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TECHNI CAL FI ELD

The present invention relates to a microwave

heati ng apparatus for heating/cooking various heating objects in an

approprlate envi ronnent . . BACKGROUND ART As a prior art of
m crowave heating apparatus, a thaw ng/cooking oven as disclosed in the
Japanese Pat ent Publication No. Sho55-51541 is well known. In the foll ow ng,
constitution ofwognoossn i s described referring to Fig.23. PCT/JP96/01736
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Referring to Fig.23, a prior art thaw ng/cooking oven conprises a stirrer 3
di sposed at the ceiling 2 of a sealable oven body 1, and a nagnetron
irradiation port 4 disposed in the nei ghbourhood of the stirrer. Wthin
oven body 1, a detachable food shelf 5 is provided; a detachable |iquid
tray 6 for water, oil, etc. is provided underneath, in which a foodstuff A
may be i mersedwdenooexcessary; further beneath the tray, a heaPCT{JPIe®arss 7
by gas, electricity, etc. is provided. Through a conbined work of nmagnetron
irradiation port 4, liquid tray 6 and heating neans 7, a heating object is
heated with the magnetron irradiation fromthe above, and at the sane tine,
dependi ng on needs, with steamfrom boiling water fromthe underneath.

By the conbi ned uswﬁﬁwmtmu;ﬁmawatg (m:agd heat i ng with steam the
time for passing throu h the zone of "maxi mumice crysta fornatlon duri ng.
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t hawed evenly w thout allow ng escaping of delicious contents. Since water
vapour is avail able, the oven may be used also for thaw-ng frozen
breads/frozen cakes, or treating the whole process steps of bread/cake
maki ng with fernmentati on. Besi des heating with steam the oven is
capabl e of conducting various heating/cooking processes. For exanpl e,

t hawi ng of frozge s’ ocessed foodstuffs in fat provided in tPoFIPIs1736
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liquid tray, thawing of a frozen food package by a conbi ned use of
magnetron irradiation and hot air froma heating apparatus (hot air stirred
by stirrer in the ceiling), and other cooking nethods are discl osed.

In a prior art mcrowave heating apparatus, however, since the atnosphere
In heating cavity is approximately 100[err] C tenperature/100% humdity, it
acconpani es suchwglodfigeks as: when a frozen baked bread or a freraresorred
tenmpura is thawed the surface becones sticky vwgl1 steam affecting the

del i ci ousness; uneven tenperature spread is readily caused between the
inside and the surface of a foodstuff, which, in a case of thaw ng frozen
breads where the water content is |ow, gives damage on the stuff affecting
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the heating with steam are conducted at a sane tinme. The tenperature of a
foodstuff, starting fromthe frozen tenperature (-20[err] C, clinbs up
passi ng through the zone of maximumice crystal formation (-1 - -5[err]C
where it consunes a great energy, taking sonme tine there. Wiile a foodstuff
Is in frozen state it does not absorb the m crowave efficiently, instead
the microwave §98%976f8P i Nto the foodstuff, and the heat is coPGU/ERISBIT36
swiftly. Consequently, the tenperature within ? foodstuff is relatively
even. Application of steam helps the foodstuff quickly pass through the
zone of maxinmumice crystal formation, but the tenperature within the
heating cavity becomes approxi mately 100[err] C, and the humdity al so
approxi mately 100% =8B U CTHRAT—F7 %28 T COBEAF—FHD. 3&.251 7TERE
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After passing through the zone of maxinmumice crystal formation, a
foodstuff carries with it those places already thawed and those still
frozen. The thawed parts show a dielectric |oss several tines to several
tens of tines as large, and m crowave is selectively absorbed, which

I nvites uneven tenperature within a foodstuff. Especially when steamis -
applied, the suwWagrorods a foodstuff gathers steam and only a sBOEHPIcNITH6

surface of
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foodstuff is heated by m crowave, which expedite the increase of surface

tenperature. Nanely, when the inside tenperature of a foodstuff

optimum | evel, the surface tenperature is already far higher than the

opt i mum

The optimumtenperature for a neal is different

‘depending on the kind; it is higher than 80[err]C for e.g. steaned neals;
60 - 70[err]C fewodmisgsras, if too hot the food material dehydper/arosorme
noi sture is deprived of by coating and taste ig affected.” The optinum
tenperature for breads is the roomtenperature or a tenperature slightly
hi gher than bodily tenperature; if it is too high the stuff gets danage,

and the fl avor,

the optinmum t enperigathuy ¢& i75E Bt i b Bithae J0[ err] C.

elasticity and feeling on teeth are affected. Anyway, the
Al so the

opti mum hum dity for_a neal-is different depending on the kind. For
exanpl e, the taste(&H#lRdrates with both breads and tenpuras if their

surface get i stengfls iz g 2 oRMmAL TS MBEOEMBER TH 5. 5 1 ORMATI.
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As described above, in a prior art mcrowave heating apparatus, the
enphasi s has been placed on how swiftly having a heating object pass

t hrough the zone of maximumice crystal formation, while hardly any
attention has been paid on how to heat/cook a foodstuff in an environnent
that is ideal for the foodstuff. Nanmely, when steamis provided the’
environment in wepdnoigsscavity is nmade to be al ways at al nost 10BCEUPY601736
t enperature and approxi mately 100% hum dity, gLherefore a foodstuff has
never been heat ed/ cooked in optimum environnent.
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- 3- DI SCLOSURE OF THE | NVENTI ON The present invention
Is aimed at solving the above descri bed drawbacks and Is intended to
heat / cook varieties of

WO 97/01065 PCT/JP96/01736
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heating objects to .an excellent condition by introducing a neans to
appropriately control, for exanple, the tenperature, humdity, node of air
flow, etc. According to the present invention disclosed, a neans
to control the environnment surrounding a foodstuff or other heating object
is introduced for controlling the atnmosphere within a heating cavity to be
al nost identicalwdombibese tenperature, humdity, etc. which arepPCTizesboies a
heat ed/ cooked foodstuff. By so doing, the surfpf;e tenperature and the inner
tenperature of a foodstuff are kept al nost equal, thereby a foodstuff under
heating procedure is not deprived of, or supplied with too nuch heat or
hum dity, which enabl es the heating/cooking in a nost suitable environnent.
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during heati ng,
heati ng obj ect.

for controlling profile of tenperature increase of the
By so doing, condition of a foodstuff, or a heating object

is adapted to the environent within heating cavity, and a foodstuff is
heated at an appropriate tenperature w thout |osing much humdity.
Further, according to the present invention, the atnosphere of heating
cavity is directyyponaioghied, to be fed back to a control neans. pOTIIE96/01736
ensures a reliable control of the environnent %&thln heati-ng cavity.
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environnent within heating cavity of .a m crowave heating apparat us
according to a first enbodi nent. -4-

Fi g. 2 shows appearance of a m crowave heating apparatus according to the
present invention.
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Fig.3 shows cross sectional front view of a m crowave heating apparatus
according to a first enbodi nent of the present invention. Fig. 4
is bl ock diagram showi ng a constitution for controlling the environnment
within heating cavity of a mcrowave heating apparatus according to a first

enbodi nment . Fig.5 shows cross sectional front view of a mcrowave
heating cavity s@evaldésg to a second enbodi nent . Fi g PETAPRS03734
met hod of controlling the environment within hgating cavity of a mcrowave
heati ng apparatus according to a third enbodi nent. Fig.7 shows a
met hod of controlling the environnent within heating cavity of a m cr owave
heating apparatus according to a fourth enbodi nent. Fi g. 8 shows

cross sectional fr&&T BEdd<of Ja0 i ORoTINE Uka® ibnd Dchidi AL acchldtrydDIEH,

either a third or % #g}t,ﬁ*ﬁgﬁ%Lﬁg;._ﬁt-g'z,kﬁl'lii&boﬁbb<7!77/c‘rﬁi—tﬁ‘
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enbodi nment . : Fig.9 shows cross sectional front view of another
m crowave heating cavity according to either a third or a fourth

enbodi ment . Fig.10 is bl ock diagram showi ng a constitution for
controlling the environment within heating cavity of a mcrowave heating
apparatus according to either a third or a fourth enbodi nent. Fig

11 shows a nmewipoedmoodsscontrol ling the environnent w thin heati PGI/aRe01736 of
a mcrowave heating apparatus according to a fjfth embodi nent.
Fi g. 12 shows a nethod of controlling the environnent within heating cavity
of a m crowave heating apparatus according to a sixth enbodi nent.
Fig. 13 shows a nethod of controlling the environnent within heating cavity
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to a seventh enbodi nent. :
Fi g. 14 shows cross sectional front view of a m crowave
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heating cavity according to an ei ghth enbodi nent. Fi g. 15 shows
cross sectional front view of a m crowave heating cavity according to a
‘ni neth enbodi nment . Fi g.16 shows cross sectional front view of a
m crowave heating cavity according to a tenth enbodi nent. F| g. 17
shows a nethod of controlling the environnent within heating cavi t%? a
m crowave heat i 'YO&HPEPRt us according to a tenth enbodi nent. 96/01736
Fig.18 shows a nethod of controlling the envirpnment within heating cavity
of a m crowave heating apparatus according to an el eventh enbodi nent.

Fi g.19 shows a nethod of controlling the environment wthin heat| ng cavity
of a m crowave heatl ngl;‘dgp arat us accordi n% to a twel fth enbodi
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to a thirteenth enbodi nent. Fig.21 shows a nethod of controlling
the environnent wthin heating cavity of a m crowave heating apparatus
according to a fourteenth enbodi nent. Fig.22 shows cross
sectional front view of a mcrowave heating apparatus according to a
fifteenth enbodi nent. Fig.23 shows cross sectional front view of
a prior art heawowrmessi ty of thaw ng/cooking oven. MGT/PAs/8IN36N\S
a method of controlling the environnent within feating cavity of a prior
art thaw ng/ cooki ng oven. BEST. MODE FOR CARRYI NG OUT THE | NVENTI ON

(enbodi ment 1)
descri bed
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W75 RCELRBADS. RAREBOBAELRIEL. v/ 7 DR ERAE
DMBRAELET 5. ARV SOKAORRRARBEN TS RBECE > THD
EBZDRT BN MBENORRICL > TRROABLEANESAL T &
K&, REDSOKSORRADN E. BREMHE LN SHAREIED Sh
BOT, chbloEhE LTHENDRBORL. BESMMAEELHATE
BLEiiD, RAREREPELEEEIBASEI0T, RILBNIFE
T BIANFE-EN D,

(SRHEM 3) - |

H20i.%1 30KBAEDETA 7 CENBREBEONBENOREHD
BREELASABROMREERTHOLBAOBRETH 5. M2 0ick v Tites
s ORRETROBFNELE. RARETROBAFOHNE. NIBROMBEED

BTABIT > T3 ELTMRORTHRRELREBORFOEILE NS

HORRIRYT ERMS KT EDRBEL TIN5, 20RK< A 7 o OB
AL, MBREORTET 5. SO ik DMBRORTHIZIZMBERD
BREIBY UARBIELD ARERD BT LS BEORKIMNE S & b7
CBOPTOHBHEERATE S,

(A1 1) .

B2 181 40KBACHD DTS 7 DRMBEEC ST SWENORE
BELASBROMALTRTRETS S, B2 1BV TRENHE->THEM. ¥
TbbRARBBENTA FREEOM. KHHDOT A & 0tk EMAORATRE
BOHHTMRER > RERBORBHESDRIBN TRARBEEIBTS X
REUARANS. <4 7 oREAEHHACEE T L Ebic. BARLBOH
HEHFHAR LTS, ZLTAROAENFEEBEETLR LERADS. <
47 OHOBAREHACEE L. BARLEBOBAREHNETLT S, 20
&5 MBROET IR ->TA / DBROBN & RARLEBOHNEELEE S,
AAERRIE>THBE R, T4 7 DRIKOFRELBELPTOHEEK
D, RESHBET S0 REPEADTA 7 DR ERRL L > TREOREN
ARE—ICBBIEEBIELANS R4 CEEEZ LT TT . COBFPHADE
ARRBOBEEH RO L& RBOKSORREN ¢ S LRARND S,



hereunder referring to draw ngs. Fi g. 2 shows appearance of a
heati ng apparatus inplenenting a nethod of heati-ng foodstuff according to
the present invention. 1In the front of oven body 8 is a door 9
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di sposed openable by hinge for closing the heating cavity in which a
foodstuff is to be housed. On a operation board 10, a heating instruction
key 11, or an input neans, is disposed for entering instructions to a
control section to be described |later; the instructions are conprised of
one-digit or two-digit code corresponding to such factors as category and
quantity of foogebréibss Store tenperature (frozen or chilled), BEFIPIEHT6
tenperature, etc. which are relevant to nethaogyof heating. A water
reservoir 12 is disposed detachable at the right side of body.

Fi g.3 shows cross sectional front view of heating cavity, a magnetron 24,
or mcrowave generating neans for irradiating mcrowave and a steam
generator 15 for gD@AEMEs AR bITduwpTS 6 ImEEEl B CaVRGEMABSES
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16, atom zer 17 conprising an ultrasonic vibrator, and a tenperature
control heater 18, and turns water supplied fromwater reservoir 12 to
boiler 16 into snmall particles of water at atom zer 17, and tenperature
control heater heats the snmall particles of water to a specified
tenperature. Under the controlled operation of atomizer 17 and control | ed

i nput to tenper W@9H18&nt rol heater 18, steam generator 15 prodPETSPLPIZF6,
of desired tenperature and hum dity. A foodstahf 19 is placed on a tray 20
havi ng various small holes. or slits. Fig.4 is block diagram
showi ng a constitution of control system control section 21, or a neans to
control the environnent, reads out a designated heating condition froma -
menory 22 upon receiving an instruction entered at heating instruction key
11. Control data for steam generator 15 %% da#s operatlon control of
atom zer 17 and input control of tenper &on# 0B heat er 18, and data of

power supply condi §i Of$n ity BBRReH DMk & SRS MBMIc< 1 7 OB EBNTI<4 2
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stored as the heating conditions. These data nmay either be a tine
sequential control value for each respective block, or a certain
mat hematical formula. In a case it is a mathenatical formula, control
section 21 conducts an operation to obtain tinme sequenti al
-7-
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data, and power supplies to atom zer 17, tenperature control heater 18 and
magnetron 14 are controlled according to the tinme sequential data; thus
tenperature/ hum dity of steamto be supplied to heating cavity as well as
tenperature of the foodstuff are controlled to an already designated node
along with the progress of heatin rocedure. In Fig, 1 which
illugtrates tha&pygunms invention? Fa) shows tenperature_\/\,ith?ﬁcﬁ@%ﬂs{oﬁa6
cavity and tenperature of foodstuff during heagi ng procedure, (b)
transition of humdity within the heating cavity, and (c) mcrowave output.
What is significant with the present invention is that even when steam
generating neans is put into operation and heating is conducted with steam

the environment wilt i réiARMmEFERORVARES TS 2k B EIBMAE PO B IR BHE ST Y aret &
approxi mately 100[ eLr t.u r oxi,ma % humidity. In other
wor ds, since contro#égé%cr%%f—% %é%%?%ﬁe"ﬁ’@%ﬁé out put and the steam
generator, an appyr gt YgsammEsH, WEMBRERICRIShit I EERBRETIHREL 6

| ERO< 1 7 o BMBEE, | |
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according to the present invention cooks foodstuff always under an

envi ronnent nost suitable to the foodstuff. Now in the follow ng,
a practical heating nmethod is described. As indicated in (a), the _
tenperature of a foodstuff started fromthe freezing tenperature(-20[err]C)
passes through the zone of maxinmumice crystal formation(-1 - -5[err]C
taki ng sone | apwoarfereésnme (point A). Since the foodstuff absor RETHPRFUARS e
only slightly and has a good internal heat cordgction, the mcrowave is
generated at full power to be irradiated to the foodstuff during the first
hal f of heating, and then in the second half when part of the foodstuff
starts nelting the output is decreased to an appropriate |level, as shown in
(c). During the above thaw ng period, the tenperature within heating cavity
is maintained at the roomtenperature or sljight)y higher than that, and the
humdity at a normal humdity or slightly h#gh&, as shown in (b). Nanely,

thaw ng i's conduct egem il Ve by 518 HONGE s B PAE B A 1050 2 2 s acitin
BWEREEEBEEER L oOMBT 34/ oBNRERLRET I
5 AHNLTZ. pOZEANEERT AADIC. BNRMERET IMBE S,
WEENBRBIZ< /7 oBEBHT 504 7 OBRETRE AENRECE
RERRTIRLARATRL MR/ 7 DRBAFRSIUCNERLSRES
BENRENRDONBEE ERWRENB—KT 545 CHNETIHET
BELBAIMREET . | |



foodstuff in frozen state, whil
-After passing the point A the

e the use of steamis suppressed.
foodstuff in which nelted part and frozen

part coexist starts absorbing m crowave S|gn|f|cantly As descri bed

o

earlier, the nelted part(water) shows . -8
Fig.1 :{/J/ |
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a dielectric |oss several to several tens of tinmes as high as that of
frozen part, therefore the mcrowave output is reduced to a | evel about one
fifth or sixth of the full power, as shown in (c). The tenperature and

hum dity within heating cavity are raised after the point Aor its
vicinity, as shown in (a) and (b). When, the tenperature wi thin heating
cavity is contreiosgsoesal ong with the progress of heating proce®GTdPIsny73Geep
al nrost an identical tenperature as that of the floodstuff. Because thernal
capacity of theF_ai-r i(sazpow and foodstuff is ggnlé? y. heated by m corwave, ‘it
is efficient tofsd@tefperature of the enviro at slightly higher, as
shown in the drawing. Upon receiving a code entered from heating
instruction key, the control section searches the nmenory and reads out
control data corresponding to the category and quantity of foodstuff, store
tenper.ature(frozen or chilled, etc.), heat-end tenperature, and other
Itens; and executes the control fromtine to tinme on steam generator and
magnetron in

12




accordance with these control data. 1In order to provide a heating object
after being thawed with hum dity, an appropriate steamis supplied from
steam generator, taking the humdity that a just-baked bread has into
consideration. Thus, according to the present invention a foodstuff is not
heated in an environnent.,, approximately 100[err] C tenperature/ t%g:%r oxi mately
100% humi dity W@s7#1065 st eam i s provided, undgr which prior ar ®STEBMMTed
heat i ng. By the execution of such c62frols, the difference

bet ween t he foogsi f atself and the environnment surrounding it is reduced
to m ni mum under Ich situation the exchange of tenperature and

nmoi sture(water) is difficult to occur. Nanely, when an average tenperature
in the core of foodstuff reaches an appropriate |evel., the environnental
tenperature too is alnbst on an equal |evel, therefore thermal exchange and
transtfer of noisture at the surface of foodstuff is difficult to take

pl ace. Consequently, a bread an ideal tenperature of which is the room
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tenperature or a tenperature slightly higher than bodily tenperature does

not get any nmaterial harmon the stuff because of very small in/out
tenperature difference; and a frozen bread nay be thawed maintaining the
same flavor and elasticity as it had when it was just baked and
preserved until just before it .was .frozen, to an excellent condition
and the feelingWoP"0MEEh | s made to be copgparable to the stBEHIEIEOIT6,\nq
just baked. As the _ 24 '
Fig.4
: 22
21 11




resul t, heating/cooking process proceeds keeping the surface tenperature
and the inner tenperature of a foodstuff approxi mately equal , as shown
in Fig. 1. Since the humdity within heating cavity is

optim zed taki ng the noisture contained in a just-baked bread into

consi deration, the skin of bread does not absorb excessive nmoi sture from
st eam 097019653 case of tenpura, becayse at the tine 6/01736
tenperature of inner stuff reaches at 60 - 7 rlC the coating is al so
heat ed appr oxi maFeigtost he sanme tenperature, the inner stuff I S not
deprived of noisturé& by the coating and keeps juicy state. - In
the present enbodi nent, the surface of both bread and tenpura is
somewhat mi st urous when heating is ended due to i nfl uence of steam but
it dries up crisp in several mnutes, before the dishes are carried to .a
di ning-table. In the repeated experinents, those by the present

enbodi nent produced nore crispy :
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state in several minutes & ter heati ng is finished, as conpared wth

(d)

T‘*"

T
B

—
A B c BH

those heated with only m corwave. The reason seens to be that: when a
heat ed foodstuff is taken out of heating cavity to a nor mal room anbi ent
where it is dry and lowin tenperature it | oses heat and noisture,
therefore by providing in advance a slight noisture correspgg?)ﬂmgﬁsa
quantity to be WOV t he surface of foodstuff it resunes ust-cooked
state in several m nutes. On the other h , those heated with only
m crowave got i ncreasingly noisturous in the coating after the heating
I s ended. The E&P)r_\ Beens to be that: since the tenperature of inner
stuff I's higher tlfan that of coating, the noisture of inner stuff nopves
to the coating, rendering.the coating noisturous, and the inner stuff
suf fers dehydrati on. (a)
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Fig.5 is a cross sectional front view show ng a heating cavity according to
a second enbodinent. In the first enbodi ment, heating work is carried out,
upon receiving a heating instruction entered through an inputting nmeans, in
accordance with heating conditions recorded beforehand in a nenory neans.
However, the environnent of a foodstuff under a heating procedpEsestyiTHE
better control VBRI hi gher precision by preyi ding a detecting neans for
measuring the enyir.onnept wthin heating cavit4Tand giving feedback to the
power supply to i#ddghggﬁerator. In heating cavity 13, a tenperature sensor
23 and a hum dity sensor 24 are disposed as an environnental detection
nmeans. Tenperature and humdity within heating cavity 13 are detected, and
supplied to a control section 21. This enables the control section to watch
the environnment within heating cavity precisely, and to see whether it is-

under ,a good control or deviating. |In a case when the environnent within
heating cavity is deviating froma ' -
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specification, power supply to steamgenerator 15 is varied to restore the
envi ronnent to specification. In the present enbodi nent, both
tenperature and hum dity are detected to nake the control sure. However,
since a rough idea about the quantity of steam generation may be.

concei vabl e thrguaR.ldie power supply to steam generator, the e“ﬁ/&ﬁﬂ@&&%ﬁ

within heating cavity may be practically vvatc(}]ﬁd t hrough detection 0
win the foll ow ng an

tenmperature al orig.. (g:bodi ment 3)

enbodi ment provi ddOws an air blowi ng neans is described. Fig.8 shows a
constitution containing an air blow ng neans; where, a fan 25, or an air
bl owi ng neans, cools magnetron 14 and ot her conponents and then brings a
certain quantity of air flowinto heating cavity 13 guided by an air guide
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26. This ventilation air agitates the uneven steamw thin heating cavity,
and di scharges redundant steam out of casing through an exhaust guide 27
and an exhaust hole 28 di sposed in a part of the casing.

As descri bed above, fan 25 mixes the air produced in steam generator 15 at
a desired tenperature and humdity with an outside air, enablln%TJP ust ment

of the environn®¥R %1045 n heati ng oy, 6/01736
Fig.10
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cavity in a quicker and broader scale. Further, the flowof air within
heating cavity nakes it easier to control dryness in the surface of
foodstuff. Foodstuff 19, a heating object, is placed on a tray 20 having
substantial nunbers of small holes or slits. Fig.9 is cross
sectional front view of a heating cavity according to other fog

enbodi ment. | nWREWNMKE cavity 13, a circulatfion fan 29 is dlspggh@”pﬂgﬁgad
of a fan prOV|ded as the air blow ng neans i he earlier described

enbodi ment. AIFhpgph 11 is inpossible for circulation fan 29 to shift the
tenperature and humdity of the air discharged from steam generator 15 with
a controlled tenperature/humdity in a quicker and broader scale as the fan
in the earlier described form of enmhodinment did, the circulation fan works
effectively to inprove the unevenness of tenperature and hum dity by
agitating the air within heating cavity, [ mai nt ai ni ng the once

adj usted tenperature and humdity within he! ng cavity 13. Further, the
dryness in the
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surface of foodstuff can be controlled with ease through the control of
speed and volune of air flow Fig.10 is bl ock diagram show ng a
control system where, a control section 21 receives a heating instruction
code entered at heating instruction key 11, and reads out correspondi ng
heating conditions frommenory 22 which is a storage neans. As the heating
condi tions, control {a of steam generator 15, viz. data of c gﬁg '

t he operation 3&°§pgﬂ? er 17 and control l'i ngz ge i nput to tenpggg{uféyﬁg
control beater 18, datg show ng power supply nditions to nmagnetron 14,
and control da |dﬂ-i32225, or a air blow ng neans, are stored in the
menory. These data may be in a formof either tinme sequential control data
for each respective block, or a mathematical formula. Control section 21
controls, in accordance with a tinme -sequential data picked up from nenory
or a time sequential data obtained as the result of operation of the :
formul'a, the power supply to atom zer 17, tenperature contro
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heater 18, and magnetron 14, as well as the operation of fan 25,

- 12- for controlllng the tenperature and humdity of steamto be
introduced in heating cavity at each step of heating procedure, and t he
air flow and foodstuff tenperature to predeterm ned
WO 97/01065 i 3 PCT/IP96/01736
Fig.13
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condi ti ons. Fig.6 shows a nethod of controlling the

envi ronnment with t he above described constitution. Were, (a) shows the
tenperature - within heating cavity and the tenperature of foodstuff under
heati ng procedure, (b) transition of humdity within heating cavity, (c)
m crowave output, and (d) the operation of air blow fan. In
(a), the tenperature of a foodstuff started fromthe freezin%r

t enper at ur e( - 20V@PTAEPS passes t hrough the zong of maxi numice FPCTERFMITRS
formation(-1 - -5[err] C taking sone | apse g%-ima (point A). Since a
foodstuff absorbs m crowave only slightly and has a good  internal heat
conducti on, theFrricgqv@da IS generated at full power to be irradiated to
the foodstuff during the first half of "heating procedure, and then in
the second hal f when part of the foodstuff starts nelting the output is
decreased to an appropriate level , as shown in (c). During the above

t hawi ng period, the tenperature _




W thin heating cavity is maintained at roomtenperature or slightly
hi gher than that, and the humdity at a normal humdity or lightly

hi gher, as shown in.(b). Nanely, thaw ng is conducted. mainly with

m crowave whi ch goes deep into a foodstuff in frozen state, while the
use of steamis sed. After passing through the point A
t he foodst uff iw%vlvﬁ%ch mel ted part and frozen part coexist sP@FfEP601736

absor bi ng m crowave significantly. = As des@?;bed earlier, the nelted
part (water) shows a dielectric |oss several "to several tens of tines

as high as -t hat fofi groZ part, therefore the m crowave output is

reduced to a | evel about one fifth or sixth of the full power, as shown
in (c). The tenperature and hum dity within heating.cavity are raised
after the point Aor its vicinity, as show in (a) and (b). \When, the -
tenperature within heating cavity is controlled, along with the progress
of heating procedure, to keep al nost an identical tenperature as that of
the food stuff. The control :
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upon receiving a code entered from
- 13- heating instruction key, and reads out control data

correspondi ng to the category and quantity of foodstuff, store
tenperature (frozen or chilled, etc.), heat-end tenperature, and ot her

itens;

section searches the nenory,

WO 97/01065 PCT/IP96/01736
_ .
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and executes the control fromtine to tinme on steam generator,

magnetron, and air blowing fan in accordance with these control dat a.
By the execution of such controls, the difference bet ween the foodst uff
itself and the surrounding environnent is reduced to m ni mum under

whi ch situation_the exchange of tenperature and noi sture(water) is
difficult to oc¥r71¥%hel Y, when an average tenperature in t IRV 736t
foodstuff reaches an appropriate |evel (poil B), the environnental
tenperature too ? a{.zost on an equal level, therefore thermal exchange
and transfer fl @isklire at the surface of foodstuff is difficult to

't ake pl ace. Consequently, a bread an ideal tenperature of which is the
roomtenperature or a tenperature slightly higher than bodily S
tenperature does not get any material harmon the stuff because of very
smal'l “in/out tenperature difference; and a frozen bread may be t hawed
mai ntai ning the sane flavor and elasticity as it had
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when it was just baked and preserved until

an excell ent condition,

70[err]C the coating is al so heated
tenperature, the inner stuff is not
and keeps j ui cyWa%QOH6s

at point Bis
air bl owi ng fap runnin
moi sture stickin drgt.h1
Therefore, it

fan running for several

T
100

g

¥k ol Bo Yo —»-

and the feeling to teeth is
conparable to the state as it was just baked.

because at the tinme when tenperature of

just before it was

In a
i nner stuff
approximately to the sane

frozen,

made to be
case of tenpura,
reaches at 60 -

to

deprived of noisture by_t é i ng,
The surface of both bread gﬁgﬁ?%ﬁﬁﬁ?a

“Tas shown in (d),

coating of
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enunsuonus
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r edundant
renoved.
t enpur a

It has

M e

sonmewhat noi sturous affecte¢€by the steam By keeping the

even after point
urface of foodstuff can be swiftly
is effective for foodstuffs |ike the
and the crust of bread which need to. have a

m nutes after
becong clear after conducting experinents

crunchy feeling to make the
t he point B.



repeatedly that the coating which was heated wth m crowave al one
becones increasingly noisturous with the |apse of tine,

-1 4-
whil e the one heated under a controlled tenperature/ hum dity provides a dry

and.crunchy feeling if the blow ng fan was kept running
WO 97/01065 _ PCT/IP96/01736
1
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additionally for several mnutes after the point B. Such effect by the
blowing air is called "effect fromsnooth/mld by on and off". It seens

t hat when heated with mcrowave al one the tenperature of inner stuff goes
hi gher than the coating, and after the point B the nojsture of inner stuff
noves to the coating; so the deliciousness is affected by the coating
getting noi sturvgaa.mﬁg% the inner stuff getting dehydrated. PCT/IP96/01736
According to the present invention, a small anpbunt of noisture that is to
be |l ost during the "effect fromsnmooth/mld on and off" after the point
B may be provided in advance to the surface of 'a foodstuff; thereby
creating a state L,ough ich a better state of foodstuff nore simlar to
that of just-cook&dli@ -rzﬂloduced in several mnutes afterwards.

The notice of conpletion is issued at point C by buzzer or other neans.

The delay time for issuing notice may be counted fromthe point Bwith a
timer ‘provided in the control section, or
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determ ned by detecting the tenperature within heating cavity decreased to
a certain level with a tenperature sensor disposed in the heating cavity.
By del aying the notice of conpletion to the point C, a cooking person nmay
take a foodstuff out of oven totally relying upon notice, wthout thinking
about an ideal Gjm f finishing. The del ayed notice contrib to
the safety, bec‘g&l}sr;:’a'ﬂﬂ)ﬁg tenperature and humdity within heati ngbg%?é{oé%ﬁ
drop, if slightly, at the time when taking a;ﬁg%dstuff out of oven.

(enbodi ment 4) Now in the follow n t her enbodi ment of contro
met hod under a copstitutjQn conprising an air blow ng neans is descri bed.
Fig. 7 illustrate 4:J ex |l e of controlling the environnent wi thin heating

cavity so that its tenperature never.goes beyond the tenperature a
foodstuff has at the conpletion of heating
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procedur e. ' _ -15 In Fig.7
which illustrates the present invention, (a) shows tenperature within
heating cavity and tenperature of :

WO 97/01065 PCT/JP96/01736
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foodstuff during heating procedure, (b) transition of humdity within the
heating cavity, (c) mcrowave output, and (d) operation of air blow ng fan.
In (a), the method of control fromthe start of heating upto the point Ais
totally the sane as that of enbodinent 1. The constitution of reducing

m crowave out putw@ébmbesst he point A to a | evel gbout one fifth opchindshiak
the full power as shown in (c) is also the sanzaﬂas t hat of enbodi nent 1.
Air blow ng fan Fggﬁ -oggunni ng intermttently after the point B, as shown
in (d), and foodstufs¥ eves intermttent air blowlike wind by a

handhel d fan; which may bring the above described " effect fromsnooth/mld
by on and off" nore significant. Nanely, when a foodstuff is exposed to a
continuous wind blowits surface easily create uneven tenperature spread,;
but when blown by an intermttent wind the tenperature spread becones nore
even hel ped by thernmal conduction within foodstuff, enabling a good cooking
with | ess uneven t enper at ure spread.

L




Tenperature as well as humdity within heating cavity are sharply raised
after the point A, as shown in (a) and (b). The tenperature within heating
cavity is nmade to approxinmately coincide with the tenperature a foodstuff
shoul d have at the conpletion of heating procedure; practically, the cavity
tenperature is set slightly higher. By the above described control node,

t he foodstuff ‘%&WQ after the point A nore significant inflpcavpeseimset he
t enperature an umdity fromthe surroundin nvi ronment than in the
earlier described control node of enbodiment T," therefore heating proceeds
nore efficientl JF ige. B4ironment, however, never go beyond an appropriate
tenperature |level of a foodstuff. Therefore, the | ow tenperature zone or

m ddl e tenperature zone heating for bread, tenpura, etc. as well as the
heating of delicate itens which should be strictly protected from )
nmoi sturing can be conducted in a subtle way, as in the nethod of enbodi ment .
1. * - :
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In the present enbodi nent, any detecting neans such as sensor is not
englpyed; and the heating work is proceeded '

, according to predeterm ned heating conditions stored in .
.rrermry and deS| gnated by an heating instruction entered frominput neans.

LR |  P13865
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DESCRIPTION '

MICROWAVE HEATING APPARATUS.

TECHNICAL FIELD

The present invention relates to a microwave heating
apparatus for heating/cooking various heating objects in an

appropriate environment.

- BACKGROUND ART

. As a prior art of microwave heating apparatus, a
thawing/cooking oven as disclosed in the Japanese Patent
Publication No.Sh955—51541 is well-known.. In the following,
constitution of the oven is described referring to Fig.23.

Referring to Fig.23, a prior art thawing/cooking oven
comnriseS'a stirrer 3 disposed at the ceiling 2 of a sealable oven
body 1, and a magnetron 1rrad1atlon port 4 dlsposed in the

' neighbourhood of the stirrer. Within oven body 1, a detachable
food shelf 5 is.provided; a detachable liquid tray 6 for water,
oil, etc. is provided.underneath, in'ﬁhich a foodstuff A may be

immersed when necessary; further beneathdthe tray, a heating means
7 by gas, electricity, etc. 1s provided. Through a combined work

» of magnetron irradiation port 4, llquld tray 6 and heating means
7, a heatlng object is heated with the magnetron irradiation from
the above, and at the saﬁe time} depending on needs, with steam
~ from boiling water from the underneath

By the combined use of magnetron 1rrad1atlon and heating
nith'steam, the time for pa551ng through the zone of maximum ice
crystal formation, during whieh the cell wall is damaged when_a_

frozen foodstuff is thawed, is minimized,.and a foodstuff is

11—



However, a detection nmeans for detecting environnental conditions wthin
heati.ng cavity and entering the results as the feedback t.o. power supply to
stghn1generator may of course be provided. A tenperature sensor and a

hum djty sensor may serve as theée detection neans. Furt her,

dur g, t hg,hidlE iy i Cgli&ﬁiﬁé‘@éé&ﬂn&)oﬂrﬁéilé&/&ﬂsdé&ﬂtéﬁté)pened-

for takrng foodst uff out the heati cavit be used as a keep-warm
chamber \ﬁmr@le ARy RAQU mwsvwafa#wt H %‘I’?Tédﬁlhd"? Hesed alsg for

cont i nui RS F} S REY A rSe SEAEEY ; or treating BASE AL S $leess

entered from eat| ng instruction key, control section picks up from nmenory
t he cont r=3lensataf d?reacbéangém#mmrwwm fregrrrtakienr responding to the

cat egory and quantlcP oJf tshf A fri S Skt ddi, LONPS RN £ T ELBHM O of

chilled, etc.), en enperature, and other itens entered, and
executes adnductdma otanians theating/dorking dererensres. wiFor (¢wamplag a.

thaw1ng of frozen pre—processed foodstuffs in fat prov1ded in the
llquid tray, thawing of a frozen food package by a combined use of
magnetron irradiation and'hot air from a heating apparatus (hot
air stirred by stirrer in the ceiling), and other cooking methods'
are dlsclosed. |

- In a prior art microwave heatlng apparatus, however,
since the_atmosphere 1@ heatlng cavlty is approximately 100°C
temperature/100% humidity, it=accompanies such drawbacks as: when
a frozen baked bread or a frozen fried tempura is thawed the
surface becomes sticky with steam; affecting the deliciousness;
uneven temperature spread is readily’caused betweeh the inside and
thelsurface of a foodstuff, which, in“a-case of thawing frozen '
breads where the water content is low, gives damage on the stuff
'affecting the flavor, elaSticity or the feeling on teeth.

The issue is explained more in detail. Fig.24
111ustrates the changlng temperature of a foodstuff and the oven
cav1ty in a prlor art oven whereln the heatlng with mlcrowave and
the heating with steam are conducted at a same time. The
temperature of a foodstuff, starting fromfthe-frozen temperature
(—ZO’C),;climbs up;passing through the zone of maximum ice crystal'
formation (-1 — —5'C) where it consumes a great,energy, taking
some time there. While a foodstuff is iﬁ frozen state it does not
absorb the microwave eff1c1ent1y, instead the microwave goes deep
into the foodstuff, and the heat is conducted swiftly.
Consequently, the temperature within a foodstuff is relatively
even. . Application of steam helps the foodstuff quickly pass |
through the zZone . of maximum ice crystal forﬁation, but the
temperature w1th1n the heating cavity becomes approx1mately 100 C,

and the humldlty also approximately 100%.



(enbodi-nent 5) - A fifth enbodinent is described hereunder. Fig. 11
|Ilustrat es a heating nethod according to the present inventon, wherein
‘the core and the surface tenperatures of a foodstuff are rai sed with a
rel ative evenness. Were, (a) shows tenperature wthin heating cavity and

t enper ature of. foo%%af fpadégl t&%@g ,i}p% sl ¢ rﬁﬂuﬁ&:ﬁ‘”fé%_ éﬁré’éal

humdlty within th Ing ca m cr owave - out put
t enper at foermartd dnyniadifioods tdfin cdmdemgv:cdw iy thoge tmlm%s tanbreadly ofhawed

\?\E?Ehngr %ﬁ'&% 3 Itceﬁ* lt(a%’?"ozoecfg't Lfo < a%er‘gp%;}g?orl at é{btc%oc}(;{%f@@&ié/eiass
Ref er r i n@gelver(a) ,tindes tmnm\a&nar]e w#nd coffi st inkds seasirlaxmﬁ faminiexowane is
o oA ot AL A a0 Sl
foodstuff. Espec1ally when steam is applied, the surface of a
foodstuff gathers steam, and only a superf1c1al surface of
.foodstuff is_heated.by:mierowave, which expedite the increase of
surfaee temperature. Namely, when the inside temperature of a
'foodstuff reacheszan optimum-level' the surface temperature is
already far hlgher than the optimum. ) '
| "The optimum temperature for a meal is dlfferent
depending on_the.klnd, it is higher than 80°C for e.g._steamed
meals; 60 — 70°C for tempuras, if tod.hot the food material
dehydrates, and moisture is deprived of by eoating and taSte is
affected. - The optimum.temperature for breads is the room
temperature or a temperature slightly higher thanubodily
temperature;.if it is too.high the stuff gets damage; and the
flavor, elast1c1ty and feeling on teeth are affected Anyway, the '
the optlmum temperature is at least lower than 90" C '
Also the optimum humidity for a meal is dlfferent
dependlng on the klnd . For example, the taste deter1orates with
both breads and tempuras if their surface get moistened.
As described above, in a prior art microwave heating
apparatus, the empha51s has been placed on how swiftly having a
heating object pass through the zone of max1mum ice crystal
formatlon, ‘while hardly any attention has been pa;d_on how to
heat/coock a fobdstuff'in an envirohment.that is ideal for the
foodstuff. Namely, when steam is provided the env1ronment in
" heating cav1ty is made to be always at. almost 100°C temperature
. and approxlmately 100% humidity, therefore a foodstuff has never

been heated/cooked in optimum environment.



m crowave is very small. In the zone of maxi numice crystal formation,
thel energy is consunmed for nelting the ice, therefore it takes sone time
bef or e pa55|ng through the zone (poi nt A) . ' '

-17- ~ ., After passing the point ‘A the foodstuff starts absorbl ng

"o .. DISCLOSURE OF THE INVENTION

The present inventionjis aimed at solving the aboVe
described'drawbaoks and is intended to heat/cook varieties of
heating objects to an excellent condition by introducing a means
to appropriatelf control, for example, the temperature; humidity, .
mode of air flow, etc. | |

Accordlng to the present invention dlsclosed a means to
oontrol the environment surrounding a foodstuff or other heating
object is introduced for controlllng the atmosphere within a
heating cav1ty to be almost identical to those temperature,
humldlty, etc. which are ideal for a heated/cooked foodstuff. 'By
so'doing,'the surface temperature and the inner temperature of'a_
foodstuff'are kept almost'equelf thereby a foodstuff under heating

" procedure is not deprived of, or supplied with too much heat or
humidity, which enables the heating/coocking in a most suitable
env1ronment._ _ '

' For 1mp1ement1ng a further better heatlng operation, a
method according to the present invention varies output of
- microwave in accordance with the condition of heating.object
during heatihg, for controlling pfofile of temperature increase of

- the heating object. By so doing,.coﬁdition of a foodstuff, or a
heating object is adapted to'the enviroment within heating cavity,
and a foodstuff is heated at an appropriate temperature without
1051ng much humldlty. _

Further,'accordiﬁg to the present invention, the
_atmosphere of heating cav1ty 'is directly watched, to be fed ‘back
to a control means. This ensures a reliable control of the

' env1ronment_w1th1n heating cavity.
BRIEF DESCRIPIiON OF THE DRAWINGS
Fig.l illustrates a_method of controlling the

environment.within heating cavity of a microwave heating apparatus

according to a first embodiment.



m crowave si gni f I cantly resul ti ng in a sharp increase of foodstuff _
tenperature. Since it takes some tine before the tenperature and
hunfdlty W thin heating cavity reaching a I evel of heat-end state as shown
in (a) (b) t he out put of m crowave (c) .is control |l ed dependi ng on
foodsiuff 0 as thgheay %ﬂ@q%ﬁ@é%%%éﬂvé'%é&ﬁ@fﬁﬁaﬁiﬁxs
adj usting of environ |s rea n a case of -a foodstuff whose - :
tenperat@m@qndmngrtqfﬂhexnn¢$%ntﬂ¥nﬁﬁﬂtxmmtlcaI to that at the surface, it

s not necessary gl e JELOVENE AURILEALLE Y IER 91 dtmPerowdvd i S

way, the environnment ating cavity 1s we usted to be
corresporhdaafg.rtg) apparatus ancarding ther of brst @W@ﬂ‘f 9% the pxesrnk ed
fromthe SV, mnth | atent heat of steam at the sane tinme with
M cr onave. ﬁ)nsequently, the foodstuff is heated swiftly with well bal anced

tenperatures in thdimsd kmdbldek slidgomn howine &ecensigltablemdtor ocedure
LS ConpleteQrolf{géﬁihe environment within heating cavity of a microwave
heating apparaths according to a first embodlment

F1g.5 shows cross sectional front view of .a microwave.
heating cavity according to a second embodiment. ' _

Fig.s shows a method of controlling the environment
within heatihg cavity of a microwave heating apparatus according
to a third embodiment. - | ' .

- Fig.7 shows a method of controlling the environment
within heating cavity of a_micrdwéve heating apparatus according
ﬂto a fourth embodiment. ' | |

Fig.8 shows cross sectlonal front view of a microwave
heating cavity accordlng to elther a th1rd or a fourth
embodiment. '

Fig.9 shows cross sectional front view'of anotﬁer
microwave heating cav1ty accordlng to either a thlrd or a fourth_
embodlment. _

Fig. 10 is block diagram showing a constltutlon for
controlling the environment within heating cavity of a microwave

. heating apparatus according to eifhef a third or a fourth
embodiment. | | | '

Fig.11 shoﬁs a method of controiling the environment
fwithin heatiﬁg cavity of a micrbwave heating apparatus according
to a fifth embodiment. ' '

| Fig.1l2 shows a‘method of controlling the environment
within heating cavity of a micr@wave heating apparatus according
to a sixth embodiment.

Fig.13 shows a method-of coﬁtroliing the environment
within heating cavity of a miérowave heating apparatus according

to a seventh embodiment.



as the noisture on the surface of foodstuff is preserved well, boiled rice
or -pasta does not get .dried, nor wetted. (enbodi ment 6) I'n the
follomnng a-sixth embodi ment is descrlbed Fig.12 shows a heating nethod

accordlng to the present invention for heating a foodstuff whose core part

i 5 heated earlier dﬁ%\g“ﬂ hehSis f @FEss VBEECiIiohAL FREME Eevesfit armivtrbhave
heatihg cavity-an erature of foodstuff during_heating procedure, (b)

transi t ilatindg uraity QF¢¢W®1hQaF¢n§“ca%gbyh eRBogETeRtcr onave . out put .

The temperature ang; puil difiheti LhbBs NSaLLIGNARVERYnEUGLebeber & nlleronavef
heating are contro t e a tenperature and a humdity, respectively,

whi ch arkestinabtavity ac¢@n@$n9ft°t@ bé“ﬁbbrﬁﬁ??é%@??tcooked
Starting fro”‘freeﬁiggléGQRS&étH£8£529L6£i5531 FtoAt view of a microwave

heating cavity according to a tenth embodiment.

| Fig.l17 shows a method of controlling-the environment
within heating cavity of a microwave heating apparatus'ac¢ording
to a tenth embodiment.

“ Fig.18 shows a method of controlling the environment
within heating cavity of a microwave heating apparatus according
to an eleventh embodiment. | l

_ F1g 19 shows a method of controlling the environment
~within heatlng cavity of a microwave heating apparatus according
. to a twelfth embodlment. |
Fig.20 shows a method’ of controlling the env1ronment
within heating cavity of a microwave heating apparatus according
to a thlrteenth embodiment.
Fig.21 shows a method of controlling the env1ronment
.within heat;ng cavity of a mlcrowave heating apparatus accordlng :
to a fourteenth embodiment. ' | f
Fig.22 shows cross sectional front view of a microwave
heating apparatus according to a fifteenth embodiment. '
'Fig.23 shows cross seotional front view of a prior art
heating cavity of thawing/cooking oven. _' _ -
Fig.24 shows a method of controlling the environment

within heating cavity of a prior-art thawing/cooking oven.

BEST" MODE FOR CARRYING OUT THE INVENTION
(embodlment 1)
_ - A first embodlment of the present 1nvent10n is descrlbed.
hereunder referrlng to draw1ngs

‘ Fig.2 shows appearance of a heatlng apparatus
implementlng a method of heating foodstuff according to the

present invention. In the front of oven body 8 is a door 9

—6—



foodstuff S |rrad|ated by nmicrowave fromthe beginning the nicrowave goes
intd the core . part-and the core part is heated first. Therefore, as shown
in (a) and (b), tenperature and humdity within heating cavity are adjusted
to be i mredi atel y- : reaching a | evel of the end of heating

pr ocedur ealéﬁéséaeaﬁéhablmd By! BiRgeC Faste @9 ioad ngy thiee heartfide calviftgodw which
taking adyanl agSears 1o to"Be fousedt | 0% & peration vonrd 187°% hae%dtmg ..
oodst uff$
-instruction key 11, or an input means, is dlsposed for enterlng '
1nstruct10ns to a control section to be described 1ater, the
1nstruct10ns are compr1sed of one—d1g1t or two—digit code
corresponding to such factors as category and quantity of
foodstuff, store temperature (frozen or chilled}, heat—end
"temperature, etc. which are'relevant to method oflheating. A
ﬁater reservoir'lz-is disposed_detachable at the right side of
hodf. _ : _ _
' Fig.3 shows cross sectional front view oftheating
cavity; a.magnetron.24, or microwave generating means for _
irradiating microwave and a steam'generator 15 for generating
steam are coupled'to'heating cavity 13. Magnetron and said steam
generator are controlled by a control section 21, operation of
which is descrlbed later. Steam generator 15 comprises a boiler .
16, atomizer 17 comprising an'ultrasonic'vibrator, and.a
temperature contrel'heater lS,'ahdIturns water supplied from water
reservoir 12 to boiler 16 into small particles of water at
-atomizer 17, and temperature'control heater heats the small.
particles"of'water to a specified temperature. Uhaer the
controlled operation'of atomizer 17 and controlled input to
temperature control heater i8, steam generator 15 produces an a1r
of de51red temperature and humldlty. A foodstuff 19 is placed on
a tray 20 having various small holes or slits.
Fig.4 is block dlagram showing a const1tut10n of control
system; control section 21, or a means to control the environment,
" reads out a designated heating condition from a memory 22 upon
receiving an instruction entered at heating instruction key 11.
Control data for steam generator 15, viz. data of operation
centrol of atomizer 17 and input control of temperature cdntrol
heater 18, and data of powerlsupply cdnditions to magnetron 14 are
- stored as the heating conditions. 'These data may either be a time
sequential control value for each respective block, or a certa1n
‘mathematical formula. In a case it is a mathematlcal formula,

control section 21 conducts an operation to obtain time sequential



and a layer of mater is formed by the tenperature of enV|ronnent At the
ti me when the surface of foodstuff starts melting (point A), heating with.
mcrowave is initiated as shown in (c).. Then a part of mcrowave which
shoul d have gone into the core part is absorbed by the surface of
foodstuffdahaatang pbeeroedppﬂﬁésftonamomﬁzensﬂae aempewecuwe cmnarwdl

bal anced wa

ractical exa a_sh i S mar m
avoi di ng Eﬁ%ﬁeﬁAi?néﬁﬂvgﬁPQﬁ 5°Phga 8re. 58 %FEﬁgeFaFﬁF %% va
ho; |nS|df?qbeﬁtﬁhmmgdta Euhhbetenperathee?huhadﬁtgfo&heaemm tbSbﬁOBu@Fﬂdéd
and is we reserved w noi st yre softness to nof its
ori gi nal &8I PEREIRAeSEVL Vtaﬁswgﬁé ABonfFMPRER Etgﬁﬁb%?éﬁﬁﬁgf
vei ght regdoftirenladt eo hnaalpgaly designamed htbd&eatle:&beﬁhmfthél @:@'on'eas

met hod of he resent invention, as conpared with those heated by m crowave
al one. aheating; PERFP rFenpura since shrinp and the coating are

heat ed at al DSt sayh Fegper which, 1§.Qﬁbtr&ft%&V(tlhb€@Q%s&&tt Heweptisn,dang
Stlff as shows temperature within heating cavity and- temperature of
foodstuff during heating procedure, (b)_tranSition of humidity
within the_heating cavity,; and (c) microwave output;l What is
significant'with the present invention is that even when steam
oenerating means is put into operation and heating isiconducted
with.steam, the environment within heating cavity is not fixed in
a constant state_of'approximately 100'C temperature/approximately
100% humidity. In other words, since control section’21.controls
 the microwave output and the'steam generator, an'apparatus
according to the present invention cooks foodstuff always under an
environment most suitable to the foodstuff. |
" Now in the follow1ng, a practical heating method is -
described. As indicated in (aj, the temperature of a foodstuff
Started from the freezing temperature(—ZO'C) passes through the
zone of maximum ice crystal formation(—1 — —5°C) taking some lapse
..of time (point A). Since the foodstuff absorhs microwave only
'slightlyland has a.good internal heat conduction,_the microwave 1is
.generated at full power to be irradiated to the foodstuff during
the first half of heating, and then in the second half when part
of the foodstuff starts melting the output is decreased to an
appropriate level, as shown in (c). During the above thawing
period the temperature within heating'cavity is maintained at the
room temperature or slightly higher than that, and the humidity at
a normal humidity or slightly higher, as shown in (b). Namely,
thawing is conducted mainlj with microwave which goes deep into a
foodstuff in frozen state, while the use of steam 1s suppressed. .
| After passing the point’ A the foodstuff in which melted_
part'and frozen part coexist starts absorbing microwave

significantly. As described'earlier, the melted'part(water) shows

—8—



a result of dehydration caused by nove of the noisture containted in the
shrinp, tenperature of which reached high.earlier than the coating, to the
coatj ng, .consequently the coating | oses the crispy touch, is preventable.’
According €0 the result of experiments, the coating of those tenpuras

heafed, by, 3 hopl 00 J5 800 2650744 neotggaggapr@aﬁgt ok "LERLLORS! fiigR! 85 that

noi st urous GS Conpar e ose heated Dby m crowave al'one at a _
|nnedlatei@'ftozzntmmrendtbéreﬁerenghermtenuweyebuutnhbnlshe?duﬁedsbﬂved on

table t t ' f d t
c SO, R GUTBctb oo A1ty 58 LA, s BagEuBd ol th ().
A seventFWh&ﬂtehmematmsedandrhumﬂdheYeunuhln Fegtiﬁgshevstx aret Faysesdt hod

accor di ng 40, LG, DreSet AN £QNof8EnlEp!  BY SnbARIZRUE) "HRSC (BY! ' @in! S

heated ear
the temperature within heating cavity is controlled along with

the progress of heating procedure,.to keep almost an identical
temperature as that of the foodstuff. Because thermal capacity of
the air iS'low and foodstuff is quickly.heated_by micorwave, it is
efficient to set temperature of the environment athslightly
higher, as shown in the drawing. Upon receiving'a'code entered
from heatingﬂinstruction_key; the control section searches the
memory and reads out control data corresponding to'the category -
and quantity of foodstuff, store temperature(frozen or chilled,
etc.),'heat—endstemperature, and other'items; and executes the
control from time'to time on steam generator-and magnetron in
‘accordance with these control data. In order to provide a heating
object after being thawed-with humidity, an appropriate steam is
supplied from steam generatpr,‘taking the humidity that a
just—baked bread has into consideration;' Thus, according to the
present invention a foqutuff‘is'not heated in an environment,
approximately lOO'C.temperature/approxlmately 100% humidity when
hot steam is provided, under'which prior arts conducted heating.

' By the execution of such controls, the difference
between the foodstuff itself and the environment surround1ng it is
reduced to mlnlmum, under which situation the exchange of
temperature and m01sture(water) is difficult to occur. Namely,
-when an average temperature in the core of foodstuff reaches an
appropriate level, the env1ronmental temperature too is almost on -
an equal level therefore thermal exchange and transfer of
moisture at the surface of foodstuff is difficult to take place.
Consequently, a bread an 1deal temperature of whlch is the room
-temperature or a temperature sllghtly hlgher than bodily
temperature does not get any mater1a1 harm on the stuff because of
very small in/out temperature dlfference, and a frozen bread may

“be thawed‘maintaining the'same flavor and elasticity as it had

— 99—



core ‘part; where, (a) shows tenperature within heating cavity and
tenperature of foodstuff during heating procedure, (b) transition _
-1 9- . - of humidity within heating cavity, and (c) m crowave out put.
Startlng fromfreezing tenperature(-20[err] C), the tenperature of

- when it was just baked and preserved until just before it was

+
. ®

frozen, to an excellent condition, and the feellng to teeth 1s_.
made to be comparable'to the state as it was just baked. As the
result, heatlng/cooklng process proceeds keeplng the surface
temperature and the inner temperature of a foodstuff approx1mate1y
equal, -as shown in Fig.l.

. Since the humidity within heating'eavity is qptimized
taking the moisture contained in a just—baked bread into
eonsideration, the skln of bread does not absorb excessive
m01sture from steam

In a case of tempura, because at the time when
temperature of inner stuff reaches at 60 — 70°C the coating is
also heated-approximately to the same temperature, the inner stuff
is not deprived'of moisture by the coating and keeps juicy state. _

In the present embodiment, the surface of both bread and
tempura is somewhat moisturous when heating is ended due to
- influence of-steam but it driee up crisp in seVerallminutes,-

before the dishes are carried.to_a dining table. In.the.repeated
experiments,'those by the present embodiment.produced more crispy
state in several minutes after heating is finished, as compared
with those heated with only micorwave. The reason seems to be
that: when a heated foodstuff is taken out of heating cavity to a
normal room ambient where.it is dry and low in temperature it
loses heat and moisture, therefore by providing in advance a
slight moisture corresponding to a quantity to be lost to the
surface of foodetuff it resumes a just—cooked'state'in several
© minutes. .On the other hand, those heated with enly microwave got
increasingly moisturous in the coating after the heating is ended.
The reason seems to be that: since the temperature of inner stuff
is higher than that of coating, the mdisture of ihner stuff moves
to the coating; renderiné the eoating moisturous,  and the inner

stuff suffers dehydration.



f oodst uff passes through the zone of maxi numice crystal formation (-1 -
-5[ejr] C) taking sone | apse of tinme (point A). Si nce m crowave

i s absorbed by foodstuff only slightly upto the point A fromthe start, and
goes deep~|n3|de the foodstuff, microwave is irradiated to frozen food with
the. tul | éﬁﬁéﬁﬂmékﬁlmg t he flrst hal f of heating procedure, as shown in.

(c). 1a order to he m crowave re chln | e ogs s byt
is inportant to pS%V@ﬁ% e sTFPRTSBF 18835 %??nFrgﬁkﬁe %Bﬁlg tgeb £lnb

?bsorPIE?nﬂptﬁtaﬁébr&iﬁﬁeforalséﬂbnﬂ éhboﬂmmdetuffIpatheafiyﬁttambgdneﬁﬂtng
poi n erature contro I n heatln n

in (b). heaiin W?ﬁ%m%ﬁgc%¥r¥%%dg?gffng"con ?éh&ﬁglﬁFQEaﬁﬁhﬂﬁgg?gﬁgggﬂn

whi ch ISeﬁ@aaametm&oﬁ@mnaaiiﬁgudegpguneana fmndatqbfdanCérwiéh beating
meanwhil e steaming i s su

A Lhe IRRATCIENS; FoqRi SRS nRrrarePaPd iRaar PERRRY JEPENEoexHIBHaVeE  CLRE M

absorb'rkéh_vlronment of a foodstuff under a heating procedure may be better
controlled with'higher precision by providing a detecting means
for measuring the environment within heating cavity and giving
feedback to the power supply to steam generator. In heating
cavity 13, a temperature sensor 23 and a humldlty sensor 24 are
disposed as an environmental detection means. Temperature and
humidity within heating cavity 13 are detected and supplied to a
control section 21. This enables the control section to watch the
environment within heatlng cav1ty prec1se1y, and to see whether it
is under a good control or deviating. In a case when the
environment within heating cavity is deviating from a
specification, pbwer_supply to steam generator 15 is varied to
restore the environment to specification. | ,

In the present embodiment, both temperature_and humidity
are detected to make the control sure. However, since a rough
idea about the gquantity of steam generation may be conceivable
through the power supply to steam generator, the environment
within heating cavity may be practlcally watched through detectlon

of temperature alone.

(embodiment 3)

Now in the following an embodlment prov1ded with an air
blowing means is descrlbed Fig.8 shows a constltutlon containing
an air blow1ng means; where, a fan 25 or an air blow1ng means,
cools magnetron 14 and other components and then brlngs a certaln
_quantity of air flow into heating cavity 13 guided by an air guide

._26. This ventilétion'air agitates the uneven steam within heating
cavity, and discharges redundant steam out of casing through an
exhaust guide 27 and.an exhauet hole‘28 disposed in alpart of the

casing.
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m crowave significantly. As described earlier, the nelted part (water)
shoiws the dielectric |oss. several to several tens of tinmes as high as the
frozen part; which nakes tenperature di fference between the nmelted and the
frozen larger. Therefore, as shown in(c), microwave output is gradually

| owered to about ong Hebkiribedsiabdveql fiaie dBulnixad\athe aid aaddud@ed sirkept

O e ATeR et 150 e i Rt o Sy Mo ¢y
are adj ughedifespest,i eahpllingC aditistmetit bl thes te&i\ﬂ.r&imdéiﬂ: &itHiin tH¥ating
heati ng procedure of fqodstuff, sho in_(a) apd (b t tean1
surr oundSaVAEYsdps QCE“&F%F‘G %Fﬂa%ﬁrhéﬂc&lec he%i égﬁe ShyRik.
within heating cavity makes it easier to control dryness ‘in the
surface of foodstuff. ‘Foodstuff 19, a heating object, is placed
on a tray 20 having.substantial numbers of small holes or slits.
.Fig.g is cross sectional front view of a heating cavity
“accordingvto other form of the emhodiment. In heating cavity 13,
a circulation_fan'29 is disposed instead of a fan provided as the
air blowing means in the earlier described embodiment. Although
it is impossible for circulation fan 29 to'shift-the temperature
and humidity of the'air discharged from steam generator 15 with a
' controlled temperature/humidity in a quicker and broader scale as
the fan in the earlier described form of embodiment did, the
circulation fan_works effectively to 1mprove the unevenness of
temperature and humidity by agitating the air within heating
cauity, while maintaining the once adjusted temperature and
;humidity within heating cavity 13.- Further, the dryness in the
surface of foodstuff can be controlled with ease through the
control of speed and volume of air flow.
Fig 10 is block diagram show1ng a control system, where,
a control section 21 receives'a heating instruction code entered
at heating instruction key 11, and reads out corresponding heating
‘conditions from memory 22 which is a storage means. As the
heating conditions, control data of steam generator 15, viz. data
of controlling the operation of atomizer 17 and controlling the
input to temperature control heater 18, data-showing power supply
conditions to magnetron 14, and control data of'fan 25, or a air
blowing'means, are stored.in the memory. These data may be_in a
form of either time sequential control data for each respective
block, or a mathematical formula. Control_section 21 controls, in
accordance with a time sequential data picked up from memory or af
' time sequential data obtained as the result of oneration of the
formula, the power supply to atomiZer 17, temperature control

heater 18, and magnetron 14, as well as the operation of fan 25,
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for controlling the temperature and humidity of steam to be

introduced.in heating cauity at each step of heating procedure,
and the air flow and foodstuff temperature tO'predetermined

condltlons.

F1g 6 shows a method of controlllng the env1ronment w1th
the above descrlbed ‘constitution. Where, (a)- shows the
temperature within heating cav1ty and the temperature of foodstuff

under heating procedure, (b) transition of humidity within heating

" cavity, (c) microwave output, and'(d) the operation of air blow

fan. :
In (a), the temperaturelof a foodstuff started from the

freezing temperature(—ZO'C) passes through.the zone of maximum ice

crystal formation(—1 — -5°C) taking'some lapse of time (point A).

-Sinceja foodstuff absorbs microwave only slightly and has a good
internal heat conduction, the microwave is generated at full power

to be irradiated to the foodstuff during the first half of heatlng

procedure, and then in the second half when part of the foodstuff
starts meltlng the output is decreased to an approprlate level, as
shown in (c) During the above thawing perlod the temperature

within heatlng cavity is maintained at room temperature or

‘'slightly h1gher than that, and the hum1d1ty at a normal humidity

or lightly higher, as shown in (b). Namely, thawing is conducted.:

"mainly with microwave which goes deep into a foodstuff in frozen

state, while the use of steam is suppressed.

After passing through the point A, the foodstuff 1n

which melted part and frozen part coexist starts absorbing

microwave significantlyQ As described earlier, the melted part

(water) shows a dielectric loss several to several tens of times

- as h1gh as that of frozen part, therefore the microwave output is

reduced to a level about one fifth or sixth of the full power, as
shown 1n (c). The temperature and hum1d1ty w1th1n heatlng cav1ty
are ralsed after the point A or its v1c1n1ty, as shown 1n (a) and
{b). When, the temperature within heating cav1ty is controlled,
along with the progress of heating procedure, to keep almost an
identical temperature as that“of_the food stuff; The control

section searches the memory, upon receiving a code entered from

s



- In a case where the inside tenperature is still too |ow when the surface
regched to the heat-end tenperature(point B), microwave radiation is
ternlnated at the point B, as shown in (c), and wait for the inside
tenperatucre go up while cont| nuing the control of tenperature and humidity,

as i.ndicated in (a), en appl . _hanbur. Qr cur

rice, theﬂFéﬁ‘Snt’-nﬁéﬂ‘#’F@% meﬁﬁ%s@"&t ’I—g— ; %S ﬁrr%pl%n%%ld’g
to a googot epRe ea&e@@ryaumd Iqﬂ@riﬁ”i&:ys W FRIFHURS ,t m;dnt tambettratmteor

boi | ed down. (e i_.ment. 8)

the foll :
enbodi neAEXeERPr PE ﬁﬁ‘%&%d%dem}‘%ﬁ%% %e qtr% O @’% (?at@'c?r’f:p r‘1'te B
prevent. day eqedored! ithe idoredl FromWime ito ddaey idiedteam generaths,t he

i nde pen drenggngg.%ghr: g an 2 ra]:S:i.’l:' %1o%a:i.tnlgn %a%e\ilnc eac?c%rdsance with these control
data.
_ By the execution of such controls, the difference
between the foodstuff itself and the surrounding environment is
reduced to minimum, under which situation the exchange of
temperature and m01sture(water) is difficult to occur. Namely,

: when an average temperature in the core of foodstuff reaches an
appropriate level(point B), the env1ronmenta1 temperature too is
almost on an equal level,_therefore thérmal exchange and transfer
of moisture at the surface of foodstuff is difficult to take
place. Consequently, a bread an ideal temperature of which is the
‘room temperature or a temperature slightly higher than bodily
temperature does not get any material harm on the stuff because of
very small in/out temperature difference, and a frozen bread may
be thawed ma1nta1n1ng the same flavor and_elast1c1ty as it had

_when it was just baked and preserved until just before it was
frozen, to an excellent condition, and the feeling to teeth is
‘'made to be comparable to the state as it was just baked. in a
case of tempura, because at the time when temperature of inner
stuff reaches at 60 — 70°C the coating is also heated | '
approx1mate1y to the same temperature, the inner stuff is not
deprived of moisture by the coating,_and keeps juicy state,

_ The surface of both bread and tempura at point B is
someWhatlmoisturous affected by the steam. By keeping the air
blowing fan running_even after point B, as shown in (d); redundant
moisture sticking on thepsurface of foodstuff can be swiftly
removed. Therefore, it is effective for foodstuffs like the
coating of tempura and the crust of bread which need to haveua
crunchy feeling to make the_fan running for several minutes after
the point B. . | _ _

It has become clear after conducting experiments

repeatedly that the coating which was heated with microwave alone
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provid%d besi des a steam generator 15, in the'stean1discharge pat h, as
shomn in Fig.14. Prior to generatlon of steam a control section starts
power supply to the heating neans to raise the tenperature of heating
cavity. Wth such constitution, the condensation of dew on cold wall

surface ﬂgc?ﬁéé'ﬂﬂcféﬂéiﬁgl? RHSXALBHslyi LAr tReINBPseCHEA K, while the
By viriue of the I ndependent heating neans, the tenperature and the

hun1d|tyon#th¢ﬂtﬁ@aﬂhﬂgrcavFPytEPélaéjE?FEGrﬂ§Fr?6hB&&§étUeﬂrEHHQQﬁsatﬁEH
on inner M@'éréﬂeﬁﬁcfe&i1h§aifnehsaﬁnbwlnbhEaugnaghﬁegen}aahlaa power

supplles to stean1g$nerator 15 and heating device 30. The effectiveness is
r emar kabr@ddhtenahly efiorr savenalwninvkeseafitay &hei pping Bdj uSveh effpet

| over thgp @Q@ﬁﬁfo&ftétaif buntdij¥a “ef2BPRJEPBA! sfboth/mild by on and
of£” . It seems that when heated with microwave alone the
temperature of inner stuff goes higher than the coating,.and after .
the point B the moisture of inner stuff moves to the coating,'sd
the de11c1ousness is affected by the coatlng gettlng moisturous
and the inner stuff getting dehydrated. '

According to the present-lnventipn, a small amount of
moisture that is to be lost_during.the'“effect from smooth/mild by
on and off” after the point B may be provided in_advance to the
surface of a foodstuff; thereby creating a state through which a
better state of.foodstuff more similar to that of jUSt—COoked is_
reproduced in severai minutes afterwards.

The notice of completien is issued at point C by buzzer
or other means. The delayﬂtime for issuing notice may be counted
from the point B with a timer provided in the control section, or
determined'by detecting the temperature within heating cavity
decreased to a certain level with a temperature sensor disposed in
the heating cavity. By delaying the notice of completion to the
point C, a cooking person may take a foodstuff out of oven totally
relying upon notice, without thinking about an ideal timing of
finishiﬁg; The delayed notice contributes also to the safety,
because the temperature and humidity within heating cauitf drop,

if slightly, at the time when taking a foodstuff out of oven.

(embodlment 4)
_ Now in the follow1ng, other embodiment of control method
under a constltutlon comprlslng an air blowing means is described. .
Fig. 7 illustrates an example of controlllng the env1ronment
" within heating cavity so. that its temperature never goes beyond
the temperature a foodstuff has at the completion of heating

procedure.
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Now in the following, a nineth embodiment conprising an independent heating
means in order to conpletely prevent dew condensation in heating cavity is
desttibed. Fig.15 shows an exanple of a mcrowave heating apparat us
conpr|3|ng an electrlc heater in heating cavity. Anong the environnent

adj Usting reans, heal kg, 4oV 0,39 TR e et R rllddhe Ut ohatH, o)

heater 31 for an | -21-
shows temperature within heating cavity and temperature of

foodstuff during heating procedure, (b) tran51tlon of humidity
‘'within the heating cavity, (o) microwave output,_and {(d) operation
of air blowing fan. In (a), the method of control from the start
of heating upto the point A is totally the same as that of
embodiment 1. The constitution of reducing microwave output after
the point A to a level about one fifth or sixth of the full power
as shown in (c) is also the same as that of embodlment 1. _Air
'blowing fan keeps on running intermittently after the point B, as
shown in (d), and foodstuff recieves intermittent air blow like
wind by a handheld fan; whlch may bring the above described
“effect from smooth/mild by on and off” more 51gn1f1cant. Namely,
 when a foodstuff is exposed to a continuous wind blow its surface
easily create uneven temperature spread; but when blown by an |
intermittent uind the temperature spread becomes more-even helped
'by thermal conduction uithin foodstuff, enabling a good cooking
.with less uneven temperature spread .
Temperature as well as humidity w1th1n heating cavity
are sharply_ralsed after the point A, as shown~1q_(a) and (b).
.'The temperature within heating cavity is made to approximately
coincide with the temperature a foodstuff should have at the
completion of heating procedure; practically, the cavity
temperature is set slightly higher. By the above_described
control mode, the foodstuff receives after'the point A more
significant influence in the temperature and humidity frou the
surrounding environment than in the earlier .described control mode
of embodlment 1, therefore heating proceeds more eff1c1ently. The
environment, however, never go beyond an appropriate temperature
level of a foodstuff. Therefore, the low temperature zone or
middle,temperature'zohe heatingdfor bread, tempura, etc. as Well_
as the heating of delicate items which should be strictly
protected from moisturing can be conductediin a subtle way, as in
the method of embodiment 1. .
- In the present embodiment, any detecting means such as

sensor is not employed, and the heating work is proceeded



It is not intended to limt the steamgenerator to.a type as depicted in
- the present enbodiment; it may be a seize heater or the |ike dipped into an
ordi'nary boiler, or attached by blazing around the tank, for -exanple. In
such a setup, in order to-allow a free control of steamtenperature, a part

of heater shou| d- prefer be. ex b t ek 0
boi | er. SREFPELLRPEP FHB $ ﬁf@lg?a E%%gg 88 g%ﬂggﬁﬁ %£°¥§§t%2r£?g?ggdand
(enbodi ngedidfdted by an hébving thstfubtmvmngnterhérféﬁmoélhméﬁt mgANgj e
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within heating cavity and entering the results as the feedback to.
power supply to steam generator may of course be provided. A
temperature sensor and a hﬁmidity sensor may serve as the
'detection means.

Further, during the time after the end of heating(point.
C) until oven door is opened for' taking foodstuff out the heatlng
cavity may be used as a keep—warm chamber which keeps cooked meals
_warm without affecting the quality, by contlnu;ng only an
env1ronmenta1 adjustment. _

Based on a code entered from heatlng instruction key,
control Sectlon picks up from memory the control data of steam
generator and magnetron corresponding to the category and quantlty
of foodstuff, startlng.temperature(frozen or chilled, etc.), end

of the heat temperature, and other items entered, and executes the .

control from time to time in accordance with these data.

(embodiment 5)

_ A fifth embodiment is described hereunder. Fig.ll
illustrates a heating method according to fhe present inventon,
wherein the core and thejsurféce temperatures of a foodstuff are
raised with a relative evenness. Where, (a) shows temperéture
within heating cavity'and temperature of food stuff during heating -
procedure, (b) transitioh of humidity within the heating cavity,
ana (c) microwave output. The temperature and humidity within
heating cavity'just'before the end of heating are controlled to be
a temperature and a humidity, reSpectively, which are suitable for
a foodstuff to be approprlately ‘cooked.

Referring to {a), the temperature of foodstuff startlng
from freezing temperature(—20°C) climbs slowly until the zone of
maximum ice crystal formation(-5 — -1°C}, Aé the absorption of
microwave is very small. In the zone of maximum ice crystal

.,formation, the energy is consumed for nelting the ice, therefore

it takes some time before passing through the zone (point A).
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enbodi nent of the present invention. A magnetron 14, or a m crowave
genrerating means, is-provided in a heating cavity 13 for irradiating

m c[ owav,e inside of heating cavity 13. Provided at a side of heating
cavity 13 is a steamgenerator 32 conprised of non-nagnetic material. One.
end. of Afesr wm@rtﬁe pémﬁumeﬁhen fboﬂsaufﬂgstartsyalbsovbang di schar ge
duct 83, fhe other end, wat er servoir_12. via an_infl u

W t hi n éFHEﬁWﬂﬁﬂ%r%}%Plggcaﬁ T FFRY gf@ﬁeﬁp 3559855r%285e8 a %aggogétuff
met al i stémpeesitutréeal |y, steam generator 32 shall be nostly filled with
heating el ement 35 Heatl

any shape, in so faines 1 Eikﬁggnégeh§g$¥m£Fﬁgﬁggﬁéflge?Pgraéuggtgﬁﬁgl-Of

present Kuiidh €2 rktnt.mﬂebeétSubs{:agtEysbeaeng a levelobfchaatnendsstaten

AR B R G e ) R T T

i nst ead ddpéadingdoRt fF6odBtaffako A8ath8gheating/cooking procedure does
hot finish befqre.the'adjustiné of environment is ready. In a
case of a foodstuff whose temperature rise in the core is almost
identical to that at the surface, it is not necessary to redtce
the microw&ve-oufput after the point A. In this'way, the
environment within heating cavity is well adjusted to be-

_ corresponding to the heat—end state} therefore.a'foodStuff_is
mildly heated from the surface with latent heat of steém, at the
same time with microwave. 'Conséquently,_fhe'foodstuff is_heaﬁed
swiffly wiﬁh well balanéed temperatures in the core and the
surface when the heating/cooking'procedure is completed.:_Further,
as the moisture on the surface of foodstuff is preserved well,

'~ boiled rice or pasta does not Qet dried, nor wetted.

:.(embodiment 6) . _
In the following a sixth embodiment is described.-
"Fig.12 shows a heatiﬁg method according to thefpresent invention
for heating a foodstuff whose core.part is heated earlier than the
surface; wheré, (a) shows temperature.within heating cavity-and |
temperature of foodstuff during heating prdcedure, (b) transition
of humldlty within heating cavity, and (c) microwave output. The
temperature and humidity w1th1n heating cavity just before the end'
of heating are controlled to be a temperature and a humidity,
respectively,'which are\suitabie for a foodstuff to be
approprlately cooked. |
Startlng from free21ng temperature(—ZO C), if a
) foodstuff is irradiated by mlcrowave from the beginning the
' m1crowave goes 1nto the ‘core’ part and the core part is heated
first. Therefore, as shown in (a) and (b), temperature and

humidity within heating'cavity are'adjusted to be immediately
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el ement. 35 turns out to be unnecessary; in this case, however, the vol une
of -water staying in steam generator 32 increases and takes a Ionger tinme
befOre it starts generating steam therefore, sone contrivance becones

~ necessary, such as inserting a holl.ow body or the like in the steam.chanber

| 01 der a2 ee 1N e Uhld o e 4 Grddod i SR Auedeaid NG
-22 made’ to be conden51ng on the surface of foodstuff taklng advantage
| of the temperature d1fference between environment and foodstuff,

- and a layer of water is formed by the temperature of environment.
At the time when the surface of foodstuff starts melting (point
Aj, heating with microwave is initiated as shown in (c). Then a
part of microwave mhich should have gone into the core part'is
ahsorbed by'the surface of foodstuff -heating the foodstuff from
both 1n51de and out51de in a well balanced way. As a practicall
example, a shao—ma1 is warmed homogeniously, av01d1ng such an
inconvenience that a tepid temperature shao—mai is very hot inside
when chewed. Furthermore, the surface of shao—mai is not dried,
and is well preserved with moisture and softness to the |
conservation of its or1g1na1 deliciousness. It is also conflrmed
by experlments that the weight reduction after heating is less.
among those heated according to a method of the present invention,
‘as compared with those heated by microwave alone. 1In a case of
.shrimp tempura, since shrimp and the coating are heated -at almost
same-temperature, such.inconvenience as the shrimp going stiff as.
~a result of dehydration caused by move of the moisture containted
in-the shrimp, temperature of which reached high earlier than the
‘coating, to the coating,,consequently the coating'loses the3crispy

.touch, is preventabie. According'to the result of experiments, _
the coating of those tempuras heated by a heating method according
to the present invention is more moisturous as compared with those.
heated by m1crowave alone at a time 1mmed1ately after the end of
heatlng procedure, but when they are served on a table the coatlng'
resumed its crlspy_feellng, as the redundant water gradually '

evaporated away in the course of time.

(embodlment 7)

A seventh embodiment is descrlbed hereunder.
Fig. 13 shows a heatlng method accordlng to the present invention
for heating a foodstuff whose_surface is heated earlier than the
core part; where, (a) shows temperature within heating cavity and

temperature of foodstuff durlng heatlng procedure, {b) transition
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Around stean1generator 32, an exciting coil 36 is prOV|ded which is _
confected with an inverter power supply 37 for supplying an alternatlng
current. y\Wth the power supplied frominverter power supply 37, exciting
coi | 36 psoduces an alternating magnetic-fields. Wth the alternating

magnet i c of! ﬁlxﬂifhtgnwg%jﬁnc Wea¥ihg %:aQﬁQ‘%t eGrd) (92 iRG-RIREFutPut Wi ch

makes “heati n enent gener at e "hea he water in steam generator 32 is

heat ed b§t§h§1Malfrgmn§r§P§dn9r Sempenatvred 20 ®) .33-hen Feppesatareetch
vapour PEBE&E@&&%Q%@E&“%%&W t%% Lol F =GR 8 U dry3ta INFGRmRIt 13

denotes a tension power supply for supplylng hlgh vol tage power to
nagnetroh—14“ ASC 6Nt tokiing Bomepdawses ofh&ime Gmointe Pt ion of inverter

power supply 37 anélhh@hmE%Q%M%%e is absorbed by foodstuff only slightly
upto the point A from the start, and goes deep inside the
foodstuff, microwave is irradiated to frozen food with the full .
output during the first half of heating procedure, as shown in
(c). .Iﬁ'order_to-have the microwave reaching well inside the
foodstuff, it is important to prevent the,surféte of foodstuff
from melting itself or-absorbing moisture. Therefore,'until the
foodstuff partially starts_meltihg (point A), temperature control
within heating oaVity'is suspended as shown in (b). Namely,

- thawing of foodstuff is conducted mainly with microwave which is
capable ofdpermeatiug deep into a foodstuff in frozen_state;
meanvhile steaming is suspended. _ | .

_ After_passing‘through the point A, the foodstuff, in -
which melted part and frozen'part-coexists, starts absorbing
microwave significantly. As described earlier, the melted part
(water) shows the dielectric loss several to severel tens of tiﬁes
as high as the frozen part; which makes temperature difference ‘
between the melted and the frozen larger Therefore, as shown in
(c), microwave output is gradually lowered to about one fifth or
sixth of the full power, and heating is kept on going aIIOW1ng
conduction of heat from high part to low part. After passing the -
point_A, the temperature and the humidity within heating cavity
are adjusted reSpectively to coincide with the state at the end of
the heating procedure of foodstuff, as shown 1n (a) and (b); thus
steam surrounds the surface of foodstuff and helps the inside

:temperature go up.



power supply 38, or the power control of respective power sources. Wt hin
heatjng cavity 13, a tray 20 having openings that allow the steam go

- thrdugh is disposed to pl ace a foodstuff 19 on. Exciting coil 36
‘itsel f does not generate any heat; instead, the eddy current makes heating

el epent 35°'generate heat, , to.he.gon | . Qe T.
i s produt e???%igh?F?.the 1R8188-gﬁébgggg%?gg%gr%F%FQSg%ngggf?§§3.%?e:m

gener al | yueFaéadréachedhebl thadbeat—andi tewberptyreéreing Bdfr BiRrAWANSVI ng

a ‘heat resistance and _an insul ating r YRrSU ' Of € I it
heat-res¥§ééﬁF13Pa§§ B?erngFéiﬁ?-ﬁ?@rﬁggékmgrlgghgﬁﬁﬁésg“ e e wait,
di st ancefef theuinside temperature gheupowhide spptiowing the eeptrpdgofoi |

36, that_is, greater _than a.value suffigi.ent {:0:avelLq apyyposgnkhe i

die!eptr?%mﬁ?gﬁﬁﬂﬁﬁna igﬁmﬁéﬁ%ﬁ’tgﬁegbﬁgggkgg #ﬁeqégrtgégfapgrpgdafglgﬁg
exci ti nge60él g36hamburger orTharhyaahdgrébenemheSSrﬁﬁynﬁehﬁﬁ&é“@fm&tbeﬂous
metallic  rms these items entirely to the inside to a good temperature,

avoiding the surface going too hot and dried or boiled down.

(embodiment 8) _ _

Now in the following;_an eighth embodiment comprising an
indepéndent héating.means in 6rder fo completely preVent dew
condensation in heating cavity is described.

| As the independent heating means, a heating device 30 is.
provided, besides a steam geﬁerator 15, in.the steam discharge
path, as shown in Fig.14.- Prior to generation of steam, a control
section starts power supply to fhe heating means to raise the '
temperature of heating cavity. With such'cdﬁstitution, the
condeﬁsation of dew on cold wall surface of heating cavity is
prevented at far higher certainty. _

By virtue of the independent heating means, the
temperature and the humidity within heaﬁing'cavity are adjusted
not to cause dew condensation on inner wall surface of heating
cavity, through the éontrol on power supplies to steam generator
15 and heating device 30. The effectiveness is femarkable when
the'envirohment within heating cavity is adjusted to be lower than

90% in relative,humidity.'

(embodiment 9) _

Now in the following, a nineth embodiment comprising an
independent heating meaﬁé.in order to completely prevent dew
condensation in heating cavity is described. Fig.l5 shows an

~example of a microwave heating apparatus céﬁprising an elect:ic
heater in heating cavity. 'Ampng the environment adjusting means,
heating'device 30 may be replaced with such electric heater 31 for

an integrated function.
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~material-having a sufficient water-resistance and a corrosion resi stance
such as, .-for exanple, N, Ni-Cr alloy or stainless alloy. _ - Fig. 17
|Ilustrates anount of vapour in the heating cavity. Wat Fig.17 shows is
the change of steamquantity within heating cavity as the heating time

el apses; at the tige yheRokeahiladed ¥oantiedt! h&ess&mggmmxaltma
starts working, and stops working when the heating is ended Accor.ding to
.exper|nehrpe as depicted in the present embx men 1t may be a seize
heater or the like dipped ‘into an ordinary b011er, or attached by
- blazing around the tank, for example. In such a setup, in order
" to allow a free controi of steam temperature, a part of heater
should preferably be extruding above ‘the water level of the boiler
so that the temperature of generated steam can be further raised
(embodiment 10)
' Now in the following, other embodiment of the present
invention is described referring to drawings. Fig.l6 shows cross
' sectional view_of a microwaverheating apparatus according to other
embodiment of the present invention.- A magnetron 14, or a
mierdwave generating means, is_previded in a heating cavity 13 for
irradiating microwawe inside of heating cavity.13; Provided at a
side ef heating cavity 13 is a steam generator 32 comprised of
non—magnetic material. One end of steam generator 32 is coupled
with heating cavity 13 via'a discharge duct 33, the other end with
a water reservoir 12 via an inflow tube 34... Within steam
generator 32, a heating element 35 comprised of a_magnetic metal
is houseu. Ideally, steam generator 32 shall be mostly filled
_ with heating element 35. Heating element 35 may be comprised of
any material of any shape, in so far as it generates heat with
magnetic fields} in the'present embodiment, a metal substance
'shaped'in a form of continuous foam or fiber is used in order'to
‘maximize the contact'surface with water. |
In a case where steam generator 32 is comprised of a
magnetic material' instead of non—magnetic_material, heating
element 35 turns out to be unnecessary, in'this case, however, the’
volume of water staying in steam generator 32 increases and takes
a longer time before it starts generating steam; therefore, some
cdntrivance becomes necessary, such as inserting a hollow'hody er
the like in the steam chamber in order to reduce the effective
volume of water in the chamber, heating the water in advance, or

some other means.
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\/\herel n heat| ng element 35 is heat ed W|th 400W out put power from inverter
power. supply 37, steaming began in approximately 10sec.  and ended in
apprexi mately sever al seconds after the heating is stopped. Thus, ‘the
start andest,op .of steam generation took place with a nuch quicker

response to the opLAimi ek GERM ISR, an SKEPEDAG e€oil tB6 is
conventi‘onal constitutions. Further, the steam was produced by a

subst ant inxcwidad [wigesieris oranpgetesh. wikh san sinverkex; ROy %W?%*ﬁa??hﬂpr
magnet i sfdp‘iJ rﬁ;e 4 eccfn% td¥h£Cihg %rrwr L O LR SHdRér PSS S PEYors /

i nst ant anesye] eat | ng ement 35 to heat the water in steam
generatonﬂy?rtﬁnjEﬂﬂﬁﬂnﬁM291Ye§71c#%#ﬁtyn%eﬂ%¥hl%@ ppduces | ap ehtlernating

remar kablyg, deRid Tl . | PR NEhS%al e FREPIAG SRadhe€i 8B £6144, . ah Eda P
Contlnuoiiréﬁﬁz(ﬁs created in heating element 35, which makes heating '
element 35 generate heat. ' The water in steam generator 32 is
heated by‘the heat generated from heating element 35 and vapours,
which vapour proceeds to heatimg cavity 13 through discharge duct -
33. Numeral 38 denotes a high tension'power supply for supplying
high voltage power to magnetron 14. A_controller 21 conducts the -
ON/OFF operatiqn of inverter pomer supply 37 and high tension
bower-suppiy 38; or the powver control of respective power sources.
Within heating cavity 13, a tray 20 having openings that alidw'the |
steam go throuéh is disposed to place a foodstuff 19 on. o '
Exciting coil 36 itself does not generate.any heat;
instead, the eddy current makes heating element 35 generate heat,
~to be conducted direct to the water. Thds, steam is produced
efficiently. _ - |
. The steam generator 32 1s defined by a generally
cyllndrlcal shell made of an insulating material of a kind having
a heat resistance and an 1nsu1at1ngﬂproperty such as, for example,
heat-resistant glass or porcelain, having a wall thickness greater
tﬁan the distance of insulation relative to the voltage applied to
'.the'ekciting coil 36,'that is, greater than a,ﬁalue'sufficient to
avoid any possible dielectric breakdewn which weuld take place at
the voltage applied to the exciting coil 36. o
: The heating element 35 may be made of a porous metallic
material having a'sufficient water—resistance ahd a corrosion
resistance such as, for example, Ni; Ni—Cr alloy or.stainless
alloy; _ ) |
- "Fig.17 illustrates amount of vapour in the heating
cavity. What Fig.17 shows 1s the change of steam guantity within
heating cavity as the heat;ng time elapses; at the tlme.when
heatimg is started the steam Qenerator alse.starts-working,'and

stops working when the heating is ended. According to exberiment;
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fiber, which has_a'large_contact'areahmrth wat er. Al so because of a fact
thagt«the proportion of volune of water within steam . generator 32 is

- | essened. by the existence of heating elenment 35 = steamis easily .
gener at ede hy heatlng only a small quantity of wat er, which enabl es the
- qui ek start. cﬁ £7%1 8fement 35 is ﬁeaeéalbytﬁanangutphe pbwetrefremar t

up time 1's pre erred practically, it _should be_ shorter tha
prefenﬂinvaqxﬁnxpmmsél?uHB%Ec37r steambpdi heganiip appr°XImaQei¥n%8T§c'

'shows rel af | ghgly pﬂ?eéﬁgfaxiﬁafeswt YeGephl sbeerasuaftepdtheaneatyngf isteam
Wi thin Hea ing cavit m crowave heating apparat us accordlngsto an

eIeventrstmmmeﬂneﬁfhuS.Ihhirgtﬁst and §B€Pa9foﬁt8PmnPEPSE&$e°Beﬁ8 t Phgce
means ang; éhng&ucﬂe&&iéﬂepgrggﬁaﬁsérEostﬁétSﬂeﬁatﬁoﬁaaﬁ btsam\genehatbirng

procedure

as compared with conventlonal constitutions. - Further, the steam
was produced by a substantlally small power consumption. This is
. because the alternating magnetic flelds of exciting coil 36
_powered by inverter poWer supply 37 instantaneously heated heating
element 35 to heat the water in steam generator 32, and steam was
efficiently generated. The efficiency is remarkable when heatlng
element 35 is comprised of a metal in a form of contlnuous foam or
fiber, whieh'has a large contact area with watef Also because of
a fact that the proportlon ‘'of volume of water w1th1n steam
generator 32 is lessened by the ex1stence of heating element 35,
steam is easily generated by heatlng only a small quantity of
water, which enables the quick start up of steaming.

| Generally speaking,'the_shorter start up time is
preferred}_practically, it should be shorter than lmin.,

preferably . approximately 1lO0sec.

(embodlment 11)
- Fig. 18 shows relatlonshlp between temperature of
foodstuff and quantity of steam within heating cavity of a
microwave heating apparatus accordlng to an eleventh embodlment
- In Fig.18, the operation of m1crowave generatlng means and steam
- generating means are started at a same time when heatlng procedure
is started. Also, when heating is ended, the operatlon of the
‘above two means are discontinued at the same time. Because of the
_ qnick start up of steam generator, although the operation of'Steam
generator is etarted at a same time when microwave operation is
started, foodstuff is cooked with both microwave and steam through
most of the heating/cooking time, with an eieeption-of the initial
' several seconds when heatiné }s conducted splely with microwave;
thus, heating-is-éonducted while suppressing moisture evaporation

from foddstuff. Therefore, a subtle heating/cooking is



Is started. Al so, when heating is ended, the operation of the above two
meahs. are discontinued at the same time. Because of the qui ck start up of
‘st eam gener at or, al though the operation of steam generator is started at
a sanme time when m crowave operatlon |s Started foodstuff is cooked with

bot h- mi crowave a teamth ou f th tin ooking tinme,_wth
an exceptitit %‘P'ﬁ?éfﬁﬁ tl?%ﬂ' %qe%%r%ff sj'g %‘he‘gi’%%“# 9% FhR I
solely Wéﬂbﬂﬂﬁﬁﬁ@/&xmidﬂaﬁ,1ﬁ1%tfcstgdéﬁu£ﬂnduct ed whil e suppressing

noi st ure evapor ation fromfoodstuff. Therefore, a subtle heating/cooking

S -24-.

(embodiment_lZ) .

, 'Fig.1l9 shows relationship between temperature of
foodstuff snd quantity'of steam within heating cavity of a
microwave heating apparatus according to a twelfth embodiment.

In Fig.19, a foodstuff is heated solely with microwave while the
food stuff is in frozen state, or below zero, as it is easier for
microwave to.go into frozen foodstuff. Thawing,goes ahead, and
as soon as temperature of foodstuff reaohes slmost.ahove Zero, a -
steam generator is started to heat/cook the foodstuff with both
microwave and steam. Moisture easily:evaporates'from foodstuff

- when foodstuff temperature exceeds 0°C. In the present heating
method, however, foodstuff is surrounded with steam; therefore, it
is heated while preuentiVe measure against moisture evaporation is
heing taken. Thus, foodstuff may be heated/cooked in a good
env1ronment resulting in an excellent finish conserving
appropriate humidity, w1thout dehydration. Further, as the steam
generator is put into operation only during the time of needs,
redundant use of power is avoided making a contribution to the

energy saving.

(embodiment 13) _ |
Fig.20 shows relationship between'temperature of
foodstuff and quantity of steam within heating cavity of a
microwave heating apparatus according to a thirteenth embodiment.
In Fig.20, the operation of microwave generating means and steam
generating means are started'at a same time when heating procedure
is started. At the endiné, operation of stesm generating means is
terminated earlier by a certain time span during which the steam |
in heating cav1ty decreases, after that the microwave operation is
turned off. By so d01ng, quantity of the steam in heating cavity
- decreases when heating procedure is ended, consequently it is easy
and safe for a cooking person to take the'foodstuff out, without

being exposed to hot stean.



ihplenented to produce an excellent finish, without |osing an - appropriate

hunidity

in a foodstuff. -~ (enbodi nent 12) ~ Fig.19 shows

rel ati.onshi p between tenperature of foodstuff and quantity of. steam
within heating cavity of a m crowave heating apparatus according to a

twelfth
nm cr owav

emﬁflnent_t 1411 Fig.19, a foodstuff is heated solely with
ood stuff is in frozen state, or below zero, as it

is easier for |ﬂ(Engﬂﬁashnwp)reﬂatimmﬂhxpfhnmmeemftempé?EMWm@ @bes
ahead, aT%odstuff and quantity of steam within heatlng cavity of a

microwave heatlng apparatus accordlng to a fourteenth embodlment
In_Flg.Zl, foodstuff is heated with microwave at high output power
and steam generator at low power operation while the foodstuff is

in frozen state, or below zero temperature. Next, as the thawing:

.proceeds'and temperature of'foodstuff reaches almost above zero,

the output of microwave is lowered to medium, while the output of
steam generator is raised to medium. After the temperature of

foodstuff reaehed_a medium zone, the output of microwave is

'decreased to low, while the'output of steam_generator'is increased

to high._ The outputs of microwave and steam are thus varied along’

with the progress of heating procedure. For example, while

_foodstuff is still in frozen state thaming is quickly done with

microwave which has an advantage of permeating deep into the ice;

. and then foodstuff is_gradually heated'with medium output

microwave and steam in order to preventing the foodstuff from
being heated_uneVenly. The medium output steam is effective to
keep the temperature homogeneous within a foodstuff, and to '
prevent the evaporation of moisture. At the final stage where the
foodstuff temperature goes con51derably hlgh and the uneven
temperature within foodstuff is easy to occur, heating is carried
out slowly with lower output microwave making use of the thermal
transfer, or a tansferred heating, within the foodstuff. When
temperature of_foodstuff is high, moisure easily evaporates from

the foodstuff. However, in the present embodiment, as the cavity

is filled with a substantial amount of steam the evaporation is

surely prevented, at the same time the steam works to give heat to

-the foodstuff, 'Consequemtly, heat dissipation from the surface of

foodstuff is prevented, moreover the foodstuff is heated from the
surrounding surfaces, therefore the foodstuff is homogeneously
heated/cooked, conserving the moisure, without dehydration,

bringing about a subtly prepared meals.



as soon as tenperature of foodstuff reaches al nost above zero, a  steam
gengrator is started to heat/cook the foadstuff with both nicrowave and
steam Misture easily evaporates from foodst uf f when foodst uf f
tenperature exceeds JQerr}C 1In the present heating - method, however,

f oodst uf fr dpbhodimepitndes) Wi th steam therefore, it is heated while
preventive measure agai nst noisture evaporation is bei ng-taken. Thus, .
f oodst uf f ‘may be h&Hed% chaws igresgcrctiondd roiee et raduicrenpye heating

exce’ | enbbaatiet W iHly P AR LSl WA dmedit | NN mSlRAWEE G | DX or
urt her, Steam - gererator 1S put Into operation-only during the
time of meedsrowaved gehetating aleanmeris orowvi ke rheattamteaviey o3t o
Fgleat i gg?ﬁ?y r%%[\i'ar{q.nq miéﬁm rﬁgié_e’;)_of heating caﬁ.@’y ZPB.ShOﬁPovided at
Shi p between terperature of _
' a side of heating cavity 13 is a steam generator 32 comprised of
noanagnetic material. Bottom end of steam generator 32 is
.coupled with heating cavity.31 via a'discharge_dﬁct 33, top end
with a watef résefvbir 12 via an infldw_tube 34. A valve 39 is
disposed betﬁéen infléw tube 34_5nd water reservoir 12 fot
reguléting thé flow of water. Within steam generator 32, a
heating element.35-comprised'of magnetic metal is housed. Heaﬁing
element 35 is combrised of metal substance shaped in a form of
cdﬁtinudus_foam or fiber in order to maxihizg the contact surface
with wéter. Around steam generator 32, an exéiting coil 36 is
provided which is connected with an inverter power supply 37 for-
'supplying an alternating current. With the power from'inverter
'powér-supply 37, exciting coil 36 produces alternating magnetic
fields. _Wifh the alternating magnetic fields, eddy current is
prodgced in heating element 35, which makes the heating element
generate heét; "From the top of heating element 35, water from
water reservoir 12 is provided'via inflow tube 34. The flow of
water is confrolled-by valve 39 so that watef drips‘only for a
quantity needed for evaporation. The water dripping in steam
generatof 32 is heated by the heat generated from heating’elementh
" 35 and vapours, which vapour prqceeds to heating cavity 13 through
-.discharge duct 33. A_fan 40 blows the steam produced in_steam.-
generator 32.into'heating cavity 13. Numeral 38 denotes a high
teﬁsion power supply for supplying.high voltage power to magnétron
14. A ;ontrollef 21 conducts the ON/OFF operation of irnverter
power sﬁpply 37 and high tensioﬁ.power supply 38, or the power
control df.respeétive power sources. Within heating cavity 13, a
“tray 20 having openings;that.allow the steam to go ihrough.is
disposed td plécé a foqutuff 19 on. Exciting coil 36 itself does
ndt generafe any heat; instead; the eddy current makes heating

elemenf 35 generate heat, to be conducted direct'to the water.



foodstuff and quantlty of steamvmthl n heat| ng cavity of a nicrowave

heaShng apparatus according to a thirteenth embodi nment. In Fig.20, the
operation of nicrowave generating means and steam generating neans are
started at a same tinme when heating procedure is started. At the ending, -

oper.ati O r m nated earlier by a certain
S‘L , %??h@ dcﬂ:&:éa"‘aé_l'.Sf:féJh ent Y|

time span e steam eathgvSaV|ty decr eases, -after_ that
the mcrowave oper fdanrding t:qurafdmeamngme dorieh %rﬂb‘?‘ye(ﬂe?%reﬂ?&%am

h I
BN on Csac\'lll ?,peq;ae@esze ‘H‘%’t olptcﬁg%uﬁe% oodst uf&&;@f‘é&&%}& 4

it is easy an € for a cooking. perso f out
wi t hout w?b&:l’ng‘estﬂd&sadl.n @ Hoimstedirgonsumption of water and almost -

- 25 instantaneous generatlon of steam at a small power consumptlon.
Thus, the start and stop of heatlng may be executed
1nstantaneously, whlch makes it possible to carry out an optlmum.
control on the heating to be suitable to each of the '
heating/cooking stages. In.thls way, foodstuffs may be

heated/cooked in a manner most suitable to respective category.

INDUSTRIAL-APPLICABILITY

- According to the'present invention the environment
. within heating cavity such as temperature, humidity, etc. are
centrollshle to fit a foodstuff; therefore vdrieties_of foodstuffs
. may- be heated/cooked excellent. Namely, a microwave heating
apparatus accerding to the present inuention makes it possible to
heat/cook mainteining.theiinﬁer temperature and the surface |
_ temperature of a foodstuff almost identical.
Besides the'heating/cooking of already:desefibed bread.
- and frozen tempura,'the present apparatus is ideel for such items
whereln a plurality of foodstuffs are in one package and thaw1ng
or reheating of which is d1ff1cu1t with microwave alone, e.g. a
box lunch, as well as for the refrlgerator thaw1ng where a frozen
item is made to pass through the zone of maximum ice crystal |
formatlon and stopped at refrlgerator temperature.
' "In addition to foodstuffs, a w1de range of materlals
that.have various dielectric loss may become the object of
heating, in addition to foodstuffs. Vairous industrial fields
where a delicate_heat proeessing'is tequired, for example{
'dissqlving of synthetic resins,'softening_ef glues, drying of
woods, etc. will fall withih the range of application.
Besides microwave, a hlgh frequency alternatlng f1e1d

may be- employed as the heat source.



(enmbodi nent 14) - Fi-g. 21 shows rel ati onship between tenperature of
foodstuff and quantity of steamw thin heating cavity of a mcrowave
heati ng apparatus according to a fourteenth enbodinent. |In Fig. 21,
foodstuff «is heated with mcrowave at high output power and steam
generator at | ow power operation mhile the foodstuff is in frozen state,
or bel'ow zero tenperature. -Next, éﬂh éﬁamﬁng proceeds and tenperature
of foodstuff reaches al nost above zer e output of mcrowave is | owered
to nedium while the output of o :

1. C A mlcrowave heating apparatus which comprises:

a heatlng cav1ty for hou51ng an object of heatlng,

a microwave generating means for: irradiating microwave to
sald object of heatlng, ' ' _

a steam generating means for supplylng steam to sald heating
cavity; and ' o

a contrdljmeans for controlling said microwave generating
means and_said steam generatinglmeans so that inner temperature
and surface'temperature of said pbject of heating are made

approximately equal.

2. . A microwave heatipg apparatus whicﬁ comprises;

a heating cavity for housing an object of heating;

a microwave generating means for 1rradlat1ng microwave to
said object of heatlng,

a steam generatlng means for supplylng steam to said heatlng
cavity; '

. a. detection meahs for_detecting environmental conditions
within said heating cavity; and'

‘a control means for controlling said microwave generating
means and said steam generating means in accordance with the
output from said detection means so that inner temperature and
surface temperature of Said'ohject of heating are made
approximately equal. ' .

3#_ . The mlcrowave heatlng apparatus as clalmed in Clalm 2,

twhereln said detectlon means detects temperature.

4. - The microwave heating apparatus as claimed in Claim 2,

wherein said detection means detects temperature and humidity.

S. The microwave heating apparatus as claimed in either one

of Claims 1 through 4, wherein, when heating said object of

.l . ——--‘-_2 9_'_' .. | B} '
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steam generator is raised to medium “After the tenperature of foodstuff
reached a nedium zone, the output of microwave is decreased to |low, while
t he“out put of steam generator is increased to high. . The outputs of

m crowave. and steamare.thus varied along wth the progress of heating

procedurg, 'é 'aﬁPbEenmgtkee,feaﬂat&BBtralshbhhsl&ohteaaa that eutbati of
IS qurckly whi ch

m cr.owave I ch _has an advant age per neat’i.ng
i nto t hesaid; steau gapArasdngt BeANssagteyygpid HE&FE% w%tﬁeﬁéaPﬁnﬁﬁquﬁﬁgd
nlcromaVEo$ﬁg ﬁegagerntﬂaﬂethboeatﬁﬁenbfnQa&hesE@BﬂSb%hErB&Qﬁg heang hdlled
unevenly um out put steamis effective to keep the tenperature

hoanenesesdmpbneqtaofobe§taﬂﬂ igngtidl gnefErEerh&t&F&poration of

noi sture. At the final stage where the foodstuff tenperature goes

consi derably high and the uneven tenperature within foodstuff is easy to
occur, h@ating i s Ther mdgrowavesheatjng PWPP€W§PSOGFp&ta%ﬂ@ﬂo%§v€1ﬁgﬁfn&“e

use dg{ LG EGEHE' 1 LhBRER" 4,0Undrbats' GheR( HBBYIG0 satiel Bb3elhe of
heating in frozen state, sald control means controls the output of-
said microwave generating means after said object of ‘heating is
thawed to-be.smailer than the output of said microwave generating
means while said object'bf heating is still in frozen state, and
_the outpat of said steam generating means after said object_of
heating'is thawed to be greater than the output of said steam
generating means while said object of heating is still in frozen

state.

7. The microwave heating apparatﬁs as claimed in either one
of Claims 1 through 4, wherein,nwhen heating said object of
heating in frozen state, said control means controls the output of
said microwave generating means at immediate after start of
-heatlng to be smaller than the output of sa1d steam generating

means thereafter.

8. - The microwave heating apparatus as claimed in either one
of Claims l.through 4, wherein, when heating said object of
heating in frozen state; said control_means controls the output of
microwave generating means to be gradually decreasing, and the
output of steam generating means after the object of heating is.
thawed to be greater than the output of steam generating means

while the object of heating is still in frozen state.

9. The microwave heatlng apparatus as. clalmed in either one
of Claims 1 through 4, whereln said control means reduces the
output of sald steam generatlng means at immediate before the end

of heating of heating object.

R
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tenperature of foodstuff is high, noisure easily evaporates from the

foodstuff. However, in the present enbodi nent, as the cavity is filled
wi t hwa substantial anount of steamthe evaporation is surely prevented, at-
the sane tine the steamworks to give heat to the foodstuff.

ConsequeRy, heat ﬂématdmé ERtiny appacetwd ad aslsiméd i @ieheantets
nor eover the foodstuff is heated fromthe s rroundlpsturfaces ‘gﬂgrﬁjore

the food&fuftlaissdnddurramiisiifA, mhgerin RN PN
Wi thout geiMdlidly QR thil IHEEtKh R By SEbthey T eshies0%.
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11. A microwave heating apparatus which comprises:

a heating cavity for hou51ng an object of heating;

a microwave generating means for irradiating microwave to
said object of heating; _ _

a steam generating means for supplying steam to said heating
cavity; ' | '

an air blowing means for supplying air flow to said object of
heating; and '

. a control means for controlling said microwave generating
means, said steam generating means, and said air blowing means so
that inﬁér temperature and surface temperature of said object of

heating are made approximately equal.

12..: " The microwave heating apparatus as claimed in Claim 11,
wherein said air blowing means takes the outside air into heating

cavity.

13. The microwave heating apparatus as claimed in Claim 11,
wherein said air blowing means circulates the air within heating

cavity.

14. The microwave heating apparatus as claimed in Claim 11,
- wherein said control means makes said air blowing means keep on
-ruhning for a specified time after'output of microwave generating

means is terminated.

15. . The microwave Heating apparatus as claimed in Claim 11,
wherein said control means makes said air blowing means keep on
running intermittently for a spec1f1ed time after output of

microwave generatlng means 1s termlnated

—31—
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(enmbodi nent 15) Fi g. 22 shows cross sectional view of a m crowave
heatihg apparatus according to a fifteenth enbodi ment. A magnetron 14, or
a mcrowave generating neans, is provided in a heating cavity 13 for
radiating*m.crowave inside of heating cavity 13. Provided at a side of

heattng qayvity 13 i nii Grbcwdire) evesod i ﬁﬁpmwssmlldh cmwetlc
_naterlal Bot t om end, of stean1 nerator 32 1S 0qg£ ﬂggtlng caV|ty
31 via a di sciahpatding avigy drousing an obje eat

a mlcrowave generatlng means for 1rrad1at1ng microwave to
lisald object of heating; _

a steam generating means. for supplylng steam to said heatlng
'.cav1ty, _ .
a heating means for preventlng dew condensation in said
heatlng cavity; and . .

a control means for controlllng said microwave generatlng
.means and sald steam generatlng means so that inner temperature
' aﬁd éurface‘temperafure of said object of heating are made.

. approximately egual.

17. The microwave heatlng apparatus as clalmed in Claim 16,
wherein said heatlng means is disposed between steam generator and

inside of said heating cavity.

18.. The microwave heating appératus as claimed in Claim 16,

wherein said heating means is disposed within said heating cavity.

—az— | [N ONL AR



“with a water reservoir 12 via an inflow tube 34. A valve 39 is disposed
bet-ween inflow tube 34 and water reservoir 12 for regulating the flow of
- watér. Wthin steamgenerator 32, a heating elenent 35 conprised of
magnetic gretal is housed. Heating elenent 35 is conprised of netal
substance shaped in a form of continuous foamor fiber in order to
maxi mkze the contact surface  with water. Around steam generator 32, an
exciting coil 36 is provided which | ABSZRA&dted with an inverter power
supply 37 for supplying an alternating current. Wth the power from
inverter power supply 37, exciting coil 36 produces alternating magnetic
fields. Wth the afTher paesegtninvention disdeimeddjoc ffen & Sigyoyady&ed in
‘heating gl epent 35, which kes the. heatind.ql.eme alpaRdls WikPidu
the top g?a L09; ABPAr kiR U'g%,c% 3rtgf ;%%rl#l%\}\:gteer regee%\efrol?{gatfg’ is pr 8}\% deg
vi a i nf | affegeng4théhextedlent prapertys dontindirodgicing @ weags 4@ t hat
}Nﬁt’ g[ eg'%_ggtgg&yt;xgr eAviToankhiy sr&%%%%%cfci%rg &Y Y AP b HME WalgRyy dri ppi ng
implementing the objective, the heating apparatus comprises a

heating cavity for housing_an bbject of heating, a microwave
generatiﬁg means for irradiating microwave to said 6bjéct_of
heating, a steam generating means for Supplying steam to said
héating cavity, and a control means for controlling said microaneh
geherating means énd said steam generating means so that inner.

| teﬁperature.and SurfaCe temperaturé-of'said.object of heating are

gpproximately-equal.



generator 32 i's heated by the heat generated from heating el ement 35 and
vapours, which vapour proceeds to heating cavity 13 through di scharge duct
33. A fan 40 bl ows the steam-produced in steam generator 32 jnto heating
cavity 13- Nuneral 38 denotes a high tension power supply for supplying

hi gh-vol ta e power to magnetron 14. A'controller 21 conducts the OV OFF
operation gpvetter power supply. 37 and hi gh tension power supply- 38, or
t he power con of respective power sources. Wthin heating cavity 13, a.
tray 20 havi ng.openings that allow the st §1to go through is disposed to
place a foodstufif 19 on. Exciting coil 36 itself does not generate any

heat; ‘i nstead;&fhe eddy current nakes heatlng el ement 35 generate heat, to

be conducted dﬂlect to thf wat er . Fbodstuff temperature -2 7-

;_§._f€ Temperature w1 thm _cav1ty .
- Apropriate. teﬁpﬁfﬁ?!‘.‘fé | o ’Suri‘ace N 4

'Room temperature )

 Cantor _pirine

A

;&\\\ NN \\\\\\\\\\\‘
LB 20 ~ Zone of naxinun jce crystal Formation
®
i
= "
Normal “hunidity |
0 ?

>

A
1)

; Full power

—(Z) | Microwave output



Thus, steamis produced efficiently. o According to.a heating
nmetfiod with the above described constitution, water is heated only by a
quantiity for evaporation, which results in a limted consunption of water
and .al nosts | nstant aneous generation of steamat a small power consunption.
Thus; “t he Firé azi stop of heating may be executed instantaneously, which
makes 't pbssiWl-e& o carry out an optimum control on the heating to be
suitable to each of the : - ¥

1n | 8

10
| 12




heati ng/ cooki ng stages.- In this way, .-foodstuffs nmay be heated/cooked in a
manner nost suitable to respective category. | NDUSTRI AL APPLI CABIL.LI TY

- According to the present invention the environment within heating cavity
-such as tenperature, humdity, etc.. are controllable to fit a foodstuff;
thet.efore varieties of foodstuffs may be heated/ cooked excellent. Namely,
am cr‘\owavE h t,i3g apparatus according to the present invention makes it
possible to eat/ cook maintaining the inner tenperature and the surface
“tenperature of a foodstuff al nost identical. Besi des the
~heati ng/ cooki ng of already described bread
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and frozen tenpura, the present apparatus.is ideal for such-items- wherein
a pryrallty of foodstuffs are in one package and thawi ng -or reheating of:
which is difficult with microwave alone, e.g. a box lunch, as well as for
t he refrlgerator t hawi ng where a frozen itemis nade to pass through the
zone- of nBX|nun1|ce ‘crystal. formation and stopped at refrigerator
tenperarurF: I n.addition to foodstuffs, a w de range of

material s hg have various dielectric | oss may becorre t he object of
heating, in addition to.foodstuffs. Vairous industrial fields where a
del i cate heat processing is required, for exanple di ssol vi ng of synthetlc
resins, softening of glues, drying of woods, etc. will fall within the
range of application. Besi des microwave, a high frequency

al ternating flel d- ~ may be erra2oyed as the heat. ﬁourc 11
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a heating cavity for
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- a microwave generating neans for irradiating mcrowave to said object of

heat i.ng; a steam.generating neans for supplying steamto said heating
cavity; and a control neans for - controlling said m crowave generating
means .andk sai d steam generating neans so that inner tenperature and surface
'tenper ature of said object of heating are nade approximately equal . 2.

A m crowave heating apparatus which conpri ses: " a heating cavity for
housi ng an oﬁia 0 heati ng; . a m crowave gener.ating neans for
irradiating mc wave to said obj ect of heating; . a steam generating

means for supplying steamto said heat.i ng cavity;
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a detection nmeans for detecting environnental conditions within said

heafing cavity; and a control nmeans for controlling said nicrowave
generating neans and said steam generati ng means in accordance with the
out put - from sai d detection neans so-that inner tenperature and surface

t enper-at u\rAEE a?d obj ect of heating are made approxi mately equal . 3.
The mi &rowav gea i ng-apparatus as clai rred in Claim2, wherein said
detection neans detects tenperature.: . The m c¢rowave heating

tenperature-and h dity.

u

apparatus -as cl ai %'f in Claim?2, wher(@) sai d detection neans det ects

t
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The m crowave heating apparatus as clai nmed in either one of

d akps 1 through 4,
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sald stean1generat|ng nmeans after said object of heating is thawed to be .
greater than the out put of said: steam generating means while said object -of
The m crowave heating '

appar atus-.as clained in either one of Clains 1 t hrough 4, wherein, when

heating is still

-heati ng said Fpiiit
he y .1 K

the output of

in frozen st at e. 6.

heating in frozen state,

said control means controls
crowave generating neans after said object of heating

is thawed to be smaller than the output of said microwave generating means

whi |l e sai d -object of heating is stil
sai d steam generating neans after

in frozen state,

~and the output of
sai d object of heating is thawed to be

greater than the output of said steam generating nmeans while said object of

heatlng i's st|II

.13

in fro

zen st at e.
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7. The m crowave heatlng apparatus as clalned I n either one of
Claims 1 thriough 4, wherein, when heating said object of heating in frozen -
stat'e, said control neans controls the out put of said mcrowave generating
means at .imediate after start of heating to be-smaller than the output of
sai d stean1g§ner%nags means thereafter. 8. - The microwave heating
appar atus ‘a in either one of Clains 1 through 4, wherein, when

- heating said object of heating in frozen state, said control neans controls
~the output -of m crowave generating neans to be gradually decreasing, and

t he out put of steam generating neans after the object of heating is thawed
to be greater t han t he out put of - stean1generat|ng nmeans whil e the object - of
heating is st|II in frozen state .
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obj ect..
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(£) iMicrowave output

Cdainms 1 t hrough 4, wherein said control -

B A

------

The m cr onave heatlng apparatus as clainmed in either one of

nmeans reduces the output of said
' stean1generat|ng nmeans at immedi ate before the end of heating of heatlng :

The ni crowave heating apparatus as cIalned in-

(@)
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of Qains 1 through 14, wherein said control neans controls the humdity

Wi thin heating cavity to .be |ower than 90% 11. ' A m crowave heating
appdr.at-us whi ch. conpri ses: a heating cavity for housing an object of
heating; .., . a microwave generating neans for irradiating mcrowave to said
obj ect of hgating; " a steam generating neans for supplying steamto .
sai d heati. |:g/i-'.t1,2 ~an air blowing means for supplying air flowto
"sai d object of heating; and a control means for controlling said

'm crowave generating means, said steam generating neans, and said air

"bl owi ng neans so that inner-tenperature and surface tenperature of 'said
~obj ect of heating are nade approxi mately equal .
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:'12.7°- " The microwave heating apparatus as clained in Oaim1l, wherein

- -saj-d .ai r bl ovi ng neans takes the outsi de air into heating cavity.  13.
- The*’m crowave heating apparatus as clainmed in Claim11l, wherein said air
'_b|OWI ng neans-circulates the air wthin heating cavity. 14. The

" mi cr-omave heat i ng apparat us as clainmed in Gaim11l, wherein said control
neans -mak_estl_ﬁ_al d ai bI owi ng means keep on running for a specified tine
after outpu dfgmc ve generating neans is term nated.
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15. : The ni crowave heat| ng apparatus as clainmed in C ai m 11, wher ei n
sai-d control neans makes said air blow ng neans keep on running '

[ nterm ttently for a specified t| me after output of m-crowave generating
means is term nated. : : 13 -

“'-Fig.14'.




16. A n1cromave heat i ng apparatus mhlch conprlses . a heati ng

cavity for housi ng an obj ect of -heati ng; a microwave generating nmeans’
for ir'radi‘ating microwave to sai d object of heating; a steam
generatlng means for supplying steamto said heating cavity; a heating
means ‘for. preventing dew condensation in said heating cavity;, and a

control’ neansgf or. COﬂE§O||Ing said m crowave generating neans and said
stean1generat nbshe so that inner tenperature

st 14 .'31-- - N
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-

and surface terrbérature of said: obj ect -of heati ng 'are' made apprdxi mat el y

equdl - 17. The ni crowave heating apparatus as claimed in daim 16,
wherein said heati ng nmeans is-di sposed between steam generator and inside
of said heating cavity. - 18. ~ .The microwave heating apparatus as

claimed in Caim16, wherein said heating nmeans i s dlsposed w thin sald

heat i ng caV| th 16
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* Fig.24
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