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for an object to be heated by the electronic oven and by the
electromagnetic cooking apparatus. However, The present invention generally
relates to a sta-  if the heating coil Is placed within the heating cham-
tionary power transfer apparatus for transmitting or  ber where the
microwaves are irradiated, the exciting supplying electric energy through
electromagnetic in-   5   coil should be protected from damages caused by
the duction, and more particularly, to a technique and a  microwaves, and
for this purpose the exciting coil is high-frequency heating apparatus to
which is applied  necessary to be shielded from the microwaves, while the
technique of electromagnetically shielding the  the exciting coil which is
an induction element at the power supply side of the stationary induction
appara-  power supply side is necessary to be inductively cou- tus (primary
side) from the power receiver side (see-   10  pled to a metallic pan or
the like (an object to be heat- ondary side), without impairing the
electromagnetic  ed) which corresponds to an induction element at the
induction function therebetween.                   power receiver side.
Because of the recent progress in inverter tech-   Both in the
above-described microwave generat- nology, inverter source systems are
being put into  ing device and in the electronic oven functioning also
practical use. In such inverter source systems, corn-  15  as an
electromagnetic cooking apparatus, the elec- mercial frequencies are,
before boosted by a boost-  tromagnetic waves should be shielded between
the ing transformer and supplied to a magnetron, con-  power supply side
and the power receiver side, but, verted into high frequencies. Therefore,
if the Inverter  the high-frequency power of several tens kHz should source
system is applied to an electronicoven, a pow-  be transmitted through
electromagnetic induction be- ersource of the magnetron of the electronic
oven-can   20  tween the power supply side and the power receiver be
rendered compact in size, light in weight and low  side, The
above-described shielding and transmis- in manufacturing cost.
sion of electromagnetic energy are contradictory In the above-described
development of the pro-  facts from a physical viewpoint, and accordingly
con- gress in technique, it has been tried to form such a mi-  ventional
techniques (as for instance described in JP- crowave generating device for
use in an electronic  25   U-61/107 190) could not realize such ideas as
the oven (a high frequency heating apparatus) that is  above microwave
generating device or the electronic light in weight and compact in size,
wherein the pri-  oven with the electromagnetic cooking apparatus. mary
side coil (power supply side Induction element)  Those were only desk
theories. of the boosting transformer (stationary induction ap-  US-A
3,376,523 describes a power transfer ap- paratus) is positioned outside a
shield casing, while  3o  paratus, called magnetic transmission line, in
which the secondary side coil (power receiverside induction  electric power
is transferred by magnetic induction element) Is placed inside the shield
casing ofthe mag-  from a primary side of a transformer to the secondary
netron, so that the primary side coil and the second-  side of the
transformer. Between the primary side ary side coil are inductively coupled
to each other to  and the secondary side a shielding wall is provided to
function as a transformer, whereas the primary side   35  shield high
frequency signals. However, if the dis- coil and the secondary side coil
are separated from  tance between the electric power to be transmitted each
other by the shield casing, thereby to maintain  and the high frequencies
to be shielded is low, the the shielding function of the shield casing.
shielding measures are either not very effective, or In the electronic oven
using the above-described  the transmission of electric energy is affected.
system of the inverter power source, the high fre-  40  An article in
"Electronic Design", Vol. 31 (1983) quency waves of several tens kHz
produced in the In-  February, No. 4, pages 165 - 174 discusses the theo-
verter circuit can be advantageously utilized as they  ry of EMI/RFI
shielding, and it Is disclosed that wire are for induction heating.
Therefore, if a heating coil  mesh or metal foils can be used directly or
in lamin- for induction heating is added to the electronic oven  ated form
between plastic sheets to avoid EMI/RFI in- employing the inverter power
source, and the power  45  terferences. This article does not deal with the
trans- is arranged to be supplied from the common inverter  fer of electric
power by induction. power source either to the heating coil or to the mi-
Accordingly, the invention concerns a power crowave generating device, an
electronic oven equip-  transfer apparatus comprising an induction element
ped with the function of an electromagnetic cooking  at the powersupply
side for supplying high frequency apparatus which can serve both as an
electronic  50  power through electromagnetic Induction; an induc- oven and
as an electromagnetic cooking apparatus  tion element at the power receiver
side for receiving can be brought onto the market. In this case, although
said high frequency power through electromagnetic it may be possible to
install the heating coil for elec-  induction; and a shielding wall formed
by a metallic tromagnetic cooking on the upper surface of the body  foil
for shielding said induction elements from each of the electronic oven, it
will be more convenient that  55  other for frequencies higher than those
of said high the heating coil is placed at the bottom inside the  frequency
power, as disclosed in US-A 3,376,523 heating chamber of the electronic
oven, so that the  mentioned above. room of the heating chamber can be a
common space     It is an object of the present invention to provide 2    



3                   EP 0 291 093 B1                 4 such a power
transferapparatus having a good power  description taken in conjunction
with preferred em- transfer efficiency, and at the same time providing
bodiments thereof with reference to the accompany- good high frequency
shielding.                     ing drawings, throughout which like parts
are desig- According to the invention, the powertransferap-  nated by like
reference numerals, and in which: paratus is characterized by a shielding
wall made of   5  Fig. 1 is a cross sectional view of a conventionally a
metallic thin film having a thickness less than 1/10  proposed microwave
generating device which is the depth of penetration with respect to the
high fre-  comprised of a magnetron using an inverter pow- quency powerto
be transferred; and said metallic thin  er source and its power circuit;
film being supported by a support member made of a    Fig. 2 is a cross
sectional view of an example of dielectric material.
10      a microwave generating device utilizing an inver- An alternative
solution is characterized In that   ter power source and provided with a
stationary said shielding wall wall is made of a plurality of    induction
apparatus according to the present in- through hole cells each having a
polygonal cross sec-  vention; tion and provided adjacent to each other as
to have a  Figs. 3(a) and 3(b) are circuit diagrams of the mi- common wall
surface, the wall surface of each of said  15  crowave generating device of
Fig. 2; through hole cells being formed by a metallic foil in a  Fig. 4 is
a graph showing shielding characteristic thickness less than 1/10 the depth
of penetration with  of metallic foils in the alternating magnetic field;
respect to the high frequency power, the size of the  Fig. 5 is a cross
sectional view of a second exam- polygonal cross section of each of said
through hole  ple of a microwave generating device utilizing an cells being
such that their cut-off frequency, if regard-  20  inverter power source
and installed with a station- ed as a wave guide, is less than the
frequency to be  ary induction apparatus according to the present shielded.
invention; Preferable embodiments of the power transfer       Figs. 6(a)
and 6(b) are a perspective view and an apparatus are defined in the
dependent claims, as     enlarged plan view of a honeycomb core consti-
well as a high frequency heating apparatus Including   25  tuting an
essential part of the microwave gener- such a power transfer apparatus.
ating device of Fig. 5; The power transfer apparatus according to the
Figs. 7(a) to 7(c) are diagrams explaining the op- present invention is
applicable to those fields descri-  eration of the honeycomb core of Fig.
6; bed at the beginning of the specification i.e. in a mi-  Fig. 8 is a
cross sectional view of an electronic crowave generating device in a high
frequency heat-  30  oven with an electromagnetic cooking apparatus ing
apparatus is one example. More specifically, in   using the stationary
induction apparatus accord- the microwave generating device, the secondary
side   ing to the present invention; of the boosting transformer
(stationary induction ap-  Figs. 9(a) and 9(b) are enlarged views of an es-
paratus) for supplying positive voltage (high voltage)  sential portion of
the oven of Fig. 8; and heater voltage (low voltage) to the magnetron is
35  Figs. 10(a) to 10(c) are diagrams showing the op- electromagnetically
shielded from the primary side of  eration of the portion of Fig. 9; and
the boosting transformer, through combination of the  Fig. 11 is a circuit
diagram of the electronic oven inverter power source, so that the leakage
of electro-  of Fig. 8. magnetic waves from the cathode stem connected to
Also, before starting the description of the pres- the secondary side is
prevented. Accordingly, the sta-  40  ent invention, it will be described
first with reference tionary induction apparatus of the present invention
to the disclosure in Japanese Utility Model Laid-Open can achieve a highly
efficient, light in weight and com-  Publication JP-U-61107190
(107190/1986) how the pact microwave generating device.
shielding of microwaves and the transmission of pow- A second application
example is an electronic   er through electromagnetic induction could not
be oven which can serve also as an electromagnetic  45  technically
achieved all together heretofore according cooking apparatus, which has the
heating coil placed  to the conventional methods. in the bottom inside a
heating chamber. According to  Generally, a filter circuit is formed for
the magne- the arrangement of this case, the heating coil which  tron by a
choke coil provided within a shielding casing is an induction element at
the power supply side is  covering a cathode stem of the magnetron and a
electromagnetically Inductively coupled to a metallic  so  through
capacitor, so as to prevent leakage of the pan (an object to be heated)
which corresponds to an  electromagnetic waves from an input terminal side,
induction element at the power receiver side, while  namely, the cathode
stern side. However, when an in- the heating coil including the plane
facing the pan and  verter power source using, for example, over 20 kHz the
heating coil is electromagnetically shielded from  frequency is used, the
power which is converted into the microwaves, so that the heating coil is
not affect-  55   high-frequency waves by the inverter is unfavorably ed by
the microwaves.                              affected by the filter circuit
and therefore, becomes These and otherobjects and features of the pres-
difficultto be supplied to the magnetron. Fig. 1 shows ent invention will
become apparent from the following  a cross sectional viewof an essential
portion of a con- 3    



5                   EP 0 291 093 B1                6 ventional microwave
generating device using the in-  6, or is attenuated on a large scale. From
another verter power source disclosed in the above Japanese  viewpoint, the
shield casing 23 made of a conductive Utility Model Laid-Open Publication
No. 61-107190  material Is equivalent to a third secondary winding which
device is proposed to solve the above-      which is short-circuited and
added to the boosting described disadvantage. In the microwave generating
5   transformers. Therefore, itmay be so considered that device of Fig. 1,
an oscillator tube 14 has an antenna  the electric energy of the magnetic
field is almost all 19 at one end thereof, and a cathode stem 20 at the
consumed bythe short-circuited currentflowing in the other end which has
cathode terminals 21 and 22.  short-circuited secondary winding. In any
case, it The cathode stem 20 is surrounded by a shield casing  cannot be
helped but the conventional arrangement 23 which is electrically connected
to the oscillator  10  is merely an imaginary idea because the shield cas-
tube 14 and formed by a non-magnetic conductive   ing 23 has a function
impossible to be achieved phys- material. The shield casing 23 completely
shields the  ically by conventional means or measures. inside from the
outside of the casing electromagnet-  In orderto eliminate orsolve the
above-described Ically. Aprimary side core 24 wound by a primary side
disadvantages inherent in the priorart, the present in- winding 6a of a
boosting transformer 6 is positioned   15  vention provides a shielding
technique to be applied outside the shield casing 23 opposite to a
secondary  to a high-frequency heating apparatus installed with side
winding 6b and a low voltage secondary side  a stationary induction
apparatus, whereby the power winding 6c inside the shield casing 23, via
wall sur-  supply side (the primary side) of the stationary induc- face
23a. In the instant reference, the primary side  tion apparatus can be
shielded from the power receiv- core 24 and the secondary side core 25 are
so posi-  20  er side (the secondary side) electromagnetically, tioned via
the wall surface 23a as to be electromag-  without impairing the
electromagnetic induction func- netically coupled to each other through
mutual induc-  tion therebetween. tion. Accordingly, the high frequency
waves can be    Although various modes can be considered for prevented from
leaking from the side of the input stem  practicing the present invention,
some will be descri- of the magnetron, and simultaneously the power con-
25  bed one by one with reference to their embodiments. verted into high
frequency waves can be supplied to   A first embodiment is related to a
magnetron and the magnetron. However, although it appears that the  its
boosting transformer, the construction and the op- above-described
arrangement functions as ex-      eration of which will be described with
reference to plained, but practically, the construction is merely a  Figs.
2 to 5. desktheory that is impossible to be achieved, the rea-  30  In Fig.
2, there is shown a cross sectional view of son for which will be described
hereinbelow.      an essential portion of a high frequency heating ap-
According to the description of the abovemen-  paratus which includes a
stationary induction appa- tioned Japanese Utility Model Laid-Open
Publication,  ratus according to the first embodiment of the present the
shield casing 23 surrounding the cathode stem 20  Invention. Fig. 3(a) is a
circuit diagram schematically provided atone end of the oscillator tube 14
is formed   35  showing the circuitconstruction of the highfrequency by a
non-magnetic conductive material, and the pri-  heating apparatus including
the essential portion mary side and the secondary side of the boosting
shown in Fig. 2. transformer are placed outside and inside the shield
Referring to Fig. 3(a), electric power at commer- casing 23 via the wall
surface 23a. In this case, it is  cial frequencies supplied by a power
source 1 is rec- true that the leakage of the high frequency waves  40
tified by a rectifier circuit 3, and then supplied to an from the cathode
stem 20 can be prevented, but the  invertercircuit comprising a capacitors,
a diode 9 and primary side and the secondary side of the boosting  a
transistor 10 as a switching element, through a low- transformer are
shielded at the same time and there-  pass filter composed of an inductance
5 and a capac- fore, the electromagnetic energy cannot be transmit-  itor
4. The transistor 10 is turned on or off by a high ted to the magnetron.
Therefore, such position or ar-  45  frequency pulse generated from a
control circuit 11. rangement of the primary side and the secondary
After the power is converted into a high frequen- side of the boosting
transformer cannot be able to  cy wave of approximately 20 kHz by the
inverter cir- provide electromagnetic coupling therebetween     cult and
supplied to a primary winding 7a of a boost- through mutual induction. This
is because, since the  ing transformer 7, it is excited at a secondary
winding wall surface 23a of the shield casing 23 is formed by  50  7b as
the anode voltage of the magnetron and at a a conductive material, the
magnetic field produced by  secondary winding 7c as the cathode voltage of
the the high frequency current running in the primary  magnetron,
respectively, to be inputted to the magne- winding 6a of the boosting
transformer 6 generates  tron 13. In Fig. 2, an oscillator tube 14 is a
main body an Induced eddy current in the wall surface 23a, and  of the
magnetron, which has an antenna 19 at one the electric energy of the
magnetic field is consumed  55  end and a cathode stem 20 at the other end.
A shield as Joule heat by this eddy current. As a result, the  casing 28
covering the cathode stem 20 has a lid 28a electric energy is never
transmitted to the secondary  which is a part of the wall surface of the
casing and side windings 6b and 6c of the boosting transformer  composed of
a shield film 28b of a non-magnetic met- 4    



7                   EP 0  291 093 B1                   8 allic thin film or
a metallic evaporated film, and a sup-  be transmitted to the opposite
surface nearly to a full port member 28c made of a dielectric material
which  scale (97%). supports the shield film 28b.
Fig. 4 indicates how the shielding rate with re- The boosting transformer 7
has its core divided  spect to the alternating magnetic field of the
metallic by the lid 28a of the shield casing 28 to be positioned   5   foil
or the conductive coating film changes in accor- inside and outside of the
casing 28. A primary side  dance with the frequency. As is clear from the
graph core 7p outside the shield casing 28 is wound with a  of Fig. 4 and
also from the equation [err]the primary winding 7a, and a secondary side
core 7s in-  depth of penetration [er]r becomes smaller in accor- side the
shield casing 28 is wound with secondary  dance with the increment of the
frequency f, thereby windings 7b and 7c. It is general that the material of
10  to increase the shielding effect of the metallic foil or the core is
ferrite from the frequency viewpoint. As  the conductive coating film. has
been already mentioned above, the primary         In thecase wherea
metallicthinfilm,thatnon- winding 7a is supplied with the voltage converted
into  magnetic stainless steel (SUS) having a thickness of high frequency
by the inverter circuit, while the high  50 [err] is employed for the
shielding film 28b, it can voltage and the low voltage generated
respectively in  15  be said thatethe metallicthinfilmdisplays no shielding
the secondary windings 7b and 7c are, through cath-  effect at all with
respect to the alternating magnetic ode terminals 20 and 21, inputted as
the anode vol-  field in the frequencysless than 100kHz Consequent- tage
and the cathode voltage to the magnetron, re ly, the boosting transformer 7
perfectly serves as a spectively.
transformer although the primary side and the sec- The shielding effect of
the shield casing 28 and   20  ondary side thereof are divided by the lid
28a. In the the operationoftheboostingtransformer7willbeex-    meantime,
noises generated by the magnetron plained hereinbelow.
spread widely into the lowfrequency region aswell as Generally,when a
conductive member which is  to the basic frequency region of 2450 MHz. In
the high represented by metal is applied with an alternating  frequency
region over 10 MHz essentially necessary magnetic field whether it is
magnetic or non-magnet-  25  to be shielded, even if the shield film 28b is
a metallic ic, an induced current is produced. The depth by   foil of
non-magnetic stainless steel (SUS) of 50 [err] which the induced current
penetrates from the sur-  the shielding effect is achieved over 25 dB
(magnetic face is limited, and  the depth current density  field mode) and
moreover, the shielding efficiency is I becomes 1/e of the surface current
density lo is  more and more Increased as the frequency becomes called as
the depth of penetration p(m) which estab-  30  higher. It is to be noted
here that the windings of the lishes an equation [err]wherein p is a
specific  transformerare coupled to each other bythe alternat- resistance
of the conductor (ohm-m), f(Hz) is frequen-  ing magnetic field, and the
data indicated in Fig. 4 is cy and pr is a specific magnetic permeability.
obtained in the magnetic field mode. However, it is In general, the current
density I in the conductor  made clear by experiments that, when the same
50 at a position spaced x from the surface is expressed   3   pm
non-magnetic stainless steel (SUS) in the shape by an equation, [err]
wherein lo represents the  of a foil is employed in the electric field
mode, a current density on the surface. Attenuation of the  shielding
effect having the attenuation ratio over 40 magnetic field is proportional
to the attenuation of the  dB is achieved, including in the frequency
region less current, and the attenuation ratio A (dB) is expressed  than 10
MHz. Therefore, with respect to the electro- as follows,
40   magnetic waves leaking from the cathode stem 20 Ha20        log
x              which should be prevented, actually effective shield- H
I         8               ing is exercised in the middle of the magnetic
field Accordingly, for example, in the case of an alumi-  mode and the
electricfield mode, and accordinglythe num plate, the depth of penetration
[err] is 0.6 mm or so  non-magnetic stainless steel is sufficiently
effective In thefrequency of 20 kHz. Even ifthe aluminum plate  45  as the
shield film for prevention of leakage of the high Is so thin as about 0.6
mm, the attenuation ratio A is  frequency waves. 8.686 dB. Thus, the
alternating magnetic field added  Although the thickness of the shield film
28b Is from one surface of the aluminum plate hardly pene-  determined with
consideration taken intothe boosting trates to the opposite surface, and
almost all of which  transformer 7 and the shielding characteristic, etc.,
is consumed as an ohmic loss by the induced current  50  the loss in the
shield film 28b should be also consid- in the aluminum plate.
ered, and therefore a standard thickness of the shield However, if an
aluminum leaf or foil, not a plate,  film 28b is less than 1/10 the depth
of penetration [err]. in the thickness of 20 [err] is employed, this
thickness  In the case where the shield film 28b has the of 20
[err](600pm), which is the  thickness of 1/10 of the depth of penetration
8, the at- depth of penetration In 20 kHzfrequency. The attenu-  tenuation
ration A Is approximately 10%, in accor- ation ratio Abecomes 0.3 dB.
Accordingly, contraryto  dance with the earlier-described equation A =
8.686 the above case of the aluminum plate, the energy can 5    9
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[er]r               transformer 7, resulting in reduction of magnetic
property. Therefore, it is preferable to use a non-mag- On the contrary,
the minimum thickness of the   netic metal such as aluminum, etc. for the
shield film shield film is decided by the lowest frequency to be  as
described above. However, if a non-magnetic ma- shielded and the shielding
characteristic (attenuation   5   terial such as represented by copper (Cu)
or alumi- ratio) required. Although radiation leaking from the  num (err)
Is employed, the depth of penetration [err] be- cathode stem 20 of the
magnetron 13 isspread all the  comes small because of the small specific
resistance way not only to the high frequency region around   (ohm-m)
thereof, giving rise to troubles in processing. 2450 MHz, but also to the
low frequency region, the  Therefore, the material of the shield film
should be se- lowest frequency for which is required high shielding   10
lected carefully with the above-described facts taken effect of the shield
casing is approximately 20 MHz.  into consideration. For example, Monel (an
alloy Supposing that the inverter frequency is 20 kHz, the  mainly composed
of nickel and copper) can be said to above-mentioned lowest frequency 20
MHz is 1000    be suitable for the material of the shield film since It
times the Inverterfrequency, and the depth of pene-  is non-magnetic, but
has relatively large specific re- tration Is approximately 1/30.
Accordingly, If the   15   sistance. shield film is made of aluminum, the
depth of pene-   Further, in order to lessen the eddy current loss tration
is 0.02 mm (20 [err] in the 20 MHz frequency  by the magnetism leaking from
the boosting transfor- which is 1/30 the depth of penetration 0.6 mm in the
mer, it is preferable that the other shield wall surface 20 kHz frequency,
which will be the standard thick-  of the shield casing 28, except the
shield film 28b, is ness of the shield film. In practice, however, for con-
20   made of, for example, aluminum which shows good trolling the
transmission loss as low as possible in the  electric conductivity, and is
non-magnetic metal. The stationary induction apparatus, the shielding
charac-  thickness of the wall surface is desirably over 0.6 mm teristic
may be sacrificed a little, and a thinner shield-  which is the depth of
penetration in the inverter fre- ing film, namely, a shielding film having
1/100 or  quency (20 kHz) of aluminum. 1/200the depth of penetration in the
inverterfrequen-  25  Aventilation hole 28d isformed in the overall sur- cy
is employed in many cases.                      face of the shield casing
28 so as to cool the second- As will be understood from the description
above,  ary side ofthe boosting transformer 7. The secondary according to
the first embodiment of the present in-  side is forcibly cooled by a
cooling fan 2 from outside vention, the shield casing 28 is able to prevent
leak-  of the shield casing 28. age of the high frequency waves from the
cathode   30  Although it is so arranged in the present embodi- stem of the
magnetron, and at the same time, the   ment that the voltage at the
secondary side of the boosting transformer 7, even though it Is divided by
boosting transformer is added to the magnetron as it the wall surface of
the shielding casing 28, is able to  is as an anode voltage, the voltage at
the secondary perform its function as a transformer.             side may
be doubled and rectified by a diode and a If a conventional boosting
transformer is em-  35  capacitor, or subjected to full wave rectification
by ployed at the commercial frequency and a power of,  many diodes, and
then added to the anode electrode. for example, about 1 kW such a
transformerwould be  It is needless to say that various types of circuit
con- almost an Iron block having 4 kg in weight and     structions are
possible. In the circuit constructions 110x110x70 mm in outer dimension
which is consid-  described above, such circuit elements as the diode,
erably heavier and bulkier than a magnetron having   40  the capacitor,
etc. are naturally placed inside the 1 kg in weight and 100x100x50 mm in
outer dimen-   shield casing. Fig. 3(b) shows one example of such sion. Not
only the whole power source circuit would  circuit construction as above,
in which a diode 29 and become large in weight and size, but the boosting
a capacitor 30 constitute a voltage doubler circuit. transformer is
impossible to be integrally formed with  As is described hereinabove, the
following ef- the shield casing of the magnetron. On the contrary,  45
fects can be achieved by the microwave generating according to the present
invention, because the pow-  device installed with the stationary induction
appara- er is converted into high frequency waves of several  tus of the
present invention. tens kHz by the high frequency inverter circuit, and
(1) The microwaves leaked from the cathode moreover, the material of the
magnetic core is        stem of the magnetron and the high frequency
changed from plate-like silicon steel to ferrite, a light  50  wave noises
accompanied with the leakage of the and compact structure of the boosting
transformer,    microwaves are shielded within the shield casing, i.e.,
400g inweightand 70x70x40 mm in outer dimen-    whereas the secondary side
circuit of the boost- sion, can be realized, so thatthe boosting
transformer  ing transformer inside the shield casing is able to is able to
be integrated with the shield casing of the  be magnetically coupled to the
primary side cir- magnetron.                                    55
cultoutside the shield casing, thereby tofulfill the If the shield film is
made of a magnetic metal, the  function as a transformer. As a result, the
power shield film unfavorably forms a branching circuit     which is
converted into high frequency waves by (shunt circuit) in the magnetic
circuit of the boosting  the inverter can be effectively supplied to the 6
11                 EP 0 291 093 B1                 12 



magnetron.                                     tail. (2) When a
conventional boosting transformer      Fig. 6(a) is a perspective view of a
part of the alu- which steps up the power at the commercial fre-  minum
honeycomb core 28f cut out in general rectan- quency as it is is employed
to handle power of, for  gular shape, and Fig. 6(b) is an enlarged view of
one example, about 1 kW, the boosting transformer   5   (unit structure) of
cells composing the aluminum hon- cannot be integrally formed with the
magnetron  eycomb core 28f. As seen from Fig. 6(b), the honey- since the
boosting transformer is as heavy as  comb core 28f is formed by many
hexagonal cells over 4 kg, that is, four times the weight of the  through
sticking of aluminum foils one after another. magnetron and, the
outerdimension of the boost-  The honeycomb core 28f has relatively large
mechan- ing transformer is very large. However, owing to  10  ical strength
in spite of its small weight, and therefore the high frequency inverter
employed, since the  honeycomb cores are used in aircrafts. Moreover, the
power is converted into high frequency waves of  honeycomb core 28f shows
shielding effects against several tens kHz according to the present em-
electromagnetic waves while the gas permeability bodiment, and moreover,
the magnetic core is  thereof is maintained. Accordingly, the honeycomb
changed from silicon steel plate to ferrite accord-  15  core is put into
wide use, for example, in ventilation ing to the present embodiment, the
microwave   windows of a shield room forshielding electromagnet- generating
device is realized in remarkably com-  ic waves, etc. According to the
second embodiment, pact structure, 400 g weight and small dimen-  the
aluminum foil thickness S of the honeycomb core sion, wherein the boosting
transformer and the  28f is, in the case where the inverter frequency is 20
magnetron are integrally formed.          20  kHz, below 1/10 of the depth
of penetration 0.6 mm (3) Afilter circuit composed of an inductance and  of
the aluminum with respect to the above frequency. a capacitance (a through
capacitor) which is pro-  The cell size D and the core height T of the
honey- vided in the prior art shield casing for avoiding  comb core 28f are
set on the basis of the largest fre- leakage of highfrequencywave noises is
not nec-  quency of the unwanted radiation to be shielded, and essary in
the present embodiment. Accordingly,  25  in the second embodiment, the
core height T is 1.5 the voltage decrease and the power loss caused  mm and
the cell size D Is approximately 3 mm. by the filter circuit are solved. At
the same time,  Hereinafter, the operation of the microwave gen- since the
capacitance (through capacitor) and the  erating device having the
above-described construc- Inductance which are necessary to be high in vol-
tion according to the second embodiment of the pres- tage resisting
property and accordingly expen-  30  ent invention will be described.
First, the function of sive because the anode voltage is so high as   the
boosting transformer will be explained with refer- about4 kV can be solved,
the manufacturing cost  ence to Fig. 7. of the apparatus can be remarkably
reduced.       Fig. 7(a) indicates the relation of the honeycomb Similarly
to the first embodiment, a second em-  core 28f made of the aluminum foil
32, the boosting bodiment is related to the magnetron and the boost-  35
transformer 6 which is separately arranged by the ing transformer. The
difference is the structure of a  honeycomb core 28f outside and inside the
shield shielding wall provided between the primary side  casing 28, and the
line 31 of magnetic flux in the high (power supply side induction element)
and the sec-  frequency magnetic field of 20 kHz which is generat- ondary
side (power receiver side induction element)  ed when the boosting
transformer 7 is driven. Fig. of the boosting transformer. With reference
to Figs. 5   40  7(b) is an enlarged view showing the relation between
through 7, mainly the difference of the second em-  the honeycomb core 28f
and the line of magnetic flux bodiment from the first embodiment will be
descri-  31. The line of magnetic flux 31 is generally parallel bed.
to the axial direction of each cell (unit structure) form- Fig. 5 is a
cross sectional view of an essential por-  Ing the honeycomb core 28f. tion
of a microwave generating device utilizing the in-  45  As has been
described in the first embodiment, verter power source and installed with a
stationary in-  generally, an electric conductor which is represented
duction apparatus (boosting transformer) according  by metal, when applied
with an alternating field, gen- to the second embodiment
erates an induced current, whether the conductor is In the construction of
Fig. 5, the lid 28a which is  magnetic or non-magnetic. The induced current
pen- a part of the wall surface of the shield casing 28 cov-  50  etrates
from the surface of a limited depth. The depth ering the cathode stem 20 is
constructed by a honey-  when the current density I becomes 1/e ofthe
surface comb core 28f made of aluminum foil and a supporter  currentdensity
lo is called as the depth of penetration 28c made of dielectric material
forsupporting the hon-  8(m). And the depth of penetration 8(m) is
expressed eycomb core 28f. The construction of the lid 28a of  by an
equation: the second embodiment is different from that of the  55
8 = first embodiment shown in Fig. 2.                 wherein p(ohm-m) is a
specific resistance of the con- With reference to Fig. 6, the structure of
the alu-  ductor, f(Hz) is a frequency and ;r is a specific per- minum
honeycomb core 28f will be described in de- 7    13                  EP 0
291 093 B1 '                14 



meability. The current density I In the conductor at a  of the penetration
8 of the aluminum foil composing position x from the surface is expressed:
the honeycomb core 28f is  [err] the value in the [err]                case
of 20 kHz, that Is, about 0.02 mm, which is equal wherein lo is the current
density at the surface. By  to the foil thickness of the honeycomb core 28f
ac- way of example, when the conductor is aluminum, the   5   cording to
the present embodiment In other words, depth of penetration [err] is
approximately 0.6 mm    when the frequency is over 20 MHz, the thickness of
when the frequency is 20 kHz. The direction of the in-  the aluminumfoil
composing the honeycomb core 28f duced current is vertical to the direction
of the mag-  becomes equal toorlarger thanthe depth of penetra- netic field
(the line of magnetic flux 31).       tion. Therefore, when the frequency
is over 20 MHz, Fig. 7(c) shows the relation of the aluminum foil  10  the
aluminum foil having the thickness 0.02 mm 32 having the thickness S, the
line of magnetic flux 31  shows  the characteristic of a usual aluminum
plate in the alternating field added parallel to the aluminum  Thus, if
each of the cells constituting the honeycomb foil 32, and the induced
current produced in the alu-  core 28f is regarded as a wave guide which
displays minum foil 32. The current induced into the aluminum  cut-off
phenomenon to the leaked electromagnetic foil is exponentially and
functionally decreased from   15  waves, the cell, showing the cut-off
phenomenon, is the surface, as indicated by equation (1). The direc-  said
to have the shielding characteristic. On the other tion of the current
induced in the aluminum foil 32 is  hand, in a higher frequency, according
to the present vertical to the magnetic field, and moreover, the cur-
embodiment, even when the largest frequency of the rentdensity is la and
lb, opposite to each other, on the  unwanted radiation extends to 20 GHz,
the cell size reverse and front surfaces of the aluminum foil, re-  20   D
is 1/5 the wavelength [err] mm since the cell size spectively. Meanwhile,
if the thickness S of the alu-  D is set to be 3 minum foil composing the
honeycomb core 28f is suf-  shielding region. Therefore, the honeycomb core
28f ficiently smaller than the depth of penetration 8 = 0.6  can show high
shielding effects. mm, for example, if the thickness S is set to be 1/10
Ascan b understood fromtheforegoingdescrip- of the depth of penetration,
the current densities la  25  tion, in the construction of the microwave
generating and lb induced in the opposite directions on the re-  device,
not only the shield casing 28 is able to prevent verse and front surfaces
of the aluminum foil are op-  the unnecessary radiation from leaking from
the posits to each other, and accordingly, the actually  cathode stem 20 of
the magnetron 13, but the boost- running current density I is the
difference between  ing transformer 7 can fulfill its function as a
transfor- the current densities la and lb. Therefore, the current  30   mer
although it is separated by the wall surface of the induced In the aluminum
foil placed parallel to the  shield casing 28. magnetic field is nearly
neglectable if the thickness  The thickness of a metallic foil composing
the of the aluminum foil is less than 1/10 the depth of pen-  honeycomb
core 28f is decided, as is clear from the etration [err], e.g., as small as
0.02 mm.             above description, depending on electric characteris-
However, in the case where the honeycomb   35  tics such as the inverter
frequency (20 kHz in the structure is gained by sticking of foils as in the
pres-  present embodiment the   lowest frequencyofthe un- entembodiment,
the foils are piled up in double attwo  necessary radiation to be shielded,
and the  efficiency of the six sides of the hexagonal cell (unit
structure).  of the boosting transformer, etc. However, consider-
Therefore, the actual thickness of the aluminum foil at  ing the mechanical
strength of the honeycomb core those two sides becomes double. This fact
should be   40  28f, the optimum thickness is about 1/10-1/100 the taken
into consideration when the thickness of the  depth of penetration in the
inverter frequency. aluminum foil Is determined.
In the meantime, when a magnetic metal is em- Thus, as described above,
although the alumi-   ployed for the honeycomb core 28f, the honeycomb num
honeycomb core 28f is interposed between the   core 28f generats a
branching circuit (shunt circuit) primary side core 7p and the secondary
side core 7s   45   in the magnetic circuit of the boosting transformer 7,
of the boosting transformer 7, energy loss is hardly  resulting in decrease
of magnetic efficiency. There- produced in the high frequency magnetic
field at 20  fore, the honeycomb core 28f is preferably formed by kHz, and
accordingly the boosting transformer 7 can  a non-magnetic metal such as
aluminum employed in fully operate.                                     the
present embodiment. However, if non-magnetic The operation and function of
the shield casing   50  copper (Cu) or aluminum [err] is used for the
honey- 28 of the magnetron 13 will now be described.      comb core 28f,
since the specific resistance (ohm-m) The unwanted radiation leaking from
the cathode  is small, the depth of penetration [err] is small, giving rise
stem 20 of the magnetron 13 is spread widely to the  to a processing
problem. Therefore, the material of low frequency region as well as the
2450 MHz high  the honeycomb core 28f should be selected from the frequency
region. However, the shield casing 28   55  total viewpoint withthe
above-described facts noted. should do with the shielding effect only in
the range  For example, Monel metal, which is an alloy mainly about 20 MHz
through 20 GHz at the widest          For example, Monel  metal,  is an
alloy mainly In the case of the 20 MHz frequency, the depth  composed of
nickel and copper, is non-magnetic and, 8    15                  EP  0 291
093 B1 



at the same time, relatively large in the specific resis-  and to the
exciting coil 38 by a circuit, e.g., shown in tance, and accordingly, It
can be said to be used suit-  Fig. 11. The circuit of Fig. 11 includes a
power source ably for the honeycomb core 28f.                   42 of
commercial frequencies, a smoothing circuit 48 In the above-described
embodiment, the shield-  comprised of a rectifier 47, an inductance 43 and
a ing wall is formed in the honeycomb structure, name-   5   capacitor 44,
an Inverter circuit 49 comprised of a ly, by sticking metallic foils into
hexagonal cells. How-  switching element 46 and a capacitor 45, and a con-
ever, the shielding wall for shielding electromagnetic  trolling-driving
circuit 50 which turns the switching waves Is not restricted to be In the
honeycomb struc-  element 46 on or off. The high frequency voltage at ture.
several tens kHz produced by the controlling-driving In other words, a
shielding wall is effective If  10  circuit 50 Is delivered either to the
exciting coil 38 for many through holes (cells) each having a polygonal
induction heating orto the boosting transformer 40 of cross section, for
example, a triangular cross section,  the magnetron 71 which is a source of
microwaves of a square cross section or a hexagonal cross section  the
dielectric heating, in accordance with switching of and passing through the
shielding wall are placed ad-  a switch 41. jacent to each other, with a
wall surface in common.  15  Fig. 9 is a detailed view showing the
construction Such shielding walls as constructed in the above-  of the
exciting coil 38 of Fig. 8; Fig. 9(a) being a brok- described mannerwill
function similarlyas the shield-  en view, and Fig. 9(b) being a plan view
of Fig. 9(a). ing walls in the structure of the honeycomb.       The
exciting coil 38 in Fig. 9 is comprised of an excit- Ventilation openings
28d and 28e are formed in  ing coil winding 38a having awinding wound into
aflat the wall surface of the shielding casing 28 so as to  20  board
shape, a ferrite core 53 provided on the under cool the secondary side of
the boosting transformer  surface of the exciting coil winding 38a for
shielding 7. It is so designed that the secondary side of the  of
magnetism, aluminum honeycomb cores 51a and boosting transformer 7 is
forcibly cooled by a cooling  51 b in a perforated disc shape so provided
as to hold fan 2 from outside of the shield casing 28.        both the
exciting coil winding 38a and the ferrite core The microwave generating
apparatus according   25  53 from up and down and, shield rings 54a and 54b
to the second embodiment exhibits the samefunction  respectively in the
inner peripheral side and the outer and the same effects as the apparatus
according to  peripheral side of the aluminum honeycomb cores the first
embodiment.                              51a and 51b. The shield rings 54a
and 54b are made An electronic oven which is designed to act as an  of
non-magnetic metallic plates. Moreover, the shield induction heating range
will be described with refer-  3o  rings 54a and 54b have many slit holes
55a and 55b ence to Figs. 8 through 11. The construction of a sta-  formed
in a radial direction, thereby to hinder the flow tionary induction
apparatus according to a third em-  of the Induced current in a
circumferential direction bodiment of the present invention is applied to
an ex-  generated on the shield rings 54a and 54b and to pre- citing coil
of the electronic oven referred to above.  vent the loss and the
temperature rise resulting from Fig. 8 shows a cross sectional view of an
elec-  35  the heat generation. tronic oven having an induction heating
range with a  Although the structure of the aluminum honey- heating coil
portion in the structure of the stationary  comb cores 51a and 51b is the
same as already de- Induction apparatus of the present invention. Fig. 9
scribed with reference to the second embodiment, the shows an essential
portion of Fig. 8, namely, the heat-  cell size D and the core height T of
the cores 51a and ing coil portion of Fig. 8, in detailed manner.  40  51b
should be determined so that the 2450 MHz mi- Referring to Fig. 8,
microwaves (high frequency  crowaves employed for dielectric heating can be
suf- electromagnetic field) generated by a magnetron 71  ficlently
shielded, and also the distance between the are irradiated into a heating
chamber 35 through a  exciting coil winding 38a and the object 37 to be
heat- wave guide 72 and a rotary antenna 33. The rotary  ed is within the
range possible for induction heating. antenna 33, generally In afan-like
configuration, is ro-  45  Accordingly, in the third embodiment of the
present tated by a motor 34, so that microwave heating is uni-  invention,
the core height Tfor both the cores 51a and formly carried out
51 b is 1.5 mm, with the cell size D being set to be ap- On the other hand,
an exciting coil 38 is provided  proximately 3 mm. right over the rotary
antenna 33, and a partition plate  The operation of the electronic oven
equipped 39 made ofa dielectric material such as a heat resist-  50  with
the function of the induction heating range as Ing ceramic plate or the
like is so placed as to be al-  above will be described below with
reference to Fig. most in contact with the exciting coil 38. The partition
10. plate 39 serves not only to protect the rotary antenna  In Fig. 10(a),
there is indicated the mutual rela- 33 and the exciting coil 38 in the
bottom within the  tionship among the exciting coil winding 38a, the line
heating chamber 35, but to place an object 37 to be  55  of magnetic flux
61 showing the high frequency mag- heated thereon.
netic field generated by the exciting coil winding 38a, The high frequency
power is supplied to the    the metallic object 37 to be heated which is
heated by boosting transformer for driving the magnetron 71  the current
induced in the high frequency magnetic    17                 EP 0 291 093
B1                 18 field, the ferrite core 53 for shielding the leakage
of  ing effects. 



the Induced current below the high frequency mag-    (1) Since the
honeycomb coil winding is covered neticfield, and the aluminum honeycomb
core 51a for  with the honeycomb core made of a metallic foil, preventing
the exciting coil winding 38a from being  the exciting coil winding can be
prevented from heated by the high frequency waves, that is, 2450   5
generating heat or discharging by the Influences MHz microwaves for
dielectric heating, or from dis-  of the microwaves, and atthe same time,
the high charging. Now that the honeycomb core 51a inter-     frequency
magnetic field for induction heating posed between the exciting coil
winding 38a and the  generated by the exciting coil winding can reach
object 37 to be heated has the cell size D small     the object to be
heated without being attenuated, enough with respect to the wavelength of
the high fre-  10  so that the generation of heat in the exciting coil
quency electromagnetic field (microwaves) at 2450    at the induction
heating time can be Inhibited, MHz, each of the cells of the honeycomb core
51a can  while maintaining high heating efficiency. be regarded as a wave
guide, and therefore the hon-  (2) Furthermore, although it is natural, the
honey- eycomb core 51a can display high shielding effects   comb core has
gas permeability, and according- (with respect to 2450 MHz) owing to the
similar ef-  15  ly, is effective to cool the exciting coil, so that the
fects as obtained by the cut-off phenomenon by the   discharging of the
heat can be effectively per- wave guide. The relation between the high
frequency  formed. magnetic field 61 in the 20 kHz frequency used for in-
(3) The honeycomb core also covers the ferrite duction heating and the
honeycomb core 51 a shown    core below the exciting coil winding for
shielding in Fig. 10(a) is enlarged in Fig. 10(b). The line 61 of  20  of
the magnetism, and therefore, the ferrite core magnetic force of the high
frequency magnetic field  is prevented from absorbing the microwaves and is
generally parallel to the axis direction of the cells  generating heat.
composing the honeycomb core 51a.                    Owing to the
above-described advantages, a Consequently, for the same reason as in the
sec-  high frequency heating apparatus capable of induc- ond embodiment,
the honeycomb core 51a hardly  25  tion heating and dielectric heating,
which has been produces any loss with respect to the 20 kHz high fre-
hardly believed to be practical, can be realized, with quency magnetic
field, although the honeycomb core  the exciting coil for induction heating
provided within 51a is intervened between the object 37 to be heated  the
heating chamber for dielectric heating, through and the exciting coil
winding 38a. The honeycomb  application of the structure of thestationary
induction core 51a works to shield (protect) the exciting coil  30
apparatus according to the present invention to the winding 38a from the
2450 MHz high frequency elec-  induction heating coil of the apparatus.
tromagnetic field, i.e., microwaves. Since the aluminum honeycomb core 51b
com- pletely covers the ferrite core 53, such disadvantage  Claims is
solved that the ferrite core 53 absorbs the micro-  35 waves and generates
heat.                         1. Power transfer apparatus comprising
Although the above description is made on the     an inductionelement(7p,
7a)atthe powersupply assumption that the honeycomb core is made of an
side for supplying high frequency power through aluminum foil, naturally,
it is not restricted to the alu-  electromagnetic induction; minum foil.
However, a non-magnetic metal is better  40  an induction element (7s, 7b,
7c) at the power re- since a branching circuit is notformed in the non-mag-
ceiverside for receiving said high frequency pow- netic metal In the high
frequency magnetic field.    er through electromagnetic induction; and In
addition, the aluminum honeycomb core is em-   a shielding wall (28b)
formed by a metallic foil for ployed In the upper and lower surfaces of the
exciting  shielding said induction elements from each coil winding, and the
inner and outer peripheral sur-  45  other for frequencies higher than
those of said faces of the honeycomb core are constituted by a     high
frequency power, non-magnetic metal such as aluminum, but, the em-
characterized by ployment of the honeycomb core is not limited to the  said
shielding wall (28b) being made of a metallic range of the present
embodiment.                     thin film having a thickness less than 1/10
the Moreover, such advantageous characteristics of  50  depth of
penetration with respect to the high fre- the honeycomb structure as good
gas permeability     quency power to be transferred; and and lightweight
can be fully utilized. Particularly, the  said metallic thin film being
supported by a sup- good gas permeability of the honeycomb structure is
port member (28c) made of a dielectric material. effective to control the
temperature rise of the excit- ing coil winding 38a.
55  2. Power transfer apparatus as claimed in claim 1, Accordingly, the
application of the structure of  characterized in that the dielectric
material is cer- the stationary induction apparatus of the present in-
amic material. vention to the exciting coil will bring about the follow- 10
17                 EP 0 291 093 B1                 18        111111
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the induced current below the high frequency mag-    (1) Since the
honeycomb coil winding Is covered neticfield, and the aluminum honeycomb
core 51a for   with the honeycomb core made of a metallic foil, preventing
the exciting coil winding 38a from being  the exciting coil winding can be
prevented from heated by the high frequency waves, that is, 2450   5
generating heat or discharging by the Influences MHz microwaves for
dielectric heating, or from dis-   of the microwaves, and at the same time,
the high charging. Now that the honeycomb core 51a inter-      frequency
magnetic field for Induction heating posed between the exciting coil
winding 38a and the   generated by the exciting coil winding can reach
object 37 to be heated has the cell size D small      the object to be
heated without being attenuated, enough with respect to the wavelength of
the high fre-  10  so that the generation of heat in the exciting coil
quency electromagnetic field (microwaves) at 2450     at the induction
heating time can be inhibited, MHz, each of the cells of the honeycomb core
51a can  while maintaining high heating efficiency. be regarded as a wave
guide, and therefore the hon-   (2) Furthermore, although it is natural,
the honey- eycomb core 51a can display high shielding effects    comb core
has gas permeability, and according- (with respect to 2450 MHz) owing to
the similar ef-  15  ly, is effective to cool the exciting coil, so that
the fects as obtained by the cut-off phenomenon by the    discharging of
the heat can be effectively per- wave guide. The relation between the high
frequency  formed. magnetic field61 in the 20 kHz frequency used for in-
(3) The honeycomb core also covers the ferrite duction heating and the
honeycomb core 51a shown      core below the exciting coil winding for
shielding in Fig. 1 0(a) is enlarged in Fig. 10(b). The line 61 of  20  of
the magnetism, and therefore, the ferrite core magnetic force of the high
frequency magnetic field  is prevented from absorbing the microwaves and is
generally parallel to the axis direction of the cells  generating heat.
composing the honeycomb core 51 a.                    Owing to the
above-described advantages, a Consequently, for the same reason as in the
sec-  high frequency heating apparatus capable of induc- ond embodiment,
the honeycomb core 51a hardly  25  tion heating and dielectric heating,
which has been produces any loss with respect to the 20 kHz high fre-
hardly believed to be practical, can be realized, with quency magnetic
field, although the honeycomb core  the exciting coil for induction heating
provided within 51a is intervened between the object 37 to be heated  the
heating chamber for dielectric heating, through and the exciting coil
winding 38a. The honeycomb  application of the structure of the stationary
induction core 51a works to shield (protect) the exciting coil  30
apparatus according to the present invention to the winding 38a from the
2450 MHz high frequency elec-  induction heating coil of the apparatus.
tromagnetic field, i.e., microwaves. Since the aluminum honeycomb core 51b
com- pletely covers the ferrite core 53, such disadvantage  Claims is
solved that the ferrite core 53 absorbs the micro-  35 waves and generates
heat.                         1. Power transfer apparatus comprising
Although the above description is made on the     an induction element (7p,
7a) at the power supply assumption that the honeycomb core is made of an
side for supplying high frequency power through aluminum foil, naturally,
it is not restricted to the alu-  electromagnetic induction; minum foil.
However, a non-magnetic metal is better  40  an induction element (7s, 7b,
7c) at the power re- since a branching circuit is notformed in the non-mag-
ceiverside for receiving said high frequency pow- netic metal in the high
frequency magnetic field.     er through electromagnetic induction; and In
addition, the aluminum honeycomb core is em-   a shielding wall (28b)
formed by a metallic foil for ployed in the upper and lower surfaces of the
exciting  shielding said Induction elements from each coil winding, and the
inner and outer peripheral sur-  45  other for frequencies higher than
those of said faces of the honeycomb core are constituted by a      high
frequency power; non-magnetic metal such as aluminum, but, the em-
characterized by ployment of the honeycomb core is not limited to the  said
shielding wall (28b) being made of a metallic range of the present
embodiment.                     thin film having a thickness less than 1/10
the Moreover, such advantageous characteristics of  50  depth of
penetration with respect to the high fre- the honeycomb structure as good
gas permeability      quency power to be transferred; and and light weight
can be fully utilized. Particularly, the  said metallic thin film being
supported by a sup- good gas permeability of the honeycomb structure is
port member (28c) made of a dielectric material. effective to control the
temperature rise of the excit- ing coil winding 38a.
55  2. Power transfer apparatus as claimed in claim 1, Accordingly, the
application of the structure of  characterized in that the dielectric
material is cer- the stationary induction apparatus of the present in-
amic material. vention to the exciting coil will bring about the follow- 10
19                  EP O 291 093 B1                 20 3. Power transfer
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an induction element (7p, 7a) at the powersupply   parts of the induction
element (7s, 7b, 7c) at the side for supplying high frequency power through
power receiver side, the induction elements be- electromagnetic induction;
ing at opposite sides of the wave shielding wall an induction element (7s,
7b, 7c) at the power re-   5  (28b, 28f) which is a part of the wall
surface of a ceiver side for receiving said high frequency pow-  shielded
casing for covering the portion of a cath- er through electromagnetic
induction; and          ode stem (20) of the magnetron (13) so as to pre- a
shielding wall (28f) formed by a metallic foil for  vent leakage of
microwaves from the cathode shielding said induction elements from each
stem portion to the outside. other for frequencies higher than those of
said  10 high freqency power,                           9. High frequency
heating apparatus which com- characterized In that
prises a power transfer apparatus as claimed in said shielding wall (28f)
wall is made of a plurality  any one of claims 1 to 7, characterized by a
heat- of through hole cells each having a polygonal     ing chamber where
microwaves are radiated, a cross section and provided adjacent to each   15
magnetron (13) for generating microwaves, a other as to have a common wall
surface (32), the   boosting tranformer (7) for supplying electric wall
surface of each of said through hole cells be-  power to said magnetron, an
exciting coil (38) ing formed by a metallic foil in a thickness less
provided within said heating chamber for induc- than 1/10 the depth of
penetration with respectto  tion heating, and a high frequency inverter
circuit the high frequency power, the size of the polygo-  20  for
supplying electric power to said boosting nal cross section of each of said
through hole    transformer (7) and said exciting coil (38), the ex- cells
being such that their cut-off frequency, if re-  citing coil (38) being
used as the induction ele- garded as a wave guide, is less than the
frequen-  ment at the power supply side, and the load of a cy to be
shielded.                                 pan (37) orthe like to be heated
being used as the 25     induction element atthe powerreceiverside, with 4.
Power transfer apparatus as claimed in claim 3,    the wave shielding wall
(28b, 28f) Interposed be- characterized in that the through hole cells are
of  tween the exciting coil (38) and the pan (37). triangular, square or
hexagonal cross section. 10. Power transfer apparatus as claimed in any one
5. Power transfer apparatus as claimed In claim 3   30  of claims 1 to 7,
wherein an exciting coil (38) of or4, characterized in that the wall
surface of each  an induction heating range, fed by a high frequen- through
hole cell is formed from aluminum or cop-  cy power over several tens kHz
is used as the in- perfoll.
duction element at the power supplyside, and the load of a pan (37) or the
like to be heated is used 6. Power transfer apparatus as claimed in claim
3,  35  as the induction element at the power receiver wherein said through
hole cells are formed in a    side, with the wave shielding wall (28b, 28f)
inter- so-called honeycomb structure by sticking metal-   posed between the
exciting coil (38) and the pan lic foils (32) together.
(37). 7. Powertranferapparatus as claimed in any one of  40 claims 1 to 6,
where the metallic foil or the met-  Patentansprflche allic thin film
composing said wave shielding wall (28b, 28) is made of a non-magnetic
metallic ma-  1. Einrichtung zum Obertragen elektrlscher Lel- terial.
stung mit elnem Induktionselement (7p, 7a) auf 45      der die elektrische
Leistung zufrhrenden Seite 8. High frequency heating apparatus comprising a
zum Zufrlhren elektrischer Leistung hoher Fre- power transfer apparatus as
claimed in any of      quenz durch elektromagnetische Induktion; claims 1
to 7, characterized by a magnetron (13)   einem Induktionselement (7s, 7b,
7c) auf der die for generating microwaves, an inverter circuit for
elektrische Lelstung empfangenden Seite zum converting electric power of
commercial frequen-  5o  Empfangen der elektrischen Leistung hoher Fre-
cies into high frequency power of more than sev-    quenz durch
elektromagnetische Induktion, und eral tens kHz, a boosting transformer (7)
for      einer Abschirmwandung (28b) aus Metallfolie boosting and supplying
said high frequency pow-    zumAbschirmen derlnduktionselemente vonein- er
to said magnetron (13), a primary winding (7a)  ander gegen Frequenzen, die
hoher sind als die of said transformer being part of the induction  55  der
genannten elektrischen Leistung hoher Fre- element (7p, 7a) at the power
supply side, and a   quenz, high voltage secondary winding (7b) for supply-
dadurch gekennzelchnet, dag ing anode voltage and a low voltage secondary
die Abschirmwandung (28b) aus einem metalli-    21                 EP 0 291
093 B1                22    11   1111111111151 11 schen dflnnen Film
besteht, dessen Dicke gerin-   durchgehenden bffnungen durch Aneinander-
ger ist als 1110 der Eindringungstiefe derzu fiber-  kieben von
Metallfolien (32) einen wabenformi- tragenden elektrischen Leistung hoher
Fro-        gen Aufbau haben. 



quenz, und der metallische dulnne Film von einem Halte-   5   7.
Einrichtung zum Obertragen elektrischer Lei- rungsglied (28c)
gehaltertwird, deraus einem di-  stung nach elnem derAnspruche 1 bis 6, bel
der elektrischen Material besteht                     die die
Wellenabschirmwandung (28b, 289 dar- stellende Metallfolie
oderderentsprechende me- 2. Einrlchtung zum Obertragen elektrischer Lei-
tallische dulnne Film aus einem nichtmagneti- stung nach Anspruch 1,
1o      schen metallischen Material besteht. dadurch gekennzeichnet, daB
das dielektrische Material Keramikmaterial ist.                 8.
Hochfrequenzheizvorrichtung mit einer Einrich- tung zum Obertragen
elektrischer Leistung nach 3. Einrichtung zum Obertragen elektrischer Lei-
einem der Ansprfche I bis 7, stung mit einem Induktionselement (7p, 7a) auf
15  gekennzeichnet durch ein Magnetron (13) zum der die elektrische
Leistung zufuhrenden Seibt    Erzeugen von Mikrowellen; oine Wechselrchter-
zum Zuffhren elektrischer Leistung hoher Fre-     schaltung zum Umformen
elektrischer Leistung quenz durch elektromagnetische Induktion;         mit
einer Netzfrequenz in elektrische Llestung einem Induktionselement (7s, 7b,
7c) auf der die  mit einer Frequenz von mehr als mehreren zehn- elektrische
Leistung empfangenden Seibt zum   20  tausend Hz; einem
Hochspannungetransforma- Empfangen der elektrischen Leistung hoher Fre-
tor (7) zum Erhohen der Spannung und Zufuhren quenz durch
elektromagnetische Induktion und      derelektrischen Leistung hoher
Frequenz an des einerAbschirmwandung (28f)aus Metalifoliezum      Magnetron
(13); eine Primfirwicklung (7a) des Abschirmen der Induktionselemente
voneinan-       Transformators, die Tell des auf der Zufuhrseite dergegen
Frequenzen, die hoher sind ala die der  25  fOr elektrische Leistung
angeordneten Indukti- elektrischen Leistung hoher Frequenz,
onselementes (7p, 7a) ist, und eine Hochspan- dadurch gekennzeichnet,
nung-Sekundarwiokiung (7b) zum Zufuhren von daB die Abschirmwandung (289
aus einer Mehr-      Anodenspannung sowie eine Niederspannung- zahl von
Zellen mit durchgehenden Offnungen       Sekundarwicklung (7c) zum Zufuhren
von Heiz- besteht, von denenjede einen polygonalen Quer-  30  spannung, die
Tell des auf der Empfangsseite fOr schnitt aufweist und die so
aneinandergrenzend    elektrische Leistung angeordneten Induktions-
angeordnet sind, daS sie eine gemeinsame          elementes (7s, 7b, 7c)
sind, wobei die Induktions- Wandfliche (32) haben, wobel die Wandflache
elemente auf entgogengesetzten Seiten derWel- jeder der Zellen mit
durchgehenden Offnungen     lenabschirmwandung (28b, 289 angeordnetaind,
aus einer Metallfolle gebildet ist, deren Dicke ge-  3S  die ein Tell der
Wandflache eines abgeschirmten ringer ist ala 1/10 der Elndringungstiefe
der elek-  Gehauses zum Abdecken des Kathodenstabab- trischen Leistung
hoher Frequenz und die GrBoe    schnittes (20) des Magnetrons (13) iat, um
ein des polygonalen Querschnitts jeder der Zellen     Streuen der
Mikrowellen vom Kathodenstabab- mit durchgehenden Offnungen so bemessen
ist,      schnitt nach aullen zu verhindern. dall ihre Grenzfrequenz, wenn
als Hohilelter be-  40 trachtet, niedriger ist als die abzuschirmende  9.
Hochfrequenzheizvonichtung mit einer Einrich- Frequenz.
tung zum OJbertragen elektrischer Leistung nach einem der Ansprfiche I bis
7, 4. Einrichtung zum Obertragen elektrischer Lei-      gekennzeichnet
durch eine Heizkammer, in die stung nach Anspruch 3,                    4s
Mikrowellen gestrahit werden; ein Magnetron dadurch gekennzebohnet, daB die
Zellen mit       (13) zum  Erzeugen von Mikrowellen; einen durchgehenden
Offnungen von dreleckigem,          Hochspannungstransformator (7) zum
Zufflhren rechteckigem oder sechseckigem Querschnitt        elektrischer
Leistung an das Magnetron; eine Er- sind.
regerspule (38), die in der Heizkammer zum in- so     duktiven Heizen
angeordnet ist und eine Hoch- 5. Einrichtung zum Obertragen elektrischer
Lei-      frequenz-Wechselrichterschaltung zum Zufflh- stung nach Anspruch
3 oder 4,                     ren elektrischer Leistung an den Hochspan-
dadurch gekennzeichnet, daB die Wandfllcheje-     nungstransformator (7)
und die Erregerspule derZelle mit durchgehenden Offnungen aus Au-
(38), wobei die Erregerspule (38) ale das Induk- minium- odor Kupferfolie
gebildet ist.   5S      tionselement auf der die elektrische Leistung zu-
fuhrenden Seite und die Belastung durch einen 6. Einrichtung zum Obertragen
elektrisoher Lei-      zu erhitzenden Topf (37) oder derglechen als In-
stung nach Anspruch 3, bei der die Zellen mit     duktionselement auf der
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die Wel-       ments d'induction I'un de I'autre pour des fre-
lenabschirmwandung (28b, 28f) zwischen Erro-       quences superieures A
celles de ladite energie a gerspule (38) und Topf (37) angeordnet ist.
haute frequence; 



caracterise en co quo: 10. Einrichtung zum Obertragen elektrischer Ener-
6       ladite parol de protection (28f) est consti- gie nach einem der
Ansprfche 1 bis 7, bel der ei-  tuee d'une multitude de cellules A trou
traver- ne Erregerspule (38) eines Induktionsherdes,       sant, chacune
ayant une section transversale po- dem olned eiktrische Leistung miteiner
Frequenz    lygonale et etant prevue en etant contigues les von Ober
mehreren zehntausend Hz zugeffhrt         unes aux autres de maniure A
avoir une surface wird, als das Induktionselement auf der die elek-  io  de
parol commune (32), la surface de la paroi de trische Leistung zufuhrenden
Seite verwendet       chacune desdites cellules A trou traversant etant
wird, und die Belastung durch einen zu erhitzen-   formee par un clinquant
metallique ayant une den Topf (37) oder dergleichen als Induktionsele-
epaisseur inferieure au dixieme de la profondeur ment auf der die
elektrische Leistung empfan-      de penetration en co qui concernn
lenergie a genden Salt verwendet wird, wobei die Wellen-  1S  haute
frequence, les dimensions de la section abschirmwandung (28b, 28?) zwisohen
Erreger-       transversale polygonale de chacune deadites spule (38) und
Topf (37) angeordnet ist.           cellules A trou traversantitantteiles
quo leurfre- quence de coupure, si on les considere comme un guide d'ondes,
est Infeineure A la frequencoe Rovendications
20      devant Atre protegee. 1. Apparoll de transfert d'energie
comprenant:     4. Appareil de transfert d'energie solon la revendi- un
element d'induction (7p, 7a) du cot de    cation 3, caracterise en ce quo
lea cellules A trou I'alimentation pour fournir de l inergle A haute
traversant ont une section transversale triangu- frequence par induction
electromagnetique;  25    laire, carree ou hexagonale. un
elementd'induction (7s, 7b, 7c) du cote de la reception d'nenrgie pour
reoevoir laditb  5. AppareDl de transfert d'energle salon la revendi-
energie A haute frequencoe par Induction electro-  cation 3 ou la
revendication 4, caracterise en ce magnetique; et
quo la surface de la paroi de chaque cellule A trou une paroi de protection
(28b) formeo par  30  traversant est constituee d'un clinquant d'alumi- un
cinquant metallique pour proteger lesdits eie-  nium ou de cuivre. ments
d'induction i'un de I'autre pour des fre- quences superieures A cellos de
ladite anergie A  6. Appareil de transfert d'energie solon la revendi-
haute frequence;                                   cation 3, dana lequel
lesditbs cellules A trou tra- caracterise en ce que:               3S
versant sont formees d'une structure dite A nid laditb paroi de protection
(28b) est consti-  d'abeilles en collant ensemble des clinquants tube d'un
fin film metallique ayant une bpaisseur  metalliques (32). inferieure au
dixibme de la profondeur de pene- tration en ce qui concerne l'energie de
haute fre-  7. Appareil de transiert d'bnergie selon l'une quel- quence
devant etre transferee; et          40      conque des revendications I A
6, dans lequel le ledit fin film metallique est maintenu par   clinquant
metallique ou le fin film metallique un blement de support (28c) an
matbriau dibleo-    constituant laditb paroi de protection contre leas
trique.                                            ondes (28b, 28?) est
constitue d'un matriau mb- tallique amagnbtique. 2. Apparell de transfert
d'energie solon la revendi-  45 cation 1, caractbrisb an ce que la materiau
dielec-  8. Appareil de chauffage A haute frequence trique est un matbriau
cbramique.                  comprenant un appareil de transfert d'energiq
solon lune quelconque des revendications 1 A 7, 3. Appareil de transfert
d'6nergie comprenant:              caracterise par un magnetron (13) pour
un Mlement d'induction (7p, 7a) du cOte de   so  produire des micro-ondes,
un circuit convertis- I'alimentation pour fournir de i'inergie A haute
sour pour transformer l'inergioe lectrique de fre- friquence par induction
ilectromagnitique;         quences industrielles en  anergie A haute frn-
un eliment d'induction (7a, 7b, 7c) du cdte  quence superiaure A plusiburs
dizaines de kHz, de la reception d'bnergie afin de recevoir ladite  un
transformatburelevateur (7) poureMeverladite inergie A haute friquence par
Induction alectro-  S6  mnergie A haute frequence et la fournir audit ma-
magnitique; et                                     gnbtron (13), un
enroulement primaire (7a) dudit une paroi de protection (281) formee par un
transformateur faisant parti de I'Melment d'induc- ciinquant mitailique
pour proteger lesdits 616-   tion (7p, 7a) du c6dt de i'allmentation, et un
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secondaire A haute tension (7b) pour fournir une tension d'anode et un
enroulement secondaire A basse tension (7c) pour fournir la 



tension d'un element chauffant, faisant partie de I'element d'induction
(7s, 7b, 7c) du obt6 de la re-   5 caption de l'energie, les element
d'induction se trouvant aux cotis opposes de la paroi de proteo- tion
contre les ondes (28b, 28f) qui fait partie de la surface de la parol d'un
bottier protege afin de recouvrir la partle d'une tige de cathode (20) du
1o magnetron (13) de fagon A eviter la fuite des ml- cro-ondes vers
l'exterieur A partir de la portion tige de la cathode. 9. Appareil de
chauffage A haute frequence qui  15 comprenant un appareil de transfert
d'energie solon l'une quelconque des revendications 1 A 7, caracterise par
une chambre de chauffage dans laquelle des micro-ondes sont rayonnies, un
magnetron (13) pour produire des micro-on-  20 des, un transformatbur
elevateur (7) pour fournir de l'nergie electrique audit magnetron, une bo-
bine d'excitation (38) montee dans ladite cham- bre de chauffage pour
chauffage par induction, et un circuit convertisseur a haute frequence pour
25 fournir de l'nergie eiectrique audit transforma- tour elevateur (7) et A
laditb bobine d'excitation (38), la bobine d'excitation (38) etant utilisie
comme I'element d'induction du cOti de l'alimen- tation en energie, et la
charge d'un ustensile de   30 cuisine (37) ou analogue devant etre chauffie
etant utilisee comme I'Alement d'induction du c8te de la reception
d'energie, avec la paroi de protection contre les ondes (28b, 28f)
interpose entre la bobine d'excitation (38) et l'ustonsile  35 (37). 10.
Appareil de transfert d'energie solon i'une quel- conque des revendications
I A 7, dans lequel une bobine d'excitation (38) d'une gamme de chauf-  4o
fage par induction, alimentee par une energie A haute frequence superieure
A plusieurs dizaines de kIiz est utilisee comme l'element d'induction du
coti de l'alimentation en energie, et la charge d'un ustensile de cuisine
(37) ou analogue devant  45 etre chauffee eat employee comme l'element
d'induction du cote de la reception d'energie, avec la paroi de protection
contra les ondes (28b, 280 interposee entre la bobine d'excitation (38) et
l'ustensile (37).                       50 55 14    


