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This inv i | ates to electric heaters, particularly t ating
quuids,gghgggg&garious met hods of controlling such heaterge§$ﬁkgﬂgaf' d

.of water heating vessels it is rapidly becom ng nore and nore conmon t@;‘uﬁe
a thick fil numwm.mm Mm | ement heat er -nbunted to cl ose an opening in>the
base of the " mﬁheaters conprise an electrically resistive track

"printed onto an idggyd.ating layer on a nmetallic substrate. One of the
advantages of thick filmheaters is their ability to deliver high 15 watts
densities and high overall powers. However another inportant advantage
which is emerging is the flexibi BiaeiHicHgatens orded to the designer of

+the heater by being able to provide any nunber of separate heating tracks

whi ch y have 2 djsfferent Pgwerslagd V\/@i ch.may be glseg separately or in

conbi nation with ot ahdY ARFICFhEELREF SekqnpIr& Wit Cs REEEPes and j ugs sol d

«in Europe armama hostanl waykodesfgnetdestapby liiqubdisl, watderto Maguiodisheat i ng

vessel s desi or ¢ he st qak8-HSH | so designed to 25 sinmer
rgélﬂfoci %fp ofi®to Phgibtc abbyral

wat er for a prolonge ertod. T esi gner of such an appliance can
therefore providela Weg nfheh#h pbwertREaPPAGIPBatRSFER Shét iRg TaRIE Y o
boi I'i ng and @ec&ﬁﬁﬁ{@ th&ME p&%@rméfécﬁoﬁlﬂbnkeéphgg bheh%keh%mmrl ng
thereafter. An example of such an arrangeaent is 30 disclosed in
W97/ 04694, AHIFELH| SERFRBWIFACEhe™ R FEANFEnF VESEU™t BPRELABA’A t he wat er
at a tenper athe eodxsd ayf bohd i wgssdhi s Eachcheavedst hemppitat maal |y, i.e. the
heater is enef i.sed tf# a short.ti whenever th ter_ 35 tegg rature i s

a %é on F

det er i ned to have Fu n" pe %%}%?t F3shoPH U5FHe e vER +REYE épgvely | ow
rate at whi cleymatondid frustesl 1 he osrglhsthateat ener eSukhengdiraohmges bifgh
thick film heaters is their ability to deliver high
15 watts densities and high overall powers.

However another important advantage which is
emerging is the flexibility which is afforded to the
designer of the heater by being able to provide any
number of separate heating tracks which may have

20 different powers and which may be used separately or in
combination with one another. Thus for example whilst
kettles and jugs sold in Europe are almost always
designed simply to boil water, liquid heating vessels
designed for the Far East are usually also designed to

25 simmer water for a prolonged period. The designer of
such an appliance can therefore provide a main high
power heating track for heating water to boiling and a
second low-power track for keeping the water simmering
thereafter. An example of such an arrangement is

30 disclosed in W097/04694.

It is also known in the Millennium M2 jug to
maintain the water at a temperature below boiling. This
is achieved thermostatically, i.e. the heater is
energised for a short time whenever the water

, 35 temperature is determined to have fallen below a
threshold value. Given the relatively low rate at which

heat diffuses through the water resulting from its high
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WO 01156436 - 2 PCT/ GB01/ 00379 thermal capacity of water and | ow rates of
convection, this heating regine gives a relatively constant _average

t enper at d’?’gof’ﬁ?“aﬁghout the water despite the disconti nuousPQBﬁqoyaﬁ73n of
power. 5 However the Applicants have realised that whilst the bul k
tenperature of the water renmains rel ati\vely constant, the instantaneous
tenperature of the water where it neets the surface of the heater should
al so be takeherntd sepecnty i sateyperat urew wdtes icf capirdbtyidf,to the

nor mal val uey.i; - iJ:e_h i il fallin
of f again wﬁg!ﬁgt hggﬁggge\rg@:gs} Segﬁé}re%?sateg&eea%%é i%l?&ﬁ%%%g% hggég%%he bodg
of water. WAPFBErBRHEZehi8rohRehousr dhe gedieedledpeet ©ie mai ntai ni ng the

wat er at angapphaxiRBbakY appnstart okd Jemmssat ure, the water at the heater .
surface undergoes | ocal boiling_which generates undesirabl e noises.

b
Furthetnore, it HEYSBEENntPECAFRIIEANGRNATR R B Ra T c¥h 4bSEri bed
above have shefBulpr eehpdedtultics ofy ptcofwent ererdioms hed ge Usetlyt 0 heat .
ot her 20 | ig&lgga i tht%g even In wer, I at\e}:eof étlhetrunral éj' ff}lljsi vété(ri .e. having
| ower t her nal @onduct ivity anad gragter i 15 Whith Thhi BT ST convect i on,
e.g. mlk, wherch wbuindebe bbentubyadee cdxddssihemtaanpsratld eabsothe heat er
surface evepakbRUOR:bNGCBRYERE .2V GHI0CH HRI: 4120, NPT, (YE! L3, M ght be

relatively [ ow en vi ewe oma first "aspect the present on
provi Hes a ket hBE BPrRadurrAyet hé perRehesutBltl ofherticki e IvdHAter to a

predeternm ned bbatihgn BEfbks HBANAWE RAWElagSal Gantede havd i ai 1 anar
substrate 38 which.is elecg_lrlcall, i nsul atin ntg{jaleat one face thereof
and an el ectFFREFPYSPEsPEt Peatheatitnges M‘g’&&i P TR iYRUF AL i ng

face, said weribed chiprhasnghapphgiriagd la deariresi eff fergulaf periodi c bursts
of . electr] I ner sai heat er._wherein .th ursts are
g% g%g%ﬁét Eﬁﬁewfager #: fal'l:lle aﬁ)é)rOXJ.ma%aﬁqé/ ,consatan

35
sufficient I@ sh6F ace ater opposﬁt e the heating
trackldoes hempersathran theai Wabeirumtt éigertsaiess. suniR @ BBl3GIce 3

local boiling which generates undesirable noises.

Furthermore, it has been recognised that the
characteristics described above have so far precluded
this type of heater from being used to heat other

20 liquids with an even lower rate of thermal diffusivity -
i.e. having lower thermal conductivity and greater
viscosity which inhibits convection, e.g. milk, which
would be burnt by the excessive temperature at the
heater surface even though the power averaged over a

25 number cycles might be relatively low.

When viewed from a first aspect the present
invention provides a method of reducing the power output
of a thick film heater to a predetermined fraction of
its maximum power, said heater having a planar substrate

30 which is electrically insulating on at least one face
thereof and an electrically resistive heating track
applied to said insulating face, said method comprising
applying a series of regular periodic bursts of
electrical energy to said heater wherein the bursts are

35 sufficiently short that the face of the heater plate '
opposite the heating track does not reach an equilibrium

temperature.



PCT/ GB01/ 00379 From anot her aspect the invention provides aheating
apparatus conprising a thick filmheater havinga planar substrate which is
i nsul at i riyodM/s6436| east one' side and an electrically resist PCE/GROMPFY track
applied5to said insulating face, and an el ectronic control'arranged to
~apply a series of regular periodic burstg ofelectrical energy to said
heat er wherein the bursts aresufficiently short that the face of the heater

pl at eopposi te thq?ﬂ?r@téﬁrgtﬁé@cgs99§§ 99& &ﬁaehtqen provides a
equi li briunlOtenperature. Thus it w |l be seen.that |n accordance with

t hei nvent i oMSAT RS IRRRAPAUFYE SCOFPERELRY ar EPAGKpidd DSAkE thd® %o t hat

the opposit e grdrace, suberrébh@twhieépniacinuilhrwhat @‘ﬂebtl S heierieat ed
. e.g. allqwd 5does not have an ortunlg}(tore

equi | i bri umt®PerHtUrd! Tna tpsc? t BHPRPat UFePPE WEdl 5r81tcﬁera\ﬂpsle]r cach i f

power \gere tth lﬂ:&bp}lriﬁ:ﬂl&tomg nflacs| yandheavel agerpower coutputl of the

. heater wl| n,t i Q¢ 0 u f s to
t he20i nterveﬂ :b h%%?g? Q%ﬁgé%mér? ieggga?a grrllggégl saﬁqr%et:?alﬁnom.
However by lf@sﬁtcfﬁl’cltqﬁﬂg QW%S@CPu%@@l@rh@@@ﬁrowhﬁﬁ@lbuﬁﬁlﬁsbuﬁ%@c@rr@ance

with the inugnd Qi dde yrexih S ¢ ieaPet Rt Uf gcexper tgacadadtrt RRace
heat i ngsurface of, the th| ck fjlmheater can be Slggm ficantly25reduyced. This

means for eXRRAT thdtDe i RRAERI - TRk e12aR BREhESRER &P SQPé&&?&}uﬁbwer

wi t houto | ocaledidddtgteaki ng pl ace (and therefore without any

substanti al noi se hein gen t.ed)  wher woul t herw se.havet aken pl ace.
It al so opens up "Thrhe glOSSI ejlff ?%h@?ﬂ |£ng o?%cg Eanﬁfadsl\tfm%t %tha gi ven
high watts dmuqarmat\armmwmmxjsm@tomeabrgyt ereOBepatleetﬂheo
vat!sdensity g spelaled il dlud N 0eghsts pRET Bhipg-a! LULL POWRE) 55 0. M 1K
or soup. Indeed suc eater may beused to heat sofids or sem -solids such
as foodst uf fEBB@ARE tfiech i Weatievey | 1s bee bpprieerbeddeby - t Aeldriided person

t hat efifeect | Rlas e MB8ENMn | SyShtd @i & | @Mvsréabhganw@@;ﬁmlb%@uﬁll 56436 - 4
PCT/ GBA / 00379 denS|ty thick fjlmheater to be convertﬁg ne with a'

| ower watts [FERGEREUTHy Lhat é@a?ﬁ%g%%’ﬂ%eB%%?r%rFﬁnﬁg ft Qt RTWATEN a
separ at e | oweasaitd slﬂiqmuély wenE ke & Sorapp Heeld f oonexaupliel gi. ncehiet conti nues
to aIIoweven ' heat i n across t he h n g i ze and
therefore cdst® a\‘ge[ R Weater-P P th%ﬁﬁﬁ%ﬁ?%%gio %glﬁ gbﬁ%ggnﬁ

wi || preventort Hehe aratsig falt et lnd cithweathzecam e?f felaen bea@hSnQOeqbﬁl i brium wi | |

of couylse depand-on e Jdurkness, and 10:&@%&@& §19Q9é|0£ht’h5¥ ak tlge

i nsul ating l'ayer and metallic substrate, and 1;30vver rating of the
heating traddraatpreiant ed EMRHE: e srf%%"e“d%’fh’f‘?oﬁ ®f 2bPRE1BARSt is |ess

t han 500 rrSdemar@cp{ efferad YouBsss thana 200rddhcaow et pr eher ahbgnkess, t han
100 n6. c}rme 15 pref rred enéoodl nept s a béjé%t of hus 91 is utilised.
Wher e, as WI € Ao S e FRE TR Nt el T s SUpplPed with an

al ternati ng ssurfraaret fA.L1@ )tleldetfibinteaoer ceanthe pugsifdgaptiivn is
prefenably g uholsy nu"ﬁb}ﬁ s He£YE! £S5 Jmépf@a@xhgé i hgubgakngi ngaapd 20 end

of the power burst to set wnhere the voltage crossés the zero line. This
M ni m ses el rshdRtad athteriederrd RIYRE YheheadlPsaswpeihéBTunder

zer o currente oind tgiense (t4des F@@éz@éf&@é ngi th WS t ady Coupseart yal esi stive
| oad). Thus the preferred naxi rru L&_hst 25 dur %ongﬁ)gl ven gove presune
An

oper ation of'? @@?%@Wlﬁ% W S ubpl§° BEpond FeSpecti vel y
to 25, 10, Sakeh b](ayle e(sl)t aintmeogmfrﬁ erp etch¢)Lm<3$8db|1hit}anefshoul d be

revis accq, d. 30 Any
Sui ta%ﬁ)e ms\anecsH s% "blh ectrl cajfvgnghl&q ‘bgtté 8%&9%9 may be

ower-to the heater
enpl oyed wi tf??adietrr i g v 4 m@;t s PR e"s‘éntiq’]yeﬁ’é? e'F}F%dwatFHE effective

reduction i s its, Cg%”é%éj)’a&fd avith clhd lﬁéﬁﬁ‘@ﬁt@;ﬁei@‘\@tﬂﬁgl gcpeayided by the

Pr esent | nveprgvbeorn 35 c_:} S TI!IJIS%I or Isnourrp!any fr? étsuc}k r]a pl'?éét':eczlcjl %gl ybgr eferred
used to heat solids or semi-solids such as foodstuffs
35 and the like.

It will be appreciated by the skilled person that

effectively the present invention allows a high watts



enbodi ments such a heater is incorporated in a liquid heating apparatus. In
one preferred empodi ment the WO 01/56436 PCT/ G BOl100379{&{#;(?]%101?9 g{;

power is ’59‘5*60perate the liquid heating apparatus so t 1 03Ps

water, preferably to boiling, substantially w thout generating any

di scernible noise. O course it will be ynderstood that 5 when a liquid is
heated to boiling, the boiling will inevitably generate sone noi se. The

subst anti al eéhmiagt tBAcaf fAQins édat drhercefiey exdriieandad to sedekitn khe ’

stage prior {qQ boi trou hout eI| wdtae | ace. 10 It will be
appr eci at ed {Lﬂ‘ﬁ?rsﬁéﬁggn (R rtfgerre 155 qeﬁq}éﬁ‘]t?‘(/‘% inits own

ri ght and thasrahgamenéwednf whmnch faurstelpejrameod@mas\;ms t&mmte;semrack
invention pr?¥'g§§v§dgﬁt kagd %fa;arm '1%' Qntc*ée fte%‘?{t?gm & Ao di gy &y

i quid heating apparatus, sai nmprising energising the %eat er
at such”a po]Wé?t%ﬁat a§ﬁl@§§aﬁ@ﬁalﬂe¢tﬁ6 dM@éélsm BligL s sieng stheneiae ed during
heating. TheahdVeRtieRoakseo@xt @ds Heo hdaliequi d heating apparatus having an .

el ectric heater d a control which is arranged erate the paratus in
this way, and toag}éetﬂé"&@ﬁf“r GUIFER OB CLTREE a&’é‘ﬁ% d@i‘/”b‘é “ithnged so as

to operate pereweenttiei farhesrfaye Bfet@rablenthonwdrem ardtsstiing able to

sel ect thl_s %(gglloér&)ﬁ)eratlllg %/ncou%w et headltrg)g1 i g ulJ r}ggl:lé but an al so
select a hig ower nodeé~to 25 expedi ing ferm Hoi 86 18 Tot  of

concerio Thethejrraal nodeduayiyasy bé phe- dolsedeabing peaywr tand he
commencenentnof A NEALT Bgp<Pr el er agh& BANBKE! chlueGalalg eldictagh duri ng

heating as a user ins to heat [Iiqui e apparatus at a
hi gh power b@@a%hfé% Bpagkg. {8 P&g ielréédt Gméﬁﬁi\k@ﬁnltﬁe the ebicrelotheoor she

can sel ect acgelih@rapdesuntisk sHGR EolEmas beet %'r%&fé@%l%})rl\@§a$ﬂé}ﬂ has
ended or the ﬁeswed wat er tﬁﬁn*g E’i uge i S Fleac e It may al so be preferred
t hat sel ectl% dFS t HBOYGi BYShEd8PaYs6e8GppredsédYsBnds deldB atel y 35
gener at®d byptdfeappdr anbsdimehtasaabnesif pifnguspl 29" mePadrs tuve lciorgad et i on
of heating. In sofp.preferr g6, emoodboentiual e rROMRE MR edie

heater is supplied with an alternating current (A.C.)

electricity source, the burst duration is preferably a

whole number of cycles. This enables the beginning and
20 end of the power burst to be set where the voltage
crosses the zero line. This minimises electromagnetic

interference since the load is switched under zero
current conditions (the heater being almost a completely
resistive load). Thus the preferred maximum burst

25 durations given above presume operation on the UK's 50
Hz A.C. mains supply and correspond respectively to 25,
10, 5 and 1 cycle(s). These preferred burst durations
should be revised accordingly when another frequency,
e.g. 60 Hz is employed.

30 Any suitable means for switching the electrical
power to the heater may be employed with a triac or the
like being presently preferred.

The effective reduction in watts density of a thick ‘
film heater which is provided by the present invention

35 is useful in many contexts. In particularly preferred
embodiments such a heater is incorporated in a liquid

heating apparatus. In one preferred embodiment the



WO 01156436 - 6 PCT/GBOL /00379 the heater in order to avoid noise
generatiop, i redetermned, e.g. enpirically. A fixed po I
used, butulﬁiroéfsg?"’gbl y a m nimal noi se heating progranme is%ff@%‘ﬁ@@

_the power |

evel is 5 adjusted to m nimse noise whilst maximsing the

to minimse heating tine. The Applicant has realised that the noise
pr oduced durl(g normal heating of e.g. water varies. For exanple it h

been real i séf

applied as
t he water,

pl ace and t ST gradiuat 155 F ARt 2as

Wt 1QRr i | PRYEE H9i YeeflstgeRBRARER When lpandd ihedting

tdipaRPI At $S WREHBitPhebbs @ogsewaaérrea@%f@&am? heat re
reduces agaln as conv§gt|on within the water begins to tak

YOhBEPYS BSPFFAGITPn2R¥cor dance wit

y be
whi ch
power

as
e}

aches

e

h a

.preferred netiwockthdred onelse pr edet evursedipowet 1l 1bepnatiehrs ticodapMated, the

profile bei
thereof whi
<inventive i

R TR oy BRed 0o ToL LSS LS, DRMETHBH 3.8 ¥BPOL 0
n-rienst ol ¥ @mem@e t perse f ROhF Q- f uThﬁesué§pémtltaﬂe pr esent

invention 2Q G SESh B feidpsk of s heRb b ookt duhdehBednt 8l eeleliC dd qui d
heati ng vessel conprising applying power to the heater of the vessel

pr edet er mi néd"Hritfid%e PSR f? HPT e BRI WyTderhovl s8eadify ifakiticse the

power appllqﬂjakzany glven time whil st n1n|n13|ng the 25 generation of

noiseldThe
conprising

t tends t t d_heati
contr ol e 5 1RG0 ot AT b TRE" apiaP AFSOPASTAL & o

to said controotelnmeand pererseive30il ites nawn velghoraaddihiusnahkey, the
appar at us Compf| SflfB%ﬁ“aS Elgrtﬂ%xe%ré%lﬁ Aﬁ% J:toéhéongsQﬁ!;”Qng fesahe

means to adjust t power a

ed to ater acc to t e soun

| evel detec@@@%%ﬁ&ﬁcﬁﬂm ant i iging %N%l@E%ﬁ?r@tgéérﬁfbﬁelﬁapsé
35 generated., Thusidufid thdas depid ﬁ&cwerﬁfdtﬁ@thoépgéﬁ\?trgélﬁ ar

noi se | eve
st eaditPy

20

25

30

35

t he power may be teduced to an initial |ow value and_the
qufg%ﬁﬁﬂgathe heater at such a power that substantially

no discernible noise is generated during heating.

The invention also extends to a liquid heating
apparatus having an electric heater and a control which
is arranged to operate the apparatus in this way, and to
the control per se.

The apparatus may be arranged so as to operate
permanently in this way. Preferably however a user is
able to select this mode of operation when quiet heating
is required, but can also select a higher power mode to
expedite heating when noise is not of concern. The
quiet mode may just be pre-selectable prior to the
commencement of heating. Preferably however it can be
selected during heating as well. Thus if a user begins
to heat liquid in the apparatus at a high power but then
e.g. is required to answer the telephone, he or she can
select a quite mode until such time as the telephone
conversation has ended or the desired water temperature
is reached. It may also be preferred that selection of
the quiet mode also suppresses sounds deliberately
generated by the apparatus such as a notifying "ping"
upon the completion of heating.

In some preferred embodiments, the power applied to

in a

at us
way and

d and
d

bei ng
educed
n



PCT/ (B01 /00379 - increased until noise above a certain threshold is

gener at egﬁogggfﬁgwer may then be reduced again slightly. l&gﬂﬂoﬂﬁg‘)& 9

determn to be above the threshold the power can t e reduced

further. 5 This arrangenent is beneficial since it mnimses the tinme taken

to heat the liquid whilst maintaining opgration at a reduced noi se |evel.

It also automatically accounts for changes in the propensity for noise to

be gener at ed Hluidur dheihestdag psosessd Abiespgenakbyias tike |iquid

appr oaches whoel etsecranlutenéo iling. This_ net Egd of r%duci ng nai Sﬁ is.al so

beneficial i S9tTe QWi F1TghtS and TRUST Whdh Vi ewBd SFFGH ROFGFt &Y Sdspect t he

present inverty de presd ddsuta pethedablyr educhngaflheogerehakicamgof noi se

whi | st heat i Ui d i i { quj at | appar at us
Ot 1AL dd £l ephith Ehdubdubeat Lodiape

conpri si ng suring the Tevel of noise electronically and regulating the
el ectrifcal FORRIStshliRdniminhes erehent WaEEdE dMAYiNeStAE FEgePOWETNOI Se
nmeasured. Ven malreweitsd neda @i ddird hes . aspeet appeibaMenhhany2@iakse provi des
an electric lLiquid heating a rat(gs conpri si ngﬁfl ectronic ?ound sensi ng

means to sefd@ % &9 SRRSO LY etiet Bred"ARBA Lt RB2EpRar 2fu§-Fs heating a
liquid and meanrs teawiegul atFot hexahers ri cahapoeenapphil edetiothhe heater of

the apparatys acqarding 10 dhe; 25, level of peLse dslectgdy; pay el ectronic
transducer capdble of detecting und may be usea, €.g. a mcrophone. The
sensodOmay kerdlizsedis rthedeappaps ths eceivs ngp chahbenobset hacappaersat us but

is preferably legatgd on the ldre sides Pf £g§ﬂ§95 hgﬁ%gﬁ. aghis facilitates
manuf act ur e anc’f hel ps to ensure re |ab|ef|fy_. The sou sensi ng nmeans nay
det ect the GPEVAJCtiayefitgiindiirl Wahkar ppedbrably Fekespapfanged to detect

only a smal keferr ¢RI Ify eglencdass ddisrdel Psil ong. 351aVaLEoHARALEAD] €

functioning resultin rom hi gh anbi ent npoise etc. Preferably therefore the

Sound senst g CHbdn S EAE L TR | ITYE GRS FrSHERRLFEE By oWPS08 e, al oo

WO 01456436 prog i1ePGH G ILEJD0IE pred £t bl lye ahgvée S8 ninddosbeas

oo LSO AR Fefr e ol P! grefapt hod o
minimising the generation of noise.

This is novel and inventive in its own right and
thus from a further aspect the present invention

20 comprises a method of heating liquid in an electric
liquid heating vessel comprising applying power to the
heater of the vessel in a predetermined profile, said
profile being derived so as to maximise the power
applied at any given time whilst minimising the

25 generation of noise.

The invention also extends to an electric liquid
heating apparatus comprising control means arranged to
operate the apparatus in this way and to said control
means per se.

30 Alternatively or additionally, the apparatus
comprises means to detect the level of sound being
generated and means to adjust the power applied to the
heater according to the sound level detected in order
substantially to avoid any discernible noise being

35 generated. Thus if it is desired to operate the
apparatus at a reduced noise level, the power may be

reduced to an initial low value and then steadily



5 apparatus. More particularly in a preferred enbodi nent the present

i nvention ;@Ygﬁg,%s a nethod of operating a , thick filmel S,&:é_?&f%}aﬁﬂéer for

aliquid apparatus conprising applying a reduced p

heater in accordance with the first aspect of the 10 invention; determ ning
whet her the rate of tenperature rise of Yhe heater is above or below a
predeterm ned threshold value and increasing the power applied if the rate
- of tenper at urecrgaed suldel buneheet Abevhohdceatainbahresteddupts ng t he

supply of poysletpdde healepolbrlnalhendat get edaakq ghalignperature rise
is above the threshold rate.” Thus 1t"will be _seen that i'n accordance with
this preferrEdBHbodi neht 2019%et Speferrméngd AIRENTERI REMAPOWST thes
-applied initiddghold the poparatds basnbpenrd@ubell edraaeral |y the
resultgnt rate of . tenperature rise.w tivel% l.ow and _shoul d be

p

e.w/]l be.rel
wel | bel ow the t hrsshot o VA TEth é@o#ﬁnﬁgﬁgéﬁ eStPrppitng HIMEVES i f the
. appar at us hdsddemsviidkdredconheit hohe anguidquwhdlsh meinoadingsigpat e t he

heat generapﬁggrgggbﬁeg%ngeggdggggegpﬁggtyggeilselpgghsge significantly

faster. The threshold rate I1s set such that 1t is wer than the dry
swi t ch-on r &€t igperatifecyrse had sbapdes appak At uBTAPENSiAeflpt t he

supply of pousrse Not wldensrdti§ @trehfeeht vee¥RYnQf pdetesting dry 30

f
switch-on but it is also inherently safer since fuI? power is never applied
i f the%pparsfRREid idTHF ot @rydanaPEeathes  BipLrafGres PEACHES by t he
heater, seal, vesdels wedthel cof bedecengheopoweisi slettbvhkfibeal in

significantly |ower t.h i f || power had been_applied 35 for _the sane
| engt h of ti%%? C?”éd@ﬁﬁgiﬁgﬁggﬁgﬁgswg?% WOVET a% ﬁn eﬁ Fgganaﬁﬁgfﬁ own
right, irrespectineseait thevemthod psedidesradoeehofieof WH0LEB5648B8e ¢

PCT/ GBO1/ 0033 dauelo ANt Liissahel; viewada {10 2 f14bhar s aspget the present

i nvention provides a nethod of operating a t I'm heater for a liquid

heati A§ app&i&ts iConprdwichd eipt 59 RPRAFRHUT ctPPRVET 119 TRBSHEAPE! ;

determ ningthe level of noise electronically and regulating the
electrical power applied to the element according to the
level of noise measured.

When viewed from a further aspect the invention

20 also provides an electric liquid heating apparatus
comprising electronic sound sensing means Lo sense the
level of noise generated when the apparatus is heating a
liquid and means to regulate the electrical power
applied to the heater of the apparatus according to the
25 level of noise detected.

Any electronic transducer capable of detecting
sound may be used, e.g. a microphone. The sensor may be
placed in the liquid receiving chamber of the apparatus
but is preferably located on the "dry" side of the

30 heater. This facilitates manufacture and helps to
ensure reliability.

The sound sensing means may detect the overall
level of sound, but preferably it is arranged to detect
only a smaller range of frequencies. This helps to

35 avoid unreliable functioning resulting from high ambient
noise etc. Preferably therefore the sound sensing means

senses substantially only frequencies below 500Hz, also



5 whether the rate of tenperature rise of the heater is above or below a

predeterm reshol d val ue and increasing the power appl] i& rate
of tenpe&&ﬁ?’é&g?se is below the threshold rate, but interktﬁ?ﬁ'}ﬂ O‘flﬂg
supply of power to the heater if the detected rate of 10 tenperature rise
is above the threshold rate. The inventi®%mn al so extends to a liquid heating

apparatus having a thick film heater closing an opening in the base thereof
and a cont r Bredgpaly svifer> ity the apparatus in this way; and to such a

control per se. Aﬁotlﬂl@xd@a&rcrmdmalﬂry qierv&tteit&u%u td}ep 1 2t & Obnt 8FPERAt UT €
rise is above or. below {he threshol dréqu be, made (lg | ooking, for. a

pr edet er m nBE SV EREE AL ch&éﬁ?éisé[b% i 2 ‘?‘é"’é{)olrﬁljr@ th¢ eshol d
time or by Hetkicngohomofa dxtyr Mdﬂcﬁﬂpﬂf&t&n@;xﬁfd gteat &0y pr edet er m ned
time. Prefe ver, { t Are rise
IS rreagur edggg%gpg\gleuelwc%% ?qr:aI!.E%beuvlgalolLi arlgltrj dir ecttaérere?é %'ﬁg@(&r es%ol d
rate. In onthpretesecad emyeditrimm nrwyfddd m@wéZrhCrCthﬁ\gDLZ%rc'dtlmmea heater is

3kW but t hi §hh§kr§Q?ﬂﬁe@l(e%tlrl%<WeV¥Eeé}iﬁori%flir 1 ENRLQ 58d. The threshol d
bei ng set at SCsl if the tenperature of the heater rises nore quickly

than this i FPPéraégﬁnﬁ@%lﬁé\?@ B’ééles‘\m Che&G VAT St POWRY ThHR TRt e of
t enper at ur ehehgercoul dckerdasd ad tQveathe fgrx@ietaaa";mcftedaﬁaewh@d e.g. one

Al t t ly the t t ak th t b
o1 edo Br i noHV BHBUAE B B8 TSEs A FA LS hy & reg B 41 et |y mor e
conpl i cat edrtieei opl ehenhpater s a3veemef ibeilalw ian ptﬂt&‘letl&trn&ffrfattl vel y
| h h-
all ows ‘the gg?éégﬂﬁhbeﬂg%@ b T %%%ea% Eec'i'l{%egpo%}eer edﬂ% %ﬁy M € C 0”

to be limt etermne val ue. eratu 436 -
PCT/ GBOL/ oogagespéntﬁmpﬁgafch@'eerrdsa itshdelawe tdfe rthyeghadslireatent coul d

even be setpiQ @ﬁtw@ua@%gorchleow giRan it e i ditRArsh LREIALd. NG £ enperat ure
of the heater. This woul rean tpthe heat er cannot overheat even if the

apparat us i ghe @eEWFSF}eHaSﬁ d’lfyteI"Wesr@r?élrﬁr &i&er dF SRS it s the
conpari son u\htgshbmt kaeshol d rate coul d be made nore than once with full

bocasi ons. but aERCpoRer B fF E8ThEaPruledd RIS ditdeddt fon any
occasi on. Tp'rsfesrbénefnbodatnemm gualodnerrgp@gralrnste ‘fohe herldt ewtiioumsyst em
bei ng i'foo ﬁ py §_90%§ 9&eh' qwlqlaqrfy ni i %et P@%tt s HQMdY evi ous
use which t [ ocal ress fhe rate of ture rise tenporarily.
lled normally he resultant rate of temperature rise
will be relatively low and should be well below the
threshold value to avoid nuisance tripping. However if
the apparatus has been switched on without any liquid in
it to dissipate the heat generated, the resultant
25 temperature rise will be significantly faster. The
threshold rate is set such that it is lower than the dry
switch-on rate of temperature rise and so the apparatus
will interrupt the supply of power.
Not only is this an effective way of detecting dry
30 switch-on but it is also inherently safer since full
power is never applied if the apparatus is switched on
dry and so the temperatures reached by the heater, seal,
vessel wall etc., before the power is cut will be
significantly lower than if full power had been applied
35 for the same length of time.
Such arrangements are novel and inventive in their

own right, irrespective of the method used to reduce the



15 Once full power has been applied conparisons with the threshold rate of
tenperature rise need no | onger be nade. Preferably however risQns are
made cont Wﬂu‘gﬁﬁ%%i | st the liquid is being heated. This pfg&?@@mﬁ@urt her
backup in the event that the | ow 20 power neasurenent was incorrect for any
reason, but nore inportantly it will give protection in the event that the
apparatus is allowed to boil dry, e.g. if the apparatus is set to sinmer
for a long psswexl afidtthes whehatiewedhésohean fuechgri aegedtattappl yi ng a

25 lower power_jinitiall b neficial i etecting dry switch gn even
if the rn::as\Llﬁlcﬂaerré\e@nrtIE ofh\(é?g?% ?g%égg%u%e%gkgggi s?%nc?lp e%aagél Fned 15 power
is applied. fihiw keapsrffom ahéigeadi baatondt Arparatys tcompsiierimaeef f ect s

-often take pA;?gS’Fyi&E’%n?iPé&ﬁé&dh?@%jaf’gténgh&hﬁéﬁfc%rre, htet%meF;bhﬁnrgate of

tenperature ri'se ma | uctuate too nuch for it to be a useful 1’ndicator of
dry switch- df§HRehi shphadke ThetBBRRFREYTBf LAFRI RifsthG t1vete&midt at ur es

» reached duridgbl YoBWhd Thw0A peSAE Ne HOVEY¥ET thTBEBRoMERaYewagdf rom a
further aspect the gresent 35 invention.pt v[éges a, et Qog of operating an
electric . THUi T HEN | nic ESEET QORbITSI hG SRRl JRRG &ir SAUREIBOWET to the
heat er of t heisesselbébowatlpe edeteshohé@drat®D BLL56486rrupt inBCEMEBOL/ 00379
period, applyi hi t a eraLAl er..the rate
of tenperat u%lde&rgll}éecggﬁ?‘ﬁ%y\ﬁge%tgﬁé?@gg?éegt g? ?ﬁ%nagkglr:ggg}ygrg%’?ngg t hreshol d
val ue,1tnd -temperatipre nglshel polepve othtetheashplif rake-rate of 5

tenperature rise j15 apoyent f6ntH1 €SOk h@k e oblt 16908 ANHERY 1 hg heat the
liquid if it has below the threshold rate. The invention also éxtends to a

liqui d heat idRPHDE At RRV ERI? | Sihgk coht? oleRe8hsCAPPARGe8t BPEPENSt e | 0
t he appar at ush ithd hSsavayhersb t casdi 4 comt rol OrpaABlpesfSBpeFheihiggher
pover in acctq{edaané:p?aly\gé@stlhljlstl'?lsgexgéypfand to such a control per se.
15 The determination of whether the rate of
temperature rise is above or below the threshold could
be made by looking for a predetermined temperature being
achieved within a corresponding threshold time or by
looking for a threshold temperature after a
20 predetermined time. Preferably however an actual value
for the rate of temperature rise 1s measured. Thais
value can then be compared directly to the threshold
rate.
In one preferred embodiment the full power rating
25 of the heater is 3kW but this is reduced to 1.5kW when
it is first energised. The threshold being set at 8°Cs’
', i.e. if the temperature of the heater rises more
quickly than this it is assumed to have been switched on
dry.
30 The rate of temperature rise could be measured over
a predetermined period, e.g. one second. Alternatively
the time taken for the temperature to rise by a
predetermined amount could be measured. Although this
may be slightly more complicated to implement, it is
35 beneficial in that it effectively allows the maximum
temperature reached by the plate during a dry switch-on

to be limited to a predetermined value. The temperature



the invention is preferably full power. This is advantageous since it neans

that the rate of 15 tenperature rise for determ

dry smﬁtchn%ﬁ%% St aken pl ace can be set at a | evel SU|tabIéH?%wn§%$ﬁ power

and therefore the same val ue can be used to detect In a preferred

enbodi nent of this aspect of the inventigp the | ower power, e.g. |.5kWis

applied for a 20 predeterm ned period of tine, e.g 3 seconds and power is

t hen gutgn?t is(i@:cnll)fyillm'fgertmwte&ﬁ fc;frk tehef wét@rogreﬂeé aﬁa&@eﬁleaeﬁtoeohtedg- 2

seconds before fu po . 3kWis a e T aratus.i s then

arranged to SeFQr#aneﬁﬁefh§$gﬁﬁ§I%ﬁq§(§¥)iﬁﬁﬁﬁa?%ﬁ P§e°£ tBR4¥ a 25

t hreshol d ofO@egatlnéumﬁmgenauanduqftdhaﬂﬂﬁﬂgbrs.nﬁm1$owedlﬁhmeaghout t he

operation of (e %B@%%fal&%f R QLG &\%rq'ﬁ%a?{ ”%\ﬁaﬁ‘n'if 'Eh @!ﬁp ghoi |
or era

dry. As_nentioned above, an actual val rate ure rise
is preférabl?wﬁ§§§ﬁﬂe@n IrYor der to 30 protect the heater agai nst

over heating due tanbebhe @wetfe&eedoend;raautéutss |theS| FtYa £PSPAM §dec i th a
hi gher | ower.. wever it has been

threshol d raf det
fur ther. T ecobiPsCh By APIE ASE CAHIE BAMAdR VAHIGtn (HeR syt b

tenperature fuie pamelreoddyused nigo agipld ean iMditeatioresioldei yohatre of
wat er mhlch § Qghgg ?%a%o%h Nbreleartlcuuarkyvéggivol r§%53€5b§efgéculated

by taking |n 0 accoun power output and’
PCT/ GBb4/ 003¥oteheuppedi fifc ikeadts @apaeﬁeﬁ<ﬁhtdnquqnﬂsh$ng TNateris

Corrections r of, ﬂy%% | oss from
the Iiquid, &%P%ggggeﬁbagdghg?g?% o ng?%?cangﬁjntg h%{J‘%sed 51t

will be appreeiBBediPRAed hby §@@@§prI§ Lgenied nﬁmfanangn@nKib% its own

right and thHéaEé@”E@oMeb wet,heﬁsaaeecmhtﬂte i1\t 111y i £lgsp B o8t hod of
estimating th uid of known heat cagaclty bei ng ‘heated by an

electric |.qEﬁ8 H35F|ﬁg EﬁBBFgPGEIe161§§|&GHEFHE&" pri si ng appl yi ng power
to thelheater of oatd ﬁpmar@buer Heas beieng aioipd iiedl ceagx v isdresperat ur e of

said liquid r Latin aid yol u t he basis of
the tine, he§¥8c5§5§5¥85 g@e gtggpgéneﬁgﬁ%éé ﬁ%(ﬁf%&na rh?ﬁ%ﬁeﬁjdurlng
said 15 tinemadhe iﬁveﬁerehlalbgwexeendgmp@raspn@u@déheaﬂkng appar at us

conpri sing C@BBEQhuQ?§95wH@h§E tﬁeaﬂﬁaﬂgad1%0b%8%ba%%d%%&*“ s above; and
to said control ans per se. be seen in accordance W th

this aspect B¥°Yh e?n@eﬁPFBHthEaFaPB FPsétheWEHﬁeFéPGréhﬁ ke 1iquidis
used tmo cal cpbate hbesuokmartowaki qubdrréhts foeaulhayusesdam ,sae: awdeall at ed

ggfguﬁzt:gnufﬁgorpa $°£td&X1§“%E%Q 8thec 1%%eg%r%%£yeveﬁ%x%ﬁgéa
the apparatus is allowed to boil dry, e.g. if the
apparatus is set to simmer for a long period of time.
In fact it has been recognised that applying a
25 lower power initially may be beneficial in detecting dry
switch on even if the measurement of rate of temperature
rise is not made until full power is applied. This
stems from the realisation that large transient effects
often take place upon initial heating and therefore it
30 the rate of temperature rise may fluctuate too much for
it to be a useful indicator of dry switch-on in this
phase. The benefits of minimising the temperatures
reached during dry switch-on remain however.
Thus when viewed from a further aspect the present
35 invention provides a method of operating an electric
liquid heating vessel comprising applying a reduced

power to the heater of the vessel for a predetermined



25 carried out - e.g over a longer period so as to return a nore accurate
figure. | n rticular exanple the calculation for the RO
deterninﬂﬁa%&gvggmﬁtchon i s made using an average of tenperpg?ure%ozfz}B
measur enents nade over 5 seconds (a rolling average updated every 30
second) whereas the calculation for deteim-ning volune is nade over 20
seconds (agai n updated every second). The tenperature neasurenents nay be

- made directpyriedg. appllyiagstiitgide mensort hereoftactand tdetdemihgagd.
Preferabl y fgweyel {he tgperat Ltre‘?ngesra!@ﬁsé”ff’se%of ri;qlfé etf%éé’e]‘:“ gt he
heater. This Ts signiticantly nore convenient since it alTows the sensor to
remai n dry andatagi kbaat es prgidatemiiond idategonhdctdlore t cand. The WD

- 01156436 - 13¢ePCRLEBRY &9@3;3%‘,%%“5&! GRD RVANL08 £ he, Sane-as.gs used for
protecting the heater, "e.g. fromdry swtch-on. In the case of a thick film

heat er S t hetEBRBERAVEFPeTIERsEE CRMEE B DrimieP eIl Fatfe Helater substrate

-or be separabgtinaihgt t& asaomHRNIEHuiPrief erallas tha appawat us s
arranged to Leduge the power applied to the heater if the detected vol une
i s above a pPEQEf8r+Hi A8GSIevel, i.e. if the apparatus is overfilled. This
has cl ear benefi Teei Ankehpipg &4 sava>xdt <ktid e haZaroglsi dfhdwot 1 vt er

spl ashing e Ci .\ verfilyli r J signal is
given to théﬁﬁéégﬁgg F%&?gﬁ§|%%eqfﬁgﬁghtSQgﬁgffS%%%ﬁg%%éﬂ%?ﬁ%%%gg?quid if
it hasObeentbeerPPRradusHoWe sl s twahaarsedp afpredattedt ipankgmaneedge of
15 the voluge of liquid is also useful even if the apparatus has not been

overfilled. In a Rreferred enbodi nent power to the heater is reduced as the
l'i qui d approache$BolLPRETI POVRE VI @REBIANGuUiH bhs Bl ithiaPRE G dfet er i ned

ran?elrronlthflmﬁxéFUMbnThbspﬁF@@%fﬂuyfﬁﬂlﬂ'@cmFggapF&F%iqg;iﬁ full or nﬁar
to fu it w oil nmore.gently than if it i s filled. This ans t hat
boi | ing 1 5 SEEPBEAHEE RS GEnEy MEAPSGRAT S iAo thror ous

ej ectibn of tbmperaguwat ei sehifoughkiettlemsipdutg whernt Hehre aaphar atwis g¢ls-on
relatively I u |y .t need _t Vi f head, space to
avoi d spl as&?%gtgggé%?éggeggéeée t;I%%ts%ll%s acﬁgg‘al y sglgr?%fbﬁ% zt&si nce it neans
that for a BPYeh Anqubberaparet fhet wamg valye va@ depassdus cHeUREY educed.

This is not onlyrgcangptealrEHORMLRA iRRINY oFf tWHigWaehe3@ Mt @eal costs,
but it enhanpces the aggea ance and therefore % t Qmer aﬂpe of the
appar at us. FRECPELBRet"PonRFEAt PONETH Gh&r drditary P& dEThd Yerfber at ur es

assockat ed prédeberhinedoppkacdsod ltdwer, lugden seronds pomepaweguliat i ng
device whl chnih! bubSHAL!¥agPy0eR SO N Gl dovigerauch as a triac and

limts the a n enperatures expérrenced generally wi thin the apparatus
whi ch has beneféteaningpl peaipdnseedy. 2f gecomds before full power,

e.g. 3kW is applied. The apparatus is then arranged to
determine whether the rate of temperature rise exceeds a

25 threshold of 6°Cs™*. Furthermore this threshold is
monitored throughout the operation of the apparatus in
order to determine if it is allowed to boil dry.

As mentioned above, an actual value for the rate of

temperature rise is preferably measured. In order to

30 protect the heater against overheating due to being
switched on dry, this is simply compared with a
threshold rate to determine if it is higher or lower.
However it has been further recognised by the Applicants
that the value of the rate of temperature rise can be

35 used to give an indication of the volume of water which
is being heated. More particularly the volume can be

calculated by taking into account the power output and



WO 0l /56436 - 14 PCT/ GB01/00379 rating of electronic conponents. In fact
this concept does not rely on the volune of |iquid being detected in

accor dancWO8/5¢436he previ ously descri bed nethod - the vol unRRCT/GRIIPIBY
detected by any , 5 suitable nmeans such as a float, or by nmeasuring its

wei ght. Thus when viewed froma yet furtier- aspect the present invention
provi des a nethod of operating an electric |iquid heating apparatus

conpri si gg dﬂi@(ﬁ@étgihﬂm:]hiéﬁtthapdﬁliupmoﬁ; thiequiiduiid Teh@.ﬁp&i’treat.uz gs above
a 10 predet 1.ned thresho applyin irst..power to i.qui uring a
it Theat | R ee e e cheeRaRr P trs' REEBR4R5vaR i A e

t enper at ur e @l gl vioge af sewonbe | bwevigowshidhr may eseedgrdrhestd ng phase

in which theergﬂiqggjé%]lilsy brought LosBoLLinNge4d The invention also extends to
an electric lTirquid heating apparatus COTTEI‘I Si ng_cont rol means arranged to
0 8

operat @ t he appardt Ustih hi appagcancdotBardt8sft FERCARPANS Sp&VEd. The

reduction ofarbweivdiayike £hfeetedwhNr 2§t 2n60RYARI ERbmy vt s

preferably fected in accordance with the first aspect of the invention.
The second, e ARG T oD bIéV‘F’?F(b‘aniIﬁrQXFa@Saﬁdm&ﬁBPﬁe&’ whenever the
t hreshol d vaamdtsirexogededol vihé evhadi Vedywid ski Rhognr dduct icapacdilyd be

enpl oyed so t hat_ the;amount b ich the r_Ls..reduced_i s _dependent
upon, e.g. &r%o%ﬁq(#]ﬁeoantﬁd ?Doy ?%ee%?c\é\%ﬁ:t%/l%lflgg\kll\ge\a}(l_jﬁﬂﬁeapgafﬁemsspeci fied
maxi mhif |t sveisl alegdidsberoeppt etnat ot hawgf powea knothedbeasktrt é vol une

appl i ad to The e e R e s P tRs Fraard o a
gi ven t enpersatift & {B1idy ORY | 3 g verant bee eaRdngRegulFRdagpsafiér ably t he
apparat us CeIRirkCrMBAS BHs LSt thene, th8Btt Bapawikl, Bagt aken to
reach a preset tetrrpeéature. 35 Thj'[s éi e is p%ef erabdx gli spl agad to the
user, nost prEFEIall’y THriolgHotP e heat Fg BratetsduF1B9 §814 count down
tinmerl5s time.

The invention also extends to a liquid heating
apparatus comprising control means which is arranged to
operate as set out above; and to said control means per
se.

20 It will be seen that in accordance with this aspect
of the invention the rate rise in temperature of the
liguid is used to calculate the volume of liquid. This
could use the same calculated rate as is used to detect
dry-switch-on, but preferably a separate calculation is

25 carried out - e.g over a longer period so as to return a
more accurate figure. In one particular example the
calculation for the purposes of determining dry switch-
on is made using an average of temperature measurements
made over 5 seconds (a rolling average updated every

30 second) whereas the calculation for determining volume
is made over 20 seconds (again updated every second).

The temperature measurements may be made directly,

e.g. with a suitable sensor in contact with the liquid.
Preferably however the temperature is measured

35 indirectly via the heater. This is significantly more

convenient since it allows the sensor to remain dry and

facilitates making electrical connection to it. The



WO 01156436 - 15 PCT/ GB01100379 ' The volune estimate which is used to

estimate the re uired heating tine nay be carried out duri

start- up‘gg gfsclosed earlier. Equally however the rateﬂgpapgﬁgggature

rise may be deternlned 5 during a normal start-up or, preferably, at a

| ater stage of heating - which is advaniageous in that it can avoid

i naccuracies arising frominitial transient effects. Indeed the vol une

" coul d be desensbredahy eaiay beit&blea@btemna@‘usdﬁﬂﬁuxigﬁbﬁEﬁﬂi@@ed above,
e.g. 10 wei t ion etce |t be seen ther e that th concept of

esti mating ?E% Sgﬁgg%ntl e éfirggn re/nﬁe"rlg‘tcglre l's rlg};lthed F¥hovel ? and

i nventive ihhitk émhmrhghteandtbhusew@emaMuﬂﬂudesnnzﬂquﬁdfbspher aspect

‘the presentoliyegh! 9R:Br eubdfRe R HPLRd oh ces i, difade LR 1equired

to heat liquid of knowmn heat capacity received in a |qU| eating

appar a® us t%sacﬁﬂéééﬂéﬁﬁlned tenperature conprising estinmating the vol une

of liquidin thep@@ﬂé&@b% teet apFarhRgst Re ewaﬂgéa‘ ROV benappl i ed

to the heater of the_ 20 gargtu and deterwlﬂ %# requi red on the

basi s of th%oﬁﬁﬁtaegﬁégﬁtg VBFuREALRT bt &Pse %ﬁf i*¥d. The

i nvention aébovexhepdedéoeamhnqdldeheatlngeapp&ramwsappaxa&ngmp$ontro

means arra”&%’%i’l?@?[ at ?h%é B?S @RB%E%EE 'f'lttsh'l% \M%égn,n asx%ldd CO””O'

nmeans per e estimate of Tine reqU|re t Qiice, at

t he cb@nencehenhaeﬁrﬁeapﬁngotPweterabpﬁaﬁbmeeeﬁtmt,|§Sﬂmkmaﬂtdhw1¢m

heating. Thigei8i39;iRg"ti epbaclyphengf wgkﬁ'm\@hqutn@q YSelq | 'v%rﬁg!aﬁ to modify

the power regine during heatin o seléect the di scl osed

earlier. |ntheceraanee Weh Pﬁgsé§prPysoFOtﬁ@ﬂtﬂV§Wﬁl@@"§e5”bdﬂmabove t he

time to rea;ﬁq@lglyenlteﬂggrgggﬁeov§r§5lgaaculated froman estimate of the

volume of liquid. in the ag ﬁrat which in so %%ﬁefirqwé od| nts i's
f

cal cul ated from FRESYEEe? 8P4t gPRTPFdgte
15 the volume of llquld is also useful even if the
apparatus has not been overfilled. 1In a preferred

embodiment power to the heater is reduced as the liquid
approaches boiling if the volume of liquid is within a
predetermined range from the maximum. This means that

20 if the apparatus is full or near to full it will boil
more gently than if it is less filled. This means that
boiling is approached more gently and so it helps to
prevent dangerous ejection of boiling water through the
spout when the apparatus is relatively full.

25 Consequently the need to provide a safety head space to
avoid splashing etc., is reduced. This is clearly
beneficial since it means that for a given liquid
capacity, the size of the apparatus can be reduced.
This is not only economical from the point of view of

30 material costs, but it enhances the appearance and
therefore customer appeal of the apparatus.

The reduced power at the higher ordinary operating
temperatures associated with boil also places a lower
burden on the power regulating device which will usually

35 be a solid state device such as a triac and limits the
ambient temperatures experienced generally within the
apparatus which has beneficial implications e.g. for the



- 16 PCT/G BO1 /00379 it has been appreciated that by extrapolating the
rate of t r re rise an estimate of the tine that wll 0
reach a gﬁ&gn/sg‘g’ﬁperature can be estimated directly. Thus #&(ﬁg@h(ﬁ)ﬁ?{gher
broad aspect the present 5 invention provides a nmethod of estimating the
time until a liquid received inside a-lilquid heating apparatus reaches a
predeterm ned tenperature conprising heating the |iquid; nmeasuring the rate
of tenperat Fid MBS LRl extFapof aEPRPCB&NHSrate to said predeterm ned 10
tenperature. The imvieldd ofhds SEoRX¥EENIGcES Aokl gBILG BaakinRy vapRAMAtdss

conprisin ontrol .neans arranged to operate the apparatus in this way;, and
tom;a: dI cgnt loqulréea{ﬁes”b%r %%?Cg%gAblai ﬁgfﬁg%laacgi HQFE égﬁu plr:’?ivtlioé’:ﬁé’st iymat e
coul d be mudesutipreierEidy a revi setlumst comlld bs Aadecatd eégstarmhenever
th i t h . _Th ti mat ed

€ power a%glrllaﬁillé) n'i%fné‘eéﬁ@ﬂ 9L L ?1899@8&“%%@@99@%@ §eeStinuie

time is preferably displayed to the user, nost p era nthe formof a
20 count dowvetighdr. \Viishevieen neieveld| Sroded YoteSurihes ebpechke the reach a

gi ven tenperatddcht aGhadth 1uh torSnohberai pyenbionrdibselkgsedghgnei n the tine
estimate is used to set a fixed tinme for which power will bé applied to the
25 heater. o€ Pard idfsrd YVEHF SR9 R DU € ofpPPE 28 1 RINEEREE Léf Yoper at i ng

an el ectri c whetitied head ivigl @appas 8t Lsqh 0d heat t héqapgareeekved bhekein to a

predet erm ned t er at ur onpr.ising estjnatin he time which will be
Paken 0o hedt I d T GuITH (VA ¢  Speh &I U89 ef i FPhgPa"80 FPxed%heat i ng
time based dneaid dstimmtae Ofrdt neeanthapphysagipoweichothsaildghiixked
heating ti { t i i i : he
heater. . ,Tlal tsﬁg%g%%%%? cag{ncleﬂg;%%rﬁp%%%%c%%%g%ggg?ygglgngﬁéﬁgékgt tdi S
contrary toSEEPNS AWAKs RARThi i 110 theserendhhent ingsphage iLf the heater

in a liquidyrgatd thevasisflid sid ohsughutc Ofboauiggatically, this should be
aChieX%d WO Of%g5¥%$intion also extends to an electric liquid
heating apparatus comprising control means arranged to
operate the apparatus in this way and to said control
means per se.
The reduction of power may be effected in any
20 convenient way but is preferably effected in accordance
with the first aspect of the invention. The second,
lower, power could be fixed in value and applied
whenever the threshold volume is exceeded.
Alternatively a sliding reduction could be employed so
25 that the amount by which the power is reduced is
dependent upon, e.g. proportional to, the proximity of
the volume to the specified maximum.
It has also been appreciated that from a knowledge
of the volume of liquid in the apparatus and also by
30 monitoring the power regime applied to the heater, the
time which it will take to heat the liquid to a given
temperature (e.g. boiling) can be estimated. Thus
preferably the apparatus comprises means to estimate the
time that will be taken to reach a preset temperature.
35 This time is preferably displayed to the user, most
preferably throughout the heating process, i.e. as a

countdown timer.



- 17 PCT/ GB01/ 00379 passively i.e. by measuring/sensing what is happening
to the I| ugh the tenperature thereof or the gener f geam
Thi s passive nonﬂ?oring is then used to detect when the de?%?@§36hmﬁ;
_tenperature, e.g. 5 boiling, has been reached. However it is now proposed
"to nonitor certain paraneters of the liquid-at an earlier phase of heating,
use these to predict when the tenperature will be reached and then actually
" fix the heating time obluhe basifmatk &ml&mrleﬂixﬁejd)rto -Ehsitﬁinia&:é Cche
advant ageous_si nee ns tEat t enper at ure sen 11{% e urate

r

results at ef evat ﬁdt Eﬁp FRELF &L ME Y & rceacfurllree ' ed
dynam ¢ rangeo¥er shertenpeaatmsedsenémsadsaaedu@ad TrEIcBladailryreduce costs

Jdyn : | 5 e
under some Ché@é’%{'aﬂﬁgsr\a}gr@ tgﬁek?gmg)%‘i‘ar%%r%a Illtyeat'da?q bl%hedeelacgqrﬁllgcf1 'S

concept may be used whate erature to whi I's being
heat ed, > but FYr#BSt 2 apprreabFbawhedPt ke /| PFGiIfE P ei 7§ Fedttd®% o boi | i ng.

. The reason f@ta@@'éf'ﬁeét&ﬁ@' y Whatnt he b@@léﬂnrt%@é@ué Ar2Q@ RASW €an
tenperatures_aro ves.ri,se to the rTBX|a|rIum necessary dynam c

range for th%vgb#sb?acﬁfdr@g?%ﬁo?tréﬁtlw tRETg R Hdidti fgarsigter al i y
relatively deffecust/cbsfieygdt ohdetetmacevaidelby @etrkemibyedmasuring the

liquid tenpegat ur lgrajk_)gedgggcl:;tﬂien@ g}egm 25 I rél%%%%bd%nce W t h t he
i nvention proposed above hovever the need et et DSV I'ng is corrpl etely
obvi at®e®d. Fuveherpodeteheidppetcant §thwélaf@pr ecieat ¢thetrkdioran taddi t i onal

benefit of tfys &M@%&EOBf'ésEPﬁ%tEHS ‘E?Je' mated kMg faOE;QQz' el can be

del i berately extende does this ensure that boiling actually
t akes pl ace GFURATRAREr e néFi ’E%%‘Fheﬁe%uflpﬁﬁll AREc dPyENEd vebd dltso qun

enabl es boi [ +1ght cabe €RAsi Whed wéwad f@bﬁidat e ma@th@@gtatép@fctt it/ This
may be just a few seconds in order a.few %econds of

35 rol ling bBfFSWRAT chn’l’%nf)é?]aeﬁjﬁ‘éﬁlf%sbé‘ H’Sgp’Png(fz Sﬁtég‘%dﬁﬁré: especi al |y
those im thetike ovequiredytbehéar aifomdepfpinped bkati mepaeigy to

sterilise vwalgre, flg ixméof{é§f§6héa%§ng apparatus to a
predetermined temperature comprising estimating the
volume of liquid in the apparatus, determining the
amount of power to be applied to the heater of the

20 apparatus and determining the time required on the basis
of the heat capacity, volume and total energy to be
applied.

The invention also extends to a liquid heating
apparatus comprising control means arranged to operate

25 the apparatus in this way; and to said control means per
se.

The estimate of time required may be made just
once, e.g. at the commencement of heating. Preferably
however it is updated during heating. This is

30 particularly beneficial when the user is able to modify
the power regime during heating, e.g. to select the
"quiet" mode disclosed earlier.

In accordance with the aspects of the invention set

out above the time to reach a given temperature is
35 calculated from an estimate of the volume of liguid in
the apparatus, which in some preferred embodiments is

calculated from the rate of temperature rise. However



PCT/ GBOL /00379 least in the latter case, the extended simer time is '
preferably pre-settable and is preferably at a reduced power ref erably
bet ween §&0§HG&T§0 of full power. This application also d?ﬁfﬁ OB urt her
5 invention. This invention relates to controls for electric liquid heating
apparatus and in particular to nethods and-apparatus for neasuring the
tenperature of a |iquid being heated. 10 Wth the advent of thick film
heat er s andi&nhiascioeasi rgmpreaf ierwnt e feo ngs texctonspaorea si hgr thrt eaded

functionali by eamallzhoysenold B%Fgé%;l%e the &gﬁ‘é eLERL ERaf! %ﬁ?og%fer

controls for liquid heating vess S re-energed to sone exten
previously bakgg £5 diescdyar dbd ud awpeostiuorsitdrat $ohsmaond of the

probl ems W §h releat . onith GOHFG S has-dren prowd didige & reasopablynaccurate
el ectroni c sensor .which is cost effective. It has been progosed in. the

prior art t3"YEBLACYeRIG LIPS He FIMIDO farf Hddid§ Yial t 29 bRt BBSEfack
havi ng a poai Liiyeitemeerdtuade icnefdd o antquifd nesd sirancepparatder to sense

t he tenperature 82 %he Q%@ﬁ%g Izg ' eith%ﬁ:indirectl% to sgnse.the l'iquid
t enper at ur e 67 6 SpPoPdE S AGAITHEt® VST IS T DfC T Heer TP e 5Ly .

Unf or t unat ekei & ihad dbeaeafsounichg rc 125 matactdfce d@rd mrge waséadndns in the
reS|stanceseggfﬁggggt§§@§g&ukfq%&% qug%fqn§¥%ag%gépfgeaarlablIlty in the

i nks used an e printing process itse n order to overcone this
woul d1have FEHBPEEdUEReconom cal manual calibration of each heater. 30

Di screte thern strges jak@navaid ahl wWiderasWd icienddia thaht 149l erance to
overcone this problem but these are relatively expensjve. Conversely | ess
costly conpBRBAFELHENGMPIAEGHT &L EYr ASAHT 9 HHESAy-T R R Fhit ed
tracks do. Bhel bpparthesaiim tthareherg tamdreyisda Arcalt sy aenednis wheeh at

| east partly alleviates the above-nentioned di sadvant ages. WO 01l 56436 -
19 PCT/ GB0TF00379 From a further aspect the present invention provides a
met hod5of cal i br AgaRg dushelnrslinggres e car dariged lt estsasane ¢held dnper at ur e

of the subsfpakepat BreRiethphhy @ healgld Wscdndt@uid Reaid Ng: appagat us,
sai d whenever the power applied to the heater of the
apparatus changes. The estimated time is preferably
displayed to the user, most preferably in the form of a
20 countdown timer.

Whichever method is used to estimate of time to
reach a given temperature, according to another
invention disclosed herein the time estimate is used to
set a fixed time for which power will be applied to the

25 heater. More particularly this invention comprises a
method of operating an electric liquid heating apparatus
to heat liquid received therein to a predetermined
temperature comprising estimating the time which will be
taken to heat the liquid to said temperature; defining a

30 fixed heating time based on said estimate of time and
applying power for said fixed heating time and
thereafter interrupting or reducing the power to the
heater.

Although this concept appears comparatively simple

35 it is contrary to all previous teaching in the art which
is that if the heater in a liquid heating vessel is to
be shut off automatically, this should be achieved



5 nmet hod conprising noting the resistance of the sensor at a first

t enperatu ing liquid in the apparatus to boiling, ngtJ
bo gL Zerfhligrs,

resi stanc d sensor and thereafter using said two resi’s

~calculate by interpolation or extrapolation the tenperature of the 10

- sensor at tenperatures below boiling. Thus it will be seen that in
accordance with this aspect of the invention the resistance of the sensor

- is measur ed phsbwwelgpar at. e bye mpasatrines’ send itrfee whesstull itss Hagabrtimagad d br at e

the sensor tongi YeqhSMPerablics IRRAMGIRLE Andidiyr diemper at Ures. The

first tenperature cc ove the second enper ature measured when
liquid in thgevesselonopfsptepnr elims @assd Vid manitesyiigiance theasur ement

coul d be madgsag thegbbiek Whel ReAt GlediscOUdnpE Afthfle i te RAs been fired,
20 e.g. after having an overglaze applied. This is particularly applicable

where the sefebtiPg8: aleGaPP§RpreAcegdont FMRY Heditert SR PAOFONST e
-preferably the hbnstotespecatr parambekdw Ufe tsecidnamd arosin preferably is

approxi matel y_room 25 tenperature. This nmeans that the g ref erence

resi st ances %?E?ﬁ%ﬁsﬁpgaeaﬁ r%ﬁ?ﬁéPgrquF Raf r%éhén3¥ﬂ$ﬁe“§5¥ki range
of the sensoremjéeaturst widhpbratrenehrdstndf thew setheliyadiired he

| ndependent | y. i p 05 deE L 0oRaL hOr BLE LN SERIAT o TS 30N SRy 16 -
conveniently Be tarried out during manufacture. thermocoupl €@ or the like
coul d ¥or exa@pretpecouedsimge secBRaNSekpatatereeratyggs geagortsen |iquid

in . the vesgelihg RbchPhtbnNgeLRTPEr atURCevibicd omMpRrakUResCAHd RS0 be
measur ed by |ndePen ent neans, but . 3 E&eferably it is inferred fromthe

fact that 1ifRFHTet he- GesEBF FEA4LTEE AYRBBILC KGNIFhdPE &P& a nunber of

ways i n whi ctempésatiayebgesae. i Eore@xandl.e trhatt caWOr@ilo6436sts20
PCT/ GB0O1/ 00379 epigsion of ﬁ%%§n1could e deEeCRSQi%éf%aYLﬁ%%k'%Q?Ck f or

S & ome Qe ances - .g.
boi | i ng coul dn e carried ou an oper at 8I’. R’/bre pr era e sensor

itsel f15s ussmsier det ect boiling, not by the actual tenperature, but by the
rate of change 5 o4 eoBRELLI fayi bE: pbbal dngesyaed chiat ialayerel he exact

calibration of the sensor, Tts rc - change of resistance wth tinme wll
tend to zer -@sWhichithenlimeidessebepnsl beatrrs R4S BEeMOFSund to be borne

out in practigsliddbBe PAhbhCthar i yqhtaf esr pdiagbedateat to boiling.
The reason for this is firstly that the requirement to
20 measure temperatures around boiling gives rise to the
maximum necessary dynamic range for the sensor. More
importantly though, boiling is generally relatively
difficult/costly to detect accurately either by
measuring the liquid temperature or by detecting steam.
25 In accordance with the invention proposed above however
the need to detect boiling is completely obviated.
Furthermore the Applicants have appreciated that an
additional benefit of this invention is that the
estimated time to boil can be deliberately extended.
30 Not only does this ensure that boiling actually takes
place given the inevitable measuring inaccuracies, but
also it enables boiling to be continued for a
predetermined length of time. This may be just a few
seconds in order to give the effect of a few seconds of
35 rolling boil which is perceived to be desirable by
consumers, especially those in the UK, or it may be for

a longer period of time, e.g. to sterilise water. At



10 rather than neasuring the rate of change of tenperature itself, boiling
is determ ned by extrapolating the tangent to the tenperat E)@ back
to say th‘gogyﬁ 6time of the heati ng process to calcul ate Fﬁ@"’?’@f’ ggondi ng
intercept on the tenperature axis. In 15 other words the equival ent start
tenperature which woul d have given riseatgo the present tenperature if the
rate of tenperature rise had been constant, is nonitored. This value wll
start at thdeanttialn ithd isdttenpeiss urenhof ekbenbeat eimabe kiise tig the final

boiling temerature.. 20 A thres d value of e.q. Cis defined to be when
t he bo?l i ngrgr%orcegfherrsa.ei:’lﬁiﬁcﬁﬁ_osneatﬁat)})ofoer %ﬁl‘% ef’ﬁa?ﬁgg%]agg?’l f"ﬁganﬁﬁgﬁg‘:ﬁ%f erred
sinply by caaodat imgaﬁett@keherkga/tw'eymtsft oandelbkqafdindfupreerassunm ng that
the vessel is fi |T‘1—E.CE t&ﬁﬁééﬁ&px&{m{m &ﬁgg%ggfagdf{lggﬂegnergl sing the

heater for a sufficient ‘tinme to ensure that at [east I'S anmount of energy
has goRe i ntl@VeEEIiNYy the |iquid. The Applicant has realised that as a

consequence of theforiegRimg dhe-seaayl cal bbrhatbon sbepetapcheccarried 30
out by a suitably c‘}{)nfl, ured liquid hea%l ng apparatus itself. This opens up
the possi bi Hid3tigk Ras GRP TG bt 41 nlgt%%”bb?ﬁbaéai:?i@ﬁtﬁaflsaway from
the factoryamg Gpdardthes consuieisurlhei thav tbepéraealésonga Thigaids

advant ageou%esinnc ei’_:;tterg nimses the production 35 and calibration tinme in
the factory, ther y saving , costs. Furthernore it alleviates any probl ens

whi ch1@®oul d ot heiitde tﬁ_aa/@cb@art Gzaﬁjstédicr}_n fhbm elv@altershaapa an\\O 01/56436 -
21 PCT/ GBOL/QQ3 79 shay tdxfetﬂeqrergfeg;tgn@ngvﬂ c@omggsnfsfﬂ' %QEQ\BSQdW‘th a

sensor on a particul ar “heater one separated and m smatched since fine
cal i br at i on fe@steNFdriftor mad adflt drouysatl dsapbignessa thguidtheastng

apparat us hag, taken %mlacon el Fableigu sl end®sind i kebyei9 BhESe where
the control neans are arrangr%g in a cordl ess base of thg a}g aratus whil st
R H

the sensor & &VHHGE G 59 ' PETYLOYR % re is thus
novel 1and i iMenteigear-ded idue awn cbtr ightsiadekr 4t ooma. second aspect the

i nvention provid a ldquid t- I Sl t ic control
means i ncluding a eer?glegglteu g%%ér?ggsr %ﬁé#acstcﬁgg{né pclécg&?‘f]%?% fé% i brated,
sai d cont r obegpamps dydidigoarer avgednad heacdurpiial ¢hectieonesseensorboiling,

to measure (Mg o ifedctaneg L 1S d wenspy yhad gheddawi ghispboiling and
to calibrate the sensor on the basis of said neasured resistance.
prior art to use a sensor in the form of an additional

20 printed track having a positive temperature coefficient
ot resistance in order to sense the temperature of the
heater plate, either indirectly to sense the liquid
temperature or to protect against overheating of the
heater itself. Unfortunately it has been found in

25 practice that large variations in the resistances of
these sensor tracks occur as a result of variability in
the inks used and in the printing process itself. In
order to overcome this would have required uneconomical
manual calibration of each heater.

30 Discrete thermistors are available with a
sufficiently tight tolerance to overcome this problem,
but these are relatively expensive. Conversely less
costly components tend to require calibration in the way
that printed tracks do.

35 It is the aim therefore to provide an arrangement
which at least partly alleviates the above-mentioned

disadvantages.



In preferred enbodi nents the control neans of the apparatus is arranged to
carry out this calibration step 20 the first tine it is usgng%boqtm&ﬁPsuner.
y put in,

Thus i f b¥A9P§436s to be inferred fromthe anbunt of energ he
consuner mght be instructed to fill the apparatus to its naxi mum capacity
the first time it is used. O course thasamunt of energy required to boi
25 the full capacity will also boil a |lesser anobunt. |If the user prevents

- boi l'ing from taki Agopl acéuohharf aspecor tbab%qa_@mﬁ gsgentac® by switching
off the appYALYPAOL LeHBLhBg LE ELOULELFiRaSE LAoLhgicasasel a cordl ess

appl i ance, e apparatus pre y retries’to 30 execute the calibration
step on its mexanepdr hei BAASHECaEbBr §8RBETALEKSt RE HPEf EMPSE HRtEh®F and by

use of the appayatlse9inmt heatBYeRL0R, 13q8€80RdaE@hbapbhea tsiep da6id
effectively carried out by a user. Thuget he user rrust[fog rate the apparatus
ib

at | east oncBeWpPR GOMBrighEgr "RhiBA F&EnbESEEFRYCEalP e HSevEr t he
.sensor will wsgiabky bampedabafinaheprengpecizhiddihenper appaeadeperdence

whi ch can be used to exirapolate W i 6 - O1/ 00379 its
t enper at ur e Jpghrd%hcgo%%% %ﬁ% ﬁ%%ﬁ?g%%t E?}aég%t S’%%tsﬁgcgn%t
t enper at ur e. tMhréaftehi ssingl shéHytwo besimAhapdrat 60t adeheade dt, it will

be sufficien  Ent8yr® bhat ibhecappacabusat Sreobrunsafe, 5 i.e.
t he sensor |£nlj]%/%€ﬁ%¥5e€%§rr]e rer%%g%lsﬁent ils able to %i s'?i néui sh bet ween
nor mal 1 @per at¢oPorndt dEGMBRF REHBAFDBFLOYr YOL hEiBHghout its tol erance range.

Tenper at ures bel oy, Qgi ki ngianeppr gkenabhyt measyeedriynat eipel atiien of the

resistances neasured _at the 10 first tenperature and_boiling respectively.
The Appl i can®Shastrehl FE8d 1 PKaRrtLRB EbFF?ﬁalfgﬁBSFanrghﬁj %] negd 15

not
necessarily gxastiyamatcbwbt sephearet temapevakuees. gnd10beCriesutlites case of

water. For exanple the.altitud t I e Ll LtpgoLakes Rl ace will
affect its 1%S$§n%8r5?ﬁ%%?a#§e§ké‘ o?élg%ﬁg H%t g?%d}:agg { enper at ur es
i ndi cated nayessnyehenhst hbi ptherusempRyaFEsaESval 488, fMB®REver since these

internedi ate {enperatybescaig bikgbyvboche sekestedchy aetperatmraccordance
wh hiS/hermggsgggg wﬁggfﬁggggg’i%hghgbsgggg$ Egi 25?t¥5%ié§£¥§1éﬁ
the first resistance measurement could be made as the
thick film heater is cooling after it has been fired,
20 e.g. after having an overglaze applied. This 1is
particularly applicable where the sensor is actually
printed onto the heater substrate.
More preferably the first temperature is below the
second and most preferably is approximately room
25 temperature. This means that the two reference
resistances are measured approximately at either end of
the working range of the sensor.
The first temperature must of course be measured
independently in order to calibrate the sensor. Thus
30 this may conveniently be carried out during manufacture.
A thermocouple or the like could for example be used.
The second temperature is measured when liquid in
the vessel is at boiling temperature. This temperature
could also be measured by independent means, but
35 preferably it is inferred from the fact that liguid in
the vessel is actually boiling. There are a number of

ways in which this may be done. For example that



20 particul ar consequence. Mre inportantly at a given altitude a sel ected
tenperatu be reasonably repeatable. The form of the
dependencg%%%‘qtshus the nature of the constants which are W@@g’t"ﬁ %om t he
25 resistance at the two calibration tenperatures will depend upon the type
of tenperature sensor enployed. For exanpbe-if a positive tenperature

coefficient (PTC) thermstor is used, the tenperature dependence wl |
general |y beemissaogoofl approxicortlidoive mddaummioneas&dsualcﬁhémb form

R=Ro + AT th ﬁrgtt:ﬁiﬁg cbemerat une gaef i g %B}e 3l Js eﬁi‘ce mdyfe Lhi's

case, the ca I on nperatures arée t eref bl'is values
for R~ and Aprggerﬁbh’ietbfieﬁ@ﬂﬁ@d daseldt ig vegsd ive daliRrly fairlking,

coefficient ﬁberm/smé, aEE‘ﬁa@eE%H@%%%u&% genRr ayJ % ran xed?:@rt?ﬂ"'tdk?elnBc_Qé‘
i.e. of the fg g WO 0l /56436 - 23 R=R PCT/ /GBOLI 00379 where
t

constanZ. rePht BERBTERBT S 0- tafl ed thédfa 3FEUTE Doft Rate WSt oY t he exact
relat|onsh|peﬂe@endahgbu@emoatowhahete@nebatumeéQraﬁernﬁnnhaﬁgb & It has

been found th ractical th mhlch are .avai.l abl e require
calibration f%éd %é%%ngl?ﬁekégﬁsyaié gt outzgﬁgbgs eﬁlp*6$n1of}F%elr
tenper at ure depeateneels . i. Bhiki hear beenexXpomnentticalber dspeet iowdl yin r emai ns

sufficientlypageprate. 10 bs pEERLLARE D SYkousliLy Bt sensor [ the

formof a printed track of asu erature sensitive Ink may be
used. 1¢ is E@Tél@%lﬁtWarpr@%waéélnghéhevéﬁtet efushangg sfr d@mAETHMSI or i n

good thermal jepntact MbihihheiBeateermiBel Byeketallpsiene hawimg a 15
negative tenperature coefficient of reS|st% ﬁ& ince these tend to have a

greater magn PRI T hENgEN e nCFEBREREHES RFPH: @At (e S3Yh ' giSHatd nor e
preci se resutise dhecheoi heagingl ppoatsentst eplony ave ecdveri ed out 20 j ust

once, .. ODaltafinsinyoey LD-BLe’ sir ederbagLiEalyhavater e steps o

heati ng I|qU| ara boi'l measuring the reésistance of
the sehsor apeheepeexds, th@seqpnﬁﬁéeablytaménévgpeﬂhéuaﬁp&WaK@s“k%ﬂﬂ%ed to

boi I I'i qui d. nkoueypfeh Ny BSEOFJAPRE present temperature if the rate

of temperature rise had been constant, is monitored.
This value will start at the actual initial temperature
of the heater and rise to the final boiling temperature.

20 A threshold value of e.g. 80°C is defined to be when the
boiling occurs.

Additionally or alternatively boiling may be
inferred simply by calculating the energy input to the
liquid required assuming that the vessel is filled to

25 its maximum capacity and then energising the heater for
a sufficient time to ensure that at least this amount of
energy has gone into heating the liquid.

The Applicant has realised that as a consequence of
the foregoing the second calibration step can be carried

30 out by a suitably configured liquid heating apparatus
itself. This opens up the possibility of the second
calibration step being carried out away from the
factory, e.g. by the consumer, albeit without realising.
This is advantageous since it minimises the production

35 and calibration time in the factory, thereby saving
costs. Furthermore it alleviates any problems which

would otherwise have been caused in the event that a



25 with this feature the sensor is not recalibrated but rather its

resi st ancg, V(ﬂlésﬁ‘gmat boiling is conpared with the original %'ﬂ/«?ﬁﬁydo% Th| S

process w | up any increase in the tenperature of the sensor Wwhe
~liquid in the vessel is at boiling point. Such increases are 30 usually
brought about by the build-up of scal e io1 t-he heater which nmeans that the
heater will generally tend to run hotter over tine. Cearly it is

- immaterial weetthirulde cahtboat ediahdhasabaeedchdédbstardesviarte aconpar ed or

whet her 't hey, g7 of X t% §Qr{:9c89£{»e§8899E”geéépgeg%ﬁ%%%séhﬁ eferably a

threshold is se discre ancg such 't hre dis
exceeded t henigieat ched beincy\Of Dn¢ 56486brapionpcanGeel pedIrymgceafddr e. g.

with an aUd'ﬂrﬁaPraé/éérHBiy' Hfli Qaiieﬁldt Heatlhﬁ %E)@E%ate‘d' | draup Lk a3l | ow the
user to take remedial action,_i1.e. de-scale_the_apparatus. Additionally or

al ternat i vel8tadfe ap%‘é‘F}étHEO]P%e‘B?e?‘é?a‘BP?taﬁﬁﬁéé(dtPoagléﬁerwé’(eéq Fhe

-modi fi ed manneit 44l theagyeatet Hatahded LHrasbekdlessexaeeded. the control
may sinply not Pr ef rranged to

ner gi se, t he_heat er
feduce The PRBASET (WAS 30 ShF S feeF SR AUPHArTebuE PRRAES TN i ght
and 10 thus wdwerelipwed. from a further aspect the invention provides a

et hod of - det ect ig; SCALec ik | g upni Aokt JULANALLAY s 9BPALALYS CORPr Si ng
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In preferred embodiments the control means of the

apparatus is arranged to carry out this calibration step
20 the first time it is used by a consumer. Thus if

boiling is to be inferred from the amount ot energy put

in, the consumer might be instructed to f£ill the

apparatus to its maximum capacity the first time it is

used. Of course the amount of energy required to boil
25 the full capacity will also boil a lesser amount.

If the user prevents boiling from taking place on a
first or subsequent use - e.g. by switching off the
apparatus or removing it from its base in the case of a
cordless appliance, the apparatus preferably retries to

30 execute the calibration step on its next operation.

In accordance with the preferred method and by use
of the apparatus of the invention, a second calibration
step is effectively carried out by a user. Thus the
user must operate the apparatus at least once with a

35 sensor which is not fully calibrated. However the
sensor will usually have a nominal pre-specified

temperature dependence which can be used to extrapolate
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on oi | i.nce n the absol ute val ue of
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to which to, hg Ehg ygrunle%s rr;gct %Quéy:ﬁﬂgsf@a ARgpaffect the
c

accuracy of * any |spla o] rrent tenpera ure I'ncrease the
error in calcueueedsisaperheareibspongdiate temperatures are likely

to be selected by a user in accordance with his/her
personal preference, the absolute temperature is not of
20 particular consequence. More importantly at a given
altitude a selected temperature will be reasonably
repeatable.
The form of the temperature dependence, and thus
the nature of the constants which are derived from the
25 resistance at the two calibration temperatures will
depend upon the type of temperature sensor employed.
For example if a positive temperature coefficient (PTC)
thermistor is used, the temperature dependence will
generally be, to a good approximation, a linear one -
30 i.e. of the form:
R=R, + AT
where A is the temperature coefficient of resistance.
In this case, the calibration temperatures are therefore
used to establish values for R, and A.
35 In the preferred case of a negative temperature
coefficient thermistor, the dependence is generally an

exponential one, i.e. of the form:
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the liquid icsor%:atoas -5 os‘?t%eoﬂtes%%\élet e%%r%?ﬂ?eogngh?hﬁrEﬁwpgfagg‘ﬁﬁci ng the
appl i ed powetenendersecondi | @welipoaerounéxposendidbsresde20ivedperature is
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to be nore acout Aely meieyed rihk Sof e@él&&%l{ﬁstérhﬁepgtﬁ%ved benefit of
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resistance with temperature, thus giving more precise

results.
The boiling calibration step may be carried out
20 just once, e.g. on its first use. In preferred
embodiments however the steps of heating liquid in the
apparatus to boiling and measuring the resistance of the
sensor are repeated, most preferably whenever the
apparatus is used to boil liquid. However in accordance
25 with this feature the sensor is not recalibrated but
rather its resistance value at boiling is compared with
the original calibration. This process will show up any
increase in the temperature of the sensor when liquid in
the vessel is at boiling point. Such increases are
30 usually brought about by the build-up of scale in the
heater which means that the heater will generally tend
to run hotter over time. Clearly it is immaterial
whether the calibrated and measured resistances are
compared or whether they are converted to corresponding
35 temperatures.
Preferably a threshold is set for this discrepancy
such that if the threshold is exceeded the user can be
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to said heater if said temperature is greater than the

reference temperature by more than a predetermined
threshold.
The invention also extends to a liquid heating
20 apparatus comprising an electronic control arranged to
operate the apparatus in this way and to said control
means per se.
Thus it will be seen that in accordance with this
aspect of the invention, power to the heater is reduced
25 if scale build-up is detected. This is beneficial since
it reduces the maximum temperatures achieved by the
heater under these circumstances thereby avoiding
failure of the heater due to overheating, and also
reduces the temperatures experienced by the rest of the
30 apparatus - e.g., control, seals, vessel wall etc. in
preferred embodiments. Furthermore, by reducing the
ordinary running temperature of the heater when scale
build-up occurs, the nuisance operation of heater
protection mechanisms such as a maximum temperature
35 monitor, bimetallic actuator or a self-protecting
feature on the heater itself, may be avoided.

The power to the heater may be reduced by any
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F-=- s d

r d ., t
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performed.
The threshold is preferably less than 10°C,
15 preferably between 5°C and 10°C.

The reduction in power may be a single step change
but preferably it is reduced in smaller steps dependent
upon, e.g. approximately proportional to, the amount by
which the boiling temperature exceeds the threshold.

20 The constant of proportionality is preferably therefore
set so that power is cut off completely at a maximum
discrepancy from the threshold.

As is alluded to above, the temperature sensed by
the sensor may be somewhat greater than that of the

25 liquid itself due to thermal lag arising from the
thermal mass of the heater etc. Whilst this is of
little consequence where the apparatus is only ever used
to boil liquid since then the absolute value of the
measured temperature has no effect, it will affect the

30 accuracy of embodiments which will allow a user to
specify a temperature below boiling to which to heat the
ligquid unless corrected for. It will also affect the
accuracy of any display of current temperature. These
will increase the error in calculated temperature beyond

35 any systematic error resulting from the effect of a
lower boiling point at higher altitudes discussed above.

In simple embodiments the temperature lag may be
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to the desired temperature and thereafter reducing the
applied power to a second lower power until said desired

20 temperature is reached.

The invention also extends to a liquid heating
apparatus and an electronic control means arranged to
operate the apparatus in this way, and to said control
means per se.

25 As well as allowing a desired temperature to be
more accurately achieved, this feature gives the
perceived benefit of avoiding a sudden switching off of
the heater. This is most marked for high power heaters
which tend to generate a lot of noise whilst heating.

30 In accordance with the invention however, heating will
come to a gradual halt.

The reduction in power may be a single step change
but preferably it is reduced in a series of smaller
steps dependent upon, e.g. approximately proportional

35 to, the distance to the desired temperature - in other
words a feedback loop is used to control the power close

to the desired temperature.
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hereinabove described when installed on data processing
means.
Furthermore it will be appreciated that the means
specified in the apparatus of the invention may
25 similarly comprise computer software specifically
adapted to carry out the methods hereinabove described
when installed on data processing means.
The invention also extends to a carrier comprising
such software which when used to operate a control for
30 an electric liquid heating apparatus comprising a
digital microprocessor, causes, in conjunction with said
microprocessor, said liquid heating apparatus to carry
out the steps of the methods of the present invention.
Such a carrier could be a physical storage medium such
35 as a ROM chip, CD ROM or disk, or could be a signal such
as an electronic signal over wires, an optical signal or

a radio signal from a remote device. In a preferred
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known per se used to peasure_the reS|st§nce R1L of the therm stor whil st
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I S experiencdfgwaltee shedtteiuantt-sensofuassenbbyond tbeecasseeabl ed into a

jug and is 436 - 32. / 3 tQ unmer. The
control nea%g%%$q%ﬁ?é%%ﬁgzééngEﬁ@%%gggééﬁgﬁégg %ggg ?5§a%g%% node on its
first operatdcfrwakee serallked ot raicteyrierf for chesryagowotlh water, switch

it on and . 13d8avnd tof o0l deegheoponke ohefRARS LheENoaRP! ies pover to the

el ement until boiling is sense m@f neasurlng the resistance of the
t her nit$t or . MFAEIRROVA - whi bl taelY estet skt ehahBesmpaneheregidd eco

det er mi ne when ot eipddrdties ieSShe | Snboht 158. nd8d ChefpthgeWabebulte r

boiling, th t [ j . At furt t ds t I
her b equitebA (e Tt ot | She o HET TSP GREETRESBE (e tRer m St or

i S neasur ed aty ltehestcante abf nparis . mdduwes teinpein atompr Izesscaspuned t o be 100C
15 The tenp%k%%gkﬁ_coefficient of resistance is then calculated as foll ows:
- I

Cla = ( R1L e'( T~ - T, ) 20 The jug may now operate normally to

di spl &p t he tenpé&iegttaia AR heal | e akeiveort ionheat 1t Bow Besired

t enper at ur edeEQ%i(Bgd %iﬂf@@ir@él’é@ dnd éﬁb&cﬁi’rﬁé‘n@éﬁ fhergo€TR X (R~ - R1)
+ T1, where R is the current therm stor resistance.

Example 1

20 This example takes the form of a computer
simulation of an embodiment of an aspect of the
invention, described by way of example only, with
reference to the accompanying drawings which are output
graphs of a simulation of a thick film heater, in which:

25 Figure 1 is a graph showing the input power profile
of a known method of reducing the average power applied
to the heater to 50% of its maximum;

Figure 2 is a graph showing the output power
profile at the opposite side of the heater plate and the

30 corresponding temperature profile for the input profile
of Figure 1;

Figure 3 is a graph showing the input power profile
for a method in accordance with the invention of
reducing the applied power to 50%;

35 Figure 4 is a graph showing the output power and
temperature profiles for the input in Figure 3;

Figure S5 is a graph similar to Figure 3 showing a



25 Whenever the jug is again set to boil water the tenperature at boiling

S neasur%qlg%&&orrpared to Tz, i.e. 100C. At first the te /@ Mr/(ﬁms)hfjijl d

be close to but as scale builds up the tenperature at boiling w
rise. If the boiling tenperature sensed by the 30 therm stor exceeds 105C,
a warning nessage is given on a user disgday and a warning tone given to

I ndicate to the user that the jug should be de-scal ed. Furthernore the

- power appli ecedwct hen heat pewes tedubed &ndm its maxi mum dependi ng upon the

amount by which thag,yabuge of 35.198F LEo&4ceeded Jf e boiling
t enper ature of the&,I heat er exg%egg 28%8 pgwer igurtgyt}ced to zero. It wll
be appreci at&¥ BSSRIRBENSKEP| BéIuret he art WO 01156436 - 33

PCTI GBOL/ 00379 t hitcéhguedpViRoXBNPAE 58t IuyeR of @nfulQ RUMRS &F ffct

il Iustratlo%n@x/ d rra(gy vari ations arg possi ble within the scope of the
i nvent i%n. %?Q%%Ub t ORGP P RZi DR SPERSs CodPR e WardTe®But in the
factory. 5 Rurdlerpower f oegihes pus poseshehtinapliraicky o BHe t her m st or

having a |i rat u d n S u in t l e.. 1Lf, _an NTC
therm stor w % Le%s'ﬁ{%eip%%eén}?? afg$§%%e§§ %\?é dgggnégﬁcgﬁi@éﬁs\%&dafﬂs heead, t he
al gebrai ¢ neipil 2t iohsthwut i pkeetil 1o beabatnved 26sacedr diongleya WO

01/56436 - 3 @idme FPETLEBO 09379 ceel 100 mm in diameter, 0.5 mm

10 thick having a mass 0.0322 kg and a specific heat
capacity of 500 Jkg 'K'.

The power density rating of the heating track was
set at 60 Wem™. The initial temperature of the plate
and liquid was set to 100°C. The temperature of the

15 ligquid was assumed to remain constant for simplicity and
temperature gradients across the thickness of the plate
were ignored. The convective heat transfer coefficient
of the ligquid was assumed to be 2 Wem K.

Initially a square wave series of one second pulses

20 of power at 60 Wem '’ was applied to the heater as shown
in Figure 1 to simulate the method in which known liquid
heating vessels operate. The gap between the pulses was
also one second, thus giving a mark-space ratio of 50%.
thus the R.M.S. or equivalent heating effect of this

25 power regime is 30 Wem™®. Figure 2 shows the effect at
the opposite i.e. liquid contacting surface of the
plate. Plot A is the output power in Wcm  whilst plot B
is the corresponding temperature in °C. As may clearly
be seen the output power and temperature rise sharply

30 during the first quarter of a second or so of each pulse
having substantially reached an equilibrium within 0.5.
seconds. It will be seen that the temperature reached
and maintained is approximately 130°C and the full 60

“? is dissipated for at least half the pulse.

Wcm
35 Figure 3 shows an input power regime in accordance
with the invention. As in Figure 1 this is a 50% mark-

space ratio square wave pulse train with an amplitude of



1. A nethod of reducing the power output of a thick filmheater to a

pr edet er m,ne raction of its maxi mum5 power, said heater j | anar
substr at Mﬂéﬁt@ s electrically insulating on at |east one @@E@ﬁ@ﬁ’ of and
an electrically resistive heating track applied to said insulating face,
said nmethod conprising applying a seri-es3®f- regul ar periodic bursts of

el ectrical energy 10 to said heater wherein the bursts are sufficiently
short that the Ware afdt hbubheatieR.p.&t.e popeosidfe Athddreat | ngovewek does not
reach an eqtﬂﬂwfé;&lé%fv'érp ezleﬁ‘ggﬁt hgd @%tcba'o@e@ng&n(Hsa'um

atyne
wherein the 15 duration o(feﬁsal?%l Is)ursts 1S es t han prefera Iy | ess
than 200 nS,CRFeSRRPRieradl§ Fe8glensH11003ABS SYCAenet A6d ™Y &eai med in

claiml or Zedereidm thegbie si, duhat beReks arwhalie apg@%n@lws@m;w@l es.
20 4. nmet hod OiIs %eratln%gthc fll%elegtrlc hea er for I|qU|d
heating appdFitis' Comrt sthg spPrytfg a'PedS 86%8\‘7%? £6" R ij in
accor dance mulfsetmenem’madha:tt at hedounputapowdy 2pdpt3C det (B’ICIm ni mpd\het her
25 the rate u S 3 r. i b r .

pr edet er m ne?t resﬁo d VE?Jf({)Jtl_e Ignglfll n@feﬁ%?%g t%écﬁ‘ 9?{819 E ng? e
of tenperat el Y§seas sthry odhid henthh@shéﬁﬂlpuﬁecasat i ﬁbéﬁr Gpei ng the

supply of pewslirén t&ﬁ:gﬁ?@tﬁc’jwéf %é‘gcﬂéée%er{v%ﬁl%tE??pg%aW%@ rise 30
is above the threshold rate. 5. of .operating a m heat er

for alli qui FFRRIGY (ﬂ% coRpERSi ﬁﬁeéfﬁﬁpﬁl (§5% r eFded AFowertd t he
heat er; det eraninug Mﬁiéﬁtdf@ reéaehes 356 bﬁmpeappﬂbﬁlmaselgf 1tilse€ cheat er

i s above or bel ow & re t hreshol d val ue an jncre in éhe power
applied i f (REHHE te%‘%r Ih T iREET e W T he "D 6??%@%@

PCT/ GBOL/ 003%& -a\&ﬁ*agmrwmmg reffecbuisi nher sapei mg ehehsuppley of power
to the heater Jf éd‘%éif?t ethl@dsrat? OEhEeTBQE@[t(uEgs %‘Sr' %x% %% 18

threshol d rate. A met hod a5 ¢l ar ned |nca|m ri sing
measufPng tﬁ—‘é“ﬂi@f@q &@tef@)rwﬂlff@‘#"er@@ﬂa%mewbﬁrﬁﬂgetb? éOpWGGet értmi ned

anount. 7. KdEtdhedise diddreth iih&l ehrhmdy 8a8E Kot PAPHESERgrilikeapeating

said step of determ ni ng whether the rate of
to burn it.

rate

Similarly the reduced maximum watts density
significantly reduces the propensity for local boiling
20 to occur at the surface of the heater during heating,
and consequently the noise generated is correspondingly
reduced. For example a reduction of power to 20% of
maximum of 3kW, i.e a reduction of more than 6 dB has
been found to reduce the sound emitted to an inaudible
25 level even against the background of a quiet room
Figure 5 shows an input power regime similar to
Figure 2 but this time with a 10% mark-space ratio, i.e.
6 Wem™ R.M.S. The effect is shown in Figure 6. It will
be seen here that the maximum output power and
30 temperature are even further reduced to approximately 12

Wem™

and 107°C respectively.

By contrast however if the power input of Figure 1
were modified to give the same R.M.S. power, i.e. by
increasing the gaps to 9 seconds, the maximum power

35 output and temperature would be unaffected since
equilibrium is reached during the one second pulses.

It will be understood by those skilled in the art



tenperature rise is above or below a threshold value and increasing the

power appl.je y if the threshold is not exceeded on bot sai d

determ naWO‘ﬁémﬂ interrupting said power if said thresh Icg[r/?gujl@ggeded

~on 15 any of said determ nations. 8. A nethod as clained in any of claim4
to 7 conprising making said determ nat4 @t continually. 20 9. A nethod of

operating an electric liquid heating vessel conprising applying a reduced
- power to thelwtatdre ofxamelessdebctobed pbetet ey bed medrifddd appl yi ng

hi gher powerdieraaliete ands el or FhA! gopheLhet nehe iale o Lefpsiature

rise of the heater I's greater predeterm ned thres
i nt errupti nd e PR O ﬁ@étéilPFtFﬁélpét@néV teﬁﬁepﬁﬁhﬁ§W%%ﬁals

.above the tM@M@Iﬁp@n@@rémétaggaglw heakitBed baw drd it is bel ow
t he threshold net hod_as.clained in

conpr|§3ng i é&ﬁﬁ?ﬁ#imu%ﬁ% Wet 1t ot RelF AR pOREF . %%§ kaﬁﬁFﬁ§61§§151alned

-in any of clfdamired wllklonpnvshngonsongrsahd paterohrtenperature rise to

35 determ ne the u b d at ,09; %8 WO
03/ 56436 - 36 | POTCHOE T toaE 100 R B8t el St L PP LR ERINERISL e ot &
liquid of koWt ehedmrmraapriciy Hernngy heat éﬂsbyeahhéteébﬁi & empguriad Ureat i ng

apparat us, s dredqsh SOmd | $1 88y 8PP | Pl POURE BQmE?@cHQa%%%l%f asal d
apparatus, measuring the increase 5 in tenperature of said |iquid over a

gi ven 19 e &ftf RAMEH A4 sai P vBPLREr PRt Bkl Ba¥Rrsusf MEABLt PR¥E heat
capaci ty anbesmudy afo marrgmswpwwb tithd hel eat eemperhbgreavgulane. 10

sai d 11qu d VF e e 647 T iR o AT Tho &Pk 15 R85 oy 13"
conpr|S|nglﬁhnﬁnquaﬂng;ﬂm@&ldppilamgxobmhenQEaierthé ¢Esehefd§hected
vol une is ahay: 31068 predeterm e £CI ey he poﬂﬁérggﬁ@ogn@énghghrred in any of

clains 11 to conprising re ed to the heater as
liqui &5 n the ved8RIthespres Heze baf iy, values 35ed for the examples

may not be ideal for use in practice for other reasons -
such as potential problems with requirements relating to
the generation of electromagnetic interference and
excessive influence on domestic electricity supplies.

20 The skilled person may therefore need to modify the
values used appropriately whilst retaining the concept
of applying power sufficiently briefly so as not to

establish equilibrium.

25 Example 2

A thick film electric heater is fabricated in
accordance with known techniques and a positive
temperature coefficient (PTC) thermistor is bonded to

30 the heater plate so as to be in good thermal contact
therewith. The whole assembly is allowed to cool to
room temperature. A highly accurate resistance
measuring device (which are well known per se) is used
to measure the resistance R, of the thermistor whilst a

35 thermocouple is used accurately to measure the
temperature T, which it is experiencing. The heater and

sensor assembly is then assembled into a jug and is sold



20 16. A rret hod of operating an electric |liquid heating apparatus
conprisin tlng whet her the volunme of liquid in the a above
a predete Z'sg ¥hr eshol d, applying a first power to the Iﬁpﬁ%&%(ﬂo?ﬁg a 25
first heating phase in whi ch t he liquid is heated to an internediate
tenperature and applying a second | ower 3gower during a second heating phase
in which the liquid is brought to boiling. 30 17. A nethod as clained in
claim 16 coriprd s rprssduer ng t he power of the heater_ using the nethod
A aed h CL3 Mhe Zedifesbl Heafts T8 NORL 35,1 ALIEA-LAGRAY (of o) AR, 4 L0
a Tor PN

17 35 conprising estimating t tinme t the vessel to
reach a pregetca et QU enodemoqtr%eﬁ@ast ggerpcwc; BOThe003RY 1 A

net hod of estigmtidied he tiEl regdi {4 ko heahtbiquidiebnknewgnheata
capaci ty reriel ved in a liquid heathénvgc?ﬁratus to a pr edet er m ned

t enper &t ur e TEGYS i'di FP 25 at i TRF ¢ neEdf S| FBEPdaPR tRE B¥5Far at us,
det er m ni ng tiche ameilidmentt paverl tiso bei mppl & eﬁlehgeﬂheyhaahemmhgt hée

appar atus and det.erm ni the ti e 1€ ui red}“on th i s, of the heat
capacity, véISTme ST S Or%; heenet-‘rrcfzjeyr & app Fedw er%lt ﬁglg as clainmed

in claim18 r@Sllsgacmqaqum@empmmfrﬁgi saseld eo | dat:ermmnenghheamam@r 21. A

met hod as cligj wegd |.\;33£é91 Md8oil% Q. 20 conprising using the tinme estimte
to set a fixed tine 15 for WhICh power is applied to the heater. 22. A

net hodCof oper at |Or1i’é?e'ar¥1'l§| eRte e 15 R Hedt | hee appakg¥udsto heat |iquid
recei ved th@re%'n'éﬁgqs%c'pr e@eﬁ@ﬁﬁe&ﬁﬁ@@r@»&rge@@ﬂaél sbng1eski mating the

time 20 which wll n to heat the Ii erature,;
defining a Fl@?é’ﬂ‘aﬁea?ﬂ IR IR POt %‘??ﬁﬂt Ehﬁf rﬁgﬁﬁtaﬁc‘f apel yi ng
power for smfdtﬁﬂ@(&dudmalsmgr tigreneh tdherieaftlee coherolpiengsor méduci ng
the power t%e%%%ra %Lﬁg T, is assumed to be 100°C.

15 The temperature coefficient of resistance is then

calculated as follows:
CTR = (Rz - Rl)/(T2 - Tl)

20 The jug may now operate normally to display the
temperature during heating and/or to heat to a desired
temperature. The current temperature T, is given by
T, = Cr X (R, - Ry) + T, where R, is the current
thermistor resistance.

25 Whenever the jug is again set to boil water the
temperature at boiling is measured and compared to T,,
i.e. 100°C. At first the temperature should be close to
100°C, but as scale builds up the temperature at boiling
will rise. 1If the boiling temperature sensed by the

30 thermistor exceeds 105°C, a warning message is given on
a user display and a warning tone given to indicate to
the user that the jug should be de-scaled. Furthermore
the power applied to the heater is reduced from its
maximum depending upon the amount by which the value of

35 105°C is exceeded. If the boiling temperature of the
heater exceeds 200°C, power is reduced to zero.

It will be appreciated by those skilled in the art



25 23. A nethod as clainmed in claim22 wherein said predeterm ned
tenperature corresponds to boiling of the liquid in the ve 4. A
met hod oﬂ”ﬂé%@?ﬁ@ a liquid conprising providing a |iquid hgéﬁkwaﬁggz%el
with a thick filmheater as claimed in claiml1, 2 or 3 and operating said
heater at such a power that liquid in-tBe vessel is heated substantially
W t hout generating any discernible noise. 35 25. A nethod as clained in
- claim 24 compatsitig appbye nexampledes eg hverdf powehe ppotpbeest bé profil e
being WO Q3136436 RCH CRAL 0037 s £1 €1 gh8ed,s0p88sk gy gaxi i se the
power at a glven p0|ﬁi t her eof Wiﬁ?§?§§¥%?nising tﬁé ggnefat}on of noi se.
26. A met ho#ighign|Ghst s1FRE £F helherai neeRpsHP ar r BAGe8X3MPdenkashre t he

- tenper ?t ure c@fldltﬂi%ttﬁitajstwé&_ ol d hﬂt)@kci'ﬁ]ﬂweape{ ianEhéf kitaﬁubelyheat i n?
apparatus, said ne conpri sing notin e resistance o e nsor at a
first ?enperatur@?qﬁ§ﬁ§Wé?)i 'CFW?I??éb%ﬁ%%r%fungBEBS?FVna,Pﬁgting t he
- resi stance ahesaiictsensorviang 401 iheseaf ¢repe ust uge sdedeh@onceswgsances to
cal cul ate by jnter [ ext rapol aty : t he sensor
at tenperat ﬁlrsléasr;h gleqogévﬁo%n%l.e '27.fi£ énrgt[%g% %}2&6 glgPrr(g%a‘}’%Egl gflm 26 wherein
said first exposwpdriaiurteenpe iy wie tdeperdonge 8. ugedeinstdead. cFhfmed in
claim26 or . 243Ad Sidith Setacid g Robld NGagi 19 bheandhgeqf change of
tenperatures of the sensor. 20 29. A liquid heating apparatus arranged

i tsel £0t o c&CEPTHUNINe method of claim 26, 27 or 28. 30. A liquid heating
apparatus conprising electronic 25 control neans including a tenperature
sensor which has been partially calibrated, said control neans being
arranged to heat liquid in the vessel to boiling, to nmeasure the resistance
of said sensor when the liquid is boiling and to calibrate the sensor on

t he basis of said 30 neasured resistance.



31. Aliquid heating apparatus as clainmed in claim29 or 30 wherein a or
the contr is arranged to carry out the calibration irst
time the ‘?{?"g}ég‘@?at us i s used by a consuner. 32. A nethod S?ch&ﬁ}lﬁg?%s as
clainmed in any of clains WO 011 56436 PCT/ GBOL/ 00379 - 39 26 to 31
wherein said sensor conprises a thernis#8r “having a negative tenperature
coefficient of resistance. 33. A nethod as clained in claim26, 27 or 28 5

conpri si ng Féhéé&ﬁ ng the step of neasuring the resistance of said sensor at
boi ling and conpari ng t he measurement with the original one in order to

determ ne ether t her, S di screpa ween_th i di cates
t hat scal ewﬁas bUI I“}e%lﬁlﬁdor?f?hre qieajtrggr nccﬁll% %nge (r)r%% u%\/\ggv\%l glgme inclaim
33 conpri si g lredweitieg ttee speardedppinigted of tdet heat ef ifst hexamud such a

di screpancy pode 35 A dTRIRAE O LBLRE r&é&@f esbit fatlp fAidnl hguid

heat i ng apparat Us conprising _nmeasuring the tenperature of the heater of the
appar at us WR&gatirdGied Livn imeaihadddle 95 &oi 18R %‘?rp%??%gtgéifﬁolfeﬁﬁér ature

to a refereaegeciemeriabune %@Eﬂsﬁ‘ﬂuﬁé r}gaatﬁwﬁqgm&/ﬁc)ap@peﬂeaowasdlao heat er
if said tenperature

S eater ,&P t&k?e reference te ?Erpp {ature by nore than
a predet er ntREG A OGN PEE 3623 O TP | PPREETRY3E or 35
conpri sing semlesn@fpmmlta(r toteer iheitce rbu s ta onff daheet i ¢alt bee2§ynet hod
Cla'”ﬁ@ in %Ia%@l% h%a% wﬁgéefﬁ;?ﬁr“ﬁtf§t§lﬁ%§E C% }%i@hglg4sh§§tor 36

conprising giving ar “at'e A |'e "or visual user 't hat
de-scal i ng |t§1artedfuher é@ce3©f3$heAhe@ttrecrd wfatreRpmes Bt ¢ | Yue dheat ang

predet er m ned&MRRAL W YaNG, & IHid N9af il % SRpeF at Upehavi ng an
el ectronic control neans, conprising applying a first power to the heater

of said apparatus, determ ning when
2. A method as claimed i1in claim 1, wherein the

15 duration of said bursts is less than 500 mS, preferably
less than 200 mS, more preferably less than 100 mS.

3. A method as claimed in claim 1 or 2 wherein the
burst duration is a whole number of A.C. cycles.
20
4. A method of operating a thick film electric heater
for a liquid heating apparatus comprising applying a
reduced power to the heater in accordance with the
method claimed in claim 1, 2 or 3; determining whether
25 the rate of temperature rise of the heater is above or
below a predetermined threshold value and increasing the
power applied if the rate of temperature rise is below
the threshold rate, but interrupting the supply of power
to the heater if the detected rate of temperature rise
30 is above the threshold rate.

5. A method of operating a thick film heater for a
liquid heating apparatus comprising applying a reduced
power to the heater; determining whether the rate of
35 temperature rise of the heater is above or below a
predetermined threshold value and increasing the power

applied if the rate of temperature rise is below the



35 the tenperature of the liquid is close to the desired tenperature and
thereafter, r cing the applied power to a second | ower po il said
desi r ed t&ﬂ)@?%f‘{fpe is WD 01/56436 PCT/ GB01/00379 - 40 %&‘gﬁ‘h.’“”é@ A

| i quid heating apparatus adapted to carry out a nethod as clained in any of
clains 21 to 28 or 32 to 38. 5 40. An-eBéctronic control for a liquid

heating apparatus as clainmed in claim39. 41. Conputer software
" speci fical | yvhegihadd @ teaar rjuouinteraupeingdthe stppPhedof npavwgrotocl ai ns

21 10 28 of 3% sty Y.ML AleBledl APalid AH AledbbAtbube ARl Al 1071 AL A
ALAAHALLALARE AL AR ASE AY. A A LA AY. ALA - y.AF.A Al CA AT Ae, ./,
Vdey7KQ above the threshold rate.
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SH109&' ()--; V\}rg\— [ 10%m& ( f) 10 10 , o .
20 . A method of operating an electric liquid heating

vessel comprising applying a reduced power to the heater
of the vessel for a predetermined period, applying
higher power thereafter and determining whether the rate
of temperature rise of the heater is greater than a

25 predetermined threshold value, and interrupting the
power to the heater if the rate of temperature rise is
above the threshold rate, but continuing to heat the
liquid if it is below the threshold rate.

30 10. A method as claimed in any of claims 4 to 9

comprising increasing said power to maximum power.

11. A method as claimed in any of claims 4 to 10
comprising using said rate of temperature rise to
35 determine the volume of liquid in said liquid heating

vessel.
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the power of the heater using the method claimed in

claim 1, 2 or 3.

18. A method as claimed in any of claims 4 to 17
35 comprising estimating the time taken for liquid in the

vesgsel to reach a preset temperature.
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30 24. A method of heating a liquid comprising providing a
ligquid heating vessel with a thick film heater as
claimed in claim 1, 2 or 3 and operating said heater at
such a power that liquid in the vessel is heated
substantially without generating any discernible noise.

35
25. A method as claimed in claim 24 comprising applying
a predetermined power profile, the profile being
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31. A liquid heating apparatus as claimed in claim 29

or 30 wherein a or the control means is arranged to

carry out the calibration step the first time the

35 apparatus is used by a consumer.

32. A method or apparatus as claimed in any of claims
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, 109 #TE () pd@sStement with the original one in order to determine

whether there is a discrepancy between the two which
indicates that scale has built up on the heater.

10
34. A method as claimed in claim 33 comprising reducing
the power applied to the heater if there is such a

discrepancy.

15 35. A method of detecting scale build up in a liquid
heating apparatus comprising measuring the temperature
of the heater of the apparatus when liquid in the vessel
is boiling, comparing said temperature to a reference
temperature and reducing the power applied to said

20 heater if said temperature is greater than the reference

temperature by more than a predetermined threshold.

36. A method as claimed in claim 34 or 35 comprising
reducing power to the heater in accordance with the

25 method claimed in claim 1, 2 or 3.

37. A method as claimed in claim 34, 35 or 36
comprising giving a separate audible or visual
indication to a user that de-scaling is required.
30
38. A method of heating a liguid to a predetermined
temperature using a liquid heating apparatus having an
electronic control means, comprising applying a first
power to the heater of said apparatus, determining when
35 the temperature of the liquid is close to the desired
temperature and thereafter reducing the applied power to

a second lower power until said desired temperature 1is
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41. Computer software specifically adapted to carry out
10 a method as claimed in any of claims 21 to 28 or 32 to
38.



