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(57) A heating system of the present invention com-
prises a box-shaped heating chamber, a heater provided
inside the heating chamber, the heater being made of
conductive material in an electrical loop, a coil provided

Fig.2

outside the heating chamber, a power circuitry for sup-
plying high-frequency current with the coil to generate
high-frequency magnetic flux, and a magnetic member
arranged so that the heater magnetically interlinks with
the high-frequency magnetic flux generated by the coil.
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Description
Technical Field

[0001] The presentinvention relates to a heating sys-
tem, and in particular, relates to a heating cooker incor-
porating an induction current heater as a heat source in
a heating box such as a heating oven, roaster, and grill.

Background Art

[0002] Many of heating cookers applying an electro-
magnetic induction heating principle, which are so-called
IH (Induction-Heating) cookers, include, a heating box
for cooking a grilled fish and the others. The heating box
is generally named as a heating oven, roaster, or grill. A
grilled fish (especially a saury grilled with salt, etc.) is
popular when its surface is browned by radiation heat
from burning heat source and its inside is well-heated
within hot atmosphere.

[0003] While cooking the grilled fish such as the grilled
saury, substantial amount of fat (combustible oil) comes
out of the grilled fish. Therefore, it is required to provide
a dish for receiving the fat, and to keep the dish and the
fish fat therein at temperature lower than kindling tem-
perature thereof for preventing the fish fat from burning
within the heating box during cooking. This is not limited
to the grilled fish, it is true while cooking meat as well.
Such cooking is also referred to as a grill-cooking.
[0004] The heating box of the IH cooking heater is typ-
ically provided with upper and lower electrical heaters
such as sheath heaters and radiant heaters, which may
also be referred to as "resistive heaters" since they gen-
erate Joule heat when current flows through resistive el-
ements. The electrical heaters are supplied with power
through terminals electrically connected to a power
source that is positioned outside the heating box, thereby
generating Joule heat when electric power is supplied
from the power source. The electrical heaters supplied
with electric power transduce electric energy into thermal
energy which heats and grills food to be cooked within
the heating box directly and/or indirectly via heated at-
mosphere around the food. Such a heating cooker is in-
corporated not only within the IH cookers but also within
atoaster oven and electric oven. While the heating cook-
er has a simple structure, it is difficult to clean inside the
heating box because the electrical heaters are fixed with-
in the heating box, and therefore it is required to improve
the structure of the heating cooker to be more easily
cleaned. Thus, in any types of heating systems including
not only the IH cookers but also the heating ovens, the
easy-to-clean feature is highly demanded, which is an
essential demand for cookers of foods. In fact, many of
heating ovens have been proposed so far, which has the
heating source of metal for food which may be arranged
within the heating box in a non-contact or induction man-
ner, and/or detached from the heating box. [0005] For
example, as disclosed in Patent Document 1 (JP
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2003-282221 A), a conventional oven using the induc-
tion-heating technique includes upper and lower heating
coils provided over and beneath the heating box made
of magnetic material, and heats the heating box by sup-
plying high-frequency current through the heating coils.
The heating box can be detached from the oven, so as
to make it easily cleaned. See Patent Document 1, par-
agraphs [0008]-[0009] and Fig. 2.

[0005] Also, according to another microwave oven us-
ing the induction-heating technique as suggested in Pat-
ent Document 2 (JP 08-138864 A), a heat-resisting in-
sulating separator of heat-resisting glass is used for me-
chanically and electrically separating an induction-heat-
ing coil from the heating chamber, and a metal heated
body is provided within the heating chamber over the
separator, opposing to the heating coil. The heated body
is formed as a metal band in a closed loop, and therefore,
it can be designed to have induction current effectively
generated, and area for radiation heat arbitrarily adjust-
ed. The heated body is also structured to be detachably
arranged within the heating chamber. See Patent Docu-
ment 2, paragraphs [0024]-[0028] and Figs. 1, 3.
[0006] Further another microwave oven using the in-
duction-heating technique as suggested in Patent Doc-
ument 3 (JP 06-18044 A) includes induction-heating
means for induction-heating peripheral portions (or left
and right portions) of an oven dish which is detachably
installed within the oven chamber. The oven dish in-
cludes a plate made of magnetic material such as iron
plate having an enameled portion at least where the oven
dish is heated. The induction-heating means includes a
coil wound as a bobbin used in a sewing machine, and
a core for effectively providing magnetic flux generated
by the coil with the oven dish. The core is, for example,
U-shaped, and the high-frequency magnetic flux forms
a closed magnetic path through the core and the periph-
eral portion of the oven dish, rather than the other portions
of the microwave oven. The oven dish is structured to
have a lower portion of magnetic material such as mag-
netic stainless steel and an upper portion of highly heat-
conductive material such as aluminum and copper. The
magnetic material is induction-heated by the magnetic
flux through the coil and the core, of which heat is even-
tually propagated to the oven dish of highly heat-conduc-
tive material. See Patent Document 3, paragraphs
[0022], [0029]-[0036], and Figs. 1, 2, 5-7.

Summary of Invention
Problems to be solved by Invention

[0007] When the heating box or chamber using the
above conventional induction-heating techniques is
adapted into the IH cooking heaters for grill-cooking, a
couple of following problems have been raised. In the
conventional oven disclosed in Patent Document 1, a U-
shaped magnetic body is inserted within the heating box
and heated by induction current through the upper and
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lower heating coils, and therefore, the lower surface of
the magnetic body should be kept at temperature less
than the kindling temperature (about 250 degrees C) of
food fat (e.g., fish fat). Thus, since the lower surface of
the magnetic body cannot be heated sufficiently, there
is a problem that the oven is not suitable for grill-cooking
by means of radiation.

[0008] In the conventional microwave oven disclosed
in Patent Document 2, since the metal band is formed in
a closed loop, effective induction-heating is achieved up
to high temperature. However, when infrared radiation
heat from the metal band is used for grill-cooking, the fat-
receiving separator is to be provided between the metal
band and the heating coil. It should be designed to have
the magnetic flux run through the metal band to be heated
but not through the fat-receiving separator. Thus, the fat-
receiving separator is required to be made of insulating
material such as ceramics. Yet, the ceramic separator
should be thick enough to ensure mechanical strength,
and also be spaced away sulfficiently from the metal band
to keep temperature of the separator less than the kin-
dling point of the fat so as to prevent fat on the separator
from burning. Thus, it is necessary to keep substantial
gap or distance between the metal band and the fat-re-
ceiving separator, which raises another problem that the
metal band cannot be efficiently heated by the heating
coil.

[0009] Furthermore, the microwave oven disclosed in
Patent Document 3 may be used with the oven dish for
a frying-pan cooking, but not suitable for the grill-cooking
although the oven dish may possibly be heated to gen-
erate radiation heat for the grill-cooking. However, the
heating coils of the microwave oven suggested by Patent
Document 3 may heat only the peripheral portions of the
oven dish, and thus, the middle or central portion thereof
is merely heated indirectly by heat transferred from the
peripheral portions of the oven dish, which is made of
highly heat-conductive material such as aluminum and
copper, Therefore, it is required to make the highly heat-
conductive material fairly thick in order to sufficiently heat
the central portion of the oven dish. This causes draw-
backs, in turn, such as reduction of space of the heating
chamber and increase of heat capacity of the oven dish
requiring substantial time to heat the oven dish.

[0010] The present invention addresses the above-
mentioned drawbacks and has a purpose to realize a
heating system which improves the easy-to-clean feature
of the heating chamber with detachable heaters, and
eliminates the problem of the food fat by arranging in-
duction-heating means for heating the heaters outside
the side walls of the heating chamber, also achieving
substantially high temperature overall in the heating
chamber.

Means for Solving Problems

[0011] In order to overcome the above-described
drawbacks, one embodiment of the present invention is
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to provide a heating system of the present invention com-
prises a box-shaped heating chamber, a heater provided
inside the heating chamber, the heater being made of
conductive material in an electrical loop, a coil provided
outside the heating chamber, a power circuitry for sup-
plying high-frequency current with the coil to generate
high-frequency magnetic flux, and a magnetic member
arranged so that the heater magnetically interlinks with
the high-frequency magnetic flux generated by the coil.

Advantage of Invention

[0012] One embodiment of heating system according
to the present invention generates induction current
through a heater made of conductive material in an elec-
trical loop, which generates Joule heat by induction cur-
rent throughout the heater.

Brief Description of Drawings

[0013] Fig. 1 is a cross sectional view of the heating
cooker according to the first embodiment of the present
invention.

[0014] Fig.2isaperspective viewillustrating an overall
of main components of the heating cooker according to
the first embodiment.

[0015] Fig. 3is a perspective view illustrating the heat-
insulating members of the heating cooker according to
the first embodiment.

[0016] Fig. 4 is a perspective view schematically illus-
trating directions of coil current running through the coils
of Fig. 2, and directions of induction current running
through the heaters.

[0017] Fig. 5is a partial enlarged cross sectional view
of the induction-heating means according to the first em-
bodiment.

[0018] Figs. 6A and 6B are plan views illustrating the
heater of the heating cooker according to the first em-
bodiment, in a structural and functional manner, respec-
tively.

[0019] Fig. 7 is a cross sectional view of the heating
cooker according to modification of the first embodiment,
as similar to Fig. 1.

[0020] Fig. 8is an enlarged cross sectional view of the
induction-heating means according to modification of the
first embodiment, as similar to Fig. 5.

[0021] Fig. 9is a cross sectional view of the induction-
heating means used in an experiment of the first embod-
iment.

[0022] Fig. 10 is a plan view of the induction-heating
means used in an experiment of the first embodiment,
showing several measurement points of the heater.
[0023] Fig. 11 is a graph showing increased tempera-
ture measured at each of the measurement points of the
heater in the experiment.

[0024] Fig. 12 is a cross sectional view of the heating
cooker according to the second embodiment of the
present invention.
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[0025] Fig. 13is aperspective view illustrating an over-
all of main components of the heating cooker according
to the second embodiment.

[0026] Fig. 14 is a graph showing increased tempera-
ture of the heater measured in the experiment according
to the second embodiment.

[0027] Fig. 15 is a cross sectional view of the heating
cooker according to modification of the second embodi-
ment.

[0028] Fig. 16 is a chart showing a relationship be-
tween increased temperature of the heater and length of
the magnetic member according to modification of the
second embodiment.

[0029] Fig. 17 is aperspective view illustrating an over-
all of main components of the heating cooker according
to further modification of the second embodiment.
[0030] Fig. 18 is a cross sectional view of the heating
cooker according to the third embodiment of the present
invention.

[0031] Fig. 19is a perspective view illustrating an over-
all of main components of the heating cooker according
to the third embodiment.

[0032] Fig.20is a partial enlarged cross sectional view
of the induction-heating means according to the third em-
bodiment.

[0033] Fig. 21 is an enlarged cross sectional view of
the induction-heating means according to modification
of the third embodiment as similar to Fig. 20.

[0034] Fig. 22 is an enlarged cross sectional view of
the induction-heating means according to further modi-
fication of the third embodiment as similar to Fig. 20.
[0035] Fig. 23 is a cross sectional view of the heating
cooker according to the fourth embodiment of the present
invention.

[0036] Fig. 24 is aperspective view illustrating an over-
all of main components of the heating cooker according
to the fourth embodiment.

[0037] Fig. 25 is a cross sectional view of the heating
cooker according to modification of the fourth embodi-
ment.

[0038] Figs. 26A and 26B are cross sectional views of
the heating cooker according to the fifth embodiment,
with the movable component being in closed and opened
positions to the stationary component, respectively.
[0039] Fig. 27 is a perspective view illustrating the in-
duction-heating means according to the fifth embodi-
ment.

[0040] Fig. 28 is an enlarged cross sectional view of
the induction-heating means according to the fifth em-
bodiment, taken along a line of A-A of Fig. 27.

[0041] Fig. 29 is a cross sectional view of the heating
cooker according to the sixth embodiment of the present
invention.

[0042] Fig.30is aperspective viewillustrating an over-
all of main components of the heating cooker according
to the sixth embodiment.

[0043] Fig.31isaperspective viewillustrating an over-
all of main components of the heating cooker according

10

15

20

25

30

35

40

45

50

55

to modification of the sixth embodiment.

[0044] Fig.32is aperspective viewillustrating an over-
all of main components of the heating cooker according
to further modification of the sixth embodiment.

[0045] Fig. 33 is a perspective view of an overall of the
plate-like lower heater according to further modification
of the sixth embodiment.

[0046] Fig. 34 is a cross sectional view of the plate-like
lower heater of Fig. 33.

[0047] Fig.35is aperspective viewillustrating an over-
all of main components of the heating cooker according
to further modification of the sixth embodiment.

[0048] Fig. 36 is a development view of the heater of
the heating cooker of Fig. 35.

[0049] Fig. 37 is a cross sectional view of the heater
of the heating cooker of Fig. 35.

[0050] Fig. 38 is a cross sectional view illustrating an
overall of main components of the heating cooker ac-
cording to further modification of the sixth embodiment.
[0051] Fig. 39 is a cross sectional view illustrating an
overall of main components of the heating cooker ac-
cording to further modification of the sixth embodiment.

Description of Reference Numerals

[0052] 1:heating cooker (heating system), 10: heating
chamber (box-shaped housing), 12a: upper wall, 12b:
lower wall, 16: front wall, 18: rear wall, 20: heater, 22:
low-resistive part, 24: power-supplied part, 25: cooling
part, 26: high-resistive part (heating part), 30: coil, 32:
magnetic member, 34: heat-insulating member, 36:
groove (opening), 37: grid, 38: fat-receiving dish, 40:
base portion, 42: side portion, 44: extended portion, 45:
heat-insulating member, 50: stationary component, 52
movable component, 54: heater-access port, 56: airtight
case, 58: lower heater, 59: cutout, 70: box-shaped airtight
container, 72: lid member, 74: container member, 75:
container body, ¢1, ¢2: magnetic flux.

Description of Embodiments

[0053] The present invention relates to any types of
heating systems and may be applicable even for an in-
dustrial firing furnace and drying furnace, and a house-
hold cooker as well. Referring to attached drawings, em-
bodiments of a cooker as an example of the heating sys-
tem according to the present invention will be described
herein. In the description, a couple of terms for indicating
the directions (for example, "upper”, "lower", "left" and
"right", etc.) are conveniently used just for facilitating
clear understandings, it should not be interpreted that
those terms limit the scope of the present invention. Sim-
ilar components are denoted with similar reference nu-
merals throughout the description.

[0054] Embodiment 1. Fig. 1 is a cross sectional view
ofthe heating cooker 1 according to the first embodiment,
and Fig. 2 is a perspective view schematically illustrating
an overall of main components of the heating cooker of
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Fig. 1. The heating cooker 1 is suitably used for an IH
cooking heater, especially useful as a heating chamber
for grill-cooking. Also, the present invention may also be
adapted for any other types of heating cookers such as
a microwave oven and/or a toaster oven, which is used
for various cookeries such as oven-cooking, as well as
grill-cooking.

[0055] The heating cooker 1 according to the first em-
bodiment of the present invention includes a heating
chamber (box-shaped housing) 10 as illustrated in Figs.
1, 2. The heating chamber 10 includes upper and lower
walls 12a, 12b, right and left side walls 14a, 14b extend-
ing vertically, and front and rear side walls (not shown).
Also, the heating cooker 1 includes detachable heaters
20a, 20b formed of metal in a closed loop (in a closed
electrical circuit) provided within the heating chamber 10
near to the upper and lower walls 12a, 12b. It also in-
cludes coils 30a, 30b provided along the right and left
side walls 14a, 14b of the heating chamber 10, and a pair
of magnetic members 32 of magnetic material such as
ferrite core provided along and adjacent the coils 30a,
30b.

[0056] Each of the coils 30a, 30b may be formed, for
example, by twisting a plurality (nineteen) of copper wires
having diameter of 0.3mm coated with resin wire (so
called a litz wire), and by winding the litz wire a plurality
of times (25 times) in parallel with the side walls 14a, 14b
in a rectangular shape each of which corner is bent in a
right curved or an elliptic shape. In the litz wire wound
along the sides of the rectangular shape of the coil, cur-
rent (magnetic flux) runs through the same direction. As
shown in Fig. 2, each of the magnetic members 32 is
formed in a U-shaped so as to cover or surround the litz
wires, and is arranged to oppose the upper and lower
heaters 20a, 20b.

[0057] The magnetic members 32 may be made of
magnetic material similar to one generally used as the
ferrite core around the heating coil of a typical IH cooking
heater. Also, a plurality of U-shaped heat-insulating
members 34 are provided inside each of the U-shaped
magnetic members 32. Thus, the coils 30a, 30b are in-
tervened between the magnetic members 32 and the
heat-insulating members 34 at least in portions where
the coils oppose to the heaters 20a, 20b, as illustrated
in Figs. 1 and 2. Furthermore, the heat-insulating mem-
bers 34 may have a double-layered structure having a
heat-insulating layer 34a made of glass wool or ceramic
wool and a ceramics layer 34b as shown in Fig. 3, and
aportion of the side walls 14a, 14b of the heating chamber
10 may be formed of ceramics or metal such as iron and
stainless steel.

[0058] The heat-insulating members 34 so structured
thermally insulates the coils 30a, 30b and the magnetic
members 32 from hot atmosphere within the heating
chamber 10. Besides, the insulating layer 34a is formed
as air gap or air stream. Portions of he side walls 14a,
14b may be composed of the heat-insulating members
34 and the magnetic members 32 together with the coils
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30a, 30b as illustrated in Fig. 1. The other portions of the
walls composing the heating chamber 10 (e.g., upper
and lower walls 12a, 12b) are made of metal such as iron
and stainless steel or insulating heat-resisting material
such as ceramics and glass. Although not shown, the
heating chamber 10 is defined also by the front and rear
walls. Thus, the heating chamber 10 is formed as a closed
box or housing from the upper and lower walls 12a, 12b,
side walls 14a, 14b, and the front and rear walls. The
front wall has a front door (not shown) that can be opened
and closed for accessing food inside the heating chamber
10.

[0059] The heaters 20a, 20b are inserted and support-
ed within grooves (openings) 36 of the heat-insulating
members 34, each of which extends horizontally as
shown in drawings. Thus, the heaters 20a, 20b are mere-
ly situated or seated on the grooves 36, which allows the
heaters to be detachable from the front door. Also, this
structure of the heating chamber 10 allows both of a grid
37 for supporting food and a fat-receiving dish 38 for re-
ceiving food fat to be inserted in and/or detached from
the heating chamber 10 through the front door. The grid
37 and the fat-receiving dish 38 may be made of material
and be structured in any configurations used in the heat-
ing chamber 10 of a conventional IH cooking heater. Also,
the side walls 14a, 14b and the other walls of the heating
chamber 10 may preferably have inner surfaces coated
with suitable material for various purposes realizing an
antifoulant effect and an infrared-ray effect.

[0060] Next, the operation of the heating cooker 1 will
be described herein. When the high-frequency current
having frequency in a range of 20kHz through 100kHz is
supplied with coils 30a, 30b from a power circuitry (not
shown), a high-frequency magnetic field is generated by
and around the coils 30a, 30b. The high-frequency mag-
netic flux generated by the coils 30a, 30b defines a mag-
netic loop running through the U-shaped magnetic mem-
bers 32, the heaters 20a, 20b, and the grooves (open-
ings) 36 of the heat-insulating members 34. Thus, the
heaters 20a, 20b magnetically interlinks with the high-
frequency magnetic flux. Then, induction current is gen-
erated through each of the heaters 20a, 20b that is elec-
trically closed or formed as a loop, and then Joule heat
is to generated by the induction current, so that the heat-
ers 20a, 20b are heated entirely and uniformly. Such en-
tire and uniform heating by the heaters 20a, 20b heats
the food received within heating chamber 10 in an even
manner. When the power circuitry supplies sufficient
power (e.g., 2kW in total) with the coils 30a, 30b, the
heaters 20a, 20b are heated over 800 degrees C, from
which infrared energy is radiated to directly heat the food.
Also, the heaters 20a, 20b heats peripheral atmosphere
which is distributed by convection throughout the heating
chamber 10, and then indirectly heats the food in hot
atmosphere. As above, the food within the heating cham-
ber 10 is heated by infrared radiation and hot atmos-
phere, for grill-cooking.

[0061] Fat flowing from the food to be heated is re-
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ceived by a fat-receiving dish 38 provided beneath the
lower heater 20b. According to the present invention, in
principle, the induction current runs through the looped
lower heater 20b, thereby generating Joule heat. This is
the heating principle different from that of the conven-
tional heating cooker as disclosed in the above Patent
Documents 1, 2, where the magnetic body is directly in-
duction-heated. Therefore, even if the fat-receiving dish
38is made of metal and arranged beneath the lower heat-
er 20b, it is not directly induction-heated by the lower
heater 20b, and therefore, the fat-receiving dish 38 can
be kept at temperature much lower than the kindling tem-
perature of the fat, by spacing the gap between the lower
heater 20b and the fat-receiving dish 38.

[0062] As above, according to the present invention,
the heating principle utilizing Joule heat generated by the
induction current running through the looped heater is
different from the "induction--heating" " principle for pans
seated on the top plate of a typical IH cooking heater,
and thus, the heating principle the present invention may
not be referred to as the "induction-heating". However,
since the present invention utilizes Joule heat generated
by the "induction current" running through the looped
heater caused by the "electromagnetic induction", this
application will also uses the term of the "induction-
heating" herein. Also, the coils 30a, 30b and the magnetic
members 32 are collectively referred to as "induction-
heating means" for generating induction current through
the heaters 20a, 20b. It should be noted that the temper-
ature and the input power of the heaters 20a, 20b are
indicated above as an example, and the temperature of
the heaters 20a, 20b may be determined by parameters
including the input power and the radiation surface area
thereof, etc.

[0063] Although not described in detail, any types of
power circuitries may be incorporated which are similar
to ones used in a typical induction-heating cooker such
as a IH cooker, including, for example, a half-bridge cir-
cuitry, a full-bridge circuitry, and an one-oscillator circuit-
ry. As easily be configured for a person skilled in the art
without further description of the power circuitry in the
embodiments, an oscillating capacitance is connected
with the coil in series used in the half-bridge circuitry and
the full-bridge circuitry, and in parallel used in the one-
oscillator circuitry. This is well known in the art, and there-
fore is also adapted in other embodiments according to
the present invention. Also, it should be noted that each
of the coils 30a, 30b is supplied with power individually
from the respective one of the power circuitries, or the
coils 30a, 30b connected in parallel or series with each
other may be supplied with power from the same the
power circuitry. When the coils 30a, 30b are connected
in parallel or in series with each other, attention should
be paid for connection thereof, taking into consideration
of current flow direction, which will be discussed more
hereinafter.

[0064] Fig. 4 illustrates directions of coil current run-
ning through the coils 30a, 30b, directions of magnetic
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flux generated by coil current, and directions of induction
current running through the heaters 20a, 20b induced by
electromagnetic induction. For facilitating understand-
ings, all of components except the coils 30a, 30b and the
heaters 20a, 20b are eliminated. In Fig. 4, flow directions
of the coil current and the induction current are traced
over the coils 30a, 30b and the heaters 20a, 20b. The
coil current and the induction current have flow directions
alternated at driving frequency, and Fig. 4 is illustrated
at a certain moment of the flow directions. As illustrated
in Fig. 4, the coil current through the coils 30a, 30b gen-
erates the magnetic flux around the coils 30a, 30b with
which heaters 20a, 20b magnetically interlink, thereby
developing electromotive force and generating the induc-
tion current through the heaters 20a, 20b formed in a
closed loop. Thus, this mechanism is the same as one
of a transformer, in which the coils 30a, 30b may be re-
garded as being equivalent to primary coils, and so the
heaters 20a, 20b being as secondary coils of the trans-
former. Since the heaters 20a, 20b are heated by using
such mechanism, when the coils 30a, 30b connected in
series or in parallel are driven by a single power circuitry,
the coils 30a, 30b should be connected so as to allow
the coil current running as shown in Fig. 4. On the other
hand, when each of the coils 30a, 30b is driven individual
power circuitries, the phase (or direction) of the coil cur-
rent through the coils 30a, 30b may be adjusted for ob-
taining any desired (or controllable) heating efficiency,
and may be set optimal for realizing the most heating
efficiency when the phase (or direction) is controlled as
shown in Fig. 4.

[0065] Fig.5isanenlarged cross sectional view of one
of four induction-heating means of the heating cooker 1
in Fig. 1, which includes the coil 30 and the magnetic
member 32 (together with the heat-insulating members
34 and the heater 20). In Fig. 5, the heater 20 is illustrated
only for a portion which magnetically interlinks with the
magnetic flux. As the high-frequency current runs
through the coil 30, the high-frequency magnetic flux is
generated around the coil 30. The high-frequency mag-
netic flux runs through a magnetic circuit (loop) which
penetrates the U-shaped magnetic member 32 and
transverses the U-shaped opening thereof. In this con-
text, the "U-shaped magnetic member 32" is defined as
including a base portion 40 extending along the coil 30,
and a pair of side portions 42a, 42b extending perpen-
dicularly to the base portion 40 from ends thereof, be-
tween which the opening 36 is formed.

[0066] The magnetic flux extending across the open-
ing 36 of the U-shaped magnetic member 32 includes
one (¢1) that does not pass through the heater 20 and
another one (¢2) that penetrate the heater 20. While the
magnetic flux (¢1) is quite effective in generating the in-
duction current through the electrically looped heater 20,
the magnetic flux (¢2) is less effective because its mag-
netic energy is used mostly for generating eddy current
within the portion where the magnetic flux is penetrated
but few for generating the induction current throughout
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the looped heater 20. Thus, the heater 20 is heated by
Joule heat caused by the induction current and the eddy
current as well. Therefore, since the heater 20 is made
of uniform material and shaped as having the same sec-
tion along its extending direction, in general, it has higher
temperature at portions which are closer to and magnet-
ically interlinked with the coils 30a, 30b, and lower tem-
perature at the other portions. The magnetic energy of
the magnetic flux (¢2) closer to the coils 30a, 30b also
contributes heating atmosphere within the heating cham-
ber 10 without energy loss, however, this requires further
improvement of thermal insulation between the coil 30
(and the magnetic member 32) and the heater 20, by
providing air gap for circulating air therethrough and/or
by designing the heat-insulating member 34 thicker for
thermally protecting the coil 30.

[0067] Figs.6A and 6B are plan views of the heater 20
suitably used in the heating cooker 1 of the first embod-
iment. The heater 20 is illustrated structurally in Fig. 6A
and functionally in Fig. 6B. It should be noted that the
heater 20 used for the heating cooker 1 of the present
invention is not limited thereto, and may be formed in any
shape and configuration with any material as far as being
shaped in an electrically closed loop. Preferably, the
heater 20 may be composed of two parts structurally dif-
ferent from each other. That is, the heater 20 may include
low-resistive parts 22 having lower electrical resistance
at the end regions adjacent the coils 30a, 30b, and high-
resistive parts 26 having higher electrical resistance in
the middle thereof. The terms, i.e., the "low-resistive" part
and the "high-resistive" part are intended as having lower
or higher electrical resistance per unit length relative to
each other. For example, when using the same metal for
both parts 22, 26, the low-resistive part 22 and the high-
resistive part 26 may be formed from a solid bar and a
hollow pipe, respectively, and may be connected, e.g.,
by welding each other. Also, when using different metal
for each part 22, 26, the low-resistive part 22 may be
made of lower specific resistance such as copper and
the high-resistive part 26 may be made of higher specific
resistance such as stainless steel. Also, the low-resistive
part 22 and the high-resistive part 26 may have structure
and material different from each other. For example, the
low-resistive part 22 may be made from a solid bar of
copper or copper alloy having diameter of 6mm, and the
high-resistive part 26 may be made of hollow pipe of
stainless steel having diameter of 6mm and radial thick-
ness in arange between 0.3mm through 1mm, which are
connected together by welding or gluing. It should be
noted that since the terms, i.e., "specific resistance" is
referred as one at a give high frequency of the induction
current through the heater 20, the hollow bar may pos-
sibly have the specific resistance less than that of the
solid due to the skin effect, and if this is the case, the
low-resistive part 22 may be made of hollow pipe.
[0068] Since the heater 20 includes no electrical core
like a heating wire of a sheath-heater, the heater 20 may
be formed in any configuration as shown in Figs. 6A and
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6B at a reasonable cost without damage by being folded.
Furthermore, the heater so structured may be coated with
various material for antifouling and/or protecting effect.

[0069] The heater 20 will be described in a functional
aspect herein. The low-resistive part 22 shown in Fig. 6B
is composed of a power-supplied part 24 and a cooling
part 25. The high-resistive part 26 shown in Fig. 6A is
also referred to as a heating part 26.

[0070] Next, operation thereof will be explained herein.
As above, the heater 20 includes the low-resistive part
22 composed of the power-supplied part 24 and the cool-
ing part 25 both made of a solid copper bar, and the high-
resistive part (heating part) 26 of a stainless pipe. As
illustrated in Figs. 1 and 2, the heater 20 is inserted into
the grooves (openings) 36 of the heat-insulating mem-
bers 34 and situated within the heating chamber 10.
When the coil 30 is supplied with high-frequency current
by the power circuitry, high-frequency magnetic flux is
generated around the coil 30, which magnetically inter-
links with the power-supplied part 24 so as to generate
induction current through the heater 20. Then, while the
power-supplied part 24 is heated in response to Joule
heat caused by induction current and eddy current, as it
has relative lower resistance, less Joule heat by the in-
duction current is generated therein. Also, as the power-
supplied part 24 is made of material having relative low
resistance, such as nonmagnetic metal (e.g., copper), it
is possible to sufficiently reduce Joule heat by the eddy
current.

[0071] Since the power-supplied part 24 is situated
within or surrounded by the groove 36 of the heat-insu-
lating member 34, it is less cooled than the cooling part
25. Although the cooling part 25 has the same structure
and construction material as the power-supplied part 24,
since the cooling part 25 is surrounded by air, it is much
more cooled than the power-supplied part 24. Also, the
cooling part 25 is made of material having less resistance,
Joule heat by induction current is reduced and kept at
relative lower temperature.

[0072] Meanwhile, the heating part 26 is overall ex-
posed in the air, it is cooled equally as the cooling part
25, however, since the heating part 26 has greater elec-
tronic resistance, it generates more Joule heat by induc-
tion current than the cooling part 25. Therefore, the food
within the heating chamber is efficiently heated and
grilled by radiation heat from the heating part 26. Also,
the cooling part 25 generates less heat and radiates more
heat transferred from the heating part 26 to peripheral
air, which minimizes the heat that is generated by the
heating part 26 and transferred through the cooling part
25 to the power-supplied part 24, thereby keeping the
power-supplied part 24 at lower temperature.

[0073] Nextdescribed herein is the magnetic member
32 defining the magnetic loop (magnetic circuit). As
shown in Fig. 5, the high-frequency current through the
coil 30 generates the high-frequency magnetic flux
around the coil 30 which defines the magnetic circuit run-
ning through the U-shaped magnetic member 32 and
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across the opening 36. As above, while the magnetic flux
(92) penetrates through the heater 20 but the magnetic
flux (¢1) does not, both of the magnetic flux generate
induction current running through the heater 20. In order
to obtain greater induction current through the heater 20,
preferably the magnetic flux (¢1) is increased as much
as possible. Also in order to reduce Joule heat by the
eddy current in the power-supplied part 24, it is desirable
to reduce the magnetic flux (¢2), thereby to increase the
ratio of the magnetic flux (p1) over the magnetic flux (92).
[0074] Fig. 7 is a cross sectional view of an improved
heating cooker 1, which is generally similar to that as
illustrated in Fig. 1, except that the magnetic member 32
has a different shape and/or configuration. Fig. 8 is an
enlarged cross sectional view of a portion of the induc-
tion-heating means, similar to Fig. 5, which includes the
coil 30, the magnetic member 32, the heat-insulating
members 34, and the heater 20. The magnetic member
32 of Fig. 8 is basically the same as that of Fig. 5 except
its shape and/or configuration so that the magnetic mem-
ber 32 is improved to increase a ratio (p1/¢2) of the mag-
netic flux.

[0075] While the magnetic member 32 of Fig. 5 has a
U-shaped cross section, the magnetic member 32 of
Figs. 7 and 8 has a C-shaped cross section. In this ap-
plication, the "C-shaped magnetic member" are intended
as one including a base portion 40 extending along the
coil 30, a pair of side portions 42a, 42b extending per-
pendicularly to the base portion 40 from the ends thereof,
and a pair of extended portions 44a, 44b extending from
tips of the side portions 42a, 42b towards each other,
between which the opening 36 is formed. Thus, the mag-
netic member 32 of Fig. 8 has a cross section which has
arectangular shape having one member partially opened
or broken in its middle. The magnetic member 32 may
have a trapezium or oval shape rather than the rectan-
gular shape.

[0076] As illustrated in Figs. 7 and 8, the C-shaped
magnetic member 32 reduces magnetic resistance of the
magnetic flux (¢1), thereby increasing the magnetic flux
(91) between the extended portions 44a, 44b and reduc-
ing the magnetic flux (¢2). Therefore, the C-shaped mag-
netic member 32 of Figs. 7 and 8 reduces Joule heat by
eddy current within the power-supplied part 24 of the
heater 20, in comparison with the U--shaped magnetic
member 32 of Fig. 5. Thus, it is preferred to design the
magnetic member 32 in the C-shaped configuration. Yet,
in case where the groove (opening) 36 has the same
width, the C-shaped magnetic member 32 requires great-
er volume of construction material than the U-shaped
magnetic member 32, and therefore, raises manufactur-
ing cost of the C-shaped magnetic member 32. Further-
more, as discussed above, in order to keep the power-
supplied part 24 at lower temperature, the power-sup-
plied part 24 and the heating part 26 of the heater 20 may
not necessarily be structured or formedin a different man-
ner, so that the manufacturing cost of the heater 20 is
substantially reduced. In other words, upon taking con-
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sideration of the other design factors such as the manu-
facturing cost, it is to be determined whether the U-
shaped or C-shaped magnetic member 32 is incorporat-
ed.

[0077] Itis more preferable that the C-shaped magnet-
ic member 32 has the smaller opening 36 (less distance
between the extended parts 44a, 44b), and itis ultimately
or most desirable that the distance between the extended
parts is zero and the magnetic member 32 has an O-
shaped cross section. However, if the magnetic member
32 is designed to be O-shaped, the heater 20 cannot be
detached out of the magnetic member 32, and therefore,
anotherinnovated structure is required to have the heater
20 detachable. Also in order to have the opening 36 of
the magnetic member 32 smaller, the heater 20 may be
formed from a metal plate instead of a bar or pipe having
acircular cross section. For example, the heater 20 made
of non-magnetic stainless steel plate having thickness of
2mm may cause the opening 36 (the distance between
the extended parts) of the C-shaped magnetic member
32 to be smaller by 4mm.

[0078] Next, an experimental result will be described
herein. When supplying the coils 30a, 30b of the heating
cooker 1 as structured in Fig. 2 with the high-frequency
current, the temperature of the heaters 20a, 20b were
measured. The upper wall 12a and the front wall of the
heating chamber 10 of Fig. 2 were kept opened in this
experiment. This is because the temperature of the heat-
ers 20a, 20b was detected directly by a thermocouple,
and the heating chamber 10 was to be prevented from
being overheated. Fig. 9 is a cross sectional view of the
induction-heating means of the heating chamber 10 used
in the experiment, in which the scale size thereof was
almost precisely duplicated as actually used one. The
magnetic member 32 has the C-shaped cross section as
shownin Fig. 9 and the length of 60mm along the direction
of depth in the drawing. The magnetic member 32 is
made from ferrite core and has thickness of 5mm. The
heat-insulating member 34 is made of ceramic wool and
has thickness of 10mm. The coil 30 was formed by 25
times winding the litz wire of nineteen of twisted copper
wires having diameter of 0.3mm coated with resin wire.
The coils 30a, 30b provided at left and right side walls of
the heating chamber 10 as shown in Fig. 2, were con-
nected in parallel and supplied with the high-frequency
current of 25kHz from a half-bridge power circuitry. The
heater 20 has a circular cross section having diameter
of 6Bmm. As seen from Fig. 9, the heater 20 is positioned
close to the opening 36 of the U-shaped magnetic mem-
ber 32, and therefore, there seems insufficient magnetic
flux (¢1) which passes by (or does not penetrate through)
the heater. Fig. 10 shows the structure of the heater 20
used in the experiment, in which the scale size thereof
was almost precisely duplicated as actually used one.
The heater 20 was made to have two different types of
material and configuration also as shown in Fig. 6. In Fig.
10, the low-resistive part 22 was made from a bar of cop-
per having diameter of 6mm and the high-resistive part
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26 was made from a hollow pipe of non-magnetic stain-
less steel SUS 304, which has outer diameter of 6mm,
inner diameter of 4mm, and radial thickness of 1mm. The
copper bar (low-resistive part 22) and the stainless pipe
(high-resistive part 26) were connected by gold soldering.
A pair of portions as shown by left and right dashed rec-
tangles in Fig. 10 is inserted in the grooves 36 of the
heat-insulating members 34 when situated within the
heating chamber 10. Thus, the heater 20 so structured
includes no cooling part 25 as shown in Fig. 6B. Several
points where the thermoelectric couples were provided
for thermal measurements are indicated by solid circles
A-D on the heater 20 of Fig. 10. The thermoelectric cou-
ples were attached by winding a Kapton tape on those
points. Because of the thermally resisting limit of the Ka-
pton tape, the temperature was measured in arange less
than 400 degrees C.

[0079] Fig. 11 is a graph showing temperature detect-
ed at each of the temperature measurement points of the
heater 20 when the power circuitry is supplied with power
of 1kW. The temperature measurement were made on
the upper heater 20a at the points A, B, C, D in Fig. 10,
and on the lower heater 20b at the points A, B, C. The
denotation of "power-supplied parts" in Fig. 11 indicates
the temperature detected at the points A, B, and the de-
notation of "heating parts" in Fig. 11 indicates the tem-
perature detected at the points C, D. Temperature on the
upper and lower heaters 20a, 20b detected at each of
the points are approximately the same as one another,
those measurements are plotted in Fig. 11 without dis-
tinguishing the upper or lower heater 20a, 20b.

[0080] As clearly shown in Fig. 11, the heating cooker
1 having the heater 20 of Fig. 2 is used for heating and
cooking food. Since the heating part 26 of the heater 20
at each measurement point has approximately the same
temperature, it is clear that the heating part 26 is heated
by Joule heat caused by induction current running
throughout the looped heater 20. The thermal increase
rate of the heating part 26 is substantial, which is partially
because of less heat capacity of the heating part 26 made
of a stainless pipe. For example, two minutes after initi-
ating heating, the temperature of the heating parts 26 is
rather higher than that of the power-supplied parts 24,
which also clearly shows that the heating parts 26 are
heated by itself and not by the heat transferred from the
power-supplied parts 24.

[0081] The present invention looks similar to afore-
mentioned Patent Document 3 in view that the magnetic
cores are used for applying the high-frequency magnetic
flux through the side walls, but is totally different from it
in view of the heating mechanism. Thus, according to
Patent Document 3, only the side portions of the oven
dish are magnetically interlinked with magnetic flux to be
induction-heated by induction current running there-
through. Contrary to this, according to the present inven-
tion, the overall of the heater 20 rather than only the pow-
er-supplied parts 24 of the heater 20 is induction-heated
by induction current running throughout the looped heat-
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er 20, which is caused by the high-frequency magnetic
flux passing by (not penetrating through) the power-sup-
plied parts 24 of the heater 20.

[0082] The temperature of the power-supplied part 24
increases moderately but eventually more than that of
the heating part 26. This is partially because the power-
supplied part 24 is heated by eddy current generated by
magnetic flux running through the power-supplied part
24. This is also because a portion of the heating part 26
connected with the power-supplied part 24 is received in
the groove 36 of the heat-insulating member 34 as shown
in Fig. 10 so that the portion of the heating part 26 radiates
thermal energy less than the other portions (at measure-
ment points C, D), thereby raising the temperature there-
of. Heat from the raised portion of the heating part 26 is
transferred to the power-supplied part 24 which also ra-
diates less thermal energy, which may make the temper-
ature of the power-supplied part 24 higher. In other
words, it is useful to provide the cooling part 25 as shown
in Fig. 6B in order to lower the temperature of the power-
supplied part 24. It may be needless to mention that while
the temperature of the heating part 26 in the experiment
of Fig. 11 is relatively low for grill-cooking, the tempera-
ture of the heating chamber 10 can be raised by providing
the upper wall 12a and the front wall thereof and by sup-
plying with greater power, which is suitable for grill-cook-
ing.

[0083] The heating chamber 10 of the heating cooker
1 of Figs. 1 and 2 may include the side walls 14a, 14b
made of metal such as iron plate, which may also be
induction-heated by the magnetic flux generated by the
coils 30a, 30b, as well as the magnetic members 32. Yet,
the induction-heated side walls may efficiently raise the
temperature of air within the heating chamber 10.
[0084] As explained above, the heating cooker 1 ac-
cording to the present invention includes the induction-
heating means on the side walls 14a, 14b of the heating
chamber 10. Also, the heating cooker 1 includes the elec-
trically looped heaters 20a, 20b which are detachably
arranged within the heating chamber 10 and overall heat-
ed by induction current generated by high-frequency
magnetic flux from the side wallsl4a, 14b. This allows the
heating chamber 10 more easily cleaned and the fat-
receiving dish 38 of metal positioned beneath and spaced
enough from the lower heater 20b.

[0085] Itis not always necessary to provide two of up-
per and lower heaters 20a, 20b within the heating cham-
ber 10, and only one of them may be arranged therein.
When only one heater is provided, a single induction-
heating means may be positioned adjacent either one of
the upper and lower heaters 20a, 20b with the coil 30
wound in a planar shape as the present embodiment.
This is applied to any one of following embodiments as
well.

[0086] Embodiment2. Fig. 12is a cross sectional view
of the heating cooker 1 according to the second embod-
iment of the present invention, and Fig. 13 is a perspec-
tive view schematically illustrating an overall of main
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components of the heating cooker of Fig. 12. The induc-
tion-heating cooker 1 of the second embodiment is sim-
ilar to one of the first embodiment except that only one
coil is provided on the side wall 14 for supplying the high-
frequency magnetic flux with the heater 20 formed in an
electrical loop. Therefore, the duplicated description in
detail for the common features will be eliminated. Similar
components are denoted with similar reference numerals
throughout the description.

[0087] As is clear upon comparing Figs. 12 and 13 of
the heating cooker 1 according to the second embodi-
ment with Figs. 1 and 2 thereof according to the first em-
bodiment, the heating chamber 1 of the heating cooker
1 according to the second embodimentincludes only one
induction--heating means. This works well as clearly un-
derstood from the heating principle of the heating cooker
1 of the present invention that the heater magnetically
interlinks with the high-frequency magnetic flux generat-
ed by electromagnetic induction, so thatinduction current
runs through the heater formed in an electrical loop.
Therefore, the second embodiment will be described as
including one induction-heating means having one set of
a coil and other components, while possibly having two
sets as the first embodiment, or having three or more
sets thereof. Also, what is described for the first embod-
iment may naturally be applicable for the heating cooker
1 according to the second embodiment.

[0088] InFig. 12, the heating chamber 10 includes the
left side wall 14b having grooves 39 for supporting the
heaters 20a, 20b but no coil 30 provided thereon. The
side wall 14b may be formed of metal material such as
iron, inwhich atleast one of the side wall 14b and heaters
20a, 20b should be coated with insulating material for
electrical insulation between both of the heaters 20a,
20b, In general, the inner walls of the heating chamber
10 and the heaters 20a, 20b are coated with material for
antifouling, protecting and/or far-infrared effects, there-
fore, such a coating may be adapted also for electrical
insulation effect.

[0089] Next, an experimental result will be described
herein. Fig. 14 is a graph showing the measured temper-
ature of the heater 20 of the heating chamber 10 shown
in Fig. 13. The driving condition of the induction-heating
cooker 1 of the second embodiment is similar to one of
the first embodiment except that a single induction-heat-
ing means is used. Thus the input power was 500W. As
clearly understood from the graph of Fig. 14, the power-
supplied parts 24 had temperature greater than the heat-
ing parts 26. Since the upper and lower heating parts
20a, 20b had the increased temperature different from
one another in this experimental result, each of meas-
urement was individually plotted in Fig. 14. The temper-
ature of the upper and lower heaters 20a, 20b is different
from each other, which is understood because each of
them has different position or relationship against the in-
duction-heating means and the lower heater is supplied
with greater power. The heating parts 26 had the tem-
perature saturated after about six minutes passed, but
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the power-supplied parts 24 have the temperature kept
further increasing thereafter. This is understood because
the temperature of the heating parts 26 is increased by
its own heat rather than by heat transferred from the pow-
er-supplied parts 24.

[0090] Upon comparison with Figs. 11 and 14 for the
first and second embodiments of the heating cooker 1,
itis clear thatthe power-supplied parts 24 have increased
temperature greater than the heating parts 26, of which
reason is understood as follows. Thus, while the temper-
ature of the heating parts 26 depends upon the input
power, the amount of heat generated by the heating parts
26 with input power of 500W according to the second
embodiments in Fig. 14 is about half of that by the heating
parts 26 with the input power of 1kW according to the
first embodiment in Figs. 11, which reduces the temper-
ature of the heating parts 26 of Fig. 14. In the meanwhile,
since one of the induction-heating means is input with
power of 500W both in the firstand second embodiments,
the amount of heat generated by eddy current in the pow-
er-supplied parts 24 of Fig. 14 is almost equivalent to that
of Fig. 11. Thus, although the input power to the induc-
tion-heating means of Fig. 14 is reduced half, the power-
supplied parts 24 of Fig. 14 have increased temperature
substantially the same as ones of Fig. 11. Thus, when
the heating cooker is designed to have a single induction-
heating means having the coil 30 and other components,
more amount of heat is generated in the power-supplied
parts 24, therefore, it is useful to form the magnetic mem-
ber in the C-shape as described in the first embodiment
so as to increase magnetic flux passing by (not penetrat-
ing through) the heater 20 and reduce penetrating mag-
netic flux magnetically interlinked with the heater 20. This
can suppress increased temperature of the power-sup-
plied parts 24 and increase the temperature of heating
parts 26 even when the heater 20 has one power-sup-
plied part 24. When the heater 20 is provided with one
power-supplied part 24, that is, when one induction-heat-
ing means is required, the manufacturing cost is advan-
tageously reduced. Also, it brings another advantage that
the degree of freedom for designing the structure of the
heating cooker 1 can be expanded by arranging the in-
duction-heating means only on the front wall 16 or the
rear wall 18 as shown in Fig. 15, instead the side wall
14. Fig. 15 is a cross sectional view of the heating cooker
1 including the induction-heating means arranged on the
rear wall 18. The magnetic member has the C-shaped
cross section so as to suppress increased temperature
of the power-supplied parts 24. Also, the front wall 16 of
the housing (the heating chamber 10) may be structured
to be opened and closed, and be partially composed of
a front door 17 made of glass through which the inside
thereof can be observed during cooking. The heating
principle of the induction-heating means arranged on the
rear wall 18 is similar to that on the side wall 14 as de-
scribed in the above embodiments.

[0091] Despite the single induction-heating means, the
heater 20 having two of the low-resistive parts 22 in both
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ends thereof is used in this experiment, as illustrated in
Figs. 6A, 6B, and 10. The heater 20 allows a user to
easily install it within the heating chamber 10 without pay-
ing attention to the direction thereof, which eliminates or
alleviates user’'s complicated installation and prevents
malfunctioning due to wrong direction installation (erro-
neous installation in direction) of the heater 20.

[0092] Fig. 16 is a chart showing increased tempera-
ture of the heaters 20 which include one or two of the
power-supplied parts 24 for comparison. The horizontal
axis of Fig. 16 indicates length of the magnetic member
32, and the increased temperature of the magnetic mem-
ber 32 having 60mme-long single power-supplied part 24
is obtained through the experiment of Fig. 14, and the
increased temperature of the magnetic member 32 hav-
ing 60mm-long two power-supplied parts 24 are detected
through the experiment of Fig. 11. Thus, the structure of
the heating chamber 10 and the driving conditions of the
induction-heating means are the same as those of the
first and second embodiments. The vertical axis of Fig.
16 indicates relative increased temperature when the in-
creased temperature of the single 60mm-long power-
supplied part 24 measured at 30 seconds after initiation
of power supply. The input power to the induction-heating
means is set as 500W with the single power--supplied
part 24 and as 1kW with two power-supplied parts 24.
Thus, either one the power-supplied parts 24 is supplied
with power of 500W. The reason why the increased tem-
perature is measured at 30 seconds after initiation of
power supply is to compare the increased temperature
of the power-supplied parts 24 when they are not too hot
for reducing influence of the heat radiation. While two of
the heaters 20a, 20b are provided, in case where each
of them has two power-supplied parts 24, the increased
temperature is plotted in Fig. 16 by averaging the tem-
perature of the power-supplied parts 24.

[0093] AscanbeseenfromFig. 16, the increased tem-
perature of the power-supplied part 24 with two of the
power-supplied parts 24 is less than that with one of the
power-supplied part 24. Also, as the magnetic member
32 is longer, the increased temperature of the power-
supplied part 24 is lower, but is not proportional to the
length thereof and almost saturated at the length of
120mm or greater in this experiment of Fig. 16. Further-
more, the increased temperature of the power-supplied
part 24 with two of the power-supplied parts 24 each hav-
ing the length of 60mm is almost equal to that with one
the power-supplied part 24 having the length of 120mm.
However, if the heating cooker 1 is supplied with power
of 1kW, each of two power-supplied parts 24 is heated
with power of 500W as a solid line in Fig. 16 while single
power-supplied part 24 is heated with power of 1kW as
a dashed line, of which temperature is almost double of
the former one.

[0094] Therefore, even when the magnetic member 32
has entire length equal as each other, one having two
power-supplied parts 24 is more advantageous that one
having single power-supplied part 24. This is understood
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because the power--supplied part 24 is a power source
and it is effective to provide more power sources in
number for generating induction currentthrough the heat-
er. As discussed above, the magnetic member 32 having
the C-shaped cross section advantageously suppresses
the increased temperature of the power-supplied part 24
than that having U-shaped cross section. On the other
hand, when the heater 20 is provided with the single pow-
er-supplied part 24 only on either one of the side walls
14, the rear wall 18 and the front wall 16 of the heating
chamber 10, the heating chamber 10 can be structured
simply, designed with greater degree of freedom, and
manufactured at a more reasonable cost.

[0095] Fig. 17 is a perspective view schematically il-
lustrating an overall of the heating cooker, including the
heater 20 provided with two power--supplied parts 24
and the induction-heating means arranged on the rear
wall 18 of the heating chamber 10. Fig. 17 also illustrates
just main components of the heating cooker like Fig. 2
and eliminates the heat-insulating members 34 for clarity.
Thus, although not shown, the heating chamber 10 of
Fig. 17 is also composed of the side wall 14 and others
required for defining the heating chamber 10 as shown
in Fig. 1. Each of the heaters 20a, 20b is provided with
two of the power-supplied parts 24 close to the rear wall
18 of the heating chamber 10. A single coil 30 is arranged
outside the heating chamber 10 adjacent the rear wall
18 thereof, thus four of the U-shaped magnetic members
32 are provided in total along the coil 30. Each of the
magnetic members 32 may be C-shaped as well.
[0096] When supplied with high-frequency current, the
coil 30 generates high-frequency magnetic flux with
which heaters 20a, 20b magnetically interlink, thereby
inducing current throughout the heaters by electromag-
netic induction. Since each of the heaters 20a, 20b has
two power-supplied parts 24, even with single coil pro-
vided along the rear wall 18, increased temperature of
the power-supplied parts 24 can be suppressed, while
keeping high temperature of the heating part 26.
[0097] Embodiment 3. Fig. 18 is a cross sectional view
ofthe heating cooker 1 according to the third embodiment
of the presentinvention, and Fig. 19 is a perspective view
illustrating an overall of main components of the heating
cooker of Fig. 18. The induction-heating cooker 1 of the
third embodiment is similar to one of the first embodiment
except that the coil 30 is formed by spirally winding a
conductive wire around the magnetic member 32 so as
to supply the high-frequency magnetic flux with the heat-
er 20 formed in an electrical loop. Therefore, the dupli-
cated description in detail for the common features will
be eliminated. Similar components are denoted with sim-
ilar reference numerals throughout the description.
[0098] As illustrated in Figs. 18 and 19, each of the
coils 30a-30d is formed by a spirally winding a conductive
wire such as a litz wire around the base portion 40 of the
magnetic member 32 having the U-shaped configuration.
Although only the coils 30a, 30c are shown in Fig. 19,
the other coils 30b, 30d are just invisible behind the heat-
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insulating members 34 but actually existed. Each of the
coils 30a-30d may be supplied with high-frequency cur-
rent by an individual power circuitry (not shown). A pair
of the coils 30a, 30c and a pair of the coils 30b, 30d may
be electrically connected in series or parallel to be sup-
plied with high-frequency current by two of the power
circuitries, respectively. Alternatively, a pair of the coils
30a, 30b and a pair of the coils 30c, 30d may be electri-
cally connected in series or parallel to be supplied with
high-frequency current by two of the power circuitries,
respectively. Furthermore, all of the coils 30a-30d may
be electrically connected in series or parallel to be sup-
plied with high-frequency current by the single power cir-
cuitry.

[0099] Preferably each of the coils 30a-30d are con-
nected to induced current running throughout the heaters
20a, 20b in directions as shown in Fig. 4 of the first em-
bodiment. By connecting each of the coils 30a-30d in
series or in parallel, or by connecting the pair of the coils
30a, 30b and the pair of the coils 30c, 30d to be supplied
with high-frequency current, the upper and lower heaters
20a, 20b may be separately heated, and therefore, each
of the heaters 20a, 20b may be thermally controlled in
an individual manner and/or either one of them may be
driven for a desired cookery purpose.

[0100] Figs. 20 and 21 are enlarged cross sectional
views of the induction-heating means with the coil 30
generating magnetic flux according to the third embodi-
ment. The magnetic members 32 of Figs. 20 and 21 have
the U-shaped and C-shaped cross sections, respective-
ly. As can be seen from those drawings, the magnetic
flux (p1, ¢2) are generated by the coils 30 similarly as
described in the first and second embodiments. Thus,
the coils 30 according to the third embodiment may be
replaced with ones as explained in the first and second
embodiments, and also the technique in the first and sec-
ond embodiments can equally be applied to the third em-
bodiment. Also, as illustrated in Fig. 22, the coil 30 may
be wound around another portion (e.g., the side portion
42 extending from the base portion 40) of the magnetic
member 32 different from ones of Figs. 20 and 21.
[0101] Embodiment4.Fig. 23 is a cross sectional view
of the heating cooker 1 according to the fourth embodi-
ment of the presentinvention, and Fig. 24 is a perspective
view schematically illustrating an overall of main compo-
nents of the heating cooker of Fig. 23. The induction-
heating cooker 1 of the fourth embodiment is similar to
one of the first embodiment except that the coil 30 is
formed by spirally winding a conductive wire around two
of adjacent magnetic members 32 so as to supply the
high-frequency magnetic flux with the heater 20 formed
in an electrical loop. Therefore, the duplicated description
in detail for the common features will be eliminated. Sim-
ilar components are denoted with similar reference nu-
merals throughout the description.

[0102] In Figs. 23 and 24, four of the magnetic mem-
bers 32 having U-shaped configuration are provided on
the side walls 14 of the heating chamber 10 as the first
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embodiment, and each of the coils 30a, 30b is formed
by a spirally winding a conductive wire such as a litz wire
around the side portions 42 of two neighboring magnetic
members 32 provided on the side wall of the heating
chamber 10. Thus, the conductive wire of the fourth em-
bodiment is spirally wound around the side portions 42
of the magnetic members 32 positioned on and along
one of the side walls 14 of the heating chamber 10. When
high-frequency current is supplied with the coils 30a, 30b
so structured, the heaters 20a, 20b magnetically inter-
links with magnetic flux generated as described in the
above embodiments, which are heated by induction cur-
rentrunning therethrough. While Figs. 23 and 24 illustrate
the magnetic members 32 formed in the U-shaped con-
figuration, the magnetic members 32 may have another
cross sectional configuration such as the Cshaped con-
figuration.

[0103] Fig. 25 is a cross sectional view of the heating
cooker 1 having a magnetic member 32 formed in a E-
shaped configuration which seems like two of neighbor-
ing U-shaped magnetic members combined together.
Thus, the magnetic member 32 of Fig. 25 has a base
portion 40, a pair of side portions 42a, 42b extending
perpendicularly to the base portion 40 from ends thereof,
and a middle portion 42c extending from the middle there-
of. Also, the magnetic member 32 shown in Fig. 25 has
two of grooves (openings) 36a, 36b between the middle
portion 42¢ and each of the side portions 42a, 42b. The
heaters 20a, 20b are inserted into the grooves 36a, 36b,
respectively.

[0104] Since the E-shaped magnetic member 32 of the
fourth embodiment may be regarded as combination of
two of the U-shaped magnetic members, the heating
cooker 1 of Fig. 25 is substantially the same as that of
Figs. 1 and 2. Thus, the E-shaped magnetic member 32
is treated as combined magnetic member composed of
two U-shaped magnetic members. Therefore, the E-
shaped magnetic member 32 may have upper and lower
portions each of which is C-shaped, and other features
in its cross section as explained in the above embodi-
ments. Also, the planar coil of the first embodiment may
be used together with the E-shaped magnetic member
32 of Fig 25.

[0105] Embodiment 5. Figs. 26A and 26B are cross
sectional views of the heating cooker 1 according to the
fifth embodiment of the present invention. Fig. 27 is a
perspective view and Fig. 28 is a cross sectional view
showing the induction-heating means of the heating
cooker according to the fifth embodiment. The induction-
heating cooker 1 of the fifth embodiment is similar to one
of the second embodiment except that it has another
magnetic member 32 which can be assembled to sur-
round the heater 20 entirely in its cross section. There-
fore, the duplicated description in detail for the common
features will be eliminated. Similar components are de-
noted with similar reference numerals throughout the de-
scription.

[0106] As discussed in the above embodiments 1-4,
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the heating cooker 1 includes the magnetic member 32
formed in the U-shaped or C-shaped cross section, and
the heaters 20 magnetically interlinked with magnetic flux
including one (¢1) that does not pass through the heater
20 and another (¢2) that penetrate the heater 20. Also,
the magnetic flux (p1) passing by (not penetrating
through) the heater is more effective to generate Joule
heatin the heating part of the heater 20 owing to reduction
of heat by the eddy current within the power-supplied
part 24 thereof. As will be described herein, the heating
cooker 1 according to the fifth embodiment can maximize
magnetic flux which dose not penetrate through the heat-
er 20 and causes optimal magnetic interlinkage there-
with.

[0107] Figs. 26A and 26B illustrate the heating cooker
1 including the induction-heating means provided on the
rear wall 18 of the heating chamber 10 as the second
embodiment shown in Fig. 15, yet the induction-heating
means may be arranged on either one or both of the side
walls 14 as described in other embodiments. Also, while
the coil 30 is illustrated as being formed by spirally wind-
ing a conductive wire such as a litz wire, it may be formed
by winding the conductive wire in a planer configuration
as mentioned in the first and second embodiments. The
heating cooker 1 of Fig. 26 includes the coil 30 and other
components composing the induction-heating means,
which are structured differently from the heating cooker
1 shown in Fig. 15, but similarly to those of any embod-
iments in view of the other components.

[0108] The coils 30a, 30b are made by spirally winding
a conducting wire around a portion of the magnetic mem-
ber 32 which is O-shaped and has no opening 36 in the
cross section. The O-shaped magnetic member 32is pro-
vided with the heat-insulating member 34 to prevent the
magnetic member 32 and the coils 30a, 30b from being
heated by the heaters 20a, 20b. Also, another heat-in-
sulating member 45 is provided around the O-shaped
magnetic member 32 and along the inside wall of the
heating chamber 10 in order to prevent the magnetic
member 32 from being exposed in hot air within the heat-
ing chamber 10. The heat-insulating member 34 defines
the inner groove 36 for receiving the power-supplied part
24 of the heater 20. Thus, the portions of the O-shaped
magnetic member 32 and the heat-insulating member 45
compose a movable component 52 which can be sepa-
rated and slid in parallel.

[0109] In other words, the induction-heating means of
the heating cooker 1 according to the fifth embodiment
includes a stationary component 50 fixed with the heating
chamber 10 and a movable component 52 designed as
being slidable over the stationary component 50. The
stationary component 50 includes the outer heat-insulat-
ingmember 45, the coil 30, the U-shaped magnetic mem-
ber 32, and the heat-insulating member 34 with the
groove for receiving the power--supplied part 24 of the
heater 20. Meanwhile, the movable component 52 in-
cludes the outer heat-insulating member 45, the magnet-
ic member 32 for defining a closed magnetic circuit (1)
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in cooperation with the U-shaped magnetic member 32
of the stationary component 50, and the heat-insulating
member 34. Thus, when the movable component 52 is
slid in a closed position, both of the U-shaped magnetic
member 32 of the stationary component 50 and the mov-
able component 52 in cooperation define a continuous
closed magnetic circuit (91).

[0110] Fig. 26A illustrates the movable component 52
in the closed position ready for supplying induction cur-
rent through the heaters 20a, 20b for heating. Fig. 26B
illustrates the movable component 52 in the opened po-
sition allowing the heaters 20a, 20b detached from the
heating chamber 10. The movable component 52 may
be operated manually or automatically by means of me-
chanical means.

[0111] Fig. 27 is a perspective view of the induction-
heating means showing a concrete structure of the sta-
tionary component 50 and the movable component 52.
While Fig. 27 illustrates the induction-heating means pro-
vided for the lower heater 20b, it may have a similar struc-
ture thereof for the upper heater 20a. lllustration is made
especially focusing on the power-supplied part 24 of the
heater 20b, which is formed in an electrically closed loop
as described in the above embodiments. Fig. 27 illus-
trates the movable component 52 in the opened position
over the stationary component 50. As illustrated, the
magnetic member 32 of the stationary component 50 is
surrounded by the heat-insulating member 34 and is ex-
posed in a portion opposing to a bottom portion (not
shown) of the movable component 52. The exposed por-
tion of the magnetic member 32 may be coated with a
thin protection film. The groove 36 provided inside the
heat-insulating member 34 is a box-shaped, and when
the movable component 52 is closed, the heating cham-
ber 10 is designed to be thoroughly closed except a heat-
er-access port 54. When the movable component 52 is
closed, the heater access port 54 is structured to have a
cross section conforming with the cross section of the
heater 20. Also, when the power-supplied part 24 is in-
serted within the groove 36 and the movable component
52 is closed, the heating chamber 10 is formed to be
sealed without interchanging air in the heating chamber
10 with air in the groove 36. However, in case where
there is a gap formed between the heater-access port 54
and the heater 20 and hot air within the heating chamber
10 flows into the groove 36, blowing means for blowing
outside air into the heating chamber 10 may be provided
so as to cool inside the groove 36 or to increase pressure
in the groove 36 higher than that in the heating chamber
10, thereby to prevent hot air from being introduced into
the groove 36. With such structure, the detachable heater
20 and the magnetic member 32 having the O-shaped
cross section can be realized.

[0112] Fig. 28 is an enlarged view of the magnetic flux
generated by the induction-heating means of the heating
cooker 1 of Fig. 26A, showing the lower heater 20b, es-
pecially the magnetic member 32 having the O-shaped
cross section. As shown in Fig. 28, most of the magnetic
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flux (p1) generated by the high-frequency currentthrough
the coil 30b runs through the O-shaped magnetic mem-
ber 32. Therefore, most of the magnetic flux (p1) does
not penetrate through the heater 20b, with which the heat-
er 20b magnetically interlinks. As the result, the heater
20 is sufficiently heated by the induction current rather
than the eddy current which is generated by the magnetic
flux (p1).

[0113] While the fifth embodiment has been described
for the detachable heater 20 with the magnetic member
32 having the O-shaped cross section, it is still advanta-
geous even if the heater is fixed (not detachable) with
the inside of the heating chamber 10. Thus, the power-
supplied part 24 of the heater 20 formed in an electrical
closed loop may be arranged outside the heating cham-
ber 10 and may be heated by induction current caused
by the induction heating means having the O-shaped
magnetic member 32. In this case, as seen from the in-
side of the heating chamber 10, the heater 20 may have
similar structure of a commonly used sheath heater for
a conventional IH cooking heater. However, the sheath
heater is composed of a ceramics sheath surrounding a
heating core wire, which is inserted in a pipe of metal
such as stainless steel, and therefore its structure is com-
plicated. Also, since the conventional sheath heater has
the heating core wire within the metal pipe, there is a
restriction in curvature when bending it to have a desired
shape. As more portions of the sheath heater are bent
for the desired shape, it is more expensive to produce it.
Furthermore, since the conventional sheath heater has
ceramic sheath filled within the metal pipe, it has sub-
stantial heat capacity and requires much time to be well
heated. On the other hand, since the heater 20 of the
presentinvention can be made from a stainless steel pipe
for example, it can be bent or curved more flexibly and
more reasonably in comparison with the sheath heater.
Also, when the heater 20 is made of metal pipe having
less heat capacity, it can be heated more quickly than
the sheath heater. The heater 20 with the U-shaped or
C-shape magnetic member 32 of the present invention
has several advantages over the conventional sheath
heater as described in the above embodiments. In addi-
tion, even if the heater 20 is designed to be fixed and not
detachable within the heating chamber 10, the heater 20
of the present invention still has another merit that Joule
heat generated by eddy current in the power-supplied
part 24 can be minimized by means of the O-shaped
magnetic member 32 as described in the fifth embodi-
ment. It should be noted that although the present em-
bodiment describes the coil 30 formed by spirally winding
a conductive wire around a portion of the magnetic mem-
ber 32, the coil may be formed as similar ones illustrated
in the first or fourth embodiment.

[0114] Embodiment6. Fig. 29 is a cross sectional view
ofthe heating cooker 1 according to the sixth embodiment
ofthe presentinvention, and Fig. 30 is a perspective view
schematically illustrating an overall of main components
of the heating cooker of Fig. 29. The heating cooker 1 of
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the sixth embodiment is similar to one of the first embod-
imentexceptthatthe heaters 20a, 20b are provided along
the side walls 14 so that the food within the heating cham-
ber can be heated from the side surfaces. Therefore, the
duplicated description in detail for the common features
will be eliminated. Similar components are denoted with
similar reference numerals throughout the description.
[0115] Inthe above firstthrough fifth embodiments, the
heating cooker 1 includes a heater 20 provided within
the heating chamber 10 substantially along a horizontal
direction, the heating cooker 1 according to the sixth em-
bodiment includes another type of the heater 20. How-
ever, since the heating principle of the heater of the
presentembodiment is the same as aforementioned one,
any one of the induction-heating means described in the
above embodiments can be used in this embodiment as
well.

[0116] Fig. 31 is a perspective view illustrating main
components having a heater 20 of the heating cooker 1
of modification according to the sixth embodiment. Each
of the heaters 20a-20d shown in Fig. 31 has the power-
supplied part 24 made from a solid metal bar having low
resistance (e.g., a solid copper bar), and a heating part
28 made from a thin metal plate having high resistance
and high fusing point (e.g., a thin tungsten plate). The
heating part 28 is received within an airtight case 56 of
quarts or translucent ceramics which is hermetically
sealed and filled up with inert gas such as argon. Like
the above embodiments, when the coils 30a, 30b are
supplied with high-frequency current, the induction cur-
rent runs through each of the heaters 20a-20d, so that
the heating parts 28 are heated. Since the heating part
28 is made of metal having high fusing point and the
airtight case 56 is filled up with inert gas, the heating part
28 can be heated up to high temperature in a range be-
tween 1000-2000 degrees C. This allows substantial
amount of near-infrared and far-infrared radiation from
the heating part 28, similar to an electrical light bulb such
as a halogen lamp which generates substantial amount
of light emission, heat, and infrared radiation. This radi-
ation heating with infrared light makes the food grill-
cooked.

[0117] Fig. 32 is a perspective view illustrating main
components including a heater 20 of the heating cooker
1 of further modification according to the sixth embodi-
ment. The upper heaters 20a, 20b are the same as those
shown in Fig. 31. The lower heater 58 is made from a
metal plate (e.g., a stainless steel plate) having thickness
of approximately 2mm which has several cutouts 59 as
illustrated in Fig. 32. Each of the cutouts 59 may have a
width enough for securing electrical insulation therein.
[0118] The heating cooker 1 as structured in Fig. 32 is
suitable for grill-cooking a hamburger steak, for example.
Thus, after the hamburger steak is set on the lower heater
58, each of the coils 30a, 30b is supplied with the high-
frequency current so thatitis heated by the upper heaters
20a, 20b and the lower heater 58. The lower heater 58
is heated up to approximately 200 degrees C to burn the
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hamburger steak like a frying pan. The fat coming from
the food and falling down through the cutouts 59 is re-
ceived onto a fat-receiving dish (not shown) arranged
beneath the lower heater 58. Also, as explained above,
each of the upper heaters 20a, 20b radiates infrared light
for grill-cooking the hamburger steak.

[0119] As shown in Figs. 33 and 34, the lower heater
58 composing a high-resistive core member may be cov-
ered on its upper and lower surfaces with a cladding
member 175 made of insulating material such as ceram-
ics so as to keep the cutouts unexposed and form the
lower heater 58 as a plate-like configuration. Fig. 33 is a
perspective view of an overall of the plate-like lower heat-
er 20 with the cutouts 59 unexposed, and Fig. 34 is a
cross sectional view thereof. Thus, this lower heater 58
can be formed by covering (sandwiching or encompass-
ing) the metal plate having the cutouts 59 with the clad-
ding member 175 ofinsulation material such as ceramics.
Although the cladding member 175 may be made of met-
al, another insulation material or coating is required for
electrical insulation between the lower heater 58 and the
cladding member 175.

[0120] Fig. 35 is a perspective view illustrating main
components including a heater 20 of the heating cooker
1 of even further modification according to the sixth em-
bodiment. As shown in Fig. 35, the heater 20 is housed
within a box-shaped airtight container 70 having a lid
member 72 and a container member 74. The box-shaped
airtight container 70 performs as an oven or a kettle, and
oven-cooking and oven-cooking of the food inside the
box-shaped airtight container 70 can be achieved by
heating the lid member 72 and the container member 74.
[0121] Fig. 36 is a development view of the lower heat-
er 20 housed in the container member 74, which is as-
sembled to form the lower heater by bending up at
dashed lines. The upper heater 20 of the lid member 72
is also assembled in a similar manner. The heater 20
includes the low-resistive parts 22 and the high-resistive
part 26, in which each of the low-resistive parts has the
power-supplied part and the cooling part as discussed in
the above embodiments. The high-resistive part 26 is
formed by punching a metal plate (e.g., stainless steel
or aluminum plate) in a shape like Fig. 36. Fig. 37 is a
cross sectional view of the box-shaped airtight container
70. The lid member 72 includes a lid body 73 of insulation
material such as ceramics and the high-resistive part 26,
and the container member 74 also includes a container
body 75 of insulation material and the high-resistive part
26 as well.

[0122] The lid body 73 and the container body 75 may
be made of metal. But if this is the case, since it is nec-
essary to insulate the high-resistive part 26 from the lid
body 73 and the container body 75, a thermal and elec-
trical insulation film such as ceramic sheet should be in-
terposed between the high-resistive part 26 and the lid
body 73 (and the container body 75). When the lid body
73 and the container body 75 are made of aluminum, for
example, they may be anode-oxidized (alumite-treat-
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ment) to form an alumina layer (an oxidized aluminum
layer) on the surface thereof, thereby producing an insu-
lating layer without preparing a separate insulating mem-
ber at a reasonable cost. When the coils 30 of the heating
cooker 1 shown in Fig. 35 are supplied with the high-
frequency current, the heaters 20 provided within the lid
body 73 and the container body 75 are heated by induc-
tion current therethrough, so that the food within the box-
shaped airtight container 70 is heated and cooked. Even
in case where the heating cooker 1 is used as an oven,
since the heated air within the box-shaped airtight con-
tainer 70 is 300 degrees C or less which is less than the
melting point of aluminum, the lid body 73 and the con-
tainer body 75 can be produced of aluminum at a rea-
sonable cost.

[0123] Fig. 38 is a perspective view illustrating main
components including a heater 20 of the heating cooker
1 of even further modification according to the sixth em-
bodiment. As shown in Fig. 38, the upper heater 20 is
similar to that of Fig. 2, and the lower heater 58 is similar
to that of Fig. 32. Preferably, the upper heater 20 may
have the high resistive part made from a pipe (a hollow
bar) since itis generally spaced from the food for cooking.
On the other hand, the lower heater 58 may preferably
have the high resistive part made from a metal plate hav-
ing substantial surface area for uniform cooking. The up-
per and lower heaters may be have different configura-
tion (shape, size, position) from each other, and may be
designed as being detachable, therefore, any type of
them may be chosen and replaced with another one in
accordance with the food to be cooked.

[0124] Fig. 39 is a cross sectional view illustrating a
heating cooker 1 of even further modification according
to the sixth embodiment. The induction-heating cooker
1 of Fig. 39 is similar to one of the third embodiment of
Fig. 18 in structure and operation, except that the former
has the coils 30a, 30b provided over the upper wall 12a
and beneath the lower wall 12b rather than on the side
walls 14a, 14b. In other words, although the induction
heating means with the coils 30 are described as being
arranged on the side walls in the above embodiments,
the present invention can equally be adapted to the in-
duction heating means provided over the upper wall 12a
and beneath the lower wall 12b as illustrated in Fig. 39.
Also needless to mention again, the induction heating
means may be provided on the front and rear walls, and
the side walls may include the front and rear walls as well.
[0125] As described above, according to the heating
cooker 1 of the present invention, the heater is structured
as being detachable, therefore, the easy-to-clean feature
is fairly improved and various types of the heaters 20
may be used appropriate for cooking purposes, thereby
realizing a multifunctional heating cooker.

Claims

1. A heating system, comprising:
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a box-shaped heating chamber;

a heater provided inside said heating chamber,
said heater being made of conductive material
in an electrical loop;

a coil provided outside said heating chamber;
a power circuitry for supplying high-frequency
current with said coil to generate high-frequency
magnetic flux; and

amagnetic member arranged so that said heater
magnetically interlinks with the high-frequency
magnetic flux generated by said coil.

The heating system according to claim 1, wherein
said coil and said magnetic member are arranged
along a wall composing said heating chamber, and
wherein the high-frequency magnetic flux causes in-
duction current running through said heater.

The heating system according to claim 2, wherein
said heating chamber is composed of front, rear, left-
side, right-side, upper and lower walls, wherein said
coil and said magnetic member are arranged along
one of said walls.

The heating system according to any one of claims
1-3, wherein said coil is formed by winding a con-
ductive wire in a planer configuration, and wherein
said magnetic member surrounds a plurality of por-
tions of the wound conductive wire through which
the high-frequency current runs in the same direc-
tion.

The heating system according to any one of claims
1-3, wherein said coil is formed by spirally winding
a conductive wire around a part of said magnetic
member.

The heating system according to any one of claims
1-5, wherein said magnetic member is arranged so
that two of said heaters magnetically interlink with
the high-frequency magnetic flux generated by said
coil.

The heating system according to any one of claims
1-6, wherein said magnetic member has a U-shaped
cross section, and wherein a part of said heater is
inserted in an opening of the U-shaped cross section
of said magnetic member.

The heating system according to any one of claims
1-6, wherein said magnetic member has a C-shaped
cross section, and wherein a part of said heater is
inserted in an opening of the C-shaped cross section
of said magnetic member.

The heating system according to any one of claims
1-6, wherein said heater has a power-supplied part,
and wherein said magnetic member surrounds the
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21.

30
power-supplied part entirely.

The heating system according to any one of claims
1-9, wherein said heater includes a low-resistive part
and a high-resistive part, and wherein the low-resis-
tive part magnetically interlinks with the high-fre-
quency magnetic flux.

The heating system according to claim 10, wherein
the low-resistive part and the high-resistive part are
made of solid metal and hollow metal, respectively.

The heating system according to claim 10, wherein
the high-resistive part is a metal plate provided with
a plurality of cut-outs.

The heating system according to any one of claims
10-12, wherein the high-resistive part is provided
with insulating material on its surface.

The heating system according to claim 12 or 13,
wherein said heater includes a plate-like member
encompassing the high-resistive part.

The heating system according to claim 12 or 13, fur-
ther comprising a box-shaped container encom-
passing the high-resistive part.

The heating system according to claim 10 or 11,
wherein the low-resistive part includes a cooling part
exposed in atmosphere within said heating chamber.

The heating system according to any one of claims
1-16, wherein said heating chamber is made of met-
al, and wherein at least either one of the inner walls
of said heating chamber or said heater are coated
with insulating material.

The heating system according to any one of claims
1-17, wherein said heater magnetically interlinks
with the high-frequency magnetic flux generated by
a plurality of said coils.

The heating system according to any one of claims
1-18, wherein said heater is detachably installed
within said heating chamber.

The heating system according to claim 19, wherein
aplurality of said heaters is detachably installed with-
in said heating chamber.

The heating system according to claim 20, wherein
various types of said heaters are detachably installed
within said heating chamber.
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