WD 2008/ 124865 PCT/ AU2008/ 000500 | MPROVEMENTS | N WATER
HEATERS Field of the invention [001] This invention

w0 edoatizs63 0 wat er heaters and net hods of cont rBCT/AU2008/000500
thereof. [002] The invention is applicable to water
heaters which are operated at an upper tenperature
t hreshol d, such as boiling water heaters for providing
hot water for beverages. Background of the invention

[003] Boili nMPROVEMENRTSIN WATER HEATERSed to
provi de hot water for beverages and are required to

provi de water at close to boiling point. However, the
boiling point for water depends on the atnospheric
Fieh of ¢ive énvenfiamn can vary according to factors such as
weat her conditions and altitude. In addition,
[008] NThik ftention reditepoweatecimatennptd oethods ofwantinl thensof.t ant
factor for equi pment suppliers and consuners. Having
[002] CTR¢ inveits] iy apslidablego Mextdrdeatiess wiieh efewlpentedeatangypper
and generates steam which can al so be nagﬁ:}e&t abl.e
tenppsratyrg shrgghold, syehyas hailing walshheaigrs 3}%‘9‘{@88 EWBT f9Tng
be\)’e‘!ﬁat [ heater suppliers to provide a heater which heats
t water to a tenperature threshold a degree or two
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beRgtgkt At AeirdfuilRd\e providow s cRite R Ballih@ pHihe VESWever, the
tenperature overrun fromthe thermal inertia of the
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a first predeternm ned water, level; B, heating tJ;e
conggimgys. Haviggajcoatinyqugiychoaing heater iswavdeiyl ofeneray, A gsmeries

el TR o Be RO W Ry TR () SaUPeets”
boiRff watd? 068£0RNPHREs t@provide a heater which heats the water to a
temperature threshold a degree or two below the boiling point. This necessitates the
calibration of the heater to the local boiling temperature. Other refinements, such as
the ramping down of the temperature as the water approaches the boiling point have
also been adopted to prevent temperature overrun from the thermal inertia of the

element.
Summary of the invention

[004] According to an embodiment of the invention, there is provided a

method of calibrating a water heater, the method including the steps of:
A. adding water to the tank to a first predetermined water level;
B. heating the water to a first temperature threshold;

C. maintaining the temperature at approximately the first temperature threshold

for a first period of time;



D. heating the water until the rate of tenperature
change is less than a first predetermned rate; E
woremsue48nyy the tenperature (Ti) when the stat ePGI/AB2®R/000500
Dis achieved to determinea first iteration
tenperature. [005] The nethod can include the step of.
F. recording the first iteration tenperature neasured
D.at hedingEhawatehentiiahé tangof temipetaturg OlBige Thlesstbamea dirgtan
i.;nclude the steps of: G neasuring the tine for the
PredeieBPEd 14 8ach the state of step E, and H. conparing
the tinme.with a third predeterm ned tine_peri od.
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deeltfinB QR ifPalRGBbERRRAL L0 a level sufficient to
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r a se termne i (8 mn); J. applying
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F. o oiSS5ihe ST EDRaRpERTI e hotdh th B e Tieed
poiat, step J as the boiling point, wherein steps J, K
and L are carried out instead of or subsequent to,
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K. measuring the temperature attained at step J;

L. recording the temperature attained measured at step J as the boiling point,

wherein steps J, K, and L are carried out instead of or subsequent to, step F.

[008] The method can include the steps of:
M. measuring time to achieve step D,
N. comparing the time measured at step M with a third time period;

and, if the time measured at M exceeds the third time period,

0. measuring the water temperature at the end of the third time period;

P. recording the water temperature measured at step O as the boiling point.
[009] The first predetermined water level is less than the full level.

[010] The first predetermined water level is at a predetermined height above

the element.



Brief description of the drawings [012] An enbodi nent

or enbodi nents of the present invention will now be
waele®sni4sexl, by way of exanple only, wth refereCyal2ms/ 000500

t he acconpanyi ng drawi ngs, 3n which: [013] Figure 1

I's shows a functional schematic drawing of a boiling

wat er heater enbodying the invention; [014] Figure 2
[01 a f undihicomaintibh elsk privadasarmontrbliertfontmplemetting the method,

functi gnal .elenents, of a ntroll er adapted for use
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fl diagtram of a first node of operation of the
B%?ﬁo‘x\éﬁﬁj" Q?tmﬁ'f%‘ﬂ’!“q%m] Figure 4 is a flow

di agram of both the first and second node of
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2 DI SPE@.Y Iél.: 122 DJ.SPLAY 224 KEYPAD I/ F , 124 KEYPAD
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water heater.
[016] Figure 4 is a flow diagram of both the first and second mode of

operation of the boiling water heater.

[017] The following reference numbers are used in the drawings:
FIGURE 1 FIGURE 2 FIGURE 3

100 | TANK 200 | CONTROLLER 302 [ADD WATER

102 {WATER 202 |PROCESSOR 304 |HEAT

104 |ELEMENT 204 (BUS 306 |MEASURE TEMP

106 [SWITCH 206 [NVRAM 308 | COMPARE TEMP

108 | VALVE 208 |ROM 310 |REDUCE HEAT

110 |WATER INLET 210 |INPUT I/F 312 |START TIMER

112 |LEVEL SENSOR 1 212 |LEVEL SENSOR 314 |TIME

113 |LEVEL SENSOR 2 213 |UPPER LEVEL 316 [FULL HEAT

SENSOR

114 |OUTLET 216 | TEMP SENSOR 318 | TEMP/TIME

116 | TEMP SENSOR 1 218 |SCRATCH PAD 320 |MEASURE TEMP

118 | TEMP SENSOR 2 220 |OUTPUT INTERFACE |322 |STORE TEMP

120 |CONTROLLER 222 |DISPLAY I/F

122 |DISPLAY 224 |KEYPAD I/F

124 |KEYPAD 226 |SWITCH




4 228 VALVE 230 CLOCK FIGURE 4 402 ADD WATER 404
HEAT 406 MEASURE TEMP 408 COMPARE TEMP 410 REDUCE
WOHENS/124882 START TI MER 414 Tl ME 416 FULL HEATPCEAB2008/000500
TEVMP/ TI ME 420 MEASURE TEMR 424 TIME 426 FULL HEAT
428 TEMP/ TI ME 430 MEASURE TEMP 432 STORE TEMP
Det ai | ed description of the enbodi nents [018] The

ifvention will be|medwaited with referende to a

bprTing water Negisgr|cLbekd] Figure 1 shows a boiling
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418 |TEMP/TIME

420 {MEASURE TEMP
424 |TIME

426 |FULL HEAT

428 | TEMP/TIME

430 {MEASURE TEMP

432 |STORE TEMP

Detailed description of the embodiments

[018] The invention will be described with reference to a boiling water
heater.
[019] Figure 1 shows a boiling water heater controlled by a method

implementing an embodiment of the invention.

[020] As shown in Figure 1, the tank 100 contains water 102 which has been
admitted to the tank at inlet 110 via control valve 108. A first level sensor 113 is
provided to determine when there is a first predetermined level of water in the tank. A
second level sensor 112 is provided to indicate to controller 120 when the water has
reached the full position. Controller 120 then turns off the valve 108 and stops the
water entering the tank 100.

[021] Additional level sensors can be provided to determine when
intermediate levels are reached. For example, a third level sensor can be provided to
indicate that a minimum level of water is present above the element 104. Thus, if the

water level is below this minimum level, the element 104 is inhibited by controller



[021] Additional |evel sensors can be provided to

determ ne when internediate |evels are reached. For
wex@aptesss a third | evel sensor can be provi dedP@DAU2008/000500

indicate that a mninum | evel of water is present

above the elenment 104. Thus, if the water level is

below this mninmum |l evel, the elenent 104 is inhibited
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initiate refill. This can prevent the refill starting
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| evel nonitor can be provided in the formof a pair of
capagperpleies ryiningsom dhewpngr fevehtotthebeipe of thevark arghe he
: to he_tank ar t.he .m.ninumleyxel The
AR 481, 2 S Rl v s A Y gt P plates.
Tht bepaeltadi@san bEh%a@t&@@B%/ koo teeBiiqhes SR asaRlyiay akIo%Bnal
t echni ques such as applying a HF signal and

an¢ g3leylpting thy ceppsitangsdeqm theareasinsthparamsiera god adjusting for
t ' in . L ure effects, on

terBR AR R tnE et Mol erish STRTAEMHEE 13 GfdcitoP Brates
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cylindric rfaces with a space between ic ills
Waﬁ%%%@\bﬁ%%? Ofg‘et%erﬁ’éf‘%?m%f the water in the tank.

2{3023] One or nore tenperature sensor 116, 118 neasure
[02%3he t enp&ngton more temperpsungesersor il h6,t118 measkre thintsmperatire of

t . SOrs. 1s ovi ded, .t hey. .c be
the R0k T bR e RIS RE T PR Y i ROYig8E e on
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thel . ' [ 12\
re b RDERALANEE: Lo 8 Elocal i PIRAH Pry
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[ of f via tap 114. [025] The controller 120 can
det?%@%&e a display 122 and a user interface such as

ypad 124. Ot her interfaces such as touch screen,
[Ozlﬁflfrar edaéd'}ter\)ﬁa}q £ dgavn off sigrtap 44 can al so be used.

%026] The controller 120 can be provided with a
[023Er ol 1 abithe eeptwollen k2 thesnunclug & display 132 end ¢ aiserdntetfacd such

~as l@flpﬁ’@ P btﬂ&riﬁteﬁfgge%tshalnasggltléhos%%éen, infrared or wireless interfaces

can also be used.

[026] The controller 120 can be provided with a scrollable function menu

which the user can control by one or more function buttons.

[027] The controller 120 receives input signals from the temperature sensors
116, 118, and from the levels sensors 112, 113. In response to the input conditions
meeting operating criteria, the controller controls the inlet valve 108 and the power
switch 106.

[028] Figure 2 schematically illustrates a functional block diagram of a

controller adapted for use with the inventive heater.



[027] The controller 120 receives input signals from
the tenperature sensors 116, 118, and fromthe | evels
WG@008024863112, 113. In response to the input coPdi/AD2008/000500
meeting operating criteriag the controller controls
the inlet valve 108 and the power switch 106. [028]
Figure 2 schematically illustrates a functional bl ock
[029] agr am Afpraces@0L ahd @ aﬁ&ﬂmraéaleﬁmtme interconnected by a
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intdrfRe LY Snd RO SRR aatﬂuisme BHER cORINT 206 aAd the valve control
connected to the input Interface 210, and the control
22%arepanseciagrio theeowpuittinlerfaca?20ol 226 and t he val ve
control 228 are connected to the output interface
[03220 [ 03The iﬂpat inbgrtice and thefoaeit anefideean bt patt of a common
terface rt of a coomon interface such as a
intgy es“&qsfagﬁgB tS%aGFigure 3is a flow diagramof a
first node of operation of the boilin wat er heater.
[03[26333] | nFigur 3 pra Lo diapmm ofg figst que@% aeeration phihr beding

afePhéut@lf edeterm ned level, such as the level 111
eterm ned by | evel sensor 113 and the water |nI et is

f035?e”t ne. it yeePlhanieioaatlS InE R 52 dtpPsiact Teve,

suchRRiticoeed 1at dsteBRindd 6y Ukttel benkdr T18aGA8Re Wafel iHét i lS then shut
predeterm ned tenperature threshold Ti (308), which,

0ff1 Tﬁﬂl bag isdheroenplien et fiem3hbwa tenkesting glonget] 04and the

N

thresBdldi %1 (308 evddkcH, tn thid cﬁﬂl@ddlmaﬁtfhae begit clioger® $8°@1, A thbgnostat
at Tl at step 310. This

t t t
can, i 5 CL BB R LRI SR ) 16 b st e oghes FUPREAGY
the @lc@MBR0 T 04 R4eddcRd DY 18 §1ﬁﬂé1919 th R RhSTE fenirARd 2f f

for periods of tine to reduce the average power
appeiestiimatel e at Dyattstep 380eFeistcard Bedone by reducing the duty cycle of the

heating element 104, ie, by switching the element on and off for periods of time to

-

reduce the average power delivered by the element 104.

[034] A timing function is initiated at step 312 when the temperature reaches
T1 and the temperature is held at T1 for a predetermined period, for example, 4
minutes (314).

[035] Thereafter, at step 316, full heat is again reapplied and the rate of
temperature change is monitored at step 318 until it falls to a threshold rate, 0.1C/2.56

sec in this embodiment.

[036] The rate can be measured for a number of iterations, eg, 8 samples at

2.56 sec intervals at step 318, and when the rate is below the threshold rate for 8



[034] Atimng function is initiated at step 312 when

the tenperature reaches TI and the tenperature is
whelod/1a865[i for a predeterm ned period, for exBEAB2004/000500

mnutes (314). [035] Thereafter, at step 316, full

heat is again reapplied and the rate of tenperature

change is nonitored at step 318 until it falls to a

suctditivs Rahples,ah€ientbetatfieds ﬁ@asusamtlswptﬁDsTmmmpmﬁme is
[036] The rate can be msggured for ﬁ.nun‘o Lﬁt ¢ memo
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reppie®ridiertgmperaire srnersired Al HBRR Alg¥eR 43 eid,fpr a time
perf’ th%nﬂ%grg ffllglnzﬁég pglilgﬂgat §Othert fe@ af @2@ ahg§¢theas

can opt |
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015 Srsrah chapeiin bgnbodipputh e TrepBRGIE Spioryd afsep 430

At tere8Gn Abn-428
amﬁ%t@l;m%gnre }étafﬁ ﬁ%??g%fgraﬁga?gﬁtgﬁ%g again eO IC/nZ 56

Vola‘elcm@nmtyc%)én in this enbodiment. The tenperature is
neasured at step 430 and stored in nenory at step
[03832. Pr efTae dbtible calitiratidneinpladiag both stepss308rte 322 and 6214 to 432

sy PUIP RGO EieBp B s bE o e igoln prticular

th1§1§1§>b§s§étcah Be {)ﬁYédddcﬁQs 6 Sl D 8Hlin %tér%@t@?saﬁh%xample 3 to
bration tenperatures. In particular, this process

40hem0b1wcmqsl ied across a range of boiling water
heaters, for exanple, 3 to 40 litre capacities. [039]

[03Phi s cal iThisadalibratiph proess canbe berredout wilethe hehtenhashmt
heat er ot _been previously calibrated. [040]

begngreyigh ﬁcéltﬂ@ﬁteéw or 418, the water should boil at

4%éeater than 92C. Preferably the system can be % S
qui re FREeWingsten Bidentt! Babe patss shuld hpil apgigater fogp 92 °C.

Pre%érﬁgl{ygfle 5448 Bad ¥ SRR reBh R I BLEMT NP REL R0 of HTpdAwer Yor

greater than a further predetermined period, such as 1 minute.

[041] In the event that boiling is not detected at 318, 418 or 428, the timer
will run for a further predetermined time period, say 10 minutes, and the temperature
then recorded will be taken as the boiling point. This time period commences when
the temperature exceeds a selected threshold value such as 92°C for mode 1 operation

(i.e. 318 & 418) and for mode 2 operation after the 8 minute time period (i.e. 424).

[042] When the heater has been calibrated, incremental filling from level 111
to the full level commences as the controller 120 opens valve 108. In this process,
water is added until the temperature falls below a chosen value while the heater is at
full power. When the water temperature falls to the chosen value, the water inlet is

shut off by the controller closing valve 108 and is held closed until the temperature



[041] In the event that boiling is not detected at
318, 418 or 428, the tinmer wll run for a further
w@e@darsssiri ned time period, say 10 m nutes, aneCT/AB2008/000500
tenperature then recordedgwi || be taken as the
boiling point. This tinme period commences when the
tenperature exceeds a sel ected threshold val ue such as
nse@@@afv@lhe eghén dn meptablle%mpe(ramm raﬁgﬁsﬁabk&br ssedvitlohot
node 2 operation after the e ti period (i.e
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incremental filling fromlevel 111 to the ful] Ievel
[046])m“renceA calibratien eesat husionsan e prayjsedonhe gentnadigr. This can

be yative PHEAERRaieBbEhroyle B SERAHE bk AT BRFR o e
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In an ac tenperature
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the controll’'er. This can be used to initiate a

sens@ | thasisthie 5ensero8 Ceansiships §éb’étft Angs@Oe@ng Breanmngns fotkem
. ‘ 22 |
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wheraRkeycappeisSi oned t he unlt can be re-calibrated
anywhere between low |evel and high |evel by
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Sense con
vmunmmﬁmmamd3mgeﬂﬁaﬁﬁ@gmwmnmm be attrlbuted to t he
correspondi ng words "conprise”, "conprised" and

[046%0NPr i SHEile pm@cmartehﬂmdﬂmmf thisQAantibh b beeR@escribed, it
understood that the invention disclosed and defi ned

wilhbe eyidentdx thoreiskitled & the art that thenrosentisvpitinn maybe embedied
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the inyention. [046 ile particylar enbodlnents
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I nvention may



in other specific fornms without departing fromthe
essential characteristics thereof. The present
wepinsdr4sent s and exanpl es are therefore to be PCT/AU2008/000500
considered in all respectsgas illustrative and not
restrictive, and all nodifications which would be
obvious to those skilled in the art are therefore
i ntended to be enbraced therein. WD 2008/ 124865
Claiaid AU2008/ 000500 9 Cainms 1. A nethod of
calibrating a water heater, the nethod including the

1. St epSmefhod Af cAfRANE ANFhBF hdafer! A8 nie#ivd ihfludinkithésteps of:
predeterm ned water |evel; B. heating the water to a

firgt te ; ' h&d Wetek RRel:
termer at (rna L0 MRk i OO Dkl e
t hr gshol r j ' £ LR, heating the
wat ;%? un F%tﬁ{ghtge i‘laafezt“’o?ﬁf%?r%q“ reg%t;ﬁl:regﬁr o ﬁljz%r%’e is |less
than,a first. predeternm ned rate; E SUE | th
t onber ar st pirfe E el o DRl By
thrb¥hofd fof RiBMeRriba olgier M ne a first iteration
tenperature. 2. A net hod as clained in claim i,
i ncipldi NGedde BE SRt Uintifthe FAE BF Rifprahli® chardgRls less than a
iteration ternperature neasured at step E as the
firdb prédetegmpidmate; 3. A nmethod as claimed in claiml1,
including the steps of G neasuring the tine for the
wat & t o nmieasring the tehitpmd etuef(T$) efthEwatandvhehl thesiatpaf steg
the ti fth a third predetermned tine period. 4. A
Dﬁ@F]FFSWE@ feSERSR W!&%ﬁl%@ﬁ@ﬁ%ﬁ@- precedi ng cl ai ns,
including the steps of. 1. reducing the power to the
2. | edemrethod ag claimed inlgim biiegluding theefameli n t he wat er
at the first iteration tenperature for a second
pr edfet er m¢aveding drei fordt ife@ation talnperdturamshstredyatistep E pother
boto the element until the state of step Dis achieved;
KNZROIE i ng the tenperature attained at step J;

3. A method as claimed in claim 1, including the steps of:
G. measuring the time for the water to reach the state of step E, and
H. comparing the time with a third predetermined time period.
4. A method as claimed in any one of the preceding claims, including the
steps of:
L reducing the power to the element to a level sufficient to maintain

the water at the first iteration temperature for a second predetermined period (8

min);

J. applying full power to the element until the state of step D is
achieved;

K. measuring the temperature attained at step J;

L. recording the temperature attained measured at step J as the boiling

point, wherein steps J, K, and L are carried out instead of or subsequent to, step F.



L. recording the tenperature attained neasured at step
J as the boiling point, wherein steps J, K and L are

w@2a0siiz@deduUt | nstead of or subsequent to, stepPEI/AVDOS/000500
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claimed in claim4, including the steps of M

nmeasuring tine to achieve step J , N conparing the
5. ti NB pesasidsathinied $4 SRinVMyintindimgtthe steps ofme peri od;

and, if the tine neasured at M exceeds the third tine

period, feastBAS HhicE atiievd @gpEr ature at the end of the
third tinme perrod; P. recording the tenperature

nmeagur .edcogﬁ];?a%fng Radride rﬁégﬁné@ i hEOMPRItI b thirdBtimépemédiod

as clainme ny one of the préceding clains, wherein
andy {1 i eSS0 G G RBGR PR cfriad?, B s "her o

br et cr HFREATRAT DRSS o e of B s fix g period

OBt B e LSS B0 0 B BT

nmet hod of any one of cl ai 1to7. 9 .Abqili.n ter
6. heaf\erethotpylpimpddan é@Y]P%&F the P%e‘gP&FWBHS’i e&?l%i%fﬁ st

preé%gg@g%%gﬁple%lﬁ?%&% th@ﬂﬂlaiep.«g! ling water heater

y as herern described with reference to

t he,ac nyi .n . QS . far
7 bot 1 RG B Fiedh RS viiin B SPGBl e v
is ath pledetenhibicd heipht sbdveehagdememanyi ng draw ngs. 12. A
boiling water heater substantially as herein described

8. Wi t i HefsN&T6La béilink Mt HeSeR AYdontoHEPNtIngRg a processor

programmed to implement the method of any one of claims 1 to 7.
9. A boiling water heater including a controller as claimed in claim 8.

10. A method of controlling a boiling water heater substantially as herein

described with reference to the accompanying drawings.

11. A controller for a boiling water heater substantially as herein described with

reference to the accompanying drawings.

12. A boiling water heater substantially as herein described with reference to

the accompanying drawings.



