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TEMPERATURE CONTROL DEVICE FOR HEAT COOKER.

@ A temperature control device for a heat cooker which
employs a single heating chamber to enable high-frequency
induction heating as well as heating through means of a
heater adapted to elevate the atmospheric temperature
within the heating chamber to a high level which is suited

for cooking, the temperature control device effecting tem-
perature control through a combination of a microcomputer

and two or more temperature sensors having different
temperature characteristics and working temperature

W™ ranges. The two or more temperature sonsors deliver signal
< voltages, representative of temperature, which are com-
pared with the output voltage of a single reference voltage

w generator, and the microcomputer processes the result.
¥ This enables automation of the cooking operation, recogni-
tion of proper sensor installation and malfunction, simpli-

@ fication, of the control circuitry, a reduction in the number

EP 0 040

of parts, and an improvement in safety and reliability.
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SPECIFICATION

TITLE: Temperatﬁre control for cooking applianCes

TECHNICAIL FIELD

This invention relates to a temperature control for
cooking appliances having a single heating chambér in
which a food is cooked by high-frequency dielectric heat-
ing as well as by heating ambient air therein with a

heater means which comprises a plurality of sensors and

a microcomputer in combination.

BACKGROUND ART

With the development and decrease of cost of micro-
computers, there has recently been a vogue of micro-
computer-controlled cooking appliances having a variety
of control functions. However, so.long as a cooking pro-
gram is inputted on a manual mode, the imputting opera-
tion is complicated, the user being forced to follow a
series of setting procedureé so that the multiple func-
tional capabilities of a microcomputer cannot be fully

utilized.

It has, thus, become necessary to develop an automatic

cooking system incorporating a number of sensors adapted
to detect the current status of cooking, to improve the
manipulability of the appliance and further to broaden

the scope of "menu" which the appliance is capable of
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taking care of. N

Further, as cooking is automated more and more, it
has become difficult to predict the end point of cooking,
with the result that a keep-warm function for maintaing
the cooked food at a palatable temperature has become
an essential-requisife. N T

However, from fechnical and economic points'of view,
the microcomputer has its own limitations as to memory '
capacity and the available number of.input and output
terminals and these must be utilized with efficiency.
Moreover, the use of .a -plurality of sensors requires
an interface.circuit and other elements for each sensor
and this means an inevitable increase.- in the number of
circuit elements, complexity of the circuit and a re-
duced reliability of functionmns.

Moreover, when a temperature sensor probe adapted to
airectly detect the temperature of food is employed as
sensor means, the-probe must be detachable and the cook-
ing program must be changed after judging if the probe
is on the food or not. As means for this judgement, there
has fot example been employed a change-over switch assqci—
ated with the attachment and detachement of the sensor
pfobe.

However, this mehtod entails an increase of cost
and a decrease of reliability, due to the increased
nﬁmberrof'éarts required!rand ﬁéreofer; has the piobleﬁ

that the association of the change-over switch with ‘the
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presence or absence of the sensor probe in the food
demands an-increased force for an attachment or detach-
ment of the probe, thus detracting from the ease of

using the appliance. -~ . .

DISCLOSURE-OF -INVENTION - - ~:
It is a principal object of this invention to
provide a temperature control -comprising a combination'
of a microcomputer with a plurality of temperature sensors
having different characteristics, said temperature control
being such that the detection -temperature signals from
the respective temperature sensors -are Vcompared with
the output Voltage of a reference voltage generator to
judge the presence or -absence of the sensor probe in
the food and the presence or absence of a failure of
other sensors according to the reference voltage level
to thereby realize a simplication of the required circuitry,
a decrease of production cost and an increase of reliability.
It is another object of this invention to improve the
safety of a cooking appliance without entailing increases
in the number of parts and in production cost.
It'is still another object of this invention to
further improve the accuracy of control of the air tem-
perature in the heating chamber .and of the temperature of
a cooking load (food) by the incorporation of an attenuatof

in the control -circuit. - -

This invention will hereinafter be described in further
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detail by way of a preferred embodiment depicted in the

accompanying drawings.

BEST DESCRIPTION OF'DRAﬁINGS N

Fig. 1 is a perspective view ;howing a cooking
appliance as-an embodiment of this -invention;

Fig. 2 is an enlarged front view showing a control
segment as. a principal part of the same appliance;

Fig. 3 is a perspective view showing a temperature
sensor probe;

Fig. 4 is an electric circuit .diagram of the same
cooking appliance; and . - .

Fig. 5 is a circuit diagram of a control circuit
which constitutes a principal part of the same cooking

appliance.

BEST MODE FOR CARRYING OUT THE INVENTION

In Fig. 1 thereiisrshown a cooking appliance having
a body 1 defining a heating chamber .(1) (not shown) there-
in and a door 2 fitted across the front opening of said
heating chamber in such a manner that it may be opened or
closed with respect to the heating chamber.

There is fﬁrther disposed an operation panel 3 on the

front of the body 1 and alongside the door 2, and the top

face of'the'quy 1 is provided with vents 4 and 5 for let-

ting out the air ‘from the heating chamber.

As illustrated.in.Fig; 2, said operation panel 3 has
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a display segment 6 in a top position thereof for dis-

‘pPlaying 4-digit figures. 'The figure 12:59 represents 12

minutes and 59 seconds. There are also-disposed time
setting keys 7a, 7b, 7c¢ and 74 inrpositions.cdrrespondiﬁg
to digits for entering a 4 digit figure_into the display
segment at the  corresponding digital positions. Thus,

7a represents the :10-minute -digit, 7b the oné-minute
digit, 7c thé 10~-second digit, and 7d the one-second
digit. -

- The operation panel 3 .further carries output selectioh
keys 8a, 8b and 8c. Entries can be made with these keys,
i.e. 8a representing a high output (HIGH), 8b an inter-
mediate output (MED) and 8c a'lqw output (LOW).

There are further provided a temperature setting
key 9, a heater key 10 which is used only on the heater-
cooking mode; a keep-warm key 1ll, a reset key 12 for stop-
ping or cancelling the cooking, a start key for initiatipg
a cooking operation and a door button 14 for opening and
closing the door 2.

When the high frequency heating mode only is employed,
the output is selected by depressing one of the output
selection keys 8a, 8b and 8c, then the time setting keys
7a through 7b are respectively depressed to set the
cooking time and have the time displayed in the display
segment 6, and the start key 13 is finally depressed to.
initiate cooking: - .

For high frequency cooking through direct detection



10

15

20

25-

0040638

of the temperature of the cooking load with the tem-
perature sensor progé of Fig. 3 fitted into the cooking
load (not shown), a plué'16 of the probe 15 is set in
a jack 17 disposed in the heating chamber, then an
output selection is made{with output selection keys 8a
to 8c, thertemperature'sgtting'key 9 is tapped until a
desired temperature is displayed in the display segment
6, and the start key 13 is depressed to start cooking.

When cooking is to be carried out with the heater,
the heater key 10 is tapped to.set the temperature and
have the temperature in the heating chamber displayed
in the display segment 6. Then, the cooking time is
set by tapping. the time setting keys 7a through 7b,
whereupon the temperatufe display disappears from the
display segﬁent 6'and, instead, the cooking time is
displayed in said segment 6. As illustrated in Table 1,
temperétures from 100°C to 230°C can be displayed at
intervals of 10°C. For example, cooking with the heater
can be carried out at 200°C for one hour. As to the keep-
warm setting, the keep-warm temperature can be controlled
over the range of 40°C to 95°C at intérvals of 5°C as
will be more fully described.hereinafter.

When heating with the heater is to be controlled with
the temperature sensor probe'ls, the heating chamber tem-
perature is set_by tapping the heater key 10 and thé desired

temperatﬁre of food is then set by tapping the temperature

setting key 9.. Thus, by way of illustration, cooking can
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be carried out at the heating chamber temperature of
200°C and the internal food temperature of 80°C. When
the food is cooked with the temperature sensor probe 15,
the range of temperatures that can be set with the tem-
perature setting key 9 is 40°C-to 95°C at intervals of
5°C.

Cooking with the temperature sensor probe 15 is con-
venient in that the. setting can be made in disregard of
the weight of food but has the disadvantage that it is then

difficult to predict the time.of completion of cooking,

"and it is necessary that the cooked food be kept warm

until it is taken out from the heating chamber. In such
cases, by inputting the keep-warm key 11 immediately
following the temperature setting with the temperature
setting key 9, the cooked food is maintained at the
temperature designated by the témperature setting key 9
until the door 2 is opened.

As regards the method of keeping food warm, the

food cooked by high frequency heating can be easily

‘kept warm by making and breaking the high frequency

energy in response to the detection temperature of the
temperature sensor probe. This is because high fregquency
heating causes the inside of food to be simultaneously
heated and, therefore, ensures a good thermal response
of the probg.

On the other hahd, it is very difficult to keep warm

the food cooked with the heater just because of the reverse

+ 49
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of the above-mentioned reason.

Therefore, in acéordance with this invention, it
is ensured that the heating chambér temperature may be
automatically set .at the temperature set by the tem-
perature sensor probe 15. .- ;

In Fig. 4, there is illustrated an electric circuit
of the cooking appliance depicted in Fig. 1., showing the
condition after closure of the door 2 and before start of
cooking. The main circuit of the cooking appliance
comprises a current fuse 18, a first latch switch adapted'
to open and close in association with the éperation 6f
the door 2, a power relay contact 20, a second latch
switch 21, a bilateral control rectifying element
22 and a high-voltage transformer having a primary wind-
ing 24 connected in series with an AC power source. A
secondary side 25 of said high-voltage transformer 23
is connected to a magnetron 28 through a voltage doubling
rectifying circuit consisting of a high-voltage capacitor
26 and a diode 27, and the heéter of the magnetron 28 is
connected to a heater winding 29 of therhigh-voltage
transformer 23. For cooking with the heater means, there
is provide a heater 30 one end of which is cohnected to
an end of said AC source, with the othér end of the heater
being connected to the connection between the second 1at¢h

switch 21 and. the anode of rthé bilateral control

rectifying element 22. . There also is provided a fan motor

- 32, one end of which is connected to one end of the AC source
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with the other end being connebted to the anode side of
the bilateral control rectifying element 31. There is
also disposed a short switch 31, one end of which is con-
nected to one end of the AC power:source; with the other
end being connected to the connection between therpower
relay contact 20 and second latch switch 21, and its
ON-and OFF-operatidn -is reversely. associated with said
first and second latch switches 19 and 21.

Thus, it is opened on closure of the first and second
latch switches 19 and 21, while it is closéd as the latter
switches are opened. When at .least one of said first
latch switch 19 and said. power relay contact 20 is fused,
the main circuif_is short—-circuited to break the current
fuse 16. An oven lamp is connected via a lamp switch 35
which is operatively associated with said first and second .
latch switches 19 and 21. The primary side of low-voltage
transformer 36 is connected to one end of the AC source
and between the current fuse 18 and first latch switch
19, while its secondary side is connected as a power source
to a control circuit 37. The control circuit 37 controls
the power relay contact 20 and bilateral control rectify-
ing elements 22 and 31 to thereby. control the output of
the magnetron 28. The control circuit 37 has a door
switch associated with said first and sécond latch switchgs
19 and 21, and the operation signal from the door 2 is
detected and inputtéd by. said door switch 38. Connected

in parallel with.the .primary side of said low-voltage
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transformer .36 iis a variable resistor 39 for the
purpose of preventing erratic actions due to noise.

In the above arfangement,.the control cifcuit 37
is supplied with power from the low-voltage transformer
36 at all times,.andiés-a cookiﬁg program is set by the
procedure explained with reference to Fig. 2 and the
start key 13.is depressed, the power relay contact 20
is closed. because the signal of the door 2 has been
inputted by door switch 38 into “the control circuit 37,
whereupon the main circuit is closed, the oven lamp 34
is 1lit through the lamp switch 35 and the fan motor 32
starts rotating. And.on the high-frequency heating mode,
the bilateral -control -rectifying element 22 beéomes
ON to supply power to the high-voltage transformer 23
so that the magnetron 28 is excited.

Therefore, the high frequency output is controlled
as the bilateral control rectifying element 22'is turned
ON and OFF by the control circuit 37.

| Then, on the heater cooking mode, the output is con-
trolled as the bilateral control rectifying element 31
is turned ON and OFF by the control circuit 37.

Fig. 5 shows a schematic view of the control circuit

37. The operation of the circuit 37 will now be described

below. In response to a 5-bit signal of outputs R to

10
R14 of a microcomputer 40, a reference voltage generator

41 which is formed by matrixing on inverter and resistors

generates a voltage varibale in 32 steps by a combination
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of inputé.: The voltage is directly fed to the minus (-)
input of a comparator 42, while it is divided by resistors
44 and 45 and fed to the minus (-) input of a comparator
43. Moreover, the ‘minus (-) -input voltage of the com- .
parator 42 can be tapped through a resistor 47 by the
output R15 of the‘@icrocomputer-40 and an inverter 46.

The reference numeral 48 designates a high-temperature
thermister (temperature'sensof)'for detecting the internal
temperature of the heating chamber and is connected to
the plus (+) input of the comparator 42 in voltage-dividing
relation with a resistor 51. : .

When the internal temperature of the heating chamber
is controlled in the above arrangement, the temperature
s;gnal divided by the high-temperature thermister 48 and
resistor 49 and the output of the reference voltage
generator 41 are compared by the comparator 42 and the
result is read into K2 through resistqr 52 and transistor
53 at the timing of RO output of the microcomputer 490,
whereby the heater 30 is controlled.

When temperature control is effected with the
temperature sensor probe 15, the temperature signal
voltage divided by low—témperature thermister 50 and
resistor 51 and the output voltage of the reference voltager
generator 41 via an attenuator consisting of resistors
44 and 45 are compared by the comparator 43 and the regult

of comparison is read into K2-at.the timing of R, output

1

of the microcomputer 40 via resistor 54 and transistor 55
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whereby the output of the heater 30 or magnetron 28 is
controlled. -As ?ieviously mentioned, the temperature
control range of the low-temperature thermister 50 is
40°C to 95°C and that of the high-temperature thermister?
is 100°C to 230°C. However, when the cooked food is tQ
be kept Warm by the heater 30, the temperature must be
controlled at 40°C to 95°C with the high-temperature

thermister 48. . In this case, the R output of micro-

15
computer 40 is HIGH, the output of the inverter 46 is
LOW and the resistor 47 is connected in parallel with

the output of the reference voltage generator 41 so that

‘it functions .as an attenuator. -‘Temperature control at

40°C to 95°C is thus enabled by comparing this voltage
with the temperature signal of the. high-temperature |
thermister 48. The relationship of such reference
voltage stéps with temperature signals is set as shown

in Table 1.
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Table 1 L.
Reference -. .Low-temperature High-temperature thermister
voltage step . thermister - . R, Low Ry5 HIGH

0 Without probe giggegrouble -

1 " With probe - LT = -

2 . - -

3 . - .

4 . . .

5 40°cC ) .

6 . 45°C . .

7 50°C . .

8 55°C . -

9 60°C . -
10 65°C . 40°C
11 70°C ’ - 45°C
12 75°C 100°C 50°C
13 80°C 110°C 55°C
14 85°C 120°C 60°C
15 90°C 130°C 65°C
16 95°C l40°C 70°C
17 . 150°C 75°C
18 Short-clircult 160°C 80°C
19 . ~ 170°C 85°C
20 . 180°C ' g90°cC
21 . 190°C 95°C
22 . - : 200°C -
23 . 210°C -
24 . . 220°C -
25 : . 230°C , .
26 . ;
27 ' . Short-circuit

trouble .
28 : . ) .
29 e ] .
30 . . | -
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It will be seen from Table 1 that by programming
the microcomputer with such parameters as the presénce
or absence of the temperature sensor probe in food and
broken-wire and-short-circuit troubles, the corresponding
detection functions can be imparted to the control. It
is for preventing erroneous operations due to an overshoot
of food, etc.: that in Table 1, the temperature control
range and the.trouble detection range are not adjacent but
are separated.discretely. - -

Table 1 shows -a continuous array of temperatufe steps
in line with reference voltage steps but such an arrange-
ment is not essential.- Particularly because the high-
temperature’thermister 48 effects control by detecting
the temperature in the neighborhood of the heater and
estimates the temperature in the central zone of the
heating chamber, the relationship between detectién signal
and temperature is complicated by the influence of a
difference between the temperature detected by the thermister
and the temperature in the ceﬁtral zone of the heating cham-
ber. To solve this problem, the temperature setting may
be made discontinuous with reépectrto the reference voltage
steps. A glance at Table 1 might suggest that the
characteristics of a single thermister, i.e. thé high-
temperature thermister, are sufficient to cover the func-
tion of the low-temperature thermister for the temperature
sensor probe but, actually, there would arise the problem

of inferior temperature accuracy. Thus, the low-temperature
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thermister for setting the end-point temperature of food
must be very high in accuracy while the high-temperature

thermister is selected with reference to high-temperature

10

15

20

25

characteristics. - Therefore, these thermisters are pre-

ferably used in-the manner described hereinbefore.

,INDUSTRiAL'APPLiCABILITY';:lﬂl

As described hereinbefore, this invention ensures
an automation of cooking through a combined use of a
microcomputer with a plurality of temperature sensors
having dissimilar characteristics and a comparison of
the temperature signals detected by the respective
temperature sehsors with the output voltage of a
single reference voltage generator. And the presence-
or absence of the temperature sensor probe in the food
and the presence or absence of a trouble at a different
temperature sensor can be jﬁdged according to reference
voltage levels. 1In this manner, it is now possible to
simplify the control circuit, decrease the number of
necessary parts, -reduce the cost of production and im-
prove the safety and reliability of the control system.

It should be understood that by incorporating an
attenuator in the control circuit for the microcomputer,
the accuracy of control over the internal temperature
of the heating chamber. and over the food can both be

improved. -~ -
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CLAIMS: - =

1. A temperature control for cooking appliances

‘equipped with .-high frequency heating means and heater

means, characterized by comprising a removable tem-
perature sensor probe adapted to be brought into con-
tact with a cooking load (food) so as to detect the tem-
perature of the load, 'a temperature sensor disposed in

a heating chamber for detecting the internal temperature
of said heating chamber -and a control circuit including

a microcomputer for controlling high frequency heating
means or heater means in response to a signal from said
temperature sensor probe or said temperature sensor, said
ontrol circuit comprising said microcomputer, a reference
voltage generator adapted to generate a reference voltage
according to an output of said microcomputer, a first
comparator for comparing a reference voltage from said
reference voltage generator with a signal voltage from
said temperature sensor probe and a second comparator

for comparing said reference voltage with a signal voltage
from said temperature sensor so that the temperature of
the cooking load and the internal temperature of the heat-
ing chamber are controlled in accordance with an output
voltage step of said reference voltage generator and the
presence or absence of said temperature sensor probe is
judged by said microcomputer.

2. A temperature control according to Claim 1 wheréin

signal voltage from said temperature sensor probe and
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temperature sensor .are compared by a comparator in
Vaccordance with the output voltage step of said reference
Yoltage generator and -the comparison signal is processed'
by said ﬁicrocomputer to judge therstare of a trouble.

3. A temperature control according to Claim 1 wherein
the temperature signal from said temperature sensor and
the output voltage of said reference-voltage generator'.
are compared by the comparator through an attenuator
whereby the temperature deteetion range and the width of
temperature'deteetion are made variable.

4, A temperature control according to Claim 1 which
further comprises means for controlling temperature by
comparing the—remperature signal voltage from at least

one of said temperature sensor probe and temperature sensor
directly with the output voltage from said reference
voltage generator, and means for controlling the tempera—
ture by comparison through an attenuator, wherein the tem-
perature detection range or width of temperature detection

is made variable by selective use of one of said two means.
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LIST OF RE;E'ERENCE NUMBER IN -THE DRAWINGS
l......Body - '
2......Door
3......0peration panel- -
4......Vent
5......Vent .
6..;...Display segment
7a, 7b, 7b, 7d......Time setting keys
8a, 8b, 8c......Output selection keys-
9......Temperaturé setting key - ~-.
10.....Heater key -
11.....Keep-warm key -
12.....Reset key
13.....Start key
14.....0pen/close button
15.....Temperature sensor probe
l6,,,..Plug
17.....Jack
18.....Current fuse
19.....First latch switch
.20,,,__Power relay contact
21.....Second latch switch
22.....Bilateral control rectifying element
23.....High voltage transformer
24.....Primary coil-

25.....Secondary;coii

'26;;...High voltage capacitor - --



27.....Diode

28.7...Magnetron

29.....Heater coil

30.....Heater-- -t

31.....Bilateral control rectifying element
32.....Fan motor - - -
33.....Short switch -
34.....0ven lamp - -
35.....Lamp switch - -

36.....Low voltage transformer :

37.....Control circuit

38.....Door switch -
39..... Variable resistor -
40..... Microcomputer

41.....Reference voltage generator
42..... Comparator

43, ... .Comparator

44..... Resistor

45..... Resistor

46..... Inverter

47.....Resistor

48..... High-temperature thirmister
49..... Resistor

50..... Low-temperature thirmister
51..... Resistor

52..... Resistor .

53.....Transistor -

0040638

CRTRYL



Resistor
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