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United States Patent Office 

3,266,167 
DRYER CONTROL 

Francis Finnegan, Brockton, Massassignor to Texas 
Instruments incorporated, Dallas, Tex., a corporation 
of Delaware 

Filed Apr. 5, 1963, Ser. No. 270,901 
7 Claims. (C. 34-45) 

This invention relates to a dryer control, and more par 
ticularly to methods and apparatus for measuring the 
moisture content in items to be dried and for terminating 
a drying cycle of a dryer at a preselected level of mois 
ture content. 
Among the several objects of this invention may be 

noted the provision of a control for accurately determin 
ing the moisture content in items or a load being dried; 
the provision of such a control which is independent of 
drying temperature and which therefore may be employed 
to control the drying of very delicate fabric where there 
is little or no heat applied; the provision of a control 
of the class described which does not employ costly or 
elaborate moisture sensing apparatus; the provision of a 
control for a dryer which terminates a drying cycle when 
the moisture content of items being dried is reduced to 
a preselected level, and wherein this level may be readily 
and accurately selected; the provision of a control of the 
class described which can respond to the wettest piece in 
a load including items which exhibit nonuniform drying 
rates; the provision of a control for a dryer in which 
the system characteristics can be readily and continuously 
varied from a “wettest piece response” to an "average 
Wetness piece response'; the provision of a method for 
measuring the moisture content of a load being dried, 
and for terminating a drying cycle at a preselected level 
of moisture content; and the provision of a control for 
a dryer which employs a reduced number of complex 
components and which is therefore relatively inexpensive 
and highly reliable in operation. Other objects and fea 
tures will be in part apparent and in part pointed out 
hereinafter. 

Briefly, the present invention relates to a control for a 
dryer having a drum in which a load to be dried is 
tumbled or agitated. This control comprises a pickup 
assembly having first and second terminals and a pair of 
pickup elements electrically connected to a respective one 
of these terminals. These pickup elements have conduc 
tive portions in electrical contact with the load or items 
within the drum so that this load establishes or com 
pletes a current path between the first and second ter 
minals. The resistivity of the items being dried is a func 
tion of the amount of moisture present in the items. As 
the items become dry, their ability to conduct decreases 
and as a result, the resistance of the circuit or current 
path between the two terminals of the pickup assembly 
is a function of the moisture content of the load or items 
being dried. The control of this invention further in 
cludes Switching means adapted when actuated to ter 
minate a drying cycle of the dryer, and an electrical cir 
cuit interconnected with the terminals of the pickup 
assembly for actuating this switching means when the 
resistance of the current path between the terminals of 
the pickup assembly indicates that the moisture content 
of the items within the drum is at or below a preselected 
level. The electrical circuit includes means for accurately 
and in some forms for also continuously, varying this pre 
selected level thereby to control the moisture content of 
the items at which the drying cycle is terminated. In 
one preferred embodiment disclosed herein, the electrical 
circuit also includes means which insures that the wet 
test items in a load having nonuniform drying rates have 
reached the above-mentioned preselected level. Accord 
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ing to another embodiment, the electrical circuit includes 
means for determining whether the system responds to the 
average moisture content of the items in the drum or to 
the wettest items within this drum. 
The invention accordingly comprises the constructions 

and methods hereinafter described, the scope of the in 
vention being indicated in the following claims. 

In the accompanying drawings in which several of 
various possible embodiments of the invention are illus 
trated, 
FIG. 1 is a perspective phantom view of a clothes dryer 

illustrating generally the physical details of one exem 
plary embodiment of the present invention; 

FIG. 2 is a circuit diagram illustrating the electrical 
components of one embodiment of this invention and their 
interconnection; 
FIG. 3 is a circuit diagram illustrating a second em 

bodiment of this invention; 
FIG. 4 is a circuit diagram of another embodiment of 

this invention; 
FIG. 5 illustrates the circuitry of a fourth embodiment 

of this invention; 
FIG. 6 is a trimetric view of a drum for a clothes 

dryer illustrating details of a preferred embodiment of the 
present invention; 

FIG. 7 is a cross section of this drum taken on the 
plane of line 7-7 in FIG. 6; and 

FIG. 8 is a developed view of the sensing elements of 
the FIG. 6 embodiment. 

Corresponding reference characters indicate correspond 
ing parts throughout the drawings. 

Referring now to the drawings, and more particularly 
to FIG. 1, a domestic clothes dryer incorporating one em 
bodiment of the present invention is illustrated in its en 
tirety by reference numeral 11. This dryer includes a 
console or cabinet 13 in which is mounted a container 
or drum 15. This drum receives the items or load being 
dried through a door in the cabinet, outlined at 17. The 
drum is mounted for rotation about a horizontal axis to 
tumble or agitate the items being dried during a drying 
cycle. An electric motor, indicated at M, is adapted 
through a mechanical drive (not shown) to rotate drum 
15 about a substantially horizontal axis. A heat source 
19, which is illustrated as including an electric heating 
element 21 and a high-limit temperature-responsive switch 
or thermostat 23, is located within the console. The 
heating element 21 is positioned in heat exchange rela 
tionship or thermal communication with the drum. 
Console 13 has an upwardly extending portion 25 which 
constitutes a control panel and in which is provided an 
electronic control module 27 and a switching relay 29 
electrically interconnected with the various electrical com 
ponents of the dryer. 

Positioned within drum 15 is a pickup assembly which 
includes two sensing or pickup electrodes 31 and 33. 
These elements or electrodes are connected respectively 
to a pair of terminals (indicated by leads 35 and 37). 
Each electrode includes a conductive portion, indicated 
at 31a and 33a, electrically insulated by a layer of in 
Sulation 31b, 33b from drum 15. Each conductive por 
tion is adapted to contact the items or load within the 
dryer so that these items complete or establish a current 
path or electrical circuit between leads 35 and 37. Leads 
35 and 37 are connected to the electronic control module 
27 as explained in detail hereinafter. 
The present invention makes use of the fact that the 

electrical resistance of wet cloth increases as this cloth 
dries. On removal from a washing machine, for exam 
ple, Wet cloth exhibits an electrical resistance on the 
order of a kilohm or so; as the cloth dries, this resistance 
increases to values in the order of well over 100 meg 
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ohms. The resistance between leads 35 and 37 thus pro 
vides a clear indication of the moisture content of the 
clothes or items within the drum. FIGS. 2-5 illustrate 
four electronic systems or circuits which respond to this 
resistance change thereby to control a drying cycle of 
an automatic dryer. For the most part, the various elec 
tronic components of these circuits are located within 
electronic module 27, with appropriate controls being 
presented on the face of panel 25 for convenient manipu 
lation by the user of the dryer. 

Referring now to FIG. 2, one embodiment of a dryer 
control system is illustrated as comprising three input 
conductors L1, L2 and L3 which supply power from a 
three-wire single-phase, 230-volt power source. Lines 
L1 and L2 may be connected to the two hot lines of a 
typical single-phase service, while line L3 may be con 
nected to the neutral line of this service. Preferably line 
L3 is connected to ground as indicated to constitute a 
common ground for the dryer control. Connected in 
lines L1 and L2 are the contacts of relay 29, indicated at 
29a and 29b. Relay 29 also includes a solenoid coil 29c 
which controls the position or condition of contacts 29a 
and 29b. (The connection of coil 29c will be described 
hereinafter.) A pair of conductors LL1 and LL2 are 
connected to contacts 29a and 29b, respectively, and in 
turn to the various electrical components of dryer 11; 
for example, heating element 21, motor M, and a blower 
if one is provided. 

Connected in parallel with contacts 23b is a momen 
tary-contact, push button PB. A rectifying diode D1 is 
connected between line LL2 and a conductor LL3 which 
supplies half-wave rectified or pulsating D.C. power to 
the remaining portion of the FIG. 2 control. A voltage 
dividing network which includes a pair of serially con 
nected resistors R1 and R2, and the resistance (indicated 
by a resistance R) of the current path established by the 
load or items in drum 15 between leads 35 and 37 is con 
nected between the cathode of a rectifying diode D2 and 
line L3. The anode of diode D2 is connected to line 
LL3. Lead 35 constitutes one output terminal of this 
voltage-dividing network, while lead 37 constitutes the 
second terminal thereof. Resistor R1 is a variable re 
sistance, and preferably a continuously variable type 
which has a relatively high maximum resistance Set 
ting, e.g., on the order of 30 megohms. As explained 
hereinafter, the setting of resistor R1 selects or deter 
mines the moisture content of the items being dried at 
which a drying cycle is terminated. 
Connected in shunt across output terminals 35 and 37 

is a sizable capacitor C1, e.g., 4 microfarads, the un 
grounded terminal of which is connected by a resistance 
R3 to one terminal or electrode of a voltage breakdown 
device constituted by a neon bulb N1. Connected across 
lines LL3 and L3 is the emitter-collector circuit of a 
transistor Q1 and a resistor R4. The base or control 
electrode of transistor Q1 is connected to a terminal of 
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neon bulb N1, while the output or collector electrode is 
connected to the gate electrode of a silicon controlled 
rectifier (SCR) Q2. The anode-cathode circuit of this 
SCR is interconnected with coil 29c of relay 29 across 
lines LL3 and L3. As explained hereinafter, relay 29 
and SCR Q2 comprise a switching means which controls 
both the initiation and termination of a drying cycle. 

Operation of the FIG. 2 embodiment is as follows: 
To initiate a drying cycle, push button PB is closed mo 
mentarily. Transistor Q1 is initially non-conducting and 
hence the potential appearing at the gate electrode of 
SCR Q2 is initially at a relatively high level. This con 
ditions SCR Q2 to conduct and accordingly, the closing 
of switch PB causes current to flow through coil 29c and 
the anode-cathode circuit of SCR Q2. This energizes 
relay 29, causing contacts 29a and 29b to close. This in 
turn energizes lines LL1 and LL2 which are connected 
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4. 
to motor M and heating element 21. Motor M rotates 
drum 15 to tumble or agitate the items or load to be 
dried, while the heating element provides the proper heat 
ing of this load. 

Since at the beginning of a drying cycle the items with 
in the dryer have a relatively high moisture content, the 
resistance of these items, i.e., the resistance of the current 
path between leads 35 and 37, is at a relatively low level 
and hence the potential at lead 35 (the voltage across 
capacitor C1) is a small fraction of the voltage across 
lines LL3 and L3. As the moisture within the clothes 
or items decreases, the resistance thereof increases. 
This in turn increases the voltage across capacitor C1. 
Because of this capacitor, the system has a relatively long 
time constant and therefore does not respond to transient 
variations in the resistance of the items within the drum 
which could, if capacitor C were not provided, cause 
premature termination of the drying cycle. Neon bulb 
N1 exhibits avalanche type operating characteristics and 
accordingly, when the voltage across capacitor C1 reaches 
a point sufficient to fire neon bulb N, this bulb ionizes 
and applies the energy stored on capacitor C1 to the base 
of transistor Qi in the form of a positive pulse. This 
causes this transistor to conduct in the saturation region 
and in turn considerably lowers the potential at the gate 
electrode of SCR Q2. This decreases the gate current 
of this control rectifier to a point at which this device 
is cut off. As a result, current flow through coil 29c 
is cut off, causing relay 29 to be deemergized. Contacts 
29a and 29b thus return to their normally open condi 
tions, thereby disconnecting lines LL and LL2 from the 
power source, and terminating a drying cycle. 
The resistance of the load being dried (and hence the 

moisture content of this load) at which a drying cycle 
is terminated is controlled by the setting or adjustment 
of variable resistance R1 which controls or determines 
the voltage across leads 35 and 37. Increasing resist 
ance R, for example, generally decreases the voltage 
across resistance R and thereby insures that the items 
to be dried must reach a condition of less retained mois 
ture (i.e., greater electrical resistance) before the poten 
tial across the load is sufficient to cause neon bulb N1 to 
break down and thereby terminate a drying cycle. 

In addition to causing the system to have a long time 
constant so that it does not respond to transient or in 
cipient variations in the voltage across leads 35, 37 
(which could cause premature termination of a drying 
cycle), capacitor C also causes the system to respond 
somewhat to the Wetter cloth or items in a mixed load of 
clothes or items exhibiting nonuniform drying rates. 
Additionally, this capacitor provides a means of storing 
energy so that when the neon bulb ionizes, there is a 
Substantial amount of energy for driving transistor Q2 

5 into saturation quickly. 
Because the FIG. 2 control system actually senses the 

moisture content of the items being dried, no timer is 
necessary to control a drying cycle. Moreover, because 
a continuously variable resistor is employed to select the 
level of moisture content in the items at which a drying 
cycle is terminated, this level may be varied or adjusted 
over a continuous range between preselected upper and 
lower limits. The System thus possesses substantial ad 
vantages over prior art systems wherein only one or two 
moisture levels may be selected. 
A second embodiment of this invention is illustrated in 

FIG. 3. This embodiment is similar, for the most part, 
to the FIG. 2 embodiment and like elements are indicated 
by corresponding reference numerals. In this embodi 
ment, instead of connecting capacitor C directly across 
resistance R, a nonlinear resistance network which in 
cludes a diode D3 and a resistance R5 connected in 
parallel is provided between terminal 35 of the voltage 
dividing network and the ungrounded terminal of capaci 
tor C1. 
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In many instances, it is desirable that the dryer control 
System respond to the wettest pieces in a load of clothes 
of various configuration and fabric which exhibit non 
uniform drying rates. A common failure of prior art 
control systems of this type is that an "average dryness' 
measurement is employed to determine the termination 
of a drying cycle. When a mixed load is being dried, 
i.e., when the various items in the dryer exhibit substan 
tially different drying rates, resistance R will vary errati 
cally between high and low values in its increasing trend 
as the moisture content of the load diminishes. Some 
pieces might remain quite wet if termination of a drying 
cycle is based on average dryness. The provision of the 
nonlinear network D3, R5 in FIG. 3 causes this control 
system to respond to the low values of resistance R and 
to terminate a drying cycle in response to the wettest 
piece of cloth within the dryer reaching the level of 
dryness determined by the setting of resistor R1. 

Operation of the FIG. 3 system is as follows: A drying 
cycle is initiated, as before, by the closing of push button 
PB. As the clothes or items in the drum become dry, 
the voltage impressed across these items increases and 
charging current flows to capacitor C1 through resistor 
R5. As wetter parts of the load occasionally bridge or 
interconnect the electrodes of the pickup assembly in the 
drum, a relatively low-resistance discharge path is pre 
sented to the capacitor through diode D4 and resistance 
R. Accordingly, capacitor C1 charges slowly in response 
to average decreasing retained moisture in the clothes or 
items, but discharges rapidly through diode D3 in re 
sponse to intermittent indications of high retained mois 
ture. The system therefore tends to respond to the wet 
test parts in the load within the dryer. This tendency 
remains effective until the low value of resistance R 
becomes large enough to render the time constant of the 
capacitor discharge path through D3 and R sufficiently 
large relative to the time constant of the capacitor charge 
path through D, D2, R1, R2 and R5 so that the voltage 
across capacitor C1 is permitted to build up to a level 
sufficient to ionize neon bulb N1 and thereby terminate 
the drying cycle. 

Since the magnitude of R1 and R2 determine the preset 
terminating dryness level, and since the magnitude of R5 
does not affect this adjustment, the magnitude of R5 can 
be selected to provide the desired amount of response to 
high-retained moisture items of the load. The larger the 
value of R5, the greater will be the tendency of the 
system to maintain the dryer in operation until the very 
last part of the load reaches the preset retained moisture 
level. In a design of the control system, this is an im 
portant feature, i.e., to be able to control this tendency, 
since in many instances it is undesirable to excessively 
bake some parts of the load if a single stubborn item 
remains damp for a long time. 
A third embodiment of the present invention is illus 

trated in FIG. 4. Tests have indicated that for a bone 
dry operation or cycle, i.e., a cycle wherein the load being 
dried is thoroughly dried, performance is enhanced by 
measuring the wettest piece or item in a load exhibiting 
nonuniform drying rates. The system of FIG. 3 is there 
fore particularly adapted for this type of operation. For 
damp dry operation, on the other hand, i.e., to condition 
clothes for ironing, tests show that best performance is 
obtained by measuring the average wetness of the load. 
The embodiment of FIG. 4 provides the advantages of 
both types of operations by providing a system wherein 
an operator is able to vary the characteristics of the sys 
tem from a “wettest cloth response' for bone dry opera 
tion to an "average cloth response' for damp dry opera 
tion. Additionally, with the FIG. 4 system an operator 
may select an air-fluff cycle wherein the load is tumbled 
or agitated for a preselected period of time without the 
application of heat. 

Referring now to FIG. 4, three conductors which sup 
ply power from a 230-volt, single-phase power source are 

. . . . 6 
indicated at L11, L12 and L13. A first set of contacts 
of relay 29, indicated at 29a, are connected between line 
L12 and a conductor L14. A normally open, cool-down 
thermostat, e.g., a snap acting disc type thermostat T1 is 
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connected in shunt across contacts 29a. A second set of 
contacts 29b is connected between line L12 and an anode 
of a rectifying diode D11. The cathode of diode D11 is 
connected to a conductor L15. A momentary-contact 
push button PB is connected in shunt with contacts 29b. 
When either push button PB or contacts 29b are closed, 
conductor L15 supplies half-wave rectified or pulsating 
D.C. to the control portion of the FIG. 4 circuit. Inter 
connected between conductors L15 and L13 is a series 
circuit which includes a diode D12, a pair of resistors 
R12 and R15, a switch S1, and leads 35 and 37 of the 
pickup assembly within the drum 15. Again the resist 
ance of the load within the drum is indicated by a resis 
tor R. Switch S1 constitutes one switch of a ganged 
three-switch assembly which also includes switches S2 
and S3. Switch S2 is a single-pole, double-throw switch 
which in one position connects the anode of a diode D13 
to the ungrounded terminal of a capacitor C11 and in 
a second position connects a terminal of an air-fluff resis 
tor R16 to this capacitor. When S2 closes the circuit be 
tween D13 and R13, switches S1 and S3 are also closed 
through the interlocking mechanism; conversely, switches 
S1 and S3 are opened when S2 is moved to close the cir 
cuit between R13 and R16. The other terminal of resis 
tor R16 is connected to the cathode of diode D12. A 
variable control resistor R12, preferably a continuously 
variable type which has a relatively high maximum resist 
ance setting, e.g., on the order of 30 megohms, is con 
nected in shunt across resistance R15 and diode 13. In 
terconnected between the base or control electrode of a 
transistor Q1 is a series circuit which includes a resistor 
R13 and a neon lamp or bulb N11. The emitter of tran 
sistor Q1 is connected to line L13, while the collector of 
this transistor is connected to the gate or control elec 
trode of a silicon controlled rectifier Q12. A resistor R14 
is connected across the anode-gate circuit of this SCR. 
The coil 29c of relay 29 is connected in series with the 
anode–cathode circuit of SCR Q12 and in parallel with 
a series circuit which comprises the heating element 30a 
of a thermal relay and switch S3. This thermal relay 
controls a set of contacts 30b connected in line L12 which 
contacts are actuated by a thermally responsive device 
positioned in thermal communication or heat exchange 
relationship with the heating element 30a. Contacts 30b 
are normally open, i.e., they close when heating element 
30a is energized. 
The electrical heating element of the dryer being con 

trolled is illustrated as comprising two resistance heaters 
H1 and H2 connected by a high-limit thermostat T2 (cor 
responding to thermostat 23 in FIG. 1) to contacts 30b. 
An exhaust or heat-modulation-control thermostat T3 is 
interconnected between heater H2 and thermostat T2 
to control the energization of heater H2. 
The run winding of motor M (FIG. 1), indicated at 

RW in FIG. 4, is interconnected between lines L13 and 
L14. A centrifugal starting switch S4 selectively con 
nects the start winding SW of motor M in parallel with 
winding RW across lines L13 and L14. After motor M 
is energized to rotate drum 15, centrifugal switch S4 is 
actuated by the rotating shaft of motor M to the dotted 
line position in FIG. 4 to deemergize the start winding 
and connect heaters H1 and H2 across lines L13 and L4. 
There are generally two modes of operation of the 

FIG. 4 control: a drying mode wherein items within the 
drum are dried either to a damp dry or a bone dry condi 
tion, and an air-fluff mode wherein the items in the drum 
are agitated or fluffed for a preselected period of time 
without the application of heat, i.e., while heaters H1 and 
H2 are deenergized. The positions of switches S1, S2 
and S3 determine or control the mode of operation. With 
Switches S1 and S3 closed and switch S2 interconnecting 
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diode D13 with resistance R13, the circuit is set up for 
a drying mode. The opening of switches S1 and S3, and 
the actuation of switch S2 to interconnect resistances R3 
and R16, establishes the air-fluff mode. In the drying 
mode, the setting or adjustment of variable resistance R11 
concurrently determines or controls (1) the moisture con 
tent of the items or load being dried at which a drying 
cycle is terminated and (2) whether the system exhibits 
a “wettest piece response' or an "average wetness piece 
response.” In the (1) situation, the FIG. 4 system re 
sponse is similar to that described for the FIG. 2 system, 
In the (2) situation, for “wettest piece response,” the 
FIG. 4 system responds to the low values of R as de 
scribed above in connection with the FIG. 3 system. For 
the “average wetness piece response,” the FIG. 4 system 
responds to a value of R above the low values of R. 
As noted above, when damp dry operation is selected 

it is desirable for the system to respond to average Wet 
ness of the load, whereas for bone dry operation, best 
results are obtained when the system exhibits a wettest 
cloth response. By increasing resistance R11, the sys 
tem's characteristics are varied gradually or continuously 
from a damp dry (and average wetness piece response) 
operation to a bone dry (and wettest piece response) 
operation. 

Operation of the FIG. 4 circuit is as follows: It will be 
assumed that switches S1-S3 are set for a drying cycle 
and that resistance R11 is set or adjusted for a damp dry 
operation. To initiate a drying cycle, push button PB 
is closed momentarily. Initially, transistor Q11 is not 
conducting and as a result the potential at its collector is 
at a relatively high level. This causes conduction of SCR 
Q12, resulting in energization of coil 29c of relay 29 and 
heating element of 30a of the thermal relay. Energiza 
tion of the latter causes contacts 36b to close, while ener 
gization of coil 29c causes contacts 29a and 29b to close. 
This energizes windings RW and SW of motor M, the 
latter through centrifugal switch S4. As the motor ro 
tates drum 15 to agitate or tumble the items to be dried, 
switch S4 is actuated to its dotted line position, thereby 
deenergizing start winding SW and connecting heaters 
H1 and H2 across lines L11 and L14. The provision of 
switch S4 insures that the heaters may not be energized 
unless motor M is rotating drum 15. The exhaust tem 
perature is sensed by thermostat T3 which functions to 
selectively control energization of heater H2 to maintain 
the applied heat within predetermined upper and lower 
limits. High-limit thermostat T2 prevents the heat with 
in the drum from exceeding a preselected maximum level. 
Cool-down thermostat T1 closes when the temperature 
within the drum goes above a predetermined level and 
thereby functions to prevent deemergization of winding 
RW of motor M so long as the drum temperature is above 
this level. 

Since at the beginning of a drying cycle the items with 
in the dryer have an appreciable moisture content, the 
resistance of these items, i.e., the resistance of the current 
path between leads 35 and 37 of the pickup assembly, is 
at a relatively low level. Under these conditions, the volt 
age across resistance R11 and capacitor C11 is at a low 
level. As the moisture content of the items being dried 
decreases, the resistance thereof increases, thereby increas 
ing the potential applied across resistance R11 and capaci 
tor C11. This charges this capacitor at a rate determined 
by the setting of resistance R11. As the wettest items 
of the load occasionally bridge or interconnect the elec 
trodes of the pickup assembly, a relatively low-resistance 
discharge path for capacitor C11 is provided by diode 
D13 and resistance R. The tendency of the control system 
to maintain the dryer in operation until the very last part 
of a load reaches a preselected retained moisture level 
is determined by the size of the resistance in the charging 
path compared to the resistance in the discharge path and 
thus is determined by the setting of resistance R11 in the 
charging path. Because resistance R11 is included in the 
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3. 
voltage-dividing network, the setting of R11 will deter 
mine the particular resistance of the load being dried 
(and hence the moisture content of this load), at which 
the drying cycle will be terminated. When the resistance 
of the load reaches this preselected level, the voltage 
across capacitor C reaches a level Sufficient to fire or 
ionize neon bulb N11. The energy stored on capacitor 
C11 is applied to the base or control electrode of transis 
tor Q1, causing conduction of this transistor in the satura 
tion region, thereby lowering the potential at the gate elec 
trode of SCR QE2. This in turn cuts of the pulsating 
D.C. from diode Da through SCR Q2 and concurrently 
deenergizes coil 29c and heating element 30a causing 
contacts 29a, 29b and 30a to return to their respective 
open positions. This deemergizes heating elements H1 
and H2, and also deemergizes the control portion of the 
circuit. When the temperature within the drum cools 
down to a level wherein thermostat T. returns to its nor 
mally open condition, the run winding RW of motor M is 
deenergized, thereby terminating the drying cycle. 

In order to select a bone dry operation in a drying cycle, 
resistance R11 is increased. This does two things: first, 
it increases the time constant of the charging path for 
capacitor C11 as compared to the time constant of the 
discharge path for this capacitor thereby increasing the 
tendency of the control to exhibit a wettest piece response; 
and secondly, it increases the resistance level which the 
clothes or load within the drum must exhibit before a 
drying cycle is terminated. An important feature of the 
FIG. 4 system is that no matter what condition or degree 
of dryness is selected by the operator, the proper bias of 
the system (between "wettest cloth response' and "aver 
age cloth response') is automatically selected, since the 
same element, resistance R, provides both controls or 
serves both functions. 
To select a fluff-dry cycle, switches S and S3 are opened 

and switch S2 actuated to interconnect resistance R16 in 
series with capacitor C. Closing of push button PB 
causes coil 29c to be energized as before, but, because 
S3 is open, does not cause energization of heating ele 
ment 30a. Accordingly, contacts 29a and 29b close, but 
contacts 30b remain open thereby preventing energization 
of heating elements H and H2. Closing of contacts 29a 
energizes the windings RW and SW of motor M and 
causes the drum to agitate or fluff the items therewithin. 
The closing of contact 29b completes a charging path for 
capacitor C11 through diodes D1, D12, and resistance 
R6. When the voltage across capacitor C builds up 
to a value sufficient to fire or ionize neon bulb N, the 
cycle is terminated as outline above. The time it takes 
for the voltage across C to reach this terminating level 
is dependent upon the RC time constant of resistance R6 
and capacitor C1. Selection of the parameters of re 
sistor R16 therefore controls the fluff mode operating time. 
In one specific application of the FIG. 4 control, for ex 
ample, the parameters of C1 and R16 were chosen to 
provide a seven minute fluff-dry cycle. Again no timer, 
such, is necessary to control the operation of the dryer. 
A fourth embodiment of this invention is illustrated in 

FIG. 5. This embodiment is similar for the most part 
to the FIG. 2 system and like elements or components are 
designated by corresponding reference characters. In 
FIG. 5, instead of connecting capacitor C1 directly across 
the terminals or leads 35, 37 of the pickup assembly, 
this capacitor is connected in series with a resistance R2 
and the resulting series RC circuit is switchably connected 
across the terminals of the pickup assembly by a pair of 
ganged cycle or mode selector switches S1, and S2. A 
rheostat R23 having a sizeable fixed resistance and a 
movable wiper arm or slider is included in the FIG. 5. 
circuit. One end of the fixed resistance is connected 
through a resistor R25 to the cathode of diode D2, while 
the slider of R23 is switchably connected by switch S11. 
With lead 35 of the pickup assembly. Rheostat R23 is a 
Special resistor constructed to present a resistance be 
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tween resistor R25 and switch S11 which is continuously 
variable from nearly zero to approximately 30 megohms 
and then to an open circuit in the last few degrees of 
control shaft or slider rotation. It is preferred that there 
be no apparent step or transistion between the upper re 
sistance values and the open circuit condition. An air 
fluff resistance R27 having a very high resistance value; 
e.g., on the order of 120 megohms, interconnects the com 
mon junction of R23 and R25 with resistor R21. A re 
sistance R4 is provided, interconnected between the anode 
and gate electrodes of SCR Q2. 

In addition to performing functions analogous to those 
outlined above in connection with FIG. 2, the FIG. 5 
circuit provides for an air-fluff mode similar to that of the 
FIG. 4 system. To provide an air-fluff mode, an addi 
tional switch S13, ganged with selector switches S11 and 
S12, is included in the FIG. 5 system to maintain the heat 
ing elements of the dryer deemergized when switches S11 
and S12 are in their respective open positions. 

Operation of the FIG. 5 circuit is as follows: To es 
tablish the drying mode, cycle selector switches S11 and 
S12 are closed, thereby connecting lead 35 of the pickup 
assembly to resistor R21. The system in this mode func 
tions in a manner analogous to that of FIG. 2 described 
above, except that resistance R1 is replaced by the parallel 
combination of R23 and R27. In view of the special 
construction of rheostat R23, this arrangement permits 
the control resistance, i.e., R23 and R27, to be varied con 
tinuously from nearly zero to a very high value, greater 
than 25 megs. As the slider of R23 is advanced beyond 
the maximum resistance value to the open circuit position, 
this control resistance changes abruptly to the value of 
resistor R27, for example, 120 megs. Because of the 
parallel combination of resistances R23 and R27, rheostat 
R23 can be considerably less expensive than variable re 
sistances R or R11 in FIGS. 2-4, and yet the composite 
control resistance can be set to a resistance value con 
siderably greater than is possible in FIGS. 2-4. This 
permits the retained moisture level of the load at which 
a drying cycle is terminated to be set somewhat lower 
than is possible in the FIGS. 2-4 systems. The nonlinear 
resistance characteristics of the items being dried, i.e. 
resistance R, permits the control of FIG. 5 to appear as 
continuously variable to the operator of the dryer. That 
is, the nonlinear characteristics of the control resistance 
are, for all practical purposes, offset by the nonlinear 
resistance characteristics of the load being dried. 
To establish the air-fluff mode, selector switches S11, 

S12 and S13 are opened. Capacitor C1 charges through 
a network which includes resistances R25, R27 and R21 
and, as explained above in connection with FIG. 4, termi 
nates the air-fluff cycle a predetermined time after the ac 
tuation thereof; this time being a function of the size of 
resistors R25, R27 and R21 and the capacitance of capaci 
tor C1. It will be appreciated that, instead of employ 
ing a separate air-fluff resistor as in FIG. 4, resistor R27 
is employed both as a portion of the control resistance 
during a drying cycle and as the air-fluff resistance during 
an air-fluff mode of operation. -- 
A modified and preferred form of pickup assembly 

for use in the various systems of this invention is illus 
trated in FIGS. 6-8. The drum or container of the dryer 
under control is indicated at reference numeral 115. This 
drum is formed from a cylindrical portion 17. closed 
at one end by a circular plate 119. Drum 115 receives 
the items to be dried and is rotated by any conventional 
driving mechanism to tumble or agitate these items. A 
hollow shaft 121 bolted to drum 115 may, for example, 
carry a gear or pulley (not shown) mechanically inter 
connected with motor M. Preferably shaft 121 and drum 
115 are connected to ground as indicated. 
The pickup assembly of FIGS. 6-8 includes two cylin 

drical belts or bands 123 and 125 of electrical insulating 
material secured by a plurality of pins 127 and 129 to 
the inner surface of portion 117. Each of these bands 
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10 
carries two separated and electrically insulated printed 
circuit conductors; the conductors carried by band 123 
being indicated at 131 and 133, and those carried by band 
125 being shown at 135 and 137. Each of these conduc 
tors forms a tortuous conductive path on its respective 
band; the paths of the conductors on each band being 
offset with respect to each other as indicated. A pair 
of conductive bolts or pins 139 and 141 serves to elec 
trically interconnect conductors 131 and 135 to drum 115 
which is grounded. A pair of pins 143 and 145, insulated 
from drum 115, electrically interconnects conductors 133 
and 137 to a lead 147. The latter is carried on the out 
side of the drum, through a hole 149 in shaft 121, and 
connected with a terminal or stud 151 projecting out of 
the end of shaft 121. A spring-biased wiper member 153 
bears against stud. 151 making electrical contact there 
with. In the arrangement illustrated in FIGS. 6-8, one 
of the terminals of the pickup assembly (corresponding to 
terminal 37) is the common chassis ground of the dryer, 
while the other terminal (corresponding to terminal 35) 
consists of wiper member 153. 
The spacing between the conductors 131, 133, 135 and 

137 is such that the items or load to be dried normally 
bridge or interconnect a portion of one of these conduc 
tors with portions of the others. A current path or cir 
cuit is thus normally completed or established from termi 
nal 153, through stud 151 and lead 147 to conductors 133 
and/or 137, through the items or load within the drum 
to conductors 131 and/or 135, and then to ground which 
constitutes the second terminal of the assembly. An ad 
vantage of the FIGS. 6-8 pickup assembly is that no mat 
ter how small the load within the dryer, a circuit is nor 
mally completed between the two terminals of the pick 
up assembly. This reduces or eliminates transient varia 
tions in the resistance of the current path between the 
terminals of the pickup assembly which could occur if 
the load only intermittently bridged or interconnected 
the conductive portions of the pickup electrodes. More 
over, because four conductors are employed, two sepa 
rate parallel conductive paths through the load are nor 
mally provided; one from conductor 131 to conductor 
133, and a second from 135 to 137. This lowers the 
effective resistance between terminals 35 and 37, thereby 
increasing to some degree the sensitivity of the control. 
It will be understood that the assembly illustrated in 
FIGS. 6-8 could be employed with any of the control 
circuits illustrated in FIGS. 2-5. 

In addition to the components illustrated in FIGS. 
1-8, a typical dryer may include other control devices. 
For example, in many dryers a door-operated safety 
switch would be provided to interrupt a drying cycle 
when the door of the dryer is opened. Since such con 
trols form no part of this invention, they have not been 
specifically illustrated. 

Also, within the purview of this invention the dryer 
could also be set to operate as a control for a no-heat 
drying cycle for delicate fabric items by opening Switch 
S3 and by maintaining switches S1 and S2 in the closed 
position shown in FIG.4. It will be seen that with this 
arrangement heaters H1 and H2 remain deenergized be 
cause relay contacts 30b remain open since heater 30a 
is deemergized. - 
While the present invention is illustrated as controlling 

the operation of an electric clothes dryer which employs 
electric heating elements, it will be understood that it is 
equally applicable to the control of other types of dryers 
as well, for example, gas dryers. Further, while the 
FIGS. 2-5 embodiments have been illustrated and de 
scribed as used with a three-wire single-phase 230-volt 
power source, it will be understood that the various em 
bodiments of this invention can also be used with two 
wire power sources, either grounded or, ungrounded, and 
of different voltages, e.g. 120 volts, and can also be used 
With three-phase power sources. 
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Also, while the invention is illustrated as employing 
transistors and controlled rectifiers to perform the various 
control functions, other electronic transducers or ampli 
fying devices, for example, vacuum tubes or thyratrons, 
Iwhich exhibit analogous operating characteristics could 
be employed to perform these functions. And while the 
controlled rectifiers employed in the systems of FIGS. 
2-5 are disclosed as silicon controlled rectifiers, these 
transducers could be made of semiconductor material 
other than silicon so long as they exhibit proper operat 
ing characteristics. Moreover, other electronic devices 
which exhibit avalanche type operating characteristics, 
for example, avalanche diodes, could be employed in 
place of neon bulbs N1 and N11. Regarding the pickup 
assembly, if the interior of the drum (or at least a portion 
of the interior of the drum) presents a conductive surface 
to the items in the drum, the pickup assembly could em 
ploy this portion of the drum as one of the pickup elec 
trodes. 

In view of the above, it will be seen that the several 
objects of the invention are achieved and other advan 
tageous results attained. 
As various changes could be made in the above con 

structions and methods without departing from the scope 
of the invention, it is intended that all matter contained 
in the above description and shown in the accompanying 
drawings be interpreted as illustrative and not in a limit 
ing sense. w 
What is claimed is: 
1. A control for a dryer having means for agitating 

items of a load to be dried and electrode means adapted 
to contact items of the load to establish a current path 
therethrough, the resistance of said path being a func 
tion of the moisture contents of the items of the load con 
tacting said electrodes; said control comprising a source 
of unidirectional current, a voltage divider which is con 
nected across said source and includes said path for pro 
viding a voltage which is a function of the resistance of 
said path, a capacitor, a nonlinear resistance network 
which connects said divider to said capacitor and through 
which said voltage is applied to said capacitor, said net 
work permitting said capacitor to discharge more rapidly 
than to charge, Switching means adapted when actuated to 
terminate the drying cycle of said dryer, an electrical cir 
cuit interconnecting said capacitor with said switching 
means thereby to terminate said drying cycle when the 
charge on said capacitor reaches a predetermined level 
whereby said control is biased to respond to the wettest 
items in a load exhibiting nonuniform drying rates and 
whereby said Switching means is not actuated until these 
wettest items reach a predetermined dryness. 

2. A control as set forth in claim 1 in which said volt 
age providing means includes means for varying the level 
of predetermined dryness over a range between preselected 
upper and lower limits. 

3. A control as set forth in claim 1 in which the switch 
ing means includes a silicon controlled rectifier. -- 

4. A control as set forth in claim.1 in which the elec 
trical circuit includes an electronic element which ex 
hibits avalanche-type operating characteristics, said ele 
ment causing operation of said switching means when the 
charge on said capacitor rises above a predetermined level. 

5. A control as set forth in claim 1 wherein said non 
linear network includes a diode and a resistor connected 
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in parallel between one terminal of said capacitor and 
said electrode means. 

6. A control for a dryer having means for agitating 
items of a load to be dried and electrode means adapted 
to contact items of the load to establish a current path 
therethrough, the resistance of the path being a function 
of the moisture contents of the items of the load, said con 
trol comprising: 
a relay which is normally energized during a drying 

cycle and which upon deemergization initiates termi 
nation of a drying cycle; 

an SCR having a gate electrode and an anode-cathode 
circuit which is serially connected with said relay for 
controlling the flow of current thereto; 

means for applying pulsating current to said serially 
connected relay and SCR; 

means for applying triggering current to the gate elec 
trode of said SCR; 

a transistor having an emitter-collector circuit which 
is connected across the gate-cathode circuit of Said 
SCR for selectively shunting said triggering current 
away from the gate electrode of said SCR thereby to 
prevent firing of said SCR; 

voltage divider means including said path for providing 
a Voltage which varies as a function of the resistance 
of said path; 

a capacitor for integrating said voltage; 
and a voltage breakdown device connecting said capaci 

tor to the base electrode of said transistor whereby, 
when said load reaches a preselected level of dryness, 
the filtered voltage reaches the breakdown voltage 
of said device which then conducts thereby causing 
the emitter-collector circuit of said transistor to 
shunt said triggering current away from the gate 
electrode of said SCR whereupon said relay is de 
energized to initiate termination of the drying cycle. 

7. A control as set forth in claim 6 wherein said volt 
age breakdown device is a gaseous discharge device which 
exhibits avalanche type operating characteristics. 
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