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AUTOMATIC CONTROL OF PLURAL HEATERS

IN A CLOTHES DRIER
James T. Williams, St. Joseph, and Samuel J. Miller,
Baroda, Mich., assignors to Whirlpool Corporation, St.

Joseph, Mich., a corporation of Delaware
Filed Oct. 17, 1960, Ser. No. 63,105
8 Claims. (CL 263—10)

The present invention relates broadly to a laundry ap-
pliance and method therefor, and is especially directed to
a dryer control responsive to the change of the dryer ex-
haust temperature for reducing the thermal energy input
when the exhaust temperature exceeds a predetermined
point.

It is known that in a drying operation, such as occurs
in a clothes dryer, as a particular clothes load becomes
dry, a progressively diminishing amount of the heat sup-
plied to the incoming dryer air is converted into latent
heat of evaporation of water, while a progressively increas-
ing amount of the incoming heat becomes sensible heat
and, therefore, produces a rising exhaust air temperature.
It is also known that clothes being dried automatically
can withstand more heat while still relatively wet, and
further, that the temperature in a dryer reaches maximum
near the end or dryest portion of the drying cycle. There-
fore, by sensing the exhaust air temperature and control-
ling the heat input in accordance with the measured tem-
perature, a relatively great amount of thermal energy may
be directed to the clothes at the beginning of a drying
cycle and a lesser amount near the end thereof, so that
there is obtained an efficient and non-harmful drying of
the clothes load.

It is accordingly an important aim of the present in-
vention to provide an improved laundry method and ap-
pliance which accomplishes the stated objectives.

Another object of this invention lies in the provision
of improved control means for a domestic dryer appara-
tus.

Still another object of the instant invention is to provide
a relatively low cost and highly simplified automatic con-
trol system for both electrical and gas drying apparatus,
and which functions effectively with a wide variety of gar-
ment materials and load weights.

A further object of this invention lies in the provision
of a dryer control system which effectively operates inde-
pendent of clock timers.

A still further object of the instant invention is to pro-
vide a dryer apparatus and method which operates at a
controlled maximum drying temperature, so that there is
no overdrying of the materials under treatment and ac-
cordingly no staining or browning thereof.

An even further object of the invention lies in the pro-
vision of a dryer control system permitting the use of
relatively high heat inputs when the clothes are relatively
moist, and which reduces the amount of applied heat en-
ergy as the moisture content of the clothes is reduced.

Other objects and advantages of the invention will be-
come more apparent during the course of the following
description, particularly when taken in connection with
the accompanying drawings.

in the drawings, wherein like numerals designate like
parts throughout the same:

FIGURE 1 is a circuit diagram illustrative of one
dryer control system embodying the novel concepts of this
invention;

FIGURE 2 is a circuit diagram illustrative of another
dryer control system featuring the teachings of this in-
vention; and

FIGURE 3 is a diagram showing a portion of circuitry
representative of one modification of the circuit diagram
of FIGURE 2;
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FIGURE 4 is a schematic view illustrating a drying
chamber with circulating means for air in the chamber,
a plurality of thermally responsive means arranged to
sense exhaust temperature, a compensator thermostat ar-
ranged in the inlet and a heater.

Although the principles of the present invention are of
general applicability, a particularly useful application of
the disclosures herein made, involve the drying of clothes
in a domestic clothes dryer. It will be understood, how-
ever, that the inventive subject matter may be applied
with equal facility to other forms of drying apparatus.

Drying is the removal of an evaporable fluid, usually
water, which may be accomplished by heating the wet ma-
terial to a temperature above that corresponding to the
vapor pressure of the surrounding atmosphere, or by re-
ducing the vapor pressure of the surrounding atmosphere
below the vapor pressure of the liquid in the material to
be dried.

Changing a substance to a vapor state is a process
called vaporization, a term which includes boiling and
sublimation, as well as evaporation, which is a conversion
of liquid to the vapor state that occurs only at the surface
of the liquid.

Evaporation occurs at all temperatures and continues
until the liquid disappears, or until the space surrounding
the liquid has become saturated with vapor. In the proc-
ess of evaporation, a liquid is gradually transformed to
a vapor by loss of molecules at its surface. The mole-
cules of a liquid are regarded as in a state of continual,
but disordered motion, moving about in all directions and
with various speeds. In this motion there will be in-
stances where a molecule is approaching the liquid surface
with a sufficient velocity to carry it beyond the range of
attraction of the surface molecule; this molecule then
leaves the liquid and becomes a molecule of vapor.

The rate of evaporation of free moisture to be re-
moved from a batch of materials such as clothes, depends
upon the vapor pressure of the moisture in the material
corresponding to its temperature and the vapor pressure
of the moisture in the air corresponding to its absolute
humidity, although it will be appreciated that other fac-
tors such as the physical properties of the materials being
dried and the movement or flow of the ambient air are
also involved. In any event, the rate of evaporation is
proportional to the difference in vapor pressure between
the liquid in the materials to be dried and that of the
liquid in the immediate vicinity of the materials to be
dried.

The quantity of heat which must be given to a unit
mass of liquid to convert it to vapor without a change of
temperature, is called the heat of vaporization.

Thus, in a clothes drying operation, the addition of a
predetermined quantum of thermal energy per unit of time
to an air stream directed into a drying zone, will either
result in the conversion of the free moisture into vapor,
and will thus be a measure of the heat of vaporization
given to the free moisture on the materials within the dry-
ing zoné, or the temperature of the drying zone and the
materials contained therein will be elevated by direct
conduction and convection. Thus, if the addition of ther-
mal energy is terminated, the air stream will cool down at
a rate reflecting the evaporative conditions in the drying
zone.

In addition, and assuming a relatively constant input
of thermal energy to the air stream throughout the dry-
ing cycle, when the clothes are relatively wet in the sub-
stantially constant drying rate portion of the cycle the
major amount of heat input added results in the conver-
sion of the free moisture into vapor, and the minor amount
elevates the temperature of the drying zone. On. the
other hand, as the clothes reach a relatively dry condition
in the remaining portion of the drying cycle and contain
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little free moisture, the major amount of thermal energy
added raises the drying zone temperature, while a minor
amount of the added heat input is used to convert the
liquid to vapor. As a result, when a constant heat input
is used throughout the drying cycle, there is not only a
waste of thermal energy as the clothes approach dryness
and for the remaining portion of the cycle, but as well, a
continuance of a constant or uniform heat input to rela-
tively dry clothes frequently results in staining or brown-
ing of the load due to the high input temperatures to the
clothes load. Further, in many systems the heat input
is maintained at a relatively low level in order to avoid
overdrying near the end of the drying cycle, and as a
result the heat input level when the clothes are relatively
wet is much lower than the clothes can actually withstand
in their wet condition. This of course unduly prolongs
the drying cycle.

In accordance with the principles of this invention, first
and second thermostats connected by relay means in
control of the machine motor are located in the exhaust
air stream. One thermostat, referred to as a sensor ther-
mostat, is in direct control of at least a portion of the
heating means, which may be a plurality of resistance
elements or a gas valve and burner assembly having two
or more heat input levels, while the second thermostat,
referred to as a limit thermostat, in the exhaust air stream
is of the two, or hot and cold, position type.

In one embodiment of the invention, a manual mo-
mentary make switch connects with the relay coil means,
and closing of the momentary make switch contacts
energizes the relay to start the drive motor and to com-
plete a circuit to the heating means and the sensor thermo-
stat through the “cold” contact of the two position limit
thermostat and the contacts of the relay. ‘With all heat-
ing elements energized or the gas burner at maximum
output, clothes drying continues until the exhaust air
temperature reaches the pre-set reading of the sensor
thermostat,” whereupon at least one heating element is
deenergized or the gas burner output stepped down. As
the clothes become progressively more dry under this
reduced heat input, the exhaust air temperature rises,
indicative of the fact that a lesser amount of the thermal
energy in the incoming dryer air is converted into latent
heat of vaporization of water in the clothes. The in-
creasing exhaust air temperature causes the two, or hot
and cold, position limit thermostat to switch from the
cold to the hot position, which deenergizes the relay
means to open the circuit to the heating elements or gas
valve and burner assembly. The machine motor remains
in operation by being energized through the hot contact
in the two position or limit thermostat, until this ther-
mostat senses a predetermined lower exhaust air tem-
perature and returns to its cold position. Since the relay
means is deenergized, the circuit to the drive motor is now
open and all operation ceases. The circuit can then only
be completed by again actuating the momentary make
switch.

The “timerless” control system described may incor-
porate therein a compensator thermostat located in the
inlet air stream in electrical parallel with the sensor ther-
mostat. The compensator thermostat is effective to main-
tain a higher heat input, as by keeping all heating elements
in operation, if there exists either a low ambient, a low
voltage, a high air flow or a predominant combination
thereof. The compensator thermostat senses the air tem-
perature before it enters the drying chamber, although it
is of course appreciated that the compensator thermostat
is not required in all applications.

The control system of this invention can further em-
body switch means by-passing the limit or two position
thermostat, in order to energize the machine motor in-
dependent of the limit thermostat without energizing the
heating means. In this manner, the clothes can be
tumbled without the addition of thermal energy thereto.
As well, the novel control system herein disclosed as
used for gas drying can incorporate heating means to
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actuate the limit thermostat to its hot position for auto-
matically shutting off power to the gas valve and eventual-
ly deenergize the entire machine if an ignition failure
occurs. Various other novel aspects of this invention will
be noted and will become apparent during the course of
the description now to follow.

It will be appreciated that the principles of the instant
invention are of general applicability, however, a partic-
ularly useful application of the present novel concepts
may be made, as has been stated, to a domestic clothes
dryer such as is customarily referred to as a home laundry
appliance. Moreover, the improvements of the instant
invention are adaptable for use with an automatic dryer

. control comprising components and circuitry which, in
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some respects, are essentially conventional. For example,
it is contemplated that the present invention would be
utilized in a domestic dryer of the type utilizing a
machine motor shown in FIGURE 1 at 16 used for rota-
tively driving a tumbling drum ‘(not shown) and a dia-
grammatically illustrated air translating means 11 such as
a blower, which moves air through the drum providing
a treatment zone wherein a batch of wet clothes are to be
dried.

In the form of the invention shown in FIGURE 1, a
a pair of heating means 12 and 13 are provided, and illus-
tratively each heating element may have a rating of 2800
watts, although obviously both the rating and the number
of heating elements may be widely varied. Further, as
will be noted in connection with FIGURES 2 and 3, the
heating means may take the form of a gas valve and
burner assembly having a variable output.

The heating elements 12 and 13 are connected in par-
allel, and bridging the heating elements is a sensor ther-
mostat 14 located in the exhaust air stream. The sensor
thermostat 14 may be of the conventional SPST disc type
or of the “rod and tube” type and is a commercially avail-
able component. The sensor thermostat 14 may be con-
structed with different set temperatures built therein, and
illustratively the control temperature may be 145° using
only the two heating elements 12 and 13. It is desirable
that the sensor thermostat 14 reclose at 142° or 143°,

Connected in parallel with the sensor thermostat 14 is
a compensator thermostat 15, located in the inlet air
stream and being of the SPST disc type. As will be later
noted, the compensator thermostat 15 is not at all times
required, although its use is desirable in order to com-
pensate for voltage, air flow and ambient variations. The
opening value of the compensator thermostat 15 would be
dependent on its exact location in the inlet air stream to
the drying chamber,

The heating elements 12 and 13, sensor thermostat 14
and compensator thermostat 15 are connected to contact
16a of relay means 16, which may take the form of a
DPST relay with a 115 volt pilot coil 165 therein. The
relay means 16 is in circuit with a start switch such as a
momentary push-to-start switch 17, desirably taking the
form of a manual SPST momentaiy make switch. The
start switch 17 receives power through line L-1, and as
will be shortly described, actuation of the start switch
energizes the coil 165 of relay means 16 causing relay
contacts 16« and 16c¢ to close,

A second power line L-2 connects with contact 18a of
centrifugal switch 10¢ of the machine motor 10, and
in the line L-2 is a safety thermostat 18 of the SPST disc
type, which is normally closed and opens in the presence
of abnormally high temperatures to break the circuit to
the heating elements 12 and 13.

A ground line N connects with the winding 105 of the
drive motor, and in circuit with this winding is a door
switch 19 which closes when the dryer loading door is
closed. It may be observed from FIGURE 1 that the
door switch 19 is connected to contact 16c of the relay
means 16, and is also in circuit with contact 204 of a limit
thermostat 20, The limit thermostat 26 is positioned in
the exhaust air stream and is of the SPDT disc or of the
“rod and tube” type. In the embodiment shown, the
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contact 28a of the limit thermostat 28 is the “hot” contact,
and contact 205 is the “cold” contact.

The operation of the “timerless” control system illus-
trated in FIGURE 1 may be described as follows. With
the door switch 19 closed and the limit thermostat 20 in
its normal cold position 280 as shown, the start switch 17
is depressed momentarily to energize the coil 16b of the
relay means 16. Energization of the relay coil 165 closes
relay contacts 16a and 16c and completes one branch of
the circuit through the contact 16a to the heating elements
12 and 13, sensor thermostat 14 and compensator thermo-
stat 15, and a second circuit through the relay contact 16¢
through the closed door switch 19 to the drive motor
winding 10h. When the motor 10 approaches its oper-
ating speed, centrifugal switch arm 18c¢ closes against
contact 10a to complete the circuit from the safety ther-
mostat 18 through the drive motor centrifugal switch
to the heating elements 12 and 13, placing the heating ele-
ments across lines L-1 and L-2.

As the clothes drying operation proceeds with an in-
creasing total amount of moisture being removed, a
greater amount of the heat input is in the form of sen-
sible heat, rather than being used to convert the moisture
into latent heat of vaporization. When the exhaust air
temperature reaches the trigger temperature of the sensor
thermostat 14, this thermostat opens to remove the heat-
ing element 13 from the circuit neglecting at the present
time compensator thermostat 15. If the load is dry or
almost dry when sensor thermostat 14 opens, the exhaust
air temperature with only element 12 energized will con-
tinue to rise, but at a decreased rate, under average dry-
ing conditions to the temperature necessary to switch the
limit thermostat 20 from contact 205 to contact 28a. If,
however, a considerable amount of moisture is still pres-
ent in this load at the time the sensor thermostat 14 opens,
the temperature of the exhaust air will decrease with only
clement 12 energized until the closing temperature of the
sensor thermostat 34 is reached thus again energizing
both elements 12 and 13. This process continues until
enough moisture is removed whereby the exhaust air
temperature will continue to rise with only element 12 en-
ergized.

The limit thermostat 20 is set to move from its cold
28b to hot 284 position at a temperature somewhat above
the operating temperature of the sensor thermostat, and
illustratively the limit thermostat may switch from cold
contact 205 to hot contact 20a at 150° F. When this
occurs, the relay coil 165 is deenergized opening relay
contacts 16a and 16¢c to open the circuit to the single
energized heating element 12, The heating elements 12
and 13 cannot be energized without again actuating the
start switch 17.

At this point it will be observed that deenergization of
the relay coil 165 by the limit ihermostat 20 causes the
drive motor 16 to be energized through hot contact 20a
of the limit thermostat 26. As the exhaust air tempera-
ture then decreases by reason of no heat input from the
heating elements 12 and 13, the limit thermostat 20 will
move from hot contact 28a to cold contact 28b at a prede-
termined temperature to deenergize or open the entire
circuit, shutting off the drive motor 19. This time be-
tween the opening of contact 205 to its closing is effective
as a cool down period.

The compensator thermostat 15, if used in the dry con-
trol circuit of FIGURE 1, is positioned in the air inlet
stream to the load being dried and is influenced by the
source of heat input. The temperature that this nor-
mally closed thermostat 15 senses is directly affected by
the ambient air temperature, the flow rate of the air stream
through the dryer, and the quantity of heat being supplied
by the heat source. It is desirable to choose an cpening
value for thermostat 15 such that if the combination of
drying variables present (ambient air temperature, air
flow, and heat input) produce normal input and exhaust
air stream temperatures, the thermostat 15 will open such
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6
that when sensor thermostat 14 opens the dry cycle will
proceed under the operation of element 12 only, as previ-
ously explained.

If, however, the compensator thermostat 15 senses a
combination of drying variables that give inlet and ex-
haust air stream temperatures considerably below thermal
(low ambiant air temperatures, high air stream flow rate,
and low heat input due to low voltage or poor gas quality
each tend to produce below normal conditions), the com-
pensator thermostat 15 will not open and when sensor
thermostat 14 opens, heating element 13 will remain ener-
gized through thermostat 15. The dry cycle will con-
tinue as previously explained only with both heating ele-
ments 12 and 13 energized.

Since a combination of drying variables that give below
normal inlet and exhaust air stream temperatures also re-
sult in the load being drier when the sensor thermostat 14
first opens than with normal drying conditions present, the
action of the compensator thermostat 15 is very desirable
since it operates under these conditions to shorten the
time pericd between the opening of the sensor thermostat
14 to the switching of the limit thermostat from its cold
28b to its hot 28a position. The thermostat 15 also
operates as a safety device in the presence of extremely
low inlet and exhaust air stream temperatures in that if
the dry cycle were allowed to continue under one heating
element operation after sensor thermostat 14 opened there
is a possibility that the exhaust air stream temperature
would drop, and the one operating heating element would
not be able to heat the air to the value necessary to oper-
ate lmit thermostat 20, thus the dry cycle would continue
indefinitely. The thermostat 15 would prevent one heat-
ing element operation under these drying conditions and
eliminate this possibility.

It should be readily apparent from this description that
a similar result would be produced if compensator ther-
mostat 1S were connected to a third heating element (not
iléown) rather than being connected to heating element

Even though, as earlier explained, the compensator
thermostat is not basic to the control system of FIGURES
1, 2 and 3, its usage does give these control systems the
v_ersatility they need to be used in mass produced domes-
tic machines that are exposed to the complete exiremes
of the very important drying variables. Most automatic
dry control systems fail because they are not versatile.

It has been noted hereinabove that the instant “timer-
less” control system is also of important application with
gas as well as electric dryers to reduce the thermal energy
input as the moisture content of the clothes decreases.
In common with the described system of FIGURE 1, the
control systems of FIGURES 2 and 3 are provided with
commercially available components connected in 2 novel
manner to produce continuocusly reliable and accurate re-
sults. In addition, as will be later described, the systems
of FIGURES 2 and 3 may include switch means to per-
mit the operator to manually control the dryer for tumble
and air with no heat, and as will be noted during the de-
§cript-ion of FIGURE 3, there may further be incorporated
in the control system heater means acting upon the limit
thermostat to assure that the entire dryer operation will
be terminated if a failure of gas ignition occurs.

Referring now to FIGURE 2, there is shown a machine
motor 3¢ for driving a tumbling drum (not shown) and
a diagrammatically illustrated air translating means 31,
such as a blower. A ground line N is connected to the
winding 30a of the drive motor 36, and when the motor
30 approaches running speed it actuates contact arm 30b
of the motor centrifugal switch against contact 30c.

The opposite side of the motor winding 30a is con-
nected to contact 31e of relay means 31 having a coil
31b. It may be seen that one side of the coil 315 con-
nects to the ground line, while the opposite side of the coil
leads to a start switch 32, which in the manner of FIG-
URE 1, may be a manual SPST momentary make switch.
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The start switch, on the other hand, connects to “cold”
contact 33a¢ of a limit thermostat 33 located in the ex-
haust air stream, and being of the SPDT disc type as in
FIGURE 1. The limit thermostat 33 receives power
from line L-1, and in this embodiment it may be noted
that there is included a stop switch 34 and door switch
35, the stop switch being normally closed and in control
of the complete circuit so that all compeonents may be de-
energized if so desired.

It may be observed from FIGURE. 2 that cold contact
33a of limit thermostat 33 leads to contact 3%c in the re-
lay means 31. The relay contact 31c further connects
with a sensor thermostat 36 of the normaily closed type,
and which may be provided by a SPST disc type or a
“rod and tube” type thermostat, as was described in con-
nection with FIGURE 1. The sensor thermostat 36 is
located in the exhaust air stream and has a pre-set trip
temperature built therein, which as earlier noted may be
about 145° F. for 5600 watt operation as shown in FIG-
URE 1 or 160° F. for 37,000 B.t.u. per hour gas. opera-
tion as shown in FIGURE 2. As in FIGURE 1, there
is provided in the control system of FIGURE 2 a com-
pensator thermostat 37 connected in parallel across the
sensor thermostat 36, although as was also earlier noted,
the compensator thermostat is not required in all applica-
tions. However, when employed, the compensator ther-
mostat is positioned in the inlet air stream, and may be
provided by a SPST disc type member.

Connecting with the drive motor 30 centrifugal switch
contact 36c is a safety thermostat 38, and lines from the
safety thermostat 38, sensor thermostat 36 and relay means
31 and start switch 32 are connected to.a gas valve and
burner assembly, generally designated by the numeral 39
and indicated only diagramatically since such gas valve
and burner assemblies are conventional structures, the
details of which are very well known to those versed in
the art. In the instant embodiment, the valve and burner
assembly 39 is of the two level type, although obviously
a different number of levels of thermal energy output can
be provided therein.

It may in certain circumstances be desired.-to tumble the
clothes without adding heat energy thereto, and for this
purpose in the control system of FIGURE 2 a fluff switch
40 bridges the limit thermostat 33 to provide power to the
drive motor 30 and blower 31 without actuating the heat-
ing means 39.

The “timerless” control system. of FIGURE 2 oper-
ates generally in the manner of the system of FIGURE 1,
and accordingly only a brief summary of its operation will
be undertaken. As appears.in FIGURE 2, closing of the
door switch 35 and depressing the monetary make switch
32 completes a circuit through the stop switch 34 and limit
thermostat cold contact 33a to the relay means 31, en-
ergizing the coil 31b to actuate the contacts 314 and 3ic,
the latter contact completing one branch of the circuit
through the sensor thermostat 36 to the gas valve and
burner asseembly 39; while the relay contact 314 com-
pletes the other branch of the circuit, energizing the drive
motor winding 3@a to close centrifugal contact arm 305
against contact 30c to complete a circuit for the ener-
gization of the gas valve and burmer assembly to add a
relatively high amount of.thermal energy to the tumbling
drum.

As the drying operation proceeds, the clothes become
dry and there-is less refrigeration effect, so the exhaust
air temperature rises. When this temperature reaches the
pre-set or trigger point of the sensor thermostat 36, the
thermostat opens, stepping down the level of heat output
by deemergizing a gas valve in assembly 39. If at this
time the clothes are sufficiently dry to allow the lesser
heat input from assembly 39. as energized through line
31d to maintain the exhaust temperature high enough to
prevent re-setting of the sensor thermostat 36, the drying
continues at this lowered input. In the case of small
loads, the 160° temperature may have been reached pre-
maturely due to by-passing of input to the exhaust, and
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if so, the reduced input appears quickly in the exhaust,
and the sensor thermostat 36 re-sets to provide a full in-
put.

In normal circumstances, however, the sensor thermo-
stat 36 steps down the heat input, and with this condi-
tion, the exhaust temperature continues to increase uniil
the limit thermostat 33 moves from its cold position 33a
to its hot position 33b, as described in connection with
FIGURE 1, and when the “hot” contact 335 is actuated,.
the relay coil 31b is deenergized, opening contacts 31a
and 31c which removes all heat input. The drive motor
38, however, is now energized through hot contact 336
of the limit thermostat 33, and this will continue to be
the case until the exhaust air temperature drops during
the cool down and moves from its hot position 336 to
its cold position 33a, breaking the circuit to the drive
motor 39 to stop said motor.

The compensator thermostat 37 in FIGURE 2 func-
tions in the manner of the thermostat 15 in FIGURE 1,
and accordingly no further description thereof is believed
to be necessary. However, as was stated, the compen-
sator or thermostat is not required in all applications,
although its use is desirable if it is anticipated that there
may be low ambient, low voltage or high air flow con-
ditions.

The circuit illustrated in FIGURE 3 differs principally
from that of FIGURE 2 by its inclusion of heater means
50 positioned to superficially heat the limit thermostat 33
and connected at one side to the ground line N and at its
opposite side to warp switch means 51 in the gas valve and
burner assembly 39. As is known in the art such assem-
blies conventionally incorporate therein a warp switch
which opens in the event of a failure of the gas to ignite,
the warp switch thereupon closing the gas supply valve
to block any further flow of gas to the burners. In the
system of FIGURE 3, the conventional warp switch is
provided with a second contact 5ia leading to the heater
means 50, so that when the warp switch 51 opens heater
56 is energized and the limit thermostat 33 is superficially
heated to its hot position 335, deenergizing the relay coil
31b which-in turn deenergizes contacts 31g and 3l1c to
shut off power to the gas valves in the assembly 39 also
deenergizing heater 50. The drive motor 30 continues
to function, and accordingly, when the limit thermostat
returns fo its cold position 334 the circuit to the drive
motor 30 is broken and the entire machine is then de-
energized.

It may be observed that in the “timerless” control sys-
tem of FIGURE 3 a SPDT fluff switch 52 is provided.
This prevents any momentary energization of the relay.
means 31 and gas valves in the assembly 39 when the
fluff switch is in the fluff position 524, and as well,
the fluff switch 52 as thus located in the circuit prevents
starting a normal dry cycle while a non-heated air tumble
is in process. In the embodiment shown in FIGURE 2
it would be possible during a fluff cycle to energize the
gas valve assembly 39 by depressing start button 32.

In other respects the control systems of FIGURES 2
and 3 correspond one to the other, and accordingly, like
numerals from FIGURE 2 have been applied to FIG-
URE 3.

There has been discussed in the preceding paragraphs
various changes and modifications which can be effected
in the dryer control system of this invention, and it is
believed apparent therefrom that numerous variations
can be practiced without departing from the novel con-
cepts of this invention.

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

1. In a dryer operable through a drying cycle and hav-
ing means forming a drying chamber, a plurality of in-
dependently operable heating means for evaporating mois-
ture from articles placed within said chamber, a drying
control circuit including said heating means, relay means
in said circuit, switch means in said circuit in control of
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said relay means, drive meaas in said circuit for control-
ling the circulation of air through said drying chamber,
and a plurality of thermally responsive means in said cir-
cuit located to sense the temperature of exhaust air from
said chamber and operable upon sensing a first tempera-
ture of exhaust air to first deactivate at least one of the
heating means to provide a reduced therrwal input to the
articles under normal operating conditions and operable
upon sensing a second temperature of exhaust air to then
deactivate said relay means and drive means, terminating
the drying cycle.

2. In a dryer operable through a drying cycle and hav-
ing means forming a drying chamber, a plurality of in-
dependently operable heating means for evaporating mois-
ture from articles placed within said chamber, & drying
control circuit including said heating means, relay means
in said circuit, switch means in said circuit in control
of said relay means, first thermally responsive means in
said circuit located to sense a first temperature of exhaust
air from said chamber and operable to deactivate at least
one of the heating means to provide a reduced thermal
input to the articles, and a second thermally responsive
means in said circuit located to sense a second and rela-
tively higher temperature of exhaust air and operabls to
deactivate said relay means and the remaining heating
means.

3. In a dryer operable through a drying cycle and hav-
ing means forming a drying chamber, a plurality of inde-
pendently operable heating means for evaporating mois-
ture from articles placed within said chamber, a drying
control circuit including said heating means, driven means
in said circnit for controlling the circulation of air through
said drying chamber, relay means in said circuit connected
to said heating means and to said drive means, switch
means in said circuit in control of said relay means to
energize said heating means and said drive means, a
sensor thermostat located in the exhausi air stream and
sensing a first temperature of exhaust air from said cham-
ber and operable to deactivate at least one of the heating
means to provide a reduced thermal input to the articles,
and a limit thermostat located in the exhaust air stream
and sensing a second temperature greater than said first
temperature to deactivate the remaining heating means
when said second temperature is reached and operable to
thereafter deactivate the drive means when the exhaust air
temperature drops below said second temperature.

4. In a dryer operable through a drying cycle and hav-
ing means forming a drying chamber, a plurality of inde-
pendently operable heating means for evaporating mois-
ture from articles placed within said chamber, a drying
control circuit including said heating means, relay means
in said circuit, switch means in said circuit in control of
said relay meauns, first thermally responsive means in said
circuit located to sense a first temperature of exhaust air
from said chamber and operable to deactivate at least one
of the heating means to provide a reduced thermal
input to the articles, a second thermally responsive means
in said circuit located to sense a second and relatively
higher temperature of exhaust air and operable to deacti-
vate said relay means and the remaining heating means,
and a third thermally responsive means in said circuit lo-
cated in the inlet air streamn downstream of said heating
means and detecting the temperature of said inlet air
stream to compensate for variations in rate of air flow
and heat input to said drying chamber and variations in
ambient air temperature by maintaining more than a
single heating means in operation after actuation of said
first thermally responsive means.

5. Tn a dryer operable through a drying cycle and having
means forming a drying chamber, a plurality of inde-
pendently operable heating means for evaporating mois-
ture from articles placed within said chamber, a drying
control circuit including said heating means, drive means
in said circuit for controlling the circulaticn of air through
said drying chamber, relay means in said circuit connected
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to said heating means and to said drive means, switch
means in said circuit in control of said relay means to
energize said heating means and said drive means, a sensor
thermostat located in the exhaust air stream and sensing
a first temperature of exhaust air from said chamber and
operable to deactivate at least one of the heating means
to provide a reduced thermal input to the asticles, and a
two position limit thermostat located in the exhaust air
stream and having a first and relatively lower temperature
position connected to said relay means and a second and
relatively higher temperature position by-passing said re-
lay means and connected to said drive means, said limit
thermostat being operable when said second temperature
is reached to deactivate said relay means and all remaining
heating means, and when said first limit temperature is
again reached to deactivate said drive means.

6. In a dryer operable through a drying cycle and
having means forming a drying chamber, a plurality of
independently operable gas-fired heating means for evap-
orating moisture from articles placed within said cham-
ber, a drying control circuit including said heating means,
relay means in said circuit, switch means in said circuit in
control of said relav means, drive means in said circuit
for controlling the circulation of air through said drying
chamber, a sensor thermostat located in the exhaust air
stream and sensing a first temperature of exhaust air
from said chamber and operable to deactivate at least one
of said heating means to provide a reduced thermal input
to the articles, a two position limit thermostat located
in the exhaust air stream and having a first and relatively
lower temperature position connected to said relay means
and a second and relatively higher temperature position
bypassing said relay means and connected to said drive
means, said limit thermostat being operable when said sec-
ond temperature is reached to deactivate said relay means
and remaining heating means, and when said first tem-
perature is again reached to deactivate said drive means,
and a heater located to superficially heat said limit thermo-
stat and connected to said gas-fired heating means, said
heater being energized if the gas-fired heating means fails
to operate to move said limit thermostat from its first to
its second temperature position to deenergize said relay
means, all of said heating means and said heater, and
said limit thermostat deenergizing said drive means upon
cooling to said first temperature.

7. In a clothes dryer, a circuit to control the drying
process of articles to be dried in said clothes dryer com-
prising, a plurality of heating means, air franslation means
for forcing a stream of air through said clothes dryer,
first temperature responsive switch means in said circuit
controlling the energization of at least one of said heating
means, second temperature responsive switch means in
said circuit controlling the energization of all of said heat-
ing means, said first temperature responsive means being
effective upon the sensing of a first elevated exhaust air
stream temperature in said dryer to deenergize said one
heating means and said second temperature responsive
means being effective upon the sensing of a second elevated
exhaust air stream temperature higher than said first ele-
vated temperature in said dryer exhaust air stream to de-
energize all of said heating means to denergize said air
translation means at a temperature lower than said second
elevated exhaust air stream temperature.

8. In the invention of claim 7 in which said dryer is
provided with an air inlet and an air outlet through which
said air stream is passed, a third temperature responsive
means in said circuit in electrical parallel with said first
temperature response means and downstream of said heat-
ing means to sense the resultant temperature of the inlet
air stream to said dryer due to the influence of the heat
input, ambient air temperature, and air stream flow rate
to override said first temperature responsive means.
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