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(54) Controller for a heating unit in a cooktop and methods of operating same

(57) The present invention provides a controller for
a heating unit. The heating unit is capable of generating
heat to a utensil and has a temperature sensor, a heat-
ing element, and a cooking surface. The controller has
a means for measuring a temperature of a cavity within
the heating unit, a means for controlling the application

of power to the heating element, and a means for deter-
mining whether to control the application of power to the
heating element in an overdrive state based on a type
of utensil that is located on the heating unit. The present
invention also includes methods of operating the con-
troller and the heating unit.
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Description

[0001] The present application claims priority from
Provisional Application Serial No.
entitled "Modular Heating Unit For Cooktops And Meth-
ods of Operating Same" filed December 22, 2000, which
is commonly owned and incorporated herein by refer-
ence in its entirety. Moreover, this patent application is
related to co-pending, commonly assigned patent appli-
cation entitled "Controller For A Heating Unit In A Cook-
top And Methods Of Operating Same" by Jeffrey Bates
et al., serial no. filed concurrently
herewith and incorporated herein by reference in its en-
tirety.

FIELD OF THE INVENTION

[0002] The present invention relates generally to
cooktops, and more particularly, to a controller and
methods of operating a radiant electric heater unit for
cooktops.

BACKGROUND OF THE INVENTION

[0003] Radiant electric heating units, as is well-known
in the art, comprise an electrical heating element such
as a coil heating element, or a ribbon heating element.
In conventional heating units, the ends of the heating
element connect through a thermal switch or limiter to
an electrical circuit by which current is supplied to the
heating element. The unit is installed beneath a cooking
surface upon which utensils are placed. When a utensil
is placed on the top of the cooking surface, the utensil
is heated by direct radiant energy passing through the
cooking surface. The utensil is also partially heated by
conduction through absorbed radiant energy in the
cooking surface. The thermal switch is responsive to the
heating unit temperature exceeding a preset tempera-
ture to open the circuit path between a power source
and the heating element to cut off current flow to the
heating element. When the temperature falls back be-
low the preset temperature, the switch reconnects the
circuit path to restore the current flow to the heating el-
ement.
[0004] There are a number of problems with these
heating units. One of these is the thermal switch. The
thermal switch is expensive, representing 20-30% of the
total cost of a heating unit. The switch assembly is a
primary source of heating unit failure. It is simply too ex-
pensive to replace a failed switch. Rather, when the
switch fails, the heating unit is discarded and a new
heating unit is substituted in its place. Elimination of the
existing thermal switch would not only be a substantial
cost savings, but would also improve the service life of
a heating unit; provided, that proper temperature control
of the heating unit is still maintained. Moreover, these
heating units are installed beneath a sheet of glass-ce-
ramic material. This makes removal and installation dif-

ficult if the heating unit fails.
[0005] There is also a need for boiling liquids faster.
Typical heating units drive the temperature to a particu-
lar set point without regard to the type of utensil that is
on the heating unit or its location. The type of utensil and
its location on the heating unit can affect system per-
formance and the time to boil liquids. For example, a
concave utensil reflects radiant energy back into the
heating unit. A "hot spot" may be formed in the glass-
ceramic material underneath the concave portion of the
utensil. The pocket of air under the concave portion of
the utensil will serve as an insulator, preventing the spot
from cooling. Moreover, an off-center utensil can cause
portions of the glass-ceramic material not covered by
the utensil to reach excessive temperatures. Without
knowing the type of utensil or its location on the heating
unit, these extreme conditions must be considered
when determining the maximum temperature set point
in the heating unit. This may result in a lower maximum
set point for all types of utensils. A lower maximum set
point, however, increases the time to boil liquids in flat
pans that- are centered correctly. Thus, a further need
exists for a controller and methods of determining the
type of utensil and whether it was centered properly. The
controller could then dynamically change the tempera-
ture set point to optimally boil liquids.
[0006] The present invention is directed to overcom-
ing, or at least reducing the effects of, one or more of
the problems set forth above.

SUMMARY OF THE INVENTION

[0007] To that end, the present invention includes a
controller for a heating unit. The heating unit is capable
of generating heat to a utensil and has a temperature
sensor, a heating element, and a cooking surface. The
controller has a means for measuring a temperature of
a cavity within the heating unit, a means for controlling
the application of power to the heating element, and a
means for determining whether to control the application
of power to the heating element in an overdrive state
based on a type of utensil that is located on the heating
unit.
[0008] The means for measuring the temperature of
the cavity may include the receiving of a signal gener-
ated from the temperature sensor. The means for con-
trolling the application of power to the heating element
may include the generation of a duty cycle signal to a
power source that is electrically connected to the heat-
ing element. The means for determining whether to con-
trol the application of power to the heating element in
an overdrive state may include a measurement of a tem-
perature profile of the cavity temperature.
[0009] In another embodiment, the present invention
includes temperature control system for a heating unit
in a cooktop. The heating unit has a heating element
disposed below a cooking surface and is capable of gen-
erating heat to a utensil located on the cooking surface.
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The temperature control system includes a temperature
sensor and a controller. The temperature sensor meas-
ures the temperature within a cavity of the heating unit.
The controller is capable of receiving a signal from the
temperature sensor reflecting the measured tempera-
ture within the cavity and controlling the application of
power to the heating element. The controller is further
capable of determining the type of utensil that is located
on the heating unit and is capable of controlling the ap-
plication of power to the heating element in an overdrive
state based on the type of utensil that is located on the
heating unit.
[0010] The temperature control system may further
include a power source and a user control knob. The
power source is electrically connected to the heating el-
ement and electrically connected to the controller. The
user control knob enables the user to select a temper-
ature setting. The controller may further have a means
for measuring the temperature profile of the cavity. This
may include a means for measuring a first period of time
that it takes the measured temperature of the cavity to
travel from a first temperature to a second temperature.
It may also include a means for measuring a second pe-
riod of time that it takes the measured temperature of
the cavity to travel from a third temperature to a fourth
temperature.
[0011] In a further embodiment, the present invention
includes a method of operating a heating unit at a first
temperature setting. The heating unit has a heater ele-
ment that radiates infrared energy and a temperature
sensor adapted to measuring a sensed temperature in
the heating unit. The method includes the steps of:
measuring a first period of time from a first temperature
to a second temperature; measuring a second period of
time from a third temperature to a fourth temperature;
comparing the first period of time to the second period
of time; determining whether to increase the first tem-
perature setting to a second temperature setting in the
heating unit; and increasing the first temperature setting
to a second temperature setting if it is determined that
the first temperature setting may be increased from the
first temperature to the second temperature.
[0012] The method may be performed by a controller
in the cooktop. The controller is capable of receiving the
sensed temperature from the temperature sensor. The
controller is also electrically connected to the heater el-
ement to maintain the first and second temperature set-
tings. In one embodiment, the second temperature set-
ting is greater than the first temperature setting. More-
over, the determining step may further include the step
of determining whether a utensil on the heating unit is
concave.
[0013] Another embodiment of the present invention
includes another method of operating a heating unit at
a first temperature setting. However, this method in-
cludes the steps of; measuring a first increase in the
sensed temperature during a first period of time; meas-
uring a second increase in the sensed temperature dur-

ing a second period of time; comparing the first increase
in the sensed temperature to the second increase in
sensed temperature; determining whether to increase
the first temperature setting to a second temperature
setting in the heating unit; and increasing the first tem-
perature setting to the second temperature setting if it
is determined that the first temperature setting may be
increased from the first temperature setting to the sec-
ond temperature setting.
[0014] The above summary of the present invention
is not intended to represent each embodiment, or every
aspect of the present invention. This is the purpose of
the figures and detailed description that follows.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] Other objects and advantages of the invention
will become apparent upon reading the following de-
tailed description and upon reference to the drawings.

FIG. 1 is a top plan view of a cooktop having mod-
ular radiant heating units of the present invention;
FIG. 2 is a perspective view of one embodiment of
a modular radiant heating unit of the present inven-
tion;
FIG. 3 is an exploded view of the modular radiant
heating unit in FIG. 2.
FIGS. 4A-4C are perspective (top and bottom) and
plan views of the insulation cake base that may be
used in the modular radiant heating unit of the
present invention.
FIG. 5 is a cross-sectional view of the insulation
cake base in FIGS. 4A-4C.
FIG. 6 is an exploded view of one embodiment of a
temperature sensor assembly of the present inven-
tion.
FIG. 7 is a perspective view of an assembled tem-
perature sensor assembly in FIG. 6.
FIGS. 8A-8C are perspective and side views of one
temperature sensor that may be used in the modu-
lar radiant heating unit of the present invention.
FIG. 9 is a perspective view of one embodiment of
a support post for the temperature sensor assembly
of the present invention.
FIGS- 10A-10D are side, top, bottom and cross-
sectional views of the support post in FIG. 8.
FIG. 11A is an enlarged view of one embodiment of
the temperature sensor assembly mounted inside
the insulation cake base.
FIG. 11B is an enlarged view of another embodi-
ment of the temperature sensor assembly mounted
inside the insulation cake base.
FIG. 12 is a block diagram of the operation of the
modular heating unit in connection with a controller
for controlling cooking of foods or heating liquids;
FIG. 13A-13D are side views illustrating the radiant
energy emanating from the heating element;
FIG. 14 is a temperature profile of different types of
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utensils on the heating unit.
FIG. 15 is a flowchart of the operation of a controller
for a heating unit in one embodiment of the present
invention to determine whether to enter into an
overdrive state.

[0016] While the invention is susceptible to various
modifications and alternative forms, certain specific em-
bodiments thereof have been shown by way of example
in the drawings and will be described in detail. It should
be understood, however, that the intention is not to limit
the invention to the particular forms described. On the
contrary, the intention is to cover all modifications,
equivalents, and alternatives falling within the spirit and
scope of the invention as defined by the appended
claims.

DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0017] Illustrative embodiments will now be described
with reference to the accompanying figures. Turning to
the drawings, FIG. 1 shows a plurality (four) of heating
units 10 of the present invention installed in a cooktop
12. The heating units 10 may each have the same watt-
age or the heating units 10 may have different wattages.
The cooktop 12 includes a top surface 14 having a plu-
rality of holes to receive and retain the plurality of heat-
ing units 10. Someone desiring to cook food or heat liq-
uids places the food or liquid in a utensil (not shown)
which is then set upon one of the heating units 10. The
user then turns the corresponding control knob 16 or
other temperature control device such as a keypad to a
setting indicating the temperature to be produced by the
heating unit 10 to heat the food or liquid.
[0018] As shown in FIG. 2, in one embodiment, the
heating unit 10 of the present invention is self-contained
in a single modular unit allowing a user to easily remove
and replace the heating unit 10. Referring to FIGS. 2-3,
in one embodiment, the heating unit 10 includes a cook-
ing plate 20, a support pan 22, an insulation gasket 24,
an insulation layer having an insulation cake base 26
and an insulation sidewall ring 28, a heater element 30,
a temperature sensor assembly 32, a decorative ring 34,
and terminal blocks 36 and 38. The heating unit 10 is
self-contained and modular through its use of terminal
blocks 36 and 38. Terminal block 36 serves as a con-
nector that allows for quick connection to and from the
signal lines carrying the sensed temperature in the heat-
ing unit 10. Terminal block 38 serves as a connector that
allows for quick connection to and from the lines carrying
the power to activate the heater element 30.
[0019] Alternatively, the top surface 14 of the cooktop
12 could be a single cooking surface with no holes. The
heating unit 10 may be mounted underneath the top sur-
face to produce heat to the cooking surface. In this al-
ternative embodiment, the heating unit would not have
a decorative ring 34. The cooking plate 20 would be re-
placed by a single cooking surface for all heating units.

[0020] The cooking plate or cooking surface 20 is
made of an infrared transmissive material such as glass-
ceramic. A suitable material is designated as CERAN
manufactured by Schott Glass in Mainz, Germany or
EuroKera Glass Ceramic manufactured by EuroKera
North America, Inc. in Fountain Inn, South Carolina.
Those of ordinary skill in the art will appreciate that as
an artifact of the prevalent methods of manufacturing
ceramized glass, the cooking surface 20 has a textured
or dimpled undersurface. The support pan 22 is dis-
posed beneath the cooking plate 20. The support pan
22 is a shallow pan having a substantially flat base 42,
a circumferential sidewall 44 and an outer flange 46. The
gasket 24 is disposed between the cooking plate 20 and
the outer flange 46 of the support pan 22. The gasket
24 is made from an insulation material such as K-Shield
BF Paper from Thermal Ceramics in August, Georgia.
A suitable assembly for the gasket 24 in a heating unit
is taught in Provisional Application No. 60/189,695, en-
titled "Modular Radiant Heating Unit," which is owned
by the assignees of the present invention and incorpo-
rated by reference in its entirety.
[0021] The insulation layer is supported inside the
support pan 22. Specifically, in one embodiment, as
shown in FIG. 3, the insulation layer has an insulation
cake base 26 and an insulation sidewall ring 28. Al-
though FIG. 3 shows the insulation layer as two sepa-
rate components, the insulation cake base 26 and the
sidewall ring 28 may be a single unitary body. Suitable
materials for the insulation layer include Wacker WDS®
Thermal Insulation from Wacker Silicones Corp. in Adri-
an, Michigan and RPC2100 from Thermal Ceramics in
Augusta, Georgia.
[0022] Referring to FIGS. 4A-4C, the insulation cake
base 26 has a top surface 52 and a bottom surface 54.
The top surface 52 of the insulation cake base 26 has
grooves 56 shaped to receive the heating element 30.
The top surface 52 of the insulation cake base 26 also
has an opening 58 for housing the terminal block 38. In
the center of the insulation cake base 26 is a hole 60.
The hole 60 is used to receive and retain the tempera-
ture sensor assembly 32. In one embodiment, the hole
60 is circular at the top surface 52 of the insulation cake
base 26. The hole 60 extends from the top surface 52
of the insulation cake base 26 to the bottom surface 54
of the insulation cake base 26.
[0023] FIG. 5 shows one embodiment where the hole
60 is wider in diameter at the bottom surface 54 of the
insulation cake base 26 than at the top surface 52. A
portion of the temperature sensor assembly 32 is sized
to fit within the hole 60. As explained in more detail be-
low, the purpose of varying the diameters of the hole 60
is to provide additional support for retaining the temper-
ature sensor assembly 32 in the insulation cake base
26. Moreover, as illustrated in FIG. 4B, the hole 60 pref-
erably acts as a "key" hole to prevent radial and rota-
tional movement of the temperature sensor assembly
32 in relation to the insulation cake base 26.
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[0024] The bottom surface 54 of the insulation cake
base 26 is shaped to rest in the bottom of the support
pan 22. The insulation cake base 26 may have mounting
holes 62 to prevent movement of the insulation cake
base 26 in relation to the pan 22. The pan 22 has match-
ing holes 64 (see FIG. 3). Screws (not shown) may insert
through pan holes 64 and into the cake holes 62 for se-
curing the insulation cake base 26 against the flat base
42 of the support pan 22.
[0025] Referring back to FIG. 3, the heating element
30 is supported on the insulation cake base 26 of the
insulation layer. In one embodiment, the heating ele-
ment 30 rests inside grooves 56 of the insulation cake
base 26. A plurality of microwire staples (not shown)
may be used to secure the heating element 30 to the
insulation cake base 26. The presence of the insulation
sidewall ring 28, permits the heating element 30 to be
in a spaced apart relationship to the cooking plate 20.
The heating element 30 is preferably a ribbon type heat-
ing element although other types of radiant elements
may be used such as coiled or composite heater ele-
ments. The heating element 30 radiates infrared energy.
The heating element 30 has a serpentine or sinuous pat-
tern when installed on the insulation cake base 26. It will
be understood that the pattern shown in FIG 3 is illus-
trative only and that the heating element 30 may be laid
out in other patterns on the insulation cake base 26 with-
out departing from the scope of the invention. The re-
spective ends of the heating element 30 are connected
to a power source (not shown) at a terminal block 38
and male connectors 39.
[0026] FIGS. 6-7 show exploded and assembled
views of the temperature sensor assembly 32. The tem-
perature sensor assembly 32 includes a temperature
sensor 70, a support post 72, extended lead wires 74,
covers 76 and connectors 78. The temperature sensor
70 mounts inside a recess 96 of the support post 72.
The support post 72 is shaped to fit within the center
hole 60 of the insulation cake base 26. At one end of the
extended lead wires 74, the lead wires 74 are attach to
the temperature sensor 70. The extended lead wires 74
pass through the support post 72. At the other end of
the extended lead wires 74 are connectors 78- The con-
nectors 78 insert in the terminal block 36 during the as-
sembly of the heating unit 10.
[0027] In one embodiment, the temperature sensor
70 is a Platinum Resistance Temperature Detector (plat-
inum RTD). One suitable platinum RTD may be obtained
from Heraeus Sensor-Nite Company in Newtown, PA.
The benefit of using a platinum RTD is that it is suitable
for high temperatures. A platinum RTD is shown in
FIGS. 8A-8C as temperature sensor 70. The tempera-
ture sensor 70 has a temperature sensing element 82
and lead wires 84. The lead wires 84 of the temperature
sensor 70 are electrically connected to the extended
lead wires 74 that pass through the support post 72. It
is preferred that the extended lead wires 74 are insulat-
ed. Depending on the specific design of the support post

72 and the type of temperature sensor used, the lead
wires 84 of the temperature sensor 70 may be exposed
and not insulated. This may result in erroneous temper-
ature readings by the temperature sensing element 82.
This is due to the fact that heat may conduct through the
exposed lead wires 84 and into the temperature sensing
element 82. If this is the case, it is preferred that the
temperature sensor assembly 32 have some mecha-
nism to insulate the exposed lead wires 84 of the tem-
perature sensor 70. In one embodiment, as shown in
FIG. 6, the temperature sensor assembly 32 has insu-
lating covers 76. The covers 76 are made of an insulat-
ing material. The covers 76 may also be formed from an
insulating paste or cement. A suitable insulating paste
or cement is Sauereisen Electric Resistor Cement No.
78 from Sauereisen Company in Pittsburgh, PA. The
Sauereisen cement is supplied as a ready-mixed paste
and may be applied by brushing, dipping or spraying.
[0028] FIG. 9 illustrates a perspective view of one em-
bodiment of the support post 72. FIGS. 10A-10C show
side, top and bottom views of the support post 72 in FIG.
9. In this embodiment, the support post 72 has an upper
head portion 92 and a lower base portion 94, The sup-
port post 72 is preferably made of an insulating material
such as ceramic. A suitable ceramic type material is L-
3 Steatite. The support post 72 may also be made of
other insulating materials such as the material de-
scribed above for the insulating layer. The upper head
portion 92 has a recess 96 to house at least a portion of
the sensing element 82 of the temperature sensor 70.
The upper head portion 92 further has slots 98 to receive
the sensor lead wires 84 and the extended lead wires
74. The base portion 94 is shaped to fit within the center
hole 60 of the insulation cake base 26. If the center hole
60 is a "key" hole (as shown in FIG. 4B), the base portion
94 of the support post 72 must be shaped accordingly
(as shown in FIGS. 10B-10D). This prevents radial and
rotational movement of the temperature sensor assem-
bly 32 with relation to the insulation cake base 26. To
further retain the support post 72 in the insulating cake
base 26, an insulating paste or cement may be used
such as Sauereisen Electric Resistor Cement No. 78.
[0029] FIG. 10D illustrates a cross-sectional view of
the support post 72. The base portion 94 of the support
post 72 may have holes 100. The temperature sensing
element 82 rests at least partially in recess 96 of the
support post. The sensor lead wires 74 and/or the ex-
tended lead wires 84 run down the side of the head por-
tion 92 along slots 98 and through the holes 100 in the
base portion 94 of the support post 72. The lead wires
74 and 84 then extend through the base 42 of the pan
22 and are used for transmitting a sensed temperature
from the temperature sensing element 82 to a controller.
[0030] A portion of the head portion 92 of the temper-
ature sensor assembly 32 preferably extends through
the center of the insulation cake base 26. FIG. 11A
shows an enlarged view of the temperature sensor as-
sembly 32 extending through the center hole 60 in the
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insulation cake base 26. As described in more detail be-
low, it has been found that positioning the sensor in the
center of the insulation cake base 26 provides the ben-
efit of measuring differences in the reflective infrared ra-
diant energy from the heating element 30. This is espe-
cially important if the heater element 30 has a pattern
as shown in FIG. 3. Moreover, to enhance the measure-
ment of reflective radiant energy, the temperature sens-
ing element 82 should be partially shielded from the di-
rect radiant energy of the heating element 30. It is pre-
ferred that the temperature sensing element 82 extend
less than 60% from the recess 96 of the support post
72. In one embodiment, the sensing element 82 extends
50% from the recess 96.
[0031] Alternatively, as shown in FIG. 11B, the tem-
perature sensing element 82 may be completely shield-
ed from direct radiant energy from the heating element
30 by the use of a shielding block 102. The shielding
block 102 may be a variety of shapes. The embodiment
shown in FIG. 11B illustrates a tubular shielding block
102. To eliminate the measurement of direct radiant en-
ergy from the heating element 30, the height of the
shielding block 102 should be at least as high as the top
of the temperature sensing element 72. The shielding
block 102 is made of a thermally insulating material such
as ceramic. The shielding block 102 may also be formed
as part of the insulation cake base 26.
[0032] Although FIG. 11B shows a temperature sens-
ing element 82 that is completely shielded from direct
radiant energy from the heating element 30, in certain
applications where quicker response times are needed,
it is better to have the sensing element 82 partially ex-
posed to the direct radiant energy. This is due to the fact
that hot air may get trapped in the shielding block 102
and the sensing element 72 may not respond as quickly
to temperature changes in the heating unit 10. Accord-
ingly, if a shielding block 102 is used, the mass of the
block 102 should be reduced by limiting the width of the
wall of the block 102. Alternatively, the height of the
block 102 may be reduced.
[0033] It is now desirable to have better control over
the cooking of food and heating of liquids than has pre-
viously been possible. To this end, referring to FIG. 12,
the heating unit 10 of the present invention is usable
with a controller 110 that controls the application of pow-
er to the heating unit 10 by a power source 112. Oper-
ation of the controller may be accomplished by a PID
(Proportional, Integral, Derivative) control loop or a PI
(Proportional, Integral) control loop. One requirement of
heating units is that they now be able to rapidly heat up
to an operating temperature. This is evidenced by a
heating element 30 of the heating unit 10 reaching a vis-
ual response temperature within 3-5 seconds after ap-
plication of power, by which time the heating element is
glowing. Rapid heating of element 30 may be achieved
by applying a voltage, for example, 240 VAC across the
heating element 30. The voltage being applied the entire
time the heating element 30 is on. While this achieves

rapid heating, the tradeoff has been increased temper-
ature stress on the heating element 30 and cooking
plate 20. This may result in reduced service life of the
cooking plate 20. Thus, it is desirable to have a control
system that minimizes the temperature stresses on the
cooking plate 20.
[0034] The controller 110 controls the application of
power so that this high level is applied only for a short
interval. The temperature sensor 70 has an output tem-
perature signal St supplied to the controller 110. Unlike
previous heating units employing a temperature respon-
sive switch which acts to cutoff power to a heating ele-
ment if the temperature of the heating unit becomes too
great, the temperature sensor 70 only provides a
sensed temperature input to controller 110 via a cable
114. Moreover, the current design utilizes a type of tem-
perature sensor that has less thermal mass. This allows
quicker response times and more accurate readings of
the temperature in the heating unit 10. The type of sen-
sor shown in FIGS. 8A-8C show a platinum RTD, This
type of sensor works better than sensors with larger
thermal masses such as probe sensors.
[0035] In one embodiment, the control knob 16 has a
plurality of settings. For example, the knob 16 may have
settings 1-10 where setting 1 refers to minimum heat
and setting 10 refers to maximum heat. A user places a
utensil U on the heating unit 10 and turns the control
knob 16 to a desired setting. For boiling liquids, a user
will typically select the highest setting. The controller
110 will receive the desired setting from the knob 16 and
assign a first temperature set point. The controller 110
turns on the power to the heating element 30 until the
first temperature set point is reached. The controller 110
samples a received temperature signal St from the tem-
perature sensor 70 to determine whether the first tem-
perature set point has been reached. After the first tem-
perature set point has been reached, the temperature
is maintained by duty cycling the power supplied to the
heater element 30.
[0036] The controller 110 is responsive to signal St so
that if the temperature of the heating unit 10 starts to
increase above a selected heating value, controller 110
responds by changing the duty cycle or mark-space ra-
tio of a control signal Si supplied to power source 112.
This control signal controls the amount of time within a
time interval that current is supplied to heating element
30. Thus, rather than shutting off the heating unit, the
amount of heat produced during any given interval is al-
terable by changing the amount of time current is sup-
plied to heating element 30 during that interval. If current
is supplied a lesser amount of time during an interval
than previously, the amount of beat produced by heating
unit 10 is effectively lowered, as is the temperature to
which a utensil placed upon the unit is heated. Besides
helping prolong the useful life of heating element 30, this
feature further is important in helping prevent the
scorching of food.
[0037] As noted, controller 110 is responsive to input
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from the temperature sensor 70 to control application of
power to heating element 30. The controller 16 supplies
a duty cycle or mark-spaced pulse input control signal
Si to power source 112. The mark-space ratio of the sig-
nal is controllable over a wide range of on/off ratios. At
any one time, the ratio determines the amount of time
within a time interval that source 112 supplies current to
heating unit 10. The greater the amount of on-time to
off-time within the interval, the longer power is supplied
to the heating unit 10 during that interval, and the higher
the amount of heat produced by the heating unit 10 dur-
ing that interval.
[0038] In one embodiment, the duty cycle v is updated
after each relay duty cycle and is calculated using the
following formula:

where:

Kp = Constant based on set point temperature
Kp/Ti = Constant based on set point temperature

Tsp = Set point temperature
Tave = Average temperature over last duty cycle

n = number of duty cycles elapsed since duty cy-
cling began
v0 = estimated duty cycle based on set point tem-
perature

[0039] Once the set temperature is reached, duty cy-
cling begins at a duty cycle of v0. As the temperature
rises above or below the set point, the duty cycle is cor-
rected by Kp*e. Each time a relay's duty cycle ends and
the temperature is above or below the set point temper-
ature, that error is added to s(n). As errors continue, the
relay's duty cycle will be adjusted by (Kp/Ti) *(s(n)). This
will produce a duty cycle when the cavity temperature
is at the set temperature of (Kp/Ti)*(s(n)) + v0. The val-
ues for Kp and Kp/Ti vary based on the set tempera-
tures. In one embodiment, Kp will range from 0.8 for low
temperatures and 2.4 for high temperatures. Kp/Ti may
vary from 0.067 for low temperatures and 0.2 for high
temperatures. The temperatures are expressed in A/D
units.
[0040] One of ordinary skill in the art, having the ben-
efit of this disclosure, would realize that other types of
control systems and formulas may be used without de-
parting from the present invention.
[0041] The benefits of the present invention may be

v = Kp*e + (Kp/Ti)*(s(n)) + v0

e = Tsp - Tave

s(n) = s(n-1) + e where s(0) = 0

demonstrated with reference to FIGS. 13A-13C. As il-
lustrated in FIG. 13A, the heating element 30 radiates
direct infrared energy Ed in the electromagnetic radia-
tion spectrum- As indicated above, the cooking plate 20
is made of an infrared transmissive material such as
glass/ceramic. When the heating element 30 is activat-
ed, a portion of the radiant energy passes through the
cooking plate 20 as passed radiant energy Ep. A portion
of the radiant energy is also absorbed by the cooking
plate 20 as absorbed energy Ea. When a utensil is
placed on the top of the cooking plate 20, the utensil is
heated by the direct radiant energy Ep passing through
the cooking plate 20. The utensil is also partially heated
by conduction through the absorbed radiant energy Ea
in the cooking plate 20.
[0042] As illustrated in FIG. 13B, when a utensil U is
present, some of the radiant energy passing through the
cooking plate 20 is reflected back into the heating unit
10 as reflected radiant energy Er. It has been found that
shielding a substantial portion of the temperature sens-
ing element 72 from the direct radiant energy Ed of the
heating element 30 provides several benefits. For ex-
ample, when partially shielded, the temperature sensing
element 72 is capable of measuring differences in the
reflected radiant energy Er. The reason that the sensing
element 72 should be partially shielded from direct ra-
diant energy Ed of the heating element 30 is because
the amount of reflected radiant energy Er in the cavity
of the heating unit 10 is going to be much less than the
direct radiant energy Ed. This is due to the fact that a
portion of the direct radiant energy Ed is absorbed by
the cooking plate 20, a portion of the direct radiant en-
ergy Ed is lost to the ambient environment, and a portion
of the direct radiant energy Ed is absorbed by the utensil
placed on top of the cooking plate 20 - leaving a rela-
tively smaller portion of reflected radiant energy Er. If
the temperature sensing element 72 is partially shielded
from the direct radiant energy Ed from the heating ele-
ment 30, the temperature sensing element is then ca-
pable of measuring differences in the smaller amount of
reflected radiant energy Er in the cavity.
[0043] It has been discovered that monitoring differ-
ences in the amount of reflected radiant energy Er in the
cavity enables detection of the type of utensil placed on
the cooking plate 20. The monitoring can also detect if
a very small utensil or off-center utensil is present. Once
the type of utensil on the cooking plate 20 is determined,
it is possible to decide whether to increase or decrease
the set point. Increasing the set point will boil liquids
quicker.
[0044] For example, FIG. 13B illustrates a dark flat
utensil U that covers a substantial portion of the cooking
plate 20. In this situation, a portion of the direct radiant
energy Ed is absorbed by the cooking plate 20 and a
portion of the direct radiant energy Ed is absorbed by
the utensil U. Only a small amount of radiant energy is
reflected for a dark flat utensil U. For a dark flat utensil,
it is safer to operate the heating unit 10 at a higher set
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point than it would be for shiny concave utensils or off-
center utensils.
[0045] As illustrated in FIG. 13C, shiny concave uten-
sils reflect radiant energy Er toward the center of the
concave utensil. This directs excessive energy to a spe-
cific location on the cooking plate 20. Moreover, an air
pocket is formed between the concave portion of the
utensil and the cooking plate 20. This air pocket serves
as an insulator, preventing the absorbed radiant energy
Ea in the cooking plate 20 from dissipating. Over time,
the cooking plate 20 may fail or, if a conventional control
system is used, the heater element will cycle on and off.
A lower set point must be used for concave utensils.
[0046] An off-center utensil is illustrated in FIG. 13D.
The portions of the cooking plate 20 that are not covered
by the utensil U absorb energy Ea. This absorbed ener-
gy Ea will not dissipate to the ambient environment as
quickly as it is being absorbed. Thus, the cooking plate
20 may reach excessive temperatures at uncovered re-
gions of the cooking plate 20. Accordingly, a lower set
point must be used for off-center utensils.
[0047] Hence, the present invention includes meth-
ods of operating a heating unit 10 and determining
whether the heating unit 10 may go into an overdrive
state. In particular, the methods allow for the controller
110 to determine if a utensil is concave or if the utensil
is off-centered. If a concave or off-centered utensil is
present, the controller 110 can direct the heater element
30 to maintain the current set point or lower the set point.
On the other hand, if a flat utensil (as shown in FIG. 13
B) is present, the controller can direct the heater ele-
ment 30 to an overdrive state where the heater element
is controlled at a higher set point. This results in a shorter
time to boil liquids.
[0048] One way of determining whether to go into an
overdrive state is shown in FIG. 14. FIG. 14 illustrates
three different temperature profiles for different types of
utensils and their location. With the sensor embodiment
described earlier, it has been observed through trials
that a concave utensil has a faster rate of temperature
rise over time as illustrated in temperature profile TPcon.
A flat utensil that is properly located on the heating unit
will have a slower rate of temperature rise as illustrated
in temperature profile TPreg. If the utensil is very small
or off-centered, the rate of temperature rise is even
smaller as illustrated in TPsm.
[0049] Thus, the determination of whether to go into
an overdrive state may be based on whether certain
conditions exist in the temperature profile. At startup,
when the knob 16 is set at its highest setting, the con-
troller 110 will direct the heating unit 10 to a first set point.
In one embodiment, the first set point may be 1140°F
for a heating unit 10 capable of outputting 2600W, The
controller 110 measures the temperature profile of the
heating unit 10 as it attempts to reach the first set point.
[0050] The temperature profile may be determined by
measuring: (1) a first period of time that it takes the
sensed temperature S1 to travel from a first temperature

T1 to a second temperature T2; and (2) a second period
of time that it takes the sensed temperature S1 to travel
from a third temperature T3 to a fourth temperature T4.
In this embodiment, the first period of time is compared
to the second period of time. In one trial, where the heat-
ing unit 10 was outputting 2100W or less, the first and
second periods of time were calculated using T1=830°F,
T2=1015°F, T3=1085°F, and T4=1230°F. These trials
determined that the utensil was concave if the second
period of time was at least 1.29 times the first period of
time. For a very small utensil or a utensil that was off-
center, the first period of time would typically exceed 120
seconds and the second period of time would typically
exceed 240 seconds.
[0051] FIG. 15 shows one embodiment of operating
the heating unit 10 and determining whether to go into
an overdrive state. The controller 110 first turns on the
heating element 30 and directs the heating unit 10 to a
first set point. [200] The controller 110 then monitors the
sensed temperature St received from the temperature
sensor 70 and calculates a first period of time that it
takes the sensed temperature St to travel from a first
temperature T1 to a second temperature T2. [205] The
controller 110 will then determine whether the first peri-
od of time has exceeded a maximum period of time.
[210] This determination may indicate whether the uten-
sil if off-center, very small or convex. If the maximum
period of time has been exceeded, the controller 110 will
maintain the first set point. [215] Alternatively, the con-
troller 110 may lower the first set point to a lower set
point. If the maximum period of time has not been ex-
ceeded, the controller 110 will then calculate a second
period of time that it takes the sensed temperature St to
travel from a third temperature T3 to a fourth tempera-
ture T4. [220] The controller 110 determines whether the
second period of time has exceeded a maximum period
of time. [225] This determination may indicate whether
the utensil if off-center, very small or convex. If the max-
imum period of time has been exceeded, the controller
110 will maintain the first set point. [215] Alternatively,
the controller 110 may lower the first set point to a lower
set point. If the maximum period of time has not been
exceeded, the controller 110 will determine whether a
concave utensil exists by comparing the first period of
time to the second period of time. [230] If a concave
utensil exists, the controller 110 may maintain the tem-
perature at the first set point or, alternatively, lower the
first set point to a lower set point. [215] If a concave uten-
sil does not exist, the controller 110 may enter an over-
drive state where it increases the first set point to a sec-
ond set point for a select period of time. [235]
[0052] A person of ordinary skill in the art, having the
benefit of this disclosure, would realize that other meth-
ods of determining the temperature profile may be used.
For example, the temperature increase between two
fixed periods of time may be used and compared in a
manner similar to the method described above. This
may include: measuring a first increase in the sensed
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temperature during a first period of time; measuring a
second increase in the sensed temperature during a
second period of time; comparing the first increase in
the sensed temperature to the second increase in
sensed temperature; determining whether to increase
the first temperature setting to a second temperature
setting in the heating unit; and increasing the first tem-
perature setting to the second temperature setting if it
is determined that the first temperature setting may be
increased from the first temperature setting to the sec-
ond temperature setting. Moreover, different periods of
time may be measured for select temperatures and the
divided rates compared.
[0053] In one embodiment, the described methods
are performed by the controller 110 having memory and
a microprocessor. The microprocessor executes soft-
ware in memory to implement the control schemes of
the present invention.
[0054] What has been described is a modular radiant
heating unit for use in cooktops to more efficiently and
quickly cook food placed on the unit. The thermal switch
normally used in such units is eliminated and replaced
by a temperature sensor that supplies a temperature in-
dication of the heating unit temperature to a controller.
The controller supplies power to the heating element. A
new temperature sensor design for use with the heating
unit enables the heating unit to reach cooking tempera-
tures faster than with conventional elements, By sens-
ing the differences between the reflected radiant energy,
the heater unit may determine whether it is possible to
increase to a higher temperature set point. Moreover,
the heating unit is self-contained and may be sold as
new equipment or as replacement equipment. Multiple
heating units are retained in holes of the cooktop, and
each unit includes terminal blocks to permit easy remov-
al and installation. The heating unit has a simple con-
struction so the cooktop requires fewer parts than cook-
tops using conventional heating units. This not only re-
duces costs, but also maintenance time.
[0055] In view of the foregoing, it will be seen that the
several objects of the invention are achieved and other
advantageous results are obtained.
[0056] As various changes could be made in the
above constructions without departing from the scope
of the invention, it is intended that all matter contained
in the above description or shown in the accompanying
drawings shall be interpreted as illustrative and not in a
limiting sense.

Claims

1. A controller for a heating unit, the heating unit hav-
ing a temperature sensor, a heating element, and a
cooking surface, the heating unit capable of gener-
ating heat to a utensil located on the cooking sur-
face, the controller comprising:

a means for measuring a temperature of a cav-
ity within the heating unit;
a means for controlling the application of power
to the heating element;
a means for determining whether to control the
application of power to the heating element in
an overdrive state based on a type of utensil
that is located on the heating unit.

2. The controller of Claim 1, wherein the means for
measuring the temperature the cavity includes re-
ceiving a signal generated from the temperature
sensor.

3. The controller of Claim 1 wherein the means for
controlling the application of power to the heating
element includes the generation of a duty cycle sig-
nal to a power source that is electrically connected
to the heating element.

4. The controller of Claim 1, wherein the means for de-
termining whether to control the application of pow-
er to the heating element in an overdrive state in-
cludes a measurement of a temperature profile of
the cavity temperature.

5. A temperature control system for a heating unit in a
cooktop, the heating unit having a heating element
disposed below a cooking surface, the heating unit
capable of generating heat to a utensil located on
the cooking surface, the temperature control sys-
tem comprising:

a temperature sensor for measuring the tem-
perature within a cavity of the heating unit; and
a controller capable of receiving a signal from
the temperature sensor reflecting the meas-
ured temperature within the cavity, the control-
ler capable of controlling the application of pow-
er to the heating element;

wherein the controller is capable of determin-
ing a type of utensil that is located on the heating
unit and is capable of controlling the application of
power to the heating element in an overdrive state
based on the type of utensil that is located on the
heating unit.

6. The temperature control system of Claim 5, wherein
the temperature control system further includes a
power source that is electrically connected to the
heating element and is electrically connected to the
controller.

7. The temperature control system of Claim 5, wherein
the temperature control system further includes a
control knob to enable a user to select a tempera-
ture setting.

15 16



EP 1 217 874 A2

10

5

10

15

20

25

30

35

40

45

50

55

8. The temperature control system of Claim 5, wherein
the controller has a means for measuring a temper-
ature profile of the cavity.

9. The temperature control system of Claim 5, wherein
the controller has a means for measuring a first pe-
riod of time that it takes the measured temperature
of the cavity to travel from a first temperature to a
second temperature.

10. The temperature control system of Claim 9, wherein
the controller has a means for measuring a second
period of time that it takes the measured tempera-
ture of the cavity to travel from a third temperature
to a fourth temperature.

11. A method of operating a heating unit at a first tem-
perature setting, the heating unit having a heater
element that radiates infrared energy and a temper-
ature sensor adapted to measuring a sensed tem-
perature in the heating unit, the method comprising:

measuring a first period of time from a first tem-
perature to a second temperature;
measuring a second period of time from a third
temperature to a fourth temperature;
comparing the first period of time to the second
period of time;
determining whether to increase the first tem-
perature setting to a second temperature set-
ting in the heating unit; and
increasing the first temperature setting to a sec-
ond temperature setting if it is determined that
the first temperature setting may be increased
from the first temperature setting to the second
temperature setting.

12. The method of Claim 11, wherein the method is per-
formed in a controller, the controller capable of re-
ceiving the sensed temperature from the tempera-
ture sensor, the controller electrically connected to
the heater element to maintain the first and second
temperature settings.

13. The method of Claim 11, wherein the temperature
sensor is a platinum RTD.

14. The method of Claim 11, wherein the second tem-
perature setting is greater than the first temperature
setting,

15. The method of Claim 11, wherein the determining
step further includes determining whether a utensil
on the heating unit is concave.

16. A method of operating a heating unit at a first tem-
perature setting, the heating unit having a heater
element that radiates infrared energy and a temper-

ature sensor adapted to measuring a sensed tem-
perature in the heating unit, the method comprising:

measuring a first increase in the sensed tem-
perature during a first period of time;
measuring a second increase in the sensed
temperature during a second period of time;
comparing the first increase in the sensed tem-
perature to the second increase in the sensed
temperature;
determining whether to increase the first tem-
perature setting to a second temperature set-
ting in the heating unit; and
increasing the first temperature setting to a sec-
ond temperature setting if it is determined that
the first temperature setting may be increased
from the first temperature setting to the second
temperature setting.

17. The method of Claim 16, wherein the method is per-
formed in a controller, the controller capable of re-
ceiving a sensed temperature from the temperature
sensor, the controller electrically connected to the
heater element to maintain the first and second tem-
perature settings.

18. The method of Claim 16, wherein the temperature
sensor is a platinum RTD.

19. The method of Claim 16, wherein the second tem-
perature setting is greater than the first temperature
setting.

20. The method of Claim 16, wherein the determining
step further includes determining whether a utensil
on the heating unit is concave.
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