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This invention relates generally to an industrial dishwasher for washing

t abl ewar ates nore particularly, though not e i 0 an
industrigwogpg%§%@her suitabl e for washing aviation tab?g&éig&ﬁhﬁ%ﬁ%ROUND
Due to the high volune involved with inflight catering, comrercial airlines
use 10i ndustrial di shwashers to wash uskd tabl enare and associ at ed catering
itens such as oven racks, containers and carts after each flight. As shown
in FIGS. 1 and 2, current i£ 2 5 MMBENMASHHI use pressure sprays
1000 to continuously direct a washing liquid 1010 conprising heated water
and detergent at a conveyor belt 510 continuously noving through the

di shwasher 500. Tabl eware 1200 and/or associated catering itenms 15 pl aced
on t he conpegpNIgAL FiOpare therefore sprayed by the washing liquid 1010
when they pass under the pressure sprays 1000. Dependi ng on how each item

1200 is plpag . . . i ht t t he
pressur e sor a0 g ey oA AR R M) GERAGR €, o 1
1200 noi . be reache he .washi diquid 1010 fr th ressurg sprays
T000 aexpire S E R AR shoEersR e oy dpt sl At SRl or £ ng
the tabl eware 1200 in nore effective washing positions. Furthernore,
dependi ng WHMNEAVEESD PlgYarehe it em 1200, a particul ar type of item 1200
may have systematically unreachable "blind" spots that are never
effectively cleaned by the washing liquid 1010 fromthe pressure sprays
1000. Existing industrial dishwashers

BACKGROUND

Due to the high volume involved with inflight catering, commercial airlines use

10 industrial dishwashers to wash used tableware and associated catering items such as
oven racks, containers and carts after each flight. As shown in FIGS. 1 and 2, current
industrial dishwashers 500 use pressure sprays 1000 to continuously direct a washing
liquid 1010 comprising heated water and detergent at a conveyor belt 510 continuously
moving through the dishwasher 500. Tableware 1200 and/or associated catering items

15 placed on the conveyor belt 510 are therefore sprayed by the washing liquid 1010 when
they pass under the pressure sprays 1000. Depending on how each item 1200 is placed
on the conveyor belt 510 and oriented with respect to the pressure sprays 1000, food
debris 1210 at certain locations on the item 1200 may not be reached by the washing
liquid 1010 from the pressure sprays 1000 despite providing props 512 on the conveyor

20 belt 510 for supporting the tableware 1200 in more effective washing positions.

Furthermore, depending on the design of the item 1200, a particular type of item 1200
may have systematically unreachable “blind” spots that are never effectively cleaned by

the washing liquid 1010 from the pressure sprays 1000. Existing industrial dishwashers



WO 2010/ 132022PCT/ SG2009/ 000485 2 500 therefore have inherent _
inefficiencies that give rise to an estimated 10% of rejects arising from

washi ng tWe hapisepar e and/ or associ ated catering itens errReghofobdght . A
neal -set of aviation tableware typically includes a nunber of itens such as

a tray, a 5main dish coomonly referred §o as the casserole, side dishes, a
glass, a cup, and flatware and cutlery."Currently, these Ltens arg bed
separ at el hi pe-washed i n .dedi cated. industrial di shwashers as. descri be
abgve but yscdéﬁg?rﬁﬁ’f%ﬂg?d STERY 19°fg81eﬂ%iﬁ§j‘ihét give peciorancestignatedoil% abieisntr e each.
For exanple, one dishwasher is used for washing breakable and mninally

soi | ed gl AssEg from avaghig s festablewpisrangios lassegiataddrataringlitemsaifleach fight,

flatware, 10cutlery and side dishes, and another di shwasher for washing the
mai n di sh or casserole that is usually a nost heavily soiled item The main
di sh or casserole needs to be separately washed fromthe other tableware

because a &ingai-fdt @ﬁﬁ&ihﬁonhiamb@xfar@fy@ﬁ:%ﬂ% thchiled ¥y numbeESIitdn®OsulR aPh @RErd Y Cl ean
the heavily soil ed casserole, and such a higher pressure spray woul d bl ow

of f 11 ght &haih IR oRHEh1 G Fe e BP0 R ERsc2Bd, Sa0&sALSNERsd Qi Lalghe conveyor
| e t I SNwas

belt if these l[ighter ens were was I'n e sane er as the
casseroleflAnother nor nmal

e SRS AR I RO e
cat or' ng. VAGHTH GEUHENE EaAOREAIbOLR PEror Aetredape Albybinedle wiperitc.
type of tableware each. For example, one dishwasher is used for washing breakable and
minimally soiled glasses, one dishwasher for washing moderately soiled cups, flatware,
10 cutlery and side dishes, and another dishwasher for washing the main dish or casserole
that is usually a most heavily soiled item. The main dish or casserole needs to be
separately washed from the other tableware because a significantly higher pressure
spray is required to properly clean the heavily soiled casserole, and such a higher
pressure spray would blow off lighter items such as cups, plates and side dishes from
15  the conveyor belt if these lighter items were washed in the same dishwasher as the
casserole. Another dishwasher is normally used for washing associated bulky items such

as oven racks and containers, and a separate cart washer is used to wash carts for

transporting the tableware.

20  Atatypical inflight catering washing centre, each meal-set of tableware together with
the associated bulky items and carts are manually sorted and individual items are then
brought to their respective dedicated industrial dishwasher for washing. Space currently
required to industrially wash the aviation tableware and associated items used in each

flight is therefore substantial since each industrial dishwasher already has a large



t he associated bulky itens and carts are manually sorted and i ndivi dual
itenms are then brought to their respective dedicated industrial dishwasher
for washiwgofpdse2currently required to industrially waghsicheomvsgti on
tabl eware and associated itens used in each flight is therefore substanti al
since each industrial dishwasher al read%/ has a large WO

2010/ 132022PCT/ SG2009/ 000485 3 footprint, and an even | arger space is
required to acco date the five different dishwashers currently used to
wash al | tAYPENS fT'é%) ¥ EVeNyIBEEST $HACE AFICRNEG O AREP IS ﬁxeefweiql’@?rgnﬁv or each
flight. 5 SUMVARY According to a first exenplary aspect, there is provided
an i ndust rdishwagherh errsénsly usedrbr washma]! the dififerentdyres\d tAblaveare ambassosiptefisi ng an
ultrasonic washing station for ultrasonically washing differently soiled

t abl ewar e;itemstforyachdBghitng | ane; and an auxiliary washing | ane for washing
gl assware. The industrial dishwasher may further 10conprise a cart washing
| ane for washing carts used to transport the tableware. The tabl eware
washi ng | ane nmay conprise a subnersible conveyor for conveying the

t abl ewgr e Sl@(ﬁ’[& | trasonic washing liquid at the ultrasonic washing
station, and may further conprise an initial rinsing station for an initial
rinsing of, the.plurality of types of 15tabl eware before ultrasonically
washi ng tHAéccP%'F%We{"r rst %FF@?PI 8Py hrthergas moNied ap indysiialdisiwashes oned above
the initial rinsing station such that water fromthe auxiliary washing | ane
i s used fcPMPHsingtablgware washig langcopprisingan plgaspnigasashing statiea feay be
positi oned above the tray washing | ane such that water fromthe auxiliary
washi ng | arasosicaiewaslong difenémily soiled sableheee;tagidyevahmgiash andjah ane may al so
conprise at | east one bunper portion for tipping tableware on a conveyor
over the huRflafy washin®lAnt €ordvahingige®are THeinduétriandi§@asher may further

10 comprise a cart washing lane for washing carts used to transport the tableware.

The tableware washing lane may comprise a submersible conveyor for conveying the
tableware into an ultrasonic washing liquid at the ultrasonic washing station, and may
further comprise an initial rinsing station for an initial rinsing of the plurality of types of

15  tableware before ultrasonically washing the tableware.

They auxiliary washing lane may be positioned above the initial rinsing station such that

water from the auxiliary washing lane is used for the initial rinsing.

20  The auxiliary washing lane may be positioned above the tray washing lane such that

water from the auxiliary washing lane is used for washing trays.

The tableware washing lane may also comprise at least one bumper portion for tipping

tableware on a conveyor over the bumper portion to drain excess liquid from the



WO 2010/ 132022PCT/ SG2009/ 000485 4 tabl eware, and may further conprise a
drying station, the drying station conprising at |east one air knife for
dryi ng t hgohafgy@ee. The tray washing | ane may conpri SecgRcaujo@iRigsC tray
positioning portion for positioning trays for nore effective washing, and
may further conprise a debris renoval portion having a water dispenser for
flushing debris off trays, a debris col 1 éction conveyor for collecting
debris flushed fromthe tr a tank for collecting water used for

f1 ushi ng depfblewgesandeai ﬁuatégr cogmisg asliyipg Setioptthginyingwatem domprisinget t ank
to the water dispenser. 10 At |east one of the tableware washing | ane, the
auxi | i ary wdedst ong dinkréfesforidiyineg the sblevearhi ng | ane may use a fan-type nozzle
for inproved sprayi ng coverage, the nozzle conprising.nozzle heads
configured to at | east one of: rotate and nove back and forth during
sprayi ng. The nozzle may al so rotate during sprayi ng. 15 According to a

second exenpiha l’tﬁéﬁ&ﬁd@ﬁlﬁg larleH84yEcdnSpriRe A it thaRi tia %U%hf)h ﬂlg rpgf'tﬁ)gvf&s her

suitabl e for washing tabl eware. The |ndustr|al conprises a jig

e e s R

each jig cofprisin conpa Tnen Pherei n t he

plurality of abl ewa r 20 i i ng ablema e .in a washing
liquid, a fi've %Qﬁp?ggggﬁY@gﬂa ﬁﬁq§?§?ﬁgﬁ¥€§ hpﬁ@ ﬁﬁ@s fifg 1 quid
for'ultrasonl aII washing the tabl eware in the a final rinsing
station for© ?‘i“ﬁélco?‘f%@’i f%ﬁ ‘éﬁecflﬁ% debiiy Byched from tilﬁga}’ﬁ,g tarikt for callectizg oni ¢
washing; a drying station for drying the tableware in the jig after the
final rinsingterased fonflyshingdébrty off teitrays,fand aypuinpefdt pgmping vandylfeonathe f r om
the jigs. WD 2010/132022PCT/ SG2009/ 000485 5

tank to the water dispenser.

10
At least one of the tableware washing lane, the auxiliary washing lane and the tray
washing lane may use a fan-type nozzle for improved spraying coverage, the nozzle
‘comprising nozzle heads configured to at least one of: rotate and move back and forth
during spraying. The nozzle may also rotate during spraying.

15

According to a second exemplary aspect, fhere is provided an industrial dishwasher
suitable for washing tableware. The industrial dishwasher comprises a jig loading
station for loading a plurality of types of tableware into jigs, each jig comprising a
plurality of compartments for containing therein the plurality of types of tableware for
20  immersing the tableware in a washing liquid; a first ultrasonic washing station
containing the washing liquid for ultrasonically washing the tableware in the jig, a final
rinsing_station for a final rinsing of the tableware in the-jig after ultrasonic washing; a
dfying station for drying the tableware in the jig after the final rinsing; and an unloading

station for unloading the tableware from the jigs.



The industrial dishwasher may further conprise an initial rinsing station
for an initial rinsing of the plurality of types of tableware contained in

the jig bgbanf/dhirasoni cally washing the tabl eware. Usegdrwebeodesshar ged
fromthe final rinsing station is preferably recycled for use at the

initial rinsing station. 5 The industria di shwasher may al so conprise a
sanitizing station for sanitizing the tableware in the jig after the final

rinsing and_pefare drying the tabhl eware. Each j.i.g preferably conprises a
plurality oTE‘P BRstHe! %w&r THAY: LQMRgise @ dritiglginsingsitafipnfor @y igjtia
rotatably connected to the jig such that upon i mersion of the jig in the
washi ng | i qunsing ehtde pbu#litsi @f tpee pf tablemarsscontranadon et jig b¢foreudirasonicaind
contacts a 10 tabl eware item adjacent the |ocking | ever to block the

t abl ewar e i tveshizgythic naitlewsgreal] sbdnmatemndistharge il éfoabthe finalvemdinggatidroisat i on of t he
tableware itemin the washing |iquid. The industrial dishwasher may further

conprise a prefirabiRsdtlybidd fomese adihe Rgitial rifstg statidaPpi ng conveyor configured to
use gravity for renoving food debris fromtrays anong 15 the tabl eware. The

tray flippifge FRAOMBNUisHIRNhEONRY £1§@c&}n5ﬁ§esdtsaﬁ9f2ﬁ%y§tﬂﬂmﬁef Mﬁiﬂé??c | oadi ng

the trays thereon and an overturning conveying portion n conn ron with

the first copkeulig ROGEEAD § QG ANEIIHI NI DE-SLALS G Lhat food debris

falls away from rays. e over hg Cohveyi ng portion may
conprise a tw,sted conveyi ng.portion: or. a rtecjrculating, belt passing over
2 ol er, t FETIi Mforahiy PHEPEo0 RIGRRY G SE e eerar b G vBr o cur ved
chute. The industrial dishwasher may further conprise an auxiliary washing
| ane for waSHIPHPIRG leyariotatahly onneried taliedigasueh thehuporainiagrsion obthsrisse a
solid waste di sposal chute in connection with the jig |oading station, the
chut e conpr theiwaghiagtligpido feribeigny kevennotated@uz 0d 04182 0ARPGTY BEOHHB0485 6
conpactor for collecting food debris renoved fromthe tabl eware. The

industri@l dbrhaesian adayer ehelookihg Bfeifottlodk thé eableiaré ferd ABMAMNQpWaRT
returning jigs fromthe unloading station to the jig | oading station.

movement, thereby preventing flotation of the tableware item in the washing liquid.

The industrial dishwasher may further comprise a tray‘washing lane having a tray
flipping conveyor configured to use gravity for removing food debris from trays among
15  the tableware. The tray flipping conveyor may comprise a first conveying portion for
loading the trays thereon and an overturning conveying portion in connection with the
first conveying portion for overturning the trays such that food debris falls away from
the overturned trays. The overturning conveying portion may comprise a twisted
conveying portioh; or a recirculating belt passing over a roller, the roller having a

20  horizontal axis of rotation; or a curved chute.

The industrial dishwasher may further comprise an auxiliary washing lane for washing
glassware among the tableware, and may also comprise a solid waste disposal chute in

connection with the jig loading station, the chute comprising a top-opening vacuum



5 A self-cleaning heating coil may be provided in the ultrasonic washing
station for heating the washing liquid. A heat recovery system configured
for reco i generated at the drying station to i ng
l'iquid iﬁﬁPﬁgﬂﬁﬁgggsonic washi ng station may al so be pr%??gg%aﬁgﬁﬁéﬁe

i ndustrial dishwasher may further conprise an internediate rinsing station
for an internediate rinsing of the-tableﬁhre inthe jig after ultrasonic
washing in the ultrasonic washing station, and further conprising a second
ul trasoni ¢ RBWRFIET ©of selisting dpoddebeis saovedrfinm thedehlewaret r asoni ¢ washi ng of
the tableware in the jig after the internediate rinsing and before the
final rinsing. Used water discharged fromthe final rinsing station 15is
preferably recycled for use at the internediate rinsing station and used
wat er di schaftgeadustriaidisheashet atagdipadvedéd Wih B§ig3étain @hvéor BaERIARE Yies
recycled for use at the initial rinsing station. Used washing liquid from

the second Utdni BRemidadiasRtA 16 HRljioRale RBHET @bl y recycled for use at the
first ultrasonic washing station. The i ndustrial di shwasher may further

conprisesa ¢ _g@aﬁﬁ . i r . ransport.the

t abl ewar g. ,@éécl)fr 1 ng %] geééﬁg%f)?gﬁaé/\;%ﬂg{)gﬁrg?/&g’s%%%#‘%g%ﬁéeglgéq"gg %gt W %’éd ajig
for use wit n industrial. di.shwasher for washi ng tahleware. The jig
conpri ses amﬁf?tbn IF? Pashipe lignd.y Vf%@trffgovfegf SYS{fR RLEH f@?@%ﬁ’@é’@%‘?)/ 000485
7 containing therein a plurality of types of tableware for imersing the

t abl ewar e i eﬁerﬁﬁg A§ the dryigg ?%E%P?dleat%lmaéhmg}lqwﬂ in Shaylgsoninsasiingeach

| ocking | ever conprising a |l ever rotatably connected to the jig such that
upon i nmer sistjopmay gksojieprpvidehe washing 1iquid, the | ocking | ever rotates
due to natural buoyancy and contacts a tableware item adjacent 5 the

| ocking I ever to block the tableware item agai nst upward novenent, thereby
preventing flotation of the tableware itemin the washing |iquid. According

to a fouot h Txemukaiay debRaser mah Sither SoRpAY HEHtefnbdifté rinkinBRiAAGn FAMEY OF
for use with an industrial dishwasher for washing tableware. The tray
f1ippi ng conyeMQdiate rinsing of the tableware in the jig after ultrasonic washing in the ultrasonic

washing station, and further comprising a second ultrasonic washing station for a

second simultaneous ultrasonic washing of the tableware in the jig after the intermediate

rinsing and before the final rinsing. Used water discharged from the final rinsing station

15  is preferably recycled for use at the intermediate rinsing station and used water
discharged from the intermediate rinsing station is preferably recycled for use at the

initial rinsing station. Used washing liquid from the second ultrasonic washing station is

preferably recycled for use at the first ultrasonic washing station.

20  The industrial dishwasher may further comprise a cart washing lane for washing carts

used to transport the tableware.

According to a third exemplary aspect, there is provided a jig for use with an industrial

dishwasher for washing tableware. The jig comprises a plurality of compartments for



10 conprises a first conveying portion for |loading trays from anong the
t abl eware thereon; and an overturning conveying portion in connection with

the firstwpopmuembide portion for overturning the trays spehysihajobegs debris
falls away fromthe overturned trays under gravity. The overturning

conveying portion may conprise a tw sted 7conveyi ng portion; or a .
recircul ating belt passing over a roller,”the roller having a horizontal
axis of rotation; 15or a curved chute. According.to a fifth exenplary
aspect, ther*8P{aIpg ax?red%a pﬁﬂ@ﬁy Pﬁtm&%% talleayse For immsrng the tehlevage ia an

i ndustrial dishwasher for washing tableware. The chute conprises a

t op- openi ng wasbingriquishpad e plurdldy oflockimgti¢vers, tadhdodkdng leyer eamwisihgfa lowert he
t abl eware. 20 According to a sixth exenplary aspect, there is provided a
met hod of wastaiably ¢ainketed tocthe fip sgchethati updu Sineadioo Sthedig e the Waskinggighiad
conprises loading a plurality of types of tableware.into a jig at a jig

| oadi ng st atth®locRingtléir katatds fid 18 naflicl IBIBSARY 'andl CHRMESE B Rart AL AWAE&T N
the jigin a first washing liquid and ultrasonically washing the tabl eware

[ Y0 210/ RORAECHSCAGS AORASY B 08 dbflsAlonind Hickbmpb 25901 C vShi ng

station of the industrial dishwasher; performn I'nal rinsing”’of the
tabl eware | . b n rinsing .st,ation.of..the industrial
di shwasher ; q’é‘?‘%ﬁ‘ﬁ%é gﬁ%&? ggf@ﬁ%bée‘%/aggftﬁ% lfli}be vé%srﬂg’g(}}%lcﬁg station of the
i ndustrial dishwasher; and unloading the tableware fromthe jig at an
unl oadi ng station of the industrial dishwasher. The nmethod may further
conprise performng an_ initial rinsing of the tableware in the jig at an
initial rindsgrddngtg afough exeraplpryhsaect, thereds piowiis atray dlipping onveyerifag t he
tableware in the jig in the first washing liquid. Used water fromthe final
rinsing i s 1Spwithemahdystriabdisbiveshef for wasking mati¢vedre r Thestrayoflipping conveyor
10 comprises a first conveying portion for loading trays from among the tableware thereon;
and an overturning conveying portion in connection with the first conveying portion for
overturning the trays such that food debris falls away from the overturned trays under
gravity. The overturning conveying portion may comprise a twisted conveying portion;

or a recirculating belt passing over a roller, the roller having a horizontal axis of rotation;

15 = or a curved chute.

According to a fifth exemplary aspect, there is provided a solid waste disposal chute for
use with an industrial dishwasher for washing tableware. The chute comprises a top-
opening vacuum compactor for collecting food debris removed from the tableware.

20 |
According to a sixth exemplary aspect, there is provided-a method of washihg tableware
using an industrial dishwasher. The method comprises loading a plurality of types of
tableware into a jig at a jig loading station of the industrial dishwasher; immersing the

tableware in the jig in a first washing liquid and ultrasonically washing the tableware in



The nethod may al so conprise sanitizing the tableware in the jig after the
final rinsing and before the drying. 15 The nethod may further include
per f or m ngoadognbepedi ate rinsing of the tabl eware in pag/sicheahoss
intermediate rinsing station of the industrial dishwasher after the
ultrasonic washing; and imersing the tapbleware in the jig in a second
washing liquid and ultrasonically washing the tableware in.the jig a second
time at a seiﬁond ul L rasoni CV\/ag_aML[g station of the industrial dishwasher
before the fIHAEata st Hiasqnicy flationeh theyindpgngl; dishwashers performing a
preferably recycled for the intermediate rinsing and used water fromthe

i nt er medi at dna] Hesipgof the frbleveare By the jig@y e find rinsingtstasionrif thesindwitnali ng.  Used
second washing liquid fromthe second ultrasonic station is preferably
recycl ed foniiii?mg\eslms; dripmgfthe blemashinrthe jig gia drying sthnfdfitisd indbdtiigisoni ¢
station. WD 2010/ 132022PCT/ S&009/ 000485 9 The nethod may further conprise
using a traylishwagigrimdaniosdierthé exbswié B6m tBe fif aVar WNREBIPGSIdTEE thabl ewar e
to renove food debris fromthe tray by gravity; and washing gl assware in an
auxi | i arg washisital iapRadkr.t he i ndustrial di shwasher. 5 The nethod nay al so
conprise collecting food debris renoved fromthe tableware using a solid
wast e di sposal chute conprising a top-opening vacuum conpactor. The net hod
may include returning jigs fromthe unloading station to the jig |oading

st ati on usi a jdog return conveyor of the industrial djsh her.. 10 The
met hod nay ﬁ%? tnhéélFO%cIB%ﬁ’lr{g‘gr ?Oé%%rfieﬁfanﬂ@&ﬁng% THSEE ‘gtjttﬁ? }gﬁ*&faﬁ iRghest at i on
to heat the washing. liquid in the ultrasonic washing station using a heat
recovery sysB&hin K rigsing stagon of thedndystrial dishashpr befieeccimmensisgéhd s provi ded
a method of washing tableware using an industrial dishwasher. The netho
conpri ses | ddgwage i the iigan theyfirst washing liquid. Used water from the final rinsing is :

10 preferably recycled for the initial rinsing.

The method may also comprise sanitizing the tableware in the jig after the final rinsing

and before the drying.

15  The method may further include performing an intermediate rinsing of the tableware in
the jig at an intermediate rinsing station of the industrial dishwasher after the ultrasonic
washing; and immersing the tableware in the jig in a second washing liquid and
ultrasonically washing the tableware in the jig a sepond time at a second ultrasonic

~washing station of the industrial dishwasher befqre the final rinsiﬁg. Used water from

20  the final rinsing is preferably recycled for the intermediate rinsing and used water from
the intermediate rinsing is preferably recycled for the initial rinsing. Used second
washing liquid from the sécond ultrasonic station is preferably recycled for use as the

first washing liquid in the first ultrasonic station.



15 types of tableware onto a conveyor of the industrial dishwasher;
i mrersing the tableware on the conveyor in a washing liquid and

ul t rasoniwalbio/seehki Nng the tabl eware on the conveyor; pech@cBhPd@osusti nal
rinsing of the tableware on the conveyor; drying the tableware on the

conveyor; and unl oading the tableware framthe conveyor. 20 The net hod may
further conprise perfornming an initial rrnsing of the tableware on the °
conveyor before imrersing the tabl eware on 'the eonveyor in the washing

li qui d. The Thefstodmmay farther commmsise Yangadry fHPRing sy er ©ioveT A RdRYSIYMwi t h
performng the initial rinsing, wherein water fromwashing the glassware is
used for themong thedablewarsitorgmovgdooddehrisInoe framyIGNads000d 88shing The

met hod may further conprise washing gl assware sinultaneously with

washi ng- t r agmsswire ircamausiliaey whsling lsae bf tg ihdettd] disbwasteri s used for washi ng
the trays, and may al so conprise autoratically positioning trays for nore
ef fective washing prior to washing the trays. 5 BRI EF DESCRI PTI ON OF THE
DRAW NGS In order that the invention may be fully understood and readily

put i nt Os5pr %I: .hféﬁlodq'{lzé@g%ﬂ <§/ v r?se%Pﬁéétingg%Yxpgebq{%%&%fﬁghgé thlg\];vare

non-limtative exanp enplary odi nent's, scription being
wth reference to the acconpanyi illustrative 10drawi ngs. In_ the
G awi ngs. - P Spld FaRe GRPRATh O compiiSnd £lan Sehie i SonbiEnt i onal
i ial dish . FIG., 2 iQ t) i I - i de. view of the
:jln gﬁj\gghgr g'#u? vg%% %rlay include retl.(u%Jrnlg(}{gs ron)l t}llesu oa%in%ss%atil{)% tg I’[he Jlgvlloac\ll\llng

station using a jig return conveyor of the industrial dishwasher.

10  The method may further comprise recovering heat generated at the drying station to heat

the washing liquid in the ultrasonic washing station using a heat recovery system.

According to a seventh exemplary aspeét, there is pfovided a method of washing
tableware using an industrial dishwasher. The method comprises loading a plurality of
15  types of tableware onto a conveyor of the industrial dishwasher; immersing the
tableware on the conveyor in a washing liquid and ultrasonically washing the tableware
on the conveyor; performing a ﬁnél rinsing of the tableware on the conveyor; drying the

tableware on the conveyor; and unloading the tableware from the conveyor.

20  The method may further comprise performing an initial rinsing of the tableware on the
conveyor before immersing the tableware on the conveyor in the washing liquid. The
method may also comprise washing glassware simultaneously with performing the

initial rinsing, wherein water from washing the glassware is used for the initial rinsing.



FIG 3 is a schematic perspective view of an exenpl ary enbodi nent of an
I ndustrial 15di shwasher according to the present invention;, FIG 4 is a

schemat i owenofsss@et i onal perspective view of the induspgirglGeiombyngsher of
FIG 3; FIG 5 is a schematic perspective viewof a jig |oading station of

the industrial dishwasher of FIG 4; 20 fQG 6 is a schematic perspective
view together with orthogonal views of a'side table of the jig |oading
station of EFIG 5; FIG is a sinplified schematic cross-sectional side
vi ew of t he Tihgdrethad mpy @%@H@Psed‘rasmn&gl%swwmm@wpsyu% xwithsvashingt i ¢
perspective view of an initial rinsing station of the industrial 11

di shwasher dfaysvderein watenfrogn peshingthg elaskearatis esed dorsyeshingitbe tpsyand meye
initial rinsing station of FIG 8(a) having a rotated jig therein; FIG 8
(c) is a schixoebmprisé sleomiateallyfpositipniag staye fos piiay effe&tia/ieeyasﬁiﬁlg@rioiatd S a
schematic cross-sectional side view of an ultrasonic washing station; FIG
10 is a cl O%Mﬁgm@t\fé}@f the ultrasonic washing station of FIG 9; FIG 11
is a schematic perspective view of renoval of tableware froma liquid
sani tizigg bath;

BRIEF DESCRIPTION OF THE DRAWINGS
In_ order that the invention may be fully understood and readily put into practical effect
there shall now be described by way of non-limitative exarhple only exemplary
“embodiments, the description being with reference to the accémpanying illustrative
10  drawings. | »
In the drawings:
FIG. 1 (prior art) is a schematic side view of a conventional industrial dishwasher;
FIG. 2 (prior art) is a close-up side view of the dishwasher of FIG. 1;
FIG.3isa schematic perspective view of an exemplary embodiment of an industrial
15 dishwasher according to the present invention;
. FIG. 4 is a schematic cross-secfional perspective view of the industrial dishwasher of
FIG. 3; |
FIG. 5 is a schematic perspective view of a jig loading station of the industrial
| dishwasher of FIG. 4
20  FIG. 6 is a schematic perspective view together with orthogonal views of a side table of
the jig loading station of FIG. 5;
FIG. 7 is a simplified schematic cross-sectional side view of the industrial dishwasher of
FIG. 4;

FIG. 8 (a) is a schematic perspective view of an initial rinsing station of the industrial



FIG 12 (a) to (c) are schematic top and perspective views of a drying
station of the 10industrial dishwasher of FIG 4; FIG 13 is a schematic

per spect i\V@é\ﬂO‘ﬁ‘ﬁ’z&E the industrial dishwasher of FIG 4P%?§@25[g/05m

conveyor and general direction of novenent of jigs; FIG I's a sc%e_matic
perspective viewof a jig lift at an unl ?zdi ng station of the industrial

di shwasher of FIG 4; 15FIG 15 (a) is a'schematic perspective view of a
jig used in the industrial dishwasher of FIG 4; FIG 15 (b) is a schematic
perspective vi ew of1sBWasher f F1§- 4f jigs wherein only alternate jigs are ‘
provided with a cutlery and fl atware hol der; FIG 16 (a) is a _
schemati ¢ pdilSp&ch)iiy e sehiepwtio perspective eigvadf the irgtiddotlisimerstatioh o FIGB(ased 20i n
the industrial dishwasher of FIG 4; FIG 16 (b) is a schematic side view
of tabl eware cont ahaviegt rotatedljip thergingf FIG 16 (a); FIG 17 is a schematic
side view of two adjacent |ocking |evers provided in the jig of FIG 15

(a); FIG 181Gag (d)Ss @scHehRiBtide vﬁév&i@fafgﬁggl]@é %ﬁaé) Reieng | ever of FIG 17 and
a correspondi ng WO 2010/ 132022PCT/ SG2009/ 000485 12
5 FIG. 9 is a schematic cross-sectional side view of an ultrasonic washing station;
FIG. 10 is a close-up view of the ultrasonic washing station of FIG. 9;
FIG. 11 is a schematic perspective view of removal of tablewére from a liquid sanitizing
bath; |
FIG. 12 (a) to (c) are schematic top and perspective views of a drying station of the
10 industrial dishwasher of FIG. 4, |
FIG. 13 is a schematic perspective view of the industrial dishwasher of FIG. 4 showing
- the conveyor and general direction of movement of jigs;
FIG. 14 is a schematic perspective view of a jig lift at an unloading station of the
industrial dishwasher of FIG. 4;
15 FIG. 15 (a) is a schematic perspective view of a jig used in the industrial dishwasher of
FIG. 4,
FIG. 15 (b) is a schematic perspective view bf a plurality of jigs wherein only alternate
jigs are provided with a cutlery and flatware holder;
FIG. 16 (a) is a schematic perspective view of an alternative embodiment of a jig used
20 in the industrial dishwasher of FIG. 4;
FIG. 16 (b) is a schematic side view of tableware containment in the jig of FIG. 16 (a);
FIG. 17 1s a schematic side view of two adjacent locking lev.ers provided in the jig of
FIG. 15 (a);

FIG. 18 (a) is a schematic side view of a locking lever of FIG. 17 and a corresponding



- tableware itemin a jig before immersion in a washing liquid; FIG 18 (b)
Is the locking |lever of FIG 18 (b) and the corresponding tableware itemin

the jig wRenoiomBssed in the washing |iquid; FI G 18cta20M/080485hemati c
perspective view of a first enbodi nent of a tray washing | ane 5of the

I ndustrial dishwasher of FIG 4; FIG 19 (b) is a schematic perspective
view of a tray flipping conveyor of the { ay washing lane of FIG 19 (a);
FIG 19 (c) is an alternative schematic¢ perspective view of the tray

f1i ppi ng .conveyor &Plewars 14y ip gyig begore pmmersipn iy agvashigiqid si de vi ew of a
second enbodi nrent of the tray fli p;la:i ng conveyor; FIG 21 is a schematic ,
si de vi ew offlg. th(ds bateslingdaverof FGel & (baynd theppiraspondingdstdewargliten ir2 (a)
is.a schematic perspective view of an entry to an auxiliary |ane of the

i ndustrial di shwaslterjipWwhén @médrsedrinGhe RasHihg liquida schemati ¢ cross-secti onal
side view of the auxiliary lane of FIG 22 (a); 15FIGS. 23 (a), (b) and (c)

are schemat iIRRGVi 2@y i9d schemolid pervfstite GietRTad rsCdmbRIiMENtOTE tha) GkbShihp $dne
di shwasher of FIG 4; FIG 24 is a schematic diagramof a heat recovery

system Kl G 25 is,au3GhaRBdl Qisﬂ%ﬁﬁ{e?HTPIfG.%; det ergent di spensing device;
FIG. 19 (b) is a schematic perspective view of a tray flipping conveyor of the tray
washing lane of FIG. 19 (a); |
FIG. 19 (c) 1s an alternative schematic perspective view of the tray flipping conveyor of
FIG. 19 (b);
10 ’ FIG. 20 is a schematic side view of a second embodiment of the tray flipping conveyor;
FIG. 21 is a schematic side view of a third embodiment of the tray flipping conveyor;
FIG. 22 (a) is a schematic perspective view of an entry to an auxili@ lane of the
industrial dishwasher of FIG. 4; |
FIG. 22 (b) is a schematic cross—sectiofxal side view of the auxiliary lane of FIG. 22 (a);
15 FiGS. 23 (a), (b) and (c) are schematic views of a solid waste disposal chute of the
industrial dishwasher of FIG. 4;
FIG. 24 is a schematic diagram of a heat recovery system;
FIG. 25 1s a schematic diagram of a detergent dispensing device;
FIG. 26 is a flowchart of an exemplary method of industrial dishwashing according to
20 | the present invention;
FIG. 27 is a schematic cross-sectional side view of an alternative embodiment of
conveying tableware into a tank;
FIG. 28 is a schematic cross-sectional side view of an alternative embodiment of

conveying trays into a tank;



FIG 26 is a flowhart of an exenplary method of industrial dishwashing
according to 20the present invention; FIG 27 is a schematic

Cr 0Ss- seakbapf)138i2de view of an alternative enbodi nent @rrReRVPLELES
tableware into a tank; FIG 28 is a schematic cross-sectional side view of
an alternative enbodi ment of conveying t{ays into a tank; WD

2010/ 132022PCT/ SG2009/ 000485 13 FI GS. 293(a) and (b) are schematic side .
views of a fjrst alternative enmbodi nent of adjacent |ocking |evers provi ded
in the jig 510%128 (yand () arerschsmatmpidesyiews pha Hrstialternativeemhodionent of si de
views  of a second alternative enbodi nent. of adjacent |ocking |evers and

t abl ewar e conpar t nahasenplogkingdeversiprovided imgthefig®EFG5. 15(aj;a) ; FIGS. 31 (a),
(b) and (c) are schematic side views of a third alternative enbodi nent of
adj acent | oEKENGOI(e) €b)sandr(d) dralbtiewarie siie Vixaws dfanesondr ahéti€ide embbdditehi g Of

FIG 15 (a); FIG 31(d) is a schematic perspective close-up view of a
tabl ewar e conpar t ngfudjsenflotking ®3érs(al itabid ave c&%p&%}lelﬂgﬂro(vmed@ﬁ ﬁlefjlgadf and
perspective views of another alternative enbodinent of a jig used’in

industrigl di shvaspgy 1@f(,f;! G 4,

FIGS. 31 (a), (b) and (c) are échematic side views of a third alternative embodiment of
adjacent locking levers and tableware compartments provided in the jig of :
FIG. 15 (a); |
FIG. 31 (d) is a schematic perspective close-up view of a tableware compartment of FIG.
10 31 (a);
FIGS. 32 (a) and (b) are plan and perspective views of another alternative embodiment
of a jig used in the industrial dishwasﬂer of FIG. 4;
FIGS. 33 (a) and (b) are schematic side views of an alternative embodiment of
immersing tableware in an ultrasonié washing liquid;
15 FIG. 34 is a schematic perspective view of another exemplary embodiment of an
industrial dishwasher according to the present inventior;; |
FIG. 35 is a schematic cross-sectional side view of another alternative embodirﬁent of
conveying tableware into a tank of the industrial dishwasher of FIG. 34;
FIG. 36 a schematic cross-sectional side view of an auxiliary lane positioned above a
20 rinsing station of the industrial dishwasher of FiG. 34;
FIG. 37 is a schematic perspective view of a debris removal portion of a tray washing
lane of the industrial dishwasher of FIG. 34;
FIG. 38 is a schematic perspective view of a drying station of the industrial dishwasher

of FIG. 34;



FIGS. 33 (a) and (b) are schematic side views of an alternative enbodi nent
of imersing tableware in an ultrasonic washing liquid; 15 FIG 34 is a

schemat i owvpehfpesfhve view of another exenplary enbodi mpatyseho@moddgsiust ri al
di shwasher according to the present invention; FIG 35 is a schematic

cross-sectional side view ofanother al te'4nat i ve enbodi nent of

conveying tableware into a tank of the industrial dishwasher of-FIG 34;

FIG 36 a s¢ t.ic gross-sectional side view of an aquxiliary |l ane _
posi ti oned gﬂg\r@ ?éaﬁé}"lﬂ'ﬁé‘f’ﬁ’é‘eé’fﬁ"(? W@%‘OWW@SW&H@?PW&P% gsiampather of FI G
34; FIG 37 is a schematic perspective view of a debris renoval portion of:
a tray washi ng | an@dpytrightishwaghartof F}E. shwasher of FIG 34; FIG 38 is a
schemati c perspective view of a drying station of the industrial dishwasher
of FI G 34, FIW302946¢HepR00 PRCH¢CEER 03V 006mBHlithdntF b n@&ld;and schemati ¢ si de
view of an automated tray positioning systemof the industrial di shwasher

of FIG 34; FK.QG1. #Q flevchag ol anetémplpgr mpded oF ;dusteyt diéhverhiagius@ptise of a
nozzle; and FIG 41. is a flowhart of an exenplary method of industrial

di shwash ng usi ng #B8strial dishwasher of FIG. 34.

DETAILED DESCRIPTIQN OF EXEMPLARY EMBODIMENTS

With reference to'FIGS. 3, 4 and 7 and the cher figures as indicated below, an

exemplary embodiment of an industrial dishwasher 10 for Washing tableware 1200 and
10  associated inﬂight catering items is described below. An exemplary method 200 of

washing tableware is also described below, with reference to FIG. 26.

The exemplary industrial dishwasher 10 comprises a jig loading station 12 as shown in
FIG. 5 for loading a plurality of types of tableware 1200 into jigs 20, 202. The plurality
15 of types of tableware 1200 to be loaded into the jigs 20 for washing are usually
. differently soiled, and may include cups, side dishes, cutlery, flatware that are
moderately soiled, and also the most heav‘ilyysoiled main dishes or casseroles used in

aviation meal-sets.

20  The jig loading station 12 preferably comprises an elongate surface 16 for supporting a
plurality of jigs 20 thereon during loading of each jig 20. A conveyor 22 runs
throughout the industrial dishwasher 10 for conveying jigs 20 from the jig loading
station 12 through to various other s_tations 30, 40, 50, 60, 70, 80, 90, 100 in the

industrial dishwasher 10. The conveyor 22 preferably includes a plurality of robotic



5i ndustrial di shwasher of FIG 34. DETAI LED DESCRI PTI ON OF EXEMPLARY
EMBODI MENTS Wth reference to FIGS. 3, 4 and 7 and the other figures as

i ndi cat edybebiz2@p exenpl ary enbodi ment of an i ndustri aerdicshwaségs 10 for
washi ng tabl eware 1200 and 10 associated inflight catering itens is

descri bed bel ow. An exenplary nethod 200 .0f washing tableware is also
described below, with reference to FIG 26. The exenpl ary industri al

di shwasher 10 c ri.ses jig loading station, 12 hown in FIG 5 for
Moadi g o s By i fpiecleetd B ieravinade fes2 frgersstiisnd mene "
plurality 150f types of tableware 1200 to 'be loaded into the jigs 20 for
washi ng ar en¢id §HPY whierer appeapriale. apshowg in FHa- Wy i ncl ude cups, side dishes,
cutlery, flatware that are noderately soiled, and also the nost heavily
soil ed mai n di shes or casseroles used in aviation neal-sets. 20The jig

| oadi ng station 12 preferably conprises an el ongate surface 16 for

supporti ng FTheligleddirgystafon) i2gaef2thblyndscemoludey a tgmberadisitg tafleebicdhopvingn 20. A
conveyor 22 runs throughout the industrial dishwasher 10 for conveying jigs

20 from 4 heFriG.% fop BHhchg 1ibdiabRAvase’] 200rRMESh b&FoNAbAAHS o0PthB @dblSk At ifddthe30,
40, 50, 60, 70, 80, 90, 100 in the industrial dishwasher 10. The conveyor

2010/ 1320220 S3BDSTE SeTb RriffraBh ORakd fupdituatip ofboles 14 K 2ol 1

moving the g5, 20¢ 1 QMR0en3 L ARichard PR0TRH « BIETHA0 11 ARR! GBI At e
| 14. The base plate 14-2 is preferably sloped for channelling the cirairied liquid into a

waste drainage systerh (not shown). | |

10
From the jig loading station 12, each jig 20 loaded with tableware 1200 is preferably
Aconveyed into an adjacent initial rinsing station 30 where an initial rinsing of the
tableware 1200 in the jig 20 is performed 204. As shown in FIG. 8 (a), the tableware
1200 in the jig 20 is sprayed with rinsing wéter from a pressure spray as the jig 20

15  enters the initial rinsing station 30 in the directibn indicated by the arrow. Prefe;rabiy, a
plurality of pressure. spray nozzles 32 are provided on different sides of the jbig 20 fér
effective pressure spray initial rinsing of the tableware 1200 contained in the jig 20 to
remove bulk food debris from the tableware 1200. Each pressure spray nozzle 32 is
preferably configured for reciprocating rotation during spraying as shown in FIG. 8 (c)

20  in order to achieve a wave-like spraying effect for improved‘f‘ihsing of the tableware
1200. The jig 20 is then preferably rotated 90 degrces at the initial rinsing station 30 as

shown in FIG. 8 (b) before being conveyed into an adjacent first ultrasonic washing

station 40 of the industrial dishwasher 10.



The jig loading station 12 preferably also includes a nunber of side tables
14 shown in 5 FIG 6 for placing used tableware 1200 thereon before | oading
of the taRbewhayg2ipto the jigs 20. Each side table 14 i sciiseh@ombdids
provided with a plurality of holes 14-1 for drainage of liquid fromthe
used tabl eware 1200 onto a base plate 14; é of the side table 14. The base
plate 14-2 is preferably sloped for chan% lling the drained liquid into a

waste drain S ‘not shown 10, From ding statjon 12, each
jig 20 | oadgﬁ%ﬁﬁﬁlﬁ“ﬁ?ﬁ BWa‘P’%Shi atiqn ‘g)r’élfeé}%& @finﬁag‘h‘\‘?%é&f g‘ﬁf"ére A0 18dj acent
initial rinsi ng Station 30 where an initial rinsing of the tabl eware 1200
in the jig 20vred bep FdrHe g a4 intag tamohhcontairinga fgstwigshineHiquidh? suehrtat 1200
inthe jig 20 is sprayed with rinsing water froma pressure spray as the
jig 20 15enttlertgblewareildD arel fully mmimersed imthedirst3gashingtligeidd 2, €66 hoshdawrdinc at ed
by the arrow. Preferably, a plurality of pressure spray nozzles 32 are
provi ded on FiG$ feasnto. si des of the jig 20 for effective pressure spray
initial rinsing of the tableware 1200 contained in the jig 20 to renove
bul k food debris fromthe tabl eware 1200. Each pressure spray nozzle 32 is
preferably configured for reciprocating rotation during spraying as shown

0 FIG 8 (G dadflic e o2 6hiAlRe NEET bt lhﬁisgﬂ{cat}lz%nﬁguc%gé?f%ene%:{es

i nproved rinsing o e tabl ewa eJig en pre

rotated 90 de t [i,NSi t on 30 as s IG 8 (b)
bef ore bei ng ‘g%ﬁv%y'éc})l?s{s Eh ﬁﬁ?%@%‘ﬁ’f‘grﬁ‘r‘@ﬁ he caviiption ‘%ﬂ%ﬂ 43 $ition 40
of the industrial djshwasher WD 2010/ 132022PCT/ SG2009/ 000485 16 At the
first ultrad®Hipgf ﬁ‘gl%{%@#l@ﬁng@p therigblewgye 380 & dharebonetirgtivels rempyisgar e 40
is lowered by a robotic arm24 into a tank 41 containing a first washing
li quid 42 stishfophdebrisHa1 and twaoughlyy@ashamgthe tdbleareni20Q 866 repatdlessiof r st
washing liquid 42, 206 as showmn in FIGS. 9 and 10. 5

10 orientation of the tableware 1200 in the first washing liquid 42. Because the tableware

1200 are fully immersed in the first washing liquid 42, all areas of the tableware 1200 |

are therefore reached by the cavitation bubbles 45 so that there are no “blind” spots in

the tableware 1200 that are left not cleaned. In this way, heavily soiled main dishes or

cass_efoles can be washed simultaneously with other lighter tableware items such as the
.15 cups ahd side dishes in the industrial dishwasher 10 witﬁout requiring a separate

dedicated dishwasher just for washing the casseroles alone.

In an alternative embodiment of the industrial dishwasher 10, instead of using a robotic
arm 24 to lower the jig 20 into the ultrasonic washing tank 41, a continuous conveyor
20 160 may be provided as shown in FIGS. 27 and 28 to move items into and out of the
ultrasonic washing tank 41. The continuous conveyor 160 preferably comprises a sloped
slide-down portion 161 for gradually sliding a jig 20 or tray 1202 into the washing
liquid 42 at an angle instead of lowering them perpendicularly into the washing liquid

42 using the robotic arm 24. In this way, openings of the tableware 1200 in the jig 20 or



An ul trasonic generator 43 conprising a nunber of ultrasonic transducers 44
generates cavitation bubbles 45 in the first washing liquid 42. The

cavi t at i ogobyllzeR245 burst against food debris 1210 adperis@godo@osd3s

t abl ewar e 1200, thereby effectively renoving the food debris 1210 and

t hor oughly washi ng the tableware 1200, 2 regardl ess of 10 orientation of
the tabl eware 1200 in the first washing quid 42. Because the tableware .
1200 are fully jimersed in the first washing liquid 42, all areas of the

t abl ewar e 1?’6%3 Lﬁ FrpEopegtagily E%%ﬁé‘ﬂ’e\éﬁe piatsThing 41 of the Rleprip ligwd 43 ag ghet hat
there are no "blind" spots in the tableware 1200 that are left not cleaned.
In this way/ig8HE2yimays k&ﬂ a5l layegred igtosthe vashing diguisk 49, esabliag theewashiigdiguid

simul taneously with other lighter tableware itens such as the 15cups and

si de di shes 42 o totadlyi frlti thettablewardil 3 Oivasstnays 1202 ythttebyhchiedug thormgh ulteRaniat e
dedi cat ed di shwasher just for washing the casseroles alone. In an

al t er nat i ve westiagbyprdveating difrapimditsifiairdih tis ©BWRARET2000r thatis { Fadvieh tH%i ng a
robotic arm24 to lower. the jig 20 into the ultrasonic washing tank 41, a

continuoys GRITHAYRSedAA HAPadME 1RRIPID iR S ﬁ@ﬁé&lihﬁ-ugi)%?ﬁa&@d 28 to

nove itens into and out of the ultrasonic washing tan e continuous

conveyor 16Q, ér%ﬁ?ﬁ%“? r{%? &@?}gi}&f%b%%%{g%{) g&'rg%‘g”ﬁ%nggv&a%#%&?@g%geg[ an

gradual 'y sfiding e was

angle inste f lo ' t hem per,pendi cularly into the washing liquid 42
SR b o Fon RE PR Y

using the r y, openings of the tableware 1200 in
the jig 20 or WD 2010/132022PCT/ SG2009/ 000485 17 trays 1202 are
nonentarily kept above the waterline 43 of the cleaning liquid 42 as the
jig 20 or trays 1202 are lowered into the washing |iquid 42, enabling the
washi ng | i qéingled2emoval of giel washed iterhhE2Q0a bR EWallevs1f20Sloerpullirgysf tHiddns t her eby
achi eving thorough ultrasonic washing by preventing entrapnent of air in
the tabllewad200l2002 fiomtthayafd2@2 offteriduiey? bevhahitsiEh&aensich éfibe Wasdi ng

liquid 42. Simlarly, a sloped slide-up portion 163 is
surface 43 removes the liquid 42 from the washed items 1200, 1202 with up to 85 to 90
% dryness. A slide-up 163 exit from the washing liquid 42 also prevehts washing liquid
42 from being inadvertently and unnecessarily scooped out of the tank 41 by the
tableware 1200 or trays 1202.
15
For the washing of trays 1202, as shown in FIG. 28, high pressure sprays 32 may further
be provided for removing stubborn debris from the trays 1202. In addition, a
corresponding press-down conveyor 162 may be provided to hold the trays 1202 down
against the contiﬁuous conveyor 160 when in the tank 4i , SO as to prevent flotation of

20  the trays 1202 in the washing liquid 42 and to prevent the trays 1202 from being “blown -

off” the conveyor 160 by the high pressure sprays 32.

In an alternative embodiment of the ultrasonic washing station 40, as shown in FIGS. 33

(a) and (b), the ultrasonic transducers 44 are configured to engage a conveyor portion



preferably provided in the continuous conveyor 160 for renoving washed
t abl eware 1200 or trays 1202 fromthe tank 41. Angled renoval of the washed

items 12090 208@32¢h! ows for slow pulling of the itens 1@¢&2R@200bRA0eskr om t he
surface 43 of the liquid 42 such that surface tension of the l'iquid surface

43 renoves the liquid 42 fromthe washed itens 1200, 1202 with up to 85 to
90 % dryness. A slide-up 163 exit fromth® washi ng liquid 42 al so prevents
washing liquid 42 frombeing inadvertently and unnecessarily scooped out. of
the tank 4116yin te vitrspaigatagion 200l kerconveyos portdR. 1635 proferatily comfiduredtoof
trays 1202, as shown in FIG 28, high pressure sprays 32 may .further be
provi ded f ocomeyohd jig28 codibining tHe kiblesvare D200t the altsd@O tatibn4aded 4lkon, a
correspondi ng press-down conveyor 162 may be provided to hold the trays .

1202 down agRéippbrtiRe)i€ 20 HiiMOWIEa SR Q¥ fingl 89 & Rbd dmeRe irt Hoﬂowe%ﬂ%as to
prevent flotation of 20 the trays 1202 in the washing liquid 42 and t

prevent thegtr; : ftérﬁﬂi bej 4. the,. e high
pressure spFﬁaer ?@2&1@%(3% a ltgdrnr@g?lpgg%\gﬂgggﬁuﬁgﬁ?’ tgﬁgt a@g%?#%?é%lx%r&?vashi ng
ar e cont tourlund BRI AT e R epist Rofin indovapn 4, Ay hEnscucers 44
2010/ 132022RCT/ SG2009/ 000 8 5 in the ultrasonic station 40. The
conveyor pofPYBHAHHEIOWs lﬁﬁ:igeél 361@3 n i Pyaguthe dfet2l beeprmes full sugrpgndsd by
containing the tableware 1200 into the ultrasonic station 40 and also to
support t hetheitgniowallidl Wand|is eeptainedineg wiumed !V defingd by batwdki wallst4] W nst ead
of lowering the jig 20 into the tank 41 containing washing liquid 42, tank

wal | s 41W aped thewenesyob pantionridst Washingligid ddtiothth ehanmoN&yoko thovoluae 165 by
arms 41A, as shown by the downward arrows in FIG 33 (a). In this way, the

jig 20 beconey viddhdpropittel9 doaiRshré pibEeadraitil el thled Ny 20d ih theGRMdRi ned in a
vol unme 41V defi ned p%‘)ylﬁ%u;[]eyt ank vvalﬁ)g 41W and t he conveyor por?ifggzn 165.

Vashing i aybbntrull§ itBReRsel R A dshfhe 1R 419 1Y BleiBnid findiReRRARLAREAL e Y
configured pipes 42?31unti N Fﬁe ta%ﬁ@\%/a{rae 142%2 i"!n t he 1jéli g %ddﬁe e
activated to ultrasonically wash all the tableware 1200 in the jig 20 via the cavitation

bubbles 45 generated.

A detergent dispensing device 150 comprising a proportional dosing pump 151 as
15 shownin FIG. 25 may be provided for adding detergent from a detergent storage
coﬂtainer 152 to the washing liquid 42 in the ultrasonic washing station 40. The
detergent dispensing device 150 is preferably triggered by a pH sensor 154 provided in
-the tank 4'1 or on a tank wall 41W of the ultrasonic washing station 40. In this way, only
an essential amount of detergent is used, while excessive use of detergent is avoided,

20  thereby allowing the industrial dishwasher 10 to be more ecologically friendly.

One or more heating coils (not shown) may be provided in the tank 41or on a tank wall
41W of the ultrasonic washing station 40 so that the washing liquid 42 is heated for

more efficient washing of the tableware 1200. As a result of the action of the cavitation



10 becone fully imrersed in the washing liquid 42. The ultrasonic
transducers 44 are then activated to ultrasonically wash all the tabl eware

1200 in t\We hiogi3Zed2vi @ the cavitation bubbl es 45 gener apegischo@dbeggent

di spensi ng devi-ce 150 conprising a proportional ‘dosing punp 151 as 15 shown
in FIG 25 may be provided for adding deL&rgent\fron1a det ergent storage
container 152 to the washing liquid 42 in“the ultrasonic washing station

40. The detergent dispensing device 150 is preferably triggered by a pH .
sensor 154 prBYFytesnsratedeinithewashingiqwd 43 ferawashing the mblemsre 1309, thet r asoni ¢

washing station 40. In this way, only an ‘essential anmount of detergent is
used, whil e hestingsoilvealss sinufltatestuelygderned by theaiasgatjonZibbles #50n thik wawi thg t he
i ndustrial dishwasher 10 to be nore ecologically friendly. One or nore '
heati ng coi hsat{mgabilsheffectiveigyselielqaning steldlthanddsbalidgasTthedeating 0611 dudi@nk wal |
41W of the ultrasonic washing station 40 so that the washing liquid 42 is

heated for . Qe MdintehBot oBRIhABA dshRadiRPh 6 VR BerbfQO cliffnafed eSul t of the
action of the cavitation WD 2010/ 132022PCT/ SG2009/ 000485 19 bubbl es 45

generateg in the washing liquid 42 for washing the tableware 1200, the
heating coil is also sinultaneously cleaned by the cavitation bubbl es 45.

In this way,~the heati.ng coil.is effectiyely..self-cleanjng such th

descal i ng of PF Illneduﬂt@gt ﬁlhn%"%sglﬁ ldd{?PY }?6 pFod'LIf}/ei%n‘}éllﬂhgf Wf%ﬁﬁ%@% %P‘qgﬁéatioﬁg{(}st rial
di shwasher 18hcan therefore elimnpated, 5 The. industrial dishwasher 10 may
be provi ded 2iResnt s first Wirpsoaicavashing sating 4018 inssrmsdiateginsingraf thq @blewazy

ul trasoni c washing station 40 for internediate rinsing of the tabl eware
1200 after UPOQ aftesnmilteasorishiashingiat thiedirsti ylgasonictwasbingistation 4Ai Hap isteampdiate40.
The internediate rinsing station 50 is simlarly provided with pressure
spray nozzl emsidg station 60 isssimilady pdvidet evitestesuee spraysidagles P2 fyrslidiing t he
tabl eware 1200 in the jig 20. Used water discharged fromthe internedi ate

rinsi ng16t atntermeathtd fihsidy %Miiﬂ;%iﬁo ihe tiyIeWaeabby id @6 Yigl2edutQs witer Mis&afdedt he
initial rinsing station 30, thereby significantly réducing water

consunpt i on gy B eebAdRt hﬁ‘émé’ LERYRSOBF prbQided) is preferably recycled for re-use at

the initial rinsing station 30, thereby significantly reducing water consumption by the

industrial dishwasher 10.

15 A second ultrasonic washing station 60 similar to or identical with the first ultrasonic
washing station 40 may further be provided adjacent the in£ermediate rinsing station 50
for a second ultrasonic washing of the tableware 1200 in the jig 20.
The industrial dishwasher 10 comprises a final ﬁnsing station 70 for performing a final ‘
rinsing 208 of the tableware 1200 in the jig 20 after ultrasonic washing. At the ﬁnai |

20  rinsing station 70, clean water is sprayed onto the ultrasonically cleaned tableware 1200
from similar or identical pressure spray nozzles 32. Used water from the final rinsing
station 70 is preferably recycled for re-use at the initial rinsing station 30, or to the
intermediate rinsing station 50 if an intermediate rinsing station 50 is provided, again

significantly reducing water consumption by the industrial dishwasher 10.



15A second ul trasoni ¢ washing station 60 simlar to or identical with the
first ultrasonic washing station 40 may further be provided adjacent the

i nt er mediwwbeold/isi2pg station 50 for a second ul trasoni c pggiai6g00bsst he
tabl eware 1200 in the jig 20. The industrial di shwasher 10 conprises a

final rinsing station 70 for performng q final rinsing 208 of the
tabl eware 1200 in the jig 20 after ultrasonic washing. At the final

20ri nsing st a&du?ﬁin%%%ﬁkﬁé@%oﬁ@%ﬁiﬁxgiﬁ@?{ %}éﬁ%@;}&h B |bterp?§\95gdca%5)alzc)z{?tes .

cl eaned t abl'ewaré pressuare-‘spray n

Used water fra he .final rinsing.stati,on 70 is preferabl I or
re-use at tH¥ f;n‘}# PRSP $HAt J(m(gf%ﬁ%lﬁ%}ﬂg T}alE)lFW?IS ]‘?ﬂg 7 ﬁ'feé‘rg??é)roal%ﬁg‘e&?%& ng
station 50 if an _intermediate_rinsing station 50 is provided, again 3
si gni fi cant Fipsipgdd®iAsshaamdn FEGnklu thsttablawasg 11208 arerrg %hliaremﬂ@ﬁg{@gh@? 10.
WO 2010/ 132022PCT/ SG2009/ 000485 20 A sanitizing station 80 conprising a

| i qui d sani liguidny thessahitidihgrbath tyeslpwingipidihgis the eableware 120tialthe jigdd ng v
station 70 for sanitizing the tableware 1200 in the jig 20 after the final

rinsi ng 208 (hiddenSh®NG. i IN dut & thi liquidhsarfacdd esneh ehat 200acrtensipreftesfabd liquiénoved
fromthe liquid in the sanitizing bath by slowing pulling 85 the tableware

1200 in thegjirgte 29 r&hbiAdpaliqild fof thd 1dbl@ikre 2006 Wathlupaddis 1600 #2&9nds IaUCh

that surface tension 86 of the liquid surface 83 renbves the liquid from

f Qﬁlgte?béﬁﬁaﬁgseﬁﬁh%‘g% o okl 89 skt ot Aty dé‘f}a%?‘dg‘s*‘@%’eﬁ“fgﬁ% lhe
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10 also employ a UV sterilization/curing chamber for sterilizing the tableware 1200 after

the final rinsing 208 and before drying 210.

At the drying station 90 provided adjacent the sanitizing station 80, the jig 20 containing
the tableware 1200 is first conveyed into an oven as shown in FIG. 12 (a) while being
15  blown by hot air emanating horizontally from a side air knife 92. The jig 20 is then
preferably rotated 90 degrees as shown in FIG. 12 (b) and conveyed under a top air
knife 94 as shown in FIG. 12 (c) such that the tableware 1200 undergoes further drying

210 by hot air emanating downwards from the top air knife 94.

20 A heat recovery system 96 as shown in FIG. 24 is preferably provided for recovering
heat generated at the drying station 90 to heat the washing liquid 42 used in the
ultrasonic waéhing station 40 or stations 40, 60. The heat recovery system may
comprise a heat exchanger 98 that uses heat channelled from the drying station 90 (as

indicated by double arrows) to heat water that is provided to the ultrasonic washing



the final rinsing 208 and before drying 210. At the drying station 90

provi ded adjacent the sanitizing station 80, the jig 20 containing the

t abl ewar i irst conveyed into an oven as shown ga) while
bei ng 158\#)(?)2\%%/]]8302%0t air emanating horizontally from atg%r}éeb%@?og?(m?f e 92.
The jig 20 is then preferably rotated 90 gegrees as shown in FIG 12 (b)
and conveyed under a top air knife 94 as?5hown in FIG 12 (c) such that the
t abl ewar e-1200 under goes further drying 210 %/ hot air emanati ng downwar ds
fromthe toﬁtaaprstaaﬁgédwﬂowf Wefte vyl dedoaied Py yagledrogshEnstedwn in FIG 24
is preferably provided for recovering heat generated at the drying station
90 to heat tchesumptinn iy the pdisirialdishyeshemi Otibtherdforeasdised. washi ng station 40
or stations 40, 60. The heat recovery system nay conprise a heat exchanger
98 that uses heat channelled fromthe drying station 90 (as indicated by
double arrows) to heat water that is provided to the ultrasonic washing WO

2010/ 132022 Rsorh SHe2dI9 QM8 02 theSia0 i986nvEYed ﬁ)oan(a‘aj dc8ftunfhdiig %fo%rl obravel

i ndi cated by single arrows). Energy consunption by the industri al

di shwasher 10 tHesin&tﬁ a4t h%@vagt?e? 611‘ unlTo gttlﬂg cf%%%édgbqlg e dage lﬁ&?frbfng 20

is conveyed to an a acent un |ng stat eiln Stl’la

di shwasher- 10 fo ean a r| ed ware 12 om t he
jig 20, 2123‘}’%%) 02351 bBgy 2 R e ﬁ‘&tﬂ%‘?"é&g?@ﬁ SR ontsane '

unl oaded are preferabl returned fromthe unI oadr ng station 100 to the jig
| oadi ng st atff ?f Iyr 'i"‘ﬁ‘%/eét 1y thesinloading i3t Ji%lioh‘gn&SfﬁBPltrl%NlacﬁP& he
conveyor 22 (hidden) that runs beneat h the ot her stations 90, 80, 70, 60,
50, 40, 30 GFUEIFENYPHALSPMPEBingaPewEenditha canvayer@aghisHenrihataims neath tig
indicate the general direction of novenent of the jigs 20 in the industrial
di shwasher Dtheastacams\afy 80, Ty 60h¥), 60,30eyftthe RAustiihledishwasheti 1iig Astosstsi showid 00
preferably includes a jig lift 102 having a tableware 1200 detection sensor

104 for 1det egFitd 3dndicita theyeeral E28diohaimdvemenadf thepss JeaNemdhsaa a

dishwasher 10 as conveyed by the conveyor 22.

The unloading station 100 preferably includes a jig lift 102 having a tableware 1200
-detection sensor 104 for detecting any tableware 1200 that has not béen removed from a
15 jig 20 as the jig 20 is conveyed for return to the jig loading station 12. Upon detection of
the presence of a tableware 1200 item in a jig 20, the sensor 104 triggers the conveyor
22 to stop meving so that an operator may remove the tableware 1200 from the jig 20
before restarting the conveyor 22-. The sensor 104 may comprise a plurality of hinged
top-hung contact rods 106 forming a “curtain” at an entrance 108 of the jig lift 102 as -
20 shown m FIG. 14, such that rotation of a rod 106 triggers the conveyor at the unloading
station 100 to stop. Alternatively, as shown in FIG. 16, the sensor 104 may comprise a
plurality ef differently sized rotatable panels 106P instead of rods 106 for appropriately
contacting and sensing tableware items 1200 at different heights in an alternative jig 20

(shown in FIG. 16 (a)) if the tableware items 1200 have not been removed from the



15 jig 20 as the jig 20 is conveyed for return to the jig |oading station
12. Upon detection of the presence of a tableware 1200 itemin a jig 20,

t he sensokgob@f/izhdggers the conveyor 22 to stop novi ng serisiaboodgosgper at or
may renove the tableware 1200 fromthe jig 20 before restarting the
conveyor 22. The sensor 104 nmay conprisesa plurality of hinged top-hung
contact rods 106 formng a "curtain" at an entrance 108 of the jig lift 102
as 20 showni -« 4 such that rotation of a rod 106 triggers the- ‘
conveyor atﬂkﬂgﬁhhﬂgi@ing station 100 to stop. Alternatively, as shown in
FIG 16, the sensor 104 may conprise a plurality of differently sized
rot at abl e panels 106P i nstead of rods 106 for appropriately contacting and
sensing tableware jtens 1200 at .different heights ipn an alternative jig 20
(shown in FA&shoygn Ml i @pgach iig|2empriseshplugdinotdifierently sBedn renoved
fromthe WD 2010/ 132022PCT/ SG2009/ 000485 22 alternative jig 20. As shown
in FIG 15 ¢eypareagnts 35 fyr conteivingrtherein aplptalityad] typesoff tahiléware d200 forsi zed
conpartnents 25 for containing therein a plurality of types of tableware
1200 f or5 Swevashimgini the indestrialdisiwashdr 1d. Eastash 20 isiefefzbbyhcgnifigud td Sontain
preferably configured to contain tableware fromtwenty inflight neal-sets.
Pref er abl y, taBRVaEOHFDRtWERY infABht el AB{s] Ex'éfe@é’ol%,ane GOmpartMERD 595 BorifpltRMar e
item 1200 therein. Each conmpartnent 25 is preferably a generally open space
having m ni R ooURRRY drctbIb A Get FR0"REreA! BAM Ahdifnfint 2P SHELELHLL™M 1200

contained in the corpartnent SO as to reduce I ght an the jig

10 20. A cuglery. and flatwar.e hol.der 26 ma e provided i.n a jig.,20 for
cont ai ni ng %lﬁeféeﬁly y°P§’r‘1ap Tt JeXAey EMPG %%u%%hﬁéesﬁ& yepPog uﬁﬁ;}gtgg‘ﬁ?)r ise a
si mpl e basket placed i.n the jig 20, FI 15 (b) shows, how the cutl ery and
flatware holgn2 CoRggn mﬁh%?ﬁ%awwt?% 39 aaﬂ(t? Edueg @/eiggb@dzlaﬁk aﬁ%‘ﬁggt he
plurality of jigs 20 used in the industrial dishwasher 20, so as to provide
nore ovEt al 20-ghalery pndsflatwarecholdeg 26 2anyf b previdediinng g 20 &5lcengining Qoiert o be
15cl eaned. An alternative enbodi nent of the jig 20 is shown in FIGS. 32 (a)

and (b), whaxdlaiwatedo batashed. Fhelhdldet Ammey barhpese 26mpke basket giagedth ther t he
jig 20 as rows of conpartnents on one side of the jig 20. Another )

al ter nati vejig b adGIen (b)Ghow§Bow itk cffletybariMvateholdes26 Hhy(tR)provill&l only
alternative
in alternate jigs 20A among the plurality of jigs 20 used in the industrial dishwasher 20,
so as to provide more overall space in all the jigs 20 for containing fableware 1200 to be
15 cleaned. An alternative embodiment of the jig 20 is shown in FIGS. 32 (a) and (b),

wherein the cutlery and flatware holder 26 is integrated in the jig 20 as rows of

compartments on one side of the jig 20.

Another alternative embodiment of the jig 20 is shown in FIG. 16 (a). The alternative
20 jig 20 has a stepped floor configured as rows 21 of different heights for containing a
different type of tableware 1200 in-each row 21. As shown in FIG. 16 (b),
compartments 25 in the rows 21 are preferably configured to stagger the tableware 1200
between rows 21A, 21B so as to maximise surface exposure of the tableware 1200 to

the pressure sprays during rinsing. The compartments 25 may further be configured to



20 jig 20 has a stepped floor configured as rows 21 of different heights
for containing a different type of tableware 1200 in each row 21. As shown
in FIG KoGhoisspppartments 25 in the rows 21 are pref geaRiGro@dpnidgured to
stagger the tableware 1200 between rows 21A, 21B so as to naxi m se surface
exposure of the tableware 1200 to the pgﬁgsure sprays during rinsing. The
conpartnents 25 may further ‘be configur

2010/ 132022PCT/.SG2009/ 000485 23 contain rectangul ar itens at .an angl e as
Shown i n Fi EER EeqEaELlaRAomB Pt anvele fsshoymin FIGD 76 @) end & Tnedet of
rectangular itenms with the floor of the jig, thereby ninimzing Iiquid

col | ecti on B¥niftize drepef copfact plereriapgular itamey wisle theifloar pfithedigy thergby Sone
compartments 25 in the jig 20 may conprise tray slots for washing trays of
di f ferent 5Smenipezng Whuideoledimn at drefoot nfthe $ig2® dand fadiBtating dRGngrdymeonpri se
pockets configured to contain porcelain t abl ewar e 1200 such as those used

by first cl aaippasaeny®irsthe NamP i doaiise tray S10%s f%mesmﬁ%&aysrﬁﬂdlﬁaémar e made
of plastics such as nelamne that is buoyant in water ach jig 20 is

therefore pgslewdhbyuRf %ﬁﬁ%g}g& gszgl B w?*? ?.b lrr]ﬁam drfgs gga&tsl&hﬁ &feg tf

configured to fock the tab to preve

flotation 0% gpz)%t a?%%?ex&;a;e P%]dﬁhsucnh 0 %) 1%2§gy ﬁst crnergassg%@lcgsr '; 23 washi ng

liquid 42 o rasoni ¢ washing 3

enbodi ment of the jig 20, each conpartnent 25 is provided with a
correspondi ng | ocking | ever 27 15 An exenpl ary enbodi nent of two adj acent
| ocking | ever 27 are shown in each | ever having a plvot oi nt 28

for rotatabManghierare gams 4206, Esejdﬂgﬂlgbt apmage of plgsticssopbatmel grige"
shape. Each | ocking lever 27 is preferably rotatably connected to the jig
20 at its pbwayaniipiweter2Bactsjighdisrthéraford Befetdbly ajovidedhwitha plumdiy of lookingi on
of the jig 20 in the washing liquid 42, the locking |ever 27 rotates due to

nat ur al 1buokaas7ebnigurtd e look Kicgblbwater] 207 wathirSthe g 20\o phsveiflot@tbnadfr Ows
in FIGS. 17 and 18 (b). Upon rotation of the |ocking |ever 27, an upper

portion 29 gf tht)ewireMe00 %ﬁeﬁ%\ﬁ% 308 imhéREd RPiHRvARin g Ie&r%?d Aquhgont act

against a tableware item 1200 adj acent the | ocking | 27 |n Its

comar rent g5 kbekeb ELAGK) 095 i ol Yer A 120,08 Dl upver

novenent in the washin way, uoy éﬁ eware 1200

are compartment 25 is provided with a corresponding locking lever 27.

15  Anexemplary embodiment of two adjacent locking lever 27 are shown in FIG. 17, each
lever having a pivot point 28 for rotatable connection to the jig 20 and having a
somewhat “seahorse” shape. Each locking lever 27 is preferably rotatably connected to -
the jig 20 at its pivot point 28 as shown in FIG. 18 (a) such that upon immersion of the
jig 20 in the washing liquid 42, the locking lever 27 rotates due to natural buoyancy of

20  the locking lever 27 as shown by the curved arrows in FIGS. 17 and 18 (b). Upon
rotation of the locking lever 27, an upper portion 29 of the lever 27 above the pivot
point 28 comes into contact against a tableware item 1200 adjacent the locking lever 27
in its compértment 25, thereby blocking the tableware item 1200 against upward

movement in the washing liquid 42. In this way, all buoyant tableware 1200 are



WO 2010/ 132022PCT/ SG2009/ 000485 24 prevented fromfloating to the surface
of the washing liquid 42 during ultrasonic washing and kept fully imersed

in the wagbi0f/13k@di d 42 to ensure thorough ultrasoni c wagRicA&dhodshe
tabl eware 1200. 5 Alternative enbodi nents of |ocking | evers 27 to prevent

flotation of tableware 1200 when innerseg4in the ul trasonic washing liquid
42 are shown in FIGS. 29, 30 and 31. In first alternative enbodi nent of
the | ocking |lever 27 shown in FIGS, 29 (a) and (b), the pivot point 28 of
each | ever PrEvelted ﬁp@e&a@ﬁgéo thegugfacs of t&ée MIp&éﬂmﬁémusaengt@svme jig 20.
When the jig 20 is lowered into the washing liquid 42 and the liquid |evel
43 rises, t Nashiog pestkaphfllyeipumersed in|thaweshing Hqnd 4diite ersirathotough ubtasymiocy of
the locking | ever 27 and rotates about its raised pivot point 28 as shown
by the curveaslang ofithe tdbdevedyy 120Qagi ng t he tabl eware item 1200 as shown in
FIG 29 (b). The rotated | ocking |ever 27 thus blocks the tableware item

1200 from upward novenent and prevents its flotation in the washing |iquid
42. The locking lever 27 in the first alternative enbodinent is preferably

15 taper ed fA@{enﬁa%éeﬂi; RYAY 'Jgg L 5%l @gb& g(;%ttiiﬁﬁ %%?e%r@

_ , BE
washing, and is nade of a nateria ower nsi an the washing liquid

42 to ensure,l ncy in the washing liguid 42. In o] nd.third

al ternati ve%glﬁ%ggﬁ?’rgfeg%‘fgl ﬁé? u[{ﬁaéo?lﬁc‘:‘f?isw&g%%]éi%e éll}?c\W'ﬂniFﬁggt 2%.3%396(1233( a),
(b), and (c) apd FIGS..31 (a), (b) .and (c),, the locking |ever 27 conprises
a sinple ro?ﬁ“ ??‘rsf Sltteé{‘%{ﬁﬁef“gﬁ’ﬁﬁ@%lté?éﬁ{e otiiag Jever Jshavndn 5iG8:2%@) ard

| ocated at an upper end of the rod 27, and having a |ever floater bulb 27F
with-a | owethequynsippint £8 aheadhdevgsdffiintpised gniatigid stalk2RSetHatds fixed tvibe jigrR@. of
the rod 27. Such a |l ocking lever 27 is configured to work with a specially
confi gured ViEndhwrie2Q oripeetedento tRSwashinkekquid B2 dndtediquid M@! 43 rises, the

2010/ 132022PCT/ SG2009/ 000485 25 The specially configured conpartnent 25
general 1§ clorkingd@sr 27 oalak hi@slt of hefi-d bapRincy $bMelloukifRP& 27 49 rdtates

tabl eware item 1200 placed in the conpartnent 25. The conpartnent item
support  25Sahdut 46 RBdeapivot peint 283t shdwn BY #RARZIARIW ﬁl%?éb?l%hgaging the
tableware item 1200 as shown in FIG. 29 (b). The rotated locking lever 27 thus blocks
| the tableware item 1200 from upward movement and prevents its flotation in the
washing liquid 42. The locking lever 27 in the first alternative embodiment is preferably
15  tapered for easy disengagement from the tableware item 1200 after washing, and is

made of a material of lower density than the washing liquid 42 to ensure its buoyancy in

~ the washing liquid 42.

In second and third alternative embodiments of the locking lever 27 shown in FIGS. 30
20 (a), (b), and (c) and FIGS. 31 (a), (b) and (c), the locking lever 27 comprises a simple
rod 27 rotatably connected to the jig 20 at a pivot point 28 located at an upper end of the
rod 27, and having a lever floater bulb 27F with a lower density than the washing liquid
42 located at a lower end of the rod 27. Such a locking lever 27 is configured to work

with a specially configured tableware compartment 25 as described below.



connected to the jig 20 at a conmpartnent pivot point 25P. The specially
configured 5 conpartnent 25 preferably also conprises a conpartnent backing

25B att acRedof3sganti al |y perpendicularly to the conmpapiiRabodologsissuppor t
25S for keeping the tableware item 1200 generally upright in the

conpartment 25. Each specially configur ;gicorrpartrrent 25 may further
conpri se an upstandi ng coMpartnent lip "on an opposite side of the
conmpartment ;jtem supporf 25S to which_the coppartnment backing 10 25B is
attached. Tﬂ’beﬁ | tcﬁﬁﬁg“rF fomBRgriment fzgrge@eéﬂ]@f‘%?‘P@/“ﬂ?ééﬁf’%a‘i“%‘énttﬂgﬁi ewar e
item 1200 wi-thin the conpartment. Finally, each specially configured -
conpar t nent SYPPORGSHPERPPartngRiablewaRdten] 0aaged i thespriperment . Fhe
rotation of the conpartnent 25 about .its .pivot point 25P when the jig 20 is
| ower ed ‘i nt eompartmens hfemgsuppert 258 BZzengrally hoxipontallyFisposad arfddjotatbie -
conpartnent floater bul b 25F preferably conprises a sinple 15 hollow rod or
cyli nder havomgctad totherjigdtns iatcgmiph@mnentidvoranint2gP) ThspdcidRy configubed second
alternative enbodi mrent shown in FIGS. 30 (a), (b) and (c), the conpart nent

f1oater bul Bordpdrtrhént 28GR BAbRANWRRMPrREs £ OSRpiAE N bal ifiD SB BRRKE] 25S and
t he conpartnment backi ngﬁ%SB.B\%en tr%ﬁjsig 20 is firgt | owered into the

hi Ui aui : .
conpar tment “Iar Y prbARACHIKER o {ibacthent Ry St 2 SERRRATIE 1T o

b f t flpater,bulb 25F in t i Jdquid 42,
Rot At i on of e R MBAn R AneaBRirEentult SimetEpen oo sBte bR e

| ocking lever 27, As the jjg. 20 is further |Iowered into the washing |iquid
42, the | ocRPPBAITRSAL LS ey ?‘ECWCIW%%EI“PPSWWW@FHH?éLQQaand t he

curved arrow in WO 2010/ 132022PCT/ SG2009/ 000485 26 FIG 30 (c) shows how
t he | ocki ngoproste sige of Herromparment iterosupports? 59ite ethighothe cordpartraerd backdng t  of
nat ural buoyancy of the lever floater bulb 27F in the washing liquid 42.-
The r ot & ed25B ikittaghéde Tae c@mpangagdip 2504s forHeacrallakbapimy the itdbddwat2 @Omas
shown in FIG 30 (c), blocking the tableware item 1200 from upward novenent
and prevent 1p@) witBinfth©tehpAidn. Finally, each specially configured compartment 25

comprises a compartment floater bulb 25F for causing rotation of the compartment 25

* about its pivot point 25P when the jig 20 is lowered into the washing liquid 42. As
shown in FIG. 31 (d), the compartment floater bulb 25F preferably comprises a simple

15 hollow rod or cylinder having a lower density than the washing liquid 42.

In the second alternative embodiment shown in FIGS. 30 (a), (b) and (c), the
compartment floater bulb 25F is located between the compartment item support 25S and
the compartment backing 25B. When the jig 20 is first lowered into the washing liquid
20 42, the curved arrow in FIG. 30 (b) shows how the compartment 25 rotates about its
pivot point 25P as a result of natural buoyancy of the compartment floater bulb 25F in
the washing liquid 42. Rotation of the compartment 25 tips the tableware item 1200
towards the locking lever 27. As the jig 20 is further lowered into the washing liquid 42,

the locking lever 27 gets immersed in the washing liquid 42 and the curved arrow in



5 the washing liquid 42. In the third alternative enbodi nent shown in FIGS.
31 (a), (b) and (c), the conpartnent floater bulb 25F is provided at an
upper endygfoidig2eenpart ment backi ng 25B. When the jig 20T1ise20dofosdssk OWer ed
into the washing liquid 42, the locking lever 27 is inrersed in the 10
washing liquid 42 and the curved arrow ipn FIG 31(b) shows how the | ocking
| ever 27 rotates about its pivot point 28 as a result of natural buoyancy
of the leve | oater. bulb 27F in the washing liquid 42. As the jig 20 is
further | ow@?‘émﬁq é?? shawsehayatsilerking lgver 74hen yorsesabrphits piwat paintd$asr bul b
25F on the conpartnent backing 25B then. gets immersed in the washing l'iquid
42 and the wrm@ﬁnmaéhmyanm of thgdever Jloathobwdb Bdkvirt the wishipg tigaidt42ethe 25
rotates about its pivot point 25P as a result of natural buoyancy of the
conpar t ment rdthted @kirplikver 23 fengapes iee tiyysed itatge ware| iteeh ¥WD0 aRehawim ONFIY. 301©),
conpartment 25 tips the tableware item 1200 towards the rotated | ocking
llever 27, t bRickiy tho@kleMdrd ifdn i 2PPRIMt PN LY ROPerhéR Bhd pRYAGH Roflothfiéhin
rotated | ocking | ever 27 and preventing its flotation in the washing liquid
42. In the ' t j ve enbodi ment, the tableware 20 item 1200 rests
agai nst ?hemgo‘xr]r%gﬁitgr%gl&lﬁzl'oat er bulb 25F when the jig 20 is out of the
washing liquid 42. Contact pads 25H as shown in FIG 31(d) are therefore
preferably provided on a chanfered surface 25C of the holl ow conpart nment

fl oater bul S5FE.in order to mnimze area of contact between the tabl eware
item 1200 a &’Fﬁ%‘“g@%%l‘cvﬁ&mboﬂ%%’ﬁ howinF 1S53 1 &, Ry and(Qriha sepaimenig.

WO 2010/ 132022PCT/ SG2009/ 000485 27 Preferably, the industrial dishwasher 10
further conppatselull 26F ispramidad Aan wnper erbofgherpmparimem backipg 258 pWhergthe
conveyor 121 that uses gravity to renove food debris fromtrays 1202 anong
t he tabl ewayig 20200rst lowezed intcsthe evablnidj hignid 42f the heckinglevéd I ipiimmensedether 121
showmn in FIG 19 (a), the tray flipping conveyor 121 (the rest of the

iizgd]ySt 10 al welbtihytgiian2ead el agvdll HERN In KGRI (BR%ows hbivihe RRMEYEVRE2PON ti ON
or

rotates about its pivot point 28 as a result of I}atural buoyancy of the lever floater bulb
27F in the washing liquid 42. As the jig 20 is further lowered into the washing liquid 42,
the compartment floater bulb 25F on the compartment backing 25B then gets immersed
in the washing liquid 42 and the curved arrow in FIG. 30 (c) shows how the

15 compartment 25 rotates about its pivot point 25P as a result of natural buoyancy of the
compartment floater bulb 25F in the washing liquid 42. Rotation of the compartment 25
tips the tableware item 1200 towards the rotated locking lever 27, thereby locking the
tipped tableware item 1200 against the rotated locking lever 27 and preventing its
flotation in the washing liquid 42. In the third alternative embodiment, the tableware

20 item 1200 rests against the compartment floater bulb 25F ;Jvhen the jig 20 is out of the
washing liquid 42. Contact pads 25H as shown in FIG. 31 (d) are therefore preferably
provided on a chamfered surface 25C of the hollow compartment floater bulb 25F in
order to minimize area of contact between the tableware item 1200 and the |

compartment floater bulb 25F, so as to enhance drying.



| oadi ng the trays 1202 thereon. The first conveying portion 122 is
preferably placed directly above the jig |oading station 12 so that

oper at or sygay10/Bbo2d Single location, load a tray 1202 f ppist20@@boget Of
used aviation tableware onto the first conveying portion 122 and al so | oad

remai ni ng used tabl eware 1200 fromthe sape neal -set into a jig 20. 10The
first conveying portion- 122 of the tray Yipping conveyor 121 is connected
to a first end of a tw sted conveying portion 124 of the tray washing |ane
120. The 't WP§?fé@bb’@ﬂ\¢é9¢%§1qééerW6ﬁleng furthez gpmprisas @drayovashing lanet 128y 1202

bei ng conveyed thereon. A second end of the tw sted conveying portion 124

i s connect edomprising e ¢wap dlipmngy egrivegompidit thatrus¢Lgravity tohrermorvafoollldeprs frgm
conveyor 121. As shown in FIGS. 19 (a) and 19 (b), the 15conveying portions
122, 126 eacaiays020¥ dnsengathé ebidwadnt 82000914 4 fiyst e@byditieAgottat trayl Aiigingl 26B
supported.on either side by two side rails 128P, 128Q that extend

throughout tdagvdybRY2 If dHoRRi A FIGOTY @Y Qhe ﬂrz}ﬂga%%gtaémgy&rhgl gﬂﬁ%irés?ofﬂhéy washi ng
| ane 120. At the first conveying portion 122, the two side rails 128P, 128Q

are oriegte i L ai [.S. i Sl ray
washi ng Panc S5 ERndel 6eihd hlaa kg sitisaa fst Loy B Bl 12000h " 0¥ 41 on
124, the side rails 128 80 are twi sted, .prefera .als rdl.y, such
that at theq%aéjré‘&%n‘he 88}%@%9?-#6“%%?“ ﬁy?[‘f@?"‘?wgg Borfjg ?g?/ fs piﬁfgiﬁgﬁ’\g@a@gne to be
on the left sid f the tray washing |ane 120. Trays 1202 placed face-up on
the first coifg ﬁ%f"%é}%eﬂi&)‘ﬁa‘ilﬂ stgfian { 5@ thet eparefpridBay: 2be yingle legaagn.dpad
conveyed through WO 2010/ 132022PCT/ S&009/ 000485 28 the tw sted conveyi ng
portion 124.atNy 1367 fromsa mealvietl efiussd taviatinn t4héevedrelentodhd Brsi @8Peyin@ 8Qtmn t he
tw sted conveying portion 124 as shown in FIG 19 (b), so that food debris

may freely flaRlandialayldad eemaihingaised tablevete 12G0yHorh 202Samentedl-setriat 4 jyg 26 shown
in FIG 19 (c). Food debris is preferably channelled into a solid waste

di sposaljochutse fitdQonveyifeidrior 924 60 the ta¢ MiWisd &hvePSIOY ifebrReétkd R AR¢ i S
hi dden for better clarity of the overturning of the trays 1202T. The

overturned te'h?éga gv%gt%E Gyt G INERL ﬂ'ﬁ? %Ehl&% Eangzggé Phe {vggtectl ray

washi ng 1 ane on the seco conveyl ng portion sim
conveying portion 124 is configured to flip a tray 1202 being conveyed thereon. A

second end of the twisted conveying portion 124 is connected to a second conveying
“portion 126 of the tray flipping conveyor 121. As shown in FIGS. 19 (a) and 19 (b), the
15  conveying portions 122, 126 each comprise a recirculating tray conveying belt 122B,
126B supported on either side by two side rails 128P, 128Q that extend throughout the

tray flipping conveyor 121 and along the entire tray washing lane 120.

At the first conveying portion 122, the two side rails 128P, 128Q are oriented such that
20  side rail 128Q) is on a right side of the tray washing lane 120, as shown in FIG. 19 (b).
At the twisted conveying portion 124, thé side rails 128P, 128Q are twisted, preferably
also upwardly, such that at the second conveying portion 126, the side raii 128Q has
come to be on the left side of the tray washing lane 120. Trays 1202 placed face-up on

the first conveying portion 122 are thus overturned 1202T as they are conveyed through



pressure spray rinsing, ultrasonic washing, sanitizing and drying as the
rest of the tableware 1200 in the various stations 30, 40, 50, 60, 70, 80,

90 of theypndusisbigal 10 di shwasher 10. A second enbodi npgiysehododBodss ay
flipping conveyor 121 is shown in FIG 20 with simlar reference nunerals

used for simlar corresponding features. |n the second enbodi nent, the tray
flipping conveyor 121 conprises a reci rcébati ng belt 121B 15conti nuously
running over two rollers 121R that are spaced apart in parallel, each

rol | er 121RWheofEstpdheonysping partsy 24oNe deltasproyided betwenn thet side ednV28Fr 121
has an upper _portion 121U and a |ower portion. 121L. Tray holders 121H are
attached at 128Qut the timtet camiveyiag pomjion 124 e klowh2ihBIGThe (1) soythhofodé debris2 1H
are configured for securely holding trays 1202 placed on the belt 121B to

prevent t he nidyafyselyl 20Zvaydrorh dd dvegubdl thhe1 TRt unliéd Bradly 20sHok@ ih Fags 1202T
are brought around one of the rollers 121R fromthe upper portion 121U to

the | ower paotEprod@ddbridfis Ef&?er&@?%ﬁéfﬂéllé@ﬂato @%IW% @Dé%(gsgpch%'ier ps N FIG

20. In use, the trays 1202 are placed face-up on the upper portion 121U of

the belt <12 i 3 3 t.h [ 02T are
nmoved fr 8m the pr{ggﬁh%%v?l Eegﬁh%%ﬁlgtj% %% 401\%/\@@(15%?% bc?gteﬁl“zl%xﬁfojft ee_ tray
flipping conve

.12 the t 202T are, WO 132022PCT/ SG2009/ 000485
29 overt ur n&d°® Ormlgc?i'éhedté%’rsi 1?8%@[ AVeTums Itraﬁm%ﬂi‘%co&}%?‘{%f% trays

1202T as a result of gravity. After being overturned, each tray 1202T is
t hen renovedhsiegtfithrtray woshieg laae 120an thesgeondsopessiing portior d2¢ fosleinidart he
upper portion 121U of the belt 121B. The overturned tray 1202Tis then
conveyed t hipmssire spray riesingofiltraseaic washinga sdniitiging ambdryR(g dsahe rest of the

tableware 1200 in the various stations 30, 40, 50, 60, 70, 80, 90 of the industrial

10  dishwasher 10.

A second embodiment of the tray flipping conveyor 121 is shown in FIG. 20 with
similar reference numerals used for similar corresponding features. In the second
embodiment, the tray flipping conveyor 121 comprises a recirculating belt 1213
15 continuously running over two rollers 121R that are spaced apart in parallel, each roller
121R rotating about a horizontal axis, such that the conveyor 121 has an upper portion
121U and a lower portion 121L. Tray holders 121H are attached at regular intervals
along the belt 121B. The tray holders 121H are configured for securely holding trays
1202 placed on the belt 121B to prevent the trays 1202 from falling off the belt 121B as
20  the trays 1202T are brought around one of the rollers 121R from the upper portion 121U
to the lower portion 121L of the conveyor 121, as shown by the arrows in FIG. 20.
In use, the trays 1202 are placed face-up on the upper portion 121U of the belt 121B in
the tray holders 121H, so that as the trays 1202T are moved from the upper portion

121U to the lower portion 121 of the tray flipping conveyor 121, the trays 1202T are



5 further pressure spray rinsing, ultrasonic washing, sanitizing and drying
as descri bed above. A third enbodi nent of the tray flipping conveyor 121 is
shown i n wbGo1oab2pht h simlar reference nuneral s used f@prsicBhdoRbosss
corresponding features. In the third enbodinment, 10 the tray fli pping
conveyor 121 conprises an el evating conveging portion 121E that el evates
trays 1202 up to an open drop-off 121D at an upper end of the el evating
conveying portion 121E. The el evating conveying portion 121E preferably
conpri ses aOV@&mmfpﬁ@detnqﬁa’gléY%@Wr o fhsl qvertumgd imaps B202draszont al
axis of rotation at the open drop-off 121D. El evated trays 1202 are then

al l oned to feasult obgfavitheA flerdpingf dvettdiriodi edch tmy 1302 Liswbeh ehoved fiddGhe The
curved chute 121C is configured to guide each tray 1202T as it falls within
the chute 133Kdef IZIH that RGecittuldd@bbdck @6 tiRMpb&EpoRliGY BL TN Ef BeBYEYDR .. TR ti on
121E to a face-down position on a conveyor continuing through to the rest

of the tray o%ﬁﬁhéwn%amzﬂr@me&éoﬂda%& {Iﬁéix%fhjtﬁé)r%lt GFthe G4y Q/ﬁﬁmlﬁ fa8E 950 fohe

curved chute 121C and overturned therel ood debris naturally fall away

ray {11 boi 08 EbREyar BBy HANED FRaln 0 aille sl BPd dhycBs BRANMELTD, (70,

be renoved fyom overturned trays, energy consunption is thus reduced when
conmpar ed t 020%°ng conventional continuous tray vacuum suction systems that
are placed WD 2010/ 132022PCT/ S&009/000485 30 directly over face-up trays
and that rely on high vacuum suction strength to suck up debris fromthe
face-up trays instead of having the debris fall naturally away fromthe _
overturned tA third enhodifnent of tiddrayifopping comleypni 1am shpvavint KIG:. 31 methoimildrood
debris fromthe trays 1202, water 5 recycled fromone or nore of the

rinsi ng st atéferefce3fumdétls ué€d foryingil @ofrespdhdiag fextured) 10 tghhipd embodithesr ay
nozzles 32 to spray food debris off the trays 1202 prior to further washing

of the thaY%ettH}%BBi_n%Q%nﬁé?y%} 19f c&ﬂﬁ'riste_gﬁﬂ elé’@ﬁhig%n{l 1 ﬂ(_?xgon asishwn in

FI G 21, again reducing water consunption by the industrial dishwasher 10.
elevates trays 1202 up to an open drop-off 121D at an upper end of the elevating
conveying portion 121E. The elevating conveying portion 121E preferably comprises a
recifculating belt passing over a roller having a horizontal axis of rotation at the open
drop-off 121D. Elevated trays 1202 are then allowed to fall off the drop-off 121D into a

15 curved chute 121C. The curved chute 121C is configured fo guide each tray 1202T as it

falls within the chute 121C from a face-up position on the elevating conveying portion
121E to a face-down position on a conveyor continuing through to the rest of the tray
washing lane 120. As the trays 1202T are guided through the curved chute 121C and

overturned therein, food debris naturally fall away from the overturned trays 1202T as a

20 result of gravity.

By providing the tray flipping conveyor 121 that uses mainly gravity to cause food
debris to be removed from overturned trays, energy consumption is thus reduced when

compared to using conventional continuous tray vacuum suction systems that are placed



10 As shown in FIGS. 22 (a) and 22 (b), an auxiliary washing | ane 140 may
further be provided in the industrial dishwasher 10 for washing | ess soiled

t abl ewar eypheiFizsieh as gl asses 1204 and/or bulk itens $egREGIDYERs " acks,
reheating containers etc. Preferably, an entry 144 into the auxiliary

washi ng | ane 140 is provided adj acent t jig loading station 12 so that
the bulk itens or glasses 1204 from used neal -sets of aviation 15tabl eware

may be | oaded into auxiliary ji 142 by the sane operatorg | oadi ng the
Tabl ovar o 1966 Bt heup s b haridl athiel §aGTEulbh Mo i W ar y
washi ng | ane 140. The side tables 14 at the jig |loading station 12 are
par ti cul ar | §etuiseram thedrce-enEaysgnstead ,%fds@nvmgéh@/d‘?qrxjéalmmlwwaﬁéronamhre items
or glasses 1204.+20 Rollers 145 nmay be provided at the entry 144 and exit
146 of the awrtiurnetyayad26ihhg | ane 140 for easy novenent of the auxiliary
jigs 142 into and out of the auxiliary washing | ane 140 respectively. The
auxi l'i ary washddigor teneyihd@nrmyvisonpemsee food debricfibmatthaigaysd202ywdterl47 t hat
passes the auxiliary jigs 142 through a high pressure spray area 148 where

the bul ksit ?é'égcl@ﬂ AR} ot 41 1R YinkRioSRitRAME 90,30 10 thapatlibedirettgdi d 149 of
WO 2010/ 132022PCT/ SG2009/ 000485 31 water and detergent, fol |l oned by

spraying w i} 1.Z] ‘ﬁQE fil | i i QRi wat er
152. washedhggggﬁﬁgghg%%ggg aggiééﬁg%ﬁggﬁﬁdfhﬁﬁi%%EE@@”?H?@%Q%“&H rylﬁg
section 154 of..the.auxiliar hin ne 140 .thai preferably c Lses a
o ur a1ty ot atihor B avs Beh TR tR O Brd HarunE el ah SRR UETRY 2T he
bulk itenms or 5 gl asses 1204 before they |eave the auxiliary washing | ane
140 t hr ough 2g3iB r&ieing Wager copmation yrth%l}ndé}i;télﬂ\/@%}ﬁ@sgirol%y al so be provi ded
with a cart washing | ane 110 adjacent the auxiliary washing | ane 140 as
shown in FIGS. 3 and 4. The cart washing | ane 110 is configured for washing
inflight carts 112 or trolleys that are used to 10 transport a plurality of

neal sel® ofAstshowewaFSL200a)tdnd22i(h), al hexitiaryt washinyi lae 140neayl fidthpr lef er abl y
conprises a nunber of rinsing stations 114 such as an initial rinsing

station, a geividedsntheiAGIEHY dishdaiiRR 1036 WithfaTedisailed fabRWaRditshhPducRBs A
sanitizing station, and a final rinsing station. A fast-drying station 116

i's preferably akg0oPLaysaRek HOnSSyhtASWRsREY rGRhtiSs ddRaind® etc. Preferably,

an entry 144 into the auxiliary washing léne 140 is provided adjacent the jig loading
station 12 so that the bulk items or glasses 1204 from used meal-sets of aviation

15 tableware may be loaded into auxiliary jigs 142 by the same operators loading the
tableware 1200 into the jigs 20, and readily passed into the auxiliary washing lane 140.
The side tables 14 at the jig loading stat;en 12 are particularly useful for loading the

auxiliary jigs 142 with the bulk items or glasses 1204.

20  Rollers 145 may be provided at the entry 144 and exit 146 of the auxiliary washing lane
140 for easy movement of the auxiliary jigs 142 into and out of the auxiliary washing
lane 140 respectively. The auxiliary washing lane 140 may comprise a recirculating
conveyor 147 that passes the auxiliary jigs 142 through a high pressure spray area 148

where the bulk items or glasses 1204 may be sprayed with a washing liquid 149 of



Preferably, the solid waste di sposal chute 130 conprises a top-opening 132
vacuum conpact or (hidden) as shown in FIGS. 23 (a), (b) and (c) for

col l ecti f ris renmoved fromthe tabl eware 1200 ol adi ng
station 1 ?219 e%?gy flipping conveyor 124 and the entr?kfk?i%d?h}?%%g

auxiliary washing | ane 140. Collection trays 134 20 | eading to channels or
pi pes 136 may further be provided to di rHct the collected food debris onto
a debris conveyor 135 for depositing into the top-opening 132 vacuum
conpact or. Vater dedbdétergentn{alpoved bysprasinghvittea sanittzing sprpe hdad 4 Hnalginsowi ng
passage of waste liquids (as shown by the dotted arrows in FIG 22 (c)) to
be drai ned withalemnivad tventetrlal nWpsheshtadleirmSar gladded 1204 are then passed through a
2010/ 132022PCT/ SG2009/ 000485 32 Jig detection sensors are preferably

provi ded at dgaghsestiad | oSBe adRiliagOvashig 142 148QhatPe fofably@rigrduss i al

di shwasher 10 so that each station is only activated to performits

dedi cat ed le%?&li&BfM@HSerﬁ%&%é @akﬁ%e B1B& R85 8HC 8&2 1 ot Bk Hemb RAL

station. Upon exit o roma station, t tifon stops Its
process.:In i f eperqy.,. water.5 . .and geter t 1S fhnimzed,
and gr ea%l ygfragsggé%@y%%ﬁ%g@%(’j%ﬁ & @%39%83{5’5‘?’33%1%&%% 1n u%ﬁﬁ o Xltcfc?r?\'/ent i onal
i ndustrial dishwashers 500 as shown in FIGS. 1 and 2. Another alternative
enbodi ment of the industrial dishwasher 300 is described bel ow and
illustrated in FIGS. 34 to 40, where arrows 3 indicate direction of v
movenent of Theindugrsl dishwrshaplheay also be provided dithgcart washing laoe 1t hod 400
of washing tableware is also described below, with reference to FIG 40. In
thi s enbodi adjatenBl@ aokiliahewashingslané #40 ai shhwash€GS.i hatdeb d hefcatt sadhing t he
plurality of types of tableware 1200 into jigs and using a plurality of
robotic ar nmtant @0 ks donfig@red for washing inflight carts 112 or trolleys that are used to
10  transport a plurality of meal sets of tableware 1200 therein. The cart washing lane 110
preferably comprises a number of rinsing stations 114 such as an initial rinsing station, a
detergent washing station, an intermediate rinsing station, a sanitizing station, and a
final rinsing station. A fast-drying station 116 is preferably also provided to dry the
washed carts 112.
15
Preferably, the solid waste disposal chute 130 comprises a top-opening 132 vacuum
compactor (hidden) as shown in FIGS. 23 (a), (b) and (¢) for collecting food debris
removed from the tableware 1200 at the jig loading station 12, the tray flipping
conveyor 124 and the entry 144 of the auxiliary washing lane 140. Collection trays 134
20  leading to channels or pipes 136 may further be provided .to direct the coilected food
debris onto a debris conveyor 135 for depositing into the top-opening 132 vacuum
compactor. The debris conveyor 135 may have through openings for allowing passage

of waste liquids (as shown by the dotted arrows in FIG. 22 (c)) to be drained into a

waste drainage system 138.



15 lowering and laterally noving the jigs fromone station to another, the
tabl eware 1200 is placed directly onto a conveyor 360, 402 that noves the

t abl ewar ey d239)/f36@3 station to station. As shown i pclls@r0d@o048t an
ul trasoni c washing station 340 where an ultrasonic generator 20 344
generates cavitation bubbles in a washi liquid 342 in a tank 341, the

conveyor 360 is configured to be subnersi'ble, preferably conprising a :

sl oped slide-down.portion 361 for.-gradually slidi.ng.th bl ewar 00 into
her vashi ng B GHPHETSSESAD ack prode oL Py et o srSbyeti O a0 1.4, 566 ' ™
addi ti onal agzzle 345 may be grovided to direct a jet or jets of air

bubbl es or Wstefusiiial dishvashsr &V sothet each;stationdeendy apfvaigddnpadom g8 d 342,

t hereby WD 2010/ 132022PCT/ SG2009/ 000485 33 achi evi ng t horough ul trasonic
washi ng by gedicatesk funeficmnoapietentionf the prasandetnd atjigtilOcatdrat staEOD Uperexithody are
imersed in the washing liquid 342. Sinmlarly, a sloped slide-up portion
363 is prefejiglbyrop ovtatien thasththmn toptitsproctss.dothieyway, usbg: dfanefBrodieng
washed tabl eware 1200 fromthe tank 341. Angl ed renoval of the washed itens

1200 al | s adddetdrgéit @mpiilizedJardl grt iR, fel@ER chPared 16 81 Hoh By Wesheny f ace 343
of the liquid 342 such that surface tension of the Iiquid surface 343

renmoves the,ld QW : 3 - YA i t k- tation strip
348 havi ng %Atg)gg}fng(r)lg\%eéﬁu{))%a?ﬁ%ﬁﬁgﬁﬁﬁ%ﬁﬁgﬁ@rﬁgg‘gmmenﬂ@;séIlgﬁg ed portions
corresponding to the sl oped slide-down 361 and slide-up 363 portions of the
conveyor 360 is preferably provided to prevent light plastic itens from
floating 10, ,during ul trasoni ¢. washj ng. wth earlier enbodiments of the

i ndustri al éf‘g'ili?ﬁfaag‘r‘?&a,t‘vaﬁmi%ﬂgﬂeﬁ oﬁ“iﬂﬁéli"ﬁ%tr& dishwasher# i dpscaibed elpy
provided before the ultrasonic washing station 340. At the rinsing station
330, the tatdifbsteatabiodIoN. 3he 4bmherroaras3 indicsisrdisgedompf thoyvdmesit o wat er
404 froma 15 plurality of pressure spray nozzles 332 before being inmersed
in the W trasoniobenwashed\ torgesponBdR aladrnithe mdthod4tinofovashislgi talgewhmtis on 340.
Props 312 are preferably provided on

also described below, with reference to FIG. 40.

In this embodiment 300 of the industrial dishwasher, instead of loading the plurality of
types of tableware 1200 into jigs and using a plurality of robotic arms for lifting,

| 15 lowering and laterally moving the jigs from one station to another, the tableware 1200 is
placed directly onto a conveyor 360, 402 that moves the tableware 1200 from station to

station.

As shown in FIG. 35, at an ultrasonic washing station 340 where an ultrasonic generator
20 344 generates cévitation bubbles in a washing liquid 342 in a tank 341, the conveyor
360 is cohﬁgured to be submersible, preferably comprising a sloped slide-down pértion
361 for gradually sliding the tableware 1200 into the washing liquid 342 at an angle for
ultrasonic washing 406. An additional nozzle 345 may be provided to direct a jet or jets

of air bubbles or water at tableware 1200 as it enters the washing liquid 342, thereby



the conveyor 360 for spacing and supporting the tableware 1200 in nore
ef fective washing positions. A final rinsing station is preferably also

provi ded Wwenofgib@sm ng a final rinsing of the tabl ewar c#2@Q0mos4as
conveyor 360, 408 after the ultrasonic 20 washing station 340. For nore

effective renoval of any retained quui.d3%r om the tabl eware 1200, one or

nore bunper portions 380 may be provi ded ,hn t he conveyor 3?0_at appropriate
| ocations such as after .an ultrasonic washing station or after a rinsing

station whePEPERERITOuh uliFgsope s Aeendng GoIInTM ghaig i e gablewvare qui d
may be desirable. The bunper portion 380 preferably conprises a raised hunp
382 havi ng &28Qmhen they @re Immersed: inyhg whshireligwd 3d3.o¥ingledy pedemsl slidoup hat  as
a tableware item 1201 goes over the hunp 382, gravity will cause it to tip
forward, th@oslop 3$3ds piefigalin prdvidpdiin thehantimayushavecyoe 860 foragpednpivalied t he
item 1201. 5 FIG 36 shows a portion of the industrial dishwasher 300 where

an auxi | i ar yablesdie 1900 &6 tBSink 841 Wasdled@nivabsMBE Vadteddtenss 1206 alibwHLY
directly above the initial rinsing station 330 so that punp notors used to

gener at e5spLRSpAfind'BHhE HImRM 260,130 D Gokd A E-HIRY; 48 ¢ ilgkgﬁcﬁlgd aﬁfﬁ{cﬁ By SAVI ng

energy. Furthernore; by placing the rinsing station _ I'! rectly E?l ow
t he auxil i ar) i . Qkf _water, from auxi|liary washi ng

| ane 350 rra;%gé{e‘@g aS%e(}fﬁg%h%gQ’ss%&ée%r#%ée%%?? ﬂéesgq%ﬂl%'g?iﬂﬁ? ?BTHF]%/@FFHTEOO at
the rinsin tion_ 330 bel gw at.in ushing or waterfall effect,

t hereby r 68%? @‘g ‘At%aélt’r'ﬁ?lt-ag?lf StﬂBthé g%ﬂng gé‘%‘ﬁ?ﬂgﬁaﬁ?‘%"ﬁ 369 17 Betakasavallaser
usage at the rinsing station 330. Water channelled downward fromthe

auxi | i ary wasHehpoapecarspensiing:io the slepetslisedommdolsedolidd-up 36k pertibiske a

water curtain to mnimze heat | oss between the auxiliary washing | ane 350
and the rinéef tlpg coneayooa6@Breferably provided to prevent light plastic items from floating

10 during ultrasonic washing.

As with earlier embodiments of the industrial dishwasher, an initial rinsing station 330
is preferably provided before the ultrasonic washing station 340. At the rinsing station
330, the tableware 1200 on the conveyor 360 is sprayed with rinsing water 404 from a
15 plurality of pressure spray nozzles 332 before being immersed in the ultrasonic washing
liquid 342 at the ultrasonic washing station 340. Props 312 are preferably provided on
the conveyor 360 for spacing and supporting the tableware 1200 in more effective
| washing positions. A final rinsing station is preferably also provided for performing a

final rinsing of the tableware 1200 on the conveyor 360, 408 after tﬁe ultrasonic

20 washing station 340.

For more effective removal of any retained liquid from the tableware 1200, one or more
bumper portions 380 may be provided on the conveyor 360 at appropriate locations

such as after an ultrasonic washing station or after a rinsing station where removal of



Water collection tanks 332 are preferably al so provided in the rinsing
station 330 below the tabl eware 1200 being rinsed, and positioned such that
wat er ovegbl@wsishgem tank to 20 tank in a direction indipggisedoddsoduss ows 4,
opposite to the direction of novenent of the itens being rinsed as
indicated by arrows 3. In this way, relajjvely cleaner wat er overflows into
relatively dirtier water in the collection tanks 332. Backward overfl ow ng

water in th Dy nks t hus be Finsing the '

t abl ewar e 1%94 lécﬁlg%n{% eSI ? i ve%&wm%& r‘ll\g@;ﬁ)ref%atﬁ}/ P%‘f‘pgiﬁsg}f@aedont 0
the itens 1200 gg% \O 2010/1 20 PCT/S;% /000485 3 t hey go through the
rinsing staPPBR-83624Rg2 CHvEd P § O¥" RYeYPE3 AyedS thekss Pon,

t her eby naxim sing, usage of water w thout conprom sing rinsing -

ef f ect i vene@blewarqgtem 12Qheqes oxeridis humpr ¥avgravitpwill camse 8o tipfforvard,ay washi ng
| ane of the industrial dishwasher 300. A |ow pressure transfer punp 371 is
provi ded f othembpdraigingate lighidahat3nay havebe&Rapppd tdthin thatiem Hikdpenser 373.
The tank 372 is positioned below a tray conveyor 390. The water dispenser
373 is positioned above the tray conveyor 390 so that water flows out of

t he di spenser 373 onto trays 1202 on the tray conveyor 390 under gravity,

thereby fl UFmngsﬁemhao&%%%f@ﬁémaﬁﬁnmr aéﬁé?%oogvﬂe?ecéd A{lx*a?a?flt ih e water

di spenser 373, the tray conveyor may be angl ed so as trays
1202 10 the br| N water from
the vater diodial %ﬂg%‘%?‘&%#e;ﬁe%‘f R R S

posi tioned hetwe ra veyor. 390 and t he tank 372 so as . to, collect
debris 12105Fhd f@aﬁgqﬁwﬁa SRR hperErte SRIGYS of yrpshing pr mipyigeiliquidy o

waSt e di sposal chute 393. The debris collection conveyor 392 should be

per f or at ed, M84&R shased; thasahy saximgranateywRediermate. puslecertbaghsiangation by
collected by the tank 372 for punping up to the water dispenser 373 to be

r eused. 10Thedigesitly ibslometine waxilipgr washmg3age 3 305 nef-off evagdrifrann tteamxiliaey washingf
conventional high vacuum suction to renove debris fromthe trays 1202. At a
dryi ng st at lage 380 miah e ichatinslled By saeaivgpdne 353000 the GbRAArO 120054t gk a

chem cal agent to
rinsing station 330 below, creating a flushing or waterfall effect, thereby reusing the
run-off water on the tableware 1200 to reduce water usage at the rinsing station 330.
Water channelled downward from the auxiliary washing lane 350 to the rinéing station

15 330 also acts like a water curtain to minimize heat loss between the auxiliary washing

lane 350 and the rinsing station 330.

Water collection tanks 332 are preferably also provided in the rinsing station 330 below
the tableware 1200 being rinsed, and positioned such that water overflows from tank to
20  tank in a direction indicated by arrows 4, opposite to the direction of movement of the
items being rinsed as indicated by arrows 3. In this way, relatively cleaner water
overflows into relatively dirtier water in the collection tanks 332. Backward
overflowing water in the collection tanks 332 may thué be reused for rinsing the

tableware 1200, such that relatively dirtier water is first sprayed onto the items 1200 as



20 dry itens, as shown in FIG 38, one or nore air knives are preferably
provided to direct high pressure air onto itens 1200 passing by on the
conveyor weGof3d@at 0 bl ow of f iquid adhering to the spihraesoionsdds itens
1200, 410 as shown by the curved arrows 4 indicating dispersal of water
droplets 387. This is achieved by the hi pressure air providing a
shearing force to "cut" water fromthe surfaces of the itens being dried,
WD 2010/ 132Q22PCT/ S&009/ 000485 36 E ergeﬁ elininatin t he use Pf’chenicals
or heat to 8p propghoths rnamg sfatigp jP Y gnd ekaivebierleaneo wateE KPravedh 135 9nl oaded
fromthe conveyor 306, 412. In addition to positioning the auxiliary

washi ng | an@leg%@ magxFuisingHisags plyalgr witheut sampaEnisinggingingcffeetikenoishi ng | ane
350 may alternatively or also be positioned above the tray 5 washing | ane
so that runFEi.f37shows afdelom reamivalmprtidre3 il efsstnvar wash@lansmof the irdustribl ar y
washi ng | ane 350 may be used to wash the trays in the same way that it is
used to ringghwabbeye & [balstearsth@wr pimpl3G1 iSprovitdee férpumpi@shhigfrbmane may
include an automatic tray positioning portion conprising an automatically

gui ded sbi dganR375 B0 WatdrldiRperier 593, R tadid FSis éat_%o&fdb@wv&&{rsyt shapes

and sizes may be posSitioned or flipped up for no 10 effective washi ng.

The sli der Ef(;rﬁ'fe%r%bymeogrg{ehgﬁ?e&s@ $8 1§8§§é§g erdsabg%é'the?f ZCO&VZC%EE)W %Of I rst

conveyor 32 S’ position zontall ranst ers ays at are
| ed downwar dl Trays

1502”1 yi ng SR AREEG o0 ROTLERars TR L ov 393 SHgR R BpBary aoa

provi ded on the conveyor 322 are then "fed" onto the third conveyor 323 at
an angl e. AMRGeH gty riBerehy flyshing debyis ! 239 off the gyl 2t Parely beaeathdha al | v,

because the trays 1202 are approaching at an angle fromthe angl ed second
conveyor 32%atet Higpensery¥/31 d@arayomwsveyor B8@ mayrbetangled ko asitocdharoytorys3262 at  an
angl e agai nst props 325 provided on the third conveyor 325. In this way,

mor e sut® ac ehesoa dorahotelegfettivydeblid Oemavat bedpaafowiry witeyfranrid water t o travel
along the third conveyor 323 for washing under the auxiliary washing | ane

340. 20 FI Gdisféhsstmms ARIesfie E6 1R 1i6ADAHIYBN D if %)efélﬁblgfq;})siﬂf)n&i BP%&dnand2, 332

that can be used at various stations in the industrial dishwasher 10, 300

for sprayin (TR ols ] 110
tabl v o 1300CRPEyEAeR B Mo R 31 WEUsTh cBNEh Ao AT Mha BT o) 5o
|2818/e2§r28|2|2 &%;tg%ﬁf%?a !_,Z@é%ﬁg%?ov%slt tto% \gall‘é[tée : 1tsp(IslafJ<!h%tel {53]c q’ﬂé a&arf)s%gllec:\{gn
conveyor 392 should be perforated, such as a mesh, so that water may pass through and
15  be collected by the tank 372 for pumping up to the water dispenser 373 to be reused.

The debris removal portion 370 therefore eliminates the use of conventional high

vacuum suction to remove debris from the trays 1202.

At a drying station of the industrial dishwasher 300, instead of using a chemical agent to
20  dry items, as shown in FIG. 38, one or more air knives are preferably provided to direct
high pressure air onto items 1200 passing by on the conveyor 360 so as to blow off
liquid adhering to the surface of the items 1200, 410 as shown by the curved arrows 4
indicating dispersal of water droplets 387. This is achieved by the high pressure air

providing a shearing force to “cut” water from the surfaces of the items being dried,



37 sprays 334 for inproved spraying coverage of tableware 1200, gl assware
1204 or trays 1202 as they pass through the stations on their respective

conveyorgwbgoﬁpgmhgdustriaI di shwasher 10, 300. The noz%hﬁm%ﬁ&m%@ﬁsgs
configured for easy renoval to sinplify maintenance. As shown In

enbodi nents (b) to (d), “the nozzle heads_ 333 may further be 5-configured to
rotate while spraying. |In enbodi nent (c)§6back-and-forth novenment in

addition or alternative to rotation is also carried out by the nozzle heads
333 during #srelyidhigningtinedhe penef cheicalsrarhest todey thedtemsoAfer dyingf thelitement i r e
nozzle 32, 332 with nozzl e heads 333 being positioned all around the nozzle
32, 332, i nl2dhtanaben bounlhadeddroh éhelveadsyo83366,8d2ng positioned only in a -
single row as shown in enbodinments (a) to 10(c). Safety switches are '

preferably i sddid@ttoqiosBiohile@Be SudifaivaoRisg ¢nel336 aboetiiSE Finding diagbyasder of .
the present invention so that operators may sel ectively stop novenent of

the vari ous (ORMEMPY WaSing 1288 358 nﬁ?gﬁ?ﬁ@{i\yely gf@ﬁ(gﬁﬂgyslit?%‘%ﬁ aBd BRFa Rl €

preferably also 15 provided for to y stopping t strial di shwasher

i f necessar I i further Ji.ncqrporate digital, sensors and
| oge for S coner e 1t SN - off e k) St e " 3b el a8l s HERTRY
tivity, power consunption, flow

including tenperature, liquid resi
rates, nachiielig ,qnie(zg‘ép ir??g(f{’ed@?aog% v tﬁ%ﬁ@éﬁ in\thyt same uahat B ysghfakiRsee
count etc., where rel evant and ﬁgproggiate. The industrial dishwasher as
descri bed i frblgveare 4200assshewhde FHamos The 5o washing fage snayl ineude an piteomatid ty of
separate, dedicated di shwashers to be replaced with a single machine,
t her eby pr otiaylpogjtienisp porios &vinprsing ab eutonmtival hygguidadesligyr asashowy in FIG. 39
wat er-saving WO 2010/ 132022PCT1SG20091000485
so that trays 1202 of different shapes and sizes may be positioned or flipped up for more
+--10  effective washing. The slider preferably comprises three conveyors 321, 322, 323. The
first conveyor 321 is positioned horizontally and transfers trays 1202 that are lying flat
onto the second conveyor 322 that is angled downwardly. Trays 1202 lying at an angle
on the second conveyor 322 against stoppers 324 provided on the conveyor 322 are then
“fed” onto the third conveyor 323 at an angle. Althdugh the third conveyor 323 is
15 positioned horizontally, because the trays 1202 are approaching at an angle from the
angled second conveyor 322, the trays 1202 come to rest on the third conveyor 323 at
an angle against props 325 provided on the third conveyor 325. In this way, more
surface area of the trays 1202 are exposed as they continue to travel along the third
conveyor 323 for washing under the auxiliary washing lane 340.
20
FIG. 40 shows preferred embodiments (a) to (d) of a nozzle 32, 332 that can be used at
various stations in the industrial dishwasher 10, 300 for spraying water or a mixture of

water and detergent for rinsing tableware 1200>0r washing glassware 1204 and trays

1202. The nozzle 32, 332 is generally of a fan-type so as to direct fluid in fan-shaped



38 and ecol ogically-friendly solution for effectively washing a plurality
of types of differently soiled tableware and associated catering itens in

hi gh vol ugB-20Mizheeb t here has been described in the foreg@isedo@assss ption
exenpl ary enbodi mrents of the present invention, it will be understood by

those skilled in the technology‘concerneg75 that many variations in details
of design, construction and/or operation may be nade wi thout departing from
the present jnventjpn. WO 2010/.132022PCT/ 009/ 485 39 ALM5S 1. An

i ndustrial &P rgmvas%&r HEBWIXF%@T%I% coverage Pl %?‘8%5828 Jaidafe i grh% OE%?Pﬁri si ng

an ul trasoni shing station for ultrasonically washing differently soiled
t abl ewar e, 3204 'flsa@%g%%%itﬁr@uglams;swélﬁas R thethepIRealiYe GRBYRIORYIN tihedpgFialashi ng
gl assware. 2. The industrial dishwasher of claim1, further conprising a
cart washi ngishaiagher 30, 308s Bhe gozzde ensl-eapdsl cordiguresfopenasy retheval absimplifie. 10

maintenance. As shown in embodiments (b) to (d), the nozzle heads 333 méy further be

5 configured to rotate while spraying. In embodiment (c¢), back-and-forth movement in
addition or alternative to rotation is also carried out by the nozzle heads 333:during
spraying. Embodiment (d) further includes rotation of the entire nozzle 32, 332 with

nozzle heads 333 being positioned all around the nozzle 32, 332, in contrast to the

nozzle heads 333 being positioned only in a single row as shown in embodiments (a) to

10 (c).

Safety switches are preferably provided at strategic locations of the industrial
dishwasher of the present invention so that operators may selectively stop movement of
the various conveyors or jigs if necessary. Emergency stop buttons are preferably also

15 provided for totally stopping the industrial dishwasher if necessary.

The dishwasher may further incorporate digital sensors and logs for controlling and/or
monitoring various operating parameters including temperature, liquid pH, resistivity,
power consumption, flow rates, machine utilization, detergent usage, water usage,

20  tableware count etc., where relevant and appropriate.

The industrial dishwasher as described in the various embodiments above therefore
allows a plurality of separate, dedicated dishwashers to be replaced with a single

machine, thereby providing a space-saving, labour-saving, energy-saving, water-saving



3. An industrial dishwasher suitable for washing tableware, the industrial
di shwasher conprising: a jig loading station for |loading a plurality of
types of Wwabbfy@b@i nto jigs, each jig conprising a pl upgljsGro®dfooosss
conpartments for containing therein the 15plurality of types of tableware
for iTmersing the tableware in a washing &IC]UId a first ultrasonic washing
station containi ng the washi ng liquid foP ul.trasonically washing the
tabl eware in the |j Ilnal rinsing station for_a final rinsing of
t he tabl ewa,agdeﬁolgg}gal}y-@eg@ltyép Yhiop ferd FRCH Vel ¥ RigE a2 a’éFb’)Pif Bpesehtion for
drying the tableware in the jig after the final rinsing; and an unl oadi ng
station for difitrontlyi seiled keblaveant auhassodintodcathmng itens in hgh volume.
2010/ 132022PCT/ SG2009/ 000485 40 for an initial rinsing of the plurality of
types of tabVhilatleerebastteemdebcribed imgthe fcgegmﬁg)d@cnbmasmammmaiy lepbodistentgft he
t abl ewar e.

the present invention, it will be understood by those skilled in the technology concerned

5  that many variations in details of design, construction and/or operation may be made

without departing from the present invention.



5. The industrial dishwasher of claim4, wherein used water discharged from
the 5final rinsing station is recycled for use at the initial rinsing

station. Wo bheizkppdustri al di shwasher of any one of cl aipg%/s82609/09048% Ur t her
conprising a sanitizing station for sanitizing the tableware in the jig

after the final rinsing and before dryi the tableware. 10 7. The
i ndustrial dishwasher of any oneée of cl ai 3 to 6, wherein each jig

conpri ses agg‘: ity of locking | evers, each |ocking | ever conprising a
| ever rotat nnected to the jig such that upon inmersion of the jig in

the washing liquid, the |ocking |ever rotates due to natural buoyancy of
the |l ever ahd coffdedustriad dishsieshenaerapiisiegh adj acent the |ocking | ever to
bl ock the tabl eware item agai nst upward novenent, thereby preventing
flotation of the tabl etevart evashing lahe covphsing ah uljeaiscnic 8uasHihg statichuforr i al
di shwasher of claim 7, wherein at |east some of the plurality of

20conpart ment s aukraseriedlBbolsshivgridfierennidiled @ibidvadrby connected to the jig
such that upon inmersion of the jig in the washing liquid, the rotatable

conpartngnts rotate dyeal QuadRhlak; &doyancy of the rotatable conpartments
such that the tableware itens contained in the rotatable conpartnents are

ti pped against their J. I | ocking._l evers to block the
tabl eware itens againé?gﬁggé&ﬁﬁmsﬁé%%%8%&?%%%%5%??§@5b09{000485 41
novenent, thereby preventing flotation of the tableware itens in the
washi ng |iquid.

2. The industrial dishwasher of claim 1, further comprising a cart washing lane for
washing carts used to transport the tableware.
10
3. An industrial dishwasher suitable for washing tableware, the industrial
dishwasher comprising:
a jig loading station for loading a plurality of fypes of tableware into jigs,
each jig comprising a plurality of compartments for containing therein the
15 plurality of types of tableware for immersing the tableware in a washing liquid;
a first ultrasonic washing station containing the washing liquid for
ultrasonically washing the tableware in the jig,
a final rinsing station for a final rinsing of the tableware in the jig after
ultrasonic washing;
20 a drying station for drying the tableware in the jig after the final rinsing;
and

an unloading station for unloading the tableware from the jigs.

4, The industrial dishwasher of claim 3, further comprising an initial rinsing station



9. The industrial dishwasher of any one of clains 3 to 8, further
conprising a tray 5washing |ane having a tray flipping conveyor configured

to use grayizhw/962r enoving food debris fromtrays anongciReqb@hbegar e. 10.
The industrial dishwasher of claim9, wherein the tray flipping conveyor

conprises a first conveying portion forzkpading the trays thereon and an
10overturning conveying portion in connection with the first conveying

portion for overfurning.the. trays such that fo ebris falls.away. fromthe
bver turned t 1 ay<lot 38 g aSRa L ERs A pledt St o dged il ien Che
overturning conveying portion conprises a tw sted conveying portion. 15 12.
The industrial dePrradtraspnigally washing the tylewaen the overturni ng conveyi ng
portion conprises a recirculating belt passing over a roller, the roller
havi ng a horizontal axis of rotation. 2013. The industrial di shwasher of
claim12, wherein the overturning conveying portion conprises a curved

chute. 14. The i nbhsihdustialdiishwaalsdrenf claimain ywherem wid edagir miscBariged fidm their t her
conprising an auxiliary washing | ane for washi ng gl assware.

5 final rinsing station is recycled for use at the initial rinsing station.

6. The industrial dishwasher of any one of claims 3 to 5, further comprising a
sanitizing station for sanitizing the tableware in the jig after the final rinsing and
before drying th¢ tableware.

10 |

7. The industrial dishwasher of any one of claims 3 to 6, wherein each jig
comprises a plurality of locking levers, each locking lever comprising a lever
rotatably connected to the jig such that upon immersion of the jig in the hwashing
liquid, the locking lever rotates due to natural buoyancy of the lever and contacts

15 a tableware item adjacent the locking lever to block the tableware item against
upward movement, thereby preventing flotation of the tableware item in the

washing liquid.

8. The industrial dishwasher of claim 7, wherein at least some of the plurality of
20 compartments are rotatable compartments rotatably connected to the jig such
that upon immersion of the jig in the washing liquid, the rotatable compartments
rotate due to natural buoyancy of the rotatable compartments such that the
tableware items contained in the rotatable compartments are tipped against their

respective adjacent locking levers to block the tableware items against upward



WO 2010/ 132022PCT/ SG2009/ 000485 42 15. The industrial di shwasher of any one
of clains 3 to 14, further conprising a solid waste di sposal chute in
connect i %0%10*/‘135@? jig loading station, the chute conpii$isedod 0}]@4@5 openi ng
vacuum conpactor tor collecting food debris renmoved fromthe taf) eware. 5
16. The industrial dishwasher of any one of clains 3 to 15, further
conprising a jig return conveyor for r et tk ni ng jigs fromthe unl oadi ng
station to the jig loading station. 1017. The industrial di shwasher of any
one of claims 3 tepvesent, therdhyrpreventing Sotagon of teftablwamiitems e theiweghiogi | i n
the ultrasonic washing station for heating the washing liquid. 18. The

i ndustrial di shwdghek. of any one of clains 3 to 17, further conprising a
heat 15recovery system configured for recovering heat generated at the
drying station to heat the washing liquid in the ultrasoni c washing
station. 19. The industrial di shwasher of any one of clains 3 to 18,
further co i Si i ! R 1 J nedi.at e
Fimsing of Che t Ak Cuuraer LA Col dRPar Shths 30 biTerBl ok UE S Bl

ul trasonkc washi fat | nd .furd.her conprising a second ultrasonic
washi ng gt ation E%rs ﬁl%ggéengglﬁﬁﬁggr?ua&tdé%gﬁsoﬁ Y Pﬁgoc?gilggre\?\igg Hisen%ra%l%yf e

tabl eware in the élg .af%er C}Qe %ntermedi ate rin f ng and before the final

ri nsi ng. removing food debris from trays among the tableware.

10. The industrial dishwasher of claim 9, wherein the tray flipping conveyor
comprises a first conveying portion for loading the trays thereon and an

10 overturning conveying portion in connection with the first conveying portion for

overturning the trays such that food debris falls away from the overturned trays.

11. The industrial dishwasher of claim 10, wherein the overturning conveying

portion comprises a twisted conveying portion.

15
12. The industrial dishwasher of claim 11, wherein the overturning conveying
portion comprises a recirculating belt passing over a roller, the roller having a
horizontal axis of rotation.
20 13.  The industrial dishwasher of claim 12, wherein the overturning conveying

portion comprises a curved chute.

14.  The industrial dishwasher of any one of claims 3 to 13, further comprising an

auxiliary washing lane for washing glassware.



WO 2010/ 132022PCT/ SG2009/ 000485 43 20. The industrial dishwasher of claim
19 when dependent on claim 3, wherein used water discharged fromthe final

ri nsi ng syatomsbd2r ecycled for use at the internedi at eppirRe0@/0564851 on and
used wat er discharged fromthe internediate rinsing station is recycled for

use at the initial rinsing station. 5 21, The industrial di shwasher of
claim19 or claim20, wherein used mashiﬁ% liquid fromthe second

ultrasonic shi station.is recycled for use at the first ultrasonic
1 [}%6 Ingistrig, d‘isﬁ\?fﬁgﬁi’ ydms ehalaires 3 &1 1hAyrthascomprisingans 3 to

washi ng statron.
21 further conprising a cart washing l'ane for washing carts used to
transport the taBolidvapse dEBosal phuje frponpeasioniwith the jighoading stationd tterohateher f or
washi ng tabl eware, the jig conprising: 15a plurality of conpartnents for
cont ai ni ng t her ecomprigihg a&bp-byenidg tacpen cofnphetbt fonaokbedtiap fooddabsis Agndted
tableware in a washing liquid; and a plurality of |ocking |evers, each

| ocki ng | ever coifjon the igblé@wvarever rotatably connected to the jig such that
upon i mMmersion of the jig in the washing liquid, the | ocking |ever rotates
due to ngtural buoyancy of the l|ever and contacts

16.  The industrial dishwasher of any one of claims 3 to 15, further comprising a jig
return conveyor for returning jigs from the unloading station to the jig loading

station.

10 17.  The industrial dishwasher of any one of claims 3 to 16, further comprising a
self-cleaning heating coil in the ultrasonic washing station for heating the

washing liquid.

18.  The industrial dishwasher of any one of claims 3 to 17, further comprising a heat
15 recovery system configured for recovering heat generated at the drying station to

heat the washing liquid in the ultrasonic washing station.

19.  The industrial dishwasher of any one of claims 3 to 18, further comprising an
intermediate rinsing station for an intermediate rinsing of the tableware in the jig
20 after ultrasonic washing in the ultrasonic washing station, and further
comprising a second ultrasonic washing station for a second simultaneous
ultrasonic washing of the tableware in the jig after the intermediate rinsing and

before the final rinsing.



20a tableware item adjacent the |locking |ever to block the tableware item
agai nst upward novenent, thereby preventing flotation of the tableware item
in the wagbhizomy/izkeyi d. WO 2010/ 132022PCT/ SG2009/ 000485 pé4/sc0h@loasdss
conpartments rotatably connected to the jig such that upon imersion of the
jig in the washing |iquid, ihe'rotatables£onpartnents rotate due to natural
buoyancy of the rotatable conpartnents such that the tableware itens

cont ai ned i n,t he.totat abl e..conpart nent.s e, tipped,agai nst_their respective
adj acent | o?%’ ngﬂa“? 8@‘8?‘?*‘?%‘%‘?%@%‘ ﬁém%ﬁ‘é’m%oﬂe?%e Oréglsgflﬂgtw %ﬁ%lrlggg
novenent, thereb reventing flofatiagon of the tableware_ itens jn the
washi ng |iquid..¥*?§.rd;§c ?gv?frpm g aalésﬁvw&ﬂ%weﬁé@eﬁmrﬁswdﬂmustria|
di shwasher for washing tableware, the tray flipping conveyor conprising:
10a first conveyim fat¢ opsingstaticneaiidiped males dischargedisory thaiatarmpediattar e
t her‘eon; and an overturning conveying portion in connection with the
first conveyi ng. posihg etatibwis rewyeldduioniisegat theeinittahyissisgistatiethat f ood debri s
falls away fromthe overturned trays under gravity. 15 26. The tray
flippingsconveyor of claim25, wherein the overturning conveying

21.  The industrial dishwasher of claim 19 or claim 20, wherein used washing liquid

from the second ultrasonic washing station is recycled for use at the first

ultrasonic washing station.

10 22.  The industrial dishwasher of any one of claims 3 to 21 further comprising a cart

washing lane for washing carts used to transport the tableware.

23.  Ajig for use with an industrial dishwasher for washing tableware, the jig

comprising:

15 a plurality of compartments for containing therein a plurality of types of
tableware for immersing the tableware in a washing liquid; and

a plurality of locking levers, each locking lever comprising a lever

rotatably connected to the jig such that upon immersion of the jig in the washing
liquid, the locking lever rotates due to natural buoyancy of the lever and contacts

20 a tableware item adjacent the locking lever to block the tableware item against
upward movement, thereby preventing flotation of the tableware item in the

washing liquid.

24.  The jig of claim 23, wherein at least some of the plurality of compartments are



portion conprises a tw sted conveying portion. 27. The tray flipping
conveyor of claim25, wherein the overturning conveying 20portion conprises

a recircuyathigsbeht passing over a roller, the roller pgyjsedodobesszonta
axis of rotation. 28. The tray flipping conveyor. of claim 25, wherein the

overturni ng conveying portion Conprises,% curved chute. WO
2010/ 132022PCT/ S&009/ 000485 45 29. A solré wast e di sposal chute for use

with an industrial dishwasher for washing tableware, the chute conprising a
t op- openi ng vacud RERRSF TS Tewfabbe eqnimgeted tuthd digrsueh thetrencadmimepsion he
tabl eware:. 5 30.A method of washing tableware using an industrial
di shwasher, the rmétthidg bohpmiaghingliquid, the rotombliergmpapinenalirotaie duf 16 yaeml of
tableware into a jig at a jig |loading station of the industrial dishwasher;
buoyancy of the rotatable compartments such that the tableware items contained
in the rotatable compartments are tipped against their respective adjacent locking
5 levers to block the tableware items against upward movement, thereby

preventing flotation of the tableware items in the washing liquid..

25. A tray flipping conveyor for use with an industrial dishwasher for washing
tableware, the tray flipping conveyor comprising: |
10 a first conveying portion for loading trays from among the tableware
thereon; and
ah overturning conveying portion in connection with the first conveying

portion for overturning the trays such that food debris falls away from the

overturned trays under gravity.
1 5
26. The tray flipping conveyor of claim 25, wherein the overturning conveying
portion comprises a twisted conveying portion.
217. The tray flipping conveyor of claim 25, wherein the overturning conveying
20 portion comprises a recifculating belt passing over a roller, the roller having a

horizontal axis of rotation.

28. The tray flipping conveyor of claim 25, wherein the overturning conveying

portion comprises a curved chute.



I rMersing the tableware in the jigin a first washing liquid and
10ul trasonically washing the tableware in the jig at a first ultrasonic

washi ng syatofymsedzt he i ndustrial di shwasher; per perRichahoRoddsnal
rinsing of the tableware inthe jig at a final rinsing station of the

I ndustrial dishwasher; drying the tableware in the jig at a drying station.
of the industrial 15di shwasher; and 45 unl oadi ng the tabl eware fromthe
jig at an unloading station of the industrial dishwasher. 31. ‘The nethod of
clai m 30, fdPtheA Whdpyastd digposalrchyterfonyseanith a1 mdustripl digiwaghestfor washing

20t ableware in the jig at an initial rinsing station of the industrial

di shwasher bef or eéablewaee,shachutdreorhpridiey\a top-epeningevapuign compimtorffor sdllenrshi ng
liquid. 32. The nmethod of claim 31, further conprising recycling used water
fromthe final rifsulde®rik mdved fiom tHeahblewasi ng. WO '

2010/ 132022PCT/ SG2009/ 000485 46
5 30. A method of washing tableware using an industrial dishwasher, the method
comprising:
"loading a plurality of types of tableware into a jig at a jig loading staﬁon
of the industrial dishwasher;
immersing the tableware in the jig in a first washing liquid and
10 ultrasonically washing the tableware in the jig at a first ultrasonic washing
station of the industrial dishwasher;
. performing a final rinsing of the tableware in the jig at .a:ﬁ_n'ell'l' rinsing
station of the industrial dishwasher;
drying the tableware iﬁ the jig at a drying station of the industrial
15 dishwasher; and
unloading the tableware from the jig at an unloading station of the

industrial dishwasher.

31.  The method of claim 30, further comprising performing an initial rinsing of the
20 tableware in the jig at an initial rinsing station of the industrial dishwasher

before immersing the tableware in the jig in the first washing liquid.

32.  The method of claim 31, further comprising recycling used water from the final

rinsing for the initial rinsing.



33. The nethod of any one of clains 30 to 32, further conprising sanitizing
the tableware in the jig after the final rinsing and before the drying. 34.

The net hqgaoof@3Y9ne of clainms 30 to 33, further conpripgirRERRlLREET N an
S5intermediate rinsing of the tableware in the jig at an |nterne£iate

rinsing station of the industrial dishma%ger after the ultrasonic washing;
and imersing the tableware in the jig in’a second washing |iquid and

ul trasonical ly washing the tableware in the jig a second tine at a second
ul t rasoni ¢ Vdshi fi§e siethoded apy onpgef ¢laimssid o2, Hirdeneomprisingesapitizingthe f i nal
rinsing. 10 35. The nethod of claim34 when dependent on claim 31, further
conpri si ng recyc ltableyans mdthegig @fter the Minahendingard Yeforsitigdrfyimg. t he i nt er nedi at e
rinsing and recycling used water fromthe internediate rinsing for the
initial rinsing. 1536. The method of claim34 or 35, further conprising
recycling used second washing liquid fromthe second ultrasonic station for

use as the fyrst m@%&m_dfiaggbﬂe bclhiftf 30 03B, HirfheASHRSiRt foPRinghfh  The
nmet hod of any one of clainms 30 to 36, further conprising using a tray

201 85199 Ol SV AESHE B ROt IRETIO N LB el
SRR I RE O R A L
tableware in the jig in a second washing liquid and ultrasonically washing the
tableware in the jig a second time at a second ultrasonic washing station of the
industrial dishwasher before the final rinsing.
10
35.  The method of claim 34 when dependent on claim 31, further comprising
recycling used water from the final rinsing for the intermediate rinsing and

recycling used water from the intermediate rinsing for the initial rinsing.

15 36.  The method of claim 34 or 35, further comprising recycling used second
washing liquid from the second ultrasonic station for use as the first washing

liquid in the first ultrasonic station.

37.  The method of any one of claims 30 to 36, further comprising using a tray
20 flipping conveyor to overturn a tray from among the tableware to remove food

debris from the tray by gravity.

38.  The method of ahy one of claims 30 to 37, further comprising washing

glassware in an auxiliary washing lane of the industrial dishwasher.



47 39. The nethod of any one of clains 30 to 38, furtherconprising
collecting food debris renoved fromthe tableware using a solid waste

di sposal Wwhubhfy/GeERr i Si Ng a top-openi ng vacuum conpact opcr®xc2hoisset hod
of any one of clainms 30 to-39, further conprising returning jigs fromthe

unl oadi ng station to the jig |oading stag%on using a jig return conveyor of
the industrial dishwasher. 41. The nethod’ of any one of clainms 30 to 40,

further conpri si recov heat. 10generated at the drying station to
heat the n@ﬁ. ng 'aoqe ?f ar"&é’napﬁlag%uf ﬂirﬁgr SQEPTYRE a@leﬁen%lq‘? dat
recovery system 42. The i ndustrial di shwasher of claim1 or claim?2, '
wherein the tabl dabHETeRoyRd g™ Gaéblayarausing s rplid wase dispodshehut¢ bl e conveyor
for conveying the tableware into 15an ultrasonic washing liquid at the

ul t rasoni ¢ washi egmstising eriop-4genidgreacumbicempactor.di shwasher of cl ai m 42,
wherein the tabl eware washing | ane further conprises an initial rinsing

station for an initial rinsing of the plurality of types of tableware
before ultrasonically washing the tableware. 20 44. The industrial

Chovenssr. ab. o ThErdhod 61309 e bhelaRhdd oY BRI AErennfiBigh | Oned

above the initial rinsing station such that water f

\é\g‘ig'/ 2% Zi)ggg CIT/S S@%ﬁ%‘f%’é’&%@@g sl?dtltoh% ’[hreI ] &Slogcgng stXYi)on using a jig return conveyor

of the industrial dishwasher.

41.  The method of any one of claims 30 to 40, further comprising recovering heat
10 generated at the drying station to heat the washing liquid in the ultrasonic

washing station using a heat recovery system.

42.  The industrial dishwasher of claim 1 or claim 2, wherein the tableware washing
lane further comprises a submersible conveyor for conveying the tableware into

15 an ultrasonic washing liquid at the ultrasonic washing station.

43.  The industrial dishwasher of claim 42, wherein the tableware washing lane
further comprises an initial rinsing station for an initial rinsing of the plurality of
types of tableware before ultrasonically washing the tableware.

20

44.  The industrial dishwasher of claim 43, wherein the auxiliary washing lane is

positioned above the initial rinsing station such that water from the auxiliary

washing lane is used for the initial rinsing.



48 45. The industrial dishwasher of any one of clains 1, 2, and 42 to 44,
wherein the auxiliary washing | ane is positioned above the tray washing

| ane suchybhaio/isader fromthe auxiliary washing | ane ispgggd20@iood@shi ng
trays. 5 46.The industrial dishwasher of any one of clains 1, 2, and 42 to

45, wherein the tabl eware washing | ane further conprises at |east one
bunper portion for tipping tableware on 68conveyor over the bunper portion
to drain excess liquid fromthe tableware.. 10 47. The industrial di shwasher
of any one @f. cl dhadndustrial dighwasher efany@yne wifi elaisa1,t2h end 4biceda mewars thieng | ane
further conprises a drying station, the drying station conprising at |east
one air knife foauxitigiyrepshing larehk positienedddbovedthe tiag dushing ddnedusthikasvater of
any one of clains 1, 2, and 42 to 47, wherein the 15tray washing | ane

conprises an autmmeawiﬁwymhidgqaﬁmu@éafoirwasﬁiﬁ%trmsi tioning trays for
nore effective washing. 49. The industrial dishwasher of any one of clains
1, 2, and 42 to 48, wherein the tray washing | ane conprises a debris
renoval portion having a water di spenser 20for flushing debris off trays, a

debris collggtio nvev.or ..for eol lectin ris flus fromthe trays, a
tank for g)col(?1 ect ;}Ré?%tgtéaf(& lé‘ﬁasf%rr()tfeﬁn%%gﬁgc o5 - ’8?$$£We‘{£?”ﬁ'§§e,m d a

i f t k to t { di .
punp_ for punping ta gv&?al;e w;scm;lg Ezge %L%‘Bler cgmpplgesva\ll?legsrt onle %&%Bgre}gortion for tipping

tableware on a conveyor over the bumper portion to drain excess liquid from the

tableware.

10 47. The industrial dishwasher of any one of claims 1, 2, and 42 to 46, wherein the
tableware washing lane further comprises a drying station, the drying station

comprising at least one air knife for drying the tableware.

48.  The industrial dishwasher of any one of claims 1, 2, and 42 to 47, wherein the
15 tray washing lane comprises an automatic tray positioning portion for

positioning trays for more effective washing.

49, The industrial dishwasher of any one of claims 1, 2, and 42 to 48, wherein the
tray washing lane comprises a debris removal portion having a water dispenser
20 for flushing debris off trays, a .debris collection conveyor for collecting debris
flushed from the trays, a tank for collecting water used for flushing debris off the

trays, and a pump for pumping water from the tank to the water dispenser.

50. The industrial dishwasher of any one of claims 1, 2, and 42 to 49, wherein at



WO 2010/ 132022PCT/ SG2009/ 000485 49 | east one of the tabl eware washing | ane,
the auxiliary washing | ane and the tray washing | ane uses a fan-type nozzle

for inprayedofPizahng coverage, the nozzle conprising negzlse26Ra06ss
configured to at |east one of: rotate and nove back and forth during

spraying. 5 51. The industrial di shwashez of claim50, wherein the nozzle
rotates-during spraying. 52. ‘A nethod of 9\/as‘hi ng tabl eware using an

i ndustrial di shwasher, the hod 10conprising: . - | oading a plurality
of types of tabﬁ%&?%ﬁ tthe gﬁ@m%‘yéﬁhlr&ﬁlap%éhq #erildary vepshige damgandgre tray ,
i mersing the tabl eware on the conveyor in a washing |iquid and o
ul trasoni cal | y wagshing lanaisessd fapvizipenarale foeinspmved sprayits pevetagenthagozeld i nal
rinsing of the tableware on the conveyor; drying the tableware on the
conveyor; and unlcosgiisigg nhzzl¢ héxds wenfipuiredim 4t fastcarwdyitate B3 métebdiktah@d of
claim52, further conprising perfermng an initial rinsing of the
20t abl eware on ttﬂ@n}c@mﬁ@/@m}b@g,ore i mersing the tableware on the conveyor
in

5

51.  The industrial dishwasher of claim 50, wherein the nozzle rotates during

spraying.

52. A method of washing tableware using an industrial dishwasher, the method
10 comprising:
loading a plurality of types of tableware onto a conveyor of the
industrial dishwasher;
immersing the tableware on the conveyor in a washing liquid and
ultrasonically washing the tableware on the conveyor;
15 performing a final rinsing of the tableware on the conveyor;
drying the tableware on the conveyor; énd

unloading the tableware from the conveyor.

53. The method of claim 52, further comprising performing an initial rinsing of the
20 tableware on the conveyor before immersing the tableware on the conveyor in

the washing liquid.

54.  The method of claim 53, further comprising washing glassware simultaneously

with performing the initial rinsing, wherein water from washing the glassware is



the washing liquid. 50 used for the initial rinsing. 55 The nethod of any
one of clains 51 to 54, further conprising washi ng gl assware sinultaneously

wi th washypaoioByse Wherein water from washing the 5gl aggwic8odomossgsd f or
washing the trays. 56. The nmethod of any one of clains 51 to 55, further

conprising automatically positioning trag& for nore effective washing prior
to washing the trays. ,

‘used for the initial rinsing.

55.  The method of any one of claims 51 to 54, further comprising washing
glassware simultaneously with WasMng trays, wherein water from washing the

5 glassware is used for washing the trays.

56.  The method of any one of claims 51 to 55, further comprising automatically

positioning trays for more effective washing prior to washing the trays.



