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(57) Cette invention concerne une commande
électronique d’appareil de chauffage, en particulier de
friteuse. Elle comprend une sonde thermique servant a
déterminer la température du milieu de cuisson au cours
dun cycle de cuisson, température servant au choix
d’une valeur de compensation temporelle parmi une
série de valeurs associées aux températures en mémoire.
La compensation temporelle correspondant a la
température du milieu de cuisson est extraite de la
mémoire et modifiée en fonction de 1’écart par rapport a
la température de consigne. Cette valeur modifiée est
utilisée pour modifier le temps de cuisson.
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(57) An electronic control for a heating apparatus and
specifically a deep fat fryer is provided. The electronic
control includes a temperature sensor for sensing the
temperature of a cooking medium during a cooking
cycle. Cooking medium temperature sensed during the
cooking cycle is utilized as a pointer to one of a plurality
of time compensation values for corresponding
temperatures stored in a memory. The time
compensation corresponding to the sensed cooking
medium temperature is retrieved from the memory and
adjusted by an offset value determined in accordance
with the setpoint temperature to obtain an adjusted time
compensation value. The adjusted time compensation
value is utilized in the adjustment of the cooking time.
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ABSTRACT

An electronic control for a heating apparatus and specifically a deep fat fryer
is provided. The electronic control includes a temperature sensor for sensing the
temperature of a cooking medium during a cooking cycle. Cooking medium
temperature sensed during the cooking cycle is utilized as a pointer to one of a
plurality of time compensation values for corresponding temperatures stored in a
memory. The time compensation corresponding to the sensed cooking medium
temperature is retrieved from the memory and adjusted by an offset value determined
in accordance with the setpoint temperature to obtain an adjusted time compensation
value. The adjusted time compensation value is utilized in the adjustment of the

cooking time.
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ELECTRONIC CONTROL SYSTEM FOR A HEATING APPARATUS

The present invention relates generally to an electronic control system, and
more particularly to a control system for use with a heating apparatus.

The present invention finds advantageous application to a deep fat fryer
cooking system and will be described with particular reference thereto, it being
appreciatéd that the present invention has broader applications and may be used
with other heating apparatus such as ovens, pressure cookers, pasta cookers,

holding cabinets, furnaces, and water heaters.

It has been found that certain food products cook and taste best when
heated at a specific temperature for a set period of time. As a result, restaurants
and food service establishments, especially franchise food chains, have instituted
strict criteria for preparation of fried food products. Consequently, restaurants
and food service establishments will often require a deep fat fryer which can
operate and maintain specific heating parameters.

Deep fat fryers are widely used in commercial food vending establishments,
such as fast food restaurants, to heat food products, such as potatoes, fish, chicken,
or the like. Accordingly, desirable characteristics in a deep fat fryer include rapid
heating, without overshoot, to an operator selected cooking temperature, accurate
maintenance of the cooking medium temperature to a temperature within a
narrow range around the operator selected cooking temperature, minimal wearing
of heating element components, and safety features which prevent injury to the
operator or damage to the fryer.

Prior art fryers known heretofore typically include a vat for holding a
cooking medium, temperature selection means for inputting a desired cooking
temperature for a food product, a heating element (e.g., a gas burner or electric
element) for heating the cooking medium, temperature sensing means for sensing
the temperature of the cooking medium, and a fryer controller for providing
overall control of fryer operations. One significant function performed by the

fryer controller is control of the heating element.
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The heating element is operated in a melt mode, a post-melt mode, an idle
mode, a cook mode, and a boil mode. In the melt mode, a "cold” cooking medium
is heated at a slow rate to gradually introduce heat to the cooking medium. Since
many cooking mediums are solid at room temperature, special care must be taken
in operating the fryer to melt the cooking medium. When solid cooking mediums
are quickly heated, hot spots can devélop which may damage the fryer and which
may scorch the cooking medium, making it unsuitable for use in cooking. Fire or
heavy smoking are also possible results of quick heating of said cooking mediums.

The post-melt mode quickly heats the cooking medium to reach an
operator selected setpoint temperature (i.e., cooking temperature) which is
optimum for cooking the food product.

The cooking medium is maintained at a temperature around the operator
selected setpoint temperature in the idle mode. In this mode of operation, the
fryer awaits introduction of food product into the vat.

In the cook mode, food product is introduced into the cooking medium,
and depending on the load size, may cause a drastic drop in the temperature of
the cooking medium. It is during this mode that the food product is cooked.

In a boil mode, the cooking medium is removed from the vat so that a
cleaning operation can take place. In this respect, water and detergent are
introduced into the vat and heated to a predetermined temperature (e.g.,
approximately 195°F).

Referring now to the melt mode, prior art systems turn the heating element
on at constant intervals (i.e., pulse) to gradually introduce heat energy into the
cooking medium. Once a predetermined melt-release temperature is reached the
melt-mode ends, since the cooking medium may now be quickly heated to the
operator selected setpoint temperature without any adverse effects.

With respect to the post-melt mode, the prior art utilizes generally two
approaches. In the first approach, the heating element is turned unconditionally
on (i.e., full ON), until the temperature of the cooking medium exceeds a
predetermined threshold temperature a predetermined number of degrees below

the operator selected setpoint temperature. Once the cooking medium has
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exceeded the threshold temperature, the fryer controller begins pulsing the heating
element.

In a second approach to the post-melt mode, the heating element is turned
full ON until a predetermined threshold temperature is reached. When the
cooking medium reaches this threshold temperature, the heating element is turned
off, and the internal heat capacity of the fryer is relied upon to cause the
temperature of the cooking medium to continue rising uniil reaching the operator _
selected setpoint temperature.

With regard to the idle mode, prior art systems employ several different
approaches. A first approach is known as ON/OFF control. The heating element
is either on or off, with no middle state. The heating element is ON when the
temperature of the cooking medium is below the operator selected setpoint
temperature, and OFF when the cooking medium temperature is above the
setpoint temperature. A second approach is known as proportional control. The
proportioning action occurs within a "proportional band" around the setpoint
temperature. Outside this band, the controller functions as an ON/OFF unit, with
the heating element either fully ON (below the band) or fully OFF (above the
band). However, within the band, the heating element is turned on and off for
short intervals, wherein the ratio of ON time to OFF time is varied based upon
the difference between the cooking medium temperature and the setpoint
temperature. A third approach is known as PID (proportional with integral and
derivative control). PID combines proportional control with two additional
adjustments, which help compensate to changes in the system. Integral determines
how long the cooking medium temperature has been below the setpoint
temperature, and derivative determines how fast (i.e., the rate) the cooking
medium temperature is changing.

One feature common to many prior art idle mode control strategies is that
they attempt to minimize the peak-to-valley excursions of the cooking medium
temperature. The peak-to-valley excursion is the range of cooking medium
temperatures obtained around the setpoint temperature. The maximum
temperature establishes the "peak," while the minimum temperature establishes

the "valley." The peak-to-valley excursion of the cooking medium temperature is
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usually minimized by periodically pulsing the heating element, wherein the pulses
have a fixed duty cycle. In this respect, the pulses of heat are intended to add the
heat necessary to balance the heat lost to the surrounding environment.

Referring now to the cook mode, the controller of prior art systems keeps
the heating element unconditionally on during the entire cook mode when a "full
load" has been introduced into the cooking medium. A full load is a load of food
product which is at or near the maximum load size for the fryer. Prior art systems
operate in this manner because introduction of food product typically causes a
drastic drop in the temperature of the cooking medium. However, when several
cook modes are initiated successively, there is a build up of stored energy in the
fryer. Thus, it is possible to overshoot the operator selected setpoint temperature
when an interval of time elapses between a series of cooks and sufficient energy
has built up. Furthermore, when a series of cooks are initiated, the bottom
temperature (i.e., the minimum temperature of the cooking medium reached after
the introduction of food product to the cooking medium) will rise with each
successive cook. This also occurs due to heat build-up. Thus, each successive
cook mode operation will not be uniform. As noted above, prior art systems
operate unconditionally ON throughout each “full load" cook mode, and
consequently do not dissipate any excess heat.

With regard to the boil mode, which is provided to carry out a vat cleaning
procedure, prior art systems require the operator to manually enter this mode.
In this respect, prior art controllers do not sense when water has been substituted
for the cooking medium in the vat.

There are drawbacks to the operation of the prior art systems in each mode
of operation. With respect to the melt mode, the prior art generally operates the
same irrespective of the type of cooking medium. However, it would be
advantageous to use different rates of heating depending on the type of cooking
medium being used. In this respect, liquid shortening can accept heat at a faster
rate, without any adverse affects, than can solid shortening. The prior art fails to
provide a controller which can heat the cooking medium more rapidly or bypass
the melt mode altogether and begin the post-melt mode at once, when the cooking

medium can accept heat at a faster rate. This approach would allow for quicker
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initial heating of the cooking medium. However, it is also noted that in the case
of solid shortening, an unsafe condition can result from bypassing the melt mode.
Possible results of rapid heating include damage to the quality of the shortening
itself, heavy smoking or fire. Accordingly, the prior art also fails to provide a
controller which can recognize the type of cooking medium in the vat in order to
avoid unsafe conditions.

There are also disadvantages to the prior art post-melt mode, wherein the
heating element is continuously on followed by pulses of heat until it reaches a
predetermined threshold temperature below the operator selected setpoint
temperature. In this respect, pulsing might not be needed or desired depending
on the operating conditions and system parameters. For example, if the
temperature of the shortening is close enough to the setpoint temperature when
the continuous heating is terminated, then the internal heat capacity of the fryer
may be capable of raising the cooking medium temperature to the setpoint
temperature. This phenomenon is commonly referred to as "thermal lag,” and can
cause the temperature of the cooking medium to arrive at the setpoint
temperature without the further application of heat. Furthermore, in some cases,
the pulses of heat may not be sufficient to raise the temperature of the cooking
medium to the setpoint temperature. This problem may arise because the
duration of each heat pulse is not long enough to overcome heat loss to the
surrounding environment. Accordingly, the prior art does not have the ability to
adapt to post-melt mode conditions which may differ each time the post-melt
mode occurs.

The alternative prior art approach to the post-melt mode, wherein
continuous heating is followed by a heat cutoff, has similar drawbacks. In this
respect, the prior art does not provide for an adjustable heat cutoff temperature.
The heat cutoff temperature should vary, since the resulting peak temperature
obtained after the heat cutoff cannot be assured each time the post-melt mode
occurs. In this respect, the prior art does not adjust the cutoff temperature for
different post-melt mode conditions which may be present.

In general, the prior art approaches fail to provide a controller having a

post-melt mode wherein the threshold temperature is modifiable for a subsequent
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system startup, based upon the peak temperature reached following the heat cutoff
during the proceeding system startup. Furthermore, prior art systems fail to
provide a controller which adjusts the threshold temperature based upon the rate
of rise of the cooking medium temperature during the post-melt mode.

The idle mode of prior art systems also has several drawbacks. In this
regard, different system and operating conditions may require more or fewer
pulses of heat, consequently frequent control of the heating element may be
required to maintain the operator selected setpoint temperature during the idle
mode. The very nature of the prior art approach to the idle mode results in many
operations of heating element components, thus reducing the life of these
components. In many cases, tight control of the cooking medium temperature is
not as beneficial to the cooking process as is the extension of the life of the
components comprising the heating element. The prior art fails to provide a
controller that allows the operator to select an acceptable band for the peak-to-
valley temperature excursion, so as to maximize the life of heating element
components.

There are disadvantages to the cook mode of prior art systems as well. In
this respect, prior art cook modes fail to compensate for the build-up of stored
energy, which occurs when successive cooking operations are initiated.
Accordingly, at the end of a series of “full load" cooks the cooking medium
temperature can overshoot the operator selected setpoint temperature by an
unacceptable amount due to the build-up of stored energy in the system. In
addition, each cook in a series of cooks will have a different "bottom temperature”
as a result of heat build-up. Therefore, each cook in the series will not be
uniform.

The prior art’s manual procedure for entering the boil mode poses a safety
hazard. In this respect, if the vat is filled with water and the controller believes
the system is preparing to cook (i.e., begins a start-up cycle), too much heat will
be applied to the water, and a boil-over condition could occur. In this respect,
damage to the cooking appliance could occur and anyone in close proximity could

be injured.
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A second aspect of the present invention relates to time compensation,
during the cook mode. Time compensation is necessary for convenient operation
of the fryer, since the time for the temperature of a food product itself to reach
a predetermined "fully cooked” temperature will vary based upon the quantity of
food product in the vat and the temperature of the cooking medium during the
cook mode. In this respect, it would be advantageous to provide time
compensation so that an operator can enter the same cook time each time the
same type of food product is being cooked, without concern for the quantity (i.e.,
load size) of food product introduced into the vat and variations in cooking
medium temperature during a cook mode operation.

The present invention addresses the foregoing and other problems, and is
directed to an electronic control system and more specifically to an electronic
control system having a programmable microcontroller and associated peripherals,
for use with heating apparatus, such as fryers, ovens, pressure cookers, pasta

cookers, holding cabinets, furnaces, and water heaters.

. Accordifng to the present invention there is provided a temperature control
system for a heating apparatus having input means for inputting a setpoint
temperature, means for heating a medium, means for sensing the temperature of
the medium, and control means for controlling the amount of heat provided to the
medium by the means for heating, wherein during an idle mode of operation the
control means causes said means for heating to generate a pulse of heat each time
the temperature of the medium changes from a temperature above an idle-ON
temperature to a temperature below the idle-ON temperature.

According to another aspéct of the present invention there is provided a
method of operating a control system to classify a medium in a cooking chamber
as air or non-air coxﬁprising the steps of determining a first measured temperature
of the medium, storing the first measured temperature of the medium, activating
a heating element to heat said medium for a first predetermined period of time,
deactivating said heating element for a second predetermined period of time,
determining a second measured temperature of the medium, comparing the first

measured temperature of the medium to said second measured temperature, and
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classifying said medium as air if said second measured temperature does not
exceed said first measured temperature by a predetermined amount.

According to another aspect of the present invention there is provided a
temperature control system for a cooking apparatus comprising input means for
inputting a setpoint temperature; means for heating a cooking medium; means for
sensing the temperature of the cooking medium; control means for controlling the
amount of heat provided to the cooking medium by said means for heating,
wherein during a melt operation the control means causes said means for heating
to generate pulses of heat of uniform duration and duty cycle until a
predetermined melt release temperature is reached, and thereupon causing said
means for heating to provide continuous heat until a predetermined cutoff
temperature is reached, said control means comprising: means for adjusting said
predetermined cutoff temperature, during subsequent melt operations wherein the
predetermined cutoff temperature is adjusted in accordance with the difference
between the setpoint temperature and the peak temperature obtained after the
predetermined cutoff temperature has been reached.

According to another aspect of the present invention there is provided a
temperature control system for a cooking apparatus comprising means for heating
a cooking medium; means for sensing the temperature of the cooking medium;
means for inputting a cooking medium parameter; and control means for
controlling the means for heating, wherein during a melt mode a duty cycle for
pulsing the means for heating is determined in accordance with said cooking
medium parameter.

According to another aspect of the present invention there is provided a
temperature control system for a cooking apparatus comprising means for heating
a cooking medium; means for sensing the temperature of the cooking medium;
means for initiating a post-melt mode; means for detecting whether the
temperature of the cooking medium has stopped rising at a temperature between
approximately 200° F and 220 F, means for switching to a boil mode if said means
for detecting has detected that the temperature of the cooking medium has

stopped rising at a temperature between approximately 200*F and 220°F.
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According to another aspect of the present invention there is provided a
temperature control system for a cooking apparatus comprising means for heating
a cooking medium; means for sensing the temperature of the cooking medium;
and control means for controlling the amount of heat provided to the cooking
medium by the means for heating, wherein during a cook mode said control
means dissipates excess heat.

According to another aspect of the present invention there is provided a
temperature control system for a cooking apparatus comprising input means for
inputting a desired setpoint temperature; heating means for heating a cooking
medium; temperature sensing means for determining the temperature. of the
cooking medium; control means for controlling the amount of heat provided by
the heating means to the cooking medium, wherein: during a melt mode the
heating means providing pulses of heat to the cooking medium, said pulses having
uniform duration and duty cycle; during a post-melt mode the heating means
providing continuous heat to the cooking medium until a cutoff temperature is
reached, thereafter the heating means providing no heat to the cooking medium,;
said cutoff temperature being modifiable, for subsequent start-ups, in accordance
with the difference between the peak temperature obtained after the cutoff
temperature is reached and the setpoint temperature, during an idle mode the
temperature control means causing the means for heating to generate a single
pulse of heat each time the temperature of the cooking medium drops below a
predetermined temperature.

According to another aspect of the present invention there is provided a
temperature control system for a heating apparatus comprising a keypad for
inputting a setpoint temperature; a heating element for heating a medium;
temperature sensor for sensing the temperature of the medium; and a control unit
for controlling the amount of heat provided to the medium by the heating
element, wherein during an idle mode of operation the control unit causes the
heating element to generate a pulse of heat each time the temperature of the
medium changes from a temperature above an idle-ON temperature to a

temperature below the idle-ON temperature.
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According to another aspect of the present invention there is provided a
temperature control system for maintaining a medium at a setpoint temperature
comprising means for heating a medium; means for sensing the temperature of the
medium; temperature control means for controlling the amount of heat provided
to the cooking medium by the means for heating, wherein said temperature
control means comprises means for generating a pulse of heat each time the
temperature of the medium changes from a temperature above a predetermined
pulse temperature to a temperature below the predetermined pulse temperature;
means for adjusting the duration of said pulse of heat based upon the difference
between peak temperature resulting from a previous pulse of heat and a valley
temperature resulting from said previous pulse of heat.

According to another aspect of the present invention there is provided a
temperature control system for a cooking apparatus comprising input means for
inputting a setpoint temperature; means for heating a cooking medium; means for
sensing the temperature of the cooking medium; temperature control means for
controlling the amount of heat provided to the cooking medium by the means for
heating, wherein said temperature control means comprises: means for operating
in an idle mode when no cooking is taking place; means for operating in a cook
mode when a cook mode is initiated; and means for dissipating excess heat in the
cooking medium during the cook mode prior to the cooking medium reaching the
setpoint temperature.

According to another aspect of the present invention there is provided a
method of heating a cooking medium comprising generating uniform pulses of
heat to the cooking medium, until the cooking medium has reached a first
predetermined temperature; continuously heating the cooking medium after the
first predetermined temperature is reached and until a cutoff temperature is
reached; stop adding heat to the cooking medium after the cutoff temperature is
reached and until the cooking medium temperature changes from a temperature
above an idle-ON temperature to a temperature below the idle-ON temperature;
generating a first pulse of heat of predetermined duration, and subsequent pulses
of heat of a duration dependent upon the peak-to-valley temperature difference

resulting from a preceding pulse of heat; and continuously heating the cooking
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medium if the temperature of the cooking medium drops below a predetermined
minimum temperature.

According to another aspect of the present invention there is provided a
timer controller comprising means for storing time compensation values for
corresponding temperatures; means for inputting a setpoint temperature; means
for determining an offset value in accordance with said setpoint temperature; and
means for determining an adjusted time compensation value for a measured
temperature based upon the time compensation value corresponding to the
measured temperature and the offset value.

According to still another aspect of the present invention there is provided
a method for adjusting a cooking time comprising time compensation values for
corresponding temperatures; inputting a setpoint temperature; determining an
offset value in accordance with said setpoint temperature; and determining an
adjusted time compensation value for a measured temperature based upon the

offset value and the time compensation value for the measured temperature.
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The invention may take physical form in certain parts and arrangement of
parts, a preferred embodiment of which will be described in detail in the
specification and illustrated in the accompanying drawings which form a part
hereof and wherein:

FIG. 1 is a block diagram of a deep fat fryer arrangement;

FIG. 2 is a block diagram of a fryer controller disclosing a preferred
embodiment of the present invention;

FIG. 3 is a time/temperature graph illustrating a melt-mode, post-melt
mode and subsequent idle mode;

FIG. 4 is a time/temperature graph illustration of an idle mode in which
the cooking medium temperature varies symmetrically about a setpoint
temperature;

FIG. 5 is a time/temperature graph illustrating a cook mode; and

FIGS. 6A, 6B and 6C show a flow chart for a preferred embodiment of the
idle mode.
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FIG. 7 shows a flow chart for a preferred heat dissipation algorithm.
FIG. 8 is a graph showing a time compensation curve for a setpoint
temperature of 350°F and a shifted time compensation curve for a setpoint

temperature of 330°F.

Referring now to the drawings wherein the showing is for the purpose of
illustrating a preferred embodiment of the invention only, and not for the purpose
of limiting same, FIG. 1 shows a block diagram of a deep fat fryer 1 comprising
a temperature sensor 2, a gas burner 4, a gas valve 6, a vat 8 and a control unit
20. It should be appreciated that other types of heating elements can be used in
place of the gas burner and gas valve, including an electric element.

FIG. 2 shows a block diagram of fryer controller 10 illustrating a preferred
embodiment of the present invention. It should be appreciated that while the
preferred embodiment of the present invention relates to a controller for a deep
fat fryer, the present invention is also contemplated for use with other heating
apparatus.

Fryer controller 10 is generally comprised of a control unit 20, a memory
subsystem 30, an input subsystem 40, a display subsystem 50, an alarm subsystem
60, an output subsystem 70, a temperature sensing subsystem 80, and a power
subsystem 100. ‘

Control unit 20 is comprised of a microcontroller 22 and a watchdog circuit
24. Microcontroller 22 acts as the central "brain" of the fryer controller system.
In this respect, it manages all temperature control and timing functions.
Preferably, microcontroller 22 is an 80C32 microcontroller manufactured by Intel
Corporation. Watchdog circuit 24 is a monitoring circuit which assures, as much
as possible, that microcontroller 22 is functioning properly. In this respect,
watchdog circuit 24 is reset by microcontroller 22 every 1/10 of a second. If
watchdog circuit 24 fails to receive a reset signal from microcontroller 22, the
watchdog timer will reset microcontroller 22. It will also be appreciated that
control unit 20 can also be configured without watchdog circuit 24.

Memory subsystem 30 is comprised of a ROM 32, a RAM 34 and an
EEPROM 36. ROM 32 provides program instructions to microcontroller 22.
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RAM 34 stores temporary data such as current temperature, time left to cook,
etc, while EEPROM 36 stores changeable setup data provided by the operator
or manufacturer. However, unlike RAM 34, EEPROM 36 retains information
even when the fryer controller is turned off.

Input subsystem 40 is comprised of keypad decoder circuits 42, a keypad
44, a communications port 46 and appliance status input circuits 48. Keypad
decoder circuits 42 decode signals generated by keypad 44 and transmit the
decoded signals to microcontroller 22. Keypad decoder circuits 42 reduce the
number of input lines required by microcontroller 22 to receive data from keypad
44. In addition, decoder circuits 42 also provide electrostatic discharge (ESD)
protection. Keypad 44 is preferably a four-by-four type keypad matrix, which is
used by the operator to input data to microcontroller 22,

Communications port 46 is used to program microcontroller 22 with
programmable features such as times and temperature. This data is typically
stored in EEPROM 36. ’

Appliance status input circuits 48 receive status signals from external valves
and switches (e.g., a drain valve interlock, door interlocks, an ON/OFF switch,
and a gas pressure switch), and feeds the signals to microcontroller 22, preferably
via optocoupled inputs.

Display subsystem 50 is comprised of display drivers 52 and 56, an
alphanumeric display 54, and LED status indicators 58. Display driver 52 and
display driver 56 drive alphanumeric display 54 and LED status indicators S8,
respectively, by conditioning low level outputs from microcontroller 22.
Alphanumeric display 54 is preferably an 8 or 16 character, 14 segment LED
display, which communicates messages to the operator from microcontroller 22,
LED status indicators 58 are single LEDs which indicate the status of a system
component and inform the operator whether a particular function has been
invoked.

Alarm subsystem 60 is comprised of a variable loudness alarm driver 62
and an alarm 64. Variable loudness alarm driver 62 is provided to drive alarm 64

by decoding output from microcontroller 22 to change the volume of alarm 64.
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Alarm 64 is used by microcontroller 22 to alert the operator of the existence of
a particular condition. Preferably, alarm 64 is comprised of a piezoelectric buzzer.

Output subsystem 70 is comprised of relay driver circuits 72 and relay
driver circuits 74. Relay driver circuits 72 drive relays which turn the heating
element on and off. Relay driver circuits 74 drive relays which control non-critical
apparatus of the fryer, such as automated basket lifts.

Témperature sensing subsystem 80 is comprised of a reference voltage
source 82, an analog-to-digital (A/D) converter 84, a conditioning circuit 86, a
probe status circuit 88, a temperature sensor 90 and an override circuit 92.
Reference voltage source 82 provides a 3.2 volt steady voltage for calibrating
analog circuits. In this respect, A/D converter 84 converts the analog voltage of
reference voltage source 82 to a digital value usable by microcontroller 22. This
digital value provides a reference value for calibrating temperature sensor 90.
Temperature sensor 90 provides temperature readings inside the vat. The signal
provided by temperature sensor 90 is conditioned by conditioning circuit 86 and
fed to microcontroller 22 through A/D converter 84. Conditioning circuit 86
provides excitation for temperature sensor 90, and provides linearization and
amplification of the output signal of temperature sensor 90. Probe status circuit
88 also receives the conditioned signal from conditioning circuit 86 and determines
whether temperature sensor 90 has failed (e.g., an open probe circuit, or a shorted
probe circuit). If probe status circuit 88 determines that temperature sensor 90
has failed, then override circuit 92 will send a signal to relay driver circuits 72 to
turn off the heating element. Likewise, if an excessively high temperature is
sensed by temperature sensor 90, override circuit 92 will send a signal to relay
driver circuits 72 to turn off the heating element. Accordingly, override circuit 92
operates independently of microcontroller 22 to prevent hazardous conditions.

Power subsystem 100 provides the power required by the components of
the fryer controller and is comprised of a power supply 102 and a power
conditioning circuit 104. Power supply 102 supplies power to the electrical
components of the fryer controller, while power conditioning circuit 104 prevents
electrostatic discharge, lightning and other destructive energy from reaching the

electrical components.
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According to the present invention, the fryer controller provides six
different modes of operation with respect to temperature control. It should be
noted that the names given to each mode have been selected solely for the
purpose of illustration, and are not intended to limit the scope of the invention.

The first mode shall be referred to as the “pre-melt mode." In the pre-melt
mode the controller determines whether the cooking chamber (i.e., vat) is empty
(i.e., filled with air) or filled with liquid or solid shortening,

The second mode of operation will be referred to as the "melt mode"
during which the liquid or solid shortening, which are presumably in the cooking
chamber, will be heated at an appropriate rate.

The next mode of operation will be referred to as the "post-melt mode.”
During this mode, the temperature of the cooking medium is allowed to rise
quickly towards the operator selected setpoint temperature. Furthermore, during
this mode it is determined whether the cooking chamber contains water rather
than shorteniag. If it is determined that the cooking chamber is filled with water,
the boil mode is automatically entered.

The pre-melt mode, melt mode, and post-melt mode, togethe? comprise a
"start-up cycle." The mode of operation directly following the start-up cycle will
be referred to as the "idle mode.” During this mode of operation, the temperature
of the cooking medium is stabilized around the setpoint temperature. The
controller will operate in this mode of operation until a cooking operation is
initiated by the operator, by pressing a function key on keypad 44. At this time,
the controller will enter a mode which will be referred to as a "cook mode."
During the cook mode food product introduced into the cooking medium is
cooked.

An additional operating mode, which will be referred to as the "boil mode,”
is used for a cleaning operation, as discussed above.

Pre-melt Mode

The pre-melt mode will begin once the fryer is powered up. The controller
will use a default setting stored in memory to determine the type of melt
operation to perform. The type of melt operations consist of a "liquid melt”

operation, a "solid melt" operation, or a "no melt" operation. A liquid melt
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operation signifies that the medium in the cooking chamber is liquid shortening,
while a solid melt operation signifies that the medium in the cooking chamber is
solid shortening. A "no melt” operation signifies that the medium in the cooking
chamber does not require a melt mode and consequently that the melt mode
should be skipped. Therefore, if the "no melt" operation is indicated the
controller will go from the pre-melt mode to the post-melt mode, provided that
a hazardbus condition has not been detected during the pre-melt mode. The
default setting for the melt operation is changeable by the operator after the fryer
has been powered up.

During the pre-melt mode the controller will determine whether the
cooking chamber is empty or whether it contains liquid or solid shortening.

To determine whether the cooking chamber is empty or filled with liquid
shortening, the current temperature of the medium in the cooking chamber is
determined and stored in memory. The controller then turns on the heating
element for a first predetermined period of time (e.g., a pulse of heat having a
duration of approximately 20-40 seconds). The controller then turns off the
heating element for a second predetermined period of time (e.g., 30-60 seconds).
After the second predetermined period of time has elapsed, the controller once
again determines the current temperature of the medium in the cooking chamber.
This current temperature is compared to the previously stored temperature. If the
current temperature exceeds the stored temperature by a predétermined amount
(e.g., 15°F), then the controller determines that the cooking chamber is empty
(i.e., filled with air). Likewise, if the present temperature does not exceed the
stored temperature by the predetermined amount, then the controller determines
that the cooking chamber contains liquid shortening. During the post-melt mode
(described in detail below), the controller will determine whether a medium
detected as liquid shortening is actually water.

Once the controller has detected that the cooking chamber is empty it can
take corrective action, such as displaying "VAT EMPTY" on alphanumeric display
54, sounding alarm 64, and/or locking up microcontroller 22, such that power to
microcontroller 22 must be terminated and then restored before it is again

operational.
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In determining whether the cooking chamber contains solid shortening, it
is noted that solid shortening will respond to heat by rising in temperature more
quickly than liquid shortening. When heat is discontinued, the temperature of
solid shortening will drop quickly in temperature, whereas air will drop in

5 temperature more slowly. Accordingly, based upon the foregoing thermal
characteristics, in a manner similar to detecting liquid shortening, the controller
can detect whether the medium in the cooking chamber is solid shortening.

In an alternative approach to determining whether the cooking chamber is
empty or filled with liquid or solid shortening, the controller will turn on the

10  heating element for a predetermined period of time, long enough to cause a rise
in the temperature of the medium in the cooking chamber by a preprogrammed
amount. The time for the temperature to rise the preprogrammed amount will
be measured. The controller will then enter a2 programmed OFF period, during
which period it will measure the time that transpires as the temperature of the

15 medium in the cooking chamber falls by a preprogrammed amount. The total
time for the temperature of the cooking chamber contents to rise and fall will
differ depending on the properties of the medium. In this respect, due to the

+ added factor of the latent heat of fusion, solid shortening will have a different rise-
fall time than that of liquid shortening. Likewise, an empty cooking chamber will

20 also be discernably different due to the absence of any matter other than air.
Accordingly, this alternative procedure allows the controller to identify whether
the cooking chamber is empty or filled with liquid or solid shortening prior to
entering the melt mode.

If the controller, using the approaches discussed above, determines that the

25 medium in the cooking chamber is a different type than the type signified, the
controller can take any of several actions. Among these, the controller can alert
the operator that there is a discrepancy and require some action from the
operator, or the controller can take independent action, such as shutting down or
changing to the appropriate type of melt operation.

30 Melt Mode

During the melt mode, the controller causes the heating element of the

fryer to generate pulses of heat of uniform duration and duty cycle, until the
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cooking medium reaches a predetermined temperature (i.e., the "melt release
temperature®). The melt release temperature is typically 150°F-180°F.

If a solid melt operation has been specified, the heating during the melt
mode will be very gradual. For example, the pulse of heat may be ON for eight
seconds with a period of 30 seconds. If a liquid melt operation has been specified,
the heating of the cooking medium will be less gradual. For exampie, the heat
pulse may have a duration of 16 seconds with a period of 30 seconds.
Accordingly, different duty cycles can be used for different types of cooking
mediums. If a "no melt" operation has been specified, then the entire melt mode
will be skipped, and the controller will go from the pre-melt mode to the post-
melt mode. In this case, the cooking medium will be heated very rapidly.

Once the cooking medium has reached the melt release temperature, the
melt mode ends, since the cooking medium will now be an effective heat sink,
which protects against isolated hot spots in the fryer and also prevents the cooking
medium itself from overheating. Accordingly, duririg the melt mode, the
temperature of the cooking medium gradually rises.

Post-Melt Mode

As discussed above, once the cooking medium has reached the melt release
temperature, the controller begins operating in a post-melt mode. During the first
portion of the post-melt mode, the heating element is continuously on (i.e., full
ON). As a safety feature, the controller will monitor the temperature of the
cooking medium and determine whether the temperature of the cooking medium
has stopped rising at approximately 200° F-220*F (i.e., the temperature range that
is associated with the boiling point of water over normal altitude variations).
Accordingly, if the temperature of the cooking medium stops rising within this
temperature range and remains stable for a predetermined period of time, the
controller will intelligently ascertain that the medium in the cooking chamber
comprises water rather than a cooking medium such as shortening. Therefore, the
controller can provide safe operation of the equipment by autométically changing
from the post-melt mode to a boil mode, which will be described in detail below.
The controller does this without operator intervention and makes the change-over

known to the operator by visual and/or audible means.
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As stated above, the heating element is continuously on during the first
portion of the post-melt cycle. This allows the temperature of the cooking
medium to be quickly brought up close to the operator selected setpoint
temperature. Once the controller determines that the temperature of the cooking
medium has reached a pre-programmed threshold temperature (which is below the
operator selected setpoint temperature), the heating element is turned off for the
remainder of the post-melt mode. This pre-programmed threshold temperature
is kept in the controller’s non-volatile memory and represents a specific
temperature offset from the operator selected setpoint temperature. When this
threshold temperature is reached, the heating element is turned off, and the
cooking medium temperature is allowed to coast toward the setpoint temperature.
It should also be noted that the threshold temperature is alternatively referred to
as the "cutoff temperature” since the heating element is "cutoff' at this
temperature.

The threshold temperature may be adjusted following each start-up cycle.
In this respect, when the temperature of the cooking medium stops increasing
after the heating element has been turned off at the threshold temperature, the
controller remembers the peak temperature reached after the turn off and
calculates the deviation from the operator selected setpoint temperature. If the
deviation is within a pre-programmed acceptable band about the setpoint
temperature (e.g., the setpoint temperature +/- 2*F), the controller will not
adjust the threshold temperature for the subsequent start-up cycle. However, if
the deviation falls outside the pre-programmed acceptable band, the controller will
adjust accordingly the threshold temperature for the subsequent start-up cycle.
For example, the difference between the peak temperature and the setpoint
temperature is added to or subtracted from a current threshold temperature to
obtain an adjusted threshold temperature. This adjusted threshold temperature
will be used during the subsequent start-up cycle.

The net effect of the foregoing action is to continuously adapt the threshold
temperature based upon the results obtained during the preceding start-up cycle.
Accordingly, the threshold temperature is adjusted for a subsequent start-up cycle,

only if and when the peak temperature reached after the turn off during the
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previous start-up cycle falls outside the pre-programmed acceptable band about
the setpoint temperature. In the event that this compensation is such that it
begins to approach an unrealistic condition, the controller will alert the operator
that the fryer is malfunctioning.

Alternatively, the threshold temperature can be shifted up or down by some
amount proportional to the rate of rise of the cooking medium temperature. For
example, if the controller has in its memory a value for the nominal rate of
temperature rise and the actual measured value s less than this nominal value,
then the controller can move the threshold temperature closer to the setpoint
temperature by an amount proportional to the difference in the actual measured
rate from that of the nominal. The opposite would occur in the case where the
actual measured rate is greater than the nominal, although in practice the former
is more often the case.

If the peak temperature reached, after the heating element is turned off,
exceeds the setpoint temperature, the heating element will remain off until the
temperature fails to the setpoint temperature. However, the idle mode, which is
explained in detail below, will begin once the peak temperature has been reached.

If the peak temperature reached is below the setpoint temperature then a
move-to-idle algorithm becomes operational. The move-to-idle algorithm provides
a single pulse of heat which has a long enough duration (e.g., 40 seconds) to cause
the temperature of the cooking medium to rise above the setpoint temperature.
The heating element is then turned off and remains ‘off until the temperature of
the cooking medium falls to the setpoint temperature. As noted above, the idle
mode begins once the peak temperature above the setpoint temperature is
reached.

Idle Mode

During the idle mode, the controller causes the heating element to keep
the temperature of the cooking medium within a range of temperatures (i.e., a
control band defined by Tmin and Tinar) around the setpoint temperature. In a
preferred embodiment of the present invention, the temperature control algorithm

for the idle mode gives the operator the ability to program an acceptable
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temperature range about the setpoint temperature for the cooking medium
temperature,

In an alternative embodiment of the present invention, the time interval
between the start of any two pulses of heat may be programmed (e.g., by the
operator), and thereby obtain whatever peak-to-valley excursions that will occur
as a result thereof. The controller will automatically adapt to the physical system
that it is controlling, forcing whatever temperature excursions that are necessary
S0 as to achieve the correct interval between pulses of heat. In this respect, if the
time interval between two pulses of heat exceeds the programmed time interval,
then the duration of the pulse is decreased. If the time interval between two
pulses of heat is less than the programmed time interval, then the duration of the
pulse is increased.

Accordingly, the controller either measures the peak-to-valley excursion of
the cooking medium temperature about the setpoint temperature and then makes
a correction to the duration of the heat pulse, or the coritroller times the interval
between the start of pulses of heat and then makes a correction to the duration
of the heat pulse. In either case, the correction to the duration of the heat pulse
is made only once per cycle each time the pulse occurs.

While initially the heating element will be pulsed when the cooking
medium temperature crosses the setpoint temperature (i.e., crosses from a
temperature above the setpoint temperature to a temperature below the setpoint
temperature), once the peak-to-valley temperature swings are stabilized, the
asymmetry about the setpoint temperature is evaluated. The temperature at which
the heating element is pulsed is then adjusted (i.e., lowered or raised) in order to
obtain peak-to-valley temperature excursions which are symmetrical about the
operator selected setpoint temperature. The adjusted temperature is referred to
as the "adjusted idle ON setpoint temperature.” Accordingly, the heating element
will be pulsed when the cooking medium temperature crosses the adjusted idle
ON setpoint temperature (i.e, crosses from a temperature above the adjusted idle
ON setpoint temperature to a temperature below the adjusted idle ON setpoint
temperature).
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If the temperature at which the heat pulse occurs is not adjusted for
symmetry, there would be a tendency for the peak-to-valley temperature
excursions to occur asymmetrically about the operator selected setpoint
temperature, thus giving an appearance of operation at a temperature other than
that selected by the operator.

LCook Mode

It has been observed that if the heating element is turned on and remains
on during a cook mode for a long period of time, or if a series of cooks are
initiated, one-after-another, that there is a residual heat build-up in the system.
This residual heat build-up will often result in serious overshoots of the setpoint
temperature. Not only is the recovery back to the setpoint temperature affected,
but the thermal characteristics of each successive cook can also be altered, thus
resulting in unacceptable changes in the quality of the cooked food product. In
this respect, the bottom temperature reached after a load of food product is
introduced into the cooking chamber will rise as successive cooks are initiated.
Accordingly, the controller of the present invention will dissipate residual heat
during the cook mode.

In general, during the cook mode, the heating element will be continuously
on, as long as the temperature of the cooking medium remains below a
predetermined temperature that is below the setpoint temperature (e.g., a
temperature 10°F below the setpoint temperature). This predetermined
temperature is referred to as the "TURN-OFF temperature." However, as noted
above, the controller will dissipate built-up heat in the system. In this respect, the
controller will temporarily turn off the heating element sometime during the cook
mode at a temperature below the TURN-OFF temperature. Accordingly, the
heating element is temporarily turned off at some time following a rise in the
cooking medium temperature, after the introduction of food product, but before
reaching the TURN-OFF temperature. In a preferred embodiment of the
invention the controller is turned off as soon as the cooking medium temperature
begins to rise (following introduction of food product to the cooking chamber) and
is turned back on as soon as the temperature of the cooking medium begins to

fall. In an alternative embodiment of the present invention, the heating element
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is turned off when the cooking medium temperature has risen to a predetermined
temperature that is below the TURN-OFF temperature and remains off until the
cooking medium temperature falls by a predetermined amount. Temporarily
turning the heat off for some period of time during the cook mode provides the
heat dissipation necessary to prevent overshoot and provide uniform cooking.

Following the dissipation of heat, the heating element will continue to be
on until .the temperature of the cooking medium reaches the predetermined
TURN-OFF temperature which is below the setpoint temperature. The TURN-
OFF temperature is determined to allow the temperature of the cooking medium
to coast above the setpoint temperature (and thus re-enter the idle mode) without
risking serious overshoot of the setpoint temperéture. It should be noted that
even if a cook timer elapses, the heating element will remain on until the
predetermined TURN-OFF temperature is reached. Once a peak temperature
above the setpoint temperature is reached, the controller will re-enter the idle
mode. If the cooking medium temperature is unable to coast above the setpoint
temperature, the heating element will be pulsed for a duration sufficient for the
cooking medium to exceed the setpoint temperature.

It will also be appreciated that the present invention can alternatively be
configured without the heat dissipation feature of the cook mode.

The cook mode is initiated by the operator by selecting a "product key" on
keypad 44 corresponding to a particular food product (e.g., frozen french fries).
A cooking time is pre-stored in memory for each food product option.

Analternative embodiment of the present invention includes an "instant-on"
feature. Once a product key is depressed to begin the cook mode, the controller
immediately turns the heating element on, without regard to the temperature of
the cooking medium. After a period of approximately 15 seconds, the controller
will evaluate whether the temperature has gone up or fallen. If the temperature
has gone up, the heating element is turned off, whereas if the temperature has
fallen, the heating element will remain on (i.e., continuously ON).

It will also be appreciated that automated or manual basket lifts may be

used to introduce food product into the cooking medium during the cook mode.
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In this respect, initiation of the cook mode by the operator can be used to signal
the automated basket lifts to drop into the cooking medium.
Boil Mode

The boil mode is used to periodically clean the cooking chamber of the
appliance. Cleaning is performed by filling the cooking chamber with water and
detergents and then heating the solution to a predetermined boil mode
temperature (e.g., approximately 195°F). However, a hazardous boil-over
condition can occur if a melt mode begins while water is in the cooking chamber.
In this respect, after the melt release temperature has passed and continuous heat
is applied, the temperature of the cooking chamber contents will exceed the
boiling point of water. Accordingly, a boil-over condition can result in damage to
the cooking appliance and possible injury to anyone in close proximity. Therefore,
the controller of the present invention will automatically change from a melt mode
to a boil mode when water is detected in the cooking chamber.

Detailed O .

Detailed operation of the controller will now be explained with reference
to FIGS. 3-8.

With reference to FIG. 3, there is shown a time/temperature graph of a
typical melt mode, post-melt mode and idle mode. During the melt mode, the
heating element is pulsed at a constant rate, as shown at portion 302 of the
heating element signal. Accordingly, the temperature of the cooking medium will
gradually rise, as shown at portion 202 of the cooking medium temperature line
200. Once the temperature of the cooking medium reaches the melt release
temperature of approximately 150 F-180*F, the post-melt mode begins (see time
reference A), and the heating element operates continuously on (i.e., full ON)
until a modifiable cutoff temperature is reached. Accordingly, the heating
element remains unconditionally ON until the modifiable cutoff temperature is
reached, as indicated at portion 304 of the heating element signal. This allows the
temperature of the cooking medium to quickly rise to a temperature close to the
setpoint temperature selected by the operator. This is shown by portion 204 of
cooking medium temperature line 200. The cutoff temperature is generally 25-

35°F below the operator’s selected setpoint temperature. When the temperature




10

15

20

25

30

CA 02247698 1998-10-15

-26 -

of the cooking medium reaches the cutoff temperature, the heating element is
turned OFF, as shown at time reference B. With the heating element turned
OFF, the temperature of the cooking medium will continue to rise (due to
residual heat) until it reaches a peak temperature near the setpoint temperature.
'I"he idle mode begins when the peak temperature is reached, as shown at time
reference C.

Referring now to the idle mode, the heating element remains OFF, and the
cooking medium temperature is allowed to coast downward until reaching the
setpoint temperature. Once the cooking medium temperature changes from a
temperature above the setpoint temperature to a temperature below the setpoint
temperature, the heating element is pulsed (i.e., turned ON for a predetermined
period of time, as shown at time reference D). Portion 306 of the heating element
signal illustrates a first pulse of heat during the idle mode. This initial pulse is of
predetermined duration. A control band is established above and below the
setpoint temperature from, for example, 2*F below the setpoint temperature to
2°F above the setpoint temperature. These temperatures are referred o as Trmin
and Tmax respectively. At temperatures above Tmax, the heating element is
unconditionally OFF, whereas at temperatures below Tmin, the heating element
is unconditionally ON. As the temperature of the cooking medium changes from
a temperature above the setpoint temperature to a temperature below the setpoint
temperature, the heating element is again pulsed.

As noted above, the first pulse generated during the idle mode will be of
a predetermined duration. The duration of subsequent heat pulses will be varied
based upon the peak-to-valley temperature difference resulting from the previous
heat pulse. If the peak-to-valley temperature swing (i.e., difference) exceeds a
threshold value, for example, 4 *F, then the duration of the pulse is decremented.
In other words, the controller monitors the highest temperature (i.e., peak)
obtained as a result of a heat pulse against the lowest temperature (i.e., valley)
reached before a subsequent heat pulse causes the temperature of the cooking
medium to rise. Thus, the duration of each successive pulse is based upon the

peak-to-valley temperature swing generated by the previous pulse. If the peak-to-
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valley temperature swing is less than what is desired, then the duration of the heat
pulse is incremented.

Once the peak-to-valley temperature swings are stabilized, the asymmetry
about the setpoint temperature is evaluated, and the temperature at which the
heating element is pulsed is lowered or raised in order to obtain a peak-to-valley
temperature swing approximately symmetrical about the setpoint temperature.
Accordingly, the cooking medium temperature waveform is essentially shifted by
adjusting the temperature at which the heating element is pulsed. As noted
above, the adjusted temperature is referred to as the “adjusted idle ON setpoint
temperature.”

Referring now to FIG. 4, there is shown a time/temperature graph
illustrating an idle mode having a symmetrical temperature swing about the
operator selected setpoint temperature. A heat pulse 502 occurs as the
temperature of the cooking medium (see cooking medium temperature line 400)
moves from a temperature above the adjusted idle ON setpoint temperature to a
temperature below the adjusted idle ON setpoint temperature. In the example
shown in FIG. 4, the adjusted idle ON setpoint temperature is below the operator
selected setpoint temperature in order to provide a symmetrical temperature swing
about the operator selected setpoint temperature. Another heat pulse 504 occurs
as the temperature of the cooking medium again changes from a temperature
above the adjusted idle ON setpoint temperature to a temperature below the
adjusted idle ON setpoint temperature. The system will remain in this
symmetrical state until a cooking operation is initiated by the operator, and the
cook mode is entered.

Referring now to FIG. 5, a time/temperature graph of a cook mode is
shown. The controller operates in the idle mode until a cook mode is initiated
by the operator. A cook mode is initiated by the operator at time reference A,
which causes the controller to turn the heating element on, as indicated at portion
802 of the heating element signal. In response to the introduction of food
product, cooking medium temperature line 600 plunges quickly beginning at time
reference B. As temperature line 600 recovers and begins to rise, the heating

element is turned off (as shown at time reference C). Accordingly, excess heat is
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dissipated. Once the cooking medium begins to drop, the heating element is
turned on (as shown at time reference D) and will remain on until the TURN-
OFF temperature is reached at time reference E. This is shown by portion 804
of the heating element signal. Once a peak temperature above the setpoint
temperature is reached, the controller will re-enter the idle mode.

The controller system of the present invention also includes a boil mode
during which the controller sustains the temperature at a predetermined boil
mode temperature (e.g., approximately 195°F). As discussed above, the present
invention includes a safety feature in the event that water is in the cooking
chamber, and a start-up cycle has been initiated. In this respect, during the post-
melt mode, the controller monitors the temperature of the cooking medium in the
cooking chamber and determines whether the temperature has stopped rising at
approximately 200-220°F (i.e., the temperature range that is associated with the
boiling point of water over normal altitude variations). If the temperature has
stopped rising, then it is determined that water is in the cooking chamber rather
than shortening. Accordingly, the system will automatically transfer from the post-
melt mode to the boil mode and drop and control the operating temperature to
the predetermined boil mode temperature. This feature prevents the possibility
of violent boiling of water during an intended cleaning procedure.

Referring now to FIGS. 6A, 6B and 6C, there is shown a flow chart for a
preferred embodiment of the idle mode. Table 1 set forth below defines the
terms used in the flow charts shown in FIGS. 6A, 6B, 6C and 7:

JABLE 1
Term Definition
Tuepium Temperature of the cooking medium
Tserroint Setpoint temperature
Taano One half the temperature control band
Taraxivum Maximum cooking medium temperature reached during a

cycle of the idle mode

Tarinvum Minimum cooking medium temperature reached during a
cycle of the idle mode

TIMEON Time duration of a pulse of heat
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MINTIME Minimum time duration for the pulse of heat
MAXTIME Maximum time duration for the pulse of heat
TEMPON Temperature at which the pulse of heat is initiated

MAXTEMPON Maximum temperature at which the pulse of heat is initiated
MINTEMPON Minimum temperature at which the pulse of heat is initiated

With reference to FIG. 6A, the idle mode begins by determining whether
the temperature of the cooking medium is falling (Step 902). If not, it determines
whether the duration of the pulse has elapsed (Step 904). If the duration of the
pulse has elapsed, the heat is turned off (Step 906) and another cycle of the idle
mode algorithm is begun.

If the temperature of the cooking medium is falling, it is determined
whether the temperature has crossed the setpoint temperature (Step 908). If so,
then it is determined whether the maximum temperature reached is equal to the
maximum temperature for the selected control band (Step 910). If this is the case,
then the pulse duration is correct for the selected control band and the algorithm
continues to FIG. 6B which is discussed below. If the maximum temperature
reached is not equal to the maximum temperature for the selected control band,
then the duration of the pulse is either decreased (Steps 914, 916 and 918) or
increased (Steps 920, 922 and 924). The duration of the pulse will be set between
a minimum time duration (MINTIME) and a maximum time duration
(MAXTIME).

Referring now to FIG. 6B, this portion of the idle algorithm will force the
peak-to-valley temperature swing of the cooking medium temperature to be
symmetrical about the setpoint temperature. In this respect, it is determined
whether the minimum temperature reached is equal to the minimum temperature
for the selected control band (Step 926). If so, the peak-to-valley temperature
swing is symmetrical. Accordingly, the variables are reset (Step 942) and the heat
is turned on for the computed duration (Step 944). If the minimum temperature
reached is not equal to the minimum temperature for the selected control band
(Step 928) then the temperature at which the pulse of heat is initiated is increased
(Steps 930, 932 and 934) or decreased (Steps 936, 938 and 940). The temperature
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at which the pulse of heat is initiated will be set between a minimum temperature’
(MINTEMPON) and a maximum temperature (MAXTEMPON).

It should be noted that in a preferred embodiment of the present invention,
before performing step 928, it is determined whether the peak-to-valley
temperature swings have stabilized about the setpoint temperature. If the swings
have stabilized then the algorithm proceeds with step 928. If the swings have not
stabilized then the algorithm proceeds with step 942. In this manner, the idle
algorithm will not proceed with forcing the peak-to-valley temperature swings to
be symmetrical about the setpoint temperature until the peak-to-valley
temperature swings have stabilized.

Referring to FIG. 6C, there is shown an algorithm for determining the
minimum and maximum temperature excursions of the cooking medium
temperature. This algorithm will be executed each time a temperature reading
of the cooking medium is taken. The temperature medium of the cooking
medium is obtained (Step 950). If the cooking medium temperature exceeds the
temperature at which a pulse of heat is initiated (Step 952), then it is determined
whether a new maximum temperature has been reached (Step 954). If so, this
temperature is saved as the new maximum temperature (Step 956).

If the temperature of the cooking medium is less than or equal to the
temperature at which a pulse of heat is initiated (Step 952), then it is determined
whether a new minimum temperature has been obtained (Step 960). If so, this
temperature is saved as the new minimum temperature (Step 962).

FIG. 7 discloses a general heat dissipation algorithm for use during the
cook mode. It is determined whether a heat dissipate flag has been set (Step
984). If not, the algorithm determines whether the temperature of the cooking
medium is rising (Step 986). If the temperature of the cooking medium is rising,
then the heat is turned off (Step 988) and the heat dissipate flag is set (Step 990).

If it is determined that the heat dissipate flag is set then it is determined
whether the temperature of the cooking medium is falling (Step 992). If so, the
heat is turned on (Step 994) and the normal cook mode is resumed (Step 996).

In summary, the heat dissipation algorithm of FIG. 7 will turn off the heat

during the cook mode as soon as the temperature of the cooking medium begins
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to rise. The heat will remain off until the temperature of the cooking medium
begins to fall. Once it begins to fall, the heat is turned back on, and a normal
cook mode resumes. It will be appreciated that alternatively, the heat can be
dissipated at a time later in the cook mode. For instance, the heat could be
turned off after the cooking medium temperature has risen to a predetermined
temperature and resume heating after the temperature of the cooking medium has
dropped a predetermined number of degrees.

It should be noted that the foregoing temperature control operations can
be enhanced by saving the operational parameters each time the fryer is used. In
this respect, a comparison can be made between current operational parameters
and previously saved operational parameters, which are used as default or starting
values upon system power up. If the default and current values differ by a
significant and programmable amount, then the controller will save the current
values in protected memory for use as the new default values. In this manner, the
controller can adapt itself to changing conditions to achieve a steady-state
condition in the fastest possible time.

Cooking Time C .

A second aspect of the present invention relates to time compensation
during the cook mode. In this respect, the preferred embodiment of the present
invention employs a time compensation curve which relates temperature to a time
compensation factor. Time compensation factors for a time compensation curve
having a one-for-one time compensation factor at a temperature of 350°F are
stored in memory. Each time compensation factor is stored in an individual
memory location. The temperature corresponding to each time compensation
factor is used to provide the address of the memory location containing the
corresponding time compensation factor. Accordingly, the temperature acts as a
pointer to a storage location in memory containing the time compensation factor
corresponding to that temperature. The stored compensation factors are used as
reference data for determining time compensation factors at various measured
cook medium temperatures. It should be noted that the time compensating

factors of FIG. 8 have been chosen solely for the purpose of illustration.
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Accordingly, other time compensation factors from different time compensation
curves can be utilized with similar results.

In response to selection of a setpoint temperature by an operator, a shift
factor is calculated by subtracting the time compensation factor corresponding to
350°F from the time compensation factor corresponding to the operator selected
setpoint temperature. This shift factor is calculated only once for each setpoint
temperature selected. Once a cook is initiated, the time compensation factor
corresponding to the measured cooking medium temperature is retrieved from the
memory, and the retrieved time compensation factor is adjusted by the previously
calculated shift factor (i.e., the shift factor is subtracted from the retrieved time
compensation factor). The result of this calculation provides the adjusted time
compensation factor used to adjust the actual cooking time. FIG. 8 shows a time
compensation curve for a setpoint temperature of 350*F (Curve A) and a shifted
time compensation curve for a setpoint temperature of 330°F (Curve B). A time
compensation factor of 1.0 signifies that each second courited by the controller will
elapse in one second (i.e., one-for-one time compensation), whereas a time
compensation factor of 1.5 signifies that each second counted by the controller will
elapse in 1.5 seconds.

One alternative to the foregoing time compensation scheme is to store in
memory several sets of time compensation factors from numerous time
compensation curves, each having a one-for-one time compensation factor at
different temperatures. The set of time compensation factors corresponding most
closely with the operator selected setpoint temperature is used for the cook.
Accordingly, no shift factor need be calculated. One drawback to this approach
is that it requires a relatively large amount of memory.

Another alternative time compensation scheme is to store a set of time
compensation factors for a single time compensation curve, but not calculate a
shift factor or adjusted time compensation factor. One drawback to this approach
is that when the setpoint temperature selected by the operator does not
correspond with the stored set of time compensation factors, the operator-
programmed cook time will be altered by the time compensation factor associated

with the setpoint temperature input by the operator. Accordingly, this approach
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can lead to confusion of the operator with respect to the desired operator input
cook time.

In summary, the present invention provides a system which maximizes the
life of heating element components. These elements include relays, contactors,
and in the case of gas fired appliances, ignitors and gas valves. Accordingly, the
temperature control algorithm for the idle mode of the present invention is
particularly well suited for use with other types of heating apparatus, since it
provides accurate temperature control, while also extending the life of heating
element components. In addition, the present invention also provides a simple,
yet accurate system for time compensation during a cook mode.

The foregoing description is a specific embodiment of the present
invention. It should be appreciated that this embodiment is described for
purposes of illustration only and that numerous alterations and modifications may
be practiced by those skilled in the art without departing from the spirit and scope

of the invention.
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The invention claimed is:

1. A system for adjusting an interval of time for a heating operation comprising:

means for establishing an interval of time;

means for storing a plurality of time compensation factors for a plurality of

corresponding temperatures;

means for inputting a setpoint temperature;

means for determining an offset value from said plurality of stored time

compensation factors, in accordance with said setpoint temperature;

means for determining an adjusted time compensation factor for a measured
temperature based on the time compensation factor corresponding to the measured

temperature and the offset value; and

means for utilizing the adjusted time compensation factor to adjust the interval

of time.

2. The system of claim 1, wherein said means for determining an offset value in
accordance with said setpoint temperature comprises means for determining the
difference between the time compensation value at the setpoint temperature and the

time compensation value at a predetermined temperature.

3. The system of claim 1, wherein said means for determining an adjusted time
compensation value comprises means for determining the difference between the time
compensation value corresponding to the measured temperature and the offset value.

4, A method for adjusting a cooking time comprising:

providing a plurality of time compensation factors for a plurality of

corresponding temperature;
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inputting a setpoint temperature;

determining an offset value from said plurality of time compensation factors,

in accordance with said setpoint temperature;

determining an adjusted time compensation factor for a measured temperature
based upon the offset value and the time compensation factor for the measured

temperature; and

combining the adjusted time compensation factor and the cooking time to

obtain an adjusted cooking time.

5. The method for adjusting a cooking time as set forth in claim 4, wherein said
step of determining an offset value comprises determining the difference between the
time compensation value at the setpoint temperature and the time compensation value

at a predetermined temperature.
6. The method for adjusting a cooking time as set forth in claim 4, wherein said
step of determining an adjusted time compensation value for an actual temperature
comprises determining the difference between the offset value and the time
compensation value for the actual temperature.
7. A system for generating a time interval for a heating operation comprising:
means for establishing a first time interval;
means for storing time compensation values for corresponding temperatures;
means for inputting a setpoint temperature;
means for determining the difference between the time compensation value at

the setpoint temperature and the time compensation value at a predetermined

temperature;
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means for determining an adjusted time compensation value for a measured
temperature based upon the time compensation value corresponding to the measured

temperature and said difference; and

means for establishing a second time interval based upon said first time

interval and said adjusted time compensation value.

8. A system for generating a time interval for a heating operation comprising:

means for establishing a first time interval;

means for storing a plurality of time compensation values for a plurality of

corresponding temperatures;

means for inputting a setpoint temperature;

means for determining an offset value from said plurality of stored time

compensation values in accordance with said setpoint temperature;
means for determining an adjusted time compensation value for a measured
temperature based upon the time compensation value corresponding to the measured

temperature and the offset value; and

means for establishing a second time interval based upon said first time

interval and said adjusted time compensation value.

9. A method for adjusting a cooking time comprising:

establishing a cooking time interval;

providing time compensation values for corresponding temperatures;

inputting a setpoint temperature;
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determining the difference between the time compensation value at the

setpoint temperature and the time compensation value at a predetermined temperature;
determining an adjusted time compensation value for a measured temperature
based upon said difference and the time compensation value for the measured

temperature; and

modifying the cooking time interval based upon said adjusted time

compensation value.

10. A method for adjusting a cooking time comprising:

establishing a cooking time interval;

providing a plurality of time compensation values for a plurality of

corresponding temperatures;

inputting a setpoint temperature;

determining an offset value from said plurality of time compensation values,

in accordance with said setpoint temperature;
determining an adjusted time compensation value for a measured temperature
based upon the offset value and the time compensation value for the measured

temperature; and

modifying the cooking time interval based upon said adjusted time

compensation value.

11. A cooking appliance comprising:

a vessel for holding a cooking medium;




CA 02247698 1998-10-15

-38-

a temperature sensor for sensing the temperature of the cooking medium;

a heater for heating the cooking medium; and

a controller for controlling a cook time of a food product disposed in said
cooking medium as a function of the temperature of cooking medium during said

cook, said controller comprising:

a memory for storing time compensation factors for a time compensation

curve having a one-for-one time compensation factor at a preselected temperature;

means for entering a setpoint temperature of the cooking medium;

means for determining a shift constant by combining the time compensation
factor from said curve corresponding to the preselected temperature and the time
compensation factor from said curve corresponding to the entered setpoint

temperature;

means for retrieving from the memory, the time compensation factor

corresponding to a measured cooking medium temperature; and

means for determining an adjusted time compensation factor based on said
time compensation factor corresponding to said measured cooking medium

temperature and said shift constant; and

means for combining the cook time and the adjusted time compensation factor

to obtain an adjusted cook time.

12. The cooking appliance as set forth in claim 11, wherein the cook time is

comprised of a plurality of intervals of time.

13.  The cooking appliance as set forth in claim 11, further including means for
combining each interval of time with an adjusted time compensation factor

corresponding to the temperature of the cooking medium sensed relative to said each
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interval of time to obtain an adjusted interval of time utilized in the determination of

the adjusted cook time.

14. A method of adjusting cooking time comprising:

providing time compensation factors for a time compensation curve having a

one-for-one time compensation factor at a set temperature;
calculating a shift factor by subtracting the time compensation factor
corresponding to the set temperature from the time compensation factor

corresponding to a selected temperature;

retrieving from the time compensation curve a time compensation factor

corresponding to a measure temperature;

adjusting the retrieved time compensation value by the shift factor to obtain an

adjusted time compensation factor; and

utilizing the adjusted time compensation factor to adjust the actual cook time.

15. A cooking appliance comprising:

a vessel for holding a cooking medium;

a temperature sensor having an output responsive to the temperature of the

cooking medium;

a heater operable to heat the cooking medium; and

a controller operable to control a cook time of a food product disposed in said
cooking medium as a function of the output of the temperature sensor during said

cook time, said controller comprising:

a memory;
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a keypad operable by a user to input a setpoint temperature of the cooking

medium to the memory; and

a plurality of time compensation factors stored in said memory comprising a
time compensation curve for a corresponding plurality of temperatures, said time
compensation curve having a one-for-one time compensation factor at a preselected

temperature wherein the controller is operable to:

determine a shift constant for an input setpoint temperature as a function of the
one-for-one time compensation factor for said preselected temperature and the time

compensation factor corresponding to the input setpoint temperature;

retrieve from the memory, a plurality of time compensation factors

corresponding to the output of the temperature sensor; and

determine a plurality of adjusted time compensation factors based respectively

on said plurality of retrieved time compensation factors and said shift constant; and

determine an adjusted cook time based upon said plurality of adjusted time

compensation factors.

16.  The cooking appliance as set forth in claim 15, wherein the cook time is

comprised of a plurality of time intervals.

17.  The cooking appliance as set forth in claim 16, wherein the controller is
operable to determine one of said plurality of adjusted time compensation factors for
each of said plurality of time intervals, as a function of the temperature of the cooking

medium sensed at each said time interval.

18.  The cooking appliance of claim 17, wherein the controller determines the
adjusted cook time by determining an adjusted time compensation factor during each

of said plurality of time intervals.
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19. A method of determining a cooking time comprising:

providing a predetermined cook time;

providing a plurality of time compensation factors comprising a time
compensation curve for a corresponding plurality of temperatures, said time
compensation curve having a one-for-one time compensation factor at a first

temperature;

providing a setpoint temperature, said setpoint temperature having a

corresponding time compensation factor;

calculating a shift factor by subtracting the one-for-one time compensation
factor at said first temperature from the time compensation factor corresponding to the

setpoint temperature;

sensing a cooking medium temperature;

obtaining from the plurality of time compensation factors, a plurality of time
compensation factors corresponding to a plurality of sensed cooking medium

temperatures;

adjusting each obtained time compensation factor by the shift factor to obtain

a plurality of respective adjusted time compensation factors; and

determining an actual cook time based upon said predetermined cook time and

said plurality of adjusted time compensation factors.

20. A method according to claim 19, wherein said predetermined cook time is

comprised of a plurality of time intervals.

21. A method according to claim 20, further comprising a step of determining one

of said plurality of adjusted time compensation factors for each of said plurality of
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time intervals, as a function of the temperature of the cooking medium sensed at each

said time interval.

22. A method according to claim 21, wherein said actual cook time is determined
by determining an adjusted time compensation factor during each of said plurality of
time intervals.

23. A system for generating a time interval for a heating operation comprising:

means for establishing a first time interval;

means for storing a plurality of time compensation values for a plurality of

corresponding temperatures;

means for inputting a setpoint temperature;

means for determining an adjusted time compensation value for a measured
temperature based upon the time compensation value corresponding to the

measured temperature; and

means for establishing a second time interval based upon said first time

interval and said adjusted time compensation value.
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