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BACKGROUND OF THE INVENTION

B

[ The present invention relates generally to improvements in a
microwave oven and more particularly to an arrangement for anticipating
the occurrence of combustion in the cooking cavity of a microwave oven.

When heating a food load in a microwave oven, if the food Toad
is allowed to heat substantially longer than required for proper cooking,
the food itself or the container for the food may become heated to the
combustion point, resulting in a fire in the oven cavity. The overcook-
ing of whole potatoes, fats raised to the combustion temperature due to
excessive overcooking of meats, and oven shelf hot spots due to imper-
fections in the pyroceramic shelf when heated over a prolonged period,
are three primary sources of such cavity fires. The potato is particularly
vulnerable to fire since it dries out non-linearly with the core of the
potato getting hot before the outer portions. The heat from the core is
not readily dissipated. As a result the core of the potato can be heated
to its ignition point relatively quickly.

One commonly used approach to the cavity fire detection problem
is to provide a thermal cutout switch on the oven cavity ceiling which
cuts off the magnetron when the oven cavity ceiling temperature exceeds
a predetermined level. This arrangement works satisfactorily but is
relatively costly and has a relatively slow response time. An alternative
approach is disclosed in U.SJﬁégﬁen{i4;133,99§dto Buck. In the Buck
arrangement a humidity sensor and a temperature sensor are employed to
monitor the relative humidity and temperature in the cavity. A micropro-
cessor is programmed to detect a fire condition when both the temperature
rises and the humidity falls by predetermined amounts within a prescribed
time period, on the order of ;0-30 seconds, and to de-energize the oven
upon detecting such a conditign.

The present invention improves over both of the foregoing

approaches to fire detection in the microwave oven by providing an
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arrangement which anticipates fire conditions developing in the cooking
cavity before actual ignition employing a single sensor normally used
for cooking control which is responsive to the concentration of gases in
the circulating air exiting the cooking cavity. In addition to providing
an anticipatory warning of an imminent fire condition, this arrangement
eliminates the need for the relatively costly thermal cutout switch and
also eliminates the need for the "in situ" temperature sensor of the
Buck method.

SUMMARY OF THE INVENTION

fJ The present invention provides a method and apparatus for

anticipating the occurrence of a fire in the cooking cavity of a microwave
oven. The oven is provided with means for continuously circulating
outside air through the cooking cavity to carry away gases emitted by
food loads being heated therein. A sensor responsive to the concentra-
tion of gases in the circulating air monitors the gas concentration
Jevel and generates an output signal representative thereof. Sensor
monitoring means responsive to the sensor output signal is operative to
determine the rate of change of the gas concentration level, and detect
a characteristic rate of change indicative of the load being heated
closely approaching its combustion point. Upon detection of the charac-
teristic rate of change, means responsive to the sensor monitoring means
de-energizes the oven and provides an indication to the user that a
combustion condition in the oven cavity is imminent.

In accordance with one form of the invention, the sensor

monitoring means detects the characteristic rate of change by first

detecting a relatively slow rate of change indicative of the food load (//

drying out and thereafter detecting a relatively rapid rate of change
jndicative of the load being heated to a temperature closely approaching

its combustion temperature.
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Brief Description of the Drawings

ﬁ/ While the novel features of the invention are set forth with
particularity in the appended claims, the invention both as to organization
and content will be better understood and appreciated from the following
detailed description taken in conjunction with the drawings, in which:

Fj FIG. 1 is a perspective view of a microwave oven embodying the
present invention;

\ FIG. 2 is a schematic sectional view of the oven of FIG. 1
taken along lines 2-2;
FIG. 3 dépicts a curve representative of the gas emission
characteristics of a baked potato heated in the microwave oven of FIG. 1;
f) FIG. 4 is a simplified schematic circuit diagram of that
portion of the microprocessor-based control system of the oven of FIG. 1
illustratively embodying the present invention; and

(~J FIG. 5 is a flow diagram illustratively embodying a fire

detection control algorithm implemented by the microprocessor in the

circuit of FIG. 4 in accordance with the present invention.

& DETAILED DESCRIPTION

vf” Referring now to FIGS. 1 and 2, there is shown a microwave
oven designated generally 10. The outer cabinet comprises six cabinet
walls including upper and lower walls 12 and 14, a rear wall (not shown),
two side walls 18 and 20, and a front wall partly formed by a hingedly
supported door 22 and partly by control panel 23. The space inside the
outer cabinet is divided generally into a cooking cavity 24 and a controls
compartment 26. Cooking cavity 24 is formed by a top wall 28, a bottom
wall 30, side walls 32 and 34, the rear cavity wall being a cabinet wall
and the front cavity wall being defined by the inner face 36 of door 22.
A shelf 38 of pyroceramic material or other suitable material pervious
to microwave energy is provided in the lower region of cavity 24 to

support food Toads to be heated in cavity 24.
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A magnetron 40 adapted to produce microwave energy is mounted
in controls compartment 26. Means for circulating air through the
cavity 24 includes a blower designated generally 42 which draws cooling
air into the controls compartment 26 through louvered openings (not
shown) formed in the back cabinet wall. This air passes over cooling
fins 44 of magnetron 40. A portion of the air drawn in by blower 42
enters cavity 24 via perforations 46 formed in cavity side wall 32.
This air circulates past the food load (not shown) being heated in
cavity 24 and exits cavity 24 through perforations 48 formed in upper
cavity wall 28 near the upper left corner of cavity 24. Vent holes 50
formed in side cabinet wall 20 near the upper left corner of the oven
cabinet permit air exiting cavity 24 via perforations 48 to exit the
oven cabinet to the exterior.

Foods heated in the microwave oven tend to emit water vapor
and other gases as the food heats. Such gases mix with the air circulating
in the cavity and are removed from the cavity by the circulating air.
Means for sensing the concentration Tevel of such gases in the air
leaving the cavity is provided in the form of a gas sensor 52 disposed
in the air flow path between perforations 48 in cavity wall 28 and vent
openings 50 in cabinet wail 20. Sensor 52 is supported proximate perfora-
tions 48 by mounting bracket 54 which is suitably secured to cavity wall
28. Sensor 52 in the illustrative embodiment of FIG. 2 is a gas sensor
readily commercially available from Figaro Engineering, Inc., identifiable
as Model TGS No. 186. This sensor is responsive to the cumulative
concentration of Qater vapor and various organic gases. Use of such a
sensor in a microwave oven for automatic cooking control is known in the
art. One example of such a control arrangement is described in U.S.

@?nt 41 311,895.
In accordance with the present invention, information regarding

the concentration level of gases in the circulating air exiting cavity

Ex. 2003.0010



10

15

20

25

30

9D-RG-16129

24 provided by sensor 52 is used to anticipate the occurrence of combustion
conditions in the cavity.

It has been empirically determined that for foods likely to
ignite in the oven cavity when overcooked, the concentration of gases
emitted by the food load into the air circulating through the cavity
changes during heating in a predictable fashion. At the beginning of
the cooking cycle, the food load is normally not sufficiently heated to
cause significant gaseous emissions from the food. Consequently, the
sensed gas concentration level remains relatively low and constant. As
the food continues to heat, it reaches sufficient temperature to begin
emitting water vapor and organic gases. There ensues a period of relatively
rapidly increasing gas concentration level which continues until the
food load is heated to a point of near maximum gaseous emissions. The
recommended cooking time for most foods is éuch that the cooking cycle is
normally terminated prior to reaching this point. However, if the food
continues to be heated beyond this point such as may inadvertently occur
due to the miscalculation of appropriate cooking time or simply forgetful-
ness, the temperature of the food continues to rise but the gas concentration
level increases relatively slowly during what can be a relatively long
period, hereinafter referred to as the "drying out" period. Eventually,
the temperature of the food closely approaches its combustion temperature.
However, before actually reaching the ignition point, the food begins to
char, smoke or smolder, resulting 'in a second period of relatively
rapidly increasing gas concentration in the circulating air, comparable
to that rate of increase which characterizes the normal cooking period.
This second period of rapidly increasing concentration level, referred
to hereinafter as the "pre-combustion" period, typically begins a matter
of minutes before actual-combustion in the cavity. Thus, detection of
the transition from the drying out phase to the pre-combustion phase

provides an advance warning that a combustion condition in the cavity is
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imminent. Hence, according to the present invention, a fire condition

in the cavity of a microwave oven may be anticipated by monitoring the
gas concentration level of the air circulated through the cavity during
the cooking cycle, periodically determining the rate of change of the
sensed concentration level during heating, and detecting a rate of

change characteristic of the food load closely approaching its combustion
temperature.

The sensor resistance versus time curve of FIG. 3 shows the
change in resistance of the sensing element of sensor 52 during the
cooking cycle for a whole potato heated in cooking cavity 24 of oven 10
in response to the changing gas concentration level in the air exiting
the cooking cavity as the potato is heated to its combustion point. The
potato was chosen for purposes of illustration because, as described
briefly in the Background discussion, it is one of the foods most easily
overcooked to the point of combustion. Also, the basic shape of the
response curve is fairly representative of all food loads of the fype
conducive to ignition when overcooked.

The resistance RS of the TGS 186 sensor varies with gas con-
centration level in the air to which it is exposed inh accordance with
the formula 6} o

[
ey Re = AXx C'f? i lwhere , -

S

A and < are constants ané € is the gas concentration. Hence, the changing
resistance as the potato cooks reflects the aforementioned predictable
variation in concentration level.

Referring particularly to FIG. 3, as the cooking cycle begins,
the resistance is relatively high and constant indicative of the relatively
Tow and essentially constant concentration level at this point. There
next ensues a period in which the resistance decreases relatively rapidly
indicative of the concentration level increase, characteristic of the

normal cooking phase for the potato. The change from a relatively

rapidly decreasing resistance to a relatively slowly decreasing resistance
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is indicative of the change from a relatively rapidly increasing concen-
tration Tevel to a period of relatively slowly increasing concentration
level which marks the transition from the normal cooking phase to the
drying out phase for the potato. Continued heating of the potato continues
to raise its temperature but the resistance continues to decrease at a
relatively sTow rate indicating that during the relatively Tong drying
out phase for the potato, which is roughly twice the duration of the
normal cooking period, the gas concentration Tevel is increasing at a
relatively slow rate. As the temperature of the potato sufficiently
closely approaches its combustion point, the resistance begins to decrease
at a relatively rapid rate indicative of a relatively rapidly increasing
gas concentration level. The transition from relatively slow to relatively
rapid increase in concentration Tevel marks the transition from the
drying out phase to the pre-combustion phase. For a potato cooked in
oven 10, this transition typically occurs at least 353 minutes prior to
reaching the combustion temperature of the potato. Thus, by detecting
the rate of change of the gas concentration level characteristic of the
pre-combustion phase early in this phase, it is possible to anticipate a
combustion condition in the cavity at least g to‘3 minutes in advance.
By turning off the power to the magnetron ana b1o@er at this point, fire
in the cavity may be prevented.

Referring now to the simplified schematic circuit diagram of
FIG. 4, gas sensor 52 is incorporated in a microprocessor based control
arrangement which illustratively embodies the apparatus and performs the
method of the present invention. The circuit of FIG. 4 includes a gas
sensing circuit 60 for sensing the concentration level of gases in the
circulating air as it exits cooking cavity 24, and generating a voltage
signal having a magnitude representative of the sensed gas concentration
level; a sensor heater circuit 62 for maintaining the sensing element of

gas sensor 52 at its proper operating temperature; a microprocessor 64

T
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for monitoring the voltage signal from sensing circuit 60; a power
circuit 65 for oven 10 including a magnetron power circuit 66, an air
circulating blower motor 67 and a power control relay 68 for controlling
energization of magnetron power circuit 66 and air circulating blower 67
in response to a control signal from microprocessor 64; and an alarm
circuit 69 responsive to a control signal from microprocessor 64 for
providing an audible signal to the user of an imminent fire condition in
the cooking cavity. Power for the circuit of FIG. 4 is provided by a
conventional DC power supply circuit 70 which converts a standard 120
volt, 20 Hz AC signal input on lines L1 and N to dc output power signals
of -9 v;1ts, -? volts and -}6 volts on lines 72, 74, and 76, respectively.
7 Gas sensor circuigrﬁo includes a gas sensing element 80. Element

80 is the gas sensing element of sensor 52 (FIG. 2), which is exposed to
the circulating air exiting cooking cavity 24. The resistance Rs of
sensor element 80 varies with gas concentration level in the circulating
air exiting cavity 24 (FIG. 2) as hereinbefore described with reference
to FIG. 3. Sensing element 80 is connected between the output terminal
82 and the inverting input terminal 84 of conventional operational ampli-
fier 86. Capacitor 88 connected in parallel with sensor element 80 serves
as a high pass filter for noise reduction. Input resistor 90 connects
jnverting input terminal 84 of amplifier 86 to DC supply line 74. Refer-
ence voltage divider 92 comprising resistors 94 and 96, serially connected
between dc input line 74 and said system ground, provides the reference
input signal for amplifier 86 at terminal 98. This signal is coupled to
amplifier 80 by reference input resistor 100 connected between divider
terminal 98 and the non-inverting input terminal 102 of amplifier 86.

The output voltage V0 appearing at amplifier output terminal
82 is proportional to the ratio of the resistance of sensor element 80
to the resistance of input resistor 90. Hence, voltage V0 varies linearly
with the resistance of sensor element 80. Output terminal 82 of amplifier

86 is connected to input port J1/Al of microprocessor 64 to couple the
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sensor output voltage V0 to the microprocessor. As shown in FIG. 3, the
approximate dynamic range for sensor element resistance Rs of the illus-
trative embodiment during the cooking cycle is from ZSK ohms at the
beginning of the cooking cycle to less thanﬂgK ohms_;t the combustion
point. The magnitude of input resistor 90 and the magnitude of reference
voltage from divider 92 are selected to scale and position the output

vol tage V0 to fall within the desired input range for the internal

analog to digital convertor of microprocessor 64 over the dynamic range
of sensor element 80.

TGS 186 gas sensor 52 includes heater element 104 as an integral
component of the sensor package to maintain sensing element 80 at an
appropriate temperature for satisfactory operation. For stable sensor
operation, the voltage applied to sensor heater element 104 should be
closely regulated. To this end, heater circuit 62 includes, in addition
to sensor heater element 104, a voltage regulator integrated circuit
106. Heater element 104 is serially connected between the output of
voltage regulator 106 and system ground. Voltage regulator 106 regulates
the -9 volt dc signal from line 72 of power supply 70 to provide a regulated
i% v61t signal to heater 104. Regulator circuit 106 in the circuit is a
standard 7905 integrated circuit readily commercially available from
National §gmiconductor. Bypass resistor 108 connected in parallel with
integrated circuit 106 and capacitor 109 in parallel with heater 98 reduce
power dissipation in voltage regulator 106.

Sensor monitoring means responsive to the voltage signal Vo
generated by the sensor circuit 60 at terminal 82 is provided in the
circuit of FIG. 4 by microprocessor 64 which is appropriately programmed
to provide means for detecting a magnitude of Vo indicative of a gas
concentration level greater than a reference level, means for determining
the rate of change of the magnitude of Vo’ and means for first detecting
a relatively small rate of change of magnitude indicative of the drying

out phase for the food being heated following detection of concentration

-9~

/O
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level greater than said reference level and thereafter detecting a
relatively large rate of change of magnitude indicative of the transition
to the pre-combustion phase. Microprocessor 64 is further programmed to
generate a signal at output ports R11 and R12 upon detection of the
large rate of change. The signal at R1l is operative to energize alarm
oscillator circuit 69. Oscillator circuit 69 may comprise any one of a
number of conventional multivibrator circuits known in the art to drive
load speaker 110 at a frequency discernible by the user to indicate that
a fire condition in cavity is imminent. The signal at R12 is operative
to open power control relay 68, de-energizing power circuit 65, thereby
de-energizing magnetron 40 and blower motor 67.

Microprocessor 64 is a standard TMS %?70 seriesng microprocessor
of the type readily commercially available froﬁ/Texas Inst;ﬁments. The
ROM of microprocessor 64 has been customized to perform the desired
control functions for microwave oven 10.

Power circuit 65 is connected between power input lines L1 and
N to provide power to magnetron 40 and blower motor 69 of blower 42
(FIG. 2). The power circuit 66 for magnetron 40 includes power transformer
112 having a high voltage secondary 114 connected to energize magnetron
40 through a half-wave voltage doubler comprising series capacitor 116
and rectifying diode 118 connected across the magnetron anode and cathode
terminals 120 and 122, respectively, and oppositely poled with respect
thereto. Secondary winding portion 124 of transformer 112 is connected
as a filament winding to heat the cathode of magnetron 40. Power Tine
L1 is coupled to terminal 126 of primary winding 128 of transformer 112
through a fuse 130 and main power relay switch 68. Main power relay 68
is controlled by a signal from microprocessor 64 coupled to the relay
coil 134 of relay 68 from output port R12 via conventional relay driver
circuit 136. The other terminal 138 of primary winding 128 is coupled
to power line N via triac 140 having a gate terminal 142. Triac 140 is

operated in a duty cycle control mode by suitable control signals from
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output port R13 of microprocessor 64 which are coupled to triac gate
terminal 142 via conventional opto-coupler circuit 143.
Energization of fan motor 67 is controlled by triac 144

serially connected to motor 67 across power lines L1 and N. Triac 144

5 is controlled by signals from output port R10 of microprocessor 64 con-
nected to triac gate terminal 146 of triac 144 via conventional opto-
coupler 145,

The following component values have been found suitable for
use in the circuit of FIG. 4. These values are exemplary only and are not
10 intended to 1limit the scope of the claimed invention.
] FIXED RESISTORS
29>O X 90 107K ohms
0! 94 732 ohms
/ 96 511 ohms
15 100 22K ohms
108 56 ohms
CAPACITORS
88 .01 uf
108 10 uf
20 116 .91 yf
[;;) Operation of the circuit of FIG. 4 will now be described with
reference to the flow diagram of FIG. 5. This flow diagram illustrates
an algorithm which is implemented in the ROM of microprocessor 64. From
this diagram, one of ordinary skill in the programming art can readily
25 prepare a set of instructions for permanent storage in the ROM of micro-

processor 64. It is of course to be understood that other portions of
the microprocessor ROM may be utilized to implement additional oven

control algorithms. Since the details of such additional algorithms add
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nothing to the understanding of the present invention such details have
been omitted for brevity and simplicity.

The method of anticipating a fire condition in the cooking
cavity implemented by the algorithm illustrated in the flow diagram of
FIG. 5 includes the following steps. First, in order to distinguish the
initial period of relatively constant gas concentration which normally
occurs at the beginning of the normal cooking phase (FIG. 3), from the
later occuring “"drying out" phase, the sensor output voltage V0 is
monitored to detect a voltage magnitude corresponding to a concentration
level indicative of having progressed in the cooking cycle to a point
beyond the initial plateau. Having detected a concentration level in
excess of the reference level, the rate of change of V0 corresponding to
the rate of change of sensed concentration level is periodically deter-
mined. The rate of change of voltage magnitude is then monitored, first
to detect a rate of change corresponding to a rate of change of concen-
tration level less than a predetermined rate signifying transition from
the normal cooking phase to the drying out phase. Having detected such
a lesser rate, the rate of change of Vo js thereafter monitored to
detect a rate of change corresponding to a rate of change of concentration
Tevel greater than a predetermined rate, signifying the transition from
the drying out phase to the pre-combustion phase. Upon detection of the
greater rate, the magnetron and the blower motor are de-energized and an
jndication is provided to the user such as an audible signal signifying
that a combustion condition in the cavity is imminent.

Referring now to FIG. 5, the FIRE DETECTION routine is periodi-
cally entered from the master or executive program for microprocessor 64
throughout the cooking cycle. Such periodic entry may be satisfactorily

made with a time between entries on the order of 2-5 seconds. However,

hy

time between entries need not be Timited to this range for satisfactory

performance. Upon entering the routine, the sensor output voltage V0 at

12

L
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input port J1/Al is sampled (Block 152). Inquiry 154 compares the
sampled voltage V0 with a predetermined reference value VR representa-
tive of the food being heated having reached that portion of the normal
cooking phase characterized by a relatively rapidly increasing concentra-
tion level. In the illustrative example, a reference voltage level VR
corresponding to the sensor resistance at point A (FIG. 3) was somewhat
arbitrarily selected as being about the midpoint of this portion of the
normal cooking phase for a potato. The precise reference value is not
critical provided it represents a point between the initial constant portion
of the normal cooking phase and the transition into the drying out phase. A
No response to Inquiry 154 results in a return (Block 156) to the master
program. As the food continues to heat, at some point prior to the end of
the normal cooking phase the sensor output voltage V0 will drop below the
reference value VR’ resulting in a YES to Inquiry 154. On this and each
subsequent pass through the FIRE DETECTION routine during the same
cooking cycle, the response to Inquiry 154 will be Yes and Blocks 1587;64
and Inquiry 166 will determine the rate of change of the magnitude of’
output voltage Vo' As shown by the resistance curve in FIG. 3, the
change in resistance as the cooking cycle progresses is not a smooth
curve but, rather, is characterized by irregutar small oscillations.
For proper operation the system must respond to the average rate of
change computed over a sufficiently long period to smooth out the oscil-
lations. The average rate of change is periodically determined as
follows. First, the current incremental change /\V in the output
voltage V0 js computed by subtracting V0 from the previously sampled vol-
'
(Block 160). The cumu]ﬁtive or total change zﬁsVT in voltage over the
averaging period TP is updated by adding the just computed /\V to the old
ZQSVT (Block 162). Next, the timer T is incremented (Block 164). The

duration of the averaging period is controlled by Inquiry 166 which detects
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T greater than TP where TP is the desired duration of the averaging period.

The duration of the averaging period is not critical and may fall in a wide
range of values provided only that it be of sufficient duration for adequate
smoothing and yet sufficiently short to provide a satisfactory response time
for the system. A period on the order of 3Q)seconds duration is thought to
provide satisfactory smoothing. Until compietion of the period TP’ a NO to
Inquiry 166 causes a return (Block 156) to the main program. At the completion
of each averaging period signified by a YES to Inquiry 166, the timer is reset

(Block 168). The average rate of change gy for the just completed averaging
dt/ »

period is set equal to the cumulative change for that period zﬁ;VT (Block170).
This value is directly proportional to the true average since the time period
TP is constant. A\ VT is then reset for the next averaging period (Block
172). Having updated the average rate, Inquiry 174 checks the status of a
Drying Out Flag, which is set upon detection of an average rate of change
characteristic of the cooking operation having progressed to the drying out
phase. Thus, initially, this Flag is not set and the response to Inquiry 174

is No. Inquiry 176 then compares g%i) with a predetermined reference As.
A

As corresponds to an average rate of change sufficiently small as to be
characteristic of the cooking cycle having entered the drying out phase.
Hence, Inquiry 176 detects the small rate of change characteristic of the
drying out phase. During the balance of the normal cooking phase, the
answer to Inquiry 176 is No and the program returns to the master program
at this point (Block 156). As the food continues to be heated beyond the
normal cooking phase, it enters its drying out phase. During this phase,
as hereinbefore described, the rate of change of the concentration level

drops of f significantly. When a dv less than ZA\S (Yes to Inquiry 176)
dt A

is first detected indicative that the transition into the drying out phase
has occurred, the Drying Out Flag is set (Block 178) and the program returns

(Block 156). Thereafter, for the balance of the cooking cycle, Inquiry 174

-14-
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indicates that the Drying Out Flag is set and the program will proceed

to Inquiry 180 to detect a rate of change greater than a predetermined
reference rate of change /\ L characteristic of entering the pre-combustion
phase. For the balance of the drying out phase, Inquiry 180 will be No

and the program will return to the master program at this point (Block
156). Upon detection of a rate of change greater than reference ZXIﬂ
(Yes to Inquiry 180) a signal is provided at output port R12 causing

power control relay 68 to open, thereby de-energizing magnetron 40 and

the blower motor 67 {(Block 182). It will be appreciated that fan motor

67 and magnetron 40 could alternatively be de-energized by inhibiting
trigger signals to triac gate terminals 146 and 142, resepctively,

rather than by opening relay 68. The de-energizating of both the magnetfon
and the blower motor using either technique in effect turns off power to
the oven. Also following a Yes to Inquiry 180, a signal is provided at

R11 triggering the alarm oscillator circuit 69 into oscillation to

provide an audible signal to the user that a fire condition in the

cavity is imminent (Block 184).

By detecting the occurrence of a rapid increase in the rate of
change of concentration level by the hereinbefore described method,
magnetron 40 is de-energized prior to the load being heated in the oven
reaching its actual combustion temperature, thereby anticipating a
potential fire condition and preventing the load from reaching its
combustion point. \

While a specific embodiment of the method and apparatus of the
present invention has been illustrated and described herein, it is
realized that modifications and changes will occur to those skilled in
the art to which the invention pertains. For example, to distinguish
the drying out phase from the initial relatively constant portion of the
normal cooking phase, rather than detecting a concentration level greater

than a predetermined reference level to initiate looking for the relatively

-15-
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small rate of change marking the transition into the drying out phase,

the reference level may be computed as a percentage of the initial value

for each cycle. Alternatively, @he elapsed time since initiation of the

cooking cycle might be monitored to determine a starting point for
detecting the small rate of change. It is therefore to be understood
that the appended claims are intended to cover all such modifications

and changes as fall within the true spirit and scope of the invention.

A L7 R s call ey

A6~ /
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What is claimed is:
‘,&t”’x method of anticipat a fire condition in the cooking
ty of a microwave oven of the having means for continuously
rculating air through the cav to remove gaseous emissions from the

food being heated in the cavi and sensor means for sensing the concen-

tration of such gases in rculating air, said method comprising the
teps of:

circulati air through ity to remove therefrom gases
emitted from the food lo  being n the cavity;

sensing conc level of such gases in the cir-

culating air;

peri cally determining the rate of change of concentra-
tion Tevel;

mo toring the rate of change to detect a rate of change
characteristic o the temperature of the food load in the cavity closely
approaching its bustion temperature; and

ing detected the characteristic rate of change, turning

off power to oven.
::;7 ‘}y/”;he method of Claim 1 wh the step of detecting the
characteristic rate of change incl steps of detecting a first rela-
tively slow rate of change indica of the load having been cooked to its
drying out stage and therea tecting a second relatively rapid rate of
change, detection of said ond rate following said first rate being indi-
cative of closely ap ng the combustion temperature of the load.

o =

,3{ A method of anticipating a fire condition in the cooking
cavity of a microwave oven of the type having means for continuously
circulating air through the cavity to remove gaseous emissions from the

food being heated in the cavity and sensor means for sensing the concen-
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tration of such gases in the circulating air, said method comprising the
steps of:

Pl continuously circulating air through the cooking cavity;

L_ sensing the concentration Tevel of gases emitted by the
food in the circulating air;

£( detecting a concentration level above a predetermined
reference level indicative of having heated the food sufficiently to cause
the food to emit gases into the circulating air;

‘9! having detected a concentration Tevel greater than the
reference level, thereafter periodically determining the rate of change
of the concentration level as a function of time;

{’i monitoring the rate of change of the concentration level
to detect a relatively small rate of change characteristic of the drying
out of the food load;

(”1 having detected the small rate of change, thereafter
monitoring the rate of change to detect a relatively large rate of
change; and
{“j upon detection of the relatively large rate of change,

turning off power to the oven and providing an indication to the user

that a combustion condition in the oven is imminent.

,ﬁf;b A method of anticipating and. preventing a fire condition
in the cooking cavity of a microwave oven of the type having means for
circulating air through the cavity and sensor means for sensing the
concentration of gases in the circulating air emitted from food loads
being heated in the cavity, said method comprising the steps of:

é)j {a) continuously circulating air through the cooking
cavity of the oven during the cooking cycle;

,ﬂf {b) periodically sensing the concentration level in the
circulating air of gases emitted from the food during cooking and generating

a voltage signal representative of the sensed concentration level;

-18-
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P! {c) monitoring the voltage signal to detect a voltage level
indicative of having completed an initial portion of the normal cooking cycle;

{"i {d) having detected an indicative voltage, thereafter periodi-
cally computing the rate of change of voltage with time;

[t fe) monitoring the rate of change of voltage to detect a
small rate of change of voltage characteristic of the drying out of the
food load;

I*; (f) having detected the small rate of change, thereafter
monitoring the rate of change to detect a large rate of change character-
jstic of a relatively rapid increase in the concentration of gases in the
circulating air; and
y / {g) upon detection of the large rate turning off the
power to the oven and providing an indication to the user that a com-
bustion condition in the oven is imminent.

,;i A method for anticipating the occurrence of a fire in the
cooking cavity of a microwave oven of the type having means for circulating
air through the cavity during the cooking process and a sensor for deter-
mining the concentration of gases in the circulating air emitted by foods
being cooked in the cavity, which concentration level as a function of time
is divided into three phases: a normal cooking phase characterized by
an initial brief period of relatively constant concentration level followed
by a period of relatively rapidly increasing concentration level; a drying
out phase characterized by a relatively slowly increasing concentration
Jevel, and a pre-combustion phase, characterized by a relatively rapidly
increasing concentration level, said method comprising the steps of:

(¢ circulating air through the cooking cavity of the oven;

(_ detecting a concentration level of gases in the circulating
air indicative of the cooking cycle having progressed beyond the initial

period of the normal cooking phase for the food being heated;
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r)f thereafter periodically determining the rate of change of
concentration level as a function of time;

;i detecting a first rate of change characteristic of the
drying out phase;

.’f having detected said first rate of change, thereafter
detecting a second rate of change indicative of the pre-combustion phase;
and

[ "{ upon detection of said second rate of change, turning off
power to the oven and providing an indication to the user that a fire

condition in the cavity is imminent.

A control arrangement for afiicrowave oven comprising:

means for generating micyOwave energy for heating foods
received in the cooking cavity;

means for continuously circulating air through the cooking
cavity to remove therefrom gases” emitted by the food load being heated

in the cavity;

sensing means for sensing ;Ei/zdﬁgkntration level of such
gases in the circulating Air and generatjsig a first signal having a magnitude

representative of the sénsed concentr

sensoy monitoring medns redponsive to said first signal and

including means operative to period 1y determine the rate of change of
concentration leyel as a function of time, and means operative to detect
a rate of change indicative of closely approaching the combustion point of

the load beigh heated in the oven and generating a second signal upon such

Ex. 2003.0026
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(’,7f//’A control arrangement in accordance with Claim 6 wherein
said means for detecting sijgfcharacteristic rate includes means for

detecting the occurrence the second of two periods of relatively

rapidly increasing concghtration level separated by a period of relatively

slowly increasing congéntration level, and generating said second signal

d second period.

control arrangement of Claim 6 wherein said sensor
monitoring meany comprises means for detecting a relatively slow rate of
increase in cghcentration level indicative of the food load being heated
to its drying out stage and thereafter detecting a relatively rapid increase
in concentyation level indicative of closely approaching the combustion
point of Ahe food load and wherein said second signal is generated upon
detectipn of said relatively rapid increase.
4;5' A control arrangement for a microwave oven which anticipates
a fire condition in the cooking cavity of the oven, said control arrangement
comprising:
{f( means for generating microwave energy for heating foods
received in the cooking cavity;
ﬂv means for continuously circulating air through the cooking
cavity to remove therefrom gases emitted from the food load being heated
in the cavity;
ff / sensing means for sensing the gas concentration level of
the circulating air and generating a first signal having a magnitude
representative of the sensed gas concentration level;
/fj sensor monitoring means responsive to said first signal

including: means for detecting a signal magnitude indicative of a gas

concentration level greater than a reference level; means for determining

the rate of change of said signal magnitude; means for first detecting a
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relatively slow rate of change following detection of said concentration
level greater than said reference level and thereafter detecting a rela-
tively rapid rate of change;

V/ means responsive to said sensor monitoring means operative
to de-energize said microwave energy source and to terminate operation of
said air circulating means following detection of said rapid rate of
change; and

P[ means responsive to said sensor monitoring means operative
to provide an indication to the user that a fire condition in the cavity

is imminent following detection of said rapid rate of change.

-225
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ABSTRACT

A method and apparatus for anticipating the occurrence of a
fire in the cooking cavity of a microwave oven. The oven is provided
with a blower for continuously circulating outside air through the
cooking cavity to carry away gases emitted by food loads being heated
therein. A sensor responsive to the concentration of gases in the
circulating air monitors the gas concentration level and generates
an output signal representative thereof. Sensor monitoring circuitry
responsive to the sensor output signal is operative to determine the
rate of change of the gas concentration level, and detect a character-
istic rate of change indicative of the load being heated closely
approaching its combustion point. Upon detection of the characteristic
rate of change, power to the oven is turned off and an indication is
provided to the user that a combustion condition in the oven cavity is

imminent.
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As-a below-named inventor, I hereby declare that:
My residence, post office address and citizenship are as stated below next to my name
I believe I am the original, first and sole inventor (if only one name is listed below)

or an original, first and joint inventor (if plural names are listed below) of the sub-
ject matter which is claimed and for which a patent is sou on the invention entitled

AUTOMATI FIRE DETECTI MICROWAV
spec ca on c
(check X is attached hereto.
one) was filed on as Application Serial
No. and was amend On

I hereby state that I have reviewed and understand the contents of the above-identified
specification, including the claims, as amended by any amendment referred to above.

I acknowledge the duty to disclose information which is terial to the examination of
this application in accordance with Title 37 Code of Federal Regulations, §1.56(a)

{

I hereby appoint H Re ad

ngineering, Tiance Park, 1ding 1. Room 230. Louisville. KY 40225.

and Joseph B. Forman, Reg. No. Fred Jacob, Reg. No._1811l,.and Ernest F. Chapman,
Reg. N , Washington Pat ration, General Electric Company, 2001 Jefferson
Davis Arlington, Virginia 22202, jointly, and each of th  severally, my
attorn attorney, with full power of substitution, delegation and revocation, to
prosecute this application to make alterations and amendments therein, to receive the
patent and to transact all business in the Patent Tr ema

therewith. I hereby direct that all correspo lep ction

with this application be  dressed to the sa

at
ng 43

Telephone No. 502 452-4653

I hereby declare that all statements made herein of my own knowledge are true and that
all statements made on information and belief are believed to be true; and further that
these statements were made with the knowledge that willful false statements and the Tike
so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18
of the United States Code and that such willful false statements may jeopardize the

validity of the application or any patent issued n
Full name of sole or fi nventor rol
Inventor's signature
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Residence ferson Coun , Kentucky
Citizenship
Post Office ress 12102 1 aa Cahin lana_ Bncharana. KY 2
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(Date)
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Applicant: PETER H. SMITH .

Serial No. 511,556 Group Art Unit: 21

AUG 16 1982
GROUP 210

Filing Date: July 7, 1983 Examiner:

Title:  AUTOMATIC FIRE DETECTION FOR A
MICROWAVE OVEN

STATEMENT OF RELEVANCE OF PRIOR ART CITED BY APPLICANT

Honorable Commissioner of Patents and Trademarks
Washington, D.C. 20231

SIR:

The following statement of relevance is submitted with the accompany-
ing Form PT0-1449 (Rev. 7-80).

Document
Designation Relevance
Page 1

AA Discloses an arrangement for controlling the heating
power applied to the object being heated in a micro-
wave oven as a function of the humidity of the air
exiting the cooking cavity.

AB Discloses apparatus for controlling heating time
in a microwave oven as a function of sensed humidity
in the cooking cavity.

AC Discloses a method of detecting a fire in the cooking
cavity of a microwave oven by sensing the time depend-
ent humidity and temperature conditions in the cavity;
a fire is indicated when the humidity decreases and
the temperature increases within a predetermined time
interval. Upon detection, the oven is turned OFF.

AD Discloses a method of controlling cooking in a

microwave oven as a function of the sensed humidity
and temperature in the cooking cavity.
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Document
Designation

AE

AF

AG

AH

Al

Ad

AK

Page 2
AA

AB

AC

Docket No. 9D-RG-16129

Relevance

Discloses a microwave oven sensing system which
incorporates a temperature sensor and a humidity
sensor for cooking control.

Discloses a method of determining the optimum time
to turn meats heated in a microwave oven as a
function of the sensed temperature and humidity

in the oven.

Discloses a method of detecting the degree of done-
ness for meats heated in a microwave oven as a function
of sensed humidity and temperature in the oven.

Discloses an arrangement for detecting microwave oven
cooking cavity temperatures approaching abnormal
levels and suppressing microwave generation upon such
detection, which employs a heat sensitive film to
detect the abnormal condition.

Discloses a method of cooking thin meats in a
microwave oven as a function of sensed temperature
and humidity in the oven.

Discloses the auxiliary use in a microwave oven
of a Figaro gas sensor as an ambient leak detector
when the oven is not in use for cooking.

Discloses use of a Figaro gas sensor for food
doneness sensing in a combination microwave and
thermal oven.

Discloses use of a Figaro gas sensor and a tempera-
ture sensor for food doneness sensing in a combination
microwave and thermal oven.

Discloses a malfunction detection arrangement for
a Figaro gas sensor employed in a microwave oven.

Discloses a control arrangement for a combination
microwave and thermal oven providing for user
selection of the reference level against which
the Figaro gas sensor output is to be compared
for doneness sensing.
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Document
Designation Relevance
AD Discloses a building alarm system employing a gas
sensor, which system is responsive to a predetermined
concentration of gaseous hydrocarbon in an area.
AL Discloses an arrangement for controlling doneness

in a combination microwave and thermal or browner
oven, which employs a gas sensor selectively opera-
tive in two modes, a humidity sensing mode for
microwave control and soot sensing mode for "grille
menus."

Full text copies of the art listed above are enclosed. It is respect-
fully requested that this art be considered by the examiner in the above-
entitled application and made of record therein.

Respectfully submitted,

‘H. Neil Houser
Attorney
Reg. No. 28,859

August 7 s 1983
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1571 ABSTRACT

A method for the periodic heating of a2 moisture-
contaicing object is disciosed whereby the chanpe in
humidity of the moicture, liberated when the object is
heated, is measured by a mezsuring process.and con-
verted 1o a measuring quantity which controls the
heating power fed ta the ohject: a device is also dis-
closed for carrying out tite methed,
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METHOD AND DEVICE FOR CING duetivity as the water absorption in the substance is in-
EE OF MOISTURE-CONTAINING OBSECTS  creas=d. The principle of using a lithium chioride cell’s

BACKGRGOUND OF THE INVENTION

The present invention relates to a method for peri-
odic heating of water-containing objects, in which the
heat is added and the moisture temoved. The method
can be used to prevent boiling or overheating in certain
parts of the object most exposed to the heating. The
method has advantages, especially for heating in & mi-
cro-wave oven, which is equipped with a device for ap-
plication of the method.

When heating sensitive substances. such as food-
stuffs, the risk of overheating is ebvious, and can result

sion ef the heating time into pe with fult T
riods, however, has batks, the  od of time hav-
be be
ft an

urgent need for a heating method in which the sub-
stance itself provides an indication of hew tiie periodic-

be arranged in such a way that the of the air
flowing and the measured is
used'to 5]
the circuit as &
at the
of

SUMMARY OF THE INVE ON
of solving the of the

that s te

of the air Fises
begins, and the  ling starts at

ense of the

ment
citors farn

resistance as a gauge of the moisture in the air around
the of
the i e
known from such coupling systems.

BRIEF DESCRIPTION OF THE DRAWINGS

Further clarification of the method according to the
invention will be found in the following descripiion of
a practical embodiment of the same in connection with
the description of 2 deviee shown in the attached draw-

» mg for production of periodic hﬁ-atmg accordmg to the

20

25

30

invention.

In FIG. object;s, e.qurpped with
adeviceaccor twthe  ntion;

In tic sketch of an indicator used
in th : . o

kup in which the indicator forms a part
o ..
LEDD A PREFERRED

4,p on the back &f the over, wkich fan draws air

6 mountad in the airflow frem the fan.
The construction &f elemert § is shown in FIG. 2.

isef du-
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ture. Ont . - . i
ity drops so that the current is reduced and the temper- -
at be . t f 3
en i £ 6 is exposed to an increase in air 5 1 -
hu sp r
qu d
qu in tionof  wurities en the indicator. Electrolytically con- 2
the current gradually drops to approximately the same  ductive impurities generally dry up so that their influ-
value as before. The indicator current consists, there- 10 erce is eliminated. )
fore, of two components, on the ore hdnd a “basic In a micro e oven, the temperature of the evacu- -
ated air is low in comparison the of conven- i
tiomatsg of heat.  ause the in the indi- B
IS i
. The alse cha very 0 at the
same time as 1s but b the s
indic in f- -
ary state, this by the
influenee of changes in the- dity. 20 -
As an example, it besta thatif  erisheated ;
Tk .
ds, _ size of the ob-
m.a., t tion 1 of indi-
is us min as 25 cater
dropped to below 100 r.a. is constituted ‘
a
g
circuit. Indicatat element 6, with feedleads 19, 1 isin 39
series with a resistance 12 eonnected to a source of AC.
In pa k is bor
cuit, ct <o} &
13, 10 T 35
Tesi ) - s
s 4 e fol claims.
s
.
0 0a
moisture; ‘
by the
e e changestoa  .measur-
wilt rise the vgl-
co uent € toa
second
Ce 2r %
asd
&
in the -
£ =2
£fpce
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5
stream produced by said fan means, which air-
stream contains the moisture Kberated by the ob-
jeet when heated by said heating means, satd mois-
ture-sensitive resistance means being operatively
respansive te the fmaisture in the air-stream for pe- §
riodically controlling the power fed to said heating
means.
3. A device as claimed in claim 2 wherein said mois-
ture-responsive resistance means is composed of a lith-

tum chloride cell with two electrodes. 10

IS

20

30

35

6

4. A device as claimed in claim 3 wherein said lithium
chloride cell is connected to an amplifier coupling
comprising a transistor controlling a relay in the power
feed circuit to said heating means, said transistor being
set into conduction by a control current produced by
a circuit containing a Zener diode, said Zener diede
being fed by a voltage through a resistance cornected
in series with said moisture-serisitive means.

* *x x % %
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1
APPARATUS FOR CONTROLLI G
TiIME UTILIZING HUMIDITY
The present invention relates (o an ap for
ic o g e for de-
o t in king apparatus
a 3
in microwave wn ngt for
a food to be he by ous ors
such ss the initial temperature of the fo 10 be heated,

the volume of the focd, the temperature to which the
food is to be heated, the specific hieat of the food and the

the type 2nd volume oi the food.

Such a hesting time seiting meth
volved the disadvemzge thel no s
paid {o other factors for ztermining
such as the initial temperatere of the
heat of the food, the destination tem
microwsave power, end hence proper
ing of the food wes not etixined. This
fecior thst determines the finished
not the heeting time but the temperatu
to bz heated per se.

Thus, if the temperature rise of the
cen be detected b\' sore Teans, An
and cooking of the food will be =11
stste of whichk will not be influenced

.'xsc of the

ure segsor. How-
ever thereof 1
mer rerthed  t
ture sensar with ihe food and the larter method cannot
always provide gccurste sensing of the temperature. On
the other hand, it hes been known i sense the tempera-
ture of the food or degree of hecting by measurning the

change of humidity which tekes place as the food is
ost . ed
wh e of

which has 03 C
The inve es use of such & relation

betwesn the food temperature and the humidity appear-
in
for detecting the humidity genereted from

e food to prevent

-of the food.and does not provide atitomatic
as in the invention.

ect of the present invention to 2liminate

overheat
and

‘be heated into.consideration.

5

33

Y

Ss

65

4,097,707

1t is a second object of the present invention to elimi-
u opzraiion of {aki on of
t consideration, w ion is

oiherwise needed due fo the va g of the initial tem-

peraiure of th od.

Itis athird  ect of the present invention to elimi-
nat u me operation of t2king a correction of
the t to consideration, whick correction is
ot n d yof
a e y the
variation of the the
food.

Tt is a2 fourth object of the preser imemion to enzble
the detection of the temperature of the food under heat-

ennbles externzi adjustment of the
at g user can Gelermine the heating
[
objects, features and edvantages of
tion will become more apparent from
ription of the preferred embodiments
when taken in conjunction with the
WIRES.
tes examples of the change of humid-
with the hesting of the {ood in a mi-

erzlized representation of FIG. 1a
a charsctenistic of = humidity sensor
in the present invention.
& particuler embadiment of the pres-
ent invention.

FIG. X2 shows xemple of tof a
gen orca e atrolling « riod th
con  cted teg uit. -
FIG. 35 shiows co n of the ebove
N .
a ircuit dizgram in which

the functions of » counter ¥ and a detoder 8 in the
embtodiment of 1G. 25
FIG. & shows &
MSL/74193.
FIG. § is a cross-sectional view of a micrawave oven
in ch g air ﬂaw together with a humidity
se ere

I‘or\ a stsndard

G. 1g, in microwzave heating of the

gradi

Th hich such abrupt change of gradient
appears in reheating the food epproximates the time at
which the temperature of the food reaches an optimum

temperature, and in man the
me vhich has art

ov ac d

3¢ has been kn at h
andco  gelthefesd s.certaimtype of food must
be further xdsferthe h has reiched H,, for
a od de erm by the volume. of the Tood to

1€ particular cooking method therefor.

of tlie

Ex. 2003.0053
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and the microwsave power, there is no need for further
taking the initiel ternperature and the volume into con-
sidesation when such humidity change is reiated 1o the

tem ture € it is thus possible to auto-
mit  yce t time.

Refe b, the heating tim the
food is the sum of 2 time red

to reach a humidity value H; which represents an abrupt
i of the hunidity and a time T, fellowing T, which
5 determined by the voluine of food and the type of
cooking. That is;

L=T+ 73 . m

Since the time Tyis determined by T; and the volume of
the food and the type of cooking, it can be represented
by; :

T, = kT, : @

where k is a soefficient inherent to the particular food.
From the formules (1) end (2),

To=T,+&7; )

t is thus possible to deternine the toral reguired
heating time by messuring the time T, required f{or the
humidity to reach the epproprzate value Hon the steep
knadient and oblamntng the sum of the time T, and the
product of Ty multiplied by the factor k which is deter-
mined by the type of the food and the type of cooking.

A process for determining the totzl required bheating
time czn be reslized, in principie, by the combination of
Fumidity sensing mesns, 2 counter for countir g the time
T, & multiplier circuit for producing the product of T,
- k, & memory for the coefficient & for each type of
£ooking and a counter for countng the time T, and
xcoording to the present invention it can be accom-
plished by the fellowing simple construction.

Assuming that the period of & clock signal is T {ire-
quency 1/7) end # clock signals =re counted io T sec-
wads, then

T, = 7, (c) @
By putting the formula (4) to the formuls (2),
T; = kr (sec) : 6
nter is count the
of T, ted in cou

mode while counting of T, is effected in count-down

" mode and the circuit is arranged such thet the content

of the counter afler the counting in the count-down
mode reaches zero at the time Ty = 7| + T3, then the
hesting time T can be counted only with: the up-down
counter.

When suck a counting system is used, the content in
the count-up and the content in the count-down

ot in o
= of th
in
a5
cient £ which is: to the Fond 1o be_

10

15

34

45

35

&0

4
heated can be related to the magnitude of the circuit
constant C or R.
A particular circuit configuration based on the above
principle is sh . 2b. )
In FiG. 2b, sensor § has a characteristic

the humidity in the heating cavity. For example, the
sensor may be located in the path of exhaust air flow
from the heating cavity. As a typical example, a tits-
nivm oxide (TiC,)} ceramic humidity seasor has an ex-
cellent response, stability and relisbility., An amplifier
circuit 2 converts the chenge in the resistance of the
bumidity sensor  to a voltzge and amplifics the same. A
level comparstor circuit 3 compares the output magni-
tude Ha of the ampilifier circuit Z with a preset reference
magnitude H, and produces a binary signel of either
high level i.e. a “1" signs) or low level i.e. a “0” signal
depending on the relaucn HeZH, or Hea<H,. Refer-
ence numers! 4 designates an inverter circuit, and § and
6 designete three-input AND gates, the ouiputs of
which ere epplied to an up-Gown couater T & counting
input signals. The up-down counter 7 operates in the
ceunt-up mode when the outpet of the AND gate § is
UP and in the count-down mode when the output of the
AND gate 6 is DN {down). A CLA signal clears the
contents of the counter.

The counter is 2 binary counter and the states of the
respective bits ere taken out. A decoder 8 receives the
output signals for the respective bits of the counter 7
and the ourput ZERO thereof sssumes the 1™ state
oaly when all of the bit cutput signais are “G".

A two-input AND gate 12 produces & “I™ output
only when both of the signals at HCET and ZERO
cutputs are in the 1" state.

Reference numers]l & designates a flip-flop and the
cutput signe! OUT of which essumes the “1” state in
response to & start signz! STA and assumes the “0" state
in response to the cutput signal from the AND gate 2.

The output signal QUT of the flip-flop 8 is applied to
& drive circuit 13 for & magnetron 14. The CLA signal
elso clears the flip-flop 9 to render the ocutput signal
OUT to assume the “0" state.

Reference numerels 10 ard 11 designste pulse genera.-
tor circuits, the osciliztion frequencies of which are
varied with the magnitudes of resistors end capacitors.
Typically they may be astable multivibrators.

Switches Sy, S, S;. .. S, are food grovp selection
switches which select & desired resistor which is onc cf
the parameters to determine the pulse period, in order
to relate the eoefficient & determined by the particular

to the period of the clack puise as described above.
Tha operetion of the circuit will now be described with
referance to FIGS. 1 and 2.

The CLA signe! elears the flip-flop 9 and the counter
7. This may be effectsd by a circuit arrengement which
aut P esthe CLA upon the power
being tirned-en,  ough such a eircuit is not a part of
the present invention.

produced by the pulse generator i0. In other
words, the selection switches select one item of food to

be cooked. r the item of has been sélected, &
heating start switch is $o that a start
STAs to set the 9. Thus, the ontput

Ex. 2003.0054
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5

signal OUT assumes the “1” state. When this occurs, the
drive circuit 13 powers the magnetron 14 so that the
food is subjected to the heating condition.
¢On the other hand, the output HDET of the level
comparator remains “0” until Ha reaches H; and the
tH of r4rem 1", Since the
sig 1, gate § s so that the
clock pulses CLUP are applied to the up-down counter
as the count-up input signal UP. Thus the pulses CLUP
are seri .

Ash humidity increases. When the
input signal Ha of the level comparator circuit 3 reaches
H,, the HDET assumes the “1” state and the HDETN
assumes the “0” state. At the sametime, the AND gate
5 is closed and the count-up input signal UP ceases, and
the AND gate 6 is opened so that the clock pulses

CLDN zre applied to the counter 7 as the count-down

input signzl DN. Thus, the contents of the counter 7 are

the t which H,is and are

ed by the puls N. The

period of the pulses CLDN is selected by the selection
switches and it corresponds to k

The contents of the counter 7 are applied to the de-

coder 8 which moaitors the “0” content of the counter

10 dard MS n ter}

where
k=kyO=k,=1D - (3)

FIG. 3b shows the internal configuration of the ele-

s ment 16 in FIG. 34, and it corresponds to a standard

timer IC 555 (Integrated Circuit).

FIG. 4a shows a particuiar circuit wherein the func-
tions of the counter 7 and the decoder 8 in the embodi-
ment of FIG. 2b are combined. It is realized by a stan-
The de-
coder pr the t of the
counter is all “0"". NC in FIG 4a designates non-con-
nected terminal.

FIG. 46 shows a timing chart for the standard

1s MSI/74193.

Referring to FIG. 5§ which shows 2 cross-section of a
microwave oven, a fan 20 driven by a motor 21 is used
to supply cooling zir flow forcibly and also to cause the

air flow to be exhausted from an exhaust port 22
20 thro heating ana path 23.
The dity sen for e, down

stream of the zir-flow path 23. Alternatively, cooling air
fiow which is also used to cool a magnetron and other
electrical devices may be utilized.

7. As the contents of the counter are counted up until 23 What is claimed is:

the time T, and are thereafter counted down, the con-
tents of the counter 7 reach 0 when the time kT, =
T,, which is determined by the period of the clock
pulses CLDN, has elapsed. At this time, the ouiput
ZERO of the decoder 8 is in the “1” state. On the other
hand, after the time T, the HDET is at the “I" state.
Thus, the AND gate 12 is actuated and the flip-fiop $ is
reset. That is, the output OUT is inverted to the “0”
state so ve ci 13 pply er
to the resul in of h g
Accordingly, by merely depressing one of the cook
itein selection switches, the user can heat the food auto-
matically for am appropriate heating time (T, + kT,)
W

e of human beings differs from
person to person and the cooked state of the food
beated in the above automatic heating system is an aver-

viduals, more satisfactory heating will be obtained.
Thus, in the formula (3), T, is determined by the humid-
ity. If k can be varied in the range of &= Ak around the
center value &, then the total heating time T is repre-
sented by:

To=T) + kT, ®)
T, + (k, = ART,
T, + k,T; = AKT,

T

where k = k, % Ak. Thus, the total heating time can be

tance which is the'parameter for the period. Therefore, 62

by changing the resistance corresponding to the coeffi-
cient k to assume Ry = AR, the formula (6) can be
satisfied. FIG. 3 shows an ment of such a clock
pulse generator. In FIG. 34, a period 7, of the pu]s:s
gen is by the following formula.

2 7= 01 +2RPk o

1. A heating time contro} apparatus for use in a micro-
wave oven having a heating cavity, heating means for
heating food-stuff in said heating cavity, and air blow-
ing means for blowing air into said heating cavity, said

g heating time control apparatus comprising:

humidity sensing means located in the path of air
blown by said air blowing means,

compaﬁson means connected to said humidity sens-
ing means for comparing the sensed humidity with

35 a et i g

a al d
predetermined level,

heating time determining means for determining the
total heating time consisting of first and second

&G heating time periods for said food-stuff, said first

time period being measured from the application of
power to said heating means until the signal from
said comparison means is received and said second

ss

pending on the type of food-stuff, and
heating contrel means for controliing the supply of
power to said heating means in response to a signal

G from said heating time determining means.

2. A heating time control apparatus according to
claim 1, wherein said predetermined humidity level
corresponds to the humidity at an abrupt humidity gra-
dient.

55 3. A heating time control apparatus according to

claim 1 wlierein said humidity sensing means senses the
humidity which vardes with the heating of said food-
er

a
ence clock pulses having a first period,

a second signal generator for generating a train of
clock pulses having a second period depending on
the of food-stuff,

a ceunter circuit for serially up the clock
pulses generated by said first signal gen until
the seased humidity reaches ssid

humidity level &enebyA me said fiest heating

Ex. 2003.0055
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7
time period and thereafter serially counting down
the clock pulses generated by said second signel
generator thereby measuring said second heating
time period, and  *

a decoder circuit for producing an output signal $
when the content of said counter circuit during the
count-down operation reaches a predetermined
vzlue, the output signal of said decoder circuit
being supplicd to said heating control means to
stop. the supply of power to said hesting mesns. 10

4. A heating time contro! apparefus sccording to

clzim 3, wherein said secoad signal generator includes a

15

3s

45

>

4,097,707

8

pulse generstor circuit and e plurality of parallel cir-
cuits each having & resistor and & switch associated
therewith, the pulse period of szid train of clock pulses
generated by said pulse genersator circuit being deter-
mined by selecting one of szid plurzlity of paraliel resis-
tors by means of a switch correspondiag to the type of
food-stuff.

8. A heating time control apparatus according to
claim 1 whereia said humidity sensing means is made of
titanivm oxide ceramic.

» & & ¢
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A

OF FIRE DETECTION IN A al
_ OF THE INVENTION 5 . iuproved Fetmmn st
L Ficld of the oven beating cavity:
The present inventiop relates geaerally to improve- An object of the present = %0 provide

ments in & microwave oven, and more particularly,  sccurate method detecting 2 frein s

pcrmnsmancw:ndmm\fedmahodofﬁredetechon oven heating cavary.

i & microwsve aven heating cavity. 10 Another objectaf the present Btosensethe
2. Description af the Prior Art “fo-situ” environmental conditions of the microwave
‘Those concerned with the development of micro-  oven heating cavity by positioning semsors at an exit

wave ovens heve long recognized the need for an acco-  westilation: post which input the semed “nsitu” envi-

rate method of fire detection in & microwsve oven heat-  yommental condifioes 10 2 programmafie coutroller
ing cavity. The present invention fills this need. 15 which determines when 2 fire exists withia the micro-
e a fire
‘While

microwave ovens cook with “cool” microwave energy, cuvircnmental coandiSoess which: exist iz the envirom-

sometimes it occars that s cook will let a particular food musmmmdingﬂ:ﬁmdpmduanﬁ::&slmdn

cook longer than required or fail to twe the microwave 20 ot cooked in the microwave ovex Festing cavity.
oven off, thereby cansing the food to overheat and  Alihougk fu the prsent invention, x homdity sensor
combust zesulting in a fire condition in the microwave  and o temperature sensor may be postticaed outside of

oven heating cavity. the microwave oven Beafing csvity, the sensors are
Smoke sensors cannat be Tocated in the duct connect-  configured to scnse e “Sa-situ”™ envaommernal condi-
25
due 10 dymamic gas flow within the duct system and the  tions of the microware oven heating cavity to  pro-
crowave
point at
which the sensor senses the smoke. Also, it has been 10
e micro-
interfer-

This invention, method of fire detection in 2 micro-  ing detailed description when considered in connection
wave even, overcomes these disadvantages by provid- 35 with the accompanying drawing in which Eze reference

ing system of the
tim conditions of
the microwave oven heating cavity when a fire occurs.
i method of fire detection in 2 microweve aven cavity in
SUMMARY OF THE INVENTION 40 accordance with the present invention
The present invention abviates the foregoing disad- ,
vantages of the art by providing method of fire DESCRIPTION OF THE PREFERRED
detectionina oven to sense the time depen- EMBODIMENT
dent “in-situ™ conditions when a fire FIG. 1 illustrates 2 fiow chart I8 of the steps of
occurs in the oven heating cavity. The time 45 method of fire detection i a2 microwsve avexn cavity in
dependent “in-sitn” conditions are de-  accordance with the present inventioe The method is
fined as the sensed and terperature conditions ~ commenced by stariing the program at 12 First, pre-
of the microwave cavity by humidity and viously sensed temperature at time &,y is subtracted
temperature from the sensed temperanre 14 at tice £, to determine
According to the S0 if the difference A is greater to or eczzl to 2 predeter-
ent invention, there mined value B 1€ 1f 2 NO condition ezsts, the program
hsving the steps of sensing  restarts jtself at 12 If 2 YES conditioe exists, then toe
nmc d:pcndcnt bumidity and temperature sensed humidity at time 2 fs subtract=d from the previ-

environmental conditions of 2 microwave oven heating  ous sensed humidity 38 at time t, ; o detzrmine if the

cavity in 2 microwave oven, monitoring the humidity 55 difference C is greater than or equal wa predetermined
valee D 20. If a NO condtion exists with the difference
C of humidity 18 being Jess than or eceal to 2 predeter-
mined value D 2], the program restews itselif at 12 If
YES condition exists where C is gremer thse or equal to

tirre increase conditions accur within the predetermined 60 the predetermined valse D, then 2= indicate fire 22

fime interval indicating a fire. followed by & tum-off oven 24 respis.
- A inven- ;
tion e oven Preferred Mode of Operation

within a maiter of seconds 2fter a fire occurs in the The method for fire etection in 2 microwave oven
microwave oven heating cavity. By monitoring the 65 can be implemented in accordance wizh the flow chart
“in-siiu™ envirozmental conditions of the microwave 10 of the figure as 25 algorithm stored in 2 programma-
ity witha b bie controller such as an Intel 8080 Microprocessor of
a fire canbe the microwsve oven. Thisalgorithm detects the point in

|
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s s Fhun-
Mod-

1. A method of fire detection in microwave oven
sep
z
3. The method according to chim 1 comprising the
siep
&
4
step
x
S The method acconding to claim I comprising the
step of:
2 measurieg a decresse of said in-situ relative humid-
6. to claim 1 comprising the
step of: '
2 measuring an increase of ssid in-sita temperature of

s 7 comprising the
step
2
L §
step oft

s5 2. said predetermined time interval being  range of

ten to thirty seconds.
[ ] [ ]
o
&

en
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1 2
of
METHOD OF COOKING FOODS IN A be
MICROWAVE OVEN cooked which indicates the temperature of the juiced

BACKGROUND OF THE INVENTION

1. Field of the Invention

es to impro in

m particularly, to
a uiced foo
a

ent of m

wave ovens have long recognized the need
method of cooking juiced foods in a microwave oven.

c

o
and more than often, having juiced foods lose t
consistency. It is recognized that to cook juiced foods in
a microwave oven, the juice of the foods must not be
able to come to boil; otherwise, the palatability of the

cookin cro n.
This the f cooking juiced foods in
a microwave oven, overcomes the disadvantages of

the microwave oven heating cavity.

SUMMARY OF THE INVENTION
nt in
the

ad-
of

ates the for
providing
s in a mic .
preferred of the
ent invention, there is provided a method for coo
in a e ca
i time “i ity
co re d,
ed lut
the rate of change of the slope of the “characte
h
ti

<

[+

»”

por-
the

ven-
tion is maintaining the juiced foods at a constant tem-
ithin

ent
pro-
iced
foods in a microwave oven.
An object of the present invention is to sense the time
” humi tu viron-
of the h g cav-

10

15

20

25

30

35

45

55

65

foods. The term “in-situ” as used in this application is
defined as the actual time dependent environmental
conditions which exist in the environment surrounding
the food product which is located in and cooked in the
microwave oven heating cavity. Although in the pres-

information of the environmental conditions of the mi-

w the while be
EF ION OF WINGS
and of ad
of will dil as
becomes better understood by reference to the follow-

ing detailed description when considered in connection
with the accompanying drawings, in which like refer-
the

the
nin
accordance with the present invention, and;
FIG. 2 illustrates a typical “characteristic humidity
c

1 the
method of cooking juiced foods in accordance with the
present invention showing a start program condition 12.

as

ar

co
tehum yat rois
atstep bys humi

midity 16 tn. If ¢

on exists, gorithm
indicates a cooking done condition 22 and the oven is
turned off at step 24.

Th

oven

when ¢ during microwave cooking in the microwave
oven heating cavity is greater than zero to indicate
doneness of juiced foods. ¢ is the rate of change of the
slope of the ‘“‘characteristic humidity curve” for the
particular juiced food being cooked.

The “characteristic humidity curve” 26 of absolute
humidity in grams per cubic meter versus cooking time
in the

de tu” h env

Ex. 2003.0072



dependent “in-situ” environmental conditions are de-
fined as the sensed humidity and temperature of the
microwave oven heating cavity by humidity and tem-
perature sensors. Each particular juiced food has its
own particular “characteristic humidity curve”. h, is
the initial absolute humidity and hy is the peak absolute
humidity at time t, of the “characteristic humidity
curve” 26.

The “characteristic humidity curve” 26 of FIG. 2 can
be approximated as a three segment 28, 30 and 32 piece-
wise linear curve prior to time t. The slope of the first
segment 28 of the three segment piecewise linear curve
is proportional to the rise in surface temperature of the
food up to one hundred degrees centigrade. Once the

slope of the second segment 30 of the three segment
piecewise linear curve which is due to the *“latent heat
of vaporization” of the food. The change of slope 36 is
eo
re
32
from points 36 to 38 is equilibrium beginning to occur at
the surface temperature of the food. The “characteristic

the “ch 26 re the
portion to a ture
ho
At
of

one hundred degrees centigrade and begins boiling. At
point 34, the rate of change of the slope of the “‘charac-
teristic humidity curve” 26 begins rising rapidly indicat-
ing that the temperature of the juiced foods is changing
from hot to boiling.

The basic premise of the method is to examine ¢
which is an indication of the rate of change of slope of
the “characteristic humidity curve” for the juiced food

ed. The rate of ¢ slope of
(tn) can be exam ad of ex
the of of the ute humidity 16 of the
“ch eri idity ¢ of FIG. 2.
The greater ¢, the greater the rise in the slope of the
*“ch urve” inc
mic of the Th

stant @ is chosen for the ¢ equation of step 18 of the
particular type of juiced food being cooked in the mi-
crowave oven heating cavity. An approximate value for
the constant @ is 5 grams per cubic meter for way of
example and purposes of illustration only.

An aluminum oxide humidity sensor, such as a Thun-
der Scientific TC-2000 Humidity Measurement Mod-
ule, and a temperature sensor, such as a National Semi-
conductor Corporation LX 5700, are positioned adja-
cent to and by the exit ventilation port to the exterior
side of the microwave oven heating cavity for way of
example and purposes of illustration only to sense the

dependent ro and
ect to the e the
sampled and sensed values of humidity and tempera-
ture. The sensors are positioned to sense the time depen-
dent “in-situ” environmental conditions of the micro-

-—
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4,154,855

h and are i
m ve oven

programmable controller connects to the microwave
power source and to the air exchange control circuit to
done 22 and n 24 when a ¢
than zero con

The programmable controller according to the stored
algorithm of steps 12-24 of FIG. 1 can be programmed
to vary the microwave heating of the juiced foods to
maintain ¢ within a desired range to control the micro-
wave cooking of the juiced foods at a predetermined
temperature in the microwave oven heating cavity. The
programmable controller can be programmed to main-

of ¢ on the first segment

wise linear curve for the

can be programmed to indicate done 22 and turn the
oven off 24 when the ¢ greater than zero 20 condition
is satisfied. Further, if the juiced foods are to be boiled

By controlling the microwave power source control

the
the

fo
of 1

cooking the juiced foods.

Various modifications can be contemplated for the
method of cooking juiced foods in a microwave oven of
the ut departing from the appar-
ent

Having thus described the invention, there is claimed
as new and desired to be secured by Letters Patent:

1. A method for cooking foods of the type containing
a subst

in a oven
having a sou wave
en ) ns for yin ng
ca a pro ler, od
comprising the steps of:
en from
i ng ty to

(b) measuring the humidity in said cooking cavity at
a plurality of time-spaced intervals while said food
is being heated and providing said measurements as
an input to said programmable controller;

(c) calculating in said programmable controller the
rate of change of the slope of a humidity-time
curve described by said measurements according
to a progrz m stored in said programmable control-
ler; and,

(d) discontinuing the application of microwave en-
ergy when said rate of change of said slope be-
comes greater than zero. ’

method of 1 i
ope is dete d

rate of change

of on:

¢=h(tN) —[h(tN—-1)+ 0]

wherein

Ex. 2003.0073



4,154,855

5

¢ is the rate of change of slope

h(tN) is the absolute humidity at time N

h(tN—1) is the absolute humidity at time N—1

0 is a predetermined constant.

3. The method of claim 1 wherein said humidity sens-
ing means senses relative humidity in said cooking cav-
ity and wherein said programmable controller converts

5

10

15

20

25

30

35

45

50

55

65

6
said relative humidity to absolute humidity and wherein
said absolute humidity is used to establish said humidity-
time curve.
4. The method of claim 2 wherein said equation is

stored in the memory of said programmable controller.
& * 3 @
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[571 ABSTRACT

A microwave oven sensing system having a humidity
sensor and a temperature sensor at an exit ventilation
port of a microwave oven cavity to sense the
humidity and the air temperature of the micro-
wave oven heating cavity. The humidity sensor and the
te sensor are po to sense the “in-situ”
of the microwave oven heat-
ing cavity such as adjacent to and by the of the
exit port of the oven heating
cavity. The connect to a pro control-
ler and input the sensed “in-situ” en condi-
tions of the microwave oven cavity to the pro-
e . [
curves” for microwave cooking of .different types of
foods are stored as algorithms in a memory of the pro-
grammable controlled and the able controller
controls the microwave cooking in accordance with a
selected algorithm for the sensed “in-situ”
tal ns. A numeric keyboard control panel inputs
to thep controller the microwave cooking
parameters and selects the microwave cooking algo-
rithm. The p controller controls a micro-
wave power source control circuit and an air [

circuit to the algorithm in the pro-
e controller. An add humidity sensor
may be in a nonhostile environment within

the frame structure of the microwave oven to provide a

for the sensor ed
at the exit ventilation port of the microwave heating
cavity.

21 Claims, 9 Drawing Figures
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1
MICROWAVE OVEN SENSING SYSTEM

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates y to improve-
ments in a microwave oven and more particularly, per-
tains to a new and improved microwave oven sensing

ture en c in the microwave oven
heating cavity of the microwave oven. -

2. Description of the Prior Art

In the
practice
wave oven cavity in which foods are cooking
with sensing devices which have been po exter-
nal to the cavity, usually in an exhaust duct exiting from

vices have been ry in that the sensors, to
operate properly, require a continuous flow of gas in the
duct and therefore suffer from the dynamics of the gas

upon the degree of equilibrium reached in the exhaust
duct system. Further, other factors affected the accu-
racy of the sensors such as the gas and flow

ter and length of the duct system itself, and the suscepti-
bility of the sensor itself to large concentrations of pol-
lutants in the gases being expelled from the oven cavity.

Prior art sensing systems have not been able to accu-
rately e and more tly, hu-
midity, in an “in-situ” e as the sensors which
were located in the ducts for electromagnetic
ence considerations were subject to large numbers of
water moiecules carrying grease and carbon particles
from the wet, moist environment of the e
oven cavity through the exhaust duct system to
the outside ent. The sensors were not able to
endure the water molecules and the exhausted gases
from the hostile environment of the microwave oven

cavity over time periods as so ,
the temperature of the exhausted gases exceeded sixty
to seventy degrees further degrading the
sensors. As a result of the severe condi-
tions in the microwave oven cavity, the sensors
would go out of calibration in addition to suffering from
sensor degradation.

Past prior art humidity sensors have been of the vari-
ety such as lithium choloride humidity sensors which
are affected by continuous abrupt and temper-
ature changes in addition to exposure to humidity satu-
ration conditions. These sensors are further subject to
concentration of gases, freons, sulfides, ozones, dioxides
and monoxides, nitrogen, as well as water
vapor. These prior art humidity sensors further did not
have long term stability in use and storage in addition to
being subject to degradation from continued cycling
over wide humidity ranges.

This invention, a microwave oven sensing system,
overcomes the disadvantages of the prior art by provid-
ing an accurate sensing system of the “in-situ”” humidity
and temperature environmental conditions of the micro-
wave oven heating cavity.
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2

SUMMARY OF THE INVENTION

The present invention obviates the foregoing disad-
v of the prior art by providing a microwave
oven sensing system to sense the time dependent “in-
situ” humidity and temperature environmental condi-
tions in the microwave oven heating cavity and control
the microwave cooking in accordance with cooking
algorithms of characteristic curves stored in a
pro controller according to the selected
algorithm for the sensed time dependent “in-situ” hu-
midity and tem ntal conditions by
the sensors.

According to the preferred embodiment of the pres-
ent
ing
positioned to sense time dependent “in-situ” environ-
mental conditions of the microwave oven heating cav-
ity, a programmable controller having a memory which

wave “ch
carv the

and the microwave power supply control circuit

whereby the le controller receives signals
from the sensors of sensed “in-situ” environmental con-
n-
to

the microwave cooking algorithm for the sensed time
dependent “in-situ” environmental conditions. The

sensor for the “in-situ” humidity is an
through analog er interface circuitry.
The pro e r has stored microwave
cooking in the memory corresponding to
“ch c curves” for different types of
foods. Each “ humidity curve” for a par-

ticular type of food is selected by a numeric keyboard
on a control panel of the microwave oven from the
memory of the programmable controller. The program-
mable controller also controls the air exchange rate, and
increases or decreases the incoming air temperature by
the air with a coil of an infrared lamp or a

heater or other heating element.

A significant aspect and feature of the present inven-
tion is a microwave oven system to accurately
sense time dependent “in-situ” environmental condi-
tions of humidity and ature in a microwave oven

cavity. The term “in-situ” as used in this appli-
caticn is defined as the actual time dependent environ-
mental conditions which exist in the environment sur-
rounding the food product which is located in and
cooked in a microwave oven heating cavity. Although
in the present invention, a humidity sensor and a tem-
sensor may be positioned outside of the micro-
wave oven heating cavity, the sensors are configured to
sense the “in-situ” envir conditions of the mi-
crowave oven heating cavity and provide “in-situ”
signal information of the en conditions of
the microwave oven cavity to a programmable
controller controlling the microwave oven.

Another signficant aspect and feature of the present
invention is a system which controls the operation of
the microwave power supply control circuit and the air
exchange control circuit for time dependent sensed
“in-situ” humidity and ure environmental con-
ditions according to stored microwave cooking algo-
rithms of “characteristic humidity curves” for different
types of foods.
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A further significant aspect and feature of the present
invention is a humidity control on a numeric keyboard
control panel to preset a predetermined humidity to be
maintained within the microwave oven heating cavity
during microwave cooking.

Having briefly described the preferred embodiment
~f the present invention, it is a principal object to pro-
vide a new and improved microwave n
system which senses time dependent “in- ‘e
mental conditions of the microwave o
ity. The time dependent “in-situ” en
tions are the humidity and rafi
wave oven cooking cavity.

An object of the present inventio
humidity sensor and a temperature ¢
adjacent to and by the exit ventilation
microwave oven heating cavity to sens
“in-situ” environmental conditions o
oven heating cavity.

Another object of the invention is to provide a pro-
grammable controller which receives the time depen-
dent “in-situ” sensed humidity and te
from the sensors and controls the
supply control circuit and the air ¢
circuit according to selected microwa
rithms of “characteristic humidity cur
types of food which have been stor
the programmable controller. Each
food has its own individual ‘“chara
curve” for microwave cooking.

A further object of the invention is
meric keyboard connected to the pr
troller to permit an individual to se
algorithm for the particular type of
and to preset a predetermined humi
tained within the microwave oven
properly maintaining the humidity at
level, food can be browned and cook

Still another object of the inventi
memory storage in the programmable
“characteristic humidity curves” corr
microwave cooking algorithms whic
ble controller compares to the sense
“in-situ” environment conditions to cor

en heating cavity.
ity
th
doneness of the food being cooked in the microwave
oven heating cavity.

BRIEF DESCRIPTION OF THE DRAWINGS

Other the advan
of this in y ap as the
becomes better understood by reference to the follow- 55
ing detailed ide
with the ac in

ence numerals designate like elements throughout the

plan view of
oven in acco h
the present invention;
FIG. 2 illustrates a top plan view of the microwave
oven;

FIG. 3 illustrates a side and top perspective view of 65

the microwave oven with a portion of a housing wrap
removed and illustrating a cutaway portion of a ventila-
tion hood;

“of the micro-

d 60

4
FIG. 4 illustrates a side view of the microwave oven
with the housing wrap removed and showing the cut-
away portion of the vent hood,;
FIG. § illustrates a top plan view of the microwave

of the top of the wrap
wing a top cutaway of the

ventilation hood;
FIG. ites a top enlarged and expanded view

of a hu and a temperature sensor posi-
and by an exit ventilation port of the
with the housing wrap removed;
- FIG. 7 illustrates a section of the t inVention
taken on line 7—7 of FIG. 6 looking in the direction of
ing the humidity and t e sen-
r the exit ventilation port;
‘'es an electrical circuit schematic black
present invention, and;
cteristic humidity

DESCRIPTION OF THE PREFERRED

EMBODIMENT
il tes t plan of
nt mi ve ov in

iresent invention shows an oven door
'board control panel 14, and a push bar
idle 16. A ed
atop20,a s 22
p, the right hand side and the left hand
f the microwave oven 10 frame struc-
1 hing 27
! left 24
ame structure. The oven door 12 in-
28 consisting of a microwave radio
sandwiched between two panes of
le an operator to view cooking in the
g cavity 30, the outline of which is
lines. A humidity sensor 32 and a tem-
are positioned adjacent to and by a
in the top of
w a plurality
38 in the top 20 of the housing wrap
sensor 32 and the temperature sensor
grammable controller 40 as shown in
behind the control panel 14 by elec-
trical cables and interface with signal condi-
circ
ind
ity of exit port v
heating cavity 0 and the plurality of ventilation holes
38 in of the housing wrap 18.
Th keyboard control panel 14 which con-
the
ave
Microwave Over
Thec panel 14 has a lighted digital display count-
down and numeric controls to input cooking pa-
rameters to the pro le controller 490. In addition

ing cavity 30, a ¢

cate that the food is to be turned over, a “Time Out”
control 46 to indicate that the door 12 is to be closed
after turning food over after a predetermined time has
elasped, and a “Done” control 47 to indicate internal
doneness of the food are positioned on the contro! panel
14.
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FIG. 2 illustrates a top plan view of the microwave FIG. § illustrates a top plan view of the microwave
oven 10 showing the door 12, the numeric keyboard  oven showing a
control panel 14, the push bar door release handle 16,an ~ wrap 18 cutaway
iway. The humidity sensor 32 and the

5

, he programmable controller 40 posi-
numeric keyboard control panel 14
log signal conditioner interface cir-
cavity 30, these elements being illustr: circulation path is shown by the
lines. re corrapoqding to the ‘air _flow circu-
FIG. 3 illustrates a side and top pe gh t(l’le :::’ mtak:e:;zt‘la““,’i‘:yps%“tgo
. : : nicrowave oven g ca , the
the microwave oven 10 with a port‘:: :d through the plurality of the exit port
tc 36 t(:il thg phlxll;;a;l)i(tly‘of x;ntil;tion holes
right side 22 of the housing wrap 18, ventilation 2. All other numer-
control panel 14, the push bar door those elements previously described.
hinge 26, side o a top enlarged and expanded view
36 of the heatis 32. gnd the temperature sensor 4
humidity r 32 and the t. 5 positioned adjacent to and by the
shown in simaem © lines, positioned ventil_ation ho_les 38 in the top of
the exterior side of the plurality of dgthcawty t?lu ‘.“thht::;‘:l; 20 ot:;nhe
holes 36 and connected to the p and the ventilation partial'y
40. the magnetron S0, th id numerals correspond to those ele-

D, gnetron 50, the waveguide described.
stirrer 54 driven by tl!e mode surtl:r a section of the present invention
lation fan 58 draws air through the of FIG. 6 looking in the direction of
:f;:d mt::teig'engauo; t?x.:s ::’ past the humidit.y sensor 32 and the
tode rectiicr 62 ant € air r 34 held by friction in a bracket 74
to and by the plurality of exit port
36 in the top of the microwave heating
bracket 74 being affixed to the oven
76 by any structure in the art such as
port . sensor 32 and the temperature
side the microwave  gengor 34 can affix directly to the oven frame 76 by any

heating cavity 30. The air circulates in the microwave  gyjtaple structure instead of being retained in the
heating cavity 30 around the food being cooked and i8  pracket 74.

exhausted through the exit port ventilation holes 36, 49  FIG. 8 illustrates an electrical circuit schematic block
past the humidity sensor 32 and the

e ) ) . * package such as a Thunder Scientific
ventilation holes 38 in top 20 of the housing wrap 18 via 45 Corporation PC-2000 Humidity Measurement module

way of the ventilation hood 42. circuit 78 and the BR-101B Aluminum

FIG. 4 illustrates the side view sensor 32. The temperature sensor 34
oven 10 with the right side 22 of the circuit 80 consist of an “off the
removed illustrating the air circulat uch as a National Semiconductor Cor-
also draws air up through a bottom 00 Temperature Transducer. The hu-
port 67, past a power transformer 68 ¢ ) and the temperature sensor- 34 can be

, single unitary package such as an inte-

compartment. The air from the bo ventila- 55 and
tion port 67 joins the air circulatic the air and
pulled in through the lower portion of the rear intake The humidity the humidity circuit
ventilation port. This air circulation is also introduced 78 and the temperature sensor 34 through the tempera-
into the microwave heating cavity 30 through the en-  ture circuit 80 connect to the programmable controller

trance port ventilation holes 66, which after circulating 60 40 through a series connection of an analog multiplexer
within the heating cavity 30, is exhausted through the 82, a sample and hold gate 84, and an analog to digital
plurality of exit ventilation port holes 36 past the humid-  converter 86. The analog multiplexer 82, the sampler
ity sensor 32 and the temperature sensor 34 into the  and hold gate 84, and the analog to digital converter 86
-outside environment through the plurality of exit venti-  may consist of an analog signal conditioner circuit to
lation holes 36 via way of the v ation hood 42 which 65 properly interface the sensed temperature and humidity
is partially cutaway. The described path of air circula-  signals to the programmable controller 40. In the alter-
tion in the microwave oven heating cavity is for way of  native, the interface circuitry can be directly incorpo-
example and purpose of illustration of the invention. . rated in the programmable controller 40 to provide
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7
interfacing for input of the sensed and sampled humidity

ler 40. The air exchange control circuit can further
consist of an lamp or a resistance g coil
not shown in the drawings to preheat the air tempera-
ture of the air being introduced at the entrance ventila-
tion port 66 of the microwave-oven- -cavity 30
during mic ,
of Operation
Time dependent “in-situ” environmental conditions

humidity and en tal ¢ ns of
the microwave h cavity 30 by humidity and tem-
perature sensors. During the process of cooking foods
with microwave energy, various energy conversions

cooked food. Since these states are electronically

and pr ally correlated to the doneness of the
food, then a microwave oven sensing system of the time
dependent “in-situ” environmental conditions of the
microwave oven cavity is achieved to control
the microwave cooking of food. The purpose of imple-
menting the microwave oven sensing system with the

progr le controller having stored algorithms of
r foods is

e ” of the

wave oven as well as the “ * of the

The humidity sensor 32 and the temperature sensor

Statically and dynamically, the exhaust air through the

mental conditions of the microwave oven h cav-
ity 30. The environment on the exterior side of the exit
ventilation port holes 36 for all practical considerations
is equal to the environment on the interior side of the
exit ventilation port holes 36 of the microwave oven
heating cavity 30 permitting sensing of the time depend-
ing “in-situ” environmental conditions of the micro-

While the humidity sensor 32 and the temperature
sensor 34 have been illustrated in FIGS. 1-7 as being
positioned adjacent to and by the exterior side of the

directly above the exit port ventilation holes 36 of the
microwave oven heating cavity 30 so long as the sur-
face of the humidity sensor 32 is shielded against con-

10

pre n of the sensor 32 from

is to
to account for
resulting from con

thep controller 40
humidity sensor 32 conditions
on the humidity sensor 32.

- FIGS:-1=Tof thed , also the terms
at, o in th
etc., holes

1!

5

45

50

60

65

oven heating cavity 30.
The main thrust of placement of the sensors is-to

-]

microwave oven heating cavity 30.

The humidity and the sensors 32 and 34
respectively can also be positioned within the interior
confine of the v

to the exit port
30 to time
tal co the
oven cavity 30.
The
34 can
per
the

sensors 32 and 34 from interference by the microwave
energy source 50.

The humidity sensor 32 and the temperature sensor
34 can additionally be positioned in an exhaust duct not
shown in the drawings of the microwave oven 10 if
utilized to exhaust the steam and from the micro-
wave oven heating cavity 30 through the frame struc-
ture to the front, back, bottom, side or top of the micro-

ity and temperature equilibrium co in the duct
should be compensated for by either second humidity
and temperature sensors located at a distance from the

ler 40.
The microwave oven sensing system derives from the
most fundamental microwave cooking principles. That
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gth
the

di-

midity and the in the microwave oven

the microwave oven heating cavity 30 as a function of

time in seconds yields a “Char Humidity

Curve” 92 as in FIG. 9 for the microwave

cooking of foods which is by the las
MO=h(0)+(hx—ho) (1—e— By n51 eq. 1

by is

over

tis

ity

humidity curve” is determined by sensing the time de-

pendent “in-situ” humidity and temperature environ-

mental co of the e oven cav-
ity 30
The e” 92 of FIG. 9 of

the absolute humidity in grams per cubic meters versus

time in seconds can be as a three se

94, 96 and 98 piecewise linear curve prior to time ty.
first se the nt
curve nal in

surface temperature of the food up to one hundred
degrees centigrade. Once the hottest section of the sur-
face has reached one hundred degrees centigrade at the
slo
by
three segment piecewise linear curve which is due to
the “latent heat of v » of the food. The
change of slope 102 is indicative of the beginning of the

piecewise linear curve from point 102 to 104 is equilib-
rium occuring of the surface t of the food.
The “characteristic humidity curve” 92 at

centigrades. While the peaked out plateau portion of the
curve 92 is represented as a smooth curve, in reelity
there are “‘noise-like” perturbations on the curve due to
surface boiling of water of the food. Any point on the
“characteristic humidity curve” 92 is indicative of the
surface temperature of the food while the integral of the
area under the curve 92 at that point is indicative of the
“internal doneness” of the food being cooked in the
microwave oven heating cavity 30. Each particular
type of food has its own individual “characteristic hu-
midity curve” and the food during microwave cooking
follows the “characteristic humidity curve” for that
particular food.
In utilizing the microwave oven sensing system in the
microwave oven 10, the interfacing circuitry of analog
2, sample and hold g
rter 86 may not be g
upon.the type of programmable controller 40 utilized.

10

15

20

30

35

40

45

50

65

10

The humidity sensor 32 and the temperature sensor 34

can connect directly to the pro e controller 40

obviating any need for analog signal conditioner inter-

face circuitry including the need for a humidity sensor

circuit 78 and temperature sensor circuit 80. The pro-
ller 40 can an “ she
asanIntel Oor 000

read. only memory (ROM) storing “characteristic hu-

curves” for different types of foods such as meats, etc.

plemented as cooking algorithms which are stored in
the memory of the pro le controller. For exam-
ple, it is known that meats brown when the surface

humidity level. During microwave cooking, the pro-

and 34 r exit

port 36 o y30

the “in-situ” environmental conditions, and

follows a selected cooking algorithm of the *“character-

 istic humidity curve” for the particular type and thick-

d, ng the
the the se-
lected cooking algorithm for the meat being cooked

through the pro able controller 40 can indicate to
the cook as to the proper time to turn the meat over,
12 x-
ed is
cooked to

The p controller 40 is also programmed
to make electronic decisions as to increasing or decreas-
of the air
of the fan

decreasing the
this example, the
creasing or d

power source duty cycle, in
ron control circuit 88, or; in-
g the incoming air temperature
m-
air

over a resistance heater such as a Calrod.
Individual cooking algorithms for “characteristic
humidity curves” for different types of foods stored in
for the
ven 10
through the numeric inputs on the numeric keyboard
control panel 14. This control panel contains the addi-
tional numeric input operator features for the standard
microwave oven control panels currently on the market
of a “Humidity” control 44, a “Turn Food Over” con-
trol 45, a “Time Out” control 46 and a “Done” control
47. The “Humidity” keyboard control 44 permits the
input of the humidity cooking parameter for the se-
lected cooking algorithm stored in the programmable

controller 40.

By controlling the humidity in the microwave oven
heating cavity 30, the internal temperature of the food,
the surface temperature of the food, browning of the

food, and the weight loss of the food can all be con-
trolled acc ng input hum par by
the “Humi > ¢ 44 on the eric ard

control panel 14 or to the selected cooking algorithm
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oven heating cavity 30

sensor 32 se ent

“i ty at the exit the
ave oven 30 the
y to the co 40

midity from the humidity sensor 32 which is sensed
relative humidity and also receives the sensed time de-
pendent “in-situ” temperature from the temperature
sensor 34 to convert the sensed relative humidity to
absolute humidity for the cooking algorithm program
stored in the pro e controller 40. The pro-
grammable controller 40 can then compute the temper-
ature of the food which is indicative of the interral
doneness of the food.

The programmable controller 40 also indicates to the

sounding an audible alarm. This point occurs where the
“characteristic humidity curve” 92 of FIG. 9 reaches
peak absolute humidity h, at point 104 as determined by
the programmable controller 40. If the cook fails to
close the door 12 within a predetermined time as deter-
mined by the progr le controller 40 after turning
the food over, the “Time Out” control 46 such as an

food is done by activating the “Done” control 47 such

as an illuminating a control light as well as sounding an
au

w such
as it food

samples exactly the same way each time for identical
food samples such as hamburgers, bread, pastry, etc. To
accomplish the identiaal microwave cooking of food
samples, the desired ‘“characteristic humidity curve”
determined empirically or through a previous cooling
cycle for a food sample is stored in the memory of the
programmable controller 40 as the cooling algorithm
for that food. The programmable controller 40 then
compares the stored cooking algorithm for the food
being cooked to the “characteristic humidity curve” to
maintain microwave cooking of the food sample in the
microwave oven cavity 30 according to the cooking
algorithm for the food.

An additional humidity sensor and associated inter-
face circuitry which connects to the programmable
controller 40 can be positioned in a nonhostile environ-
ment of the frame structure of the microwave oven 10
to provide calibration for the humidity sensor 32 lo-
cated adjacent to and by the exterior of the exit ventila-
tion port 36.

ons can b cro
o of the p wi
departing from the apparent scope of this invention.

Specifically, the programmable controller 40 can
store cooking algorithms to maintain the humidity at a
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12

the cavity, etc.
Having thus described the invention, what is claimed
is: .

ntilati
s ath in
crowave oven heating cavity;

(c) elecromagnetically isolating a humidity sensor
and a temperature sensor from' said microwave
ov said sensors being located in
sai

(d) coupling microwave energy to said microwave
oven heating cavity;

(¢) sensing the time dependent environmental condi-
tions of said microwave heating cavity with said

s during microwave heating in said cavity;

through
said mi-

® ace
d se
dependent environmental conditions.

2. A method according to claim 1 comprising the step

of:

a. storing a “ch humidity curve” for a
particular type of food as said algorithm in said
prog le controller.

3. A method according to claim 1 comprising the step

of:

a. umi

in

g a
” for
pro e controller.
4. A method according to claim 1
of:
a.

the step
said
port

5. A method
of:

a. pos

to claim 1 comprising the step

g said sensors in said microwave oven

cavity. ]

6. A method according to claim 1 comprising the step

of:

a. positioning said sensors in an exhaust duct of said
microwave oven heating cavity.

7. Method for cooking food in a microwave oven

comprising the steps of:

a. storing a “characteristic humidity curve” as an
algorithm in a memory of a pro able control-
ler microwave oven; .

b. sensing and sampling the time dependent “in-situ”
relative humidity and temperature at an exit venti-
lation port of a microwave oven heating cavity;

c. converting the sensed and sampled relative humid-
ity and tem to absolute humidity;

d. comparing the absolute humidity to the stored
“characteristic humidity curve;” and,

e. a mic

oven
humidity according to said stored algorithm.

8. Method for cooking food in a microwave oven

according to claim 7 comprising the step of:
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13 14
re and between said microwave power means
and said sensor whereby said pro
al . . means controls microwave heating in said
9. Method for cooking food in a microwave oven  microwave oven cavity according to an algo-
5 rithm in said memory of said p able
16. The microwave oven of claim 15, further com-
. air exchange control connected to said
system comprising:
a. a microwave oven heating cavity 10
b. power means coupled to said cavity;
¢ :‘:f sensed time environmental conditions.
ature during cooking in said micro- 15 ingl
. S to said able controller means whereby a se-
1 claim 10 wherein said 4 humidity is during cooking in said
microwave oven cavity by said pro
2 controller means as set by said preset control
means.
18. The oven of claim 16 wherein said air
exchange control a variable speed fan.
19. The microwave oven of claim 16 wherein said air
25 further means for
sensor an aluminum oxide humidity  preh said air prior to its into said micro-
ucer. wave oven cavity.
claim 10 wherein said 20. The oven of claim 19 wherein said
comprises a element heater.
30 21. The oven of claim 19 wherein said
an infrared lamp.
ing e controller means having a A
35
40
45
50
o
55
60
65
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1

METHOD OF DETERMINING THE OPTIMUM
TIME TO TURN MEATS IN A MICROWAVE OVEN

BACKGROUND OF THE INVENTION
1. Field of the Invention

2. Des Art -
In the vens, it h
in
on
an
he
th
a

the surface temperature of the meat,
to tell when to turn the meat over and
o
e
is cooked to doneness. .
This invention, a method for determining the opti-

ion to taking into
account the continuity through an increment for the
time that the cook opens the door of the microwave
oven, turns the meat over, and closes the door to resume
microwave heating.

SUMMARY OF THE INVENTION

v
d
turned over in a microwave oven.

According to the preferred embodiment of the pres-
ent invention, there is provided a method for determin-
ing the when the is to
over in ven having teps o
to see whether the humidity is increasing or whether
the humidity is remaining constant in the microwave
oven heating cavity; upon sensing a constant absolute

c in e to the cook the
r; he difference that ris
ain
en-

time discontinuity
where the cook is turning the meat over when the mi-
crowave oven door is open. This method takes the time
discontinuity into account and increments the tempera-

tig P
en m
ce.

tred embodiment
ipal object to pro-

5
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vide a new and improved method for determining the
optimum time to turn meats over in a microwave oven.

An object of the present invention is to determine
when the absolute humidity no longer increases but
remains constant i ist a cook to
turn meat over. A er” will indi-

during the time that the cook is turning over the meat.
closed, microwave heating continues
e is adjusted accordingly to account
he door was opened while the cook
the food.
of the invention is to indicate to the
door of the microwave oven after a
e has been exceeded.

PTION OF THE DRAWINGS

ind many of the attendant advantages
ill be readily appreciated as the same
derstood by reference to the follow-
iption when considered in connection
ng drawings, in which like refer-
signate like elements throughout the
1d wherein:
es a flow chart for performing the

the od of optimum time to turn meats in a
ave in accordance with the present inven-
tion; and
FIG. 2 illustrates a typical “characteristic y
curve” for sent inve
DES ION OF PREFERRED
EMBODIMENT

FIG. 1 illustrates a flow chart of the steps for the
method of determining the optimum time to turn meats
in a microwave oven in accordance with the present
invention showing a start program condition 10. When

condition 12 exists, the program proceeds

whether absolute humidity is either con-

ect d

ty. y

creasing, the program recycles itself

returning to start program 10 and again determine abso-
lute humidity. If the humidity condition 14 is constant,
an indication condition 16 is given to the cook to turn
er such as through a front panel light on the

el of the microwave oven in addition to an

audible alarm as required. If the NO door open condi-
tion 18 exists where the microwave oven is not detected
as being opened, a set flag condition 20 occurs and the
pro cycles itself returning to start program
10. S flag set 12 condition exists and the

skipped by the YES flag set 12 condition. When the
YES door open 18 condition occurs, a store t, 22 of the
door open time occurs. When a YES door closed 24
condition occurs, an increment of T(t,) by x degrees
cen I sec 26 is
left take oa or
closed 32 condition exists, the reset duty cycle 34 of the

microwave power supply occurs for a predetermined

cooking algorithm and the program again restarts at
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3

start program 10. The algorithm then senses when the
food is cooked to internal doneness. If the door is not

YES out occurs, o
gram eed to the co
condition 30.

PREFERRED MODE OF OPERATION

for
m the
than on the top as conductive heat losses on the bottom
are much less than convective heat loss on the top of the

meat. Second, the other is to reverse ional flow
of uices, w ss, and
mi as w es meat.

when the top of the meat reaches an equilibrium tem-

ty in grams per ver time
nds of FIG. 2 i by time
dependent “in-situ” humidity and temperature environ-
mental conditions of the microwave oven heating cav-
ity during microwave cooking for a particular type of
food. The time dependent “in-situ” environmental con-

situ” as used in this application is defined as the actual

may be positioned outside of the microwave oven heat-

ling the microwave oven. Each particular food has its

food up to one hundred degrees centigrade. Once the
hottest section of the surface has reached one hundred
degrees centigrade which occurs at the change of slope
44, the humidity increases rapidly as illustrated by the
slope of the second segment 40 of the three segment
piecewise linear curve which is due to the “latent heat
of vaporization” of the food. The change of slope 46 is
indicative of the beginning of the surface temperature of

re equil of the third

42 three linear curve

4

from points 46 to 48 is equilibrium of the surface tem-
perature of the food occuring. The “characteristic hu-

of FIG.
over as

L The method of optimum time to turn meats in a mi-

cro ov as an
acc ce f FIG.
1
2
25
3
35 on the front of e to
“Turn Food » 28
conditions.
ory
the
40
45
aNO open 18 condition exists, a set
ion oc
50

tion occurs giving an indication to the cook to close the
55

mained open. In practice, the incrementation factor is

60

65

foed is co and th gat
a rate, the rature for
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a certain period of time after heating ceases because the  a controller i
heat is pushed into the center of the food by the surface  and means for sen

od. o vity, said method comprising the steps
and
the food. The incrementation takes 5 P foodstuff on a first side thereof into
situation when the meat is being turned to account for said cooking cavity;
this heating discontinuity through an i rowave energy from said source to

1 cavity to heat said foodstuff;
time-dependent humidity of said cook-
th said sensing means while applying

. stuff and pro-
substituted which of course depends  on the type and viding said input to l;aid
g ; le microprocessor;

\g in said microprocessor during the
when said time-dependent sensed hu-

mes substantially constant; and

an oven operator signal to turn said
a second side thereof when said sub-

nstant humidity condition is reached.
of claim 1 wherein said time-depend-

ture and a food done indication is gi
Various modifications are conte
obviously be resorted to by those skill

out the ent A
ash edb app solute humidity.
odim has | of claim 1 further comprising the steps
odis opti . . . . .
meat over, this algorithm applies to the time period during which the mi-
p fish, etc. It en door is open and said source of
c oven door i eriod while energy is non-operative while said
turning over the meat, it may be desir to reset the ~ being turned to said second side; and
er source. (b) adjusting the food cooking time when said time
is ed 30
P 4.
1. A method for cooking a foodstuff of the type re-  time adjusting st
co in a microwave oven  said microprocessor.
,a of microwave energy, * * * ¥ x
35
40
45
50
55
60
65

Ex. 2003.0095



Livii

Tl l& ‘:." |Z [’-' »

P

PO

. RECEIVED
AUG 16 1983
GROUP 210

ST ERET

AL
Al

N

Xi2a3

Ex. 2003.0096

s o



United States Patent [

[11] 4,171,382

Buck [45] Oct. 16, 1979
[54] Nﬁggg A(‘),P]:: ((:)%%N GMEATS IN A FOREIGN PATENT DOCUMENTS
2312067 1/1977 France ....ccvovieressennns 219/10.55 B
[75] Inventor: Ronald G. Buck, Burnsville, Minn. OTHER PUBLICATIONS
73] Assi . Litton Systems, Inc.. B ly Hills, Schmidt, A. X. et al., “Material and Energy Balances”,
(73] = Clali? ystems, » Beverly Prentice Hall, Inc., Englewood Cliffs, N.J. 1962, pp.
227-246.
21] Appl. No.: 829,080 Primary Examiner—Robert A. Yoncoskie
P
Attorney, Agent, or Firm—Robert E. Lowe
[51] Int. Cl.2 . ... A23L 1/31; HO5B 9/06 A method of cooking meat in a microwave oven by
[52] U S, Cle o 426/243; 426/523;  Getermining the mean internal temperature of the meat
SR 219/10.55 E: 219/10.55 M  Which is indicative of the internal doneness of meat as a
[58] Field of Search .. 426/233 ‘241, 243, 523: function of sensed and sampled time dependent humid-
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An object of the present invention is to provide a
method for determining the mean internal temperature
of the meat which is indicative of the internal doneness
of the meat while being cooked in a microwave oven.

Another object of the invention is provide a method

t

* as used in this application is de-
fined as the actual environmental conditions which exist
in the the
as me co
wave oven heating cavity. Although in the present
invention, the humidity sensor and the temperature
sensor may be positioned outside of the microwave

’

gnal rm o
con ns e
cavity to a programmable controller controlling the
microwave oven.
A er of the inv i
cont th wave oven c
of meat is cooked to doneness and to turn off the micro-

ing as well as the palatability of the food.

BRIEF DESCRIPTION OF THE DRAWING

Other objects and many of the attendant advantages
of this invention will be readily appreciated as the same
becomes better understood by reference to the follow-
ing detailed ide
with the ac in
ence numerals designate like elements throughout the
figures f and wh

FIG and 1B rate a flow chart of the
method of cooking meat in a microwave oven in accor-
dance with the present invention; and

FIG. 2 illustrates a typical “characteristic humidity
curve” for the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

FIG. 1 illustrates a flow chart 10 of an algorithm for
in with r
in rm pr s
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3
of
in
d for the in tem-
pe is d by eq 1
t Eq. 1
T=To+ g [EHO-O-d+ 4 -
r

The Power Factor is expressed by equation 2 where
the . 2

Eq.2
Power Factor =

and @ is a constant equal to the power constant of the 2

The loss factor of the convective heat loss is ex-
pressed by equation 3 where the

- t- Eq.3 3
Loss Factor = J (Tqg— Ty dt
pC 0

and H is a constant equal to the convective heat transfer

50
° t . Eq. 4
T=7,+%- [ Epo-mol.a+ 4
pCZ ¢
t

H

== J@u-1)-dt

PC 5 o 55

where K is the thermal conductivity constant of the
meat and K is the evaporation loss constant of the meat.
The first component, T,, of equation 4 is the initial
of at; the second compo 60
the nent which effects the

65

Preferred Mode of Operation

ents of equa-
ure of meat
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conjunction with “characteristic humidity curve” 48 of

1C

m-
ntal

and
wav

dep
env

ve

mi
u”
ed
microwave oven heating cavity and are determined by

y
h

h
peak absolute humidity at the time t, of the “character- 2)
is d 48. '
h humidity curve” 48 of FIG. 2

15

temperature of the meat by a net heat loss due to evapo- 50

'5
meat mal do s.
An SEensor, as a Thun-
der Scientific TC-2000 Humidity Measurement Mod-
60
65

6

mental conditions of the microwave oven heating cav-

exists indicating that temperature done has been

the
inte

of FIG. 1A
perature acco

1B
to

power s at step 36, the c
nent of and the loss r
effects the internal temperature of the meat by a net
convective heat loss. The four factors are determined
from the sampled and sensed humidity and temperature
“in-situ” environmental conditions of the microwave

reached its desired mean internal temperature indicative
of the internal doneness of the meat.
Various modifications can be made to the method of

invention.

Having thus described the invention, what is claimed
is:

1. A method for cooking meat in a microwave oven

of s
hod

ssor for r
humidity
ing
( a wave
e to s
whereby a substantial portion of said energy is
absorbed by a meat body located in said oven heat-

®

signals indicative of said measured quantities to

mic a

by ed
and determining in said microprocessor the area
under said curve;
(d) comparing in said microprocessor said calculated
area with the area of a predetermined characteris-
tic humidity-time curve for meat bodies stored in a
memory portion of said microprocessor and calcu-
lating in said microprocessor from said comparison
the net heat loss due to evaporation, a microwave
power absorption factor and a power loss factor for
said meat body;

(c
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her calculating in said microprocessor the

internal temperature of said meat body as a

.~function of the sum of its initial temperature said
net evaporative heat loss, said microwave power
absorption factor and said power loss factor;

(f) comparing in said microprocessor said calculated
mean internal temperature with an operator se-
lected doneness temperature for said meat body;
and,

(g) de-energizing- said -microwave —energy-—source
when said operator selected doneness temperature
is reached.

2. The method of claim 1 wherein said net heat loss
due to evaporation is calculated by integrating in said
microprocessor the rate of change of humidity with
respect to time and multiplying said integral in said
microprocessor by a constant derived from the physical

4,171,382

properties of said meat body and stored in said memory
portion of said microprocessor.

3. The method of claim 1 wherein said microwave
power absorption factor is calculated from the expres-
sion:

0Py
Power factor = —=
pCZ

wherein 6 is a constant proportional to the power out-
put of said microwave energy source; Pn is the duty

- cycle of the oven at time interval N; p is the density of

15

25

30

35

45

50

55

the meat; C is the specific heat of the meat; and Z is a
constant proportional to the thickness of the meat

4. The method of claim 1 wherein steps (b) through
(f) are repeated at consecutive intervals and wherein
said calculated mean internal temperature is recalcu-
lated at each said interval for the purpose of determin-

ing the required done temperature.
* * * & %

RECEIVED

AUG 16 1983
GROUP 210
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[571 ABSTRACT

A hot air exhiaustion opening is formed in an oven wall
of a microwave oven. A heat-sensitive film is disposed
at the hot air exhaustion opening to close the hot air
exhaustion opening when the microwave oven is in the
al op th
rises e,
is fused to conduct hot air toward the outside of the
microwave oven cavity through the hot air exhaustion

g A ed wn-

side fil the
heat-sensitive fuse receives the hot air exhausted
th at-

is ci-

ated with a microwave generation control circuit so
that the microwave generation is suppressed when the
oven cavity temperature rises to the abnormal value.

6 Claims, 7 Drawing Figures
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1
MICROWAVE OVEN
BACKGROUND AND SUMMARY OF THE
INVENTION
value.
nb
to
value.
U.Ss. 15
L NG M

fuse and the microwave oven wall or a duct wall must
be ure eo ion of the
‘mi at-s ve The heat-
sensitive fuse must be tolerant of high temperature

d of e

b is t
temp sture when the microwave
is in condi
e w n ferred
e n, ¥ of illu

To achieve the above objects, pursuant to an embodi-
nv
ov
le
tive filter film made of, for example, a polyester film is
disposed at the hot air exhaustion opening so as to close

10

15

30

35

40

45

65

2

the hot air exhaustion opening when the microwave
oven is g mo
oven ¢ high
the heat-sensitive film is fused, thereby conducting hot
air toward the outside of the microwave oven cavity
through the hot air exhaustion opening.

A heat-sensitive fuse is disposed on the downstream
side of the heat-sensitive film so that the heat-sensitive

]

_ s
broken at about 115° C. Therefore, when the heat-sensi-
tive film is fused, the heat-sensitive fuse functions to
suppress the microwave generation.

BRIEF DESCRIPTION OF THE DRAWINGS

The
stood
and the a ying ings -which en by
way of ill only thus are no ive of
th ent inv
1is an e view of a micro-
II—II of FIG. 1;
\ of the
€ present
of odi t
ete of P
5is ofa -
w ven rmal -
tion system o 3;
FIG. 6is a ctive view of a portion of a micro-
ature
ircuit

microwave oven of FIG. 1.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIGS. 1 and 2 show a microwave oven employing an
embodiment of an abnormal temperature detection sys-
tem present i on. _ : :

In .1land 2, and side casings of the micro-
wave oven are omitted from the drawings for the pur-

Ex. 2003.0111
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3

from the blower 26. The thus transferred fresh air is

the rear casing 16.

An illumi p36 osed up
of the oven 8in to ill et
cavity 22. The abnormally high temperature detection
syst of the nt tion is disposed at the 1
upp 1 of the ho 18.

FIGS. 3 and 5 show an embodiment of the abnor-
mally high temperature detection system 40. Like ele-
ments corresponding to those of FIGS. 1 and 2 are
indicated by like numerals. 1

openings 44. The heat-sensitive filter film 46 is made of
a polyester film of 30 mmX 30 mm size and 0.05 mm
thick. The heat-sensitive filter film 46 is distorted at 2
about 150° C. and fused at about 260° C.

is supported in such a manner that the heat-sensitive
fuse 48 is pos ne the 4. Th t-
sensitive fuse  is ical ication ais
control circuit of the microwave oven via lead wires 56.
The heat-sensitive fuse 48 is constructed so as to fuse at
around 115° C.

C, e hot air is ted ugh en- 50
ing the heat-se fus The en-
sitive fuse 48 is thus fused by the hot air, and the micro-
wave generation is suppressed.
FIGS. 4 and 6 show another embodiment of the ab-
y ure dete system 40. Like 55
s to those IGS. 3 and 5 are
indicated by like numerals.
The heat-sensitive fuse 48 is fixed to a side wall of the

60
46 is fused.
FIG. 7 shows the control circuit of the microwave
65
ac
ion
un

The heat-sensitive fuse 48 is installed between the

What is claimed is:

oven cavity reaches an abnormally high tempera-

Ex. 2003.0112
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5 6
ture in order to open said hot air exhaustion open- oven housing, and said heat-sensitive fuse is fixed to the
ing; : upper surface of said upper wall of said oven housing.
a heat-sensitive fuse disposed outside of said oven 3. The microwave oven of claim 1 or 2, wherein said

heat-sensitive film comprises a polyester film.
5 4. The microwave oven of claim 3, wherein said
polyester film has a thickness of about 0.05 mm.
5. The microwave oven of claim 3, wherein said
polyester film is fusible at about 260° C.
fused. . 6. The microwave oven of claim 5, wherein said
2. The microwave oven of claim 1, wherein said hot 10 heat-sensitive fusible is fused at about 115° C.
air exhaustion opening is formed in an upper wall of said - N

cavity and at a position near said hot air exhaustion
opening; and .

a control circuit means for suppressing the micro-
wave generation when said heat-sensitive fuse is

15
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A method of cooking thin meat in a microwave oven by

doneness time is calculated from the comparison of the
curves and cooking is terminated when the calculated
doneness time is reached.

5 Claims, 2 Drawing Figures
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1

METHOD OF COOKING THIN MEATS IN A
MICROWAVE OVEN

CROSS REFERENCES TO COPENDING
APPLICATIONS

This application is a continuation-in-part of my co-
pending application entitled “Method of Cooking Thin
Meats in a Microwave Oven”, Ser. No. 829,075, filed
Aug. 30, 1977 now abandoned.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates generally to improvements in a
microwave oven, and more particularly, pertains to a
new and improved method of cooking thin meat in a
microwave oven.

2. Description of the Prior Art

Those concerned with microwave cooking of a thin
piece of meat in a microwave oven have long recog-
nized the need to accurately determine the temperature
of the meat. The present invention fills this need.

Past prior art devices have been extremely unreliable
in determining the surface and internal temperature of
meat. One initial prior art attempt at determining the
internal doneness of meat was to insert a thermometer
which was not affected by the microwave energy into

ce of meat g coo The dv was

e thermom only ated in tem-
perature of the meat at one particular location and was
not a true overall indication of the equilibrium internal
doneness of the meat.

Another current prior art device for measuring the
internal temperature of meats being cooked is to insert a
temperature probe into the meat while in the micro-
wave oven heating cavity which connects to the con-
trol circuitry of the microwave oven. While the temper-
ature probe is accurate in indicating the temperature of
the meat being cooked by microwave energy, the probe
only senses the temperature of the immediate area sur-
rounding the probe and does not take into account the
equilibrium state of the internal temperature of the
meat. If the temperature of the meat is not uniform and
the probe is placed at a hot spot in the meat, the read-
ings from the temperature probe are not indicative of
the internal doneness of the meat.

e probe which is inserted into the is
c and bulky for the cook who is tr to
monitor the internal doneness of the meat during the
microwave cooking in the microwave oven heating
cavity. For a thin piece of meat being approximately
equal to or less th skin depth, a
cook, if not impo to insert a t e
into the meat as the thickness may be less than one
centimeter.

It has also been suggested to measure the humidity of
the exhaust air from a microwave oven cavity to give
certain indications of cooking conditions within the
cavity. (See, for example, U.S. Pat. No. 3,839,616.)
However, the technique disclosed is largely limited to
detection of an abrupt rise in humidity when boiling
occurs, at which time the power is interrupted.

It has also been suggested to measure cooking time as
a function of some “trigger” humidity in combination
with a progressive-regressive timer.
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2

SUMMARY OF THE INVENTION

The present invention obviates the foregoing disad-
vantages of the prior art by providing a more accurate
method of cooking thin meat in 2 microwave oven.

According to the preferred embodiment of the pres-
ent invention, there is provided a method for cooking
thin meat in a microwave oven wherein the time depen-
dent humidity and temperature environmental condi-
tions of a microwave oven heating cavity are sensed and
sampled; the absolute humidity is determined from the
sampled humidity and temperature, the determination
being repeated at a plurality of time-spaced points; and
the curve thus derived is compared with a “characteris-
tic humidity curve”. The temperature of the meat is
determined from the curve comparison, especially the
slope of the curves.

Thin meat is defined as a piece of meat having a thick-
ness approximately equal to or less than one skin depth
of the wavelength of the microwave energy. Since the
meat is thin, that is being approximately equal to or less
than one skin depth, the surface temperature of the meat
is presumed to be approximately equal to the internal
temperature of the meat.

BRIEF DESCRIPTION OF THE DRAWING

Other objects and many of the attendant advantages
of this invention will be readily appreciated as the same
becomes better understood by reference to the follow-
ing detailed description when considered in connection
with the accompanying drawings, in which like refer-
ence numerals designate like elements throughout the
figures thereof and wherein:

FIG. 1illustrates a flow chart of the method of cook-
ing thin meat in a microwave oven in accordance with
the present invention, and;

FIG. 2 illustrates a typical “characteristic humidity
curve” for the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

The invention provides a method of determining
when a thin piece of meat is cooked to doneness by
sensing the time dependent “in-situ” humidity and the
temperature environmental conditions of the micro-
wave oven heating cavity. The term “in-situ” as used in
this application is defined as the actual time dependent
environmental conditions which exist in the environ-
ment surrounding the food product such as thin meat
which is located in and cooked in the microwave oven
heating cavity. Although in the present invention a
humidity sensor and a temperature sensor may be posi-
tioned outside of the microwave oven heating cavity,
the sensors are configured to sense as nearly as possible
the environmental conditions of the microwave oven
heating cavity itself. The signal information provided to
a programmable controller controlling the microwave
oven is indicative of cooking cavity conditions.

FIG. 1illustrates a flow chart of the method of cook-
ing thin meat in accordance with the present invention.

The flow sequence start is indicated at 12, the first
step being a zeroing indication to the controller indicat-
ing N=0 as shown at box 14. The symbol “N”’ indicates
the sequential number of the sample being processed by
the controller so that the controller can determine, for
example, that the sample at sequence N=5 occurs after
N=4 and before N=6. In this manner “N” is also a
relative measurement of time and will be referred to in
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3
that aspect from time to time as the specification pro-
ceeds.

Box 16 calls for sampling and storing the relative
humidity h,at time “N”, written as “tp”’. The sampling
is made by a humidity sensor configured as described
hereinafter, and the sample is provided to a digital com-
puting device having a memory, such as a programma-

the cavity
sto the mi

The computing device next determines the saturated
humidity at box 20 and then calculates the absolute
humidity as a function of the sensed relative humidity
and the calculated saturated humidity at box 22. The
capital letter “H” is used to denote absolute humidity at
box 22 and thereafter in order to diminish the number of
subscripts necessary.

After determining absolute humidity at time “N” at
box 22, the method waits some arbitrary time interval
denoted as K seconds at box 24. The program interro-
gates to determine if five sequences of the foregoing
steps have been accomplished. Since at this point N=0
because this is the first sequence, the interrogatory reply
is NO, wherein the aforementioned steps are repeated
and “N” is increased by one unit. These steps are picto-
rially represented at boxes 26 and 28.

The sequence of sampling, storing and calculating
steps is continued until N=35 at which time the program
proceeds along the YES branch from step 26. The abso-
lute humidities determined in each sequence together
form points on a humidity versus time curve, such as
that shown in FIG. 2. The slope of the curve can be
determined at points N=2 and N=4 by observing the
changes between N=1 and N=3 and N=3 and N=5
respectively. The slope M at any time N is indicated by
the equations at step 30.

It has been empirically determined and observed that
a thin meat body being heated in a microwave oven will
follow a characteristic humidity curve as that shown in
FIG. 2. The precise characteristics defining that curve
can be stored in the memory of a programmable micro-
pro e curve has been found to be defined by
the ‘

Hypy=Ho+ (Hx— Ho)(1—e— BNy (Eq. 1)
Wherein Ho is the absolute humidity at time N=0, Hx
is the absolute humidity at thermal equilibrium (peak
absolute humidity) and B coefficient characteristic ©of
meats.

At time intervals N=2 and N=4 equation 1 can be
written:

Hp=Ho+(Hx —Ho)(1 —e—512) (Eq. 2)

and

Hyy=Ho+(Hx— Ho)(1 —e—Bt4) (Eq. 3)
Simultaneous equations can now be solved at box 32 by
taking the derivatives of equations 2 and 3 and rearrang-
ing terms to isolate the exponential quantities, which
yields:

Mp

e B e —
B = o)

and
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e—B _

Substituting equation 4 into equation 2 yields:

]

Similarly substituting equation 5 into equation 3 yields:
or:

HQ=H0+(Hx—Ha)[1—

Mpn
or: Hy — Hx — 5
Mr4
Hy — Hx — -
S ting equation 6 from equation 7 and isolating B
y
My — My,
~ Hu— Hp

Accordingly it can be seen that the determination of
absolute humidity at points N=0 through N=35 allows
the mathematical solution of the slope of the curve at
two spaced points. Comparison of that slope with the
stored slope of the characteristic curve allows computa-
tion of B, the characteristic coefficient for the food
being cooked. Equations 6 and 7 can then be solved for

Having determined Hx, the time tx that the thin meat
will reach thermal equilibrium is calculated at box 34.
Thereafter, any desired doneness time can be calculated
as a percentage of tx at box 36. The “x%” shown can be
stored in the memory of the microprocessor or can be

tor if fit

de th of
required to reach thermal equilibrium, tx, will yield a
rare hamburger, then tgyn. equals 80% of tx for that
application. Appropriate function pads located on the
oven control panel would allow the operator to select,
for example, “hamburger rare”. That selection would
cause 80% of tx to be input to the microprocessor as
ut done”-

Finally the method determines at block 38 if the time
tyis equal to or greater than tgope. If it is not, the NO
branch is followed and the entire sequence is performed
again. If it is, then tgon. has been reached and the oven
is turned off at block 40.

PREFERRED MODE OF OPERATION

The method of cooking thin meat in a microwave
oven is premised on the sensing concept based on the
most fundamental cooking principles. That is, as micro-
wave energy is converted from thermal energy, the
internal temperature of the meat increases. As the inter-
nal temperature of the meat increases, some of the ther-
mal energy is used to break the bonding forces holding
the water molecules to the food’s cell structure. When
the latent heat of vaporization has been added to the
food, these free water molecules are vaporized and
released locally. Thus, the rate of evaporation is di-
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rectly proportional to the rate of temperature rise. By
monitoring time dependent environmental conditions of
the microwave oven heating cavity with sensors, the
meat’s internal temperature and surface temperature for
a thin piece of meat are determined.

The “characteristic humidity curve” 48 of absolute
humidity in grams per cubic meter versus cooking time
in seconds of FIG. 2 for the thin meat equation 1 is
determined by sensing the time dependent “in-situ”
humidity and temperature environmental conditions of
the microwave oven heating cavity during microwave
cooking of thin meats. The time dependent “in-situ”
environmental conditions are defined as the sensed hu-
midity and temperature of the microwave oven heating
cavity by humidity and temperature sensors.

FIG. 2 depicts a characteristic humidity curve de-
rived from a plot of absolute humidity versus elapsed
cooking time. The changes in slope of the curve are
indicative of the rate of evaporative water loss from the
thin meat body effecting the absolute humidity in the
cooking cavity. For purposes of the present method, the
point of peak absolute humidity, hx, indicated at 60 is of
primary interest. The “characteristic humidity curve”
48 plateaus at point 60 indicating that surface tempera-
ture of the meat has reached equilibrium at one hundred
degrees centigrade.

For small meat samples or with thicknesses small as
compared to the microwave depth of penetration, that
is, being approximately equal to or less than one skin
depth, the internal temperature is approximately and for
all practical considerations the same as the surface tem-
perature. Thus, the temperature for a thin piece of meat
can be monitored for internal doneness finding the tem-
perature from equation 1 for any point of the “charac-
teristic humidity curve” of FIG. 2.

The basic premise of the method is that as the relative
humidity and temperature are sampled and stored, hx
and B are computed by solving simultaneous equation
32 to predict when the one hundred degree centigrade
point 60 occurs. The temperature is assumed linear
between h, and one hundred degrees centigrade so that
once tx is computed, the corresponding time for any
other temperature may be computed such as to deter-
mine when tgpne is reached.

The method may be implemented in accordance with
the flow chart of FIG. 1 as an algorithm stored in a
programmable controller such as an Intel 8080 Micro-
processor in the microwave oven. This algorithm of
FIG. 1 determines the temperature for a thin piece of
meat for any point on the “characteristic humidity
curve” of FIG. 2.

An aluminum oxide humidity sensor, such as a Thun-
der Scientific PC-2000 Humidity Measurement Modaule,
and a temperature sensor, such as a National Semicon-
ductor Corporation LX 5700 Temperature Transducer,
are positioned adjacent to and by the exit ventilation
port to the exterior side of the microwave oven heating
cavity by way of example and for purposes of illustra-
tion only to sense the time dependent “in-situ” environ-
ment conditions of the microwave oven heating cavity.
The sensors can be positioned anywhere as long as the
time dependent “in-situ” environmental conditions of
the microwave oven heating cavity are sensed, and the
sensors are electromagnetically protected from the mi-
crowave oven heating cavity. The humidity sensor and
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6

the temperature sensor connect to the programmable
controller having the steps of the algorithm of FIG. 1
stored in the memory of thé programmable controller.
The programmable controller connects to control the
microwave power supply and turns the oven off when
a YES condition for block 38 is determined.

Various modifications can be contemplated for the
method of cooking thin meat in a microwave oven of
the present invention without departing from the appar-
ent scope of this invention.

Having thus described the invention, what is claimed
is:

1. A method for cooking thin meat bodies in a micro-
wave oven having means for measuring the humidity of
the microwave oven cooking cavity environment asso-
ciated therewith comprising the steps of:

(a) energizing a microwave energy source to provide

microwave energy to said cooking cavity whereby
at least a portion of said energy is absorbed by a
thin meat body located in said cooking cavity;

(b) measuring the humidity of said cooking cavity
environment at a plurality of time-spaced intervals
while said thin meat body is being heated and stor-
ing said measurements in a microprocessor forming
part of the controls for said oven;

(c) calculating the slope of a humidity-time curve
described by said measurements;

(d) comparing said calculated slope with the slope of
a characteristic humidity-time curve stored in said
microprocessor and obtaining from said compari-
son the time when said thin meat body will reach

- thermal equilibrium at 100° C.;

(e) calculating in said microprocessor the time said
thin meat body will reach a preselected doneness as
a predetermined percentage of said thermal equilib-
rium time; and,

(f) de-energizing said microwave energy source at
said calculated doneness time.

2. The method of claim 1 wherein said measuring the
humidity of the microwave oven cooking cavity envi-
ronment comprises sensing the cavity environment rela-
tive humidity and temperature and wherein said humid-
ity measuring step includes the calculation of absolute
humidity of said cavity environment from the sensed
relative humidity and temperature.

3. The method of claim 1 wherein said characteristic
humidity-time curve is described by the equation:

Hyy=Ho+ (Hx— Ho)(1—e—BtN)

wherein H,;y=absolute humidity at time interval N
Ho=absolute humidity at time interval N=0
Hx=peak absolute humidity at thermal equilibrium
B=a coefficient, characteristic of said thin meat

body, and
ty=elapsed time at interval N.
4. The method of claim 1 wherein said predetermined
percentage is stored in said microprocessor.
5. The method of claim 1 further including a step
performed after step () and before step (f) of
(e") comparing a total elapsed heating time with said
calculated doneness time and repeating steps (b)
through (e") if said elapsed time is less than said

calculated doneness time.
* * * * *
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[571 ABSTRACT

A microwave oven includes a magnetron, s blower fan
system, and a gas sensor for detecting an exhaustion gas
concentration developed from an oven cavity. When
the exhaustion gas concentration exceeds a preselected
value whilé an actual cooking operation is conducted,
the gas sensor develops a first detection output to com-
plete the actual cooking operation. While the actual
cooking operation is not conducted, the gas sensor func-
tions as a gas leak alarm sensor. When an ambience gas
concentration shows an abnormal value, the gas sensor
develops a second detection output to announce a dan-

n

y
energized {o introduce the ambience air toward the gas
sensor for monitoring purposes.

4 Claims, 5 Drawing Figures
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1

OF GAS SENSOR
ANI GAS LEAK

which inchides a gas sensor for
trol purposes.

A microwave oven is proposed in my copending
app Ser. No. 71,179, “COOKING UTENSIL

BY GAS SENSOR QUTPUT™, filed
on Aug. 31, 1979, wherein a gas sensor is disposed in an
exbaustion duct for detecting 2 ges concentration devel-
oped from am aven cavity. When the gas concentration
reaches a preselected value, the gas sensor output shows
& preselected value, and in response thereto the micro-
weave generstion is terminated.

Since the ges sensor is also effective to detect the gas
leekage, it is desirable to mske such 2 microwave oven
operate as a ges feak alarm when the microwave oven
does not perform the cooking operation. However, the

must be cons that

y introduced as s
crowave oven does not perform the cooking operztion.
ccordingly, an object of the present invention is to
provide a combination of e gzs seasor output controlled

cooking con-

n is to provide

a contral clrewit for muking & cooking utensil empioy-

ing 2 gas sensor to operate &s 2 gas leak alarm when the

utensit does not perform aa actuel cocung
operation,

Sl enother object of the presest mventxon is fo
provide & gas lesk alarm system incorporated in 2 mi-
crowave oven which includes a gas sensor for suto-
matic cooking control purposes.

Other objects and ferther scope of epplicahility of the
present invention will become apparent from the de-
teiled description given b It should be under-

spe-
ents
of the invention, sre given by way of illustretion only,
since vagious changes and modifications within the
spirit and scope of the invention will become apperent
to those skilled in the ast from this detailed descriptions
an
dis
a path of the gas exhsusted from an overn cavity. A
conirol is provided for terminating the micro-
wave gene n when an output voliage signal of the

performs the actual cocking operation. When the mi-

supplied with power for gas leaksge detection purposes,
fmd the blower fan system is intermittently activated to
intermittenfly introdace the ambience air towsrd the

the gas and mind-

B

ey

10

25

30

35

2
BRIEF DESCRIFTION CF THE DRAWINGS

FIG. 1 is a sectiona! view of an tofa
combined cooking utensil and gss leak slarm of the
present invcntion,’

FIG. 2 is a sectionsl view of the combined cooking
utéasil and ges lesk alarm teken slong line II—II of
FIG. 1;

FIG. 3 is & perspzective view of an embodiment of a
gas sensor included in the combined cooking utensil and
ges lesk alerm of FIG. 1;

FIG. 4 is a chert showing the gas concentration re-
sponse characteristic of the gas sensor of FIG. 3; and

FIG. 5 is a black diagrem of an embodiment of a
control circuit of the combined cooking utensil and gas
leak aiarm of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIGS. 1 and 2 show an embodiment of a combination
of & gas sensor output controlled cooking utensil and a
ges leak alarm of the present invention.

The combination of the present invention mainly
com all
and A
oven wall 10 for supplying the microwsve energy into
the oven cavity throvgh a wave gride 16 2rd an energy
supply outiet 18. A tray 22 is disposed et the bottom of

n fo ff  to be
in eq is  vided

" to cool the magnetron 14, The air flow generated by the

40

55

o5

blower faz 28 is introduced into the oven cavity
through an air duct 28. The thus introduced air is ex-
hausted from the oven cavity through exhaustion open-
ings 30 which are formed in the upper wall of the oven
cavity. An exhaustion duct 32 is secured to the upper

hsusted from the oven cavity. A guide plate 36 is dis-
posed in the exheust duct 32 for directing the exhausted

gas toward the gas sensor 34,

The combinztion of FIG. 1 further comprises a casing
52 An
air tro-

ducing the ambience air toward the blower fan 26. A
control panel 5§ is disposed on the froat wall of the
cooking utensil for intreducing various control com-

a sensor 49, a hezier coil 42, lead wires 44, a cover 4§

an A
is by
Figaro g Inc.
FIG. 4 shows the relationship between the gas con-
‘cen {(along the abscissea axis) and the ratio of resis-
of the
is the

€ sensor
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3

The present invention is to utilize the gbove varia-

aco circuit must be conmstructed to develop an
alarm signal when the gas concentratior of propane or
isobutane exceeds 2,000 ppm, or when the gas concen-

output. ; *
The control circ a
tor control unit 62, 2,

generation control circuit €4 to activate the magnetron
14 (See FIG. %) for cooking purposes, and & blower
m

p!
As eiready discussed azbove the output voltage signal of

S is open and, therefore, interlocked switches Sa, S3
and S4 are placed in the condition where movable
contacts thereof are made contact with first terminals a.
A var R,de fe
be app rence al
tor 70. When a cook start switch is actuated, the semi-
conductor control urnit 63 develops control signals for
activating the microwave generation control circuit 64,
end a relay &6, cl
swit ngly, the blo or
ously activated to iatroduce a fresh air into the oven
cavity and to force the gas exhausted from the focdstuff
to flaw toward the ges sensor 34. When the gas sensor

i a refe

le the

paratar 70 develops a detection output.

Upon development of the detection output from the
comparator 79, the semiconductor control unit €0 de-
velops control signals for deenergizing the microwave
generation control circuit 64 and the relay 66, thereby
completing the cooking operation. An alarm circuit 72
activates a buzzer 74 to announce the completion of the
cooking operation.

gas sensor 34. A typical cooking control operstion in
the mi ga ris

in my Ser 79,

ING UTENSIL CONTROLLED BY GAS SENSCOR
OUTPUT™, filed on Aug. 31, 1979.

When the actual cooking operation is not performed,
the manaal switch Sy is closed to place the system in a
gas leak alarm operation mode. The movable contacts
of the int switches S;, S3 and S4 sre made
coatact with second terminals b. A resistor R functions
to apply a reference voltage signal to the reference
input terminal of the comparator 78, the reference voit-

level svited for detecting

‘When the manual switch Sy is closed, a timer circoit
76 included in the semico control untt 60 devel-

i5

20

3s

55

65

4
ops a control signal having a predetermined time inter-
val for 2
blower int
tently introduce the ambience zir into the combination
for ensuring a
nsor 34. When
an sbnormsi gas concentration is detected by the gas
sensor 34, the comparator 70 develops a detection out-
put to activate the alarm circuit 72. Since the alar -~

circuit 72 receives another comniza! signel from the man-
Sy, the evel activa-
, which the for an-

nouncing the completion of the cooking operation,
toward the buzzer 74. In this way, the buzzer 74 devel-
ops an

The v
tively accomplished in a microcomputer controlled
microwave oven, which includes a time keeping circuit

the el Iy sup
n the is not
The invention being thus described, it will be obvious
any
ad
f , and ai
t within
following claims.
What is claimed is:

1. A combined cooking utensil and gas leak alarm

ty;

a cooking encrgy source for conducting the cooking
operation of a foodstufY disposed in caid oven cav-
ity;

a ing a fres o

gas from o
cavity;

a gas sensor disposed in & pzth of the gas developed
from said oven cavity for detecting the gas concen-

a circuit for controlling the operation of said
cooking energy source in response to an output
signal derived from ssid gas sensor when seid com-
bined cooking utensil and gas lesk alarm is placed

coo tio

a tor de ambience gas con-
centration through the use of said gas sensor when
said combined cooking utensil and gas leak alerm is
placed in a gas leak alarm operation mode, said

output derived from said monitor circuit.

2. The g and gas le
of claim o system is
tently energized when the combined cooking utensil
ang ges leak alarm is placed in said gas lesk alarm opera-
tion mode.

3. The combired cooking utensil and gas leak alarm
of claim 1 or 2, wherein said cooking energy source
comprises a magnetron for conducting the microwave
cocking. -

4. The combined cooking utensil and gas leak alarm
of claim 3, wherein said blower fan system functions to

6ol the w
znd gas is
mode.
= * x %

effec-
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1 2
tration only, and thus are not limitative of the present
COOKING ONTROLLED BY GAS in
OUTPUT . lan of an of
a and tric h ng
5
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20
25
the cooking. :
FIG. 5 shows an embodiment of a control circuit of
reaches the preselected value. the present invention, which responds to the gas sensor
65
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sensor 34 is applied to one input terminals of an AND
gate 56 and a coincidence detection circuit 57. As al-

t voltag Vi
ation of ex-
V,( - Vox )
0 .
5 is: .
paratus co g: :
ans for re a foodstuff to be
Vy(= Vo X ; g of
35 uff,
here i=1,2 tage level of
waereli=1,, . n) a voltage level at entration of said reducing gas in said oven
which the cooking te d - v
on it of FIG. 5 will be c ’
de in to FIG. 6.
re s for providing a reference signal of a
e; -
c
ence signal.
65
ga ns for ping ou nal
sensor ata ed
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5

analog-to-digital converter means for developing a
digital value signal in response to said output signal
from said gate circuit means;

digital memory means for storing said digital value
signal; and

digital-to-analog converter means for developing a
reference voltage signal corresonding to said digi-
tal value signal stored in said digital memory
means, said reference voltage signal representing
said initial corresponding value level of said output
signal derived from said gas sensor means.

4. The cooking apparatus of claim 2 or 3, wherein

said selection means comprises;

a plurality of selection switches; and a plurality of
resistors connected to each of said plurality of
selection switches for determining division ratios
of said voltage dividing means.

5. The cooking apparatus of claim 1, 2 or 3, wherein

said cooking apparatus comprises a microwave oven
and wherein said cooking energy source means com-

10

—

5

20

25

30

35

45

50

55

65

6

prises a magnetron for conducting microwave cooking
in said microwave oven.

6. The cooking apparatus of claim 1, 2 or 3, wherein
said cooking energy source comprises a sheath heater
disposed in said oven cavity means.

7. The cooking apparatus of claims 1 or 3, wherein
said reducing gases produced by said foodstuff include
organic gases.

8. The cooking apparatus of claim 7, wherein said
organic gases belong to the group consisting of Ethanol,
Methane and Isobutane.

9. The cooking apparatus of claims 1 or 3 wherein
said reducing gas produced by said foodstuff belongs to
the group consisting of Carbon Monozxide, Ethanol,
Methane, Isobutane, and Hydrogen.

10. The invention of either of claims 1, 2 or 3 wherein
said gas sensor means comprises a variable resistance
means for providing a resistance value representative of

said concentration of said reducing gas.
x * * %x %
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BACKGROUN ARY OF THE

Various kinds of sensors are propose
ina sil such as a com-
and ng cooking oven.

humidity in the

for

5

10

15

20

de-

tect the browning condition and, ther the -
tor and the humidity sensor are not st for -
:nsor is suited for

an air inlet of the cooking utensil
dep
coo

di in the oven ¢
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FIG. 1is a circuit diagram of a basic detection system
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heating oven, wherein the electric heating is first per-
formed and the microwave cooking is last performed.
First, the electric heating cooking is performed.
Upon completion of the electric heating cooking, the
oven door is opened at a point A. Under these condi-
tions, the gas sensor output F is suddenly reduced by
opening the oven door at the point A, but the thermistor
output G does not immediately fall due to the heat
retained in the oven cavity. Thus, when the microwave
cooking is initiated at a point B, the thermistor output G
exceeds the reference level VR in a short time. How-
ever, in accordance with the present invention, the gas
sensor output F is also monitored to continue the micro-
wave generation till the gas sensor output F reaches the
reference level ER;. :
The above-mentioned variable resistors 14 and 24 are
preferably interlocked so that the reference levels ER
and VR are set when a desired menu is selected
through a menu selection lever.
The invention being thus described, it will be obvious
that the same may be varied in many ways. Such varia-
tions are not to be regarded as a departure from the
spirit and scope of the invention, and all such modifica-
tions are intended to be included within the scope of the
following claims.
What is claimed is:
1. A cooking utensil comprising:
heat generating source means for cooking a foodstuff
disposed in the cooking utensil;
gas sensor means for detecting the concentration of a
gas emitted from the foodstuff being cooked in the
cooking utensil and developing a first detection signal
when the concentration of said gas exceeds a first
reference level;

temperature sensor means for detecting the temperature
of the foodstuff being cooked in the cooking utensil
and developing a second detection signal when the
temperature of the foodstuff exceeds a second refer-
ence level; and

a control circuit for controlling the operation of said
heat generating source means, said control circuit
comprising:

determination means responsive to the first and sec-

ond detection signals for developing a control sig-
nal when both said gas sensor means and said tem-
perature sensor means develop said first and second
detection signals, respectively; and

driver means responsive to said control signal for

terminating the operation of said heat generating
source means in response thereto.

2. The cooking utensil of claim 1, wherein air is ex-
hausted from an oven cavity of said cooking utensil
during the cooking of said foodstuff, and wherein said
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6

temperature sensor means comprises a thermistor for
detecting the temperature of the air exhausted from the
oven cavity of said cooking utensil.
3. A microwave oven for cooking a foodstuff dis-
posed therein, comprising:
microwave generation source means for generating
microwave energy to cook said foodstuff;
gas sensor means for detecting the concentration of an
exhaustion gas developed from said foodstuff during
the cooking thereof in the microwave oven and de-
veloping a first detection signal when the concentra-
tion of said exhaustion gas exceeds a first selected
value;
thermistor means for detecting the temperature of an
exhaustion air exhausted from an oven cavity of said
microwave oven and developing a second detection
signal when the temperature of said exhaustion air
exceeds a second selected value; and
a control circuit for controlling the operation of said
microwave generation source means, said control
circuit comprising;
determination means responsive to the first and sec-
ond detection signals for developing a control sig-
nal when both said gas sensor means and said
thermistor means develop said first and second
detection signals, respectively; and
switching means responsive to said control signal for
terminating the generation of said microwave en-
ergy from said microwave generation source
means in response thereto.
4. The microwave oven of claim 3, wherein said
determination means comprises:
first comparator means for receiving said first detection
signal from said gas sensor means and a first reference
level voltage signal and for developing a first deter-
mination signal when the first detection signal ex-
ceeds said first reference level voltage signal;
second comparator means for receiving said second
detection signal from said thermistor means and a
second reference level voltage signal and for devel-
oping a second determination signal when the second
detection signal exceeds said second reference level
voltage signal; and
gate means responsive to the first and second determi-
nation signals for developing said control signal when
both said first and said second determination signals
are received from said first and second comparators,
respectively.
5. A microwave oven in accordance with claim 3,
wherein said exhaustion gas comprises reducing gases,
said gas sensor means detecting the concentration of

said reducing gases developed from said foodstuff.
* % X ¥ *
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[57] ABSTRACT

A microwave oven includes a gas sensor for detecting
the concentration of gas developed from a foodstuff
disposed in an oven cavity. When the cooking operation
is conducted to a desired level, the gas concentration
reaches a preselected level and, hence, an output signal
of the gas sensor shows a predetermined output level at
which the microwave generation is terminated. An
abnormal condition detection circuit is provided for
detecting- an abnormally high resistance created in the
gas sensor due to, for example, disconnection of a
warming heater included in the gas sensor. When an
abnormal condition is detected by the abnormal condi-
tion detection circuit, the microwave generation is ter-
minated and an alarm display is conducted to inform the
operator of the abnormal condition.

5 Claims, 5 Drawing Figures
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FIG. 4 is a circuit diagram of a control circuit in-
MICROWAVE OVEN EMPLOYING A GAS cluded in the microwave oven of FIG. 1; and
SENSOR FIG. 5 is a time chart for explaining an operation

mode of the control circuit of FIG. 4.

BACKGROUND AND SUMMARY OF THE 5
INVENTION DESCRIPTION OF THE PREFERRED
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BACKGROUN SUMMARY OF THE
TION
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movement, the control circuit is placed in another mode
of ration, in the is con-
tro by an signal r.

BRIEF DESCRIPTION OF THE DRAWINGS

invention and wherein:

FIG. 1is a circuit diagram of a control circuit of an
embodiment of a cooking utensil of the present inven-
tion;

FIG. 2 is a schematic front view of a cooking mode

G.5isa vol-
resistor v stics
of the cooking mode selection panel of FIG. 2.

DESCRIP OF EFERRED
oD

FIG. 1 shows an embodiment of a control circuit of a

c g of t
c irc c door switch 1
which is closed when an oven door of the cooking

3 is connected to receive the A.C. power supply
e 1, th a
act7 y

coil 5.
The control circuit further comprises a timer motor 8,
a selection switch 10, and a cook start manual switch 11.
The timer motor 8 is connected to the A.C. power

series circuit of the relay coil 5 and a normally close

19 .
23 of the resistor 21 and the gas sensor 22 is

selection panel included in the cooking utensil of FIG. 65 connected to a node 26 of the diode 24 and the capacitor

1
FIG. 3 is a sectional view taken along line ITI—III of
FIG. 2;
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co of
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and a va e stor 37 is to

circuitof va  le resistor esis
llel A node 30 of the vari e 28
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resistor 36 and e st rough a volume
resistor 39. A u t of the volume
39 is to a re input
lofa 40. An of the
comparator 40 is connected to the base electrode of the
r 31. The nod s connected to a data input

of the compa 40. - :

-men d volume the
se ches and 12 are . ach

other as shown in FIGS. 2 and 3.

member 44 contacts the resistor plate 41. Indications 46
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What is claimed is: ’

1. In a cooking utensil for cooking a foodstuff includ-
ctin o
tuff r

manual selection means for selecting a desired cooking
condition for said foodstuff when said selection means is

in of a pl said
n s being e said

c g .
i s responsive to the selection of

said desired cooking condition by said selection
means for determining a desired reference signal,
said reference signal being compared with said
output from said gas sensor for controlling said
cooking utensil; and '

first switch means responsive to the placement of said
selection means at a preselected position other than
said desired positions for enabling said timer and

gas sen  thereby ng
il from a Sensor ¢ dc
ope mode and p -
na controlled ¢

2. The cooking utensil of claim 1, wherein said selec-
tion means is slidably secured on said control panel, and
said first switch means is disposed at an end of the slid-
able course of the selection means.

3. The cooking utensil of claim 1 or 2, wherein said
cooking utensil comprises a cooking energy source, said

en mi eg

ce ve for
ing purposes and an electric heater for developing elec-
tric heat energy for cooking purposes.

4. The cooking utensil of claim 3, further comprising
second switch means for automatically selecting either
the microwave generation source or the electric heater
in response to the location of said selection means.
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5. A cooking utensil for cooking a foodstuff, compris-
mg:
a

g ofa

gan

including reducing gases, said gas sensor detecting

g ted

m a ok-

ing condition for said foodstuff when said selection
means is placed in one of a plurality of desired
positions;
volume resistor means responsive to the selection of
said desired cooking condition by said selection
means for determining a reference signal level;
comparator means responsive to the output from said
gas sensor and to said reference signal from said
volume resistor means for developing a resultant
Sensor ex-
c tant output
for controlling the energization of said cooking
energy source developing means.
6. A cooking utensil in accordance with claim §,
further comprising a timer for controlling the operation
of said cooking utensil in a timer controlled cooking

operation mode; and
switch means responsive to the placement of said
than
and

said controlling means energizing said cooking en-
ergy source developing means for a time period
determined by said timer during the enablement

thereof.
* * * * *
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BACKGROUND OF THE INVENTION
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nected between two electrodes and a heating elément
for heating the variable resistance element. The resis-
tance between the electrodes is related in value to the
resistance of the variable resistance element, which

from the relatively stable value as

concen nofg hydr ns in the vicinity
of the s and al bits a ase in resistance to
an initial action resistance value substantially below the
stable value during the initial heating period. A series
circuit arr fir d switch-
ing means en and non-

second switching means in the conductive condition
sound an audible

by an t a prede
nofg h ns in tl
re ce ele The pre
is e the 1 action
e iza of the heat e .
c tt ers the sec in

switching circuit means and intermitt
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dition of the sensor.

a

i

s
gen an si in respon
con An le m means
sensed alarm condition is a concentr:
ons the n
nun mess ]

when read in conjunction wi

60

65

4

FIG. 2 is a detailed schematic diagram of one em-
bodiment of the alarm system of FIG. 1;

FIG. 3 is a schem m il ting one em-
bodiment of the aud of .1 and 2 in
an

t ent

s in

FIG. 5 is a functional bl illustrating the

audible alarm of FIG. 4 in I; and

FIGS. 6B and the -
tance characteris r as -
su in f ina -
su ci ch as is illustrated in FIG. 6A.

ON

Certain a ion are dly

applicable to al but for ve-

nience will be described hereinafter in connection with

alarm en S fically, the
thesizer ci described
with a variety
ognition of the
to 1, a gas sensor and

rec power from an a.c.
)or 60 cycle a.c.) and provides

+V) and sensor signals RES

he alarm circuit 12 includes an alarm
, a delay trigger circuit 16 and a fault
Also, included in the alarm circuit are
rcuits 20 and 22 and an audible alarm

circuits 22 and 20 are connected in a

t across an rs

10. As will ed
1€ swit circuit tri
ctivec ontoa ive
>th switch its are conduct
produced the circuits 20

nal, when produced, is used to sound

ance value of the gas sensor in the
esistance value is related to the con-
y
n
e
el representative of a predetermined

€ when the sensor signal RES indi-
alue below the predetermined level.
sly mentioned, the gas sensor resis-
is such that during an initial action
d of the sub-
gas sens dras-

or initial heating p
1

T1 will be produc
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be tr to i ctiv During the In the
al acti d, h the ng circuit 22 sorisaT
uctive signal will not be
: ‘ bulk tor resi
1ly, the circuit 16 is essen- 5 element 34 compo ainly e. The
1.0 volts a.c. is connected to the elec-
0B
to

This delay time is selected such that the delay trigger 30D are connected

2 atatime equal 10 and R3 to the a.c. (common) terminal. Thus the heater
al action period. 32 is energized by 1.0 volts and there is-a 100 volt poten-
12 s produced, tial across the series combination of the resistance ele-
S2) into conduc- ment 34 and the resistors R2 and R3. A limiting resistor

. ) i ergized and has R12 is connected across the resistance element 34 be-
reached its relatively stable resistance value. At that 15 ween terminals 30A and 30C of the sensor.

swW
is
ns
alarm 24 does not sound during the
Since the switching circuit 22 is held 20

32-R3 junction is connected through a

The fault trigger circuit receives
voltage +V and also receives the s
and monitors this signal. One comm

t limiting resistor R6 to the trigger
SCR switch 20 and to the cathode or
: of a conventional voltage sensitive
2 (e.g., a trigger transistor or neon
2 or collector electrode of the trigger

ected to the collector electrode of the

i g e;:h; eslf; through a series RC network compris-

ger T3is er ed) si 'and a capacitor C1.
peri ly tri s hing f the cathode of the diode l_)l and the
conductive state in response to a s onnected through series resistors R10
The alarm 24 thus produces a fault si gger input ter_mm_al of the SCR switch
an alarm na 10-R11 junction is connected through
FI1G. 2 on o the junction of the SCR switch 22
system of FIG. 1 in greater detail. alarm 24. A resistor R8 is connected in
FIG. 2, a suitable a.c. power sourc SCR §w1tch 29 so that a charging path
transformer T1 through a fuse F1. r C2 is established through the SCR

n conducting) or the resistor R8, the
the diode D1.

n understanding of the operation of the
ent of the present invention, reference

rangement the a.c. voltage 1GS. 6A-6C. The gas sensor TGS of

A conv piezoelectric ¢ tance characteristics approximately as
transducer providing a suitable aud 3S. 6B and 6C when measured (in terms
nected in series between the SCR’s 2 e output signal across a load) with
an audible alerting signal when tk IG. 6A. Using the circuit of FIG. 6A,
tri d into uction. exam voltage VH of 1.0 volts and a circuit
in 3, the of a su e elec 00 volts, an output signal VRL across a
ducer 26 may be connected in se yr RL indicative of variations in resis-
switches 20 and 22 so that current sensor resistance element can be mea-

switches when both are conducting o
ws the initial heating or initial action

ied er hega

he w  ngis st immediately decreases (i.e., conduc-
The a re sec vol inc matic to
this d is on. LA the onor ial
a.c., and is connected across a serie ing tor R1 minute
and a light emitting diode L1 to pr a“ er-on”’ of the
indication. : ncreases and assumes a relatively stable,
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It will thus be appreciated that the SCR switches 20

ute and pre ly after t3 when au signal s ng the al action per

various type ower gas hyd intro- de the sub 1 inther  ance of the re
in ous con s in the vicinity of the nt 34 g this period. However, after the
LIt be seen . 6C that when concen- 2isc d and the SCR switch 22 is con-
om 0 to parts per mil ) of 10 duc triggering of the SCR switch 20 will sound

r hydroc gases are in the the :

resistance of the gas sensor resistance element decreases a nd er
(the output signal increases) as a function of the concen- a mi m o-
tration of the gas in the vicinity of the sensor. c he of a

Ordinary household gas primarily contains the low
hydrocarbons and thus these gases (e
pane, butane and ethane) are of pri

ity of the sensor reaches a level of :
lower explosive limit (e.g., about 200
appreciated, however, that other hyd;
ous states also cause the sensor to ex
tance changes in their presence. Thus
resistance of the gas sensor resistance
inversely with the concentration of hy
and carbon monoxide as well as the
organic solvents such as ethanol, acet
benzene.

With reference once again to FIG. :
the gas alarm is as follows. Power is i
the T e
the it. e
gized, there is a substantial decrease
value of the resistance element 34 and
arm of potentiometer P1 increases in a
that illustrated in FIG. 6B. Accord
initial heating interval (i.e., for about |
energization), the SCR switch 20 is t
duction by the trigger circuit 14.

Simultaneously, the SCR switch 2;
ductive condition since the capacitor
and the voltage from the trigger circ
zero. Current flows through the resi

ch

ug

ug
timing circuit, and the capacitor C2 ch:
above charging path to a level suffici
SCR switch 22 into conduction over a
excess of the initial action or heating
sensor. In the illustrated embodiment,
and the components in the ing
such that the capacitor C2 es tc
trigger level after about 2 to 3 minutes,

ds, the

a rela
value cie t thevo e trig-
ger si T1 1 ent to g SCR

a level of charge sufficient to trigger the SCR switch 22
into conduction, in which state it remains while the
alarm circuit is energized.

15 decrease in sensor resistance and an increase in the

the r signal T1. The pot -
bly ed so that when the -
ost o-
'er n-
“is er

the trigger signal T1 is of a sufficient
er the SCR switch 20 into conduction.
the presence of gaseous hydrocarbons
1ed concentration or greater, the SCR
e triggered and, since the SCR switch
nductive, an alarm signal will be pro-
ction of the switches 20 and 22 and an

d. This 1 be a steady tone

odimen continue until the
m decreases below the predetermined

1€ mos failures pe of
ated is sor resis ment
ited, th t circuit 18 (T3) is pro-
such a on and sound a failure

e gas alarm circuit is energized, the
turned on as long as there is a certain
nt flow through the gas sensor resis-
These resistance elements may vary
nce n th they are
iteh t  resis 12 is thus
llel with the sensor so that the parallel
>nsor resistance element 34 and resistor
the necessary current flow to maintain
in conduction as long as the circuit is
le gas sensor resistance element is not

istor Q1 on, the capacitor C1 remains
€ trigger device Q2 remains non-con-
T, if the gas sensor resistance element
other open circuit fault occurs in the
d the RES signal drops below the level
he transistor Q1 on, then the transistor

the voltage across resistor R9 and
llowed to inc toward the voltage
itor C1 thus ges and, when the
‘he trigger device Q2 is reached, the

it

e
60 (s}
c the produ
a 24.
Y,
to tr
65 it n

tional device such
bulb that has a tri
level. The trigger

than its
remove

r level hi
nal T3 is

ing
the
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alarm turns off. Of course, when the device Q2 becomes
non-conductive, the capacitor C1 again charges and,
apre T time s r
e Q2 the a r
intermittent audible alarm, different from the steady gas
alarm sound, is produced when a fault is detected.

Typica v ev of the gas
alarm as d a S 109 gas
sensor may be as listed below:

D1

C1

c2

volt

H1 Horn, Kobishi Type CLB 26 or Edwards Type
123-N5, 120 VAC

11 LED, red

P1 Potentiometer, 500 ohms.

Q1 Transistor, 2N2925 or equiv.

Q2 er, 60 rola
Q3 2N M 2

Q4 SCR, 2N5064 Motorola

R1 , 4

R2 , 3 t
R3 9

t
R8 Resistor, 100 Kohms, § watt
R9 10 Kohms, § watt
R1 , 10 Meg ohms, § watt
R11 Resistor, 100 Kohms, § watt
R12 Resistor, 220 Kohms, $ watt

s
such as that illustrated in FIG. 3. With such a trans-
ducer, the alarm signal, in the form of current above a

veloped across a suitable load and supplied to an audible

present invention,
in the form of a
spo ag ces al stems ffer-
ent ns be d a bui the
en will assist in an iate determina-

of arm has been tri

One embodiment of a circuit for providing such a
is ill din F 4 and 5. As is shown in
, the signal uced by an alarm circuit

ator 38 for conversion to an audible message.

th
er
if
ator to smooth the digital signal from the memory.
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10
c fil to uce an r-
i ,a ds n mess is
word izers m , for
the o 40 or g de

clock an address generator which, in turn, may address
a read only memory (ROM) in a predetermined se-
e. More se s or al sy
may be de sme esin

(or “smoke”), “fault” and “replace battery”. An intru-
sion alarm m synth 1stop mes
such as “int ar do “intru nt d
“intruder-rear window”, etc., depending upon which

alarm sensor is triggered.

s
8
embodiments are therefore considered in all respects as
illustrative and not restrictive. The scope of the inven-
tion is indicated by the appended claims rather than the
ing n, ch ] come
the an of v of the
claims are therefore intended to be embraced therein.
What is claimed is:
1. An alarm system for providing an alarm upon the

occ of g
ous
a spon
able re nce WO
trodes me re-
res b elec-
in 0 ce of
ce t, ce of
e assuming a p
el stance value

concentration of gaseous hydrocarbons in the vi-

d sensor, a ase in resis-

to an in a resista value

substantially below said stable value during the

initial heating period;

a series circuit arrangement comprising first and sec-
on
po
op
co

switching means producing an alarm signal with
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' bmh the first and second switching means in the
_nducrlve condition;
Jalarm means for sounding an audible alarm in re-
& sponse to said alarm signal;

ﬁrs];- 'tnggcr circuit means for triggering said first
swnchmg means into its conductive condition in

-;.;‘,J//'requnse to said variable resistance element de-

creasing at least to a predetermined resistance
value, which resistance value is below said stable
value by an amount signifyihg a predetermined
concentration of gaseous hydrocarbons in the vi-
cinity of said resistance element, said predeter-
mined resistance value being above said initial ac-
tion resistance value occurring during said initial
heating period;

second trigger circuit means including a capacitor
having a charging path which includes said first
switching means and connected to be charged to at
least a predetermined charge level upon energiza-
tion of said heating means, said second trigger
circuit means triggering said second switching
means into its conductive condition in response to
said capacitor achieving said predetermined charge
level; and

20

25

30

35

40

45

50

4,335,379

12
third trigger circuit means connected to said first
switching circuit means for intermittently trigger-
ing said first switching circuit means into its con-
ductive condition in response to the occurrence of
an abnormal condition of said sensor.

2. The alarm system of claim 1 wherein said alarm
means is connected in series between said first and sec-
ond switching means and comprises a current respon-
sive gudible alarm for generating an audible tone in
response to current flow therethrough above a prede-
termined value.

3. The alarm system of claim 2 wherein said current
responsive audible alarm is a piezoelectric transducer.

4. The alarm system of claim 1 including a limiting
resistor connected in parallel with said sensor between
said first and second electrodes to maintain said stable
value of resistance of said resistance element at a value
below an apparent open circuit value.

5. The alarm system of claim 1 wherein said alarm
means is connected to receive said alarm signal pro-
duced between said first and second switching means
and comprises means for synthesizing and annunciating
a predetermined spoken message related to a sensed

alarm condition.
* % L * *
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This invention relates to a cooking oven h v
ing a microwave generator and a heater,

With the progress of the technology of
transducer elements or so-called sensors used for
transducing temperature, humidity and other information
into corresponding electrical signals and also with the
progress of the microcomputer technology, a great
progress has also been made in the fleld of cooking
apparatus, and an automatic.microwave oven has become
put into practical use in which, after the user puts
materials to be cooked in the oven chamber and merely
orders to start required cooking operation, a sensor
installed in the microwave oven senses a change in the
relative humidity of air in the oven chamber due to
vapor given off from the foodstuff, and a microcomputer
makes necessary data processing and generates a command
signal instructing the end of the cooking operation or
changing the output level of the microwave power
required for cooking. However, in spite of the fact
that a variety of information of components including
vapor, oot and volatile matters of very small amounts
must be sensed for the attainment of succes ful
cooking, the unifunctional sensor employed in the prior

microw oven of automatic type above discribed

h not been ¢ able of sensing the componants such as
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the soot and volatile matters of very small amcunt .
| It is an object of the present invention to
realize an automatic microwave oven having a heater
function and provided with a multifunctional gas sensor
which can singly sense both of humidity and soot, given

off from a foodstuff.

PN

10

15

20

25

It 1s another pbjgct of the present inventiocn
to provide a microwave oven including a foodstuff
heater means and a microwave energy generating means,
in which a ceramic gas sensor, whose sensing part‘is
made of a ceramic compositions and which is provided
with a heater heatlng the sensing part, is disposed in
an exhaust guide, and the temperature level of heat
applied to the sensing part of the sensor 1s varied by
a control signal applied from an electronic circult
controlling the foodstuff heater means and microwave
energy generating means thereby changing the sensing
characteristic of the sensor, 80 that the single sensor
can sense both of humidity and soot which are different

from each other in character and are required as infor-

mation for the achievement of successful cooking.

Another object of the present invention is to
provide a microwave oven of the above character 1n -
which the sensing part of the sensor 1s heated at one
of temperature levels depending on the cooking infor-
mation to be sensed by the sensor, that is, the sensing
part 1is heated at a low temperature level to prevent

dewing thereon when a change in the relative humidity
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.of ailr in the oven chamber due to vapor given off from

a foodstuff i1s to be sensed, while it 1is heated up to
a relatively high but stable temperature level when the
soot glven off from the foodstuff is to be sensed.

St1ll another object of the present invention
is to provide a microwave oven of the above character,
in which, in spite of the fact that the level of the
sensor ouéput signal during the soot sensing operation
differs greatly from that of the sensor output signal
during the humidity sensing operation, the electronic
circult can process the indlividual sensor output
signals with the substantlially same reliability.

The above and other objects, features and
advantages of the present invention will become more
apparent from the following detailed description taken
in conjunction with the accompanying drawings, in which:

Fig. 1 1s a partly cut-away front elevation
view of an embodiment of the microwave oven provided
with a ceramic gas sensor according to the present
invention;

Fig. 2 1is a partly cut-away front perspective
view of the microwave oven provided with the ceramic
gas sensor according to the present invention;

Fig. 3 1s a partly cut-away rear perspective
view of the micrcwave oven provided with the ceramié
gas sensor according to the presentlinyention;

Fig. 4 is an external general view of the

micro ave oven provided with the ceramic gas sensor
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according to the present invention;

Fig. 5 is a perspective view of the ceramic
gas sensor;

Fig. 6 is an enlarged detail view of the
sensing part of the ceramic gas sensor shown in Fig. 5;

Fig. 7 is a graph showing the relative humid-
ity vs. resistance characteristilc of the ceramic gas
sensor;

Fig. 8 is a graph showing the output voltage
characteristic of the ampliflers relative to the
resistance of the ceramic gas Sensor;

Fig. 9 is a graph showing the soot sensing .
characteristic of the ceramic gas Sensor;

Fig. 10 is a sketch of the structure cf the
electronic circuit;

Fig. 11 1s a circult diagram showing tne
structure of the voltage source supplying power to the
heater heating the surface of the ceramic gas sensor,;

Fig. 12 is a circult diagram of the electronic
circuit when the ceramic gas sensor is making its
humidity sensing operation;

Fig. 13 is a graph showing the time-depending
change of the comparator input voltage when the ceramic
gas sensor is making the humidity sensing operation;-

Fig. 14 is a circuit diagram of the elee;ronic
circuit when the ceramic gas sensor is making 1ts soot

sensing operation;

Fig. 15 is a graph showing the time-depending
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change of the comparator input voltage when the ceramic
gas sensor is making the soot sensing operation;

Fig. 16 1s a circuit dlagram of the microwave
oven control circuit 1lncluding a microcomputer;

Fig. 17 is a circuilt diagram similar to Fig.
16 but including means for switching over the gain of
the amplifiers;

Fig. 18 1s a flow chart showing the steps of
cooking carried out under control of the microwave oven
control circuit; and '

Flg. 19 is a perspectlive view of a modifica-
tion of the ceramic gas sensor in which the heater 1is
replaced by a plane one.

Referring now to Figs. 1 to 4, the microwave
energy generated by a magnetron 1 1ls gulded by a wave
gulde 2 to be directed toward and into an oven chamber
3 of a microwave oven and is absorbed by materials
placed in the oven chamber 3 to be cooked by the micro-
wave energy. An alr stream produced by a cooling fan
Ik provided for cooling the magnetron 1 passes through
a punched portion 5 of one of the side walls of the
oven chamber 3 to flow 1ntoc the oven chamber 3. Then,
the alr stream passes through a punched portion 6 of
the other side yall of the oven chamber 3 to flow out
from the oven chamber 3 and is guided by an exhaust
guide 7 to be discharged to the exterior of the casing
8 of the microwave oven. A sensor 9 as shown in Fig.

5 1s 1nstalled in the exhaust guide 7, and its sensing
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part 13 is made of cer mic composition. Thi s nsor
9 will therefore be called 2 ceramic gas sensor herein-
after. An electronic circuit 10 1s installed in the
casing 8 of the microwave oven so as to control 1l the
functions of the microwave oven on the basis of cooking
parameter information sensed by the ceramic gas Tensor
9. A plurality of punchings 10aare provided in the
reayr wall of the oven chamber 3 so that heat generated
by a heater element 1l can be transmitted into the oven
chamber 3 through the punchings 10aby the rotation of
a fan 12 which directe a stream of hot air.
The sensing part 13 of the ceramic ggs sensor

9, which is an important element of the microwave oven
according to the present invention, 1s made of a metal-
oxide ceramic composition having a porous structure as
shown in Fig. 6. In the present invention, the fact
that the electroecenductinity of the metal-oxide ceramic
composition 1s varriable depending on the amount of
water adsorbed to the porous ceramics, 1s utilized to
sense the relative'humiditj of the internal air of the
oven chamber 3 ortthe.hicrowave oven cooking a foodstuff
or the soot given off from the foodstuff being cooked.
The metal-oxide ceramic composition employed in the
present 1nvention';s a sintered porous ceramlc mixture
of rzou (magnes;gm_ehromate) and T10, (titanium
oxid ). In the cer as sensor 9, a heater 14 is

oci ed with the sensing part 13 to apply heat to
t ing p 13 ¢o0 burn out contaminants
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accumulating on or adhering to the surface of the sensing

i e

AL

part 13 thereby keeping clean the surface of the sensing
part 13, so that the ceramic gas heater $ can fully
exhibit 1its performpnce even under a severe operating
condition in which it may be exposed to oil vapor and
other organic vapor given off from a foodstuff dbeing
cooked on it may be subject to dewing during cooking.
This ceramiq gas sensor 9 shows its sensitivity
to a change in the relative humidity from 0% to 100% as
shown in Fig. 7, and the resistance of its sensing part
13 changes over a considerably wide range of from about
108 Q to about 10" Q ﬁs shown by the curve in Fig. 7.
Therefore, in order to transduce the resistance changing
over such a wide range into an output voltage changing
15 .correspndinsly, an amplifier providing such an output
voltage which changes generally smoothly all over the
changeable resistance range as shown by the solid curve
in Fig. 8, is essentially required. The dotted curve
represents the soot sensing characteristic.
20 The dotted curve in Pig. 9 shows a resistance
change in the sensing part 13 relative to the tempera-
_ture—when the ceramic gas sensor 9 is exposed to air
containing soot. The s0lid curve in Fig. 9 represents
the temperature vs. resistance characteristic of the.
25 ceramic gas sensor 9 when it is exposed to scot-free
air. Pig. 9 shows that, when soot is present in the
ambient air, the sensing part 13 of the ceramic gas

sensor 9 senses volatile matters such as hydrocarbons

-y w T . " o . . . . .. .
T b S Smrat L T e 2 - e -7 STt -
B S 1ot U s S o (PP o= 3. 1+ SALI LMD ERIC U PR
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d ldhyd of vrysmll unt cont ind in ¢t
soot, nd th r 1 tance of th nin prelidve
higher than wh n uch tters r not pr nt.
higher the temperature, the more isth rt of ch
of the resistance of the sensing part 13. Thi r te
AR of change of the reslstance of the sensing p ¢ 13
48 such that the resistance value changes from out

10" @ to about 10° 0 in the vicinity of 450°C and is

P

thus very small compared with that observed when the
relative humidity of air or the content of water vapor
in air. changes from 0% ‘to 100%. Therefore, another
sed in the soot sensing operation need not

exhibit its amplification performance ovef a wide
resistance range unlike that used in the humidity
sensing operation, but it is required to provide a large
gain in a resistance range of from about 10u Q to about
106 Q. The level of the voltage applied across the
heater 14 during the humidity sensing operation is also -
selected to differ from that applied across the heater
14 during the soot sensing operation. In the case of
the humidity sensing operation, the level of the voltage
applied across the heater 14 to heat the sensing part
13 is such that the temperature of the heated sensing
P 13 is higher by about 5°C than room temperature so
th . the sensing part 13 may ﬁot be subject to dewigs
th reby preventing or avoiding degradation of the

dity ensing characteristic. On the other h

in ¢ e of the soot sensing operation, it 1is
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necessary toh t th aensing p rt 13 up to bout 50 C
at which the ceramic gas sensor 9 ho s 1its hi
sensitivity to soot,

Fig. 10 is a asketch of the atructure of the
electronic circuit 10. The circult 10 acts s
humidity sensing circuit when a switch 15 is 8 itch 4
to the position connecting the sensor 9 to an amplifier
16 participating in the humidity sensing operation, and
another switch 17 1s switched to the position connecting
the heater 14 to a low-voltage source 18 which supplies
powner of low level consumed by the heater 14 to avoid
dewiﬁg. On the other hand, the circuit 10 functions as
a soot sensing circult when the switch 15 is switched
to the position connecting the sensor 9 to another
amplifier 19 participating in the scot sensing operation,
and the switch 17 is switched to the position connecting
the heater 14 to a high-voltage source 20 which supplies
power qf high level consumed by the heater 14. The
output voltage generated from each of these amplifiers
16 and 19 1s compared in a comparator 21 with an output
voltage generated from a reference voltage generator 22,
and the resultant output voltage appears from the
comp ator 21. On the basis of the relation between
th reference voltage and the output voltage of the
comparator 21, the present level of the output voltage !
or the resist ce value of the sensing part 13 of the

¢ [ 8 nsor 9 can be detected.
« 11 1s circuit dia of the volta
e ¥ e A sea .

Ex. 2003.0186



10

15

20

5

- 10 -
source for th he ter 14. Wnen s itch 23 1 witeh
to the position N.O. nd nother s itch 24 4 eclo
the secondary voltage of transfor 25 1 ppll
across the heater 1li, and the heater 14 h 't th n in
part 13 of the ceramic gas sensor 9 up to t mp ratur
higher than about 500°C to burn out contaminants uch
as oil vapor and dust. accumulating on or adhering to the
surface of the sensing part 13. This 1s the so-called
refreshing operation which 1s necessarily carried out
prior to cooking s0 2as to prevent or avoid degradation
of the sensitivity of the sensor 9. on the other hand,
when the s itch 24 is opened with the switch 23
maintained in the position N.O., the voltage obtained
by dividing the secondary voltage of the transformer 25
by a resistor 26 and the resistance of the heater 14 is
applied across the heater 14, and the heater 14 warms
up the sensing part 13 of the ceramic gas sensor 9 to
avoid dewing on the sensor 9 making the humidity sensing
operation. When the switch 23 is then switched to the
position N.C., the secondary AC voltage of the trans-
r 25 is applied across the heater 14 after being
converted into a stabllized direct current voltage by
a stabilized direct current voltage supply circuit 25-a,
t h ter 1li heats the sensing part 13 of the

¢ ¢ s sensor 9 up to about 450°C. Such 2 power
ly ¥y 4s thus effective in stabilizing the scot
e teristic of the ceramic gas sensor 9

of iations of the powqr.supply volt ge.
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Fig. 12 circuit dia of th electronic

eircuit 10 when the ceramic g8 nsor 9 i ki ¢th
humidity sensing operation. The circuit includ
capacitors 13-a and 13-b which are provided so ¢t ¢
direct current comﬁonents, which may be superpo ed on
the pulse input or signal and applied to the sensing
part 13 of the ceramic gas sensor 9, may not cause
electrolysis of the metal-oxide ceramic composition
resulting in degradation of the sensitivity of the
sensor 9. The signal voltage divided by the resistance
of the sensing part 13 and a resistor 27 is applied to
a first operational amplifier li-a in which the signal
voltage is amplified by the factor determined by the
ratio between the resistance values of resistors ll-c
and l4-d and has its phase inverted. The output voltage
of the first operational amplifier l4-a is then
amplified by a second operational amplifier 1l4-b by the
factor determined by the ratio between the resistance
v lues of a resistor 28 and a feedback resistor group
29 and has its phase similarly inverted. The resultant
output voltage of the second operational amplifier li-b
is pplied as an input to the comparator 21. Thus, the

8 voltage is applied as one of the inputs to the
co tor 21 after being subjected to the t o stage
ing 1ific ion. Diodes 30 and 31 are canneeted
in b | th the sociated resistors respectively in
t £ ¢ r istor group 29 to function ite
. s te diod act to it lych e
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over the resistance of the feedb ck r istor oup 29
depending on the level of the amplifiler ouiput volt
so that the amplifier output voltage s nm Kk en rally
smooth change durlng a change of the resistance of th
sensing part 13 of the ceramic gas sensor 9 between
about 10" @ and about 108 .

Fig. 13 shcws the time-depending change of the
input voltage applied to the comparator 21. In the
range (A), the comparator input voltage increases due
to the fact that the temperature of the sensing part 13
rises owing to the refreshing operation and the
resistance value of the sensing part 13 becomes small.
Upon attainment of the cleaning temperature, the voltage
source for the heater 14 is switched over so that it |
serves the dewing preventive function. Thus, in the
range (B), the resistance value of the sensing part 13
becomes 1afge and the comparator input voltage
decreases. In the range (C), the sensing part 13 1s
sufficiently cooled by the air stream to show the
humidity sensing characteristic, and the comparator
input voltage increases again. Cooking is continued in
such condition resulting in a rise of the temperature
of the air in the oven chamber 3 and in a decrease of
th r lative humidity of the air in the oven chamber.
Thu , in the range (D),.the resistance value of the

13 of the ceramic gas sensor 9 becomes
ly ge, the co ator input voltage

4 r s ly. Then hen ter vapor begins to
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be given orr_rrom materiala dein cook , th r tiv
humidity of air in the oven chamb r 3 incre se pidl ,
and the resistance value of the sen i p rt 13 of th
ceramic gas sensor 9 begins to becom 11. Thu , in
the range (E), the comparator input volt g st t to
increase again. The increment AV of the comp rator
input voltage from its lowest level in the range (E) is
detected so as to control the cooking operation.

Fig. 14 1s a circuilt diagram of the electronic
circuit 10 when the ceramic gas sensor 9 is making the
soot sensing operatlon. The amplification characteristic
of the amplifiers in this circuit 1s as represented by
the dotted curve in Fig. 8.

Fig. 15 shows the~t1me-depending.change of
the comparator input voltage when the ceramic gas sensor
9 is making the soot sensing operation. In the range
(A) in Fig. 15, the comparator input voltage increases
because of the refreshing operation. Upon complete
burn-out of contaminants accumulating on or adhering
to the surface of the sensing part 13 of the ceramic
gas sensor 9, the voltage source for the heater 14 is
s itched over to carry out the heating function for
h ting the sensing part 13 up to about 450°C. The
resistance value of the sensing part 13 becomes
gr dually large as the ceramic gas sensor 9 is exposed
to soot containing volatile matters such as hydrocarbons

d des. Thus, in the range (B), the ¢o tor
vol ge starts to decre se. It is th d tection

3
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1 1level at which th voltag 1 vel 1 lo er Dby the
decrement AV from that ppli d to th he t r 18 o
start heating of the sensing part 13 up to bout
4soec.

Fig. 16 is a circuit diagram of on form of
the microwave oven control circuit including a nicro;
computer 3l-a as a control means. Upon depression of
a start button 32 (Fig. U), a start switch 33 1s closed
to close a contact 34-a and open a contact 34-b of a
semiconductor switch 34, and an amplifier 35 for the
humidity sensing purpose 4is selected, while, at the
same time, a refreshing operation relay 36 1is energized—
qun attainment of the refreshing temperature, the
refreshing operatién relay 36 is deenergized to change
over the voltage applied across the heater 14. When, on
the other hand, the start button 32 is depressed after
depression of a grill key 37 (Fig. 4), a grill switch
38 is turned on to open the contact 34-a and close the
contact 34-b of the semiconductor switch 34 after the
refreshing operation. An amplifier 39 for the soot
aeniing purpose is now selected, and a heating relay
40 is energized to change over the voltage applied

cross the heater 14. A D-A converter 4l includes a

C S IC 42 and a ladder type resistance network 53
connected to five output terminals of the IC b2, so

t ¢t 5=bit inf tion output from the microcomputer
3 ¢ be converted into one of 29 (= 32) voltage

lev 1 Further, depression of the start button 32
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energizes the coil of »r lay 44, Th r fore,
door switch 46.of the microwav ov n i 4in it clo ad
position, the power supply voltag 1  ppll ero 8
the primari side of a high voltage tran former 45 to
induce a high voltage in the secondary sid of th
transformer 45 thereby causing oscillation of the
magnetron 1. The microcomputef 31-a detects or
calculates AV in Fig. 13 on the basis of the information
i;;Iudihé'the output voltage of a comparator 47 ana the
reference voltage applied to the comparator 47 and
fimally deenergizes the relay 44 to end the cooking
operation.

When the start button 32 is depressed after
depression of the grill key 37, the coil of a relay 48
is energized to energize the heater 1l disposed outside
of the oven chamber 3. The microcomputer 3l-a detects
or calculates AV in Fig. 15 on the basis of the infor-
mation including the output voltage of the comparator
47 and the reference voltage applied to the comparator
47 and finally deenergizes the relay 48 to end the
cooking operation.

Fig. 17 sho s a partial modification of the
circuit shown in Fig. 16. In this modification, a pair
of itches i47-a and 47-b are provided for s itching
ov the resistors in the feedback resistance group 29

t with the oper tional amplifier l4-b. The
o lifier 14-d functions s humidity
e lifier when the s itch 47- 1s closed
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and th switch 47<b is open 4, nd oot 4
purpo?h plifd r wh n th switeh 47« 4 opn
th switch 47-b is closed. M . 184 a flo ¢
showing the aforementioned st ps of cookin ¢ 1 out
under control of the microcomputer 31 a.

Fig. 19 shows a modific tionof th ¢ r ©
gas sensor 9 shown 15 Fig. 5. In Fig. 19, the coll
heater 14 is replaced by a plane one 48, and such
plane heater 48 is mounted on the surface of the sen ing
part 13 of the ceramic gas sensor 9.

1t will be understood from the foregoling
detailed description that the present invention comprisgs
a ceramic gas sensor, means for changing the level of
heat applied to the sensing part of the ceramic gas
sensor, and amplifiers having different gains. Accord-
ing to the present invention, the single sensor can
sense both of a change 1in the relative humidity of air
in the oven chamber due to vapor given off from materials
being cooked and volatile matters contained in soot given
off from the materials being cooked. The present
invention is therefore advantageous in that the state
of cooking a "grill menu", which could not be sensed by
resorting only to the humidity sensing characteristic
of prior art unifunctional gas sensor, can be auto=-

tically sensed so that the microwave oven can be used

for th cooking of a variety of menus.
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WHAT IS CLAIMED IS:
1. " A cooking oven with multifunctio 1 s
sensor comprising:

a casing (8);

an oven chamber (3) accomodating food to be
cooked;

a microwave generator (1) supplying micro ave
energy toward and into sald oven chamber accommodating

the food therein;

a heater element (ll) heating the food placed

in said oven chamber;
an air guide (7) guiding air from within said
oven chamber toward the exterior Sf said casing;
a ceramic gas sensor (9) disposed in said air
guide;
heater means (1l4) for heating the surface of
said ceramic gas sensor;
a control circuit (10) controlling the operation
of said microwave generator and said heater element
8 lectively in response to the ocutput signal from said
¢ ramic gas sensor and changing over the heating
t erature level of said sensor-heating heater means
depending on the kind of gas to be sensed; and
itching means (17) for changing the surface
t ture of said ceramic gas sensor in response to
control signal applied from said control circuit.
2. cro e oven as claimed in Claim 1
in h at ns (14) for heating th surfac
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of said ceramic gas senso?r (9) 48 connected to power
source means including a stabilised direct surrent power
source (25-a) and an alternating curriﬂt power source (25)
which are selectively switched over by said switching means.
3. A microwave oven as claimed in Claim 1, wherein
. said control circuit includes a plurality of amplifiers
(16, 19) having different gains for amplifying the

output signal from said ceramic gas sensor.
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UNITED STATES JERAMTMENT OF COMMERCE
Patent and Trademark Qffice

Address :

COMMISSIONER OF PATENTS AND TRADEMARKS

Washington, D C 20231

SERIAL NUMBER FILING DATE FIRST NAMED APP

R R - W g It ST

Fie 230

3. 1y

40 5

KY

(2]

LIS

This is a communication from the examiner in charge of your application.

COMMISSIONER OF PATENTS AND TRADEMARKS

gThis application has been examined ] Responsive to communication filed on

LICANT ATTORNEY DOCKET NO.
F SORG-1LelEs
] EXAMINER
EUNG P
ART UNIT PAPER NUMBER

b RE ‘3

DATEMAILED: g, i /64

e Fy

[] This action is made final.

\ shortened statutory period for response to this action is set to expire_g_month(s), _.—1=__dstrs-from the date of this letter

“ailure to respond within the period for response will cause the application to become abandoned.

art THE FOLLOWING ATTACHMENT(S) ARE PART OF THIS ACTION:
L | Notice of Refer s 92. 2. [] Notice
3. Notice of Ait C b ! 4. [ ] Notice
5. [ Information on How to Effect PTO-1474 6. ]

>art I SUMMARY OF ACTION

1. [X{ ctaims
Of the above, claims

ced_4

2. [] Claims
3. [ Claims
4. [ Claims
5. [X] Claims
6. [_] Claims

7. [] This application has been filed with informal drawings which are acceptable for ex
matter is indicated.

35 U.5.C. 133

re Patent Drawing, PT0-948.
of informal Patent Application, Form PT0-152

are pending in the application.
are withdrawn from consideration.
have been cancelled.
are allowed.
are rejected.
are objected to.

are subject to restrictiog or election requirement,_

amination purposes unti! such time as allowable subject

8. ) AIIowabIe: subject matter having been indicated, formal drawings are required in response to this Office action.

9, [] The corrected or substitute drawings have been received on
] not acceptable {see explanation).

itional or su
by the exam

d drawing correction and/or the [} d
[} approved by the examiner, [} 0

10. [ ] The[ Jpr

has (have)

1L [] The proposed drawing correction, fil
the Patent and Trademark Office no longer makes drawing changes. It is now

corrected. Corrections MUST be effected in accordance with the instructions set forth on the attached letter “INFORMATION ON HOW TO

EFFECT DRAWING CHANGES™, PTO-1474.

12. [] Acknowledgment is made of the claim for priority under 35 U.S.C. 119. The certifi

[ been filed in parent application, serial no, ; file
13. Since this application appears to be in condition for allowance except for formal m,

accordance with the practice under Ex parte Quayle, 1935 C.D. 11; 453 0.G. 213,

1. ) Other

PTOL-326 (Rev. 7 - 82) EXAMINER'S ACTION

. These drawings are [_] acceptable;

t(s) of drawings, filed on
lanation).

has been [ approved. [ ] disapproved (see explanation). However,

nt's responsibility to ensure that the drawings are

ed copy has [_] been received [ not been received

d on
atters, prosecution as to the merits is closed in
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Serial No. 511,556
Art Unit 213

15, The following is a quotation of 35 U.S.C. 103
which forms the basis for all obviousness rejections
set forth in this Office action:

A patent may not be obtained though

the invention is not identically

disclosed or described as set forth in

section 102 of this title, if the

differences between the subject matter

sought to be patented and the prior art

are such that the subject matter as a

whole would have been obvious at the

time the invention was made to a person

having ordinary skill in the art to

which said subject matter pertains.

Patentability shall not be negatived by

the manner in which the invention was

made.
16, Claims 1 and 6 are rejected under 35 U,S.C, 103 as
being unpatentable over Buck (995) in view of Okubo
(Japanese Kokai no. 52-13150)., Buck shows the basic
method and arrangement of fire detection in a microwave
oven. Buck uses a temperature sensor and a humidity
sensor for monitoring the temperature change and the
humidity change within a predetermined time period.
Obviously, this change of temperature or humidity
within a time period is the same as the rate of change
characteristic of the temperature or the humidity

respectively. It does not show explicitly "means for
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Serial No. 511,556

Art Unit 213 -3~

circulating air through the cai&ky to remove therefrom
gases emitted from the fpod load" although it mentions
about "an air exchange control circuit" (col. 3, line
22). It monitors the "humidity" instead of the "gas
concentration."” Okubo shows that it is known in the
art to circulate air through a microwave oven caifty to
remove gases emitted from the food with the use of a
blower (4) and the entry port(5) and monitor the gases
passing through the exhaust guide (6) to control the
power supply for fire prevention. It would have been
obvious to one of ordinary skill in the art to modify
Buck with a gas sensor for monitoring the gases emitted
from the food and being circulated through the caiffy
for better fine prevention in view of the teaching of
Okubo.

17. Claims 3-5 and 9 are allowed

18, Claims 2, 7 and 8 are objected to as being
dependent upon a rejected base claim, but would be
allowable if rewritten in independent form including
all of the limitations of the base claim and any
intervening claims.

19, Hitachi (Japanese 53-54839) is further cited to
show a five preventing arrangement in a microwave oven.
Other references cited by the applicant have been

considered and made of record.

Leung/dc
703/557/5050 / i . _
DoY) L=
5/17/84
P. H. LEUNG
PATENT EXAMINER
ART UNIT 213
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FORM PTO-892

U SEPARAILE, 1'ULD 1UFY AND BU I [UWVI EDGES, DNAF—AFARI

SERIAL NO

AV DULANU LANDUN

///

3ROUPART UNIT

U.S. DEPARTMENT OF COMMERCE ATTACHMENT
(REV. 3-78) PATENT AND TRADEMARK OFFICE — TO
i PAPER
D , ( 5-5_6 2 | 3 NUMBER }
NOTICE OF REFERENCES CITED APPLICANT(S)
U.S. PATE DOCUMENTS

SUB- FILING DATE IF

DOCUMENT NO. DATE NAME CLASS CLASS APPROPRIATE
A
B
C
D
E
F
G
H
|
J
K

FOREIGN PATENT DOCUMENTS
suB- SERTINENT
DOCUMENT NO. DATE COUNTRY NAME CLASS CLASS SHTS. | PP.

DWG ISPEC.

201 10.0R
29 /o R

TJaPAnN (OKUR O
TAPAN

L& - (3150 2-77)
M n"(’:% g—:q é“_,g

N

(0]

OTHER REFERENCES (Including Author, Title, Date, Pertinent Pages, Etc.)

EXAMINER DATE

PMLIP

W Leont 5-lo-%¢ agrien O

* A copy of this reference is not being furnished with this office action.
{See Manual of Patent Examining Procedure, section 707.05 {a).)
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Docket No. 9D-RG-16129

~

Applicant: PETER H. SMITH AUG 2
Serial No. 511,556 Group Art Unit: 213 GROUP 210
Filing Date: July 7, 1983 Examiner:

Title: AUTOMATIC FIRE DETECTION FOR A
MICROWAVE OVEN '

STATEMENT OF RELEVANCE OF PRIOR ART CITED BY APPLICAN

Honorable Commissioner of Patehts and Trademarks
Washington, D.C. 20231

SIR:

The following statement of relevance is submitted with the accompany-=
ing Form PT0-1449 (Rev. 7-80).

Document
Desiagnation Relevance
r controll the heating
being hea in a micro-
the humidi  of the air
" AB Discloses apparatus for controlling heating time
in a microwave oven as a function of sensed humidity
in the cooking cavity
v AC Discloses a method of detec
q(ylw
AD Discloses a method of controlling cooking in a

microwave oven as a function of the sensed humidity
and temperature in the cooking cavity.
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Document
i nation

AE

AF

AG

AH

Al

Ad

AK

AB

AC

Docket No.

Relevance

Discloses a microwave oven sensing system which
incorporates a temperature sensor and a humidity
sensor for cooking control.

Discloses a method of determining the optimum time
to turn meats heated in a microwave oven as a
function of the sensed temperature and humidity

in the oven.

Di S th d of done-
ne h i e as a function
of d di d i oven.

onl
Di ses th £ cooking thin meats in a
mi ave a function of sensed temperature
an midi n oven.
Discl auxiliary use m owave oven
of a as sensor as an je leak detector
when js not in use co ng.
Di ses use of a Figaro gdas sensor for food
do ss sensing in a combination microwave and

thermal oven.

Di S of igaro gas sensor and a tempera-
tu so or doneness sensing in a combination
mi e th 1 oven.

Discloses a mal function detection arrangement for
a Figaro gas sensor employed in a microwave oven.

ment for a combination
providing fo
Tevel agains

ut is to be ¢

Ex. 2003.0217



Docket No. 9D-RG-16129

Document
Designation Relevance
AD Discloses a building-alarm system employing a gas
sensor, which system is responsive to a predetermined
concentration of gaseous hydrocarbon in an area.
AL Discloses an arrangement for controlling doneness

in a combination microwave and thermal or browner
oven, which employs a gas sensor selectively opera-
tive in two modes, a humidity sensing mode for
microwave control and soot sensing mode for “grille
menus."

Full text copies of the art listed above are enclosed. It is respect-
fully requested that this art be considered by the examiner in the above-
entitled application and made of record therein.

Respectfully submitted,

D10 B

‘H. Neil Houser
Attorney
Reg. No. 28,859

August ? » 1983
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9D-RG-16129-Smith

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

AUG 2
SRE
In Re Application of GROUP 210
PETER H. SMITH Examiner: P. Leung
Serial No. 511,556 Group Art Unit: 213

Filed July 7, 1983

AUTOMATIC FIRE DETECTION FOR A
MICROWAVE OVEN

AMENDMENT

Honorable Commissioner of Patents and Trademarks,
Washington, D.C.

SIR:
In response to the Office Action of May 21, 1984, from
Examiner Leung, pleae amend the subject patent application as follows.
In the Claims:
Cancel Claim 1
}Z{ l (Amended) [The method of Claim 1 wherein the step of
detecting the characteristic rate of change includes] A method of
anticipati a fire condition in the cooking cavity of a microwave oven
of the having means for continuously circulating air through the
cavity to remove aaseous emissions from the food being heated in the
cavity and sensor means for sensing the concentration of such aases in
the circulating air, said method comprising the steps of:
circulating air through the cavity to remove therefrom
s emitted from the food load bei  heated in the cavi
sensing the concentration level of such gases in the
circulati air
periodically determining the rate of change of
concentration level
monitoring the rate of change to detect a rate of change
characteristic of the temperature of the food Toad in the cavity
closely proaching its combustion temperature including the steps of

detecting a first relatively slow rate of change indicative of the load

-1-
PS412108727784T51§556

0770843~ 2 1027 30.00CH=. ;"

Ex. 2003.0219



9D-RG-16129-Smith

having been cooked to its drying out stage and thereafter detecting a
second relatively rapid rate of change, detection of said second rate
following said first rate being indicative of closely approaching the
combustion temperature of the load: and having detected said second
rate of chanae. turning off power to the oven.
Cancel Claim 6.
/7.5 (Amended) [A control arrangement in accordance with

Claim 6 wherein] A control arrangement for a microwave oven comprising:

means for generating microwave energy for heating foods
received in the cooki  cavi

means for continuously circulating air throuagh the
cooking cavitv to remove therefrom ases emitted by the food load beina
heated in the cavity;

sensing means for sensing the concentration level of such
gases in the circulatina air and generating a first sianal having a
magnitude representative of the sensed concentration level;

sensor monitoring means responsive to said first sianal
and including means operative to periodically determine the rate of
change of concentration level as a function of time, and means
operative to detect a rate of change indicative of closely approaching
the combustion point of the load being heated in the oven, said [means
for] detecting means [said characteristic rate includes] including
means for detecting the occurrence of the second of two periods of
relatively rapidly increasing concentration level separated by a period
of relatively slowly increasing concentration level, and generating
[said] a second signal upon detection of said second period; and

means for terminating operation of said microwave eneray
generating means and said air circulating means in response to said
second sianal.

2 ¢ (Amended) [The control arrangement of Claim 6 wherein

said sensor monitoring means comprises] A control arranaement for a

microwave oven comprising:

-2~
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means for generating microwave eneray for heating foods
received in the cooking cavity;

means for continuously circulating air through the
cooking cavity to remove therefrom gases emitted by the food load being
heated in the cavity;

sensing means for sensing the concentration level of such
gases in the circulating air and generating a first sianal having a
magnitude representative of the sensed concentration level;

sensor monitoring means responsive to said first signal
and including means operative to periodically determine the rate of
change of concentration level as a function of time, and means
operative to detect a rate of change indicative of closely approaching
the combustion nt of the load being heated in the oven includina
means for detecting a relatively slow rate of increase in concentration
level indicative of the food load being heated to its drying out stage
and thereafter detecting a relatively rapid increase in concentration
level indicative of closely approaching the combustion point of the
food load and [wherein said] generating a second signal [is generated]
upon detection of said relatively rapid increase; and

means for terminating operation of said microwave energy
aenerating means and said air circulatina means in response to said
second signal.

R
Claim 1 has been cancelled, the substance thereof having been
incorporated in amended Claim 2. Claim 2 has been amended to
independent form including all of the limitations of Claim 1. Claim 6
has been cancelled, the substance thereof having been incorporated in
amended Ciaims 7 and 8. Claims 7 and 8 have been amended to
independent form, each including all of the Timitations of base Claim 6.
Claims 3-5 and 9 are allowed. Claims 2, 7 and 8 are objected

to as being dependent upon a rejected base claim but deemed allowable

if rewritten in independent form including all of the limitations of

-3-
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the base claim. Claims 2, 7 and 8 having been so amended, it is
believed that the application is in condition for allowance.
Reconsideration and allowance are requested.

It is noted that in the Office Action of May 21, 1984, only
Sheet 2 of the "List of Prior Art Cited by Applicant" form was
attached. It is assumed that the references 1isted on Sheet 1 of the
form submitted by applicant have been fully considered by the Examiner
and the failure to attach this sheet to the O0ffice Action was merely an
administrative oversight. However, to ensure that all of the
references cited by the applicant are considered by the Examiner and
made of record, a complete copy of the Form PT0-1449 originally
submitted by applicant, together with its associated Statement of
Relevance, is attached. It is requested that all of the references
listed therein be considered and made of record.

Please charge the required $30 fee for the additional
independent claim, and any additional fee required by this response to
Account No. 07-0844. A Deposit Account form is enclosed herewith for
this purpose.

Respectfully submitted,

Reg. No. 28,859
Louisville, Kentucky 40225
August 20, 1984
(502) 452-4653

1 hereby certify that this correspordence is being deposited
with the United States Postal Service as first class mail in

of assignee, or

Date
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In re Application of 53
Peter Harald Smith q" Oup 210

Serial Mo. 511,556 Examiner: H. Lteung

Fil July 7, 1983 Group:. 213

Allowed September 6, 1984

SUPPLEMENTAL DECLARATION

Peter Harold Smith whose application for Letters Patent for
an improvement jn Automatic Fire Detection for a Mi ve Oven
Serial No. 511,556 was filed in the U. S. Patent and Tradamar Office
on or about the 7th  day of July 19 83, declarss that subject

matter of the claims of said application as they now stand amended was part of his
invention, was invented by him before he filed said application, and has not been
abandoned; that he does not know and dces not believe that the same was ever known.
or used in the United States before his invention or discovery thereof, or

patented or described in any printed publication in any country bevore his invention
or discovery thereof or more than one year prier to said application, or in public
use or on sale'in the United States more than one year prior to said application;
and that the invention has not been patented or made the subject of an inventer's
certificatz in any foreign country on an application filed by himself or his legal

representatives or assigns more than twelve months prior to said application.

The undersigned petitioner declares further that all statements made herein of
his own knowledge are true and that all statements made on information and belief
are believed to be true; and further that these statements were made with the
knowledge that willful false statements and the 1ike so made are punishable by
fine or imprisonment, or both, under Section 1001 of Title 18 of the Unitad States
Code and that such willful false statements may jeopardize the validity of the_

application or any patent issuing thereon.

St )
Date 3 \‘134'
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PATE - 9D-RG-16129-Smith

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of: PETER H. SMITH Batch No. C62
Serial No.: 511,556

Filed: 7/7/83

For: AUTOMATIC FIRE DETECTION FOR

A MICROWAVE OVEN
Commissioner of Patents

Box M Fee
Washington, D.C. 20231

DESIGNATION OF FEE ADDRESS

Dear Sir:

Kindly enter the "fee address" for the above identified applica-
tion, as follows:

General Electric Company
Washington Patent Operation

20071 Jefferson Davis Highway
Arlington, Virginia 22202

Respectfully submitted,

Signature’{izgéé%ziﬁﬁzgéélﬁ~b~mﬁ_

Name H. Neil Houser

Reg. No. 28,859

Address Appliance Park, AP1-230

Louisville, KY 40225

Telephone (502) 452-4653

Date November 7, 1984
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[57] ABSTRACT

A method and apparatus for anticipating the occurrence
of a fire in the cooking cavity of a microwave oven. The
oven is provided with a blower for continuously circu-
lating outside air through the cooking cavity to carry
away gases by food loads being heated therein. A sensor
responsive to the concentration of gases in the circulat-
ing air monitors the gas concentration level and gener-
ates an output signal representative thereof. Sensor
monitoring circuitry responsive to the sensor output
signal is operative to determine the rate of change of the
gas concentration level, and a detect a characteristic
rate of change indicative of the load being heated
closely approaching its combustion point. Upon detec-
tion of the characteristic rate of change, power to the
oven is turned off and and indication is provided to the
user that a combustion condition in the oven cavity is
imminent.

7 Claims, 5 Drawing Figures
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1

AUTOMATIC FIRE DETECTION FOR A
MICROWAVE OVEN

BACKGROUND OF THE INVENTION

The present invention relates generally to improve-
ments in a microwave oven and more particularly to an
arrangement for anticipating the occurrence of combus-
tion in the cooking cavity of a microv

When heating a food load in a micr , if the
food load is allowed to heat substantially longer than
required for proper cooking, the food itself or the con-
tainer for the food may become heated to the combus-
tion point, resulting in a fire in the
overcooking of whole potatoes, fats r:
bustion temperature due to excessiv
meats, and oven shelf hot spots due tc
the pyroceramic shelf when heated
period, are three primary sources of
The potato is particularly vulnerable t
out non-linearly with the core of the
before the outer portions. The heat fr
readily dissipated. As a result the core
be heated to its ignition point relative

One commonly used approach to t
tection problem is to provide a ther

mag n
exc a
works satisfac-
torily but is relatively costly and has a relatively slow
response time. An alternative approach is disclosed in
U.S. Pat. No. 4,133,995 to Buck. In the Buck arrange-
ment a humidity sensor and a temperature sensor are
employed to monitor the relative humidity and temper-
ature in the cavity. A microprocessor is programmed to
detect a fire condition when both the tempe rises
and the humidity falls by predetermined amo ithin
a prescribed time period, on the order of 10-30 seconds,
and to de-energize the oven upon detecting such a con-
dition.
pre ion over both of the
fo ing to tion in the micro-
wave oven by providing an arrangeme
pates fire conditions developing in t
before actual ignition employing a s
mally used for cooking control whic
the concentration of gases in the circ
the cooking cavity. In addition to pro
tory warning of an imminent fire ¢
rangement eliminates the need for th
thermal cutout switch and also elimi
the “in situ” temperature sensor of th

SUMMARY OF THE INVENTION

d -

e -

th el g t
al S I monitoring means

responsive to the sensor output signal is operative to
determine the rate of change of the gas concentration
level, and detect a characteristic rate of change indica-
tive of the load being heated closely approaching its
combustion point. Upon detection of the characteristic

5

40

55

60

65

2

rate of change, means responsive to the sensor monitor-
ing means de-energizes the oven and provides an indica-
tion to the user that a combustion condition in the oven
cavity is t. :

In acc with one form of the invention, tne
sensor monitoring means detects the characteristic rate
of change by first detecting a relatively slow rate of
change indicative of the food load drying out and there-
after ct relatively rapid rate of change indica-
tive e being heated to a temperature closely
approaching its « ombustion temperature.

BRIEF DESCRIPTION OF THE DRAWINGS

el features of the invention are set forth
in the appended claims, the invention
zation and content will be better under-
iated from the following detailed de-
n conjunction with the drawings, in

rspective view of a microwave oven
resent invention;
ematic sectional view of the oven of

ng lines 2—2;
a curve representative of the gas emis-
ato d in the mi-
crowave oven
FIG. 4is a c ci diagram of

that portion of the microprocessor-based control system
of the oven of FIG. 1 illustratively embodying the pres-
ent invention; and

FIG. 5 is a flow diagram illustratively embodying a
fire detection control algorithm implemented by the
microprocessor in the circuit of FIG. 4 in accordance
with the present invention.

DETAILED DESCRIPTION

Referring now to FIGS. 1 and 2, there is shown a
microwave oven designated generally 10. The outer
pri walls inc u and

12 wall (not ), side

walls 18 and 20, and a front wall partly formed by a
ed door 22 and partly by control panel

side the outer cabinet is divided gener-

ing cavity 24 and a controls compart-

g cavity 24 is formed by a top wall 28,

, side walls 32 and 34, the rear cavity

net wall and the front cavity wall being

ner face 36 of door 22. A shelf 38 of

terial or other suitable material pervi-

e energy is provided in the lower re-

to support food loads to be heated in

cavity 24.

A mag 40 to pr en-
ergy ism in comp for
air passes over g fins 44 of magn 40. A por-
tion of the air in by blower 42 s cavity 24

via perforations 46 formed in cavity side wall 32. This
air circulates past the food load (not shown) being
heated in cavity 24 and exits cavity 24 through perfora-
tions 48 formed in upper cavity wall 28 near the upper
left corner of cavity 24. Vent holes 50 formed in side
cabinet wall 20 near the upper left corner of the oven
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g cavity 24 via perforations 48
to the exterior. - -

t permit air
the oven ¢

net wall 20. Sensor 52 is supported proximate perfora-

48 by mou 54 which is sui y se-

to cavity or 52 in the ill  ative

embodiment of FIG. 2 is a gas sensor readily commer-
ly av le from Fi
asM TGS No.

the cumulative concentration of water vapor and vari-
ous org ch a sensor in a microwave
oven fo control is known in the art.
One example of such.a control arrangement is described
in U.S. Pat. No. 4,311,895.

In accordance with the present invention, informa-

tions in the cavity.
It has been empirically determined that for foods

=

this point. However, if the food continues to be heated
beyond this poeint such as may inadverten:ly occur due
to the miscalculation of appropriate cooking fime or
simply forgetfulness, the temperature of the food con-
tinues to rise but the gas concentration level increases
relatively slowly during what can be a relatively long
period, hereinafter referred to as-the “drying out” per-
iod. Eventually, the temperature of the food closely
approaches its combustion temperature. However, be-
fore‘actually reaching the ignition point, the food begins
to char, smoke or smolder, resulting in' a second period
of relatively rapidly increasing gas concentration in the
circulating air, comparable to that rate of increase
which ‘characterizes the:normal cooking period. This
second period of rapidly increasing concentration level,
referred to hereinafter as the “pre-combustion” period,
“typically begins a matter of mirutes before actual com-
bustion:in the cavity. Thus, detection of the transition
from the drying out phase to the pre-combustion phase
provides an advance warning that a combustion condi-
tion in the cavity is imminent. Hence, according to the
present invention, a fire condition in the ‘cavity of a
microwave oven may be anticipated by monitoring the
gas concentration level of the air circulated through the
cavity during the cooking cycle, periodically determin-
ing the rate of change of the sensed concentration level

10

15

20

25

45

60

4
during heating, and detecting a rate of‘change charac-
teristic of the food load closely approaching its combus-

gas concentration level in the air to which it is exposed
in accordance with the formula

Rs=AXC—¢

where A and a are constants and C is the gas concentra-

begins, the resistance is relatively high and constant
indicative of the relatively low and essentially constant
concentration level at this point. There next ensues a
period in which the resistance decreases relatively rap-
idly indicative of the concentation level increase, char-
acteristic of the normal cooking phase for the potato.
The change from a relatively rapidly decreasing resis-
tance to a relatively slowly decreasing resistance is
indicative of the change from a relatively rapidly in-
creasing concentration level to a period of relatively

cont stode are vely rate indicating
that ng the ylo dryi t ‘phase for the
potato, which is roughly twice the durafion of the nor-
mal cooking period, the gas concentration level is in-
creasing at a relatively slow rate. As the temperature of
the potato sufficiently closely approaches its combus-
tion point, the resistance begins to decrease at a rela-
tively rapid rate indicative of a relatively rapidly in-
creasing gas concentration level. The transition from
relatively slow to relatively rapid increase in concentra-
tion lével marks the transition from the drying out phase
to the pre-combustion phase. For a potato cooked in
oven 10, this transition typically occurs at least 2-3
minutes prior to reaching the combustion temperature
of the potato. Thus, by detecting the rate of change of
the gas concentration level characteristic of the pre-
combustion phase early in this phase, it is possible to
anticipate a combustion condition in the cavity at least
2 to 3 minutes in advance. By turning off the power to
the magnetron and blower at this point, fire in the cav-
ity may be prevented.

Referring now to the simplified schematic circuit
diagram of FIG. 4, gas sensor 52 is incorporated in a
microprocessor based control arrangement which illus-
tratively embodies the apparatus and performs the
method of the present invention. The circuit of FIG. 4
includes a gas sensing circuit 60 for sensing the concen-
tration level of gases in the circulating air as it exits
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cooking cavity 24, and generating a voltage signal hav-
ing a2 magnitude representative of the sensed gas con-
centration level; a sensor heater circuit 62 for maintain-
ing the sensing element of gas sensor 52 at its proper
operating temperature; a microprocessor 64 for moni-
toring the voltage signal from sensing circuit 60; a
power circuit 65 for oven 10 including a magnetron
power circuit 66, an air circulating blower motor 67 and
a power control relay 68 for controlling energization of
magnetron power circuit 66 and air circulating blower
67 in response to a control signal from microprocessor
64; and an alarm circuit 69 responsive to a control signal
a
in
is pr
t 70
nal inp

by a
con-
lines
, —9

conventional DC power suppl
verts a standard 120 volt, 60 Hz
L1 and N to dc output signals of —9
volts and —16 volts on1 , 74, and

Gas sensor circuit 60 includes a gas
80. Element 80 is the gas sensing elerr
(FIG. 2), which is exposed to the circu
cooking cavity 24. The resistance R ¢
80 varies with gas concentration level
air exiting cavity 24 (FIG. 2) as herei
with referencé to FIG. 3. Sensing el
nected between the output terminal 82
input terminal 84 of conventional ope
86. Capacitor 88 connected in paralle
ment 80 serves as a high pass filter fo
Input resistor 90 connects inverting in
amplifier 86 to DC supply line 74.
divider 92 comprising resistors 94 an
nected between dc input line 74 and sa

amplifier 86.

is connected to input port J1/A1 of
to couple the output volt
processor. As in FIG. 3,
namic range for sensor element res
illustrative embodiment during the
from 75K ohms at the beginning of th
less than 5K ohms at the combustion
tude of input resistor 90 and the mag
and posi-
e desired
‘tod
processor 64 ovér the dynamic
80.
TGS 186 gas sensor 52 includes heater element 104 as
the k main-
an [ rature
Fo sensor operation,
the voltage applied to sensor heater element 104 should
be closely regulated. To this end, heater circuit 62 in-
cludes, in addition to sensor heater element 104, a voit-
age regulator integrated circuit 106. Heater element 104
is serially connected between the output of voltage
regulator 106 and system ground. Voltage regulator 106
regulates the —9 volt dc signal from line 72 of power

35

40

55

60

6

supply 70 to provide a regulated —35 volt signal to
heater 104. Regulator circuit 106 in the circuit is a stan-
dard 7905 integrated circuit readily commercially avail-
able from National Semiconductor. Bypass resistor 108
connected in parallel with integrated circuit 106 and
capacitor 109 in parallel with heater 98 reduce power
dissipation in voltage regulator 106.

Sensor monitoring means -responsive to the voltage
signal V, generated by the sensor circuit 60 at terminal
82 is provided in the circuit of FIG. 4 by microproces-
sor 64 which is appropriately programmed to provide
means for detecting a magnitude of V, indicative of a
conce 1 1legr a referenc
ns for n the nge of the

of V,, and s for first a relatively
1 rate of ch of magnit ative of the
g out e for ed
tion o centr an
ereafter detecting a relatively large
magnitude indicative of the transition
stion phase. Microprocessor 64 is fur-
to generate a signal at output ports
detection of the large rate of change.
is opérative to energize alarm oscilla-
cillator circuit 69 may comprise any
f conventional multivibrator circuits
to drive load speaker 110 at a fre-
e by the user to indicate that a fire
y is imminent. The signal at R12 is
power control relay 68, de-energizing
thereby de-energizing magnetron 40
r 67.
64 is a standard TMS 2670 series 4K

d
d

Power circuit 65 is connected between power input

ron 40 through a half-wave voltage

ng series capacitor 116 and rectifying

cted across the magnetron anode and

s 120 and 122, respectively, and oppo-
respect thereto. Secondary winding
ansformer 112 is connected as a fila-

heat the cathode of magnetron 40.

s coupled to terminal 126 of primary
ransformer 112 through a fuse 130 and

er relay switch 68. Main power relay 68 is
by a signal from microprocessor 64 coupled

power line N via triac 140 having a gate terminal 142.

d in a duty control mode by

t als from ou ort R13 of micro-

processor 64 which are coupled to triac gate terminal
142 via conventional opto-coupler circuit 143.

Energization of fan motor 67 is controlled by triac

144 serially connected to motor 67 across power lines

L1 and N. Triac 144 is controlled by signals from output

port R10 of microprocessor 64 connected to triac gate

terminal 146 of triac 144 via conventional opto-coupler

145.
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7
The following component values have been found
suitable for use in the circuit of FIG. 4. These values are
exemplary only and are not intended to limit the scope
of the claimed invention.

5
FIXED RESISTORS
90 107K: ohms
94 732 ohms
96 511 ohms
100 22K ohms 10
108 56 ohms
CAPACITORS
38 01 pf
108 10 pf
116 91 pf
15
Operation of the circuit of FIG. 4 will now be de-
scribed with reference to the flow diagram of FIG. S.
This flow diagram illustrates an algorithm which is
imp in the of ocessor 64. From
this one 0 ary the programming
art can readily prepare a set of instructions for perma-
nent storage in the ROM of microprocessor 64. It is of
course to be understood that other portions of the ml-
sor ROM be util to
n control ithms. et h 23
additional algorithms add nothing to the understanding
of the present invention such details have been omitted
for brevity and simplicity.
m a fire cond in the
c g by the algo illus- 30
trated in the flow diagram of FIG. 5 includes the fol-
tration level indicative of having progressed in the
“cycle to a beyond the al pla
detected a c tration level i  cess o 40

reference level, the rate of change of V, corresponding

to the rate of change of sensed concentration level is

periodically determined. The rate of change of voltage

magnitude is then monitored, first to detect a rate of

change corresponding to a rate of change of concentra- 45
le ss than a pr ined rate g tran-

o the normal phase to ng out
phase. Having detected 'such a lesser rate, the rate of
change of V, is thereafter monitored to detect a rate of
change corresponding to a rate of change of concentra- 50
tion level greater than a predetermined rate, signifying
the transition from the drying out phase to the pre-com-
bustion phase. Upon detection of the greater rate, the
magnetron and the blower motor are de-energized and
an indication is provided to the user such as an audible 55
signal 51gn1fy1ng that a combustlon condition in the
cavity is imminent.

Referring now to FIG. 5, the FIRE DETECTION
routine is periodically entered from the master or exec-
utive program for microprocessor 64 throughout the 60
cooking cycle. Such periodic entry may be satisfacto-
rily made with a time between entries on the order of
2-5 seconds. However, time between entries need not
be limited to this range for satisfactory performance.
Upon entering the routine, the sensor output voltage 65
V, at input port J1/A1 is sampled (Block 152). Inquiry
154 compares the sampled voltage V, with a predeter-
mined reference value Vg representative of the food

8

being heated having reached that portion of the normal
cooking phase characterized by a relatively rapidly
increasing concentration level. In the illustrative exam-
ple, a reference voltage level Vg corresponding to the
sensor resistance at point A (FIG. 3) was somewhat
arbitrarily selected as being about the midpoint of this
portion of the normal cooking phase for a potato. The
precise reference value is not critical provided it repre-
sents a point between the initial constant portion of the
normal cooking phase and the transition into the drying
out phase. A No response to Inquiry 154 results in a
return (Block 156) to the master program. As the food
continues to heat, at some point prior to the end of the
normal cooking phase the sensor output voltage V, will
drop below the reference value VR, resulting in a YES
to Inquiry 154. On this and each subsequent pass
through the FIRE DETECTION routine during the
same cooking cycle, the response to Inquiry 154 will be
Yes and Blocks 158-164 and Inquiry 166 will determine
the rate of change of the magnitude of output voltage
V,. As shown by the resistance curve in FIG. 3, the
change in resistance as the cookmg cycle progresses is
not a sm e r , is ch by
irregular 1 M s. proper the
system must respond to the average rate of change
computed over a sufficiently long period to smooth out
the oscillations. The average rate of change is periodi-
cally determined as follows. First, the current incre-
mental change AV 'in the output voltage V,is computed
by subtracting V, from the previously sampled voltage
signal stored as V,’ (Block 158). V, is then placed in
memory as Vo' (Block 160). The cumulative or total
change AV rin voltage over the averaging period Tpis
updated by adding the just computed AV to the old
AV 7T (Block 162). Next, the timer T is incremented
(Block 164). The duration of the averaging period is
controlled by Inquiry 166 which detects T greater than
Tp where Tpis the desired duration of the averaging
period. The duration of the averaging period is not
critical and may fall in a wide range of values provided
only that it be of sufficient duration for adequate
smoothing and yet sufficiently short to provide a satis-
factory response time for the system. A period on the
order of 30 seconds duration is thought to provide satis-
factory smoothmg Until completion of the period Tp, a

NO to Inquiry 166 causes a return (Block 156) to the
main program. At the completion of each averaging
period signified by a YES to Inquiry 166, the timer is
reset (Block 168). The average rate of change (dv/dt)4
for the just completed averaging period is set equal to
the cumulative change for that period AV r(Block170).
This value is directly proportional to the true average
since the time period Tpis constant. AV ris then reset
for the next averaging period (Block 172). Having up-
dated the average rate, Inquiry 174 checks the status of
a Drying Out Flag, which is set upon detection of an
average rate of change characteristic of the cooking
operation having progressed to the drying out phase.
Thus, initially, this Flag is not set and the response to
Inquiry 174 is No. Inquiry 176 then compares (dv/dt)4
with a predetermined reference AS. AS corresponds to
an average rate of change sufficiently small as to be
characteristic of the cooking cycle having entered the
drying out phase. Hence, Inquiry 176 detects the small
rate of change characteristic of the drying out phase.

- During the balance’ of the normal cooking phase, the

answer to Inquiry 176 is No and the program returns to
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the master program at this point (Block 156). As the
food continues to be heated beyond the normal cooking
phase, it enters its drying out phase. During this phase,
as hereinbefore described, the rate of change of the
concentration level drops off significantly. When a 5
(dv/dt)4 less than AS (Yes to Inquiry 176) is first de-
tected indicative that the transition into the drying out
phase has occurred, the Drying Out Flag is set (Block
There

ry 174 10

ep
of
of

For the balance of the drying out ph
will be No and the program will retu
program at this point (Block 156). Up«
rate of change greater than reference
quiry 180) a signal is provided at outpt
ing power control relay 68 to open, the
ing magnetron 40 and the blower moto
It will be appreciated that fan motor 6
40 could alternatively be de-energiz
trigger signals to triac gate terminals
spectively, rather than by opening r
energizating of both the magnetron
motor using either technique in effect t
the oven. Also following a Yes to Inq
is provided at R11 triggering the alarm
69 into oscillation to provide an audi
user that a fire condition in the ca
(Block 184).

By detecting the occurrence of a rapid increase in the
rate of change of concentration level
fore described method, magnetron
prior to the load being heated in the
actual combustion temperature, there
potential fire condition and preventi
reaching its combustion point.

c t a 40
e i d
. ns and
s to those which
ns. For
45
ined
r nce level to in king vely
s rate of change the ansition into the
be 50
cy

n of the cooking
cycle might be monitored to determine a starting point
for detecting the small rate of change. It is therefore to

be understood that the appended claims are intended to 55

cover all such modifications and changes as fall within
the true spirit and scope of the invention.

What is claimed is:

1. A method of anticipating a fire condition in the

having 60

he cav-

the food being

heated in the cavity and sensor means for sensing the
concentration of such gases in the circulating air, said

method comprising the steps of: - 65

circulating air through the cavity to remove there-
from gases emitted from the food load being heated
in the cavity;

10 -

sensing the concentration level of such gases in th
circulating air; )

periodically determining the rate of change of con-
centration level; .

monitoring the rate of change to detect a rate of
change characteristic of the temperature of the
food load in the cavity closely approaching its
combustion temperature including the steps of de-

tecting a first rel slow of change

tive of the load been ked to its
t la-
e nd

of
oaching the combustion temperature
nd having detected said second rate of
ing off power to the oven.
f anticipating a fire condition in the
‘a microwave oven of the type having
usly circulating air through the cav-
seous emissions from the food being
ity and sensor means for sensing the
uch gases in the circulating air, said
g the steps of:
irculating air through the cooking

centration level of gases emitted by
e circulating air;
ncentration level above a predeter-
ce level indicative of having heated
ciently to cause the food to emit gases
lating air;

having detected a concentration level greater than
level, thereafter periodically deter-
ate of change of the concentration
ction of time;
rate of change of the concentration
ct a relatively small rate of change

M ut

h ected of

ng th to

large of change; P
upon de onofther  vely large rate of change,
to o an
er a ion
ne

3. A method of a an g a fire
condition in the cook fa oven of

the type having means for circulating air through the
ca and sensor s s the co ration
of esin the cir n r d from loads
being heated in the cavity, said method comprising the
steps of:

(a) continuously circulating air through the cooking
cavity of the oven during the cooking cycle;

(b) periodically sensing the concentration levelin the
circulating air of gases emitted from the food dur-
ing cooking and generating a voltage signal repre-
sentative of the sensed concentration level;

(c) moni olt to detec
level i i ha leted an
tion of the normal cooking cycle;

(d) having detected an indicative voltage, thereafter
periodically computing the rate of change of volt-
age with time; - z

(e) monitoring the rate of change of voltage to detect
a small rate of change of voltage characteristic of
the drying out of the food load;
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second signal upon detection of said second period;
and
means for terminating operation of said microwave
energy generating means and said air circulating
5 means In response to said second signal.
6. A control arrangement for a microwave oven com-

11
(f) having detected the small rate of change, thereaf-
ter monitoring the rate of change to detect a large
rate of change characteristic of a relatively rapid
increase in the concentration of gases in the circu-
lating air; and
(2) upon detection of the large rate turning off the

power to the oven and providing an indic to pr’ ] . )
the user that a combustion condition in the is s for generating microwave energy for heating
imminent. foods received in the cooking cavity;
4. A method for anticipating the occurrence of a fire 10~ means for continuously circulating air through the
of the c ity ve efrom emitted
the ¢ b loa he in the Y;

for sensing the concentration level of
n the circulating air and generating a
having a magnitude representative of
oncentration level;

ring means responsive to said first sig-
uding means operative to periodically
1e rate of change of concentration level
10f time, and means operative to detect
ange indicative of closely approaching
tion point of the load being heated in
:luding means for detecting a relatively

the concentration of gases in the circ
by foods being cooked in the cavity,
tion level as a function of time is d
phases: a normal cooking phase cha
initial brief period of relatively const:
level followed by a period of relativel
ing concentration level; a drying out
ized by a relatively slowly increasi
level, and a pre-combustion phase, c
relatively rapidly increasing concent
method comprising the steps of:

circulating air through the cooking cavity of the 25 : fat;lde
oven; .
30
m
of change g gm said air circulating
vel as a fu me; - in e to nd signal.
d of change racteristic of the 7. A control n
drying out phase; 35 an y
hav ct after ov
d a f the ns g
P us
upon d on of said se eof ch ng m the
off p to the oven viding on 49 tted
to the user that a fire condition in is
imminent. sensing means for sensing the gas concentration level
?- A control arrangement for a microwave oven com- of the circulating air and generating a first signal
prising: : e of the
tin y for heating 45
in se to said fi

uo air through the - mnal including: means for detecting a signal magni-

cooking cavity to remove therefrom gases emitted
by the food load being heated in the cavity;

sensing means for sensing the concentration level of
such gases in the circulating air and generating a
first signal having a magnitude representative of
the sensed concentration level;

sensor monitoring means responsive to said first sig-
nal and including means operative to periodically
determine the rate of change of concentration level
as a function of time, and means operative to detect
a rate of change indicative of closely approaching
the combustion point of the load being heated in
the oven, said detecting means including means for
detecting the occurrence of the second of two
periods of relatively rapidly increasing concentra-
tion level separated by a period of relatively slowly
increasing_concentration level, and generating a

50

55

60

65

tude indicative of a gas concentration level greater
than a reference level; means for determining the
rate of change of said signal magnitude; means for
first detecting a relatively slow rate of change fol-
lowing detection of said concentration level
greater than said reference level and thereafter
detecting a relatively rapid rate of change;

means responsive to said sensor monitoring means
operative to de-energize said microwave energy
source and o terminate operation of said air circu-
lating means following detection of said rapid rate
of change; and

means responsive to said sensor monitoring means
operative to provide an indication to the user that a
fire condition in the cavity is imminent following

detection of said rapid rate of change.
* ¥ & % ¥
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