the cold-water valve solenoid, 43. 
The opposite terminal of the solenoid 43 is connected to 
line 19, and thus closure of manual switch. 9 energizes 
both hot and cold water valve solenoids in electrical part 
allel to supply warm water to the machine. 
The timer motor 62 unlike the drive motor: does not 

begin to rotate as soon as the control is "turned on, 
rather the timer motor 62 does not commence: operation 
to advance the sequence: control until Such time as the 
machine, has been filled to normal operating level. As 
the liquid level in the machine rises, water level control 
means 48 closes contacts 83 and 84 when normal liquid 
level is achieved. A timer circuit is then completed 
from line. 80 through cam switch. 66, lines. 86 and 85. 
and contacts 83 and 84 of the water level switch to the 
line 117. The line 17, is connected through cam actu 
ated switch 71 to line 15, and line i5 is, of course, 
connected to one of the terminals of timer motor. 62. 
The timer circuit is completed from the opposite terminal 
of the timer motor to the electrical neutral, 73 through 
lines 116 and 90. 

In the illustrated machine the heaters. 35 and 36 serve 
as a means for maintaining and increasing the tempera 
ture of the washing liquid as well as a means for evap 
orating moisture during the drying cycle. While these 
heaters, being mounted within the upper portion of the 
tub, as shown by Fig. 4, are not immersed in the liquid 
in the machine, there is a substantial heat transfer from: 
the heater to the rotating basket 24. Since the basket 
dips into the liquid as it rotates, and since a convective: 
current is created, an effective heat transfer means is 
provided between the electrical heating elements and the 
washing liquid. Operation of the electrical heating ele 
ments for maintaining and increasing the liquid tempera 
ture is under the control of the manual heater switch. 
and cam actuated switch 78. However, as a safety pre 
caution, this control system is arranged so that the water 
heating means cannot be energized; unless the machine. 
contains normal operating level of liquid, unless : both. 
drive belts are operative and unless the main drive motor 
is rotating at normal speed. 
The heaters are energized by means of the relay 38 

which is effective the same as in the: drying operation to 
close switches 93 and 94. Heating element,35. is... ener 
gized through the relay: switches by the same-circuit. as: 
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in the drying operation, the circuit commencing with 
line 76 and extending through line 103, switch 93, safety 
thermostat 104 and line 87 to contacts 59 of the thermo 
stat 57. From the normally closed contacts 59 the cir 
cuit passes through line 108 to heating element 35, and 
it is completed through relay switch 94 to line 76. The 
other heating element 36 is energized through the same cir 
cuit to line 108 and then through line G9, sequence con 
trol switch 74, and line AEC to the heating element itself. 
From heater 36 the circuit is completed through relay 
switch 94 to the other side of the line. Thus, when relay 
switches 93 and 94 are closed, both sections 35 and 36 
of the heating assembly are energized in electric par 
allel, assuming the safety thermostat 104 and the dryer 
control thermostat 57 are both relatively cool and hence 
in circuit closed positions. 

From the standpoint of the control system, the water 
heating means are energized by applying power to the 
terminals of the operating coil of relay 38. This is ac 
complished by a circuit commencing with line 75 and 
extending through main switch 7, door switch 78, line 
80, cam actuated switch 65, lines 86 and 85, contacts 83 
and 84 of the water level switch, line E7, the manual 
water heater switch Ali, can actuated switch 79, line 99, 
belt switch 37 and line 100 to one terminal of relay 38. 
The opposite terminal of the relay is connected to line 
10 which completes the circuit to the electrical neutral 
78 through the centrifugal switch 82 in the main motor 
and line 90. It is thus seen that operation of the water 
heating means depends not only upon closure of the 
main switch and the door switch, but also of the water 
level Switch, the manual water heater control switch, the 
cam operated switch for the heater control, the belt 
switch, the contacts of the heater relay, and the safety 
thermostat. As shown, can actuated switch 70 remains 
closed for water heating to the first seven intervals as 
shown by cam chart 75. During this period of the 
washing operation the heating capacity is sufficient 
actually to increase the temperature of the washing liquid. 
This is desirable in many applications either to conserve 
the Supply of the domestic hot water, or to supplement 
the heating capacity of the domestic hot water system. 
During the latter portion of the washing operation, the 
heaters are cycled on and off for short periods in a man 
ner calculated to maintain substantially the same water 
temperature; or in other words, sufficient heat is imparted 
to the Wash water to compensate for thermal losses. At 
all times, of course, the operator may control operation 
of the water heater by means of manual heater switch 11. 
As previously described, timer motor 62 advances the 

Sequence control during the wash cycle commencing with 
that moment when the wash water level switch signals 
that there is normal liquid level within the machine. At 
point 11 on the cam chart scale, the wash period termi 
nates, and the spent wash water is discharged from the 
machine by the drain pump 55. The drain punp spe 
cifically is energized under the control of can operated 
switch 67. When switch 67 closes the pump is energized 
by a circuit from line 3i) through cam operated Switch 
66, line 86, the pump itself, line iii, cam actuated switch 
67, lines 2 and 501, the motor centrifugal switch and 
line 9 to the electrical neutral. 

It may be noted also that slightly prior to the closure 
of cam switch 67 for pump operation, cam operating 
switch 72 closes in order to maintain the sequence control 
timer motor in operation regardless of the position of the 
water level switch 48. This is essential, of course, since 
otherwise the timer motor would cease operation. When 
ever the liquid is drained from the machine. This auxil 
iary timer motor circuit may be traced from lines 76 
and line 36 through cam switch 66, line 87, cam actuated 
switch 72 and lines AS4 and 15 to the timer motor, and 
thence to the neutral line as previously described. 

Concurrent with the energization of drain pump 55, cam 
actuated switch 63 is closed preparatory to the filling 
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operation for the first rinse. Since it is adequate for the 
rinsing operations to have a mixture of half hot and half 
cold water, cam actuated switch 63 functions to connect 
both water valve solenoids in electrical parallel during 
rinse fill. Switch 63, as shown, is connected across the 
manual switch 9 for that purpose. 
Upon conclusion of the drain period, cam actuated 

switch 63 closes to initiate the fill operation for the first 
rinse in a manner previously described in connection with 
the initial washing fill. Cam actuated switch 72 is open, 
while cam actuated switch 7 is again closed so that fur 
ther operation of the timer motor is again dependent upon 
closure of contacts 83 and 84 of the water level switch 
when normal liquid level exists within the machine. 
These circuits likewise were described in conjunction with 
the initial fill for the wash period. 

Following the first rinse, which is cornpleted at point 
14 on the cam chart time scale, the first rinse water is 
drained from the machine by energizing the drain pump 
55 through cam actuated switch 67 as previously de 
scribed. Again, cam actuated switch 71 opens while cam 
actuated switch 72 closes to continue the sequence control 
drive in operation in spite of the opening of the circuit 
through contacts 83 and 84 of the water level control 
when water is drained from the machine. Adequate time 
is provided by the sequence control from points 14 to 15 
on the can chart scale for the water to be pumped from 
the machine. At point 15 on the scale, cam actuated 
switch 73 closes to complete a circuit to the spin solenoid 
37. Commencing with line 80 this circuit extends through 
switch 66, line 87 and a movable contact 122 of an un 
balance switch 123 to a fixed contact 124. From there, 
the circuit continues through conductor 125, cam actuated 
switch 73 and conductor 26 to spin solenoid 32. The 
opposite terminal of the spin solenoid is connected through 
conductors 127 and 90 to the electrical neutral 78. The 
energizing of the spin solenoid through this circuit, of 
course, shifts the transmission 28 so that basket 14 is 
driven at high speed to extract water from the clothes. 

If by chance the articles of clothing are distributed 
evenly around the inside of the rotating basket, the ma 
chine will rapidly accelerate the basket to centrifugal ex 
traction speed. If, however, due to uneven distribution, 
vibration of a predetermined amplitude exists, the unbal 
ance switch will be actuated moving contact arm 122 
away from contact 124 and into engagement with con 
tact 128. The tub specifically actuates the unbalance 
switch 123 to this result by means of a depending arm 
129 (Fig. 1) thereon. By the opening of the unbalance 
switch the solenoid 32 is released, and the machine returns 
to tumbling speed for re-distribution of the load. Simul 
taneously, however, from the back contact 128 of the un 
balance switch a circuit is completed to an unbalance 
timer motor 130. The other terminal of this timer motor 
130 is connected through a line 131, the motor centrifugal 
switch and the line 90 to the electrical neutral 78. It will 
thus be seen that upon vibration exceeding a predeter 
mined amplitude, the circuit to the spin solenoid is broken 
and simultaneously a circuit is completed energizing the 
unbalance timer motor 130. Thus the machine slows 
down to allow re-distribution of the clothes and at the 
same time the unbalance motor 139 rotates star can 132. 
The rotation of the star cam bends leaf spring 133 (Fig. 
1) and after a predetermined time interval the spring 
snaps back resetting the switch 123 to its original position. 
This resetting of the unbalance switch deemergizes the un 
balance timer motor and completes again the circuit of 
the spin solenoid. The machine then again attemps to 
accelerate to extraction speed. With this arrangement, it 
is possible that the machine may attempt acceleration to 
extraction speed several times before finally attaining a 
balanced clothes load permitting smooth vibration free 
performance. But ultimately it will attain that balanced 
load condition, and severe vibration can never occur since 
high speed operation is terminated whenever objection 
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able excursion of the tub with the respect to the base 
OCCS. 

Throughout the spin period, the sequence timer motor 
62 is in operation to advance the sequence control, and, 
of course, the pump 55 is energized so that liquid extracted 
from the laundry is discharged to the drain. Upon con 
clusion of this extraction period, the sequence control 
switches are again returned to position to cause the ma 
chine to refill with rinse liquid and to operate at tumbling 
speed. The rinse fill and rinse operations are identical 
with those previously described. Preferably, and as 
shown on the sequence control chart, a third rinse opera 
tion is provided before commencement of the final drail 
period at point 23 on the scale of the sequence control. 
This final drain is preparatory to the final spin dry or 
centrifugal extraction operation immediately preceding 
the application of heat for the final drying. Throughout 
the final extraction and drying periods, of course, the se 
quence control switch 67 is closed, thereby energizing the 
pump 55. The centrifugal extraction is controlled, as 
previously described, by energizing... spin solenoid 32 
through cam actuated switch 73 and the unbalance switch 
i23. The sequence control timer remains in operation 
under the control of sequence control switch 72 in the 
manner previously described. The final centrifugal ex 
traction periods ends at point 27 on the cam chart when 
can actuated switches 66 and 73 open. 

If the operator desires to terminate further machine 
operation, the "omit dry' button 10 may be depressed, 
and then when the machine concludes the final extrac 
tion period further operation will cease. However, as 
suming that the "omit dry' button is not depressed, the 
machine will go into the final drying period automatically 
and that period will be conducted as described above so 
that heat is applied to extract substantially all of the mois 
ture from the articles of clothing. The machine is con 
ducted into the dry period by the switch sequence con 
trol switches 65 and 72, the switch 65 closing slightly 
before the final spin period is ended and the switch 72 
being closed throughout the final spin period. After the 
machine proceeds into the dry period, the energization of 
the two heaters 35 and 36 and the duration of the drying 
period itself is controlled by the single level thermostat 
57 acting in conjunction with the sequence control mech 
anism 56 as described above. 

Incidently, referring to Fig. 5 it will be noted that the 
control system includes an indicator light 134 for giving a 
visual indication of the operation of the machine. This 
lamp 34 is so connected that it is energized both during 
the washing and drying operations of the machine and it 
may, for example, be positioned behind the sequence con 
trol dial 12 so as to illuminate it during the machine opera 
tion. Specifically, to effect that result the lamp 134 is 
connected between the line 86 and the neutral line 78. 
Connected in this manner the lamp is energized through 
the sequence control switch 66 during the washing opera 
tion, and the sequence control switch. 65 during the drying operation. 
While in accordance with the patent statutes we have 

described what at present is considered to be the preferred 
embodiment of our invention, it will be obvious to those 
skilled in the art that various changes and modifications. 
may be made therein without departing from the invention 
and we, therefore, aim in the appended claims to cover 
all such changes and modifications as fall within the true 
spirit and scope of our invention. 
What we claim as new and desire 

Patent of the United States is: 
1. Clothes drying apparatus comprising clothes tum 

bling means, a pair of electrical heating units, and a 
control system comprising a thermostat responsive to the 
temperature within said apparatus and having a normal 
position and a tripped position, said thermostat opening 

to secure by Letters 

to said tripped position at a predetermined high tempera 
ture and resetting to said normal position at a predeter. 
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mined lower temperature, a sequence control mechanism 
including a timer and a plurality of switches operated by 
said timer, and means including said thermostat and said 
sequence control mechanism for energizing both of said 
heating elements simultaneously, said elements being ar 
ranged to provide heat to said thermostat until said thermo 
stat trips a first time in response to the heat from said 
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elements, said means energizing only one of said elements 
thereafter upon resetting of said thermostat, said one 
energized element being arranged to provide heat to said 
thermo-Stat until it trips a second time, said means de 
energizing said one element too and terminating the drying 
operation when said thermostat trips the second time in 
response to the heat from said one element alone. 

2. Clothes drying apparatus comprising clothes tum 
bling means, a motor for driving said clothes tumbling 
means, a pair of electrical heating units, and a control 
system for said motor and said heating elements, com 
prising a thermostat responsive to the temperature within 
said apparatus and having a normal position and a tripped 
position, said thermostat opening to said tripped position 
at a predetermined high temperature and resetting to said 
normal position at a predetermined lower temperature, a 
sequence control mechanism including a timer and a 
plurality of Switches operated by said timer, means in 
cluding said thermostat and said sequence control mecha 
nism for energizing both of said heating elements simul 
taneously, said elements being arranged to provide heat 
to said thermostat until said thermost at trips a first time, 
said means energizing only one of said elements thereafter 
upon resetting of said thermostat, said one energized 
element being arranged to provide heat to said thermostat 
until it trips a second time, said means de-energizing said 
one element too when said thermostat trips a second time, 
and means including said sequence control mechanism for 
energizing said drive motor throughout the entire operation 
of the heating elements and for a timed cool-down period 
thereafter. 

3. Clothes drying apparatus comprising clothes tum 
bling means, a pair of electrical heating elements, and a 
control system comprising a thermostat responsive to the 
temperature within said apparatus and having a normally 
closed set of contracts, said thermostat opening to a 
tripped position at a predetermined high temperature and 
resetting to its normal position at a predetermined low 
temperature, a sequence control mechanism including a 
timer, heater circuit means for energizing said heating 
elements, said heater circuit means including said nor 
mally closed set of thermostat contacts and heater switch 
means controlled by said sequence control mechanism, 
with the circuit to one of said heating elements including 
a first switch operated by said timer, said heater circuit 
means being arranged to energize both of said heating ele 
ments simultaneously until said thermostat trips a first 
time in response to the heat from both of said elements, 
and means responsive to the first tripping of said thermo 
stat for advancing said timer to open said first timer oper 
ated switch, thereby to cause said heater circuit means to 
energize only the second of said heating elements to con 
tinue the drying action upon the resetting of said thermo 
stat, and responsive to the second tripping of said thermo 
stat caused by the heat from said second element only 
for advancing said timer to open said heater switch means, 
whereby said heater circuit is completely disconnected for 
terminating the drying operation. 

4. Clothes drying apparatus comprising a pair of elec 
trical heating elements, a clothes tumbling drum, a drive 
motor for driving said clothes tumbling drum, and a con 
trol system comprising a thermostat responsive to the 
temperature within said apparatus and having a normally 
closed set of contacts, said thermostat opening to a tripped 
position at a predetermined high temperature and reset 
ting to its normal position at a predetermined lower 
temperature, a sequence control mechanism including a . 
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timer, a motor circuit controlled by said sequence control 
mechanism for energizing said drive motor throughout 
the drying operation, heater circuit means for energizing 
said heating elements, said heater circuit means including 
said normally closed set of thermostat contacts and heater 
Switch means controlled by said sequence control mecha 
nism, with the circuit to one of said heating elements in 
cluding a first switch operated by said timer, said heater 
circuit means being arranged to energize both of said 
heating elements simultaneously until said thermostat 
trips a first time in response to the heat from both of said 
elements; and means responsive to the first tripping of said 
thermostat for advancing said timer to open said first 
timer operated Switch, thereby to cause said heater cir 
cuit, means to energize only the second of said heating 
elements to continue the drying operation upon the re 
setting of said thermostat, and responsive to the second 
tripping of said thermostat caused by the heat from said 
second heating element only for advancing said timer to 
open said heater switch means, and a second switch 
operated by said timer subsequent to the opening of said 
heater switch means for de-energizing said motor circuit 
and terminating the operation of said machine. 

5. Clothes drying apparatus comrrising clothes tum 
bling means, a pair of electrical heating elements, and 
a control system comprising a thermostat responsive to 
the temperature within said apparatus and opening to 
a tripped position at a predetermined high temperature 
and resetting to a normal position at a predetermined 
lower temperature, said thermostat having a first nor. 
mally closed set of contacts and a second normally ore 
set of contacts, a sequence control mechanism including 
ing a timer and a plurality of switches operated by said 
timer, heater circuit means for energizing said heating 
elements including said normally closed set of thermo 
stat contacts and heater switch means controlled by said 
sequence control mechanism, with the circuit to one of 
said heating elements including a first one of said timer 
operated switches, said heater circuit means being ar 
ranged to energize both of said heating elements simul 
taneously until said thermostat trips a first time in re 
sponse to the heat from both of said elements, a timer 
circuit for energizing said timer closed by said normally 
open set of thermostat contacts when said thermostat 
is in said tripped position, said timer being arranged to 
open said first timer operated switch when energized 
by the first tripping of said thermostat, thereby to cause 
said heater circuit means to energize only the second 
of said heating elements and not said one heating ele 
ment upon the resetting of said thermostat, and said 
timer being arranged to operate a second of said timer 
operated switches to open said heater switch means when 
said timer circuit is again energized by the second trip 
ping of said thermostat responsive to the heat from said 
second element alone, thereby to disconnect said heater 
circuit means and terminate the drying operation. 

6. The combination of claim 5 including a second 
timer circuit for energizing said timer, said second timer 
circuit including a third one of said timer operated 
Switches, said third switch being closed for a predeter 
mined interval upon the advance of said timer by the 
first tripping of said thermost at thereby to lock in said 
timer long enough to insure opening of said first timer 
Operated Switch, and said third switch being again closed 
upon the subsequent advance of said timer by the sec 
ond tripping of said thermostat thereby to lock in said 
timer once more and insure the opening of said second 
timer operated switch. 

7. Clothes drying apparatus comprising clothes turn 
bling means, a pair of electrical heating elements, and 
a control system comprising a thermostat responsive to 
the temperature within said apparatus and opening to 
a tripped position at a predetermined high temperature 
and resetting to a normal position at a predetermined 
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lower temperature, said thermostat having a first nor 
mally closed set of contacts and a second normally 
opened pair of contacts, a sequence control mechanism 
including a timer and a plurality of Switches operated 
by said timer, a heater relay having contacts and an 
operating coil, a relay coil circuit including a first of 
said timer operated switches, said first switch being 
closed at the start of the drying operation to close 
said relay, heater circuit means including said normally 
closed set of the thermostat contacts and said relay con 
tacts for energizing said heating elements, with the cir 
cuit to one of said heating elements including a second 
of said timer operated switches, said heater circuit means 
energizing both of said heating elements simultaneously 
until said thermostat trips a first time in response to 
the heat supplied by both elements, a timer circuit for 
energizing said timer closed by said normally open set 
of the thermostat contacts when said thermostat is in 
said tripped position, said timer being arranged to open 
said second timer operated switch when energized by 
the first tripping of said thermostat, whereby said heater 
circuit means energizes only the second of said heating 
elements upon the resetting of said thermostat to con 
tinue the drying operation, and said timer being arranged 
to open said first timer operated switch when said timer 
circuit is again energized by the second tripping of said 
thermostat responsive to the heat from said second heat 
ing element alone, thereby to de-energize said relay coil 
and open said heater circuit means. 

8. Clothes drying apparatus comprising a pair of elec 
trical heating elements, a clothes tumbling drum, a drive 
motor for driving said clothes tumbling drum, and a 
control system comprising a thermostat responive to the 
temperature within said apparatus and opening to a 
tripped position at a predetermined high temperature and 
resetting to a normal position at a predetermined lower 
temperature, said thermostat having a first normally 
closed set of contacts and a second normally open set 
of contacts, a sequence control mechanism including a 
timer and a plurality of switches operated by said timer, 
a heater relay having contacts and an operating coil, 
a relay coil circuit including a first of said timer oper 
ated switches, said first switch being closed at the start 
of the drying operation to close said relay, a motor 
circuit for energizing said drive motor throughout the 
drying operation, said motor circuit including a second 
of said timer operated switches, heater circuit means 
including said normally closed set of thermostat con 
tacts and said relay contacts for energizing said heating 
elements, with the circuit to one of said heating ele 
ments including a third one of said timer operated 
switches, said heater circuit means energizing both of 
said heating elements simultaneously until said thermo 
stat trips a first time in response to the heat supplied 
by both elements, a timer circuit for energizing said 
timer closed by said normally open set of the thermo 
stat contacts when said thermostat is in said tripped posi 
tion, said timer being arranged to open said third timer 
operated switch when energized by the first tripping of 
said thermostats, whereby said heater circuit means ener 
gizes only the second of said heating elements upon the 
resetting of said thermostat to continue the drying oper 
ation, and said timer being arranged to open said sec 
ond timer operated switch and then said first timer oper 
ated switch when said timer circuit is again energized 
by the second tripping of said thermostat responsive to 
the heat from said second heating element alone, thereby 
to de-energize first, said relay coil and subsequently said 
motor circuit for de-energizing first said second heater 
and then said drive motor to terminate the drying oper 
ation. 

9. The combination of claim 8 including a second 
timer circuit for energizing said timer, said second timer 
circuit including a fourth one of said timer operated 
switches, said fourth switch being closed for a prede 
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termined interval upon the advancing of said timer by 
the first tripping of said thermostat, thereby to lock in 
said timer long enough to insure opening of said third 
timer operated switch, and said fourth switch being again 
closed upon the subequent advance of said timer by the 
second tripping of said thermostat, thereby to lock in 
said timer once more and insure the opening of said first 
and second timer operated switches. 
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