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DESCRI PTI ON Tl TLE OF | NVENTI ON Cooki ng Appliance 5 TECHNI CAL

FI ELD [ 0001] The present invention relates to a cooking appliance.
10BACKGROUND ART [0002] I n sone types of conventional cooking

appl iances, water supplied fromwithin a water tank is heated by a

st eam generati on device to generate steant and the generated steamis
supplied to a heating chanber (see, 15e.g., JP 2009-41822 A (PTL 1)).
[ 0003] This type of cooking appliance includes a water |evel sensor
with a plurality of different-in-I|ength
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DESCRIPTION

TITLE OF INVENTICN

Cocking Appliance

TECHNICAL FIELD
[0001] The present invention relates to a cooking

appliance.

BACKGROUND ART

[0002] In some types of conventional cooking appliances,
water supplied from within a water tank is heated by a
steam generation device to generate steam, and the
generated steam is supplied to a heating chamber (see,
e.g., JP 2009-41822 A (PTL 1)).

[0003] This type of cooking appliance includes a water
level sensor with a plurality of different-in-length
electrodes combined together. By detecting which omnes
among the detection-use electrodes of the water level
gsensor are submerged in water, a water level within the
water tank is detected, where with none of the detection-
use electrodeg submerged in water, it is decided that no
water is present.

[0004] However, this cooking appliance has a problem

that the cost increases because of a complicated structure



el ectrodes conbi ned toget her. By detecting which ones anong the
detection-use el ectrodes of the water level 20 sensor are submerged
in water, a water level within the water tank is detected, where with
none of the detection-use el ectrodes subnmerged in water, it is

deci ded that no water is present. [0004EHowever, this cooking
appl i ance has a problem 25that the cost increases because of a
conplicated structure - 2 - of the water level sensor. In this
cooki ng appliance, a space for the water_| evel sensor is necessitated

in proxi m ¥ tthe HRVRE eloVahk SCATSITg tHe GRf GoRking Fepeilece. a
while with the unit size unchanged, causing the 5 water tank size to
decr ease JBBAES t RErsphBE fBALRAt eleVEVel SEBASEr iEsuPeFAgSifated in
decreasing the water tank capacity. LOOOS]Nbrerer, in this cooking
appl i ance, PRRABAMERE stearhlfendedErontadyi ceasespy stlamyeer &4%6n to
due to 10 factors (heater fault or punp fault) other than enptiness
of water ihncheagat ewhiidek with jshe npvssi Bigsf omelmnggd erciegeng the
sensor to detect the factors. Citation List 15Patent Literature
5 water tank size to decrease due to the space for water
level sensor resulting in decreasing the water tank
capacity.
[0005] Moreover, in this cooking appliance, when the
steam generation device stops steam generation due to
10 factors (heater fault or pump fault) other than emptiness
of water in the water tank, it is impossible for the water

level sensor to detect the factors.

Citation List
15 Patent Literature

foooe6] PTL1: JP 2005-41822 A

SUMMARY OF INVENTICN
Technical Problem
20 [0007] Accordingly, an object of the present invention
is to provide a cooking appliance capable of detecting a
halt of steam generation function, including emptiness of
water, with a simple configuration without any water level
sensor and therefore cutting down the device cost.

25 Solutlion to Problem



[ 0006] PTL1: JP 2009-41822 A SUMVARY OF | NVENTI ON Techni cal Probl em
20[ 0007] Accordi ngly, an object of the present invention is to provide
a cooki ng appliance capable of detecting a halt of steam generation
function, including enptiness of water, with a sinple configuration
wi t hout any water |evel sensor and theréfore cutting down the device
cost. 25Solution to Problem - 3 - [0008]In order to achieve the
above object, there is provided a cooking appliance conprising: a

mai n casin%; a water tank(flaced within the nmain casing, 5a steam |
gener ati onl88¢Bde fofnh&AAgHy Wat eFPIGYS itdf f PBRVENORNEET t BRRTE0 15

gener ate steam . . o
provided a cooking appliance comprising:

a main casing;
a water tank placed within the main casing;
5 a steam generation device for heating water
supplied from the water tank to generate steam;
a heating chamber to which steam from the steam
generation device is supplied; and
a steam-generation-function decision unit for,
10 based on a physical gquantity indirectly representing
presence or absence of water in the steam generation
device, deciding whether or not it is a halt of steam
generation function including emptiness of water in the
water tank, in cooking in which steam from the steam
15 generation device is supplied into the heating chamber.
[0009] According to the cooking appliance of this
constitution, in cocking (e.g., oven ‘cooking, steam
cooking, etc.}) in which steam from the steam generation
device is supplied into the heating chamber, steam from the
20 steam generation device is supplied to the heating chamber.
Then, during the cooking, steam from the steam generation
device keeps being supplied to the heating chamber, where
the steam-generation-function decision unit decides whether
or not it is a halt of steam generation function including

25 emptiness of water in the water tank, based on information



a heating chanber to which steamfromthe steam generation device is
supplied; and a steamgeneration-function decision unit for, 10 based
on a physical quantity indirectly representing presence or absence of
water in the steam generation device, deciding whether or not it is a
halt of steam generation function incl-uding enptiness of water in the
wat er tank, in cooking in which steamfromthe steam 15generation
device is supplied into the heating chanber. [0009] According to the
cooki ng appliance of this constitution, in cooking (e.g., ,oven

cooki ng, sBEafPcFotHSiGl. JUIRLIRY chndtBafttY okFPKESENEARE Presence
generation device is supplied into the heating chanber, steamfrom
t he 20 ste9ﬁ1g@ﬁéﬁ§?i§ﬁpm@ﬁQﬁai% Spprreant genftaheal A§VéRanbedt 1s
Then, during the cooking, steamfromthe steam generation device
keeps bei ngosagphicee tthatheteainfAgrepbibBr aswier et giysical quantity
st eam generati on-functi on decision unit decides whether or not it is
a halt of snéawegehrr acpsastohénPonreachadi ny 2bssprenedswatewatar tihe
the water tank, based on information - 4 - as to a physical quantity
i ndi r &ct | ystepmegenteirag ipnesendieeori sabiyefwenatfiomt @8 £a ehéegpeymture
generation device. It is noted here that the information as to a

physi cal qoénttitey strekin eg¢hgraepoesenntagnpresdncehor shbsmngenefration
water in the 5 steam generation device is information as to a

t enper at ur devlicehe st edmfgemetabnomontaiarer eghatibé steewegenerat i(omw
device, or information as to an exhaust tenperature (or exhaust

hum dity) ekhansat imsplErsy )i noAnaex hatsdsglaessagenpraovi eéeldaws t hpasshge
mai n casing, or the |like. 10[0010] Therefore, a halt of the steam
gener at i onpkontiednwinhlitidihg maphi nesingf wat ehei dikke water tank
can be detected with a sinple structure without a water |evel sensor,
so that theoowel canTherefibrdown.a Alls®lt habfs athd hessé@am genetation
function due to factors other than the 15enptiness of water in the
wat er tankf{iheaien favhtidifgnmemptiness of water in the water tank can

be detected with a simple structure without a water level
genscr, so that the cost can be cut down. Also, halts of
the steam generation function due to factors other than the
15 emptiness of water in the water tank (heater fault, pump
fault, etc.) can also be detected.
[0011] In one embodiment of the invention,
the steam generation device has a steam
generation container to which water is supplied from the
20 water tank, and a steam generation heater for heating water
in the steam generation container,
the coocking appliance further comprising:
a steam-generation-container temperature sensor
for detecting a temperature of the steam generation

25 container; and



fault, etc.) can also be detected. [0011]In one enbodi nent of the

i nvention, t he steam generati on device has a steam
generation container to which water is supplied fromthe 20water

tank, and a steam generation heater for heating water in the steam
gener ation contai ner, the cooking appld &ce further conprising:

a steam generation-container tenperature sensor for detecting a
tenperature of the steam generation 25container; and - 5 -

a steam generation-heater control part for, in cooking in which steam
from the steam gener &t i SFEYBVIRRSTIC Seppheaber ntc@l"tbr;i%’%heﬁﬁirﬁg for, 1in
chanmber, controlling the steam generation heater so that turn-ON and
- OFF of theoskénfh Shgamdicht igreaieafeam aflee r epeam efeB3EAOBndgVice is
tenperature of the steam generati on contai ner detected by the

st eangener 8¥PBAIedntiditfer thenp@adiine ghagber. wsendginelling the stega
information as to the physical quantity indirectly representing
presence ogenpsahienoheaiayr Ba ttHwtlotvreadig atPBR @dviele steam
includes at least a ratio of OFF-tinme to ON-tinme in ON OFF operation
of thé stegangeabiani deaieat e angpeated, based prrovkiFagpehnathirehot
steam fromthe steam generation device is supplied into the heating
chanber, the steam generation container detected by the steam-

generation-container temperature sensor, wherein
the information as to the physical quantity
indirectly representing presence or absence of water in the

10 steam generation device includes at least a ratio of OFF-
time to ON-time in ON/OFF operation of the steam generation
heater, and

in cooking in which steam from the steam
generation device is supplied into the heating chamber,

15 when the ratio of OFF-time to ON-time in ON/OFF operation
of the steam generation heater is larger than a specified
value, the steam-generation-function decision unit decides
that 1t 1is a halt of the steam generation function
including emptiness of water in the water tank.

20 [0012] According to this embodiment, in cooking in which
steam from the steam generation device is supplied into the
heating chamber, the steam-generation-heater control part,
based on a temperature of the steam generation container
detected by the steam-generation-container temperature

25 sensor, controls the steam generation heater so as to



15 when the ratio of OFF-tinme to ON-tine in OV OFF operation of the
steam generation heater is larger than a specified value, the
st eam generation-function decision unit decides that it is a halt of
t he steam generation function including enptiness of water in the
wat er tank. 20[0012] According to this efbedinent, in cooking in which
steam fromthe steam generation device is supplied into the heating
chanber, the steam generation-heater control part, based on a
tenperature of the steam generation container detected by the
st eam genek8PP8A- dOHIHI Pfer 2REnpe bk uPE JHsensbeaTcoTRTRTAL Pl dIeE&MT -
generation heater so as to_ - 6 - repeat turn-on and -off of the
st eam genePathofhAsatcont @l h i steppFarure hef t Bhipephtare IsMoRE ion
steam generation container is brought to within a target tenperature
range. ThefASntipdRescasr RERtWhH Whpfithsy af Cauger CAMPREARETer renge.
tank or fault of the steam generation heater (heater fault, punp
fault, etcThenwatmonsupptyrrengheost eapjeraast pbnvesstaiHerthe water
| onger done, resulting in a larger ratio of OFF-tine to ONtine in
ON/ OFF opetankoarofauhé sfeshegeherut genchrestion. hThseeaf dheatwire ¥auié
rati o becones 10 | arger than a predeterm ned specified value, it is
deci ded bypthe dftesmriit.geatrat i orwdtgct suppdgcisd onheni steam a gealetragfion
t he steam generation function including enptiness of water in the
wat er tankcoithasnea hal hooflohferstieam, gerendtiog fionet lemgemc radiing of
enptiness of water in the water tank can 15be detected easily with a
si npl e strOEFutéme| 004 3] M- oivee enbodi RMMFBDf dderdtmvent icgh, thiee steam
cooki ng appliance further conprises: an exhaust
passage proendedtiont heeaten. casiTigerafitbrser viwigerf ot hex hawstiiong beicomes
fromthe heating chanber to 20 outside of the main casing; and
an exhaust 1aagsagehsaansoprcle tdeeiaidd gspec ekivwdistaleapet at tiise deided
exhaust hum dity of an atnosphere in the exhaust passage, wherein

by the steam-generation-function decision unit as a halt of

the steam generation function including emptiness of water
in the water tank. Thus, a halt of the steam generation
function including emptiness of water in the water tank can
15 be detected easily with a simple structure.
[0013] In one embodiment of the invention, the cooking
appliance further comprises:
an exhaust passage provided in the main casing
and serving for exhausting air from the heating chamber to
20 outside of the main casing; and
an exhaust passage sensor for detecting an
exhaust temperature or exhaust humidity of an atmosphere in
the exhaust passage, wherein
the physical quantity indirectly representing

25 presence or absence of water in the steam generation device



t he physical quantity indirectly representing 25presence or absence

of water in the steam generation device - 7 - includes at |east the
exhaust tenperature or exhaust humdity of the atnosphere in the
exhaust passage, in cooking in which steamfromthe steam

generation device is supplied into the Heating chanber, the 5

st eam generati on-function decision unit decides mhether or not it is
a halt of the steam generation function including enpti ness of water
in the water tank, based_on the exhaus nperature or the exhaust

hum dity dé?@&?@ﬁsbythe18§ﬁ§uth5as§§ €u§§n35PmPfGFGEfE]A85br& uss
this enbodi ment, in cooking in which steamfromthe steam generation
device is BUPpPLEY PﬁtEhFhétﬁééppﬁﬁecﬁ&nEB? e¥P8ufrf PBRPRHE st eam
generati on devi ce keeps being supplied to the heating chanber, so
that the atnosphere é8nt &OFKAGSt ebiin | ¥RAFSch&GER | 1719% b9h?| t Steam
15 fromthe heating chanber to outside of the main casing via_the
exhaust padshgsapievi d6HirR LReSHRPALEAsA§C FRet Aradtdngechapbgra the
halt of steam generation by the steam generation device due to

enpt i Ress BteamtgenERathenvarartiank decifden wilt rdeeidesn yeathari oF
device (heater fault, 20 punp fault, etc.), steamis no |onger

suppl i ed tBothéthesat angaéhaﬁﬁethesétehmt geherexhans Euncaiohe iaghading
passage al nost stops, thus resulting in smaller changes in exhaust

t enper at ur empbineshanst wateirdiiny thsf watenat pwslphebaseé®d chetbrhgodpust
passage. By utilizing such characteristics, 25the

st eam genetanpenafunet pontleceshenstnhumibasgddeheghed bg thexkabetust
tenperature (or exhaust hum dity) detected by the exhaust passage
sensor, whpeghsageasphgercal quantity indirectly representing presence
or absence of water in the steam generation device, decides whether

or nbd it [80A4] According to this embodiment, in cooking in which

steam from the steam generation device is supplied into the
heating chamber, steam from the steam generation device
keeps being supplied to the heating chamber, so that the
atmosphere containing steam is discharged little by little
15 from the heating chamber to ocutside of the main casing via
the exhaust passage provided in the main casing. In this
case, upon a halt of steam generation by the steam
generation device due to emptiness of water in the water
tank or fault of the steam generation device (heater fault,
20 pump fault, etc.), steam is no longer supplied to the
heating chamber, so that the exhaust wvia the exhaust
passage almost stops, thus resulting in smaller changes in
exhaust temperature (or exhaust humidity) of the atmosphere
in the exhaust passage. By utilizing such characteristics,

25 the steam-generation-function decision unit, based on an



5 halt of the steam generation function including enptiness of water
in the water tank. Thus, a halt of the steam generation function
i ncluding enptiness of water in the water tank can be detected easily
with a sinple structure. [0015] In one enbodi nent of the invention,
10t he steam generation device has a stefintgeneration heater for
heating water derived fromthe water tank, a
st eam gener ati on-heater control part for controlling the steam
generation heater is provided, 15 the steam generation-heate
control paf¥PelPhs TEHRETE ToFE tilﬂ,r s%la?alaEn@PaF%&ﬁYheafeefreqtrﬁéo% e
in which steamfromthe steam generation device is supplied into the
heati ng ch&kBarstanBagfddet h8eBRARust WhéRPer afur @ oPRYRé&CEXhad¥fn3atY
hum dity detected by the exhaust passage sensor_ does not change,
hi gher in tB9pBASELYoTrERFASBRLONIt RECSEBERM §EndPEEN6R REatBFSTt B the
st eam generation-function decision unit decides that it is a halt of
t he st eam §ERenatdBieTaiic oReY Het udides i6inst | WeskheT wat eROf nifhels &
water tank. - 9 - [0016] According to this enbodinent, in cooking in
whi ch5st eahflFomit H1st ebefnegenatsi oteViuewti i uppt L edlngt emphaness
heati ng chanber, when the steam generation heater is turned on and
of f by theoft emhayenérattiben-hebeer teoltr ol Tipast , at hkabt epfaushe steam
tenperature (or exhaust hum dity) of the atnosphere in the exhaust
passage i sgehangedoso amawideconelhdghgr ¢mptzponsett owaben- dm othe
the steam generation heater by the supply of steamfromthe steam
gener at i onwedegirceahk the heatiehgcthdmbesilTheithoaesiupda athuttuvtk.
st eam

[6015] In one embodiment of the invention,

10 the steam generation device has a steam
generation heater for heating water derived from the water
tank,

a steam-generation-heater control part for
controlling the steam generation heater is provided,

15 the steam-generation-heater control part turns on
and off the steam generation heater in cooking in which
steam from the steam generation device is supplied into the
heating chamber, and

when the exhaust temperature or the exhaust

20 humidity detected by the exhaust passage sensor does not
change higher in response to turn-on of the steam
generation heater, the steam-generation-function decision
unit decides that 1t i1s a halt of the steam generation

function including emptiness of water in the water tank.



10 generation by the steam generation device due to enptiness of
water in the water tank or fault of the steam generation device
(heater fault, punp fault, etc.), the steangeneration-function
decision unit is enabled to decide that it is a halt of steam
generation function including 15 enptiméss of water in the water tank
when the exhaust tenperature (or exhaust hum dity) detected by the
exhaust passage sensor does not change higher in response to turn-on
of the steam generation heater. By utilizing this characteristic of

t he exhausﬂopgﬁﬁerat3F€°Egﬁn8xﬁﬁugplﬁoeWEH%&WFFf'oPntﬁ@o - 7gs gie FELCR
t he exhaust passage linked with turn-on of the steam generatign
heater, a A&PEMofTPHetEEe&REEBNEIRREXEH IPENEEVENS ASl §HPRG1EHe 1ntO the
enptiness of water in the water tank can be detected reliably.
[0017] | n oheaEiBEdrhambPest When Renef6aM gepgration heater is turned
t hest eam gener atii on-heatercontrol part repetitively turns on and off

t he steam §BnéRdt P8R h¥atBf BRCEBORPRGTRE1RRI- ERASEEaRPILEMt PaTEL el
generation device is supplied into the heating chanber, and Swhen the
exhaubt t eApbAUEHr EeBPerREVERhAOSt EHDALEEt PuBlddatled oby thRe aélhgpbere
passage sensor does not periodically change high and | ow in response
to turn-oniantheotkhafisthpassagm genehanged Beaber tot hecome higher in
st eam generati onfunction decision unit decides that it is a halt of

t he 10st earegpnssat iton fwmetdronof nthadistgasngtantess: ion egaier nbyhshe
wat er tank. [0018] According to this enbodi nent, in cooking in which
st eam f r onetthplyt edm geasmatiirom debe ceticsmsupphératiomodevdce to the

heating chamber. Therefore, upcn a halt of steam

10 generation by the steam generation device due to emptiness
of water in the water tank or fault of the steam generation
device (heater fault, pump fault, etc.), the steam-
generation-function decision unit is enabled to decide that
it is a halt of steam generation function including

15 emptiness of water in the water tank when the exhaust
temperature (or exhaust humidity) dJdetected by the exhaust
passage sensor does not change higher in response to turn-
on of the steam generation heater. By utilizing this
characteristic of the exhaust temperature (or exhaust

20 humidity) of the atmosphere in the exhaust passage linked
with turn-on of the steam generation heater, a halt of the
steam generation function including the emptiness of water
in the water tank can be detected reliably.

[0017] In one embodiment of the invention,



heati ng chanber, when the steam generation heater is 15 repetitively
turned on and off by the steamgenerationheater control part, the
exhaust tenperature (or exhaust humdity) of the atnosphere in the
exhaust passage is periodically changed high and | ow in response to
turn-on and -off of the steam generatioh®heater. Upon a halt of 20
steam generation by the steam generation device due to enptiness of
water in the water tank or fault of the steam generation device
(heater fault, punp fault, etc.), the exhaust tenperature (or exhaust
humi dity) detected by fhe eRh&GEt IFREEETE OPeREGCdoes FERTLOL part
periodi cally change high 25and [ ow in response to turn-on and -off of
t he st eam *§RREFALVEAYhEANEYS TPer 8P8r €15t HA1St PR PeABRaERHAON heater
function decision unit is enabled to decide that it is a halt of the
st eam genei&t CORRLGAC o hitdt iRy ebpPm nEBe Bfedmt gEnpratRenygeaice
tank. By upilizing.this characteristic of the exhaust tenperature (or
exhaust hu#Pdrupplepdt patat fbsphersing chambgiausidpassage |i nked
with turn-on and -off of the steam generation heater, a halt of the
st eamBgener ati on fun¥heon thel ugkhgushe &epreresyref @it ethien epdaust
wat er tank can be detected nore 10reliably. [0019]1n one enbodi nent
of the invenmidaty detected byhéhialexhfusthepsseagrgetarsl ofoes not
function including enptiness of water in the water tank includes any
fault of thersvdamngémerhoingrs héghemndf lohe ist saspdbgensratiion-on and
devi ce. [0020] According to this enbodi nent, even upon a halt of steam
gener at i on-byft bé stheamsigemergenarn idowi ckeduert othaukbtcafm-ghaeshdanmn -
generation heater of the steam

function decision unit decides that it is a halt of the

10 steam generation function including emptiness of water in
the water tank.
[0018] According to this embodiment, in coocking in which
steam from the steam generation device is supplied into the
heating chamber, when the steam generation heater is

15 repetitively turned on and off by the steam-generation-
heater control part, the exhaust temperature (or exhaust
humidity) of the atmosphere in the exhaust passage is
periodically changed high and low in response to turn-on
and -off of the steam generation heater. Upon a halt of

20 steam generation by the steam generation device due to
emptiness of water in the water tank or fault of the steam
generation device (heater fault, pump fault, etc.), the
exhaust temperature (or exhaust humidity)} detected by the
exhaust passage sensor does not periodically change high

25 and low in response to turn-on and -off of the steam



generation device, a halt of the steam generation function 20can be
detected. [0021]1n one enbodi ment of the invention, t he
halt of the steam generation function including enptiness of water in
the water tank includes any fault of a funp for supplying the steam
generation device 25with water derived ¥¥omthe water tank. - 12 -

[ 0022] According to this enbodi ment, even upon a halt of steam
generation by the steam generation device due to fault of the punp
for supplying water fr§¥1the wat er tank to the steam generation

device, a ASPRTBFPRe 1&&hfi%Byener SR IPHRCt i onTan ShEeOEOEEAL1on-

[0023] I n one enbodi nent, of the jnvention, the cooking appliance
furt her Cogﬁppgégn decision unit 1is enabled to decide' that it is a

halt of the steam generation function including emptiness
of water 1in the water tank. By utilizing this
5 characteristic of the exhaust temperature (or exhaust
humidity) of the atmosphere in the exhaust passage linked
with turn-on and -off of the steam generation heater, a
halt of +the steam generation function including the
emptiness of water in the water tank can be detected more
10 reliably.
[0019] In one embodiment of the invention,
the halt of the steam generation function
including emptiness of water in the water tank includes any
fault of the steam generation heater o©of the steam
15 generation device.
[0020] According to this embodiment, even upon a halt of
steam generation by the steam generation device due to
fault of the steam generation heater of the steam
generation device, a halt of the steam generation function
20 can be detected.
[0021] In one embodiment of the invention,
the halt of the steam generation function
including emptiness of water in the water tank includes any
fault of a pump for supplying the steam generation device

25 with water derived from the water tank.



a heater for heating inside of the heating chanber, wherein 10in
cooking in which the heating chanber supplied with steam derived from
the steam generation device is heated by the heater, the
st eam generation-functi on decision unit deci des whether or not it is
a halt of the steam generation functionl?ncludi ng enptiness of water
in 15 the water tank, based on a physical quantity indirectly
representing presence or absence of water in the steam generation
devi ce. [0024%According tqo.,this enbodi ment, ,in cooking in which the
heating chaRBErlsuppPFERXHAPE $PeitFr SMPPREMSPEantYE gdRE af brlt of
device is heated by the heater, the steangeneration-function decision
unit is endbFel tTFRREFERPMhEYheFR8r FieraMt FeReFaFaOn ofleVRhESst 4 TO
generation function including _enptiness of water in the water tank,
based on i ARBLEatfortEs RYR PRy sEERPLYGAAt MAFathdiT@et F)e waggr. tank
representing presence or absence of water in the steam generation
devi ce. Ad¢ant Bjeoust ERecyeNdFat HoRnt 4B B¢ 0025] A ldppatfenttber omtepa
above description, according to the cooking appliance of this
i nvenbi on, geheratéan Beneceaphzednabeodritagtappl i ance capabl e of
detecting a halt of the steam generation function including enptiness
of water ih0PRBIwat efnt gmie wnbpdimempl efstthgctiyressnbmi t hbat cooking
10wat er | evel sensor, and thus cutting down the cost.

appliance further comprises

a heater for heating inside of the heating
chamber, wherein
10 in cooking in which the heating chamber supplied
with steam derived from the steam generation device 1is
heated by the heater, the steam-generation-function
decision unit decides whether or not it is a halt of the
steam generation function including emptiness of water in
15 the water tank, based on a physical quantity indirectly
representing presence or absence of water in the steam
generation device.
[0024] According to this embediment, in coocking in which
the heating chamber supplied with steam from the steam
20 generation device 1is heated by the heater, the steam-
generation-function decision unit 1s enabled to decide
whether or not it 1s a halt of the steam generation
function including emptiness of water in the water tank,

based on information as to a physical quantity indirectly



BRI EF DESCRI PTI ON OF DRAW NGS [0026]Fig. A is a schematic sectional

view of a

cooki ng appliance according to a first enbodi nent of

the 15present invention, as viewed fromthe front; Fig.
1B is an enlarged view of a steam generation device of the cooking

appl i ance;

Fig. 2 is a schehatic sectional view of the

cooki ng appliance, as viewed fromthe side; 20Fig. 3 is a control
bl ock di agram of the cooki ng appli ance; Fig. 4 is a chart
showi ng variations in interior tenperature and exhaust tenperature in

response t 5SPUPREBRIRAD PTFERTS a Bt e3RPGBAEI BT o3& et Ldurihg SEFER
cooki ng 25usi ng superheated steamin the cooking appliance; - 14 -

Fig. 51is

geBRaPE1SRoAFPHgCRari ati ons in interior tenperature and

exhaust tenperature in response to turn-on and -off of the steam
generation heater during steam cooking using steamin the cooking

appl i ance;

5Fig. 6 is a chart show ng variations in output bit nunber

of an exhadgdvapRtpvarvy EEAs6Esi Afrd8FeASECN0 turn-on and -of f of the
st eam generati on heater during oven cooking using superheated steam

in a éooki

i nventi on;

10

15

20

25

hg0appl i ande apperanngfrematbecabevendsdcmeption.t Rgcording
to the cooking appliance of this invention, there can be
realized a cooking appliance capable of detecting a halt of
the steam generation function including emptiness of water
in the water tank with a simple structure and without a

water level sensor, and thus cutting down the cost.

BRIEF DESCRIPTTION OF DRAWINGS
[0026] Fig. 1A is a schematic sectional view of a
cooking appliance according to a first embodiment of the
present invention, as viewed from the front;

Fig. 1B is an enlarged view of a steam generation
device of the cooking appliance;

Fig. 2 1s a schematic sectional wview of the
cooking appliance, as viewed from the side;

Fig. 3 is a control block diagram of the cooking
appliance;

Fig. 4 is a chart showing variations in interior
temperature and exhaust temperature in response to turn-on
and -off of a steam generation heater during oven cooking

using superheated steam in the cooking appliance;



10 Fig. 7 is a chart showing variations in output bit nunber of an
exhaust hum dity sensor in response to turn-on and -off of the steam
generation heater during steam cooking using steamin the cooking
appliance; Fig. 8 is a chart showing variations in ONtine 15 and
OFF-time of the steam generation heaterlduring steam cooking using
steamin a cooking appliance according to a third enbodi nent of the

i nvention; and Fig. 9 is a chart showng a concrete
exanple of the ON-tinme and OFF-ti of the stean1generation heat er |
20duri ng st eam cooki ig9usiPndSstPedmatt t FOEHki e ApplPARcen 1nterior
DESCRI PTI ON OF EMBODI MENTS [ 0027] Her ei nbel ow, a, cooki ng appliance of

t he presentemperaturgyapdi GROFUSE FEMREET WS 1 BetRPRspyto turn-on

enbodi nents 25thereof illustrated in the acconpanying drawi ngs. - 15
- [0028] (FARSt ERDBBdi AEnthhe steam genguptipn | diepteéghespiniigly steam
sectional view of a cooking appliance according to a first enbodi ment
of the i nvEéAPK&RY HE1DPeREAaNr 6F £RE FPBRANISROP2IRMERS cooki ng
appliance, as shown in Fig. 1A has a rectangular .
par al Pel opi ped- shape8ifieats nys c harfBErR0shpuvnte ¥am ad 486 ahgulCatput
paral | el opi ped-shaped mai n casing 10. The heating chanber 20 has an
openi ng onbits rumher sple amnekhaupt ovivgediwivt hsenseat 1ohi xeepergse to
plate 14 of 10 stainless steel on its side face, bottomface and top
face. A heburiinsunl atilngof#t efi ahe( abeashganrasiphabedtarodnd ingeoven
heati ng chanber 20 and inside a door 11 (shown in Fig. 2), so that
i nsi de of thekhedtiwginhamhgrerd@ated hetaal yinnsul atedt ifygonmepprsd iance
outside. Also, a square dish 21 nade of

according to a second embodiment of the invention;

10 Fig. 7 1s a chart showing variations in output
bit number of an exhaust humidity sensor in response to
turn-on and -off of the steam generation heater during
steam cooking using steam in the coocking appliance;

Fig. 8 is a chart showing variations in ON-time

15 and OFF-time of the steam generation heater during steam
cooking using steam in a coocking appliance according to a
third embodiment of the invention; and

Fig. 9 is a chart showing a concrete example of

the ON-time and OFF-time of the steam generation heater

20 during steam cooking using steam in the cooking appliance.

DESCRIPTION OF EMBODIMENTS
[0027] Hereinbelow, a cooking appliance of the present
invention will be described in detail by embodiments

25 thereof illustrated in the accompanying drawings.



15 stainless steel is placed in the heating chanber 20, and a
gridiron 22 nmade of stainless steel wire for placing thereon a
cooki ng object 90, which is to be cooked, is set on the square dish
21. [0030] Upper square dish receivers 23, 24 and | ower 20square dish
recei vers 25, 26 of an upper-and-|ower-#%w0- stage structure are

provi ded on both side faces of the heating chanber 20. In Fig. 1A
the square dish 21 is received by the upper square dish receivers 23,

24. [0031]1ln the main casing .10 and %n the right side of 25the
heating chafféel2o, Eﬁ?%%&%ﬁﬁf%ﬂﬁﬂ?ance further - 16- includes a
wat er tank 30 for su%plying water for use of, steam generation, a punp
31, and a st eam genefafi-onlfevi€e A0 FORCHRNET atFHY L Biew ©F a
evaporating water supplied fromthe water tank 30 by the punp 31.
5[ 0032] Al s6°°CK1BFN R R Tor FEATAORT ( Sovih EATEFg eCHMRRedl ok bs
| ower side of the water tank 30 is connectable to a receiving port
32a (shownl:PHeRFgoN2) 25r HurHed aroBnéhendreRta first water supply
pi pe 32. The other end of the first water supply pipe 32 is connected
to 105one 4A828f t heThdRp CYPKiTRe apiHdrTERd ¢S tPeOWunp3Figs 1A, has
connected to one end of a second water supply pipe 33, and the ot her
end of theasetsatiangudprsuppiplpeperdpeds sbgprdct &¢atdnghe copadpr 20
generation device 40. [0033] A circul ar-shaped suction portion 20a is
provi ded 1Bravidededner ofectansarlafragerefl lelephipati-ayaphdnhain2@asang
a left-upper blowoff portion 20b and a right-upper blowoff portion
20c are pr Qi dedChreahebbingamdambgint 20r hewss,an espevtingelon inst Heont
upper side of the rear face of the heating chanber 20. Also, a
| ef t - mi ddl elBkowaifd post ipprovided with a heat-shielding plate 14 of
10 stainless steel on its side face, bottom face and top face.
A heat insulating material (not shown) is placed around the
heating chamber 20 and inside a door 11 (shown in Fig. 2},
gso that inside of the heating chamber 20 is thermally
insulated from its ocutside. Also, a square dish 21 made of
15 stainless steel is placed in the heating chamber 20, and a
gridiron 22 made of stainless steel wire for placing
thereon a cooking object 90, which is to be cooked, is set
on the square dish 21.
[0030] Upper square dish receivers 23, 24 and lower
20 square dish receivers 25, 26 of an upper-and-lower two-
stage structure are provided on both side faces of the
heating chamber 20. In Fig. 1A, the square dish 21 is
received by the upper square dish receivers 23, 24.

[0031] In the main casing 10 and on the right side of

25 the heating chamber 20, the cooking appliance further



20 20d and a right-m ddl e bl owoff portion 20e are provided on the
| eft and right, respectively, of the suction portion 20a in the rear
face of the heating chanber 20, while a left-lower blowff portion
20f and a right-1ower blowoff portion 20g are provi ded near the
| eft-and-right corners, 25respectivel y,1®f the | ower side of the rear
face of the -17- heating chanber 20. An interior tenperature sensor
76 for detecting a tenperature of an atnosphere in the heating
chanber 20.is_pl.aced on the right upper side of the heating chanmber
20, 5[ 00341 ACHUREEUrh- BAERE( (6754 & BPECHIRI BT hESREF orf Pank=80 OF
Further, an el ectrical-equipnment part 50, a cooling fan 53, .and a
cooling-faﬁtﬁﬁmoﬂeﬁﬁrﬁ5PQﬁﬂ\ﬁer@ﬁu?%xxﬂ?@gafﬁﬁeS% gFBeRRELRE FEVIWE
t he heating chanber 20 within the main casing 10. The cooling fan 53
cool s the 16 ér&ctIanciateqid FHFA™ o t SSBPARAT RS FRKET| FUPR iggi from
casing 10 with air sucked throu%h a bottom side opening 62. Al so, an
ai r suppl ythénwsserofasiipgPyPiigt8Rt BERRI 3&i'r into the heating chamber
20 via an inlet port 57 is placed on the right side of the heating
chanb&r 20 [RPBRIN t ha1lgRi nalZEasiass 1@ HOUIBIA 360 af shegwanienfags] 2)
and a rotating-antenna notor 52 for driving the rotating antenna 51
are pl acedpbervddein ohe Reatliawgrc haritsts 2@?Th@h¢ nvaEeRaveanendfat &&
by a nmagnetron 61 (shown in Fig. 2) are led to a 20 | ower center of
t he heati ngooheanbabl20 by & waeegivdageporhnd A3k Mistoowaves, Higl e2)
being rotated by the rotating antenna 51 that is driven by the
rot ati ng- apremndedoadr S eneé ehdhatfédsipweaicby nseppltie hémei 3§- The
chanber 20, by which the cooking object 90 is heated.

other end of the first water supply pipe 32 is connected to

10 one end of the pump 31. The other end of the pump 31 is
connected to one end of a second water supply pipe 33, and
the other end of the second water supply pipe 33 is
connected to the steam generation device 40.

[0033] A circular-shaped suction portion 20a is provided

15 at a center of a rear face of the heating chamber 20, and a
left-upper blowoff portion 20b and a right-upper blowoff
portion 20c are provided neér left-and-right corners,
respectively, in the upper side of the rear face of the
heating chamber 20. Also, a left-middle blowoff portion

20 20d and a right-middle blowocff portion 20e are provided on
the left and right, respectively, of the suction portion
20a in the rear face of the heating chamber 20, while a
left-lower blowoff portion 20f and a right-lower blowoff
portion 20g are provided near the left-and-right corners,

25 respectively, of the lower side of the rear face of the



-18- [0036]Fig. 1B is an enlarged view of the steam generation device
40 of the cooking appliance. This steam generation device 40

i ncludes: a steam generation box 41 as an exanple of a steam
generation container to which one end 5 of the second water supply
pi pe 33 is connected on a | ower side; al5team generation heater 42

pl aced on the lower side within the steam generation box 41; a steam
tenperature-rai sing heater 43 placed on an upper side within the
steam generatiQn box 41; a steamte eraIure-raising art 45 10 _which
i s provi debSPh1PHe FPERgeter atfitont P sHeEReYRt e r 8ERACEhE for
steam tenperature-raising heater 43 with its upper side opened; and a
plurality BREEFEARFpiDesHBeEAENTRAR hg3Bn EHeFRFHRcHEd FloSt heating
| ower side of the steamtenperature-raising part 45 while a_steam

bl owof f opERPAGSI524416f PLRECE: RBr LRI TGN pERPEY FldSt ké Kd& NEgting
chanmber 20. Water supplied via the second water supply pipe 33 is
stored in £hambeerOpart of the steam generation box 41, and the
stored water is heated by the steam generation heater 42. A

st eanPgened8PBéh- box At e tarirdagdndor A7 aks 20lancdxhapPy shegwater
st eam generation-contai ner tenperature sensor for detecting a
t enper at ur 62k tBe. st eXmrgorar at 8dn HbXCUL¢3l ptacepmeRlr RadwEL sttdam a
generation heater 42 in the steamgeneration box 41. [0037] As shown
in Fig. 1lAccohsngndanf 58n exithustcalucingSzEn arodr ex4nppbe dikiyang the
exhaust passage is connected to an -19-
cooling fan 53 are placed below the heating chamber 20
within the main casing 10. The cooling fan 53 cools the
10 electrical-equipment part 50 and the like in the main
casing 10 with air sucked through a bottom-side opening 62.
Also, an air supply fan 55 for supplying external air into
the heating chamber 20 wvia an inlet port 57 is placed on
the right side of the heating chamber 20 within the main
15 casing 10.
[0035] A yotating antenna 51 and a rotating-antenna
motor 52 for driving the rotating antenna 51 are placed
below in the heating chamber 20. Then, microwaves
generated by a magnetron 61 (shown in Fig. 2) are led to a
20 lower center of the heating chamber 20 by a waveguide 60,
and the microwaves, while being rotated by the rotating
antenna 51 that is driven by the rotating-antenna motor 52,

are radiated upward into the heating chamber 20, by which

the cooking object 90 is heated.



exhaust port 71 (shown in Fig. 2) provided in the right side face of
t he heating chanber 20, and the other end of the exhaust duct 72 is
connected to an outside exhaust port 73. An exhaust tenperature
sensor 74 is placed as an 5 exanpl e of an exhaust passage sensor in
t he exhaust duct 72, and an exhaust hum®ity sensor 75 as an exanple
of an exhaust passage sensor is placed on one side closer to the
heati ng chanber 20 than the exhaust tenperature sensor 74 in the
exhaust duct 72 10[0Q38]Fig. 2 is a schematic_sectional _view of the
cooki ng angPéﬁée, a?lgremégsfﬁﬁh1t$% SHATIAFi Loy, Phe & steam
conponent nenbers as in the cooking appliance shown,in Fig. |A are
designatedgﬁyeFﬁ§1§&n€EW€f§?éﬂ%é3%uﬁ%gaF§9k%@@39PpA§a§ﬁ8wn THig §team
the front face of the main 15 casing 10 is formed generally by a door
11 whi ch r BEREESLARBUASYIL6WEL 4PGdUEESthe FIEAT PEEETaTRER, Pe*h4ddrRé
12 is provided at an upper portion of the door 11, and a w ndow ( not
shown) mad@nofXpERLEr €5 St RFH FsFeratiprnt £enteiNRE Feowhirh one end
20[ 0040] Furt her, a convection fan casing 80 is attached on the rear
face 8ide of the FesONSy E@HEUEDLY abP TdnvecEPBReFhAdgen| § lower
pl aced within the convection fan casing 80 while a convection heater
82 as an eRadpleaobthRamt genezaplianedessessRoprdacedumd the doweactiice
fan 81. 25The convection fan 81 is driven by a convection-fan notor
-20- 83. Al withinhdHeeattagnclosmeaation soeuckeéd By sheanoheaweres viren
81 via a suction portion 20a shown in Fig. 1A and heated by the
convect i onrhéateg 82atanmd iharleafaderorhl wnppér agafia watbinhshkestieay
chanber 20 through the 5 | eft-upper blowoff portion 20b, the
ri ght - uppegebkeoabfibnpopox ot 20c a t btehsf t templelt &t wiewodfs pogt ipmrt204 5
the right-mddle blowff portion 20e, the left-1ower blowff portion
20f , 1and t Weichghts- oweridddowod f tper tteam2@gnsradi onn Hexg. 4L Aso as to
10[ 0041] A magnetron 61 is placed bel ow the heating

surround the steam temperature-raising heater 43 with its

upper side opened; and a plurality of steam pipes 46 each
having one end connected to the lower side of the steam
temperature-raising part 45 while a steam blowoff opening
15 44 of the other end is opened into the heating chamber 20.
Water supplied via the second water supply pipe 33 is
stored in the lower part of the steam generation box 41,
and the stored water is heated by the steam generation
heater 42. A steam-generation-box temperature sensor 47 as
20 an example of a steam-generation-container temperature
sensor for detecting a temperature of the steam generation
box 41 is placed near the steam generation heater 42 in the
steam generation box 41.
[0037] As shown in Fig. 1A, one end of an exhaust duct

25 72 as an example of an exhaust passage 1s connected to an



chanber 20. M crowaves generated by the magnetron 61 are led to a

| ower center of the heating chanber 20 by the wavegui de 60.

[0042]Fig. 3 is a control block diagramof the cooking 15 appli ance.
As shown in Fig. 3, a control unit 100 is made up of a m croconputer
as well as input/output circuits and ttk®Fike, and placed in the

el ectrical -equi prent part 50 shown in Figs. 1A and 2. This control
unit 100 includes a steam generation-function decision unit 100a for
deciding 20 whether or, not it is a halt ,of the steam_generation .
function i AEPEYSRg RAFt i Abss SO Rat 8F Fridthe? PEPVPQ% 3¢ Ghe Fight
heater control unit 100b for_ controlling the steam generation heater
42, the st &afft &fper Kiurldhe dnerhntesPere2s 29d t coMvectier Regdt &f
82. The heater control unit 25100b includes a steam generation-heater
control paFhe exbaust| dugs] @Z8nAécCOINES tERe CO0ATY BUEFACE FobodSE FIRET
steam generation heater 42, the steam tenperature-raising_heater 43,

t he magnet 78n 61ANt RXkyhvlecicperadige 8geneRE cthvaét | BAAF8H mpt oan
83, the cooling-fan notor 54, the 5 rotating-antenna notor 52, an
oper abi on paAEPle3 oft N egKhaYStt AfFadur @eRePsoiN74he hexbanahsduct
hum dity sensor 75, the interior tenperature sensor 76, the

st eangener a2i oAt capaa lurbuseAsby 4%NSphe 7pu@s 3 exavphe of an
ai r-supply-fan notor 56. Then, based on detection signals 10 fromthe
exhaust teapbausbr paseager sphsdrhel sexhlaustd homi o yss@asoiogsr the the
interior tenperature sensor 76 and the steam generation-box

t enper at ur begsensgr ciambeire ZOnthah thet sRuEdnttolgerduse eaansor 74
generation heater 42, the steamtenperature-raising heater 43, the
magnet ron 6#, thheetbavenvdotktofizheater 82, the convection-fan notor
83, the cooling-fan notor 54, the rotating-antenna notor 52, the punp
31 amd thelabB8suppl yigan Zotios 26 achemditng tsespeondiedvirwgrcdirs the

cooking appliance, as viewed from the side. In Fig. 2, the
same component members as in the cooking appliance shown in
Fig. 1A are designated by the same reference numerals.

[0039] As shown in Fig. 2, the front face of the main

15 casing 10 is formed generally by a door 11 which rotates
about a lower side of the front face. Then, a handle 12 is
provided at an upper portion of the door 11, and a window
(not shown) made of heat-resistant glass is fitted to the
door 11.

20 [0040] Further, a convection fan casing 80 is attached
on the rear face gide of the heating chamber 20, and a
convection fan 81 is placed within the convection fan
casing 80 while a convection heater 82 as an example of
heater is placed so as to surround the convection fan 81.

25 The convection fan 81 is driven by a convection-fan motor



[ 0044] Now, steam heating operation in the above- 20 constructed
cooking appliance will be explained with reference to Figs. 1A, 2 and
3. When a power switch (not shown) of the operation panel 13 is
pressed, power is turned on, and operation of oven cooking using
superheated steamis started by operati®h-of the operation panel 13.
25Then, first, by a water tank detection part (not shown), -22- the
control unit 100 detects whether or not the water tank 30 is
correctly set, where if the ter tank 30 i.s correctly set, operation
of the punf331 i & aﬂ?ed?h?ng?ﬁatb&nq hé 31 20at8&r ?‘écjéﬁ‘gpﬁﬁéd the
fromthe water tank 30 5 via the second water supply pipe 33 into_the
st eam geneFaPVERTAER ifQﬁs%rﬁ9§t@aﬁP&éﬁ@PaﬁFHﬁ%ﬂaﬂ%ég4®hown in Fig.
Thereafter, with a specified quantity of water supplied into_the
st eam genef&ti GRIEFEAED e &ﬁrpc@l"?%t%‘?%p%%@lt%% BRat 2PRe thereafter
supply is stopped. 10[ 0045] Next, the steam generation heater 42 is
turned on, PdeWRhLf hagapiciimted Fhantigarigly wabarbgror2dd threwgh the
st eam generation box 41 is heated by the steam generation heater 42.
Then, 5i n syAERrvRPest i bhoWpER tRrtigh- 88bef the sticHmh yiorsiat idwworf
heater 42, or when the tenperature of 15 the steam generation box 41
det ect ed bporhacst edfigenckaei oheboxniddper delewoslengnrgiporhas ddbac vde
a specified tenperature, the convection fan 81 is driven by the
convect i onrfightnoiddle3 wdvwet f hpostAavact? @, heaeerlsPt + bowew ndd coef £
Then, the convection fan 81 sucks gas 20 (including stean) in the
heat i ng chasbeioR0 206 owgld tile sticghionl et i bhoROEL t pofbédnt BEggadown
(including steam) heated by the convection heater 82 into the heating
chanber 20in[ BQ46] Naxt, boiling of water in the steam generation
25box 41 of the steam generation device 40 causes saturated

10 [0041] A magnetron 61 1is placed below the heating

chamber 20. Microwaves generated by the magnetron 61 are
led to a lower center of the heating chamber 20 by the
waveguide 60.
[0042] Fig. 3 is a control block diagram of the cooking
15 appliance. As shown in Fig. 3, a control unit 100 is made
up of a microcomputer as well as input/output circuits and
the like, and piaced in the electrical-equipment part 50
shown in Filgs. 1A and 2. This control unit 100 includes a
steam-generation-function decision unit 100a for deciding
20 whether or not it is a halt of the steam generation
function including emptiness of water in the water tank 30,
and a heater control unit 100b for controlling the steam
generation heater 42, the steam temperature-raising heater
43 and the convection heater 82. The heater control unit

25 100b includes a steam-generation-heater control part.



-23- steamto be generated, and the generated saturated steamis
heated by the steam tenperature-raising heater 43 in the steam
tenperature-raising part 45, resulting in superheated steam of 100C
or higher (tenperature differs dependggg on cooki ng contents), which
is supplied fromthe steam bl owoff opem-hg 44 via the steam pi pes 46
into the heating chanber 20. [0047] This superheated steamis sucked
together with air in the heating chanmber 20 through the suction
portion 10 ZOaaEy t he convect.ion n%%%81, and_ heat ed Q{ t he copvecti on
heater 82, [BPERA i nt GOPRECRESt ity [CHanBeRrtEDt HPdlgH GhetTef HRGpséram
bl owof f portion 20b, the right-upper blowff portion 20c, ,the
| ef t - mi dd| EEBFERBEPRPERALER JGd, e FTEMD- hEWBFEabHEROERIBORDI Sfater
20e, the left-lower blowoff 15 portion 20f and the right-1ower
bl owof f poffi ontP8g, MEGRERAPRsUER a EBRVeEPPIRCAL PO %ﬁéEtheB@ookF#§
object 90 in the heating chanber 20 is fornmed. Then, flows of
convect i veCSREERTaPB- §BEKIBPTT sfcbes§itén £8CLABIsHRR| IRPHOF t i 26&€
passing through the convection fan casing 80 20and returning again
into Phe htatprhgnehanbenrnao repent ety 30 cioR&NE1Yh. H20B48] AS shéhe
above, by the formation of convection of super heated steamin the
heati ng chawbapsRtempepasumes Seaseith| i t oclmkexbapst hhunédisyegpnsor
efficiently collide with 25t he cooki ng object 90 placed on the
gridiron 225whi Itde - 2intepidmt at anpgranifer msemsear at1re ablde husitgiarmy
distributions in the heating chanber 20, where the cooking object 90
i s heat ed pgnehatiohtbekorsnperaiareypmactt ed’ st 6hm pumpt BB, casd, an
super heat ed steam brought into contact with a surface 5 of the
cooki ng obgértsepphukésnt hetoooliong dhjeect BEditateddatsotbyn signals
rel easing | atent heat upon condensation at the surface of the cooking
obj etd 90. fAsma rtésul exhaasge dqenpdnatwofe hestnadr super hebhed skbamst
can be given uniformy to all over the cooking object 90 reliably and
humidity sensor 75, the interior temperature sensor 76 and

the steam-generation-box temperature sensor 47, the control
unit 100 controls the steam generation heater 42, the steam
temperature-raising heater 43, the magnetron 61, the
15 convection heater 82, the convection-fan wmotor 83, the
cooling-fan motor 54, the rotating-antenna motor 52, the
pump 31 and the air-supply-fan motor 56 according to
specified programs.
[0044] Now, steam heating operation in the above-
20 constructed cocking appliance will be explained with
reference to Figs. 1A, 2 and 3. When a power switch (not
shown) of the operation panel 13 is pressed, power is
turned on, and operation of oven cooking using superheated
steam is started by operation of the operation panel 13.

25 Then, first, by a water tank detection part (not shown},



10pronptly. Therefore, cooking of good finish and uniformty can be
achi eved. [0049] Al so, during the cooking operation shown above, as
tinme el apses, the quantity of steamin the heating chanber 20

i ncreases, so that quantitatively excessive 15 steamis rel eased
fromthe exhaust port 71 via the exhaust?2duct 72 so as to go outside
fromthe outside exhaust port 73. [0050] After cooking conpletion, a
nmessage of cooking conpletion is displayed on the operation panel 13
by the ZOCogtroI uniﬁ 10Q, and si gnal SO%ﬂ? i s generated by a
buzzer (nothenGRAFThlodrdsd W RFSdt AITTGaner A8t F05YPFRs tank
above description is directed to a case of, oven cooki ng usin ,
super heat ed®st @8m CPREEGEHYi ofEti n WeERe b dtheam&ISG n&aﬁ’gﬁ ng® 18

steam the sane oEeration as -25- i
correctly set, operation of the pump 31 is started. Then,

by the pump 31, water is supplied from the water tank 30

5 via the second water supply pipe 33 into the steam
generation box 41 of the steam generation device 40.
Thereafter, with a specified quantity of water supplied
into the steam generation box 41, the pump 31 is stopped so
that the water supply is stopped.

10 [0045] Next, the steam generation heater 42 is turned
on, so that the specified guantity of water stored in the
steam generation box 41 is heated by the steam generation
heater 42. Then, in synchronization with the turn-on of
the steam generation heater 42, or when the temperature of

15 the steam generation box 41 detected by the steam-
generation-box temperature sensor 47 has reached a
specified temperature, the convection fan 81 is driven by
the convection-fan motor 83 while the convection heater 82
is turned on. Then, the convection fan 81 sucks gas

20 (including steam) in the heating chamber 20 through the
suction portion 20a to feed the gas (including steam)
heated by the convection heater 82 into the heating chamber
20.

[0046] Next, boiling of water in the steam generation

25 box 41 of the steam generation device 40 causes saturated



descri bed above is perforned without driving the convection fan 81
and wi thout turning on the convection heater 82. [0052]1In contrast to
this, for mcrowave heating operation, when the operation panel 13 is
operated by a 5 user so that a m crowave cooking nenu is decided and
a start key (not shown) is pressed, opetation of the nicrowave
heating cooking is started. Then, the control unit 100 drives the
magnetron 61 so that m crowaves are fed to the cooki ng object 90 via
t he wavegui de 60 ang t he 10rotgﬁin antenna 51 to heat the cooking .
obj ect 90. SFR2HdEPt PEnIERGFathfls EREethg HFOFSRETE CAINESAIEL Fgeam 1s
nonmet al catch pan on which the cooking object, 90 is nounted is, |aid
on a bottoRfpfstle B tRE KESAM L FIRFART DY LR 2P Ex ARBFET G053 Fitge
4 is a chart showi ng variations in interior 15 tenperature and
exhaust teﬁﬁ@ﬁ&tGP@PPﬁaF€§66ﬁ§ésﬂ89t@ﬁﬁioﬁ5anéeﬁﬂht%ﬂ9t%ﬁa%&ﬂ%%%eatEd
generation heater 42 during oven cooking using superheated steamin

t he cooki n§t8pPl PAnd@0°th 4 drigher hetermperdriat dkfiereprepepfing e
(mnute) and the vertical axis represents tenperature (C) and steam
20genér at i 6ACKéBTeFONRBULS) kV\)"thgosﬁ] PHPPRIL§Sf from ERSogtman plowoff
during oven cooking using superheated steam (interior tenperature
setting: 28PEpings44hovd itheFigtealm piresteanigbnerhei brakéngechambey
turned on and off repetitively, i.e., turned on for 10 25seconds per
m nute duriAg 15 mnutes fromthe start and -26- turned on for 7

seconds per mnute-after the 15 m nute el apse.
[0047] This superheated steam is sucked together with

air in the heating chamber 20 through the suction portion
10 20a by the convection fan 81, and heated by the convection
heater 82, blown into the heating chamber 20 through the
left-upper blowoff portion 20b, the right-upper blowoff
portion 20c¢, the left-middle blowoff portion 204, the
right-middle blowoff portion 20e, the left-lower Dblowoff
15 portion 20f and the right-lower blowoff portion 20g, so
that such a convection as to wrap the cooking object 90 in
the heating chamber 20 is formed. Then, flows of
convective steam are sucked in succession tco the suction
portion 20a, passing through the convection fan casing 80
20 and returning again into the heating chamber 20 repeatedly
in circulation.
[0048] As shown above, by the formation of convection of
superheated steam in the heating chamber 20, it becomes
possible to make superheated steam efficiently collide with

25 the cooking object 90 placed on the gridiron 22 while



[0055]In this case, the interior tenperature detected by the interior
tenperature sensor 76 and the exhaust 5 tenperature detected by the
exhaust tenperature sensor 74 gradually increase to near 250C

Turn-on of the steam generation heater 42 causes the interior
tenperature and the exhaust tenperature?4o change higher, while
turn-of f of the steam generation heater 42 causes the interior

10t enperature and the exhaust tenperature to change |lower. That is,
the interior tenperature and the exhaust tenperature periodically,
change hi gR2aREF-Gd"de pERAFT rETRFTR O AndRd oPHTS A1 e ditSdmbutions
generation heater 42. [0056] Then, upon a halt of the steam generatiaon
15 functi oARdiEe FEHptEHes a%Peﬂa?Er "herRe Bh FORKHRT 30PdRCFadlt 18
of the steam generation heater 42 or fault of the pu 31 or the .
i ke, the hﬁﬁg?ﬂoPYtéﬁﬁeﬁaﬁkﬁﬁ%ﬁﬁ%éﬁb&hﬂl%qﬁﬁﬁhﬁ%ﬁﬁ rstedther dtutdis
sensor 76 and the exhaust tenperature detected by the exhaust

t enper at ur €a5&ns §RPPFheasRSWSEERNs LIRYIPEr 1HFCc SOCNERSTgeS tiny Hord age
shown in Fi%. 4. [0057]Fig. 5is a chart showing variations in

i nterPor ©ft thpecarliagdardiethaddt meErsetitucookindepasssE 0§ heated
turn-on and -off of the steam generation heater during steam

25coo0ki ng 8deng kY eamliaasimg coskeny dppit angpen | AoRdgnsstion2 At t hde
hori zontal axis represents time (mnute) and the vertical axis

r epr esent sstizfipecatof e t(€) andkingandlfedet atilon hést e irgEMlf kWlarge

gquantity of heat of superheated steam c¢an be given
uniformly to all over the cooking object 90 reliably and
10 promptly. Therefore, coocking of good finish and uniformity
can be achieved.
[0048] Also, during the cooking operation shown above,
as time elapses, the quantity of steam in the heating
chamber 20 increases, s0 that gquantitatively excessive
15 steam is released from the exhaust port 71 via the exhaust
duct 72 so as to go outside from the outside exhaust port
73.
[0050] After cooking completion, a message of cooking
completion is displayed on the operation panel 13 by the
20 control unit 100, and a signal sound is generated by a
buzzer (not shown) provided on the operation panel 13.
[0051] The above description is directed to a case of
oven cooking using superheated steam. In addition, in a

case of steam cooking using steam, the same operation as



[ 0058] Duri ng steam cooki ng using steam as shown in 5 Fig. 5, the
steam generation heater 42 is turned on and off repetitively, i.e.,
turned on continuously during 4 mnutes fromthe start, turned on for
50 seconds per mnute after the 4 mnute elapse and until a 15 mnute
el apse, and turned on for 40 seconds pef>minute after the 15 minute
10el apse. [0059]In this case, the interior tenperature detected by
the interior tenperature sensor 76 and the exhaust tenperature
detected by the ,exhaust tenperatuyre sensqr 74 increase tqQ near 100C
T Several UEECaiTet THoH oo B AE TS o MR G Lo 1t G ot on
causes the interior tenperature and the exhaust tenperature to change
hi gher, whitP& Sdr S Yaf-BeRE §F§EﬁP§éR§r5@@0ﬁ°ﬁ§§¥%?‘ﬁ2i¥%ﬁﬁﬁés&@he
interior tenperature _and the exhaust tenperature to change | ower.
That is, tHE8%PRderi ol effS8YdARte drfti tHel®xhafiSt 28LEXP¥RYEUr &eating
peri odi cal |y change hi%Q and_| ow dependi ng on turn-on and -off of_ the
st eam genePRELSH 1RBat s¥herp. theostierfidnionpBAnglhalt 6Ff tIRE@AT&In bY 2
generation function due to enptiness of water in the water tank 30_or
faul t Sof t HEEFt e¥n §EAEr At | A CRONEEE APCVEIRGUMETE 1He BEFGRS 3[aNdr 2

the like, the i-nterior tenperature detected by .
start key (not shown) 1s pressed, operation of the

microwave heating cooking is started. Then, the control
unit 100 drives the magnetron 61 so that microwaves are fed
to the coocking object 920 via the waveguide 60 and the
10 rotating antenna 51 to heat the cooking object 90. In
addition, for this case, a microwave-transmitting nonmetal
catch pan on which the cooking object 90 is mounted is laid
on a bottom plate of the heating chamber 20 as an example.
[0053] Fig. 4 is a chart showing variations in interior
15 temperature and exhaust temperature in response to turn-on
and -off of the steam generation heater 42 during oven
cooking using superheated steam in the cooking appliance.
In Fig. 4, the horizontal axis represents time {(minute) and
the vertical axis represents temperature (°C) and steam
20 generation heater input (kW).
[0054] In this first embodiment, during oven cooking
using superheated steam (interior temperature setting:
250°C), as shown in Fig. 4, the steam generation heater 42
is turned on and off repetitively, i.e., turned on for 10

25 seconds per minute during 15 minutes from the start and



-28- the interior tenperature sensor 76 and the exhaust tenperature
detected by the exhaust tenperature sensor 74 show al nbst no
peri odi cal changes any nore as shown in Fig. 5. 5[0061] According to
t he cooki ng appliance of the above construction, upon cooking (e.qg.
oven cooki ng, steam cooking, etc.) usin§®steam supplied into the
heati ng chanber 20, the steam generation device 40 supplies steamto
t he heating chanber 20. Then, during the cooking, steam 10 fromthe
st eam generati on devi ce 40_keeps heing supplied to_the heati .
chanber 20 CEBOtndt athgsphe ECPRORAT. TREMES et HEE hel noScmifbee
20 is discharged little by little to outside of the main casing 10
via the exRaf®ESduct 72. In this case, upon a halt of steam
generation b% t he steam 15 generation device 40 due to enpti ness of
water in tH8%@der t &Rk BYorcRagtt tHe (HE ST RIM GERBRLRFURCISRIES tAS
(heater fault, gunp,faul;, etc.), steamis no Ionger s%gplied to_the
heating ch&ibefl®0, 1T (HFARSYFUEIS viSRTERE exhaudid dudie 78xhaust
al nost stops, thus resulting in variation in 20 exhaust tenperature
of thé atn§§ﬁﬁ§¢étpﬁetm§ tbguéhe7 2xhmisth teRephydreapensor 74
quantity correlating to the presence or absence of water in the steam
gener at i ongakual lybebarierse mall .NEr uPP°Ei-ng TWER-eRadct BRe sttesm
t he steam generation-function decision unit 100a, based on an
25exhaust EenpsRatone AR ed2byraufesexhhastinteéarrat bpeperagure and
sensor 74, decides whether or not it is a halt of the steam
gener at i onthenekhanstnteupeng tomst teeshapyendiigheim whd lgattarn-ofi€ of
30. Therefore, a halt of the steam generation function including
enpti ness bdhewatsdream tdensweaieion anked0es cad? becalstet etdhei t Hingerior
sinple structure without a water |evel sensor, so that the cost can
be cud dowhempezafuheal tandf thhe esthearatgenenpeiranufaendia ophanget dower.
factors other than the enptiness of water in the water tank 30
(heater faUh&f purp fathe, ditérican atswpérattetrect echd 10f0662fkdraust
this first enbodi nent, in cooking in which steamfromthe steam
gener at i ontdeperatdfei pesupaliiced liynt chahge heaghngrchahder d2fendpog an
halt of steam generation by the steam generation device 40 due to
enpti ness ofirmabar and tbéfwatfekhtaskedd genkaalktoaf heheest @aam
gener ati on device

[0056] Then, wupon a halt of the steam generation

15 function due to emptiness of water in the water tank 30 or
fault of the steam generation heater 42 or fault of the
pump 31 or the like, the interior temperature detected by
the interior temperature sensor 76 and the exhaust

temperature detected by the exhaust temperature sensor 74

20 show almost no periodical changes any more as shown in Fig.
4.
[0057] Fig. 5 i1s a chart showing variations in interior

temperature and exhaust temperature in response to turn-on
and -off of the steam generation heater during steam

25 cooking using steam in the cooking appliance. In Fig. 5,



15 40 (fault of the steam generation heater 42, fault of punp 31,
etc.), when the exhaust tenperature detected by the exhaust

t enperature sensor 74 does not periodically change high or | ow even
with turn-on and -off of the steam generation heater 42 by the heater
control unit 100b, it is 20 decided by the steam generation-function
decision unit 100a as a halt of the steam generation function

i ncluding the enptiness of water in the water tank 30. By utilizing
this characteristic of the exhaust tenperature.of the atnosphere in
the exhaustBuchOF3ZPmiRdd RHOR { SERZGRERNG - GiMCof (YUY e4R0  the
generation heater _42, a halt of the steam generation ,; 30 - function
i ncl udi ng VRELRBL néeeSf E%PE?S?ﬂt§hetﬁ@%§FaF§ﬁF 300 &Gh bElfet

nore reliably. [0Q63]1n addition, another way of decision is also
possi bl e; BRBEYAE1CHpHRAECRATPEE Sk¥Am generation by the 5 steam
generation device 40 due to enptiness _of water in the water tank or .
fault of tHA0SBéam gPHERASI oFL Vi COUG T aUFLNGf FIRAWt egf sShown in
generation _heater 42, fault of the punp 31, etc.), when the exhaust

t enpePat ur Eidet ct EBSHFLERB SRRGYSL LOBNPEREEHT é 25 s GMTTEII68s apet of £
change higher in 10 response to turn-on of the steam generation
heat er 42, rEpetdtdweilled 1b§ -t hEWEPEEMPHe FONELNIRLSL I ANEANGe di Silgwtes
unit 100a as a halt of the steam generation function including

enpti ness &komattéle igtante weireredanR Ior 159 t3reondserarsvingye after
utilizing the characteristic of the exhaust 15tenperature of the

at nospher etha the rdovdest capse72nd nkag idi téd i nnppube thapseamand
generation heater 42, a halt of the steam generation function

i ncl udi ng theznedptdmefsroft wateronds t perwatgrutteaankfBorcamebel demdaes:
reliably. [0064] Further, in the first enbodinent, a halt of the 20

st eafibgeneeadtpen.functi on can be detected al so upon a halt of steam
generation by the steam generation device 40 due to fault of the

st eam genefl@tbdih healler A2 sof cade, stbamigemeriain obenpeirgbundd. detected
Moreover, a halt of the steam generation function can be detected
even when bhe sheamnterior temperature sensor 76 and the exhaust

temperature detected by the exhaust temperature sensor 74
increase to near 100°C in several seconds. Turn-on of the
15 steam generation heater 42 causes the interior temperature
and the exhaust temperature to change higher, while turn-
off of the steam generation heater 42 causes the interior
temperature and the exhaust temperature to change lower.
That 1is, the interior temperature and the exhaust
20 temperature periodically change high and low depending on
turn-on and -off of the steam generation heater 42.
[0060] Then, upon a halt of the steam generation
function due to emptiness of water in the water tank 30 or
fault of the steam generation heater 42 or fault of the

25 pump 31 or the like, the interior temperature detected by



25generation by the steam generation device 40 is stopped due -31-
to fault of the punp 31 for supplying the steam generation device 40
wth water fromthe water tank 30. [0065] As shown above, according to
t he cooki ng appliance of the first enmbodi nent, in oven cooking in
which 5 the heating chamber 20 supplied&ith steam fromthe steam
generation device 40 is internally heated by the convection heater 82
or steam cooking using steam the steangeneration-function decision
unit 100a, based on an exhaust tenperature detected by the exhaust

t enper at ur ER8ensATEFACTI0 P HRTHe® whBEREPTor /fot 31| sthehafEhgst
t he stean1%eneration function jncluding enptiness of water in the

wat er tank TSHPEFBEBEE( SECSTF SEh i hBRt PXEYSte TYRETHAIEE SABRFRY 74
variations in output 15 bit number _of the exhaust hum dity sensor 75
in respons&€hPY BEPRSENNANRETIPALER Lt REABEEENPHENBLAE 6 Regrer 1@ Fig.
during oven cooking using superheated steamin a cooking appliance
according Pe a second enbodi nent of the invention. The cooki ng

appl iance of the second enbodinent is simlar in 20 construction to

t he cBoki ng08ppli ancBcepPrehedf itcsttherbeaPlitRy erpdianssered | Bheofbove
control unit 100, and therefore Figs. 1A 18 and 2 are referenced

al so in thisneasectlon67] MPOR g.co®kimite ht iZzont@vemxi sopkphgsenssean
time 25(m nute) and the vertical axis represents output bit nunber

cooking, etc.) using steam supplied into the heating

chamber 20, the steam generation device 40 supplies steam

to the heating chamber 20. Then, during the cooking, steam

10 from the steam generation device 40 keeps being supplied to

the heating chamber 20, so that atmosphere including steam

in the heating chamber 20 is discharged little by little to

outside of the main casing 10 via the exhaust duct 72. In

this case, upon a halt of steam generation by the steam

15 generation device 40 due to emptiness of water in the water

tank 30 or fault of the steam generation device 40 (heater

fault, pump fault, etc.), steam is no longer supplied to

the heating chamber 20, so that the exhaust via the exhaust

duct 72 almost stops, thus resulting in wariation in

20 exhaust temperature of the atmosphere in the exhaust duct

72, which 1is a physical quantity correlating to the

presence or absence of water in the steam generation box

41, becoming small. By utilizing such characteristics, the

steam-generation-function decision unit 100a, based on an

25 exhaust temperature detected by the exhaust temperature



-32- of the exhaust hum dity sensor 75.1n this second enbodi nent, an
out put bit nunber of zero of the exhaust hum dity sensor 75
represents an absolute humdity of the indoor air level, and |arger
bit nunbers represent 5increases in absolute humdity with increased
moi sture in the exhaust. [0068]1n this £doki ng appliance of the
second enbodi nent, in oven cooking using superheated steam (interior
tenperature setting: 200C), as shown in Fig. 6, 10 the steam
generation heater 42 is turned on _and off repetitively, i.e., turned
on for 12 SEBSRAs "fer SRCAGES FHEERGTLEINIRGt && Ao tsfg}ﬁhghﬁteam
turned on for 9 seconds per, mnyte _after the 15 m nute el apse.

[0069] | n t AFBEEAS&ORant WhPate? RENIHY Y eEReE 2BERY tHe Wa5ESExhHRystthe
hum dity sensor 75 raduall¥ i ncreases. Turn-on_ of the steam )
gener at i on¥AE&Fer-dx Huses kP EFaust Ratitdidly toccRaRGR MicgseRtion
while turn-off of the steam generation heater 42 causes the exhaust
hunidity t&UBRRAGE ReweidiTmaemedingss odhaatehubdihy peErsditeaik yo

changes hi gh and . ) )
5 can be detected with a simple structure without a water

level sensor, so that the cost can be cut down. Also,
halts of the steam generation function due to factors other
than the emptiness of water in the water tank 30 (heater
fault, pump fault, etc.) can also be detected.

10 [o062] In this first embodiment, in coocking in which
steam from the steam generation device 40 is supplied into
the heating chamber 20, upon a halt of steam generation by
the steam generation device 40 due to emptiness of water in
the water tank 30 or fault of the steam generation device

15 40 (fault of the steam generation heater 42, fault of pump
31, etc.), when the exhaust temperature detected by the
exhaust temperature sensor 74 does not periodically change
high or low even with turn-on and -off of the steam
generation heater 42 by the heater control unit 100b, it is

20 decided by the steam-generation-function decision unit 100a
as a halt of the steam generation function including the
emptiness of water in the water tank 30. By utilizing this
characteristic of the exhaust temperature of the atmosphere
in the exhaust duct 72 linked with turn-on and -off of the

25 steam generation heater 42, a halt of the steam generation



20l ow dependi ng on turn-on and -off of the steam generation heater
42. [0070] Then, upon a halt of the steam generation function due
to enptiness of water in the water tank 30 or fault of the steam
generation heater 42 or fault of the 25punp 31 or the like, the
exhaust hunmidity detected by the -33--%Xhaust hunmidity sensor 75
shows al nost no periodical changes any nore as shown in Fig. 6.
[0071]Fig. 7 is a chart showing variations in output bit nunber of

t he exhaust. hum,dity sensqr 75._in response tq 5turn-qn and -off of
Lhe o eam GBIEEAE o THONEar Ty BN G C L AR Cob RS g STt s

cooki ng apgliagce rr%{%072 gg{in% steangpooking usi ng steam as shown
in Fig 7, Ph€.§t§§ &R g ﬁe&?&ﬁ #3Yj-s turned on and of f
repetitivel Y oes® T "Sda2Pi SN MOUSY Gl "Yet BLOYESS: is also
possible; that is, upon a halt of steam generation by the
5 steam generation device 40 due to emptiness of water in the
water tank or fault of the steam generation device 40
(fault of the steam generation heater 42, fault of the pump
31, etc.), when the exhaust temperature detected by the
exhaust temperature sensor 74 does not change higher in
10 response to turn-on of the steam generation heater 42, it
is decided by the steam-generation-function decision unit
100a as a halt of the steam generation function including
emptiness of water in the water tank 30. In this case
also, by utilizing the characteristic of the exhaust
15 temperature of the atmosphere in the exhaust duct 72 linked
with turn-on of the steam generation heater 42, a halt of
the steam generation function including the emptiness of
water in the water tank 30 can be detected reliably.
[0064] Further, in the first embodiment, a halt of the
20 steam generation function can be detected also upon a halt
of steam generation by the steam generation device 40 due
to fault of the steam generation heater 42 of the steam
generation device 40. Moreover, a halt of the steam

generation function can be detected even when the steam

25 generation by the steam generation device 40 is stopped due



10 fromthe start, turned on for 50 seconds per mnute after the 4
m nute el apse and until a 15 m nute el apse, and turned on for 40
seconds per mnute after the 15 mnute elapse. [0073]In this case,

t he exhaust hum dity detected by 15 the exhaust humidity sensor 75
gradual |y increases. Turn-on of the stedhrgeneration heater 42 causes
t he exhaust hum dity to change higher, while turn-off of the steam
generation heater 42 causes the exhaust humdity to change | ower.

That is, the t dit e |caII han e 20hi_ gh _and | ow
dopendi ng o LA o L?mﬁfﬂh OF { SURP LENBR At P SEareASFETat ion
[ 0074] Then,, upo hal.t _of the eant ener ation function due to
enpt i ness gev %&Fe# O Withe “R&ter YPLEZUEETSF 3Che st eam

generation heater 42 _or fault of the 25punp 31 or the like, the
exhaust hut?8PPy det 86t ed>BY"® he 2POFE- exdia@RIAH ditfy s %orcf@klng
shows al nost no periodi cal changes any nore as shown in Fig.

[ 0075] AccoRBPh&2RGSt Ré EBSKitHE Skp SIPRdBSHE /t A& &B@@ec@GﬁépﬁUéplﬁﬁlCh
t he steam generation-function decision_unit 100a, based on an exhaust
humi dPt y dghécﬁéﬁqﬁ@&tﬁﬁ%ﬁ@%ﬁw?oh@HPBﬂﬂ?ds@WQﬂ sfRamhfEpmi §hg steam
physi cal quantity correlating to the presence or absence of water in
t he steam genera%peﬁ BeXige 4Qedrdéntemaphey deafed by ithea deamecsfion
the steam generation function including enptiness 10 of water in the
wat er tankhggteThelef orax, FUrAn ofoekngt canigenerherdn f Gheti Gream-
including the enptiness of water in the water tank 30 can be detected
with a sinpeeesardenofangtiboutesigadonr uhdel 09ensbaseso onhan ekdaust
cost can be cut down. Also, halts of the steam generation 15 function
due to factempevaheret baftedtedemit i tes sexifiawdt eteinperabunat eensamnk 730

(heater fault, punp fault, etc.) can also be detected.
10 can decide whether or not it is a halt of the steam

generation function including emptiness of water in the

water tank 30.

[0066] (Second Embodiment)

Fig. 6 is a chart showing variations in output

15 bit number of the exhaust humidity sensor 75 in response to

turn-on and -off of the steam generation heater 42 during

oven cooking using superheated steam in a cooking appliance

according to a second embodiment of the invention. The

cooking appliance of the second embodiment is similar in
20 construction to the coocking appliance of the first

embodiment except operation of the control unit 100, and

therefore Figs. 1A, 1B and 2 are referenced also in this

case.

[0067] In Fig. 6, the horizontal axis represents time

25 (minute) and the wvertical axis represents output bit number



[0076] I n this second enbodi ment, upon a halt of steam generation by
the steam generation device 40 due to 20 enptiness of water in the
wat er tank 30 or fault of the steam generation device 40 (fault of
the steam generation heater 42, fault of punp 31, etc.), since the
exhaust hunidity detected by the exhaust2humdity sensor 75 does not
periodically change high or Iow even with turn-on and - 25off of the

st eam generation heater 42 by the heater control -35- unit 100b, it
is decided hy the steam generati,on-function decision ynit 1Q0a as a
hal t of th8?st€ g@ﬁgﬁﬁgFon itdh ST n%E%he e#ﬁtiﬁ § ofecond

water in the water tank 30. By utiljzing this characteristic of the
exhaust 5 RORPEADGDSH t3He &H Eﬁhé?%iﬁgm‘éreﬁigué?rﬁu&f 79h% ust
with turn-on and -off of the steam generation heater 42, a halt of
the steam HeRéfdfyofmantt i Oh FREFEEFRESt A ARAGIES rmidtey Ph the
wat er tank 30 can be detected nore reliably. 10]0077]In addition,
anot her waj8PO8ecidditon 18Val so pBYsi HeggdsthatPis, BPBReAShalErgesent
steam generation by the steam generation device 40 due to enptiness
of waber i AnEKEAREEerint aARSFUEQUhuMSEiE e Witda M RfErRR SR oRCdETIER 40
(fault of the steam generation heater 42, fault of the punp 15 31,
etc.), sinthket pgharBiust hunidity detected by the exhaust humidity
sensor 75 does not change higher in response to turn-on of the steam
gener ati on [A@&BEr 42Init tRigeciduking t heppilaamcgenerht i dihg unéeicond
decision unit 100a as a halt of the steam generation function
i ncl udi ng e0bedptengss dm wateeni ncebkingt erugisgk 3oupenhepredcasgean
al so, by utilizing the characteristic of the exhaust humdity of the
at nospher e (intehéoex hanperducire7 Zdttriken A ad Qur monshdwnhénsFégm 6,
generation heater 42, a halt of the steam generation function
i ncl udi ng the esptamesgenér@bianerheéatéhe 4@t ers t anker88 cam bend off
detected reliably.

repetitively, 1.e., turned on for 12 seconds per minute

during 15 minutes from the start and turned on for 9

seconds per minute after the 15 minute elapse.

{0069] In this case, an exhaust humidity detected by the
15 exhaust humidity sensor 75 gradually increases. Turn-on of

the steam generation heater 42 causes the exhaust humidity

to change higher, while turn-off of the steam generation

heater 42 causes the exhaust humidity to change lower.

That is, the exhaust humidity periodically changes high and

20 low depending on turn-on and -off of the steam generation
heater 42.
[c070] Then, wupon a halt of the steam generation

function due to emptiness of water in the water tank 30 or
fault of the steam generation heater 42 or fault of the

25 pump 31 or the like, the exhaust humidity detected by the



- 36 - [0078]Further, a halt of the steam generation function can be
detected al so upon a halt of steam generation by the steam generation
device 40 due to fault of the steam generation heater 42 of the steam
generation device 40. 5 Mdrreover, a halt of the steam generation
function can be detected even when the %t eam generation by the steam
generation device 40 is stopped due to fault of the punp 31 for
supplying water in the water tank 30 to the steam generation device
40. 10[ 0079 sho abqye, according_to the cooki ng appliance ,of_th
Second: b BHPREAE. BYBROLBY overnEgbk By i TG o TS hodtd ngeTHaGAL
20 supplied with steamfromthe steam generation device 40 is

i nt ernal | yChe8RoE& BYYt ROTEoRTeENPHR RBafdf -85, the

st eam generation-function 15 decision unit 100a, based on an_ exhaust
humi dity ddP8Ziéd byFiAe ekhhBs? HedEf t PROWABEr VAT 1akPfeciBe OutpuL
whet her or not it is a halt of the steam generation function

i ncl udi ng BApt PHERSToPIWREEr eKRAURE WA 1ftanReBgOY] O80T Teispense to
Enbodi nent) 20A cooking appliance according to a third enbodi nent of

t he i Avent EBERFeNdea’d i befhePdw it Ed6ldMgIERPrabReR dieatrr t Kiurdng
enbodinent is simlar in construction to the cooking appliance of the
first enbodtgent cegkeps vpendt s6aanf inh&heosppingnapridencgnd

[0072] During steam cooking using steam, as shown in
Fig. 7, the steam generation heater 42 is turned on and off
repetitively, i.e., turned on continuously during 4 minutes
10 from the start, turned on for 50 seconds per minute after
the 4 minute elapse and until a 15 minute elapse, and

turned on for 40 seconds per minute after the 15 minute

elapse.
[0073] In this case, the exhaust humidity detected by
15 the exhaust humidity sensor 75 gradually increases. Turn-

on of the steam generation heater 42 causes the exhaust
humidity to change higher, while turn-off of the steam
generation heater 42 causes the exhaust humidity to change
lower. That is, the exhaust humidity pericdically changes
20 high and low depending on turn-on and -off of the steam
generation heater 42.
[0074] Then, upon a halt of the steam generation
function due to emptiness of water in the water tank 30 or
fault of the steam generation heater 42 or fault of the

25 pump 31 or the like, the exhaust humidity detected by the



-37- therefore Figs. 1A, 13 and 2 are referenced also in this case.
[0081] I n steam cooki ng using steamin the cooking appliance of the
third enbodi nent, the heater control unit 5 100b of the control unit
100 turns off the steam generation heater 42 when the tenperature of
the steam generation box 41 detected by3%the steam generati on- box
tenperature sensor 47 has exceeded an upper-limt tenperature (e.g.,
120C), and turns on the steam generation heater 42 when the 10

tenperature of the steam,generation box 41 has | owered below a, _,
| ower - 1 mi EX0BHBEr abHPSOt Yy, FCIB8E) Th GTHORE attlis § ha'd Fepiodical

generation heater 42. It is noted that the upper-limt tenperature
and the | ofiBRRARRI BPYeRpEralsr §PAHY B8 £e€-ad -appropriate dependi ng
on the construction of the 15steam generation device or the |]ke.
[ 0082] Thi s [B88RI ng aPFrPaAcednds atiEr SPObpBRatRet 1fdtRe | Pt whleh e
steam generation heater 42 is operated by tenperature control based
on the tenpEREFHHELEPTY hetk® e &HEGENSLRLISY 198X Tynctdrry dpetfipldunit
time duration (e.g., 15 20 minutes) fromstart of steam cooking usin
st eanP andl803ecbr@cSperatdbediest nhiwhi@hty afleeeceedpby &het gxhaus
specified tine duration, heater is controlled by alternate repetition
of an on- ehubiddtigerierna@i afSof f PeifbBd Ofs t ha stiRias yembr aldueRtity
heater 42 at a duty ratio corresponding to 25a desired heater output.
In this secondedpsiagi dre nbdle, Preselge tdre ahsenapl exf pwated, immethe
steam generation heater 42 is operated by the tenperature control
based on t heetwnumrwEtnptaaf bbby Jtleanmigendeat wortbex 4dr The pumpisla
is operated in continuous operation in the first operation
halt of the steam generation function including emptiness
10 of water in the water tank 30. Therefore, a halt of the
steam generation function including the emptiness of water
in the water tank 30 can be detected with a simple
structure without a water level sensor, sc¢ that the cost
can be cut down. Also, halts of the steam generation
15 function due to factors other than the emptiness of water
in the water tank 30 (heater fault, pump fault, etc.} can
also be detected.
[0076] In this second embodiment, upon a halt of steam
generation by the steam generation device 40 due to
20 emptiness of water in the water tank 30 or fault of the
steam generation device 40 (fault of the steam generation
heater 42, fault of pump 31, etc.), since the exhaust
humidity detected by the exhaust humidity sensor 75 does

not periodically change high or low even with turn-on and -

25 off of the steam generation heater 42 by the heater control



5node, and the punp 31 is operated only during the on- enabl ed period
in the second operation node. [00831In such steam cooking using
steam the steam generation-function decision unit 100a of the
control unit 100 neasures after starting operation ON-tinme of the

st eam 10generati on heater 42 and subsegt®ent OFF-time so as to decide
whet her ON-time < OFF-tine. That is, it is decided whether or not a
ratio of OFF-tine to ONtine exceeds 1. [0084]1n the decision by the

st eam gener at.i on-f yncti on.decj si.o it Oa, .upon two cqnsecutive .
Satitact: 6 tori 0By hbEr PRt Tohat NENSAR - SBeE AE g Bynct fon
message "WATER' i s disEIayed in blink %p t he ggeration anel 13 by .
the cont r oBSGASEOPoOUREE | S0t &F t Fat Pl sBhe TS eSted™hc FRATET I

not supplied into the steam generati on box 41 soon after operation of

the punp 3FUngtirnsdnCGlngigdc F8fofMBY 1B6FEaRs FRtEN tindhen FadgeE. (Gamk
is neglected. [0085] Then,, upon five-tine consecutive satisfactions of
the rel ati 8fshi p BhatVEN-131RE < &FS t i(TReradfesidas of the exhaust
generation-function decision unit 100a decides as an enptiness of

wat er 5 andhtRadpédt & cBbher EMERPRerSOL-bf thfie exhaust duct 72 linked

with turn-on and -off of the steam generation heater 42, a
halt of the steam generation function including the
emptiness of water in the water tank 30 can be detected
more reliably.

10 [0077] In addition, another way of decision is also
possible; that is, upon a halt of steam generation by the
steam generation device 40 due to emptiness of water in the
water tank oxr fault of the steam generation device 40
(fault of the steam generation heater 42, fault of the pump

15 31, etc.), since the exhaust humidity detected by the
exhaust humidity sensor 75 does not change higher in
response to turn-on of the steam generation heater 42, it
ls decided by the steam-generation-function decision unit
100a as a halt of the steam generation function including

20 emptiness of water in the water tank 30. In this case
also, by utilizing the characteristic of the exhaust
humidity of the atmosphere in the exhaust duct 72 linked
with turn-on of the steam generation heater 42, a halt of
the steam generation function including the emptiness of

25 water in the water tank 30 can be detected reliably.



25control unit 100 halt the heating by the steam generation -39-
heater 42. It is noted here that the nunber of tinmes for decision is
not limted to five, but is changeable into values stored in EEPROV
(Electrically Erasabl e Progranmabl e Read-Only Menory) or the like.
5[0086] I n addition, after el apse of a's%%cified duration (e.g., 5

m nutes) froman operation start, heating by the steam generation
heater 42 is continued w thout perform ng neasurenent and deci sion of

the ON-ti t he F-tinme. [Q087] Al so,. in _oven cooking.or i1l
Cooking. usiALTEY SupErERERd ot e (Mo HaE| SPBARgoPe B Y Lo RGEIon
of water using th% ratio of OFF-tine t time of the steam

gener at i on “ABaber $§EF§eﬁoﬁlﬁQrPBPHe&.%Fgg%§FFF§?a@ IRGRE AFd T a Yortdre
in ON-tine and OFF-tine . of the steam generation heater 42
during ste8hreBokPRBSIBEEPRg LETR i it h&USookPngfappFi dtfce the steam
[ 0089] Al so, Fig. 9 shows data of a concrete exanple of the ON-tine
and OFF-t | FEREEALRAETs At enératPon theat Bre@? AGFERG t4CB8ari@6bkEng O -
using steamin the cooking appliance. [0090] Fig. 9 shows ON-tine and
OFF-t Pre olMOrREVEFeard 2@ag’én@|fatﬁ1%ﬁ1 peadBr JepecaddonoftwiPpign waker be
present (1) and supply water absent (2) under a condition that the

st eam genePgtr6hcPoxe¥enhashpeentiedol TR t ISR NREEIN prlaseriths n sitigam
steam generation box 41 at a start of steam cooking using steam and
nmor eover sHEWSrONipnrEeyAgeOrRR- Epnetoprede dREsteakpydhierdt iths Peapesl

42 in a case of supply water absent -40-
for supplying water in the water tank 30 to the steam

generation device 40.

10 [0079] As shown above, according to the cooking
appliance of the second embodiment, even in oven cooking in
which the heating chamber 20 supplied with steam from the
steam generation device 40 1is internally heated by the
convection heater 82, the steam-generation-function

15 decision unit 100a, based on an exhaust humidity detected
by the exhaust humidity sensor 75, can decide whether or
not it is a halt of the steam generation function including

emptiness of water in the water tank 30.

[0080] {Third Embodiment)}
20 A cooking appliance according to a thixd
embodiment of the invention is described below. The

cooking appliance of the third embodiment is sgimilar in
construction to the cooking appliance of the first

embodiment except operation of the control unit 100, and



(3) under a condition that the steam generation box 41 has been
warmed with supply water present in the steam generation box 41 at a
start of steam cooking using steam [0091] In Fig. 9, elapsed tine
fromthe start of steam 5 cooking using%stean1is expressed in a

"m nute-second” unit and a "second" umit?-while shown on the right
side are ON-tine and OFF-tinme of the steam generation heater 42. It

is noted here that upon two consecutive satisfactions of the

rel ationship that ON-t.inme < OFF-tineg, nmessage ."WATER', i s 10 ., -
0 spl ayed FREBPRRESoT e obbr atPof bl 218 P EERETEGH oS Uit 1865
[0092] In columm (1) of Fig. 9, the relationship that ON-tine <
OFF-time i §28&tisfied only at the second time of ON OFF operati on,

and the rel ationship_that ONtime < OFF- 15 tine is not satisfied_ at
the first-tPRELAnd t AReeSEBaM| f ERAOKIRBs, USHY hattedR bt nkifisy GPHET
nmessage "WATER' and a decision of water, enptiness are not perforned.,
Then, at tRABPiRERSt Phe te tHe KOOGS HIE i offiet ReaEsBkFRLFSL unit
conpleted. Since this sixth-tinme ON CFF operation is over 20 the
speci Pi ed £PRE efapse 6PRETRLNUNES, LPRetHEBRsPER ShewatermeFpheprasdon
by the steam generation-function decision unit 100a is not perforned.
[ 0093] Al sohepReEokrEm¥IED) e HigPexatue ref afhonshppm generathgp box
ON-tinme < OFF-tine is satisfied consecutively two 25tines at the
second- anéllt Hietgctiege hyf ¢ GFReapeere bt 1gp-boy 1 tenngratneenssosgs
"WATER' is displayed in blink on the operation panel 13 by the

control uni? 196G <rreededeanecippeyndiingtt Hamm@ratyire <{(OFF-ti ARO°S) ,
satisfied consecutively five times at the second to sixth tinmes of 5
ON OFF opeenti obursd tdrat thise steam geavezatidonf uperieon doti sihem uthe
100a makes a decision of water enptiness, where the heater control

uni t 1800b bémpheatoner obf uibe 160ehml teendmsthieat | bgpxby4 1l hdiast edpwered

generation heater 42.
below a lower-limit temperature (e.g., 105°C) in off state

of the steam generation heater 42. It is noted that the
upper-limit temperature and the lower-limit temperature may
be set as appropriate depending on the construction of the
15 steam generation device or the like.
[0082] This cooking appliance has a first operation mode
in which the steam generation heater 42 1is operated by
temperature control based on the temperature of the steam
generation box 41 for a specified time duration {(e.g., 15
20 minutes) from start of steam cooking using steam, and a
second operation mode in which, after elapse of the
specified time duration, heater is controlled by alternate
repetition of an on-enabled period and an off period of the
steam generation heater 42 at a duty ratio corresponding to

25 a desired heater output. In this second operation mode, in



[0094] In colum (3) of Fig. 9, the steam generation box 10 41 has
been warned higher in tenperature than in colum (2) of Fig. 9.
However, since water is present in the steam generation box 41, the
ON-tine of the first-tinme OV OFF operation is |longer than the ON-tine
of the first tine of colum (2) of Fig.®®-(colum (2) ONtine, 37
seconds < 15 colum (3) ON-time, 49 seconds). The rel ationship that
ONtinme < OFF-tine is satisfied consecutively two tines at the
succeedi ng_second and third tines O\ OFF operation, sq that t .
reasage. "URBERON SISy Ra b e otqan BRBrsrEaRtpdia s B Lo
the control unit 100. Then, the_20 rel ati onship that ti <
OFF-tine i ngﬁﬁFEéi edP¥ondBEut i VEPHEFF VR E| rni'"é%aﬁrqa]hecgééﬁ d tPsi tHF
times of ON OFF operatign, so that the steam generation-function )
deci si on uﬁ?fﬂP%éguﬁﬁk8§ 418e SEERBN IGNSKALSLTe PR fdss, THRePE™Phdl 1s
heater control unit 100b of the control unit 100 25halts the heating
by the st ecaRFEEREFatI®HN CREALEMNCHS CRIDLIOBISFACEBRd Fito PReration
cooki ng appliance of the above construction, in steamcooking in

whi ch>st ealiPPRomdHe SH€anPgBRerzk i 6F deRGERLAD B SUpPPIFERTI rthe t RE-
heating chanber 20, based on information as to a physical quantity 5

i ndi rect | yerapledeReragdt hB phesefeendr cRBEaRéenoMofgter in the steam
generation device 40 (a ratio of OFF-tinme to ON-tine in QV OFF
operation &POBRE st edmm geidt aSit6AThea®@kEidR) usimg steam, the steam-
st eam generation-functi on decision unit decides whether or not it is

a halt of gheesabanAngéneraipondegitdest vevit rd Qi e ehet FARSEOHf Unit
water in the water tank 30. Therefore, a halt of the steam generation
functi on i hePuneaguurpt eddsy oftamitieng ioparatven PNt bike 30f cahebsteam
detected with a sinple structure wthout a water |evel sensor, so

t hat 18he cosherahiba cogatkeonn.42A od hahbseghehf tOBFstemen gemerat | o
function due to factors other than the enptiness of water in the

wat er tankdébideewhbabet, Opuinead tQFRtitine caTl@ soide et éet deécided

whether or not a ratio of OFF-time to ON-time exceeds 1.
[0084] In the decision by the steam-generation-function
decision unit 100a, upon two consecutive satigfactions of
15 the relationship that ON-time < OFF-time, a message "WATER"
is displayed in blink on the operation panel 13 by the
control unit 100. It is noted that, in some cases, since
water is not supplied into the steam generation box 41 soon
after operation of the pump 31, a first-time decision by
20 means of ON-time and OFF-time is neglected.
[0085] Then, upon five-time consecutive satisfactions of
the relationship that ON-time <« OFF-time, the steam-
generation-function decision unit 100a decides as an
emptiness of water, and the heater contxol unit 100b of the

25 control unit 100 halt the heating by the steam generation



[ 0096] Mor eover, when steam generation by the steam generation device
40 i s stopped due to enptiness of water 20 in the water tank 30 or
fault of the steam generation device 40 (heater fault, punp fault,
etc.), water supply to the steam generation box 41 is no |onger done,
resulting in a larger ratio of OFF-time3?o ON-tine in OV OFF
operation of the steam generation heater 42. Therefore, when the
2bratio of OFF-tinme to ON-tine becones |larger than a -43-

predet erm ned, specified value("1"in this third. enmbodi nent it is

deci ded byﬁFﬁEe t &m gg[r?erla‘i i I((ﬁ‘ﬁé?ﬂnBFFSn ttdh@& 3%170% Weﬁoég Ldmgsy far
of the ste3n1generatjon function kﬂCLUdéﬁg{enptiness of _ wat er in t.he
wat er t ankS6155%%nkS BOhal 1 %he St enBrht i'h FUAREFIRLE into

i ncluding enptiness of water _in the water tank 30 can_he detected

easi |y wi t N2aUSPrlersty aet GEERPIGF Pk Tadait ¥o T 3ERe I§p ddiodragmable
value for deciding the ratio of OFF-tine to ON-tine is set to "1" in
this thirdke8%eRBoYi NERPTYRoREVERE dA&Sval ue may be set as
appropriate degendin on the construction of the steam generation
devi cé or tRE8Fike. ?GOQQFAF#HGMQHf§G§CPﬂﬁ@sénﬁédPn@ﬁ@§1§ﬂe@h§uratlon

present invention have been fully described hereinabove, the
(e.g., 5 minutes) from an operation start, heating by the

steam generation heater 42 is continued without performing
measurement and decision of the CN-time and the OFF-time.
[0087] Also, in oven cooking or grill cooking using
10 superheated steam, the decision as to an emptiness of water
using the ratio of OFF-time to ON-time of the steam
generation heater 42 is not performed.
[0088] Fig. 8 shows variations in ON-time and OFF-time
of the steam generation heater 42 during steam cooking
15 using steam in the coocking appliance.
[0089] Also, Fig. 9 shows data of a concrete example of
the ON-time and OFF-time of the steam generation heater 42
during steam coocking using steam in the cooking appliance.
[0090] Fig. 9 shows ON-time and OFF-time of the steam
20 generation heater in cases of supply water present (1) and
supply water absent (2) under a condition that the steam
generation box 41 has been cooled with no water present in
the steam generation box 41 at a start of steam cooking
using steam, and moreover shows ON-time and OFF-time of the

25 steam generation heater 42 in a case of supply water absent



15 invention is not limted to the above enbodi nents and nay be
carried out with various changes and nodifications within the scope
of the invention. REFERENCE SI GNS LI ST 20[ 0099] 10 nmi n casi ng
11 door 12 handl e 13 operation panel 2514 heat-shielding plate -44-
20 heating chamber 20a suction portior %$®b | eft-upper bl owoff portion
20c right-upper blowoff portion 520d |eft-m ddl e bl owoff portion 20e
right-m ddl e bl owoff portion

(3} under a condition that the steam generation box 41 has
been warmed with supply water present in the steam
generation box 41 at a start of steam cooking using steam.
[0091] In Fig. 9, elapsed time from the start of steam
5 cooking using steam is expressed in a "minute-second” unit
and a "second" unit, while shown on the right side are ON-
time and OFF-time of the steam generation heater 42. It is
noted here that upon two consecutive satisfactions of the

relationship that ON-time < OFF-time, a message "WATER" is

10 displayed in blink on the operation panel 13 by the control
unit 100.
[0082] In column (1) of Fig. 9, the relationship that

ON-time < OFF-time 1s satisfied only at the second time of
ON/OFF operation, and the relationship that ON-time < OFF-
15 time is not satisfied at the first-time and three to fifth
times, so that the blinking of the message "WATER" and a
decision of water emptiness are not performed. Then, at
the sixth time of the ON/OFF operation, the cooking is
completed. Since this sixth-time ON/OFF operation is over
20 the specified time elapse of 5 minutes, the decision of
water emptiness by the steam-generation-function decision
unit 100a is not performed.
[0093] Also, in column (2) of Fig. 9, the relationship
that ON-time <« OFF-time is satisfied consecutively two

25 times at the second- and third-time of ON/OFF operation, so



20f left-lower blowoff portion 20g right-1ower blowoff portion 21
square di sh 1022 gridiron 23, 24 upper square dish receiver 25, 26

| ower square dish receiver 30 water tank 31 punp 1532 first water
supply pipe 33 second water supply pipe 34 dew turn-back tub 40 steam
generation device 41 steanlgeneration'ﬁ%&'2042 st eam gener ati on

heat er

10

15

20

25

that the message "WATER" is displayed in blink on the
operation panel 13 by the control unit 100. Then, the
relationship that ON-time < OFF-time is satisfied
consecutively five times at the second to sixth times of
ON/OFF operation, so that the steam-generation-function
decigion unit 100a makes a decision of water emptiness,
where the heater control unit 100b of the control unit 100
halts the heating by the steam generation heater 42.

[0094] In column (3) of Fig. 9, the steam generation box
41 has been warmed higher in temperature than in column (2)
of Fig. 9. However, since water 1s present in the steam
generation box 41, the ON-time of the first-time ON/OFF
operation is longer than the ON-time of the first time of
column (2) of Fig. 9 (column (2} ON-time, 37 seconds <
column (3) ON-time, 49 seconds). The relationship that ON-
time < OFF-time is satisfied consecutively two times at the
succeeding second and third times of ON/OFF operation, so
that the message "WATER" is displaved in blink on the
operation panel 13 by the control unit 100. Then, the
relationship that ON-time < OFF-time is satisfied
consecutively five times at the second to sixth times of
ON/OFF operation, so that the steam-generation-function
decision unit 100a makes a decision of water emptiness,
where the heater control unit 100b of the control unit 100

halts the heating by the steam generation heater 42.



43 steam tenperature-raising heater 45 steamtenperature-raising part
44 steam bl owoff opening 46 steam pi pes 2547 steam generati on- box
tenperature sensor -45- 50 el ectrical-equipnent part 51 rotating
antenna 52 rotating-antenna notor 53 cooling fan 554 cooling-fan
notor 55 air supply fan 56 air-suppl y-‘f‘]a%“rmtor

10

15

20

25

[00595] According to the cooking appliance of the above
construction, in steam cooking in which steam from the
steam generatlon device 40 is supplied into the heating
chamber 20, based on information as to a physical quantity
indirectly representing the presence or absence of water in
the steam generation device 40 (a ratioc of OFF-time to ON-
time in ON/OFF operation of the steam generation heater
42}, the steam-generation-function decision unit decides
whether or not it is a halt of the steam generation
function including emptiness of water in the water tank 30.
Therefore, a halt of the steam generation £function
including emptiness of water in the water tank 30 can be
detected with a simple structure without a water level
sensor, so that the cost can be cut down. Alsco, halts of
the steam generation function due to factors other than the
emptiness of water in the water tank (heater fault, pump
fault, etc.) can also be detected.

[06096] Moreover, when steam generation by the steam
generation device 40 is stopped due to emptiness of water
in the water tank 30 or fault of the steam generation
device 40 (heater fault, pump fault, etc.), water supply to
the steam generation box 41 is no longer done, resulting in
a larger ratio of OFF-time to ON-time in ON/OFF operation
of the steam generation heater 42. Therefore, when the

ratio of OFF-time to ON-time becomes larger than a



57 inlet port 60 wavegui de 1061 magnetron 71 exhaust port 72 exhaust
duct 73 outside exhaust port 74 exhaust tenperature sensor 1575
exhaust hum dity sensor 76 interior tenperature sensor 80 convection
fan casing 81 convection fan 82 convection heater 2083 convection-fan
not or 90 cooki ng obj ect -43-

10
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20
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predetermined specified wvalue (rin in  this third
embodiment), it is decided by the steam-generation-function
decision unit 100a as a halt of the steam generation
function including emptiness of water in the water tank 30.
Thus, a halt of the steam generation function including
emptiness of water in the water tank 30 can be detected
easily with a simple structure.

[0097] In addition, the specified value for deciding the
ratio of OFF-time to ON-time is set to "1" in this third
embodiment. However, the wvalue may be set as appropriate
depending on the construction of the steam generation
device or the like.

[0098] Although specific embodiments of the present
invention have been fully described herxeinabove, the
invention is not limited to the above embodiments and may
be carried out with wvarious changes and wmodifications

within the scope of the invention.

REFERENCE SIGNS LIST
[0099]

10 main casing

11 door

12 handle

13 operation panel

14 heat-shielding plate



100 control unit 100a steam generation-function decision unit 100b
heater control unit -46- CLAIMS 1. A cooking appliance conprising:
a main casing; a water tank placed within the main casing; 5a steam
generation device for heating water supplied fromthe water tank to
generate steam a heating ¢ farber to which steam fromthe
steam generation device is supplied; and a steam generation-function
decision unit for, 10 based on a physical quantity indirectly

representigg Bre ence gémgbsence of water in the steam generation
devi ce, de€Pdi*fig-wHet i F'not it is a halt of steam generation
function includin nptiness of water in the water tank, in cooking

. €
i n whi ch SEB&FPFORPENEOEEARM
20b left-upper blowoff portion

20c right-upper blowcff portion

5 20d left-middle blowocff portion
20e right-middie blowoff portion
20f left-lower blowoff portion
20g right-lower blowoff portion
21 square dish

10 22 gridiron
23, 24 upper square dish receiver
25, 26 lower square dish receiver
30 water tank
31 pump

15 32 first water supply pipe
33 second water supply pipe
34 dew turn-back tub
40 steam generation device
41 steam generation box

20 42 steam generation heater
43 steam temperature-raising heater
45 steam temperature-raising part
44 steam blowoff opening
46 steam pipes

25 47 steam-generation-box temperature sensor



15generation device is supplied into the heating chanber. 2. The
cooking appliance as clained in Caim1l, wherein t he

st eam generati on device has a steam generation container to which
water is supplied fromthe 20water tank, and a steam generation
heater for heating water in the steamT heration container, the
cooki ng appliance further conprising: a

st eam gener ati on-cont ai ner tenperature sensor for detecting a
tenmperature _of _the _steam generation 25container; and -47-

2 steam gendr SLEGTIRESIGE RORIFSE BATE for, in cooking in which steam
fromthe st an1%eneration device is supplied into the heating
chanber, céﬁtFBlFFﬁﬁgtﬁ€t§P@§n1generation heater so that turn-ON and

-OFF of the_steam 5 generation heater are repeated, based on a
t enper at ur 820fF OFRE18PeERCGEREr HOTOF cont ai ner detected by the

st eangener ati on-cont ai ner tenperature sensor, wherein t he
i nf or mat i oR3a8°Pd1PAe LBRysi cal quantity indirectly representing
presence or absence of water in the 10 steam generation device

i ncl ues aP4l €99 1RIr ERFOMEECEFF-tine to ON-tinme in ON OFF operation
of the steam generation heater, and i n cooking in which
st eam f r omPPh@ 1§t E8RP4¥NERAL i on device is supplied into the heating

chanber,
56 air-supply-fan motor

57 inlet port
60 waveguide
10 61 magnetron
71 exhaust port
72 exhaust duct
73 outside exhaust port
74 exhaust temperature sensor
15 75 exhaust humidity sensor
76 interior temperature sensor
80 convection fan casing
81 convection fan
82 convection heater
20 83 convection-fan motor
90 cooking object
100 control unit
100a steam-generation-function decision unit
100b heater control unit

25



15 when the ratio of OFF-tinme to ON-tine in OV OFF operation of the
steam generation heater is larger than a specified value, the

st eam generation-function decision unit decides that it is a halt of
t he steam generation function including gnptiness of water in the
wat er tank. 203. The cooki ng appliance 28°¢lained in Claim1, further

conpri si ng: an exhaust passage provided in the main casing
and serving for exhausting air fromw thin the heating chanber to
outside of the main casing; and -48- an exhaust passage

sensor for detecting an exhaust tenpe?%%ﬁ%% or exhaust humdity of an

at nosphere.in the exhaust,passage,. .wherei n the physical quantity
indirectlylrepresent?n&ogkﬁpgé8%@&H5ncgb§gﬁgglgﬂnééter in the steam

generation device includes at l.east the exhaust tenperature or

exhaust hunidity of fh8%d5§5HEE in the exhaust passage,

in cooking in which steam from the_steam eration device i,s
supplied into the he&tﬁﬁ&eghg Plﬁﬁg%iﬁgggégnF 8P A5t i on
deci sion unit decides whether or not. it is a halt of the steam )
gener &ti on funcfi GF5a%| IHFEREHPRI AEYLCEr Akt rCF iheVRaEEr Suamdied
based on the exhaust tenperature or the exhaust humdity detected by
t he exhaust*pBs&R§e VeEREoFaN¥52OTRENESEKENG 8P i ance as claimed in
Claim 3, wherein t he steam generation device_has a steam

generation heater fof HEAGIRY vEharbeder FeedPiCEm IR af €P™t SRR, Steam

generation device is supplied; and
a steam-generation-function decision unit for,
10 based on a physical quantity indirectly representing
presence or absence of water in the steam generation
device, deciding whether or not it is a halt of steam
generation function including emptiness of water in the

water tank, in cocking in which steam from the steam

15 generation device is supplied into the heating chamber.
2. The cooking appliance ag c¢laimed in Claim 1,
wherein

the steam generation device has a steam
generation container to which water is supplied £from the
20 water tank, and a steam generation heater for heating water
in the steam generation container,
the cooking appliance further comprising:
a steam-generation-container temperature sensor
for detecting a temperature of the steam generation

25 container; and



20a steam generation-heater control part for controlling the steam
generation heater is provided, t he steam generati on-heater
control part turns on and off the steam generation heater in cooking
in which steam fromthe steam generation device is supplied into the
25heating chanber, and - 49 - -47- when the exhaust
tenperature or the exhaust hum dity detected by the exhaust passage
sensor does not change higher in response to turn-on of the steam
generation heater, the steamgeneration-function decision_5

decides that 1t 15 atnaftogr SRECLTLhi GHRNST | GoTTaRrt | BAZEncA QA gD
enpti ness of ter .in the water t k 5., The,_cooki n i ance as

ol ai mod | nCePRERRA IR G HrST r@e%?aﬁi%ﬁmhgaﬂ@rggh% yiger ¢

repetitivel é turna on and of f _the stean1generat|on he i n._cookin

in which sPERRLERGmIHS sFEEm@f&’r’éﬁ’ﬁuSﬂ BRGT ce GO0 J1I‘éfd Pt o StrE™
heati ng chanber, and en the exhaust_ tenperature or the
exhaust huAEREFSLaeRedIcArYy FRe %u%?rﬁagga@@dsenggF Ffesthet sfsam
periodi cally change high and low in response to turn-on and -off of

t he sPeam gEREFALLERH W&%ﬁﬁr e LeRBATEEenePAERONfUNhCE | BAMBBERENER ©Of
unit decides that it is a halt of the steam generation function

i ncl udi ng ERBt | HESAMof IGREEALI ANt OBk BRe¥ arflet et drhd odkieng Steam-

appliance as claimed in aim2, 4 or .
generatlon container temperature Sensor, whereln

the information as to the physical quantity
indirectly representing presence or absence of water in the
10 steam generation device includes at least a ratio of OFF-
time to ON-time in ON/OFF operation of the steam generxration
heater, and
in cooking in which steam from the steam
generation device is supplied into the heating chamber,
15 when the ratio of OFF-time to ON-time in ON/OFF operation
of the steam generation heater is larger than a specified
value, the steam-generation-function decigion unit decides
that it 1is a halt of the steam generation function
including emptiness of water in the water tank.
20 3. The cooking appliance as c¢laimed in Claim 1,
further comprising:
an exhaust passage provided in the main casing
and serving for exhausting air from within the heating

chamber to ouiside of the main casing; and



5, wherein the halt of the steam generation function
i ncluding enptiness of water in the water tank includes any fault of

the steam generation heater of the steam 25generation device. -50-
7. The cooking appliance as claimed in any one of Clainms 1 to 6,
wher ei n the halt of the steHhTgeneration function

i ncluding enptiness of water in the water tank includes any 5fault of
a punp for supplying the steam generation device with water derived

fromthe water tank. 8. The cooki ng appliance as cLainmed [ n_any one
o G st o T uRhe P R e sHde | S SR B g0 on
heat i ng ins%ﬁe of the heating 10chapber ﬁpengap igﬁ ,
cooki ng i nSHAPERTt REMREARFHGT cRENGE aEﬁBp MBdAHiEYh oLt BEnPEBPPREETFr oM
t he stean1generation device is heated by the heater, the

st eam geneFafi SXPFUAEL PBRSE8Er sPBRTGAPt  deci des whether or not it is
a halt of the 15 steam generation functign inqludingyenptiness of

water in the water t&RR, BHYEACBA adPRAPSIEN dRIAEPEYlVndrFREEsyREing

representing presence or absence of water in the steam generation
devi cé. presence or absence of water in the steam generation device

includes at least the exhaust temperature or exhaust
humidity of the atmosphere in the exhaust passage,
in cooking in which steam from the steam
generation device is supplied into the heating chamber, the
10 steam-generation-function decision unit decides whether or
not it is a halt of the steam generation function including
emptiness of water in the water tank, based on the exhaust
temperature or the exhaust humidity detected by the exhaust
passage sensor.
15 4. The cooking appliance as claimed in Claim 3,
wherein
the steam generation device  has a steam
generation heater for heating water derived from the water
tank,
20 a steam-generation-heater control part for
controlling the steam generation heater is provided,
the steam-generation-heater control part turns on
and off the steam generation heater in cooking in which
steam from the steam generation device 1s supplied into the

25 heating chamber, and
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when the exhaust temperature or the exhaust
humidity detected by the exhaust passage sensor does not
change higher in response to turn-on of the steam
generation heater, the steam-generation-function decision
unit decides that 1t is a halt of the steam generation
function including emptiness of water in the water tank.
5. The cooking appliance as claimed in Claim 4,
wherein

the steam-generation-heater control part
repetitively turns on and off the steam generation heater
in cooking in which steam from the steam generation device
is supplied into the heating chamber, and

when the exhaust temperature or the exhaust
humidity detected by the exhaust passage sensor does not
periodically change high and low in response to turn-on and
-0off of the steam generation heater, the steam-generation-
function decision unit decides that it 1s a halt of the
steam generation function including emptiness of water in
the water tank.
6. The cooking appliance as claimed in Claim 2, 4 or
5, wherein

the halt of the steam generation function
including emptiness of water in the water tank includes any
fault of the steam generation heater of the steam

generation device.
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7. The cooking appliance as claimed in any one of
Claims 1 to 6, wherein

the halt of the steam generation function
including emptiness of water in the water tank includes any
fault of a pump for supplying the steam generation device
with water derived from the water tank.
8. The cooking appliance as claimed in any one of
Claims 1 to 7, further comprising

a heater for heating inside of the heating
chamber, wherein

in cooking in which the heating chamber supplied
with steam derived from the steam generation device is
heated by the heater, the steam-generation-function
decision unit decides whether or not it is a halt of the
steam generation function including emptiness of water in
the water tank, based on a physical guantity indirectly
representing presence or absence of water in the steam

generation device.



