WD.02/ 089652 1 Apparatus for C eaning Tabl eware -Sy NOV 2005 This

‘invention relates to a apparatus for cleaning tableware and ,

the like,_and in articmﬂmmu‘mwmmm and apparatus that uses ultrasonic

energy. SMAHBYGEti onal "di'sh shers, water jets are used PEFS@II03Hyi ng
particles of food and other '\é\%r?t am nantjs fromthe surface of tabl eware.

Wat er al one, even when very hot, is not nornmally effective enough, and

strongly al kali ne or .oxi di _ ; bSwaRSd- T 7sN6b 2005
- P ee, Releh i Tabew

detergents tend to bl each overglazes an ured decorations on
tableware. In addition, the cleanliness |level obtained by traditional
di shwashers is generally not satisfactory, especially in the case of

i rregul arl y . shaped,.t abl eware. This is_partly becayse water jets cannot
reach ever ?j- hé%W?’&EE‘?“ fejatpsdo & method of gaé (ﬂﬂ{’@r%@ K%%'ﬁap@grfa@ew@éﬁ and
proposed. U trasonic cleaning offers many advantages in the field of

- di shwasher dhe iike,ransbini particwan iangethaseand espamtusﬁﬁﬁag Uisasgiulirasapic energyi ng
cavitation in a cleaning nediumto effect a separation of soil particles

fromdi shware and the like. The cavitation is able to reach all parts of
the tabl eware, even of irregular shapes. It is widely 20 recogni zed t hat

the effici epedrionahliBhiabhés) WateGbRAAeNEcHBR ARIGdRiIAS pattfdiéddeibdon the
- manner of application of such ultrasonic energy. Al though a nunber of

C man ARG SRS RS MRSl PR, ARSI, SHARMAY
successful lv%rsy\ﬁg{' isd}\c?’thr\{\c’)arFn%\llf(l ré(i!fetcﬂ\(/ae le“é&gl'ltj,saiin%gstlrjért\grl? ) rldili%e_eor}%rx%iing
detergents must be used. The strong detergents tend to bleach overglazes and
10 other coloured decorations on tableware. In addition, the cleanliness level
obtained by traditional dishwashers is generally not satisfactory, especially in

the case of .irregularly shaped tableware. This is partly because water jets

cannot reach every surface.

15 The use of ﬁltrasonic dishwashers has been proposed. Ultrasonic cleaning
offers many advantages in the field of dishwashers. Ultrasonic cleaning
operates on the principle of creating cavitation in a cleaning medium to effect a
separation of soil particles from dishware and the like. The cavitation is able to
reach all parts of the tableware, even of irregular shapes. It is widely .

20  recognized that the efficiency of this ultrasonic cleaning mechanism is
dependent on the manner of application of such ultrasonic energy. Although a
number of dishwashing machines have previously bgen proposed, there is
currently no commercially available uitrasonic dishWashing machine that can be

used to successfully wash dishware and the like using ultrasonic energy.
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25. WD 02/089652 2 PCT/S G01/00260 :[87 NOV 20 Most of the proposed
di shwashi ng machi nes suffer fromthe di sadvantage that they have not used

Sui tabl e WC?W&%% for the ultrasonic generator or, nore inportantly, have
not determ ned correct power level for cleaning. Becau®ET/safo1bbues, the

cleanliness level is not satisfactory an? in sone cases, hﬁg gﬁ\pl'@ﬁare s is
damaged. | naccurate frequency and power [evel are known t xert ftorces

t hat cause ' cially.on_sensitjve and delicate
surtaces.  IHoaa e BRoAdRainFRgTing FRRGIbRs UESr PTuAe i aiesiagsthaind hot
wat er for Lng., tergent, and hot water incur the disadvantages of

envi ronmnggﬁﬁégggagﬁ%gwﬁplﬁi@%’P”Ehéqrgwedtbtiasomogenem‘tcmmﬂm with a
first aspect of the present invention, there is provided apparatus for

cl eani ng t dBPRUAREY. have net determined thecoseapaweieval foe tleadiy. elecdiseol d a
to

liquid, an ultrasonic generation device nounted on the container so as

emit ultracbiis, themieanliness Vet is:mﬁsﬁti@ﬁqto%d?%tﬁhg%%\ﬁ?&i g t&%@{g@? gtyo

have is tableware placed inside the container, and t rasontc
Jubst ant Al Ty oo e teq AR o B elt SVl SR (he”
present | nifitcade erdi51F ohih8'sial8E, &pecially on sensitive and delicate
surfaces. In addition, these prior art machines relied on detergent and hot
water for cleaning. Detergent and hot water incur the disadvantages of
environmental degradation and higher energy cost.
10
In accordance with a first aspect of the present invention, there is provided
apparatus for:cleaning tableware, the apparatus comprising a container adapted
fo hold a liquid, an ultrasonic generation device mounted on the container so..as
| to emit ultrasonic energy into the container, the container being adapted to have
15 tableware placed inside the container, and the ultrasonic energy generation
device emitting ultrasonic energy in the fre'quency range from substantially

20kHz to 80kHz.

In accordance with a second aspect of the presenf invention, there is provided a
20 method of cleaning tableware comprising immersing the tableware in a liquid
and generating ultrasonic energy in the liquid, the ultrasonic energy generated

having a frequency in the region of substantially 20kHz to 80kHz.

The term “tableware” as used herein includes all utensils or dishes used in the

25 preparation, storage, serving or consumption of food, such as kitchen utensils,



20 .net hod of cleaning tableware conprising inmrersing the tableware in a
| i quid and generating ultrasonic energy in the liquid, the ultrasonic

ener gy geweroatossds2 having a frequency in the region of subsllgéﬂ% d0¥ 20kHz
to 80kHz. The term "tabl eware"” as used 'herein includes al é

di shes used in the 25 preparation, storage, serving or cqoqu% 29

food, such kitchen utensils, WD 02/089652 PCT/ SG01/00260 3 to 7 Nov 30
cutlery, pSFieWpla(PE; pans.seasseolgidishes, plates, dowldomups, saupsrs, Fagsersl  mMugs
and glasses. In addition, the tableware may be manufactured from any

suitabl e glasees.aln addmbnaﬁ\entebwwargIrﬁ@Sbemmﬁaétu@éd Bons hhe suladieef er abl y,
the ultrasonic energy is in the frequency range from substantially 28kHz

Lo 68KHz . Menéried] d0h &9 ndta WlasR0estariie of ifagtlcl r asoni ¢ ener gy gener ati on
device is in the region of 45W per l'iter of liquid within the

container, in use, and 10 preferably, in the range from5Wto 25W
Preferably the ultrasonic energy generation device is |located adjacent a

si de ner, and t adj acent a bottomwall. is
Prefera I y, P%fﬁtﬁfxﬁﬁ ??@%@PE@%Q ﬁﬁ% | @agedrom abstangaliyi de t he
cont ai ner. wever alternatlvely, the ul trasonic energy generation device
coul d be- n% %H>6%%|ae the container. Typically, the apparatus further
conprises a liquid reservoir coupled to the 20 container. Preferably, a
valve is | ocated between the reservoir and the container, the valve being
novabl e between a closed position in which liquid in the reservoir is

prevent ed Typicalyyties it poveradtise DRfasoRitbrittigP BRReRARIN d&icd B in the
region of 5W to 45W per liter of liquid within the container, in use, and

10  preferably, in the range from 5W to 25W.

Preferably, the ultrasonic energy generation device is located adjacent a side

wall of the container, and typically adjacent a bottom wall.

1s  Preferably, the ultrasonic energy generation device is focated outside the
container. However, alternatively, the ultrasonic energy generation device

could be mounted inside the container.

Typically, the apparatus further comprises a liquid reservoir coupled to the

20  container. Preferably, a valve is located between the reservoir and the
container, the valve being movable between a closed position in which liquid in
the reservoir is prevented from entering the container, and an open position in
which liquid in the reservoir is permitted to flow from the reservoir to the

container. Typically, the apparatus also comprises a pump to pump liquid from

25 the reservoir to the container.



whi-ch liquid in the reservoir is permtted to flow fromthe reservoir to
the container. Typically, the apparatus al so conprises a punp to punp .
liquid freyoxéeetfde reservoir to the container. WO 02/ 089632Reh) /00260
4 [87 10V 20 Preferably, the apparatus conprises another contal ner adapted
to hold a liquid, another ultrasonic geheration device un:@g t he
ot her container so as to emt ultrasonic energy into thg&J %t ai ner,
the other container being 5 adapted to have tabl eware placed inside the
ot her container, and the other wultrasonic energy generation device

emtting U'F‘r’é?érﬁpiy;tlf‘é"mﬁﬁ&(raﬂé é&ﬁﬁiéé‘@éﬁ&ﬁér cBﬁ%g%rfa{%@d‘%ﬁ%.t% ﬁ‘#tléi}ﬁ, 20kHz

to 80kHz. Typica ere a reservolr i s prov reservoi

coupled to L ner t he .ot her container . Preferabl t he

cont ai ners %@2"%’8‘8{@% '9(9%818%1%&%%\90? W%@f#?nlt & QT nIRIngt %‘héﬁ&?r ed
bet ween t he cign[ ai ners. .15&%p'hcall , the container has a door in a side
wal | of thePBGHIEASRBIC energy iyBrihe Sty cantainsr.dhe athrrgeniaingpbaingosi ti on i n
whi ch tabl eware may be inserted into the container and a cl osed position.
Pr ef er atfl y,adaptedipsphave tebléwarsplacedinsidesthe otheachntainer and whe bihert he
container, 20 the rack being adapted to receive itens of tableware.

Typi cal l'y, ulfresaric knemyygeradrhtion dedice \emittihd tirasenicaidegy irfhé éfichdyhe
container has a door in a side wall, the rack is preferably slidablé into

and out of rhRge hf SLBSENUARROKM, #P80KHZS 1 0 the open position.

Typically, where a reservoir is provided, the reservoir is coupled to the container

10 and the other container.

Preferably, the containers are coupled to each other to permit liquid to be

transferred between the containers.

15 Typically, the container has a door in a side wall of the bontainer, the door being
movable between an open position in which tableware may be inserted into the

container and a closed position.

Preferably, the apparatus further comprises a rack located within the container,
20  the rack being adapted to receive items of tableware. Typically, the rack is

movable relative to the confainer, and where the container has a door in a side

wall, the rack is preferably slidable into and out of the container when the door

is in the open posiﬁon.



WD. 02/ 089652 PCT/ SG01/00260 5 f,7 Nov 71' G Typically, the liquid in:
+"whi ¢h the tableware is i mersed has a tenperature in the range from15C to

50C. Pref avalobmsosshe |iquid has a tenperature in the range Pctﬁﬁﬁﬁ/wz%oto
35C, and nost preferably, the liquid has a tenperature in the Trange from-

20C to 30C. 5 Preferably, the liquid conprises water and may . [ B3
I ncl ude a detergent and/or a surfactant. Exanples of appar at@}f'@r a;gh% a

met hod of cTypinally theliteiddn evtiich Hectabieware isimmerséd his a RYgRraRiie h tHe NOW
be described with reference to the acconpanying draw ngs, in which: Figure

1 is a crosmreciodmECiclso’t epréferablf) t'h%tliqﬁﬁﬁﬁﬁﬁ% Patikd frﬁﬁ%gjaﬁpsur o 2

di shwashi ng machine with a novabl e support 1'n a rst position;

IS a cross-gg&i ' | L0e: in Fiqure 1. wth the
nmovabl e supg§@t1qppgo g’ggc;h#%}o%sq%? P%%?’%[}E g?’ﬁa@\%’ EF%@?%%S{E E‘ir%nﬁas |t ﬂier .
I ew of the chi ne | I gure W t e novabl e sup _ rd
' \pgogi tion; ﬁ%@F@’WiM%@éﬁsgct ional front view of the machine shown in
Figure 1; 20 Figure 5 is a cross-sectional front view of a second exanple
of an W trasonic di shwashing machine; Figure 6 is a cross-secti onal side
view of the machine shown in Figure 5 wth a door in an open position;
Preferably, the liquid comprises water and may optionally include a detergent

and/or a surfactant.

Examples of apparatus for and a method of cleaning tableware in accordance
10 with the invention will now be described with reference to the accompanying

drawings, in which:

Figure 1 is a cross-sectional side view of a first example of an ultrasonic
dishwashing machine with a movable support in a first position;
15 Figure 2 is a cross-sectional side view of the machine shown in Figure 1
with the movable support in a second position;
Figure 3 is a cross-sectional side view of the machine shown in Figure 1
with the movable support in a third position:
Figure 4 Is a cross-sectional front view of the machine shown in Figure 1;
20 Figure 5 is a cross-sectional front view of a second example of an |
ultrasonic dishwashing machine;
Figure 6 is a cross-sectional side view of the machine shown in Figure 5
with a door in an open position;

Figure 7 is a rear view of the machine shown in Figure 5;



Figure 7 is a rear view of the machine shown in Figure 5; WO 02/089652
PCT/ SGO1/ 00260 6 (7NOVM Figure 8 is a transparent perspective view of a
third exa n ultrasonic di shwashi ng nmachi ne; Fi gur '

cr oss-secﬁaoﬁlg{agqss?de vi ew of the machi ne shown in Figure BFCr\?\/nSFEmgOZ%Door in
an open position; and 5 Figure 10 is a r®ar view of the nachi P NOvomski n
Figure B. Figures 1 to 4 show an ultrasoni c di shwashi ng nmachifie 10 t hat
conprises a holdgug 86 atransparent perspestive yiewaoha thirtcexampteefran 5 and a
second washing conpartnment 6. Located at the front of the housing 11 is a

door 12 that opaiisasaniodishaaghingamachiperi ts a rack 13 in which dishes 14
may be nounted, to be loaded into the first conpartnment 5 of the washing

- machi ne 10 thro%k@is@@fbss%&i}gﬁal si&ﬁ‘Wé\‘Nb &éjﬁ%hiﬁ%éhﬁ]vﬁ{‘in%h%é; or 9

t hrough which the rack 13 exits rom the machi ne e dis i ng
machi ne 10 al so . : i i belt system 15 | ocated adjacent
to the door 12. Vlfﬂgglc&gﬁflg@%'ﬁ oééf'tp%%@@%bQS has a | ower set of rollers 38
and an upper set_..of ro|l)Jers 39, Located within the conveyor belt system 15
are noz2les 16 9@#@*\?3@9’5’&3"&%%W%B'@§’PW‘?M'5 Ber reservoir 21.
Located bel ow the conveyor '15 is .a collecting funnel 18 which has 20 an
outlet 19 which extends into a filter tray 20 in the water reservoir 21.

The water reservoir 21 has an outlet 22 which is coupled to an inlet 23 of
a water pufigurdé.1 foheshowlaet ultrbsohie distiveashingmathine 10 thatl scsmriset #i pe 25

to the water pipe 17 that feeds the nozzles 16. _
housing 11 with a first washing machine compartment 5 and a second washing
compartment 6. Located at the front of the housing 11 is a door 12 that opens
10 outwardly and permits a rack 13 in which dishes 14 may be mounted, to be
‘loaded into the first compartment 5 of the washing machine 10 through the opén

door 12. Above the door 12 is an exit door 9 through which the rack 13 exits

from the machine 10.

15 The dishwashing machine 10 also includes a ﬁrst conveyor belt system 15
located adjacent to the door 12. The conveyor belt system 15 has a lower set
of rollers 38 and an upper set of rollers 39. Located within the conveyor belt
system 15 are nozzles 16 which are fed by a water pipe 17 from a water
reservoir 21. Located below the conveyor 15 is a collecting funnel 18 which has

20 an outlet 19 which extends into a filter tray 20 in the water reservoir 21. The
water reservoir 21 has an outlet 22 which is coupled to an inlet 23 of a water
pump 24. The outlet of the water pump 24 is coupled by a pipe 25 to the water

pipe 17 that feeds the nozzles ]16.



WO. 02/ 089652 PCT/ SGOL/ 00260 7 JO7 NOV 26 The second conpartnent 6 of the
di shwashi ng machine 10 i ncludes a second conveyor belt system 26 which is

‘mount ed owoe2rveessbl e support 27. The novabl e support 27 |PSC,Ir)ga # | 0
vertically within the second conpartnent 6 in the direction _o(\fl ?’Rg arrows
28, 29 by means of a pulley system 30 wiich is 5 driven by fpgoNox 268
Located at .t he basg of the second conpartnent 6 are a nunber of ultrasonic

t r ansducer s "8BExANE cogwasimer! 6,0 ihesdishwashiag gyachine 18dotludesa seepaties 33

are provided which are connected to a water supply and are directed to

spray wat eFOonvayerbel systamn @6ouhiphris meuntéd ofeomaealsle’suppért 85 TREE al SO
| ocated in the second conpartnent 6 to sense the position of the i0 support

27. The nantovablelSugmrp2 D freaabid Verisal Watmamsee&mmaagﬁfe% fh 1S

coupled to the ultrasonic transducers 32 and controls _ pult power and
pr vl ded uy 1 CEeXHioH! drt8 A 282K Ml ot 2 DT SRAE b G shes 14
provi de : , : ,~suey

" . +The.door .12 of e machine 10 js then opened
and the r i e oo, eGP Bl erhals of 8 sgprveRmRarkeRtREra Ao T ack
13 is positioned on the conveyor belt system 15 20 on the | ower set of
rollers 38" e&ﬂguhtraﬁﬁniﬁtanﬁguw%%w generateultrasonissanergynimper at or
then commences the washing cycle by pressing a start button. This opens
val ves (nodddition)ozaztasch3 pes bravided whichr ane conmectes! tocd watersipply hAd

are directed to spray water into the second compartment 6. Two sensors 34, 35

are also located in the second compartment 6 to sense the position of the

10  support 27.

The machine 10 is provided with an ultrasonic generator 36 which is coupled to
the ultrasonic transducers 32 and controls the output power and frequency of

the ultrasonic transducers 32. The machine 10 is also provided with a hot air

15 blower 37.

In use, tableware, such as dishes 14 are loaded into a rack 13. The door 12 of
the machine 10 is then opened and the rack 13 is inserted into the first
compartment § so that the rack 13 is positioned on the conveyor belt system 15

20 on the lower set of rollers 38 (as shown in Figure 1) and the door 12 is closed.

An operator then commences the washing cycle by pressing a start button.
This opens valves (not shown) which permit water from a mains water supply to
fill the reservoir 21. When the reservoir 21 is filled the pump 24 is actuated to

25 pump water from the water reservoir 21 through the water pipes 25, 17 to



fil.l the reservoir 21. Wien the reservoir 21 is filled the punp 24 is
actuated to 25 punp water fromthe water reservoir 21 through the water

pi pes 25,wh 02/ 089652 PCT/ SGOL/ 00260 8 97 NOV s suppl Cja%t‘] to the
nozzl es 1‘85%?%%2r0mthe nozzl es 16 sprays over the dishes /% anggowashes
vy

| oose particles of dirt fromthe dishes 84. The particles 2 dipV e
washed to the collecting funnel 18. The dirt washed fromthe dishes 14 is
nmoved by f supplygvatar to thennozriesc®B. datenfromuthestozizdes 96 shrayswavestha 9 wher e
it 5 enters the filter tray 20 and the water re-enters the reservoir 21 for

recycling. disHes 14 ang washay Icibecpartielisoftdie frdnt thepdishesés Thecharticlegl ses
-the dirt particles being punped back to the nozzles 16 by the recycling of

the wa er _iohgirre’ RESHAPI thilooll8blify fifel BCITHE B WadRRINTGHHE dishdde
eted, the t he

first conpartnment 5 1s conp 1o support 27 1s noved to

osition s ' ' 1  This: i L] N sar .34
Wi ch ot opa dpESeeLY Bwhaatels? 575 oRethg M isIP g HrBe § it
correct position. e conyeyor, pelt system 15,is then driven to pove the
ook 56 e Bt dne PGk Fen A0 AN BB waIShra-Bnlare 1R FRREURI BAIToT eReg 56, on
the support 27 so that the rack 13 noves to the, position on the support
27 shown i T hesilter ay0icoligetaqtherdirtrpatticles and minirpisestthe dirbpattislesshgipgrt 27,

the notor 31 is driven to nove support 27 downwards in the direction of
t he arrow Dlimped badckie theawzzles tB:bythe recysling of the2Wates imtheussetvdin2d he
transducers 32 and the support is in a lower section 7 of the second
conpartnment 6. This position is shown in Figure 2 where the rack 13 and
di shes 14 have been omtted for clarity. The 20 |l ower section 7 is filled

B i i S L i s ke S Bl b supro

10 support 27 is moved to the position shown in Figure 1. This position is detected
by the sensor 34 which stops operation of the motor 31 when the support 27 is
in the correct position. The conveyor belt system 15 is then driven to move the
rack 13 from the first compartment 5 onto the conveyor belt system 26 on the
support 27 so that the rack 13 moves to the position on the support 27 shown in

15 Figure 1. When the rack 13 is in position on the support 27, the motor 31 is
driven to move support 27 downwards in the direction of the arrow 29 until the
lower side of the support 27 is adjacent to the transducers 32 and the support is

~ina lowér section 7 of the second compartment 6. This position is shown in

Figure 2 where the rack 13 and dishes 14 have been omitted for clarity. The

20 lower section 7 is filled with water up to a fine 8 indicated in Figure 1, so that

when the support 27 is located in the lower section 7, dishes in the rack 13 are

submerged in the water in the lower section 7.

When the support 27 is in the position shown in Figure 2, the generator 36 is

25  operated to drive the ultrasonic transducers 32 to generate ultrasonic energy.



subnerged in the water in the |ower section 7. Wien the support 27 is in
* the position shown in Figure 2, the generator 36 is 25 operated to drive

‘t he ul t r awonresdssansducers 32 to generate ultrasoni C ener y g 89652
PCT/ S&01/ 00260 9 ! O7 NDV 30 Typically, the ultrasonic engﬁreg éﬁ@égt ed has
a power of 5to 25 W"'. However, the ul’trasonic power can vap[gyfu to

45 W"', as desjred. Typically, the frequency of the uItraso_nl C power
omtted by?YlH'éa'IMé’P@@'ﬂm'@Qne@WQﬁﬁﬁﬁatedrhasgapbwemotZB to@584kHz and
preferably from28 to 68 kHz. While the 5 transducers 32 would nornmally

operat e at Howeverdhé uitrasamiy power can ¥aofrpRss th4s WHNaé desitad. M PRYES
eﬁitted by the transducers 32 could vary between a mni rrumfrgg%ienc and a

maxi mum f r i fependy dfiBe Utastfaponer SRRtEY bY e AEh&ILBRBI5E Y Hd™®: L he

generator 36 is switched off and the notor ‘is 1o ac o p;e)oweﬂ
t 27aLHg\éeﬂ: t | 1 | , n e su
?gggg;s thlI.S posclg‘tﬁié(gﬂ,o %gﬂgt?r?yﬁﬁ%gw&%ga%tajé?héﬁgzy%??tﬁe :Erngl OLfest 22
3 n water i;s sprayed fromthe nozzles 33 onto e dis
{ngt i ns% taﬁgﬂﬁc‘l@%{%&r"\’%ﬁ el el ORgrale aéﬁrh@drfmqarwt &is alsorpossiblane
support up E&?&{O the position shown in Figure 3. Wien the support 27 1s
I

reaches t hf 2quCH eraitiashiw thestanistusers S2toouldivaryrbet@Benaur ns of f t he
nmotor 31 and activates the blower 37 to blow hot air onto the dishes 14

| ocat ed i nminieium fraquaacy and aymakinutn steesiehdy difihgthé BrRaRing Seraaghat i on

has been conpl eted, the conveyor belt system26 is 20 driven to nove the
tray 13 onto the upper set of rollers 39 of the conveyor belt system 15.

The conveyor belt system 15 is then driven to nove the tray 13 and

After a preset time, the generator 36 is switched off and the motor 31is

10 actuated to move the support 27 upwards to the position shown in Figure 1.
When the support 27 reaches this position, the sensor 34 detects the support
27, turns off the motor 31 and clean water is sprayed from the nozzles 33 onto
the dishes 14 to rinse them. After rinsing, the motor 31 is reactivated o move
the support upwards to the position shown in Figure 3. When the support 27

15 reaches this position, the sensor 35 detects the support 27, turns off the motor |
31 and activates the blower 37 to blow hot air onto the dishes 14 located in the

tray 13 to dry the dishes 14.

Aftér the drying operation has been completed, the conveyor belt system 26 is
20  driven to move the tray 13 onto the upper set of rollers 39 of the conveyor belt
system 15. The conveyor belt system 15 is then driven to move the tray 13 and
the dishes 14 towards the exit door 9. A sensor 4 is located by the exit door 9.
When fray 13 reaches .the sensor 4, the sensor 4 detects the presence of the
tray 13 and switches off the conveyor belt systems 15, 26. A user can then |

25 manually open the exit door 9 and remove the tray 13 with the cleaned dishes.



the dishes 14 towards the exit door 9. A sensor 4 is located by the exit

* door 9. Wen tray 13 reaches the sensor 4, the sensor 4 detects the

presence Wb dafagossi ray 13 and switches of f the conveyor belgcpyssiABsol>: 26.
A user can then 25 manual ly open the exit door 9 and renove the tray 13
with the cleaned dishes. WD 02/089652 P&}/ SGOL/ 00260 10 Duri n@f;hmv\mm ng
operation, water at a tenperature of 15C to 35C would normally be used.
However, if appropriate, the water exiting the nozzles 16, 33 and/or the
water in the |ower section 7 could be heated to any tenperature 5 between
20 to 100CDurimgeHteiwashing aperitiengeateratdl femperatiastaf5°Cdal3s’Oavouldt i onal |y
mxed wth the water to help renove residues, such as grease from the

di shes 14. ndlhBRYBE uskd. HSwaldrom apbrgifatdambi wateFBkiingehd fozeled ase Bibed
above with specific reference to the cleaning of disheS, the washing

machi ne 10 . i f ' 5to 7
show a sec g H%)ﬁgﬁp@ggw tﬁﬁ%‘ﬁ r?i%gﬁrélnc-'t g&é V\%és ﬂ?%%%%ﬂyﬁg”@&% ch
i ncl udes a, housin 1 hawing a _.door 42 i ch, piypts outwardl. n the
ous! ngs 41 DEasma0 16 408 b, BadRh A ceteieehe BodRi3uRe it Eotiae uoor 42 i s
mai ntained in a closed position by a rel easable catch 44. The housing 41
al so is i néptieealyomixadswith &g watgrde help remeve revidues|syshras gregse fropernit an
operator to control the operation of the di shwashing machine 40. Wthin
t he machi néhetdishes tdwoAlihaigh the apmration ofthieswashingenadhind 104y descrihed ed
Wi thin themrespective upper trays 47, 57 and respective |ower trays

above with specific reference to the cleaning of dishes, the washing machine 10

may be used to clean any item of tableware.

10

Figures 5 to 7 show a second example of an ultrasonic dishwashing machine 40

which includes a housing 41 having a door 42 which pivots outwardly on the

housing 41 by means of a hinge 43. When the door 42 is shut, the door 42 is

maintained in a closed position by a releasable catch 44. The housing 41 also

15- includes on its front upper surface a control panel 45 to permit an operator to

control the operétion of the dishwashing machine 40.

Within the machine 40 are two cleaning compartments 46, 66 which have
mounted within them respective upper trays 47, 57 and respective lower trays
20 48, 58. The upper trays 47, 57 are slidably mounted within the cleaning
compartments 46, Sé by means of a roller and slide arrangement 49. The lower
trays 48, 58 are slidably mounted within the cleaning compartments 46, 66 by
means of roilers 50 which engage with tracks 51, 52 formed on the bottom of
the compartments 46, 66 and the inside of the door 42. The racks 47, 48, 57,

25 58 are designed to enable tableware, such as bowls 53, cups 54, glasses 55,



20 .48, 58. The upper trays 47, 57 are slidably nounted within the cleaning
© conpartments 46, 66 by neans of a roller and slide arrangenent 49. The

lower trenpg024896528 are slidably nounted within the cl eanilg}g;]g 3#@mants
46, 66 by neans of rollers 50 which engage with tracks 571, 5‘941@’ d on

the bottom of the conpartnents 46, 66 ahd the inside of the d MY mihe
racks 47, 48, 57, 25 58 are designed to enable tableware, such as bow s 53,
cups 54, gP@gnddlaes GMDEIATEBSAIRIPEY BGRLpesiacAed ih the\fa2k947, 46 5md pl at es
60, 61 and saucers 59 to be positioned in the racks 47, 48, 57, 58.

Locat ed wi 68i h.ochtedolitiinithg cleamiey tomphsnfdhts 46, 66 ArdAd22I88 6926363
respectively which are used to spray water upwardly and downwardly into the

cleaning cREpRCHBIy WhidPardlised R abias \ihtet BRI ol inld fhe®L eani ng

5 conpartnents 46, 66 are respective'sets o asoni c 64,

65. whi ch t ni,c.qaenerator 67. .1n.the nmachi ne 40,

t he nozzl egfega ﬁ.'%géf; @#%ﬁlﬂleaéﬁeégat (‘éléaqt?g a[tﬂlﬁ EBﬁ?fgrqfrﬁQﬁ’hé}.t% cleaging

However, it _is_possi bl % at the nozzles 62, 63 could rotate or nmove within
10 the 7 esB%@P?ag'%ﬁgr F TeRPech¥e spisyel Wirasanie frangdueers 64, 6& witichhe
machi ne 40. Fromthis it can be seen that the mnachine 40 also includes a
wat er punpaesceiirdliediysamulitasosic gensrag 67nd an  outl et pipe 70. The inlet
pipe 69 is coupled via a filter 71 and a valve 72 to an 15 outlet 73 from
t he washing tank 46, and via a valve 74 to an outlet 75 fromthe tank 66.
In addition, the inlet 69 is also coupled to a water reservoir 76 via a

val ve 77 almdtharmactihe407 thd neza1es82! ' ' f nd he
punp 68 is coupled via a valve 79 tzosgﬁrriam(éé? F%sz%fotﬂ*eéé&ﬁpg&n%&%é'
66. However, it is possible that the nozzles 62, 63 could rotate or move within

10 the respective compartment 46, 66.

Figure 7 shows a rear view of the machine 40. From this it can be seen that the
machine 40 also includes a water pump 68 which has ah inlet pipe 69 and an
outlet pipe 70. The inlet pipe_ 69 is coupled via a filter 71 and a valve 72 to an
15 outlet 73 from thé washing tank 46, and via a valve 74 to an outlet 75 from the
tank 66. In addition, the inlet 69 is also coupled to a water reservoir 76 via a

valve 77 and an outlet 78 from the reservoir 786.

The outlet 70 from the pump 68 is coupled via a valve 79 to an inlet 80 to the

20 compartment 46 and via a valve 81 to én inlet 82 to the compartment 66.

A water supply pipe 83 is connectedl via a pipe (not shown), which is typically a
flexible pipe, to a mains water supply (not shown). The water supply pipe 83 is

coupled via a valve 84 to a second inlet 85 of the cdmparfment 46, via a valve



20 .conmpartnment 46 and via a valve 81 to an inlet 82 to the corrpart'rrent 66

A water supply pi pe 83 is connected via a pipe (not shown), which is

typi cal I yyudy o §3 % hbbl e pipe, to a mains water supply (not S?eﬁ@boyc-mﬁo vvater

supply pipe coupled via a valve 84 to a second inle

conpartnent 46, VI a a valve Uft WD 02/089652 PCT/ SGOL/ 00260 12{(B NOVNEES 86
to a second inlet 87 of the conpartnent 66 and via a valve 88 to an inlet
89 of the B6dervegconddniet 87aafdne icompactaudnt@t amct vieoapalven®® tesar ilet® has a
respective waste outlet 90, 5 91 which are coupled via valves 92, 93

r espect i vebytHeoresenasit ggwat er pi pe 94. In use, tableware to be cleaned,
such as cups 54, saucers 59, bows 53, glasses 55, 56 and plates 60, 61
are stacked in the racks 47, 48, 57, 58 and the door 42 is closed. The

ul trasoni ¢ di shwashing machine 40 is then started by an 10 operat or

S crart oot BABGR) o8hF f?ge Srari ety o, B0 g rRenec0E whoB AN ol e

enters the reservoir 76. \Wen the reservoir 76 is full a water |evel sensor
in the 5reSdMich are counles ia yalyssi92, §3repeetivehnio a yvaste walgkpipms. | n
response to this signal, the control system 95 cl oses the val ve 88 and
opens the valves 77, 79 1s and starts the punp 68. This causes water to be
punmped fromthe reservoir 76 to the outlet 80 to spray water fromthe

nozzl es 621n 0sé hablwarertbi¢ledted, Wushratscupiis4l ayanpars s9oBewlst 58)| evar e 54,
59, 56, 60 in the racks 47, 48 in the conpartnment 46. The water sprayed

;gom\r,gheeg@r%ﬂ%? né?:z Pﬁ%ﬁd él%té ‘631 %ﬁeaétﬁeked)ﬁfﬁecﬂa%ﬁs l470mBt 7, dBhgRE € 54,

door 42 is closed. The ultrasomc dishwashing machine 40 is then started by an

10  operator operating a control switch on the control panel 45. After the machine
40 is started, the valve 88 is opened and water from the water supply pipe
enters the reservoir 76. When fhe reservoir 76 is full a water level sensor in the
reservoir 76 sends a signal to the central control system 95. In response to this
signal, the control system 95 closes the valve 88 and opens the valves 77, 79

15 and starts the pump 68. This causes water to be pumped from the reservoir 76
to the outlet 80 to spray water from the hozzles 62 in the compartment 46
upwards and downwards over tableware 54, 59, 56, 60 in the racks 47, 48 in
the compartment 48. The water sprayed from the nozzles 62 acts to remove
larger particles from the tableware 54, 59, 56, 60. During this pre-wash, the

20 valve 92 is open so that dirt washed off the tableware 54, 59, 56, 60 is washed

out of the compartment 46 through the outiet 90 into the waste pipe 94.

After the pre-wash is complete, the valves 77, 79 are closed and the pump 68 Is
stopped. The waste outlet valve 92 is then closed and valve 84 is opened to

25 permit water from the water supply pipe 83 to fill the compartment 46 through



20 valve 92 is open so that dirt washed off the tableware 54, 59, 56, 60 is
- washed out of the conpartnent 46 through the outlet 90 into the waste pipe
<94, Aft erwolwe/ogges2 wash is conplete, the valves 77, 79 are Ifél“?§€6j1/ M'the
punp 68 Is stopped. The waste outlet valve 92 is then closed and val ve 84
is opened to 25 pernit water fromthe er supply pipe 83 to @R NOW205
conpart menj,_ 46 tt%ou WO 02/ 089652 PCT/ SGOL/ 00260 13 A7 NOV 2005 the
inlet 85 WEiBlEtSRe pCRBMarBentAS baeheenfiled te the Hesited levell | evel
which is tyRi cally detected via a water |evel sensor |ocated within the
conpar t nenWhigh ighypisallysdetectadodateowates levelsensosipsata Whhiniheves 72 and 79
are opened and the water punp 68 is started to circulate the water within

the s conpesmpartmeht46aviibiioooipled b the bentisitsyaeRnoswaIvesT2 4fd 95 After
m xing of the detergent with the water, the valves 72, 79 are cl osed and

the punp 6rd SperddPaiethe WakerGRIp 68 i§ ¥elridl ﬁi‘gt@ﬁ??ﬁéy‘)’aﬁ%‘e@ﬁﬂﬁﬂ?t rasoni c

ul trasonic generator 67 to cause the transdu

energy 4 nt P 4 . r icall | ean t he_tabl.eware 54,
56, 59,§ GOB?ﬁE?ﬁe ragﬁg%m@myﬁ.ﬁ% diiPient withtheietar . AflebMiKing S n; ng
process c be .sel ecte romthe control__panel 45 depending on the size of
Phe voh | DEIRBETR bR AST 156 VANGS 72 78 36 dasatand és uMpHst 60, 60,
After the ultrasonic wash in corrgartmant 46 is conpl eted, valves 72, 81 are
1s opened $RBPede Thameny®! system:a5 themaeiivates the titrasohicagermrator BTetot 46 to
the nozzles 63 in the conpartnent 66. Any particles of dirt in the water

f L om t heI causedtherteansdubernurit 64 dp et bitralsohicasnetgy etbahe compaitmengys to
the nozzl es 63
to ultrasonically clean the tableware 54, 56, 59, 60 in the racks 47, 48. The
10  duration of the ultrasonic washing process can be selected from the control

panel 45 depending on the size of the wash load and the amount of soiling of

the tableware 54, 56, 69, 60.

After the ultrasonic wash in compartment 46 is completed, valves 72, 81 are

15 opened and the pump 68 started to pump water frorh the compartment 46 to the
nozzles 63 in the compartment 66. Any particles of dirt in the water from the
compartment 46 are trapped by filter.7_1 before being purﬁped to the nozzles 63
of the compartment 66. During this pre-wash for the compartment 68, the
waste outlet valve 93 is opened to permit dirt particles washed off the tablewars

20 53, 55, 61 in the second compartment 66 to be washed out of the outlet 91 into
the waste water pipe 94. After this pre-wash, valves 72, 74 are opened and
water flows from compartment 486 into the compartment 66 by gravity until the
water levels in the compartments 46, 66 are level. When the water level is the
same, valve 74 is closed and pump 68 pumps the remaining water from the

25 compartment 46 through valve 81 to the nozzles 63 in the compartment 66. If



of .the conmpartnent 66. During this pre-wash for the conpartnent 66, the

+ waste outlet valve 93 is opened to permt dirt particles washed off the

t abl ewar end®oHRd96525, 61 in the second conpartnent 66 to bepg@gb@%@g? of
the outlet 91 into the waste water pipe 94. After this pre-wash, valves

72, 74 are opened and water flows fromléonmpartnent 46 into the GORDWfiENt
66 by gravity until the water levels in the conpartnents 46, “are level.
When t he wadditidnal wiaterds réquirechimethecainyeariment6e,| thisechrabe ppoviged®ypunps t he
remai ning water fromthe 25 conpartnment 46 through valve 81 to the nozzles

63 in the cpaEpg vEé 886o PemvArér GBRPRAtdNelippiF B PH dtePthd\OV 2005

additional water is required in the conpartnment 66, this can be provi ded by

openi ng val EQ!% ) o wat er supply pipe 83 to enter the
corrpartrrentc\b t r&%r&bé@ﬁ‘éuﬁ?lﬁméé}%S After the conpartnent 66 is filled
to the desired level, valve 72 is closed and valve 74 is opened and the

punp 68 started to circulate water through the conpartnent 66 to mx the
water with the detergent in the conmpartnment 66. After the nixing of the
det er gedt el thesompasiment eigilled do the desised leved valva: 72 ds elosad and t he
punp 68 is stopped. The control system 95 then operates the 1o ultrasonic
gener at or 6&R2\eo/4ig dpanad andtheepump 68 stasteddercircaate water throdigh theoni ¢
energy into the conpartnent 66 to ultrasonically clean the tabl eware 53,

55, 61 i n donspartmpst 661Rnibthe Water vt the ddtbrgeiRM the\6Gpaam@hees, i n the
conpartment 66, remeining water 15 fromthe conpartment 46 is drained
through t henfRdtithe miRifg! otitRe WRErYBRL Rith@& Water is complete, valves 74, 81 are
closed and the pump 68 is stopped. The control system 95 then operates the
10 ultrasonic generator 67 to activate the set of transducers 65 to emit ultrasonic

energy into the compartment 66 to ultrasonically clean the tableware 53, 55, 61

in the compartment 686.

During the ultrasonic washing stage in the compartment 66, remaining water

15  from the compartment 46 is drained through the outlet 90 into the waste water
pipe 94 by opening the waste valve 92. Simultaneously, fresh water from
reservoir 76 is pumped to the compértment 46 through nozzles 62 to rinse the
tableware 54, 56, 59, 60 in the compartment 46. Valves 77, 79 are open during
this operation. The rinsing operation continues for 20 to 120 secondé

20 dependiﬁg on the wash program sglected. During rinsing, the waste valve 92

remains open to allow water and any dirt to drain from the compartment 46.
After the ultrasonic washing operation in compartment 66 is completed, the

control system 95 switches off the ultrasonic generator 67 and water in the

25 compartment 66 is drained through the outlet 91 to the waste outlet pipe 94 by



pi pe 94 by opening the waste valve 92. Sinultaneously, fresh water from
reservoir 76 is punped to the conpartnment 46 through nozzles 62 to rinse

. the tablgyabmsigdy 56, 59, 60 in the conpartnent 46. Val ves,. ./ 9.are open
during this operation. The rinsing operation continues f%?:Té%‘f'ﬂtlZ?(”ﬂo

seconds 20 depending on the wash prograts sel ected. During ri ”SW’N yh
waste valve 92 renmains open to allow water and any dirt to draln Pro he

conpar t nenopeting ¢ gaiveles. ulterthat)ifeeshanbicn s SRRIAHIIMB the cORTFMHHERNt 66 is
conpl eted, the control system 95 switches off the ultrasonic generator 67

and water &b | | leet 91 to the
wast e outl et E)I:lﬁg%glgg@pévé\ot?ggﬂ)gggggﬁg%??g%%%égggPgHE%@%rﬁglﬁ%

openi ng t .water .i.s sprayed_into. the

conpar t rrerr}ll‘:aeséglq\rg@éég“er ﬁﬁﬁé?@%bgg%le?bﬁé rllmgﬁc;ﬁ? G?ﬁ?ﬂ}ér? ﬁg' %ré"OE‘Bth@o punp
water fromthe _.reseryoir 76 through the nozzles 63 to rinse the tableware
53, 55, 61°c?rﬁp?'ﬁ@enggépartnent 66. 5 The control system 95 is designed to
control the generator 67,so that the generator can control the power |evel

emtted by the transducers 64, 65. For exanple, preferably, the power for
the ultrasonic transducers 64 in the conpartnment 46 is 1200 watts and the

power for Tiescontrplesystemt9sois desighed tbontrol the géhdratdrsT sb Ha3R@I ¢ washi ng
process in conpartnent 46 is conpleted, the control system 95

aut omat i cagénerattiricaResonitldt the poRePrRVEe r@gsgicers 65
and adj usta% the power |evel f?om 1200'_ %ﬁ%ﬁﬁ@é\ﬁéﬁgﬁg&’ g@‘aﬁ% e of
operation Qiarchhg, BRsTIABY, TRE BbRer 18 thb itk Ss i8S HaRs§uddi@®4 in the
compartment 46 is 1200 watts and the power for the compartment 66 is 600
10 watts. After the uitrasonic washing process in compartment 46 is completed,

the control system 95 autométically switches the ultrasonic generator 67 to the

transducers 65 and adjusts the power level from 1200 W to 600 W.

In another example of operétion of the washing machine 40, it is possible that
15 the compartments 46, 66 may only be filled up to the levels 98, 97 shown iﬁ

Figure 5. In this instance, items in the lower racks 48, 58 are submerged in

water and are therefore subjected to the ultrasonic energy emitted by the

transducers 64, 65. However, the items 53, 54, 55, 56, 59 in the upper racks

47, 57 are only cleaned by water sprayed from the nozzles 62, 63. In this mode
20  of operation, during ultrasonic washing of the items 60, 61 in the lower racks 48,
58, the pump 68 sprays water through the nozzles 62, 63 onto the items 53, 54,
55, 56, 59 in the upper rackg 47, 57. This mode of operétion has the advantage
of reducing the water and energy used and can be used if the items 53, 54, 55,
56, 59 in the upper racks 47, 57 are only lightly soiled.

25



15.the conpartnents 46, 66 may only be filled up to the levels 96, 97 shown
in Figure 5. In this instance, itens in the | ower racks 48, 58 are

submer gedwiggz/88dsgr and are therefore subjected to the ultyp | rgy '
emtted by the transducers 64, 65. However, the itens 53, gg@&ggoo%@g 59

in the upper racks 47, 57 are only cledfed by water sprayed frdhyNOY o5
nozzles 62, 63. In this node 20 of operation, during ultrasonic washing of
the itens duogures 8 e thshowacthirdgxample of asg)ltrasenip dlishvesshing machine $00

t hrough the nozzles 62, 63 onto the itens 53, 54, 55, 56, 59 in the upper

racks 47, Svhic iy effeativelyod sordieateiorebthehtashinedadthe fiadhiiBiconyg t he
wat er and energy used and can be used if the itens 53, 54, 55, 56, 59 in

t he upper | hlat kl .
PCT/ 601/ 00be0ree 3 SBIFERRENY IS MeHeRRE Ao BhORHEHEE% ¢ of an

of the mac ﬁ%’%ﬁ%ﬂiﬁﬁ% E?G%%Se 3*3@?1%?9@?@&&53}0%-“@@%2 mﬂﬁ&is' Sisiotvoﬁrf;"”
hi . i I T ' 00
 housi g 165 WAEBE Pinbedihe Tinisio 80285 Hhiras 164 nThgasbine Mechiesi ng
102 by a hinge 104. The washi ng machine 100 al so has only one rack 105
which is sl1i0§aﬂi$@hﬁﬁ onhiore raqk 1@hwhichhis slidabteoin qm@&itothem 106tao be
stacked in the rack 105. Located within the conpartnent 101 are nozzl es

107 whi ch peemitudigheésetiDBitd be stackedby the pagke105.8 Locatedokitsinbipd i es water to
the nozzles 107 froman internal water reservoir 112 by 1o a water punp

LIL A vasiconpirirént 1 e Radted 10THieh BRY égﬁpuéfd Wil waBREpIRE 0801 to
pi pe 114 via a valve 120. Al so |ocated at the

which supplies water to the nozzles 107 from an internal water reservoir 112 by

10 awater pump 111. Awaste outlet 113 extends from the bottom of the
compartment 101 to a waste pipe 114 via a valve 120. Also located at the
bottom of the compartment 101 are a set of ultrasonic transducers 115. A water
supply pipe 109 ié coupled via a valvé 116 to an inlet 117 into the compartmént
101 and also to the reservoir 112 via valve 118 and inlet 119.

15
In use, the oberation of the washing machine 101 is similar to the cleaning
operation which is performed in one of the compartments 46, 66 of the washing
machine 40. Initially, the reservoir 112 is filled with water by opening the valve
118. After the reservoir 112 is full the pump 111 is operated to spray water onto

20 the dishes 106 in the rack 105 by pumping water through the pipe 108 to the
nozzles 107. During this pre-wash operation, the waste outlet 113 is opened by
the opening of the valve 120 to permit waste water to flow through the outlet
113 into the waste pipe 114. After the pre;wash operation is complete, valve

120 is closed and the tank 101 is filled by water from the water supply pipe 108

25 via the inlet 117 by opening the valve 116. When the tank 1 01 is filled to the



bottom of the conpartnent 101 are a set of ultrasonic transducers 115. A
+ water supply pipe 109 is coupled via a valve 116 to an inlet 117 into the
.conpart nd also to the reservoir 112 via valve 118 and inlet 119.
15 In ugg?btoﬁég%ggr ation of the washing machine 101 is si RATAGHHIHRe

cl eaning operation which is performed ilh one of the corrpartrreg‘;@ﬁg of
t he washi ng machine 40. Initially, the reservoir 112 is filled W er
by openi ngdesiced levebwith Weatenfthe ulttasonietanstiderd 125iz8e bpktatbi 2o Per@rmll is
operated to spray water onto 20 the dishes 106 in the rack 105 by punping

wat er t hr outjasohiz ¢leasing &3 the dishes 1Wiﬁ'tﬁété19<71?]@” ng this pre-wash
i d by the opening of the valve 120

operation, the waste outlet 113 is opene
to permt waste water to flow through the outlet 113 into the waste pipe
114. After the pre-wash operation is conplete, valve 120 is closed and the
tank 101 i Llle water fromt.he water supply pipe 109 25 via the inlet
137 by opehtabiis BaonE vidsh SRRTAHOR in.completad n yaia 120 s apanest

02/ 089652 PCUSE01/ 00260 17 10 7 NOV 216 desired level with water, the

ul t raschi cPeiahv@siewater 1g figmeowdbraighitheovasie fontiet 168 to twowastecpipani ng of
the dishes 106 in the tank 101. After the ultrasonic wash operation is
conpl et ed, 11handavater from the reperveir 112 isSsmayed intowiss Ranket®r tHroudh s out

t hrough the waste outlet 113 to, the waste pipe 114 and water fromthe

- reservoir nd2zles 16Pptayiage e dishee #08)k 101 through the nozzles 107 to
rinse the dishes 106. The invention has the advantage that it enabl es nore
efficient cleaning of 10 tableware by using ultrasonic cleaning

techni ques. In addition, the washing

The invention has the advantage that it enables more efficient cleaning of
lo tableware by using ultrasonic cleaning techniques. In addition, the washing
machine 40 has the advantage that it enables a more efficient washing
operation as it can be operated with different capacities and the water and
ultrasonic energy used can be altered depending on the size of the washing |
load. Also, the washing machine 40 permits re-usé of waste water from one of
15 the compartments to pre-wash and ultrasonically wash in the other

compartment. This reduces the amount of water consumed by the machine 40.



machi ne 40 has the advantage that it enables a nore efficient washing
operation as it can be operated with different capacities and the water and
ultrasonic energy used can be altered depending on the size of the washing
| oad. Al so, the washing nachine 40 permts re-use of waste water from one
of 15 the conpartnents to pre-wash and ultrasonically wash in the other
conpartment. This reduces the amobunt of 1&ater consuned by the nachi ne 40.
18 [0 7 AV CLAIMS 1. Apparatus for washing tabl eware conpri si n@ﬁ}mqrn i ner
adapted to hold a liquid having a tenperature in the range 15C to 50C,

ul trasoni c generation device 5 nDuntqgkggwf e container so as to emt

ul trasonic energy into the container, cont ai ner bei ng adapted to have
t abl eware placed inside the container, and the ultrasonic energy
generation device emtting ultrasonic energy in the frequency range from
substantially 20kHz to 80kHz and wherein the input power to the wultrasonic
ener gy gendr at i dypparaiuscor washing tablewasgeamprisingavantainé\adapted ité held adiquid
liquid within the container, in use. 2. Apparatus according to claim1,
wherein the ul tmasiﬁgiacexﬁpﬁa@tye insthé ranigh @ 570 ROS020CHN dlaagmid %@m&i’éh%{bﬁ%i ally
28kHz to 68kHz. 15 3. Apparatus according to claiml or claim2, wherein

the inpyt power piduntdd dfiBe coMaRes goowté\é\éﬁtqn@és\éﬁ%nefgytlﬁfo tﬁé c&&tgiﬂlnd (H¥ thin
the container, in use. 4. Apparatus according to any of e precedi ng

claims, wher el n chifindt baifs Qe PiOHa0¥ 1-BRAGELOR HEYE G Jo%talﬁ)e?aan%qheadj acent

a side wall of the contal

ultrasonic energy generation device emitting ultrasonic energy in the frequency
range from substantially 20kHz to 80kHz and wherein the input power to the
ultrasonic energy generation device is in the region of 5W to 45W per liter of

10 liquid within the container, in use.

2, Apparatus according to claim 1, wherein the ultrasonic energy is in the

frequency range from substantially 28kHz to 68kHz.

15 3. Apparatus according to claim 1 or claim 2, wherein the input power is in the

range from SW to 25W per liter of liquid within the container, in use.

4, Apparatus according to any of the preceding claims, wherein the ultrasonic
energy generation device is located adjacent a side wall of the container.
20
5. Apparatus according to any of the preceding claims, wherein the ultrasonic

energy generation device is located outside the container.



5. . Apparatus according to any of the preceding clains, wherein the

ul trasoni c energy generation device is |ocated outside the container. 19 07
NOV 2005 6. Apparatus according to any of the preceding clains, further
conprising a liquid reservoir coupled to the container. 7. Apparatus
according to claim®6, further conprising a valve |ocated between the 5
reservoir and the container, the valve bBeing novabl e between [§7chib 2
position in which liquid in the reservoir is prevented fromentering the
container, and an open position in which liquid in the reservoir is
permtted to flqw fromthe .r«%servo;'r.{n to té}e crntai 13{1 10 8.. Appar af us
according Do cl APRABNSAcEqrding,to any gf th preceding © aé‘?lﬁgf‘q FEPPOSEEHAYMG qui d
fromthe reservoir to the container, 9. Apparatus according to any of the
precedi ng cl ai nkcservgirionupled doiheiceniaiitanot her contai ner adapted to hold a
|'i quid, another ultrasonic generation device nounted 15 on the other
container so as to emt ultrasonic energy into the other container, the
ot her contai ner being adapted to have tabl eware placed inside the other
cont ai ner, 7and Appatuseiccettingas ohiim 60 Aethgy carpmiving 4 oflvelBicard betwdehitig
ultrasonic energy in the frequency range from substantially 20kHz to

80kHz. 20 10. ApRerairusdIRCing, the valvdibding MERBIARRREGENE 10 paRiioRf
claims 6 to 8, wherein the reservoir is coupled to the container and the

th t ai . . a. J 1. i . i
claim 10, wher eih"Hish Hiauld Mlle endiubi e ARUGHA! HomWRIRE AP cdreiiertlld iy

i qui ‘ . en t, ont ai ners. .
liquid to be tr %{)‘gﬂc gcgs;t‘leo% 1?1%}\{{& Hquuq(la ﬁle reservoir is permitted to flow from the

reservoir to the container.

10 8. Apparatus according to claim 6 or claim 7, further comprising a pump to pump

liquid from the reservoir to the container.

9. Apparatus according to any of the preceding claims, further comprising another
container adapted to hold a liquid, another ultrasonic generation device mounted
15 on the other container so as to emit ultrasonic energy into the other container,
the other container being adapted to have tableware placed inside the other
container, and the other ultrasonic energy generation device emitting ultrasonic

energy in the frequency range from substantially 20kHz to 80kHz.

20 10.  Apparatus according to claim 9 when dependent on any of claims 6 to 8,

wherein the reservoir is coupled to the container and the other container.



12. Apparatus according to any of clainms 9 to 11, where the container has a
| arger 5 volunme than the other container and the ultrasonic energy emtted
into the container is greater than that emitted into the other container.
13. Apparatus according to any of the preceding clains, wherein the
container has a door in a side wall of the container, the door bZdO‘S‘g
nmovabl e bet ween an open 10 position in which tableware may 9% “DHS rted into
the container and a closed position. 14. Apparatus according to any of the
preceding clains, further conprising a rack |ocated within the container,
“the rack being adapted to receive itens of 15 tableware. 15. Apparatus
accordi ng tlé- cl Apparems agperdisigrio chimSaricldim 1o whbtein thelcantainers are toupled
container. 20 16. Apparatus according to claim 14 or claim15 when
dependent on cl ¢ eachother hepermitkquié tolee sarstaieddetwiden thcormaiheref t he
cont ai ner when the door is in the open position. 21 07 NOV 2005 17. A
nmet hod of washi ng tabl eware conprising imersing the tableware in a liquid
having a tenperature range from 15C to 50C and generating ultrasonic energy
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13.  Apparatus according to any of the preceding claims, wherein the container has a
door in a side wall of the container, the door being movable between an open
10 position in which tableware may be inserted into the container and a closed

position.

14. Apparatus according to any of the preceding claims, further comprising a rack
located within the container, the rack being adapted to receive items of

15 tableware,

15.  Apparatus according to claim 14, wherein the rack is movable relative to the

container.,

20 16.  Apparatus according to claim 14 or claim 15 when dependent on claim 14, the
rack being slidable into and out of the container when the door is in the open

position.



in.the region of 28kHz to 68kHz. 10 19. A nethod according to claim 17,
wherein the liquid has a tenperature in the range from15C to 35C. 20. A
met hod according to claim 19, wherein the liquid has a tenperature in the
15 range from 20C to 30C.
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17. A method of washing tableware comprising immersing the tableware in a liquid
having a temperature range from 15°C to 50°C and generating ultrasonic energy
in the liquid, the ultrasonic energy generated having a frequency in the region of
substantially 20kHz to 80kHz and supplying an ultrasonic energy device for

5 generating the ultrasonic energy with input power in the region of Skw to 45kw

per liter of liquid within the container.

18. A method according to claim 17, wherein the ultrasonic energy has a frequency
in the region of 28kHz to 68kHz.
10
19. A method according to claim 17, wherein the liquid has a temperature in the

range from 15°C to 35°C.

20. A method according to claim 19, wherein the liquid has a temperature in the

15 range from 20°C to 30°C.



