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[57] ABSTRACT

A combination microwave and gas oven, in which an
object to be heated is heat-treated by microwave energy
and air heated by a gas burner inside a combustion
chamber and forced to be circulated by a fan. A micro-
wave introducing port to the heating cavity is covered
with a heat insulating member provided with a film
which can reflect the radiant energy transferred to the
direction of the microwave introducing port. To pre-
vent the leakage of microwave from the heating cavity
especially related to a shaft of the fan which is con-
nected to a driving motor located outside the heating
cavity, a choke cavity for terminating leaked micro-
wave from said cavity is provided.

18 Claims, 8 Drawing Figures
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1
COMBINATION MICROWAVE AND GAS OVEN

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

BACKGROUND OF THE INVENTION

This invention relates to an oven and more particu-
larly, t0 a novel combination of microwave and gas
oven for heat-treating foodstuff based on characteristics
of high frequency heating through a source of micro-
wave energy and heating by physical burning through a
gas burner, with foodstuff being exposed in the atmo-
sphere of said combined energy within an oven.

One of the difficulties in cooking encountered by
using a conventional electronic oven, has been the in-
ability of such microwave energy to scorch or brown
surfaces of foodstuffs to such an extent as will stimulate
appetite and, thus the oven of this type is mainly used
for limited cooking purposes, such as reheating or de-
freezing of foodstuffs. -

On the contrary to the heating characteristics of the
electronic oven mentioned above, a gas oven is a handy

cooking device especially for browning surfaces of

foodstuffs due to its fundamental heating system while

being not so effective for defreezing or reheating of
foodstuffs, and thus, this type of cooking device is also 30

available only for limited range of cooking as men-
tioned above. The combination microwave and gas
oven has already been proposed, for example, by U.S.
Pat. No. 3,789,178, wherein the combination micro-

10

15

20

23

wave and gas oven is provided with a divider shelf 3

preferably horizontally disposed, thereby dividing the
oven cavity into a cooking section and a section con-
taining the gas heating apparatus. The outer boundary
of the shelf forms a low impedance choke directly cou-

pled to the cooking section with a perimetrical shelf

holder, thereby terminating microwave energy fed to
the cooking section and preventing degradation of the
gas heating apparatus provided therebelow.

The known combination microwave and gas oven as
described above has such a disadvantage that encrgy
supplying source for the oven portion such as a gas
burner or the like must be still provided with relatively
large capacity for quick heat-treatment of an object to
be heated.

However, if the heat is excessively added to the com-
bination of microwave and gas oven mentioned above,
there appears a tendency to overheat the source of the
microwave supplies such as a magnetron. Furthermore,
even the combination of microwave and gas oven
which can transmit heat under the forced convection
condition therein, has not been applicable for browning
surfaces of foodstuffs within relatively short period of
cooking time due to its lack of the desired radiant heat.

Furthermore, when a fan is provided for circulating
the heat generated by a heater such as the electric
heater in the heating cavity of the oven mentioned
above, there is a problem of leakage of microwave re-
sulting from the construction of a shaft of the fan for
circulation, wherein since the shaft connected with the
fan located inside the heating cavity will pass through
the boundary of the heating cavity and come out to be
connected with the driving motor, a leakage of micro-

40
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2

wave cannot be avoided and naturally occurs in the
vicinity of a through hole for setting said shaft.

Accordingly, an essential object of the present inven-
tion is to provide a combination microwave and gas
oven which will combine both characteristics of a mi-
crowave oven and that of a gas oven, whereby disad-
vantages in each of the cooking method is compensated
for each other, and which can treat foodstuffs in many
ways as far as the range of browning, defreezing and
reheating. |

Another important object of the present invention is
to provide a combination microwave and gas oven of
the above described type, which is provided with a fan
for effectively circulating the heat in a heating cavity,
and also with a proper protectional member against
over-heating of a source of microwave energy.

A further object of the present invention is to provide
a combination microwave and gas oven of the above
described type, wherein a choking system is provided
for terminating leakage of microwave energy especially
with respect to a shaft of a circulation fan and its con-
nectors.

A still further object of the present invention is to
provide a combination microwave and gas oven of the
above described type, which is simple in construction
and efficient in operation, and can be manufactured at
low cost.

SUMMARY OF THE INVENTION

In accomplishing these and other objects according
to one preferred embodiment of the present invention,
there 15 provided a combination microwave and gas
oven which comprises an outer casing, a heating cavity
defined by walls within the outer casing, a high fre-
quency oscillator for supplying microwave energy into
the heating cavity, a combustion chamber indepen-
dently positioned from said heating cavity, a door
means adapted to selectively open and close an access
opening defined at one side of the heating cavity, a gas
burner positioned inside the combustion chamber and
supplying heated air to the heating cavity, a circulation
fan accommodated inside an independent room con-
nected with the heating cavity and circulating the
heated air inside the heating cavity, a microwave termi-
nating member for terminating leakage of microwave
from the heating cavity through the fan accommodat-
ing room, a microwave insulated exhaust passage for
the heated air positioned between the heating cavity
and the outer casing and an insulating member of leak-
age of microwave and heated air interposed between
the door and the heating cavity in order to avoid leak-
age of microwave from an inside of the heating cavity
to an outside of the heating cavity.

- The microwave terminating member, which 1s inter-
posed between the fan accommodating room and the
motor for driving the circulation fan, comprises a fan
having a back board for cooling the motor positioned al
the backward end of the shaft of the circulation fan, said
fan for cooling having a diameter which is more than a
half length of a basic wavelength generated by the high
frequency oscillator, an outer box having an open side
on a facing side to the fan for cooling being securely
fixed to a rear side of the heating cavity on the same
shaft, a diameter of said outer box being approaimately
same (o the diameter of the fan for cooling, and a silk-
hat shaped member fixed to an inner surface of the outer
box at its top surface, said silk-hat shaped member hav-
ing a slight s diameter of the diameter of the outer
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box and interposed between the fan for cooling and the
outer box, whereby a choke cavity for terminating
leaked microwave from the heating cavity is being as-
sembled. The substantial vertical length of the central
portion of the entrance portion of the choke cavity 3
mentioned above 1s equivalent to the one-fourth of the
basic wavelength of the microwave generated. Further-
more, the choke cavity provided in a combination mi-
crowave and gas oven of the present invention is char-
acterized in that the choke cavity is interposed between
the fan for cooling mounted outside of the heating cav-
ity and the heating cavity, and thereby, the choke cav-
ity 18 independently located outside of the heating cav-
ity. By the arrangement of the choke cavity mentioned
above, not only the utilization of the fan for cooling to
the portion of the choke cavity will lead the low cost of
manufacturing the oven, but also the contamination of
the choke cavity is prevented due to its location sepa-
rated from the heating cavity. 20

Furthermore, boundmg member between the heatmg
cavity and the microwave introducing port is provided
with a layer made of silicone, and this layer. freely
mounted and demounted in position by means of rails
laid thereunder. The one side of silicone layer, which is 75
facing to the heating cavity i1s coated by a film made of
magnestum oxide or barium sulfide, the nature of which
can transmit the microwave energy, however can re-
flect the radiant energy such as heat due to an infrared
ray. The both sides of silicone layer may be coated by 30
said films. Furthermore, the coating dimension.of the
film may be a partial surface or a whole: surface. A
partial coating of the film can be utilized for the modifi-
cation of the temperature distribution inside the heating
cavity. The radiant heat of the heated air introduced 35
into the heating cavity may heat and brown the object
inside the heating cavity through the radiation reflect-
ing film positioned on the boundary mentidned above.
In these situation, the radiant heat is avoided to transmit

10

15

to the above wave guide and be enclosed inside the 40 = 1 T _ | .
,__tc)gether with innet walls which are defining the heating

heating cavity. Therefore, by the radiant energy reflect-
ing construction of the present invention, not only the
overheating of the high frequency oscillator is pre—
vented, but also the effective utilization ol' the energy
generated can be affected. |

Still furthermore, especially for preventing the Ieak-
age of the microwave from the heating cavity, the mi-

crowave insulating member such as the punched. board
is pmwded at a connecting boundary between the heat-
ing cavity and the combustion chamber as well as a
connecting boundary between the exhaust passage and
the heating cavity, and a connecting boundary between
the exhaust passage and the microwave introduction
port respectively. | - 55

BRIEF DESCRIP‘TION OF THE DRAWINGS

45

50

. These and cther ob_]ects and features of the present
Jinvention will become apparent from the following
description taken in conjunction with the preferred g
embodiment thereof with reference to the accompany-
ing. drawmgs in which;

FIG. 11is a perspective view of a combination micro-
wave and gas oven of the present invention,

FIG. 2 is a cross section taken along the line II—I1 of 65
FIG. 1, o SR

FI1G. 3 is a cross section taken along the line III-—-III
of FIG. 1,

4

FIG. 4 1s a top plan view of the combination micro-
wave and gas oven of the present invention with upper
portion of an outer casing removed for clarity,

F1G. 5is'd cross sectional view of a modified embodi-
ment of the present invention,

FIG. 6 is a partial cross sectional view of a modified
embodiment of the present invention,

FIG. 7 is a cross sectional view of a modified embodi-
ment of the present invention, and

FIG. 8 is a partial view of the embodiment shown in
FIG. 7 on an enlarged scale. ..

Before the description of the pre%ent invention pro-
ceeds, 1t is to be noted that like parts are designated by
like reference numerals throughout several views of the
accompanying drawings.

DETAILED DESCRIPTION OF THE
SRS INVENTION

Refefriﬁg néw to FIGS. 1 through 4, there is shown
a combination microwave and gas oven according to
the present invention which heat-treats objects or food

‘material 'to be heated based on the principle of high

frequency heating and combustion heating by utilizing a
microwave oven and a gas burner therein. The oven of
FIG. 1-includes an outer casing 2 of cubical box-like
shape open at the front side thereof, to which a door 19
1s provided. The door 19 is provided with a handle 40
adjacent to oneé edge thereof remote from a hinge 21
through which the door 19 is supported, at the lower
edge thereof, to the lower front edge of the casing 2 in
a position corresponding to the access opening 20 for

pivotal upward and downward movements about the

hinge 21 so as to selectively open and close the opening.
The door 19 has a rectangular observation window 22
formed therein to allow the object placed in a heated
cavity 1 to be observed therethrough and also for pre-

venting the high frequency energy from leaking out of
the heating cavity 1 during operation of the said oven of

the present invention. .
The outer casing 2 forms a double wall structure

gavity 1.. .
The outer casmg 2 further includes an outside front

wall portion 1mmedlately above the opening. On the

ﬁfrang wall portion as shown in FIG. 1, there is mounted
a control panel 34 for controlling functioning of a high
frequency oscillator and the like mentioned above,
which panel carries thereon from right to left a gas

operation knob 34a which includes the operational
function of the ignition, a start button 34b for initiating
the high frequency oscillator, a temperature controlling

knob 34¢ for controlling the inside temperature of the

heating cavity 1 during gas combustion operation, a
timer operating knob 34d for heating by a high fre-
quency oscillator, and a timer operating knob 34e for
heating by a gas combustion burner §. On the upper side

surface of the oven, there is provided an exhaust open-

ing 27 "of rectangular configuration for exhausting
heated air in the heating cavity T due to combustion out
of the outer casing 2, while'a combustion chamber 4 1s
independently provided as an understructure of the

‘heating cavity 1 inside the casing 2 as shown in FIGS.

2and 3.

| Referr‘lng to FIGS 2 and 3, the heating cavity 1 is
lined in its inner surfaces, with thin enamel layer, while
its outer surface is provided with a layer 3 of heating
insulating material, such as glass-wool or the like. The
understructure of the heating cavity 1 is the combustion
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chamber 4 for this embodiment as mentioned above, in
which a gas burner § is located. The gas burner 5 is
ignited by a gas ignition plug 5. The air heated by gas
combustion with a gas burner 5 is introduced into the
heating cavity 1 through a connecting opening 6 be-
tween the combustion chamber 4 and the heating cavity
1, while in the understructure partial wall of the heating
cavity 1 is inevitably heated in this construction.

An antenna 7’ of a high frequency oscillator 7 such as
a magnetron for generating microwave energy 1Is pro-
truded into a wave guide 8, through which microwave
1s transmitted into a microwave introducing port 9 via a
microwave supplying port 51 and into the heating cav-
ity 1.

A cover 10 made of heat insulating and microwave
transmitting material, which protects a source of micro-
wave oscillator 7 from overheating by the heat trans-
ferred from the port 9 through the wave guide B 1s
provided. A microwave mode averaging device or a
stirrer fan 11 for making the microwave distribution
uniform within the heating cavity 1 is rotatably
mounted on the upper portion of the heating cavity 1
for rotation by the air flow caused by a blower 12 which
has already been utilized for cooling the high frequency
oscillator 7 and guided through the microwave guide 8
as shown in FIG. 2.

The outer casing is provided with a sucking portion
100 thereon to draw air into the blower 12. The air
drawn through the sucking portion 100 flows towards
the cooling blower 12. On its way to the blower 12, the
air contacts the heat insulating layers 3, which surround
the heating cvity 1, to cool the heat insulating lavers 3.
Afterwards, the air is arranged to pass through an insu-
lating member 30 to cool the motor therewith.

A circulation fan 13 for circulating the heated air is
positioned in the rear portion of the heating cavity 1 and
rotatably housed in a fan accommodating room or a
housing 14, which is communicated with the heating
cavity 1, for drawing in the air through a central open-
ing 15a of a flow rectifying board or a baffle plate 15
interposed between the fan accommodating room 14
and the heating cavity 1, and discharging it along the
both substantially vertical sides and the underside of the
flow rectifying board 15 in order to effectively circulate
the heated air inside the heating cavity 1 and thereby to
prevent uneven heat distribution as well as to rapidly
raise the temperature in the heating cavity 1.

A shaft 16 of the circulation fan 13 mentioned above
Is connected to the shaft of a motor 17 disposed at the
rear of the accommodating room 14, and thus said fan
13 1s driven by the motor 17 at high speed.

To cover the communicating portion between the fan
accommodating room 14 and the heating cavity 1, there
1s provided a plate 18 with fine pores which allows the
heated air due to combustion to pass therethrough, but
prevents the high frequency energy from entering the
fan accommodating room or the housing 14 for shield-
ing.

As mentioned earlier, the door 19 has the rectan gular
observation window 22 formed at the central portion
thereof to allow the object placed in the heating cavity
1 10 be observed therethrough and also for preventing
the high frequency energy from leakage out of the heat-
ing cavity 1 during operation of the combination micro-
wave and gas oven of the present invention.

The observation window 22 includes a pair of glass
plates 22a and 22b of double wall structure for observ-
Ing inside of the heating cavity 1, at least one of which

10
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has its corresponding inner surface lined with a light
transmitting electrically conductive laver 23 for shield-
ing against high frequency energy.

In place of the layer 23 mentioned above, a punched
board may be employed. Choking cavities 24 formed in
the rear portion of the door 19 and adjacent to the rear
glass 22a of said observation window 22, are arranged
for absorbing the microwave energy leaking through a
Clearance between the front bounding portion of the
heating cavity 1 and the door 19 in order to prevent the
transmission of the microwave out of the oven from the
safe point of view.

Furthermore, as shown in FIG. 3, a medium or seal
25 formed by metallic fiber, which is attached to the
door 19 at the further remote peripheral position from
the choking cavity 24 mentioned above is arranged to
contact a projection 26 which is provided on the inward
corner of the cavity opening so that the microwave
energy which has not been perfectly prevented by the
choking cavity 24 mentioned above can be prevented
thereby, with simultaneous iterception of leakage of air
heated, when the door 19 is closed for operation.

As shown in FIGS. 2 through 4, there is provided an
exhaust passage 27 for discharging the hot air within the
heating cavity 1 which comprises a pair of exhaust ports
28 located at upper portion of the heating cavity 1, a
pair of exhaust pipes 27a and 27b communicated with
the exhaust ports 28 mentioned above, and a space 27d
to collect the exhaust air from the pair of said exhaust
pipes for communicating the upper openings of the
pipes 27a and 27b with outside atmosphere as is most
clearly seen in FIG. 2. The heated air to be exhausted
within the space 27d is driven out of the apparatus
through an opening 27c located at the upper side face of
the casing 2. A duct 29 for exhausting the air flow,
which has already been utilized both for cooling the
high frequency oscillator and for rotating the micro-
wave mode averaging device 11, is communicated with
the exhaust space 27d shown in FIG. 4. An insulating
member 30 is provided to cover the backward periph-
ery of the motor 17 as shown in FIG. 3, whereby the
microwave happened to enter the following accommo-
dating room 14 can be prevented from further leaking
through the shaft 16 of the motor 17, which will func-
tion as an antenna in such a case. The insulating member
30 is composed of a punched board 30a and a metallic
board 30b.

There 1s further provided a cooling fan 31 in front of
the motor 17 as shown in FIG. 3 for cooling through
forced convection, the motor 17, which fan 31 suctions
the air through the punched board 30a of the insulating
member 30 and exhaust it through a small opening 33
passing through a supporting member 32 which sup-
ports the motor 17.

A thermosensor 35 is provided at the central position
of the heating cavity 1 for detecting changes of temper-
atures in the heating cavity 1 for maintaining a predeter-
mined temperatures during operation through the oper-
ation of the knob 34c shown in FIG. 1.

The punched boards 36a, 36b and 36c for terminating
the leakage of microwave energy from the heating cav-
Ity 1 are provided at the communicating portion be-
tween the heating cavity 1 and the combustion chamber
4 as well as the communicating portion between the
exhaust passages 27a and 27b and the heating cavity 1
which is specifically shown in FIG. 2, and a communi-
cating portion between the another exhaust passage 10
and the microwave introducing port 51 respectively.
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An electric port 37 of the high frequency oscillator 7 is
located at the lowest portion of the apparatus as shown
in FI1G. 2.

By the arrangement as described in the foregoing, the
combination microwave and gas oven of the present 3
invention makes it possible to heat and form browning
on the surfaces of cooking objects simultaneously
through combination of advantages in microwave heat-
ing and gas combustion heating, which has not been
otherwise possible by single heating apparatus such as
the gas oven, microwave oven Or a microwave oven
with browning arrangement or the like.

Although simultaneous heating and browning of
cooking objects in a quick way may be thought of
through combination of the microwave oven and elec- 15
tric heater based upon the microwave heating and the
electric heating, such combination has not been proper
for domestic use even if devised, due to limitation of
domestic electric supplies.

Furthermore, in the oven of the present invention, 20
since the gas burner is independently accommodated 1n
its specific burning chamber separated from the heating
cavity, not only the broad space is available for the
heating cavity, but also the microwave leakage through
the gas burner portion which functions as an antenna is 25
advantageously prevented. Since the heat insulating
cover is provided at the microwave introducing port of
the heating cavity, the high frequency oscillator is pro-
tected from overheating which might otherwise take
place by the heated air transferred through the wave
guide and the hke.

Moreover, the heat insulating layer provided to line
the inner wall of the heating cavity is quite effective for
preventing occurrence of overheating of the outer cas-
ing as well as the parts of the high frequency oscillator. 35

Referring to FIG. 5 there is shown a modification of
the oven of FIGS. 1 to 4. In this modification, it 1s SO
arranged that part of heated air can be directly bypassed
to the exhaust opening 27, and furthermore, the bound-
ing board 10 disposed between the heating cavity 1 and
the microwave introducing port 51 is provided with a
heat insulating layer made of silicone, and this layer is
mounted for moving back and forth with respect to the
heating cavity 1by means of rail or the like laid thereun-
der.

The one side of silicone layer, which is facing the
heating cavity 1 is coated with a film 55 made of magne-
sium oxide or barium sulfide, having characteristics to
transmit the microwave, but reflect the radiant energy
such as the heat due to infrared rays. Both sides of the
silicone layer may be coated with said film. Further-
more, the coating of the film 55 may be applied onto a
partial surface or a whole surface. A partial coating of
the film is effective for correction of uneven tempera-
ture distribution within the heating cavity 1. Air flow
for cooling the high frequency oscillator is circulated
by a blower 56, then flows through the wave guide 8 to
rotate the microwave mode averaging device or the
stirrer fan 11. The device may be driven by the motor
57 if necessary as shown in FIG. 6. Thereafter, the
cooling air is flown out of the apparatus through the
exhaust opening 27. As mentioned in the foregoing, the
air heated by combustion of the gas burner 5 1s intro-
duced into the heating cavity 1 from the combustion
chamber 4 through entraining motion of the circulating
flow resulting from the sucking effects of the fan 13.

The radiant heat of the heated air introduced into the
heating cavity 1 may heat or brown the object inside the
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heating cavity 1 when the radiant energy or heat
thereof is reflected by the radiant reflecting film 55
positioned at the boundary mentioned above. In the
above state, the radiant heat is prevented from being
directed to the above wave guide 8 and enclosed inside
the heating cavity 1.

Therefore, by the radiant heat reflecting construction
of the present invention, not only the overheating of the
high frequency oscillator is prevented, but also the
effective utilization of the energy generated is guaran-
teed.

In another modified embodiment of the present In-
vention shown in FIG. 6, the heat insulating body 72
provided with the film 56 having the characteristics as
described is stuck to the exit side of the microwave
transferring port 9 or the entrance side of microwave
introducing port 51, thereby the film 56 reflects the
radiant heat conversely introduced to the wave guide 8
through the microwave introducing port 51 in order to
protect the high frequency oscillator 7 from overheat-
ing. Furthermore, the heat insulating body 72 prevents
the further transmission of the heat transferred through
convection from the heating cavity 1.

As shown in FIGS. 7 and 8, a2 microwave insulating
member or a choke cavity 87 for terminating leaked
microwave, which insulates leakage of microwave from
the heating cavity 1 through the fan accommodating
room or the housing 14, comprises a basic board 88 of a
fan 31 for cooling the motor 17 positioned at the back-
ward end of the shaft 16 of the circulation fan 13, an
outer box 93 having an open side on a side facing the fan
31 securely fixed to the rear end of the heating cavity 1
on the same shaft 16, and a silk-hat shaped member 96
stuck to the inner surface of the outer box 92 at its literal
top surface. The fan 31 for cooling the motor 17 s
inserted in the shaft 16, while closely positioning to one
silk-hat shaped member.

The fan 31 with blades 97 has a diameter which 1s
more than a half length of a basic wavelength A gener-
ated by the high frequency oscillator 7. The diameter of
the box 92 is approximately same to the diameter of the
fan 31. The silk-hat shaped member 96 has a diameter
slightly smaller than the diameter of the outer box 92
and interposed between the fan 31 and the outer box 92.

By the arrangement mentioned above, the choke
cavity 87 for terminating leaked microwave from the
heating cavity 1 is being formed, whereby the substan-
tial vertical length of the central portion of the entrance
portion of the cavity 87 mentioned above, which 1s
denoted as ‘I’ in FIG. 8, is equivalent to the one-fourth
of the basic wavelength of the microwave generated.

Furthermore, the choke cavity 87 provided in the
present invention of a combination microwave and gas
oven is characterized in that the choke cavity 87 is
interposed between the fan 31 mounted outside of the
heating cavity 1, and the heating cavity 1 and thereby,
the choke cavity is independently located outside of the
heating cavity 1.

By the arrangement as described above, not only the
utilization of the fan 31 as a portion of the choke cavity
will lead to the low cost in manufacturing the apparatus,
but also the soiling of the choke cavity 1 is prevented
owing to its location separated from the heating cavity
1.

The operational characteristics of the present inven-
tion are as follows.
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(1) For heating by microwave

After having set the high frequency oscillator for
desired time duration for a specific cooking object by

the setting timer 34d and subsequently, putting on the

start button 34b, the generation of microwave is initi-
ated and microwave thus generated is transmitted to the
heating cavity 1 through the wave guide 8.

Simultaneously, the air flow generated by the blower
12 as shown in FIG. 2 cools the source of the high
frequency oscillator and then, is introduced into the
microwave introducing port 51 to rotate the stirrer fan
or the microwave mode averaging device 11.

Accordingly, the microwave introduced into the
heating cavity 1 uniformly heats the heating object with
microwave energy evenly distributed by means of the
stirrer fan 11.

The air flow utilized for rotating the stirrer fan 11 is
discharged out of the oven through the exhaust duct 29,

(2) For heating by gas combustion

At the initiation of the operation, the temperature of
the heating cavity 1 is adjusted to the optimum level for
cooking a specific heating object by the temperature
controlling knob 34c and then, the gas combustion por-
tion ts ignited to initiate the combustion by turning
around the gas operation knob 3a.

The flow of the heated air generated by the gas
burner 5§ mentioned above is introduced into the heating
cavity 1 through the opening 6, and the simultaneous
actuation of the circulation fan 13 of air rapidly causes
the temperature in the heating cavity 1 to rise to the set
level (the preheating process).

When the temperature of the heating cavity 1 is
reached the set temperature, the heating objects to be
heated are to be accommodated in position inside the
heating cavity 1. The temperature in the heating cavity
1 is automatically kept around the set temperature by
the thermosenser 35, which has been set in advance for
the desired time duration by a timer operating knob for
heating by the gas combustion burner 3e. The thermos-
enser 35 actuates the gas combustion, while repeating
the on and off operation of ignition of the gas burner §
in order to maintain the desired temperature for the
desired duration. The exhaust gas after cooking is dis-
charged from the opening 27c.

(3) For combination of heating by microwave and
heating by gas combustion

10

I3

25

35

45

Simultaneous utilization of the gas combustion and

the microwave for cooking will reduce the cooking
duration for specific objects, if the operational charac-
teristics of each heating method are properly utilized
and combined, whereby the delay in time preheating,
which 1s specific in heating by gas combustion will be
compensated by the microwave heating which almost
has no time delay for heating.

For example, depending upon the nature of objects
for heating and the specifically desired heating degree
of the objects, the cooking may be initiated by the mi-
crowave heating and then replaced by the gas burner
heating.

Furthermore, the cooking may be initiated by either
one of the microwave heating operation of the gas com-
bustion heating operation, and the subsequent heating
may be effected simultaneously by two heating methods
when necessary.

33
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As 13 clear from the foregoing description, the combi-
nation microwave and gas oven of the present invention
can serve to provide a variety of cookings, depending
upon the nature of the cooking objects and the desired
heating degree of the cooking objects, and thus, also
serve for promoting the daily life from the point of view
of cooking.

Although the present invention has been fully de-
scribed by way of examples with reference to the at-
tached drawings, it is to be noted that various changes
and modifications are apparent to those skilled in the
art. Therefore, unless otherwise such changes and mod-
ifications depart from the scope of the invention, they
should be construed as included therein.

What is claimed is:

1. A combination microwave and gas oven which
comprises:

an outer casing, a heating cavity defined by walls

~ within said outer casing, means for supplying mi-

crowave energy into said heating cavity, a combus-
tion chamber positioned adjacent to said heating
cavity within said outer casing, a door means
adapted to selectively open and close an opening
defined at one side of said heating cavity, a gas
burner positioned within said combustion chamber
for supplying heated air to said heating cavity, a
circulation fan positioned within a housing and
communicating with said heating cavity for circu-
lating said heated air inside said heating cavity, first
microwave screen means, positioned within said
outer casing on the side thereof opposite said door
means for preventing the leakage of microwave
energy from said heating cavity through said hous-
ing, an exhaust passage positioned between said
heating cavity and said outer casing, for allowing
satd heated atr to flow out of said outer casing, and
seal means interposed between said door means and
a periphery of said opening of said heating cavity
for preventing the leakage of microwave energy
and heated air from inside of said heating cavity to
outside of said heating cavity through the space
between said door means and the periphery of said
opening.

2. A combination microwave and gas oven as claimed
in claim 1, including a connecting through hole between
said heating cavity and said combustion chamber and
second microwave screen means positioned on said
connecting through hole.

3. A combination microwave and gas oven as claimed
in claim 1 and including a microwave introducing port,
and a cover means for heat insulating and microwave
transmitting, said cover means being positioned at said
microwave introducing port to protect said means for
supplying microwave energy from overheating.

4. A combination microwave and gas oven as claimed
in claim 3, wherein said cover means comprises a me-
dium for reflecting radiant energy transmitted from the

‘inside of said heating cavity.

5. A combination microwave and gas oven as claimed
in claim 4, wherein said medium is positioned to face an
object to be heated.

6. A combination microwave and gas oven as claimed
in claim 1, including exhaust duct means, exhaust tubes
extending from said heating cavity and coupled to said
duct means, and an air exhaust duct for cooling said
means for supplying microwave energy coupled to said
duct means.
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7. A combination microwave and gas oven as claimed
in claim 1, wherein seal means is securely attached to a
peripheral corner of said door wherein said seal means
is interposed by said door and a corner of the periphery
of the opening of said heating cavity when said door is
closed cavity when said door is closed.

8. A combination microwave and gas oven as claimed
in claim 1, wherein each timer operating knob for oper-
ating satd means supplying microwave energy and said
gas burner independently operate said means supplying
microwave energy and said gas burner.

9. A combination microwave and gas oven as claimed
in claim 1, wherein said combustion chamber is located
under said heating cavity.

10. A combination microwave and gas oven as
claimed in claim 1, including exhaust ports at the upper
portion of said heating cavity.

11. A combination microwave and gas oven as
claimed in claim 1, including a microwave mode aver-
aging means at a microwave introducing port located
above said heating cavity.

12. A combination microwave and gas oven as
claimed in claim 1, wherein said heating cavity is cov-
ered with heat insulating layers.

13. A combination microwave and gas oven as
claimed in claim 1, including a flow rectifying member
in front of said circulation fan for enhancing the circu-
lated flow of heated air within said heating cavity.

14. A combmation microwave and gas oven as
claimed in claim 1, wherein said housing is provided by
recessing the opposite side portion of said heating cav-
ity, said housing having a microwave screening, porous
board in front thereof.
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15. A combination microwave and gas oven as
claimed in claim 1, wherein said motor positioned out-
side said housing for driving said circulation fan is cov-
ered by a microwave insulating member at the rear end
thereof.

16. A combination microwave and gas oven as
claimed in claim 1, wherein said outer casing is pro-
vided with an inlet portion to draw air into a blower
therein, said air introduced contacting with said heat
insulating layers for cooling said heat insulating layers.

7. A combination microwave and gas oven as
claimed in claim 16, wherein said air introduced is
passed through the vicinity of said motor to cool said
motor therewith on its way to said blower.

18. A combination microwave and gas oven as
claimed in claim 1, wherein said first microwave screen
means comprises a fan having a back board for cooling
said motor positioned at the rear of the shaft of said
circulation fan, said fan having a back board for cool-
ing, said fan having a diameter which is more than a half
length of a fundamental wavelength generated by said
means for supplying microwave energy, an outer box
having an open side on a side facing said fan, said outer
box being securely fixed to the rear of said housing
surrounding said shaft, the diameter of said box being
approximately the same as said diameter of said fan, and
a silk-hat shaped member fixed to an inner surface of
said outer box at its top surface, said silk-hat shaped
member having a smaller diameter than said diameter of
said- outer box, said silk-hat shaped member being inter-
posed between said fan and said outer box, thereby
forming a choke cavity for terminating leaked micro-

wave energy from said heating cavity.
# * * L »
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