WO 2010/132022PCT/SG2009/000485 AN INDUSTRIAL DISHWASHER TECHNICAL FIELD This
invention relates generally to an industrial dishwasher for washing tableware, and 5relates more
particularly, ¥ 2¢/ 08k clusively, to an industrial dishwasher suitable for RSP e tableware.
BACKGROUND Due to the high volume involved with inflight catering, commercial airlines use
10industrial dishwashers to wash used tableware and associated catering items such as oven racks,
containers and carts after each flight. As shown |n FIGS 1 and 2, current industrial dishwashers 500
use pressure sprays 1000 to continuNSiNE ) 8 comprising heated water and
detergent at a conveyor belt 510 continuously moving through the dishwasher 500. Tableware 1200
and/or associated catering items 15placed 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 place BN My EFELAY(t 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 SPiaifyeuom delafstcpeiating sropuisstpial dishweshsrdps mzobisig sadetspars, ppdrting the
tableware 1200 in more effective washing positions. Furthermore, depending on the design of the item
1200, a particeiaietypersPreiauarbo Fh‘é’ifgiéifé §§§M§ibﬂ%ﬂ9nﬁé§éﬁ%l@3%¥ﬁ§he§ﬁ@t@mf@re never

effectively cleaned by the washing liquid 1010 from the pressure sprays 1000. Existing industrial
dishwashers washing aviation tableware.

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 washing the tableware and/or associated catering items of each
flight. A med¥Qe0HY Bi%&%on tableware typically includes a number of items BUESGZIEHPEYA8] Smain
dish commonly referred to as the casserole, side dishes, a glass, a cup, and flatware and cutlery.
Currently, these items are separately machine-washéd in dedicated industrial dishwashers as
described above but configured specially to handle a specific type of tableware each. For example, one
dishwasher s ¥ &eereforslatiadnbesanapriligiensinsithaligiveinss tassestinaedidiwasiedtsr washing
moderately soiled cups, flatware, 10cutlery and side dishes, and another dishwasher for washing the
main dish or 8H8E Hienrxesbingthnyablsroueiradianaseriatad artaring iteirs vithash dagklerole 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 15the conveyor belt if these lighter items
were washed iriad-8srné aisinadadlcwans ypisaly wieluderormavhsnabiseias el Analseysed for
washing associated bulky items such as oven racks and containers, and a separate cart washer is
used to wasHeaR < eearmeskigiaeddn anhrcaemels sk dishaighriesb gy ivasting centre, each

meal-set of tableware together with ' ' _ .
flatware and cutlery. Currently, these items are separately machine-washed in dedicated

industrial dishwashers as described above but configured specially to handle a specific
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



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 WBRONEIE28Rd associated items used in each flight is therefore RubSd08H82 each
industrial dishwasher already has a large WO 2010/132022PCT/SG2009/000485 3 footprint, and an
even larger space is required to accommodate the fivie different dishwashers currently used to wash all
the different types of tableware and associated items for each flight. 5 SUMMARY According to a first
exemplary adpettiticradap ryvielbargen snacssisizeivied s hercsomphisirigaftubifferentvashing lane
comprising an ultrasonic washing station for ultrasonically washing differently soiled tableware; a tray
washing lanedigityasheausiizeptiyasisih tplsashfeH whestiffgrona supearef tFhlevinae sndadsistialadher may
further 10comprise a cart washing lane for washing carts used to transport the tableware. The
tableware waitigoasach 8jebdmprise 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 15tableware before ultrasonically washing the
tableware. They auxiliary washing lane may be positioned above the initial rinsing station such that
water from thelBYEABXvashing 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 tray&craEliag lepdistasmpiararmenecty thise isarmpridedan dndiseied Bishpeshgortion for tipping

tableware on a conveyor over the bumper portion to drain excess liquid from the
comprising a tableware washing lane comprising an ultrasonic washing station for

ultrasonically washing differently soiled tableware; a tray washing lane; and an
auxiliary washing lane for washing glassware. The industrial dishwasher 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 tableware, and may further comprise a drying station, the
drying station comprising at least one air knife for drying the tableware. The tray washing lane may
comprise arMt8Made%ay positioning portion for positioning trays for more €FS&RMEWWALHihg, and
may further comprise a debris removal portion having a water dispenser for flushing debris off trays, a
debris collection conveyor for collecting debris flushed #om 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. 10
At least one of ttabltatdeayand was fiimth¢acempreseaxdigiygstshinghardeying dtae dragonipabing dane may
use a fan-type nozzle for improved spraying coverage, the nozzle comprising nozzle heads configured
to at least one dfagprne ainknifofer dagkatht tehlewlaméng spraying. The nozzle may also rotate during
spraying. 15 According to a second exemplary aspect, there 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 plurdifty BRYyweshise:lase warecrmpishamautimptivdmbiowitieningaparisirior liquid; a first
ultrasonic washing station containing the washing liquid for ultrasonically washing the tableware in the
jig, a final rhsinBP&tHeBRgsFayTifesmprs sEfedtive washinganihrias flerthitecompmiserdebaishing; a drying
station for drying the tableware in the jig after the final rinsing; and an unloading station for unloading
the tableware friGHINe pgstionks ving /vatayshwenss Erdboivoe debrisrffikaystaaleiinwasher may
further comprise an initial rinsing station for an initial rinsing of the plurality of types of tableware

contained in th&AYeEBBrEOTYRYSE e ARl Grsia dgtia f &rem(thewayatatakdonegdectiog the final

rinsing station is preferably recycled for use at the initial rinsing station.
water used for flushing debris off the trays, and a pump for pumping water from the

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 thejig 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.



5 The industrial dishwasher may also comprise a sanitizing station for sanitizing the tableware in the jig
after the final rinsing and before drying the tableware. Each jig preferably comprises a plurality of
locking leveYeO4tHIRIRMIg lever comprising a lever rotatably connected toRGEHg20¥HMHED upon
immersion of the jig in the washing liquid, the locking lever rotates due to natural buoyancy and
contacts a 10 tableware item adjacent the locking levebto block the tableware item against upward
movement, thereby preventing flotation of the tableware item in the washing liquid. The industrial -
dishwasher malhRimdesteahdskwasheaynan Sirhgr apmprisdiag initia) fispisgletiandgoaantigured to use
gravity for removing food debris from trays among 15 the tableware. The tray flipping conveyor may
comprise a firstidstgsfiteepdvaaityoriiomeneltablewges wasveitedinithe s bedomainlirasanieslioig portion in
connection with the first conveying portion for overturning the trays such that food debris falls away
from the overtuviseiagths trhlewaelisnd vaten disahy grorfiomrile finshprivagstalisris conveying
portion; or a recirculating belt passing over a roller, the roller having a 20 horizontal axis of rotation; or
a curved chutePridhlEssral edsion Hamat thealpitiatrsingsiatied.an auxiliary washing lane for washing
glassware among the tableware, and may also comprise a solid waste disposal chute in connection
with the jigPloadiR Bdiitrakdishwathes dnay i g omBrss Seiamigi g statior 6or saridzing hsllecting food
debris removed from the tableware. The industrial dishwasher may be provided with a jig return
conveyor for re@SHEdR hediarEgkmiingg wsinsend #:l9rg BEmae ARV self-cleaning
heating coil may be provided jn the ultrasonic washing station for heating the washing liquid. A heat
recovery syste 8%%@%@%#%888%?%@ fRLLY, &%‘d‘ﬁ’t&ﬂ%’%ﬁ%wgt‘é’%ﬁl&‘ﬁ@ét the washing
liquid in the ultrasonic washing station may also be provided. 10 The industrial dishwasher may further
comprise an inf&MEHR% % é%{&‘?&ﬁ%@%ﬁ%ﬁ&%ﬁ% m@tblpﬂﬁ‘elmﬁ}’eoﬁ&fﬁél%nafter

ultrasonic washjng in the ultraspnjc washing station, and further comprising a second ultrasonic
washing statio%%‘v Si‘é%%hH%fﬁﬁféﬁg%%%ﬁf’r%fsrﬁﬁﬁeﬁ&éﬂﬂ&%ﬁ%‘ﬁf%\?gr@l RS frer the
ntermedighe inging, ancReiong 0GR IRhgies  wRtek et R s nplngino 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



15is 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 OS8R Easonic washing station is preferably recycled for B§&/2CHEN 48 frasonic
washing station 20 The industrial dishwasher may further comprise a cart washing lane for washing
carts used to transport the tableware. containing thereif 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 conne€fERPES' M icelientinatepsbichrrrersioredipm flesitbrnargshing liquid, the locking lever
rotates due to natural buoyancy and contacts a tableware item adjacent 5 the locking lever to block the
tableware item against upward movement, thereby preventing flotation of the tableware item in the
washing liquid. According to a fourth exemplary aspect, there is provided a tray flipping conveyor for
use with an ind J;}}?i&%é%\ﬁa@ﬁBWﬁPWé’éHYn'@etmé’yrﬂhéﬁ&&ﬁﬂlﬁbﬁﬁ’@w@%rm&ﬁﬁ%@s a first
conveying portign for loading trays from among the tableware thereon; and an overturning conveying
portion in conn& iﬂﬁll@f’éiﬁ}%tst?é}ﬁ\?e’jﬂﬁ]@eékﬁ!f&?%% 8\¥BABrning the trays such that food debris falls
away from the overturned trays under gravity. The overturning conveying portion may comprise a
twisted con eyiﬁgsﬁsgﬁ GARIBE LIRS SRIMAL BR Presddsd v thealamanig s taing fhorizontal axis
of rotation; 150r a curved chl#$. A:fc%ing to a fifth exemplary aspect, there is provided a solid waste
disposal chute 74128 &ﬁﬁ"% RIS AIRALESSEY Fo¥ SVALTHEPBAISIRS Aor 1960 YHiRg Rethprises a

top-opening vacuum co ctor for collecting food debris remqgved from the tableware, 20 According to
a sixth exempla en%%%%%ﬁ% rgrr?é“b%%ﬁ&% tg r[?fé’fﬁ 8‘8?%%? ‘[‘éb‘ferr\%a}’ét%ﬂﬁﬁca‘ﬁaﬁm%trial

dishwasher. Thetar{}e}lhod cqgg)quise?olggg'ng a plurality of types of tableware into a jig at a jig loading
station of the industhal drshwash r, Immersing the tableware in the jig in a first washing liquid and
ultrasonically washing the tableware in WO 2010/132022PCT/SG2009/000485

10 The industrial dishwasher may further comprise an intermediate rinsing station for an
intermediate 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



8 the jig at a first ultrasonic washing station of the industrial dishwasher; performing a final rinsing of
the tableware in the jig at a final rinsing station of the industrial dishwasher; drying the tableware in the
jig at a dryinlj @&en383he industrial dishwasher; and unloading the tablewrd/ feH0HEMSaL an
unloading station of the industrial dishwasher. The method may further comprise performing an initial
rinsing of the tableware in the jig at an initial rinsing staffon of the industrial dishwasher before
immersing the tableware in the jig in the first washing liquid. Used water from the final rinsing is
10preferably re€psléiniog therminiaphnslity of hepesothdeblawgralfy bomersirgdheitibleyaheitableware in
the jig after the final rinsing and before the drying. 15 The method may further include performing an
intermediate rinigeeHauih endaaelirakity jof leckinmlevens diach losking ktestorwoprisinind detenl
dishwasher after the ultrasonic washing; and immersing the tableware in the jig in a second washing
liquid and ultras&faEahly sruIaeigdte thegigsush thetrerpy inseewsinn whidaiis kebsrwrshingsbaiddvashing
station of the industrial dishwasher before the final rinsing. Used water from 20 the final rinsing is

preferably recydfsd eskine Ipierrirsduariemuabhuesansaadieoniaste aiatieianaitemirasiagant

preferably recycled for the initial rinsing. Used second washing liquid from the second ultrasonic station

is preferably redjelas e lsaadanionksths iemgar lirmasniasiep wr sepvesaatichersiD '

2010/132022PCT/SG2009/000485 9 The method may further comprise using a tray flipping conveyor
to overturn a tréyqygmmg flotation of the tableware 1item 1n the washing liquid.

According to a fourth exemplary aspect, there is provided a tray flipping conveyor for
use with an industrial dishwasher for washing tableware. The tray ﬂipping 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 acurved 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



among the tableware to remove food debris from the tray by gravity; and washing glassware in an
auxiliary washing lane of the industrial dishwasher. 5 The method may also comprise collecting food
debris remoVéUtH #B2ableware using a solid waste disposal chute comBfdiiGHWBHEniIng
vacuum compactor. The method may include returning jigs from the unloading station to the jig loading
station using a jig return conveyor of the industrial dish&asher. 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 Heatigct3/ast siisisonioavashingstasiansefibatindystnapdishwephat, newoenisngrovided a
method of washing tableware using an industrial dishwasher. The method comprises loading a plurality
of 15 types of tdBIBLFHrENSRE t&"c@lg%‘%'fedf‘tﬂ’@ igiaufimalisheiag satiomafdhsinedistrialbleware on the
conveyor in a washing liquid and ultrasonically washing the tableware on the conveyor; performing a
final rinsing of tASERSRAE droRgikeBhirayse avhagdianrt adnanepabpnié terivdysiriaind unloading the
tableware from the conveyor. 20 The method may further comprise performing an initial rinsing of the

tableware on th&'¥BKMsEr GryRlopAing o i bleransi Srmr the figie anruiapding stsiomehihg liquid. The
method may. also comprise washing glassware simultaneously with performing the initial rinsing,
wherein wger sl IsgWaehgTassware is used for the initial rinsing. WO
2010/132022PCT/SG2009/000485 10 The method may further comprise washing glassware
simultaneously with washing trays, wherein water from washing the glassware is used for. washing the

trays, and may also comprise automatically positioning trays, for mare effective washing prior to
Y y ﬂle t[1no% may letﬁre]:r comprise perfoerng a¥1 initial rinsing of the tablewar% 31 the

washing the trays. gne
Jig at an initial rinsing station of the industrial dishwasher before immersing the

tableware in the jig in the first 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 second 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.



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 example only
exemplary eMbaitéA32 the description being with reference to the accomffaRygfaiive
10drawings. In the drawings: FIG. 1 (prior art) is a schematic side view of a conventlonal industrial
dishwasher; FIG. 2 (prior art) is a close-up side view ofthe dishwasher of FIG. 1;* FIG. 3is a
schematic perspective view of an exemplary embodiment of an industrial 15dishwasher according to
the present invdiganstbiod mpjsfartuitaonicisy osingediiay i prirgpentivey eidovaykthetrdoyrfapm
dishwasher of FIG. 3; FIG. 5 is a schematic perspective view of a jig loading station of the industrial

dishwasher of RrEMg the @B vEus to semeivraliopdedisdivaairaydettesavitivh aadiweding views of a

side table of thegéng loading station of FIG. 5; FIG. 7 is a simplified schematic cross-sectional side view
of the industrialZRs$Hiaae i Ao AV tiazy wné‘luagéans @féhhmdmmﬁeiwhérwew of an initial rinsing

station of the industrial 11

5  The method may also comprise collecting food debris removed from the tableware
using a solid waste disposal chute comprising a top-opening vacuum compactor.
The method may include returning jigs from the unloading station to the jig loading

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.



dishwasher of FIG. 4; FIG. 8 (b) is a schematic perspective view of the initial rinsing station of FIG. 8(a)
having a rotated jig therein; FIG. 8 (c) is a schematic side view of a pressure spray nozzle; 5FIG. 9 is a
schematic cYY33M&dgeRal side view of an ultrasonic washing station; FIG. F§ KE¥%-208%@%#Tiew of the
ultrasonic washing station of FIG. 9; FIG. 11 is a schematic perspective view of removal of tableware
from a liquid sanitizing bath; - FIG. 12 (a) to (c) are stAematic top and perspective views of a drying
station of the 10industrial dishwasher of FIG. 4; FIG. 13 is a schematic perspective view of the
industrial dishwabharethdd @rax ﬁm@bw@mbemy@nmsgmahuu@mwwm@@emm jigs; FIG.
14 is a schematic perspective view of a jig lift at an unloading station of the industrial dishwasher of
FIG. 4; 15FIG. 1By%)whereioeatritieope mpring éheialossharigused fanmashingsthabdishwedmay of FIG.
4; FIG. 15 (b) is a schematic perspective view of a plurality of j igs wherein only alternate jigs are
provided with a@sRIepynRAgcrRI0aIIaIYPOsitiquing teyRids maseistiemine yerspastiioview of an

alternative embodiment of a jig used
washing the trays.

BRIEF DESCRIPTION OF THE DRAWINGS
InA order that the invention may be fully understood and readily put into practical effect
there shall now be described by way of non-limitative exaxﬁple 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



20in 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 is a schematic side view of two adjacent locking levers provided in the
jig of FIG. 190248 a) is a schematic side view of a locking lever of FRETBEHNE/@MHTesponding
WO 2010/132022PCT/SG2009/000485 12 tableware item in a jig before immersion in a washing liquid;
FIG. 18 (b) is the locking lever of FIG. 18 (b) and the cdresponding tableware item in the jig when
immersed in the washing liquid;  FIG. 19 (a) is a schematic perspective view of a first embodiment of
a tray washing lane 5of tﬁéscl'h'tﬁébﬁﬁélfcﬁgﬁ isher of FIG. 4; FIG. 19(b) is a schematic perspective view
of a tray flippin conv or of the tray washing lane of FIG. 19 (a), FIG. 19 (c) is an alternative
schematic pers gﬁé@tl\§ Wﬁm@ﬂ%&%ﬁﬁﬁﬁlﬁﬁﬁ@y@ff qu:‘@@@{ﬁyﬂ&@ml@ oD &@Ehematic side
view of a second embodlment of the tray lipping conveyor; FIG. 21 is a schematic side view of a third
embodiment of the tray fHYRG 2EAHEHREARSISHS (a) is a schematic perspective view of an entry to an

auxiliary lane of Yb 8(c)isa schematlc side view of a pressure spray nozzle;
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 levérs 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



industrial dishwasher of FIG. 4; FIG. 22(b) is a schematic cross-sectional side view of the auxiliary lane
of FIG. 22 (a); 15FIGS. 23 (a), (b) and (c) are schematic views of a solid waste disposal chute of the
industrial di3HVEERESH2ZIG. 4; FIG. 24 is a schematic diagram of a heat retelS§28)¥M8FIG. 25 is a
schematic diagram of a detergent dispensing device;  FIG. 26 is a flowchart of an exemplary method
of industrial dishwashing according to 20the present inlZntion; 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 viewtdflewasttéteratine sgmbelonnanmstsonve vingshays liaid tank; WO
2010/132022PCT/SG2009/000485 13 FIGS. 29 (a) and (b) are schematic side views of a first
alternative embBHimEh{riadhadeskireisrer lel/BIS pl8vileandtbsepgaspradingsakiyware item in

10

15

20

the jig when immersed in the washing liquid;

FIG. 19 (a) is a schematic perspective view of a first embodiment of a tray washing lane
of the industrial dishwasher of FIG. 4;

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) is an alternative schematic perspective view of the tray flipping conveyor of

FIG. 19 (b);

FIG. 20 1s 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);

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 is a schematic diagram of a detergent dispensing device;

FIG. 26 is a flowchart of an exemplary method of industrial dishwashing according to
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;



FIGS. 30 (a), (b) and (c) are schematic side views of a second alternative embodiment of adjacent
locking levers and tableware compartments provided in the jig of 5FIG. 15 (a); FIGS. 31 (a), (b) and (c)
are schematOSAAHBRR of a third alternative embodiment of adjacent lockfd (@G0 deHableware
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. 1031 (a); FIGS3. 32 (a) and (b) are plan and perspective
views of another alternative embodiment of a jig used in the industrial dishwasher of FIG. 4; FIGS.
33(a) and (b) aldGEhtha)iersidb ) aessshématialtide xiresarib Gulstdterodtiveneersidgniabted/are in an.
ultrasonic washing liquid; 15 FIG. 34 is a schematic perspective view of another exemplary
embodiment of an indusadaeishleeking laversmpliogdedimethegieof Fl¢eritfo@)FIG. 35 is a schematic
cross-sectional side view-of another alternative embodiment of conveying tableware into a tank of
the industrial diEK#Wasidabi(Fl@nd el sgemainsidavicvrstasectnaltsivetive wndiatineantiliary lane
positioned above a 20rinsing station of the industrial dishwasher of FIG. 34; FIG. 37 is a schematic
perspective view of a de%ﬂ@gdé?ﬁavw%ﬁﬁdw&m%hhmg:mﬁﬁwﬁﬁmw‘sﬁﬁﬁ ghevéghér of FIG.

34; FIG. 385 isa schematlc(gelrgpe)ctwe view of a drying station of the industrial dishwasher of FIG. 34;
a

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 dishwashér 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 emb_odixﬁent 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;



WO 2010/132022PCT/SG2009/000485 14 FIG. 39 is a schematic side view of an automated tray
positioning system of the industrial dishwasher of FIG. 34; FIG. 40 is a schematic perspective view of
embodimen¥QPUHEEMRZ and FIG. 41. is a flowchart of an exemplary metiRfel6T AR A3Sishwashing
using the 5industrial dishwasher of FIG. 34. DETAILED DESCRIPTION OF EXEMPLARY ,
EMBODIMENTS With reference to FIGS. 3, 4 and 7 abdi the other figures as indicated below, an
exemplary embodiment of an industrial dishwasher 10 for washing tableware 1200 and 10 associated
inflight cateringfitem¥ i asshamati ouaviowm ebanaviamnaicditiar DBl iohinashittematiiBware is also’
described below, with reference to FIG. 26. The exemplary industrial dishwasher 10 comprises a jig -
loading station 12 as shévdysHir diskvatheefiddG drtirality of types of tableware 1200 into jigs 20, 202.
The plurality 150f types of tableware 1200 to be loaded into the jigs 20 for washing are usually
differently soiletlGuritf i srheaicRigePetredviruofambedimetisabanardee apdderately soiled, and
also the most heavily soiled main dishes or casseroles used in aviation meal-sets. 20The jig loading

station 12 prefershif tdfpleashat abaysrsrenlesr ansthnd-ofpdustia) dishwashing using the

5 industrial 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 associéted 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.ilyvsoiled 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



plurality ofjigs 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 stations 30,
40, 50, 60, MO80133292%0 in the industrial dishwasher 10. The conveyor 22HTeYeraBNONdfiTdes a
plurality of robotic WO 2010/132022PCT/SG2009/000485 15 arms 24 for lifting, lowering and laterally
moving the jigs 20 from one station to the next station \Mhere appropriate, as shown in FIG. 13, The jig
loading station 12 preferably also includes a number of side tables 14 shown in 5 FIG. 6 for placing
used tablewa)r@@@é%ﬁ@?ééartsei@wmmg bteralyamrvirgdhpiéctddj e oncatrispitosle 14 is
preferably provided with a plurality of holes 14-1 for drainage of liquid from the used tableware 1200
onto a base-pldtexi AaL1gR WBSSRRPRIBREIA, 3T p¥BdIAtE 14-2 is preferably sloped for channelling the
drained liquid into a waste drainage system (not shown). 10 From the jig loading station 12, each jig 20
loaded with tableware 1200 is preferably conveyed into an adjacent initial rinsing station 30 where an

initial rinsing of the tableware 1200 in theegg 20 is performed 204. As shown in FIG. 8 (a), the tableware

1200 in the jig 2094'SJPAREHNOMLmBr el FraliPATsHRdEt PP UpYaST S5 THE fRPI6 158hE Hhe initial

novss 35 HIOuHIE BFITATEN GHEL SRS Ty BONeR CROLT BB DRI g of te

oressure spray e 55 KoL AL oRTEFAUNF AL REHOrF SO Livagibg as shown i

FIG. 8 (c) drainage of liquid from the used tableware 1200 onto a base plate 14-2 Vof the side table

| 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
>conveyed 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 d_irectibn indicated by the arrow. Prefe;rabiy, a
plurality of pressure. spray nozzles 32 are provided on different sides of the j.ig 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‘fihsing 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.



20 in order to achieve a wave-like spraying effect for improved rinsing of the tableware 1200. The jig 20
is then preferably rotated 90 degrees at the initial rinsing station 30 as shown in FIG. 8 (b) before being
conveyed indO4 Wdd At first ultrasonic washing station 40 of the industri(dSKRMI4E. WO
2010/132022PCT/SG2009/000485 16 At the first ultrasonic washing station 40, the jig 20 containing
the tableware 40 is lowered by a robotic arm 24 into a ténk 41 containing a first washing liquid 42 such
that the tableware 1200 are fully immersed in the first washing liquid 42, 206-as shown in FIGS. 9 and
10. 5 An ultrasohiéh§eistalgrspiconashsiagtatinmBethstigzAsonieintnestia dablenargeiditates cavitation
bubbles 45 in the first washing liquid 42. The cavitation bubbles 45 burst against food debris 1210
adhering to the ‘@bt e 00ttt drecar fErsovinigine2ibod vaphing iquidAa suehdbenly
washing-the tableware 1200, 206 regardless of 10 orientation of the tableware 1200 in the first washing

liquid 42. BecalleBheviBRldd®aro b XrimmeyseArietae i washing limuding RQGiasshoamareas of the

tableware 1200_are therefore reached by the cavitation bubbles 45 so that there are no "blind" spots in
the tableware 1260°t75%4kd 9eft not cleaned. In this way, heavily soiled main dishes or casseroles can
be washed simultaneously with other lighter tableware items such as the 15cups and side dishes in the
industrial dishwasher 10 without requiring a separate dedicated dishwasher just for washing the

casseroles alone. In an alternative empodiment, of the industrjal dishwasher 10, instead of using a
robotic arm 24 fgﬁb%%f?ﬂbcjgﬁ%%’fo‘l Sqm?éggfﬁé\ﬂ‘éagﬁ{goéﬂﬁaﬁf"ﬁ BaRBIRASTS CorRASIBIES0 160

T e e NN SRS RSP ST B s oL g veshi
o against food debris 1210 adhering to the tableware 1200, thereby effectively removing
the food debris 1210 and thoroughly washing the tableware 1200, 206 regardless of
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
cassgfoles can be washed simultaneously with other lighter tableware items such as the
15 cups ahd side dishes in the industrial dishwasher 10 without 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



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, openiny® 3P thdxBfeware 1200 in the jig 20 or WO 2010/132022PC FAEEERI07G00MS5 17 trays
1202 are momentarily kept above the waterline 43 of the cleaning liquid 42 as the jig 20 or frays 1202
are lowered into the washing liquid 42, enabling the wdshing liquid 42 to totally fill the tableware 1200
or frays 1202, thereby achieving thorough ultrasonic washing by preventing entrapment of air in the
tableware 1200M6¥#r&yd21370 mementady piahovsdhsewdetheedd<iithe igsning liQudikdigs theloped
slide-up portion 163 is preferably provided in the continuous conveyor 160 for removing washed
tableware 12001’($r2t9a‘3}'st@2'®2?Rgrﬁ‘ﬂ_w’é"t\’fﬁkdﬂt%hgI&’ﬁéﬁ&)\iﬁﬁ@f‘lﬂ%%@%@%@i@k& allows
for slow pulling of the items 101200, 1202 from the surface 43 of the liquid 42 such that surface tension
of the liquid surfad® iialbnidl e dablryars 1200 onittarsidekadsehyaebisyinetborangh wis@Ec0 90 %
dryness. A slide-up 163 exit from the washing liquid 42 also prevents washing liquid 42 from being
inadvertently artPtiHA® b¥IESHRNURE SHHARSRAT rtéfhﬂlﬂiablﬁﬂ‘ﬁftallg%ﬁ&rgaﬁg@@ Yragi thop2. 15
For the washing of trays 1202, as shown in FIG. 28, high pressure sprays 32 may further be provided
for removir?g stﬁWﬁéBﬁﬂ%%Wﬁ@%Q&&W'lﬁ% &n? él%?geghi;ﬁ‘éﬂrf@ﬁ%%@o\ﬁm conveyor
162 may be provided to hold the trays 1202 down against the continuous conveyor 160 when in the
tank 41, so as %%Fé%%&?ﬂ?f’dﬂ%l ){56 GARIBUONS £OFY SHOMEOY AR e vizs b 1Al pR nt the frays

embodiment of PR ZEA VARG RAREN 0. a2 Shown i FIGS, 33 (2 and (o). e ulrasanc
transducers 44 are configured to engage a conveyor portion ’
Angled rerﬁoval of the washed items 1200, 1202 allows for slow pulling of the items
10 1200, 1202 from the surface 43 of the liquid 42 such that surface tension of the liquid
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



WO 2010/132022PCT/SG2009/000485 18 165 in the ultrasonic station 40. The conveyor portion 165
is preferably configured to convey the jig 20 containing the tableware 1200 into the ultrasonic station
40 and alsoWPSpHdIEeRE jig 20 during ultrasonic cleaning. In this embodinf&fYSPAEHN SO wering the
jig 20 into the tank 41 containing washing liquid 42, tank walls 41W are lowered 5 around the jig 20-
onto the conveyor portion 165 by arms 41A, as shown gy the downward arrows in FIG. 33 (a). In this
way, the jig 20 becomes frilly surrounded by the tank walls 41W and is contained in a volume 41V
defined by the thffkinéitsultiAbamid sheticorde Fhe pontvenot Gortadien i ligefer d& ysctadipelrdnaelled into
the volume 41V via appropriately configured pipes 42P until the tableware 1200 in.the jig 20 10
become fully innomvreg thinjip @ Avasitaigitig the 4BlchadilZaddnic thandduesrs 4thidea d0emdalivated to
ultrasonically wash all the tableware 1200 in the jig 20 via the cavitation bubbles 45 generated. A

detergent d|spen$mg)d3\ﬂmm@Mmpg&h@mmmmmmglldahmgmwﬂmﬂﬁi, assttadsbPweridgl G. 25
may be provided for adding detergent from a detergent storage container 152 to the washing liquid 42

in the ultrasoni¢hwgighifignstatiortatt Aheodttimige weadispensing ddyieekl oalls $raVeralyvwriggered by a
pH sensor 154 provided in the tank 41 or on a tank wall 41W of the ultrasonic washing station 40. In
this way, odly eararrkbidiatbentodheetergot pousen | 6hile axcesteasshofalbietigent is avoided,
20 thereby allowing the industrial dishwasher 10 to be more ecologically friendly. One or more heating
coils (not showAPwayapd ssrowe b iHihatémk n1his viaya taekiandibetornes fodl yikvasomided/bphing
station 40 so that the washing liquid 42 is heated for more efficient washing of the tableware 1200. As

a result of the dbidenkrialschlWages ivyontord/irsaoohre F13GR60ed0n0HRSank walls 41W

and the conveyor portion 165. Washing liquid 42 is then channelled into the volume
41V via appropriately configured pipes 42P until the tableware 1200 in the jig 20

10 become fully immersed in the washing liquid 42. The ultrasonic transducers 44 are then
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 shown in FIG. 25 may be provided for adding detergent from a detergent 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 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



19 bubbles 45 generated in the washing liquid 42 for washing the tableware 1200, the heating coil is
also simultaneously cleaned by the cavitation bubbles 45. In this way, the heating coil is effectively
self-cleanind"QRHHaEBescaling of the heating coil during routine maintendHcESSFAHE/ MBSt rial
dishwasher 10 can therefore eliminated. 5 The industrial dishwasher 10 may be provided with an
intermediate rinsing station 50 adjacent the first ultrasdific washing station 40 for intermediate rinsing-of
the tableware 1200 after ultrasonic washing at the first ultrasonic washing station 40. The intermediate
rinsing station Soibblsindifagineraeitivitheitvashing dieusprad)forowakkingate tabileetrgl 200y emediate
rinsing sprays-onto the tableware 1200 in the jig 20. Used water discharged from the intermediate
rinsing station SB4tgrevibisdlise piraidtasigusy wieadedbychesenvitatientiubblendihdsthiowB30thbereby
significantly reducing water consumption by the industrial dishwasher 10. 15A second ultrasonic
washing statiorbe@isigria} wedferibiel abllideaningrsediitthaiathscolmshif ghetheiing Goiladpfingher be
provided adjacent the intermediate rinsing station 50 for a second ultrasonic washing of the tableware
1200 in the jig Zoutiremaiiienaare e stk distpradsal firraprthetafpsgtioimeetbr performing a -
final rinsing 208 of the tableware 1200 in the jig 20 after ultrasonic washing. At the final 20rinsing
station 70, tlean 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 IidafREH sishwieihesol Gmay brnrrxidsd cvide anistsyrediniooinastaticn e diate

rinsing station 50 is provided, aqain significantly red_ucin% water consumption by the industrial
dishwasher 1O_adj acent the first ultrasonic washing station 40 for intermediate rinsing of the tableware

1200 after ultrasonic washing at the first ultrasonic washing station 40. The intermediate
rinsing station 50 is similarly prpvided with pressure spray nozzles 32 for directing

10  intermediate rinsing sprays onto the tab}eware 1200 iﬁ the jig 20. Used water discharged
from the intermediate rinsing station 50 (if provided) is preferably recycled for re-use at
the initial rinsing station 30, thereby significantly reducing water consumétion 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, elean 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.



WO 2010/132022PCT/SG2009/000485 20 A sanitizing station 80 comprising a liquid sanitizing bath 82
may be provided adjacent the final rinsing station 70 for sanitizing the tableware 1200 in the jig 20 after
the final rinSi¥ 208 1R82hown in FIG. 11, the tableware 1200 are preferabBGEMANY WB#BSthe liquid in
the sanitizing bath by slowing pulling 85 the tableware 1200 in the jig 20 5(hidden in FIG. 11) out of the
liquid surface 83 such that surface tension 86 of the Ii(?fLQid surface 83 removes the liquid from the

tableware 1200 with up.to 85 to 90% dryness. In this way, there is ng longer any need tq.apply a
chemical drying'xeﬂ@f'fB%B%é@?fﬂf‘(ﬁ@/WB&&B*@MrW&bﬁ%r%ﬁwﬁ‘%fa&?o?‘?‘é‘@d&gtﬁ%%ﬁ%&trial
dishwasher 10. Alternatively or in addition to the liquid sanitizin 82, the sanitjzing statign 80 may
10also employ'£ _ éﬁ?ﬁ%iﬁﬁ}b‘fﬂi?@%ﬁﬁ%@?&r@?&%&?ﬁvﬁ%l}%@M?élifé_]@%feﬂlﬁ@nﬁnal rinsing
20 containing (AT ANEA SIS ThElonyeEcr S o A5 ST DTS S8 TS being 15
blown by hot aif.emanating horizontall from a side air knife. . The jig 20.is.then.prefe bly rotated 90
degrees as sho[}ﬂ’ﬁnl 1&%‘%%?3%(? %}érﬁyg%gmﬁ& lénﬁ)%lszgll% ﬁ’it%zeg%rgslgﬂ%\rfr? 1%# 512(0) such
that the takleware, 1200 ergqes further.drying 210 by hot air.emanating downwards.from the top air
e 54, 20 A ORIV < B o e B B RS R g e

generated at the doying.S{aon 940 Hech e ARG IGH SR SH e BSRTE pslng, statior
. e at ex thdat uses

40 or stations 40, eat recovery system may comprise a he changer eat
channelled from the dryi tatio f%Q 8 ' g%% Q%@P g Arraws) to heat water that isAgvided to
the ultrasonic vr\%lssh%% #ﬂ%gé%%r} 5 %%Ilg, 22 O% if%S ¢ W@y é] i3 tW% (}% ¢

of the tableware 1200 in a drying station 90 of the industrial dishwasher 10.

Alternatively or in addition to the liquid sanitizing bath 82, the sanitizing station 80 may

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



21 stations 40, 60 (direction of water travel indicated by single arrows). Energy consumption by the
industrial dishwasher 10 is therefore reduced. From the drying station 90, the jig 20 is conveyed to an
adjacent unNSQAKRY/A834Bh 100 5 of the industrial dishwasher 10 for unloadiRgH¥&2IEUPEYSAN dried
tableware 1200 from the jig 20,212. Emptied jigs 20 from which the tableware 1200 have been
unloaded are preferably returned from the unloading stition 100 to the jig loading station 12 via a jig
return conveyor comprising a portion of the conveyor 22 (hidden) that runs beneath the other stations
90, 80, 70, 60, 5B20s 48 gpt(@rﬁfdwﬂ§m§ﬁ\x¥a§ﬁemi@9m&wglgamﬁ%sm Ene12y 3 indicate the
general direction of movement of the jigs 20 .in the industrial dishwasher 10 as conveyed by the

conveyor 22. THESHBRIRP¥ o destr pletishimsheicldde sheptersredocadving a tableware 1200

detection sensor 104 for detecting any tableware 1200 that has not been 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 ofa
tableware 1200 item in a jig 20, the sensar 104 triggers the conveyaor 22 to stop moving so that an

operator may reéfSue e ARERRIeM S dta HdsitPateretdranatipnty teedhectalion 1% e sensor
108 of the g 1ELBS TESRFRHGURTRRIES D40 P RS FALRAFPBFA FEL LS (OB B ORdor o
Dloralty of el Sbellfo RRAE HFRAD 1HEP A GrUHEFo RER AT b400 Bt OB P e Abbng anc
tableware tom P U0 6 RO BTG L PO oD O A I RSO IGENB MBS 22
s 1o 20,8 S0 S0, SRS O el

other stations 90, 80, 70, 60, 50, 40, 30 of the industrial dishwasher 10. Arrows shown

10 in FIG. 13 indicate the general direction of movement of the jigs 20 in the industrial

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 mbving 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 pf 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



5 washing in the industrial dishwasher 10. Each jig 20 is preferably configured to contain tableware
from twenty inflight meal-sets. Preferably, one compartment 25 is configured for containing one
tableware it%R 19190 33&%in. Each compartment 25 is preferably a generallJ©pBea284e&0#HEing
minimal supporting structures for propping up a tableware item 1200 contained in the compartment 25,
so as to reduce weight and bulk of the jig 1 0 20. A cut?@ry and flatware holder 26 may be provided in a
jig 20 for contairfin cutlery and flatware to be washed. The holder 26 may comprise a simple basket
placed in the ji& 5‘6%?—1}&]%% ) shows how the cutlery and flatware holder 26 may be provided only in
alternate jigs 20A among the plurality of j igs 20 used in the industrial dishwasher 20, so as to provide
more overall space in all the jigs 20 for containing tableware 1200 to be 15cleaned. An alternative

embodiment of the,jig 2Q i own.in FIGS..32 (a) and.(b), wherein the cutlery and flatware holder 26 is
A o ) e b e e o R i reatve

integrated in the Ji% asrows o nts on one'sid

bodi t of the ig. 20 is in FIG. 1 . The alternative 20 ji has d floor.
configured as 1N A AF I Aok P A B AR Y A A 1360 m each row

. h [ . i 2 ferabl fi d h
21 As shagn I 4G, 16 G SATRRITREIS 851 ' -(ans PLrace pipleigblv confiaured to slagoer the

en rows SO as to maximise€ surface exposure 0 ableware 1200 to

2010130002 LU EEORaA i AR AT AR b R iy, M R R ol 16 o
and (b). This isgig &Wﬁﬂﬁ%%@&?ﬁl&%‘@ 8{Eg?ﬂ%%"?géﬁﬁi?éﬁ%}éﬁ%‘;@?ﬁ?k&?&ij&aﬁl [eby

minimizing liquid collection-at oor of the jig 20 and facllitating ome compartments 25 in

the jig 20 may gorupiiaFsay Slats facuashingkiipyaal Aiferenl R, Rize8: W aihes sampariments 25 in

the jig 20 may comprise pockets configured to contain porcelain tablew ch as those used by

first class passgagersoManaiabieware damartahuseddnligiatk Made balrsHRSHRD s melamine

that is buoyant in water Each jig 20 is therefore preferably provided with a plurality of locking 10 levers

27 configyped teologk: e AAIRVARG A2 M Wi msgig JeiBEa YR llosyiRR Qldfgniablawers 1200

when the jig 20 is immersed in the washing liquid 42 of the ultrasonic washing station 40, 60. In a

g\i?rzr?d emboglimeativatdg B wilheaCTHUBRAIIE lag 2 Srpid despiO R IR BRReAStiNgocking
jig 20. FIG. 15 (b) shows how the cutlery and flatware holder 26 may be provided only
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 ineach 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



15 An exemplary 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 leveWVO724 }1é#8?23bly rotatably connected to the jig 20 at its pivot pdifTAE-3408M8MAESn 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 contaBtaiREaangulasItwasairmingoesatierenn FkGBcking)@ndr(by. Fhisistmpartment 25,
thereby blocking the tableware item 1200 against upward movement in the washing liquid 42. In this
way, all buoyaritiasAE2 oheraictwiestnerlaAtrrEde ey wfobe §8.2heprbyented from
floating to the surface of the washing fiquid 42 during ultrasonic washing and kept fully immersed in the
washing liquid Z3nEnéiagliadreriicimas Shadlaeiefitee diare adi&eilitating drengiSemgive
embodiments of locking levers 27 to prevent flotation of tableware 1200 when immersed in the
ultrasonic wasfiNgHRLRFRY %?e‘%ﬂ?ﬁ/ﬂg iRORmeBcoupEee ARy stotsfor wathine trasthvel diffsB@iment of the
locking lever 27 shown in FIGS. 29 (a) and (b), the pivot point 28 of each lever 27 is raised on a rigid
stalk 28S that iS5 IR E@VWH@FF{H%%)@“Z@‘%JIS 8108 HoMRE SRRk Rmlisured el the liquid
level 43 rises, the 10Qlocking lever 27 floats as a result of natural buoyancy of the locking lever 27 and

rotates about it€PIRBAFCDRIBRRIswae SAAER Anthess et By RSt RASBE g 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 embodjment is_prefe 15 tapered for easy disengagement from the tableware item
1200 after wasm%, #?elg%%{g)% L?Brg'l‘é%f YeRvaredBa ?t)?#lﬁ’ %W&iﬁﬁr@?}&maﬁg‘?ﬁ‘énsure its

buoyancy in the washing liquid 42. In.second.and. third alternative embodiments of the locking lever 27
shown i FIGSPH0 SB(E) AR FA Ly Brod PSS BPRRCREC) S SR AP IS 91 G o
simple 10 levers 27 configured to lock the tableware 1200 within the jig 20 to prevent flotation of

the tableware 1200 when the jig 20 is immersed in the washing liquid 42 of the
ultrasonic washing station 40, 60. In a preferred embodiment of the jig 20, each

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



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. BRRAAUBENPY lever 27 is configured to work with a specially coP§igHet &8 are
compartment 25 as described below. WO 2010/132022PCT/SG2009/000485 25 The specially
configured compartment 25 generally comprises a con2gartment item support 25S for supporting a
tableware item 1200 placed in the compartment 25. The compartment item support 255 is generally
horizontally dispeseatahdreoiflapting éo e wofacethé thy peshingdomidatnderingiubitgsoinit 25P. The
specially configured 5 compartment 25 preferably also comprises a compartment backing 25B attached
substantially pef{sehiae:ansrkers fadyconmeired éntheweshingdiaps 9 3de keswinththeugtbldiwesenitem 1200
generally upright in the compartment 25. Each specially configured compartment 25 may further
comprise an up‘é’f’e?h&&@@é‘ﬁ/ﬁ@éi%éﬁ Fi%OQSL on an opposite side of the compartment item support 25S
to which the compartment backing 10 25B is attached. The compartment lip 25L is for generally
keeping the tableware.item 1200 within the compartment. Finally, each specially configured
compartment 25 comprises a compartment floater bulb 25F for causing rotation of the compartment 25
about its pivot peisTESme sahSESHf lorkinerlsysrd THe waxemhgoigtionf tadesrwn2A0FIG. 31 (d),
the compartment floater bulb 25F preferably comprises a simple 15 hollow rod or cylinder having a
lower density thEPIHERSESHh P IHERI s o ¢Rashine gt frar0 shawBdaifEs: 290dhandREs. 30 (a),
(b) and (c), the compartment floater bulb 25F is located between the compartment item support 255
and the compa%ﬁ?bﬁ&%’ﬁ%@ﬂ%ﬁ?ﬂ%ﬁfé@d%ﬁf& levgerdshownie KSshing (marda)42, the

curved arrow in FIG. 30 Sé‘b}}}%wf how the compartment 25 rotates about its pivot point 25P as a result
of natural buoy XS R S ﬁﬁf@d?ﬁ%‘a%@r‘%ﬁﬂﬁ%?niﬁ rigid stalk 288 that is fixed to the jig 20.

When the jig 20 is lowefed into the washing liquid 42 and the liquid level 43 rises, the
10 locking lever 27 floats as a result of natural buoyancy of the locking lever 27 and rotates

about its raised pivot point 28 as shown by the curved arrow, thereby engaging 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.



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 washi@ Y 3#928nd the curved arrow in WO 2010/132022PC T/SESF68/8010/485856 FIG. 30
(c) shows how the locking lever 27 then rotates about its pivot point 28 as a result of natural buoyancy
of the lever floater bulb 27F in the washing liquid 42. THe rotated locking lever 27 engages the tipped
tableware item 1200 as shown in FIG. 30 (c), blocking the tableware item 1200 from upward movement
and preventing Thefpesiallyiconhisargd spmpariaiaat 2. ganerallyicarandpaatompissatnidienshown in
FIGS. 31 (a), (b) and (c), the compartment floater bulb 25F is provided at an upper end of the -
compartment bS8RAY 258 e REPaREngRIabis WasE fdse e Shednasd ndbarrmRaiement 2hellkscking lever
27 is immersed in the 10 washing liquid 42 and the curved arrow in-FIG. 31(b) shows how the locking
lever 27 rotate SABBRETRSHVSTHMRPIE 235t gsperainhnitzepatly dnretdradaottaiiater bulb 27F in
the washing liquid 42. As the jig 20 is further lowered into the washing liquid 42, the compartment -

floater bulb 25U LEMPEHH S EhACRIB2IEE M BH GRS Al s LB sRerIANE SAIEEHERS d 42 and the
curved arr;%tw in FIG. 30 (c%oigows how the 15 compartment 25 rotates about its pivot point 25P as a

result of naturaPHBYEMSP ot HEHERIIE AR FOMBERSS BABDRE RN ARy Rfiached Rotation of the

compartment 25 {ips the tableware item 1200 towards the rotated locking lever 27, thereby locking the
tipped tablewar&' aigopé&ﬁﬂgﬁﬁéﬂr%f&gﬁ F@&R?ﬁ%%trlm%%ﬁﬁﬁﬁ KERBI&HRA in the

washing liquid 42. In the third rnative embodiment, the tableware 20 item 1200 rests against the
compartment flﬁai'gg‘rhlﬁ{ﬁﬁt%ﬁg\ﬁﬁe%eﬂ%a 1oy BOriERG R PSS TRRASHR R i(ljl':%}?s@Sﬂf’a\t LY as

compartmen TBAIEHBUTS S35 FFOLHELES SNISE S8 SRR BBRIBER e TabianAPe tom 1200
and the Compa&%gg g I%%%egp tlllllg c%?r'fp’a%t?n%rslttl e‘?ﬁ'?@ﬂﬁ?ﬁdﬂ ?% which the compartment backing
10  25B is attached. The compartmenf lip 25L is fof generally keeping the tableware item
1200 within the compartment. Finaliy, each specially configured compartment 25
comprises a compartment floater bulb 25F for qausing rotation of the compartment 25
* about its pivot point 25P when the Jig 20 is lowered intb 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 (¢), 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



WO 2010/132022PCT/SG2009/000485 27 Preferably, the industrial dishwasher 10 further comprises a
tray washing lane 120 comprising a tray flipping conveyor 121 that uses gravity to remove food debris
from trays 19§228Hd#Y3Re tableware 1200. In a first embodiment of the trabARESMAYP2MEE or 121
shown in FIG. 19 (a), the tray flipping conveyor 121 (the rest of the 5industrial dishwasher 10 being
hidden) comprises a first conveying portion 122 for loa2ing the trays 1202 thereon. The first conveying
portion 122 is preferably placed directly above the jig loading station 12 so that operators may, at a
single location, f&6d ¥ te)\shows heynihe heckingdewén2 e thew ratignstabdetidsevotoptint R&asenveying
portion 122 and also load remaining used-tableware 1200 from the same meal-set into a jig 20. 10The
first conveying Frstibaf matuel froyenciphihg lever/Byaien bulbs2dbrindbeowashingiriqeiddtdf Bhavisted
conveying portion 124 of the tray washing lane 120. The twisted conveying portion 124 is configured to
-flip a tray 120X¥ated leskingistionefeagages o tipmsddablanaraitsted 2dheeghaypdniBiG139 (s), |
connected to a second conveying portion 126 of the tray flipping conveyor 121. As shown in FIGS. 19
(a) and 19 (b), tekingthsdphigraridere 1290 fromaipprdmpyreeatand pueasntne-s drivdging belt
122B, 126B supported on either side by two side rails 128P, 128Q that extend throughout the tray
flipping Cor'f\/eymel‘ﬁis% 5fBHE #Re entire tray washing lane 120. At the first conveying portion 122,
the two side rails 128P, 128Q are oriented such that 20side rail 128Q is on a right side of the tray
washing lane 120, as shown in FIG. 19 (b).

In the third alternative embodiment shown in FIGS. 31 (a), (b) and (c), the compartment
floater bulb 25F is provided at an upper end of the compartment backing 25B. When the
jig 20 is first lowered into the washing liquid 42, the locking lever 27 is immersed in the

10 washing liquid 42 and the curved arrow in FIG. 31 (b) shows how the locking lever 27
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.



At the twisted conveying portion 124, the side rails 128P, 128Q are twisted, preferably also upwardly,
such that at the second conveying portion 126, the side rail 128Q has come to be on the left side of the
tray washindV@R814282022ays 1202 placed face-up on the first conveying poP&drS G208 TS
overturned 1202T as they are conveyed through WO 2010/132022PC T/SG2009/000485 28 the
twisted conveying portion 124. No belt is provided betW&en the side rails 128P, 128Q at the twisted
conveying portion 124 as shown in FIG. 19 (b), so that food debris may freely fall away from the
overturned tray®efoablyrtbe inghastiiglali Sivasireinl 6 fsrther @ympoise datrjsvisshiafeiaisly 2hannelled into
a solid waste disposal chute 130. In 5FIG. 19 (c), the twisted conveying portion 124 is hidden for better
clarity of the ovepmprisg®? they tfippingoonvesios Riethatriusdsteagsity202Treye food dobrisifrothrough the
rest of the tray washing lane 120 on the second conveying portion 126 far similar pressure spray
rinsing, ultrasorif@xsdgRmhameasithariabiewanmirglasline fiest whbiedimpie whike 1200lipning various
stations 30, 40, 50, 60, 70, 80, 90 of the industrial 10 dishwasher 10. A second embodiment of the tray
flipping conveyseneeyes shbapmoAnd 180 LAt kitha srapefinpire conivryend Usebcsorssiphithe
corresponding features. In the second embodiment, the tray flipping conveyor 121 comprises a -
recirculating befdvatral dishrasherud heing higdsva camprie & st romysy g:restier d 28 in parallel,
each roller 121R rotating about a horizontal axis, such that the conveyor 121 has an upper portion
121U and a lowSAH8&ids F211 129aghsstaard hoflshromrryinRaCtpEgl AR ismisieablaIBlg e belt
121B. The tray holders 121H are configured for securelg holding trays 1202 placed on the belt 121B to

prevent the tray&SEeoBy 3hoNs thndg lnrdimestation 18 s that gretrigrs Mayoat asinglslRfaisrslerdone of

the rollers 121R from the upper portion 121U L . )
a tray 1202 from a meal-set of used aviation tableware onto the first conveying portion

122 and also load remaining used tableware 1200 from the same meal-set into a jig 20.
10 The first conveying portion 122 of the tray ﬂipping conveyor 121 is connected to a first
end of a twisted conyeying portion 124 of the tray washing lane 120. The twisted
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



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\W9310d2 B oved from the upper portion 121U to the lower porXi6l/SG20¢ A4 8Pay flipping
conveyor 121, the trays 12021 are WO 2010/132022PC T/SG2009/000485 29 overturned and food
debris naturally fall away from the overturned trays 12QR&T as a result of gravity. After being overturned,
each tray 1202T is then.removed from the tray holder 1.21H that is recirculated back to the upper
portion 121U oftlieswisted 20Bveyimgpeetiomidd iy H2OR Tisthded detweye ththsileghith 28R} of the tray
washing lane 120 for 5further pressure spray rinsing, ultrasonic washing, sanitizing and drying as
described abové23Qhirthe mbistdihvont e ittgepwetioflipRhes shovayior FIZL 19 shpwo timFiGhd2ikbrith similar
reference numerals used for similar corresponding features. In the third embodiment, 10 the tray
flipping conveyaray2frechi{phseazdreto vheinyecommed imayp d 2T 12dEr gravisiesnsbewmys FID2 up to an
open drop-off 121D at an upper end of the elevating conveying portion 121E. The elevating conveying
portion 121E préfbliped dgintets arcdeipbliahagrsbled asingaicewasto kbistoaal mhuiehbitzdntal 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 cérveflﬁui@ 21 the twistedroenyevingreptian s2donfiadden fior dattrs elaciytedyhe202T 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 cm’@&ﬂmmﬁ%}ﬁfagﬁﬁoﬁ%qwmqu 1¥82isgnahen rotipuetheonalys 1202T
are guided through the curved chute 121C and overturned therein, food debris naturally fall away from
the overturned thyisst o6 she sy washingdarglaep By ssesndispisyinaparppmi2édaveipilan that
uses mainly gravity to cause food debris to be removed from overturned trays, energy consumption is
thus reduced wRESSSESPEREARSIDSiNTESARS vthnsormiiang s drxing s bedesirsiReems that are

placed

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



WO 2010/132022PC T/SG2009/000485 30 directly over face-up trays and that rely on high vacuum
suction strength to suck up debris from the face-up.trays instead of having the debris fall naturally away
from the ov@¥R A& #2822 12021. In addition to relying on gravity to removeR63M940d#a the trays
1202, water 5recycled from one or more of the rinsing stations 30, 50, 70 may also be directed through
pressure spray nozzles 32 to spray food debris off the 28ays 1202 prior to further washing of the trays
through the rest of the tray washing lane 120, as shown in FIG. 21, again reducing water consumption
by the industriabdistmvedherdifood Gl¢tsis mawralty F43 Swag {@natic 32etb)rred aaydid2P2iaahang lane 140
may further be provided in the industrial dishwasher 10 for-washing less soiled tableware items such as
glasses 1204 aresidt dflgkarims dtatbeing veertamics), kakbataygl 202Tain trenatonPreddirabhthatrantry 144
into the auxiliary washing-lane 140 is provided adjacent the jig loading station 12 so that the. bulk items
or glasses 120Ahdtden 13 thatdb setzoflateihbark 16 ttholoprercpartiprbB2[0d dé dhintsehuRiliBryl igs 142 by
the same operators loading the tableware 1200 into the jigs 20, and readily passed into the auxiliary
washing lane 140erfuraesideayal}62Tia therreofiyerestithtpughtiba et afdhramicureashingdanefbildating the
auxiliary jigs 142 with the bulk items or glasses 1204. 20Rollers 145 may be provided at the entry 144
and exit 148 of fwdhguRNCAPYTR SRFAY Fsme (WO Fsrmaa syaphink: AaHiangand dxiingaiglsscabedto and out
of the auxiliary washing lane 140 respectively. The auxiliary washing lane 140 may comprise a
recirculating coﬁ%‘gfor'lﬂ 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

A third embodiment of the tray flipping conveyor 121 is shown in FIG. 21 with similar
reference numerals used for similar corresponding features. In the third embodiment,

10  the tray flipping conveyor 121 comprises an elevating conveying portion 121E that
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



WO 2010/132022PCT/SG2009/000485 31 water and detergent, followed by spraying with a sanitizing
spray 150 and a final rinse with deionized water 152. Washed bulk items or glasses 1204 are then
passed throBW§h2818AAMESection 154 of the auxiliary washing lane 140 that BraiefaRP@8Mptises a
plurality of high temperature air-knife blowers 156 for blow-drying the bulk items or 5 glasses 1204
before they leave the auxiliary washing lane 140 throufh the exit 146. The industrial dishwasher 10
may also be provided with a cart washing lane 110 adjacent the auxiliary washing lane 140 as shown
in FIGS. 3 and diraukky exer fasetindravsand had iy medred McuBsrinmsgsneivs 14K dPtrolleys that
are used to 10 transport a plurality of meal sets of tableware 1200 therein. The cart washing lane 110

preferably comp#¥as For b Ecsfupisnyg asiaahefihavingdhadelrsdmibnanealy spmbionditergent

washing station, an iritermediate rinsing station, a sanitizing station, and a final rinsing station. A
fast-drying stat®¥eH4eEsd frsretZBRlalso 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 BAUHEBNLR AR RERPSBBIOTEHIERAY FriRfd ARDELIEOPA FBe158Y 42tHe YW8!fEading station
12, the tray flipping conyeyor 124 and the entry 144 of the auxiligry_washing lane 140. Collection trays
134 20 leadling rﬁ‘%ﬂﬁ##éﬁ?&?’f)ﬂe@‘ﬁé’ 9%%‘8?6\%8’9@@ \@/Fbaéi ???é’ag&féﬁet‘étﬁiood debris
onto a debris conveyor 135 for depositing infQ the top-Qpening 13 cuum ¢ actor, The debris
conveyor 135 rHH)‘? R HTE g ﬁé‘r‘? %S;g? é‘nwag?é)%%ésgﬂsoﬁ%%}%@%&ﬁ the
dotted arrows In Fl: 2210 19 PeAraInp N2 YaRte ranage Y55 Tob3%: shown in FIG. 21,

again reducing water consumption by the industrial dishwasher 10.

10 As shown in FIGS. 22 (a) and 22 (b), an auxiliary washing lane 140 may further be
provided in the industrial dishwasher 10 for washing less soiled tableware items such as
glasse'é 1204 and/or bulk items such as oven racks, reheating containers 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;;n 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



WO 2010/132022PC T/SG2009/000485 32 Jig detection sensors are preferably provided at each
station 30, 40, 50, 60, 70, 80, 90 of the industrial dishwasher 10 so that each station is only activated
to perform i AeHeAEE%unction upon detection of the presence of a jig 20 B¢ T 28e048%on exit of
a jig 20 from a station, the station stops its process. In this way, usage of energy, water 5 and ,
detergent is minimized, and greatly reduced comparedto the non-stop washing action of conventional
industrial dishwashers 500 as shown in FIGS. | and 2. Another alternative embodiment of the industrial
dishwasher 300vajad cadrilsser grsibiodnwv ey speayingri@is a 3anitiziog wprasel af end Bfinaliciaiss direction
of movement of 10 items to be washed. A corresponding alternative method 400 of washing tableware
is also describetitedsinmizat vaterdride Yoashal gk Hemksczlasstisncldzoe betpaned dwengh a
dishwasher, instead of loading the plurality of types of tableware 1200 into jigs and using a plurality of
robotic arms fofTiEseet9Blafind heewxidianyvarbingd ape jifs therarefrsablatrameriseother, the
tableware 1200 is placed directly onto a conveyor 360, 402 that moves the tableware 1200 from
station to statioPfuraliiyo§highismpseatus aipkife Waswsnicl Mabenmostdiving 4bombsdtemsuttrasonic
generator 20 344 generates cavitation bubbles in a'wash_ing liquid 342 in a tank 341, the conveyor 360

is configured todRssespRi Sfieredhsre layg Bisrapribinng wasbmedaneddaivmewsibnexi! t: 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 washipg liquid 342, thereby WO 2010/132022PCT/SG2009/000485
”}%esm(ru%u'i%] (918 washer 10 ¥nay also be provided with a cart washing lane 110

adjacent the auxiliary washing lane 140 as shown in FIGS. 3 and 4. The cart washing
lane 110 is configured 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 .tc.) 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.



33 achieving thorough ultrasonic washing by preventing entrapment of air in the tableware 1200 when
they are immersed in the washing liquid 342. Similarly, a sloped slide-up portion 363 is preferably
provided in ¥NE e(it$aeA%s conveyor 360 for removing washed tableware 1Z6F//EAGHEP4RK 341
Angled removal of the washed items 1200 allows for 5 slow pulling of the items 1200, 1202 from the
surface 343 of the liquid 342 such that surface tensior3éf the liquid surface 343 removes the liquid 342
from the washed items 1200. An anti-flotation strip. 348 having a submerged portion 349 in the tank as
well as angled P&rieiRsioaPeRpIR AR PTEeRPYgRHIdRd st tafihs i emAl del S8 R idhelof the |
conveyor 360 is preferably provided to prevent light plastic jtems from floating 10during ultrasonic
washing. As Wﬁh%ﬁﬁ‘@%é’ﬂ%%ﬁ spéhpicashistrtirmivasherctkatsdite RRERTEStation 330 is
preferably provided before the ultrasonic washing station 340. At the rinsing station 330, the tableware
1200 on the coﬂ?ﬁéﬁaﬁeéébf’@@ara@%%mﬁv%ﬂfghﬁa@sm Abhdig 18 Piiahinpuepbnanediphy
nozzles 332 befqre beé':lr_ug immersed jn the ultrasonic washing liquid 342 at the ultrasonic washing

station 340. Pr8gFFA HIEErM N FEIIGB SBRSHE RISSEEy R 48D Waw spasn g &p PBiEhg the

tableware 1200 in more effective washing positiops. A final rinsing station is preferably also provided
for performing ﬁlﬁn SUPReSg O RELS \%ﬁ?legiefé% 5‘?%398 RIS 38 Shapenaier WS i&sonic 20

washing station 340. Eor more.effective remoyal of gny r ined}é‘i) id from the tahleware 1200, one or
more bumper paoc}f%hgf%%vﬁfgip Bge] v 8%%&%‘ ﬁ%@%ﬁ%é g’f"dﬁp%)%%a?eai@c tions such as after
an ultrasonic washing station or after a rinsing station where removal of WO 2010/132022PC

T/SG2009/000485 34 excess liquid may be desirable. The bumper portion 380 preferably comprises a

rased hump 382 AN & G LRI QYL IS TS SRNYRYR 00 BAp SR S AR
and illustrated in FIGS. 34 to 40, where arrows 3 indicate direction of movement of

10 items to be washed. A corresponding alternative method 400 of washing tableware is

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



tableware item 1201 goes over the hump 382, gravity will cause it to tip forward, thereby draining any
liquid that may have been trapped within the item 1201. 5 FIG. 36 shows a portion of the industrial
dishwasher WORNREAZA auxiliary washing lane 350 for washing glasswar@4P84280p888hed directly
above the initial rinsing station 330 so that pump motors used to generate sprays of washing or rinsing
liguid may be shared, thereby saving energy. Furthermigre, by placing the rinsing station 330 10 directly
below the auxiliary washing lane 350, run-off water from the auxiliary washing lane 350 may be
channelled by s‘%ﬁ%‘émﬁg thereugh 2liasonirewashingdrs mreventingentinpmens eftiain i8 3beliatbewareeating a
flushing or waterfall effect, thereby reusing the run-off water on the tableware 1200 to reduce water
usage at the rins799 2BgR Hegerammssedimbrcnasbivaligridin? Giendediiaplapashstideame 350 to the

rinsing station 15330 also acts like a water curtain to minimize heat loss between the auxiliary washing
lane 350 and thRPFHREI dtstRIRTSEO X PaRaided ladhsreatiRy BB eruayrsrasatiyr apseopingiveshed the
rinsing station 330 below the tableware 1200 being rinsed, and positioned such that water overflows
from tank to 20f8RIEYREE dit Q8RR Rla Yy -ahrsled semepababths ashpd g b20Acomwefrof the
items being rinsed as indicated by arrows 3. In this way, relatively cleaner water overflows into _
relatively di tierﬁi?é‘fé? Lt EGBI (400 B2 F&%%@\/R@Md@\d% A2 susitetbibn tanks
332 may thus be reused fqr ringing the tableware 1200, such that relativeg%si{iﬁrtier water is first sprayed

onto the items TY0B°SRAOPST 1B714DH9 seidase S tsornbpbihsd ignidhad2 dirmrbsgreshedritemsg station

330 and relativ leaner water is sprayed |ater on, thereby maximising usage of water without
compromising ﬁ%@.&] Any-tlotation strip 34 ahavmg a submerged .port10n%49 in the tank as well as

angled portions corresponding to the sloped slide-down 361 and slide-up 363 portions
of the conveyor 360 is preferably‘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



FIG. 37 shows a debris removal portion 370 of a tray washing lane of the industrial dishwasher 300. A
low pressure transfer pump 371 is provided for pumping water from 5 a tank 372 up to a water
dispenser 3% TH&/18HRB72 is positioned below a tray conveyor 390. The RaletcR8HENId$R73 is
positioned above the tray conveyor 390 so that water flows out of the dispenser 373 onto trays 1202 on
the tray conveyor 390 under gravity, thereby flushing dbris 1210 off the trays 1202. Directly beneath
the water dispenser 373, the tray conveyor 390 may be angled so as to tilt any trays 1202 10 thereon-
for more effectiCERSIIEILMAY ﬂ&%}ﬁmﬁ@mﬁ&mﬁ&%&%ﬁeﬁn@w@@%% rgestis

collection conveyor 392 is preferably positigned between the tray conveyor 390 and the tank 372 so as
to collect debrigﬁrﬂé éia&%ﬁe%ﬁ‘ﬁ‘%;@f@ e Syetnahich the sPRVEXRF AR BAES S0 HeidRsposal chute

393. The debri llection co or 392 shaquld be perforated, such as a mesh, so that water may pass
through and 15@568%86{8@ Eg&%@?gﬁﬁ‘?f%ﬁcﬁb‘ﬂﬁa o STpib Al sanse didp e ®sio be reused.
The debris remgval portian.370 therefore eliminates the use of conyentignal high vacuum suction to
remove debris *%Sfﬁ%é'ﬁlé%gl%;%?i%ﬂ;ﬂﬁéﬁtﬁ 8ﬂﬁ’é‘?ﬁﬂé’§‘fﬂ§rﬁ%ﬁ\)\}8§hg%o, instead of

using a chgmical 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 adheringtoth rface of the items 1200, 41 shown by the curved arrows 4 indicating
dispersal of wa%géd?g?)ﬁlfé?gv 38POMHE %%%ﬁi‘é‘y@é%@?{iﬁé*’ﬁ\’@ﬁlﬁrrgg&}?%%ﬁ BV R g force to
"cut" water fro faces of the jtems bej ied, .WO 2010/132022PCT/SG2009/000485 36
thereby eIiming%%e%ﬁg Use. cg)‘?%ﬁérﬁll%%ﬁgagre ﬁggﬁ% 8?3?1% e ?lge%ﬁge.c Ytg% ‘r’}?iﬁbe, ‘{ﬁlg‘}?é’}ﬁg“ﬁoo can then

be unloaded frg@}&;g@gggﬁtﬁé&g 41§to| na %t{gn ég e[g@g%igr@%g% ; ‘%a%ﬁglléar}/ r\lt\llleslf,g%irlnggllage 350

above the rinsing station xiliary washing fane ernati fy)/ ora bositioned

above the tray may be shared, thereby saving energy. Furthermore, by placing the rinsing station 330
10 directly below the auxiliary washing lane 350, run-off water from the auxiliary washing
lane 350 may be channelled by screening pans 352 onto the tableware 1200 at the
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 stétion
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



5 washing lane so that run-off water from washing the glassware 1204 in the auxiliary washing lane
350 may be used to wash the trays in the same way that it is used to rinse tableware 1200 as shown in
FIG. 36. ThAV@RP WASHIRY lane may include an automatic tray positioning pBHIBHE8MINeRY an
automatically guided slider as shown in FIG. 39 so that trays 1202 of different shapes and sizes may
be positioned or flipped up for more 10 effective washiy. The slider preferably comprises three
conveyors 321, 322, 323. The first conveyor 321 is.positioned horizontally and transfers trays 1202 that
are lying flat orflésYreo sbiesied Hsrriayoe 3tatienatie andretpdveln alanary. Wy dsSPowy sd et angle on
the second conveyor 322 against stoppers 324 provided on the conveyor 322 are then "fed" onto the
third conveyor $iehy Maximing HeeeRyPl tHaten vathew empremising spsigoi Estsmesntally, because
the trays 1202 are approaching at an angle from the angled second conveyor 322, the trays 1202 :
come to rest orf e fﬁ?&%@gﬁbﬂgmvahp&m ddainke prepeashinglsoriebtbrindssiiad conveyor
325. In this way, more surface area of the trays 1202 are exposed as they continue to travel along the
third conveyor g?@‘?@?%ééﬁﬂn@dﬁ&’e?ﬂ?é‘%ﬁﬂ%’rﬁmméﬁ fePsodod fer@umpisg rich iEpdtred
embodiments (a) to (d% of a nozzle 32, 332 that can be used at various stations in the industrial

dishwasher 10 238BKrdF SHPAM AT RISFRI SPERSTh e ThedaRK AR d SRSt rbe AN A ableware 1200
or washing glassware 1204 and trays 1202. The nozzle 32, 332 is generally of a fan-type so as to

direct fluid in fafPRHRPEd v SNSTHLT SBERERERE 5 1S DOBBIORRS AR 5 1B 3% coBY Tt &%ed spraying

coverage of tat\%lfware 1ﬁ1(3£, glassware 1204 or $r s 1202 as they pass through the stations on their
respective conVaforefi “iﬁaﬁfs?ﬁ BISHRFASHe %‘,’%@d@f"ﬁe‘% R B TR ESMigtHed for easy

ool o SO RS SaSIoun T borinin 0o o) e ol e 053 may
Embodment (3 ANERHITACE RN SPONE Bhoh BB B 0t oS Eade T being
posioneq gl afpunc s HoZEIeraR, S22 comIask B, B ARRENE AR TR Rofis pygfioned only in a

dispenser 373. A debris collection conveyor 392 is preferably positioned between the

tray conveyor 390 and the tank 372 so as to collect debris 1210 that has been flushed

from the trays 1202 and move it to a wa“s"'téqﬁaisposal chute 393. The debris collection

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,



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. Biflefdené3P3top buttons are preferably also 15provided for total ERfpHIfM4Shdustrial
dishwasher if necessary. The dishwasher may further incorporate digital sensors and logs for _
controlling and/or monitoring various operating parameét@rs including temperature, liquid pH, resistivity,
power consumption, flow rates, machine utilization, detergent usage, water usage, 20 tableware count
etc., where relelhgrbarrliapprtpgishe ush efisbemitialsdisher shdrathe ésorib dftir thpivartbadtems
embodiments above therefore allows a plurality of separate, dedicated dishwashers to be replaced with
a single machin@Xherepheprbeivmepacddsen-tnsngyraodRéatidg, energy-saving, water-saving WO-
2010/132022PCT/SG2009/000485 38 and ecologically-friendly solution for effectively washing a
plurality of typeB'Gditiersioposbirung thesurdliaroveashieedans dafbrhy ndrmsinsing BtainnAd0.Whilst
there has been described in the foregoing description exemplary embodiments of the present
invention, it willtBeawdéasiarrsperae d pavialirmtivshomns glse dsqasitansdralonedy Faviations in

details of design, construction and/or operation may be made without departing from the present
invention. >  washing lane so that run-off water from washing the glassware 1204 in the auxiliary

washing lane 350 may be used to wash the trays in the same way that it is used to rinse
tableware 1200 as shown in FIG. 36. The tray washihg lane may include an automatic
tray positioning portion comprising an automatically guided slider as shown in FIG. 39
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. Althbugh 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



39 0005P00011P01SG201108451-4 CLAIMS 1 An industrial dishwasher comprising: a tableware
washing lane, the tableware washing lane further comprising an initial rinsing station for an initial
rinsing of th¥ PIEYAAPHR]/pes of tableware; a tray washing lane; and an aukfHESGCAESHMYIAne for
washing glassware, wherein the auxiliary washing lane is positioned above the initial rinsing station or
the tray washing lane such that water from the auxiliary ivashing lane is used for the initial rinsing or
washing trays. The industrial dishwasher of claim 1, wherein the tableware washing lane comprises an

ultrasonic washTRE P8 ATIRFA¥EH ARy RBSAYSERam R Ebismesndd Worasarars hlh au s

dishwasher of cJaim 1 or 2, further comprising .a cart washing lane for washing carts used to transport
the tableware. 11%2??3 P RagRivRahehe SR Wﬁ‘éé@@ﬁfél}%‘?ﬂﬁ%r’éﬁ%@%ﬁ%we
washing lane further compris bmersjble conveyor for conveying the tableware intg an ultrasonic
washing liquid éﬂ%@%ﬁﬁ&bﬂ%’@a ST SR BRE-F R TRt e LOR Fasn Sr P il L FiRB e ceding

claims, Wheremmaintenance. As shown in embodiments (b) to (d), the nozzle heads 333 may 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 npzzle 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



the tableware washing lane further comprises at least one bumper portion for tipping tableware on a
conveyor over the bumper portion to drain excess liquid from the tableware. The industrial dishwasher
of any of pré¥@dHg/E83M%s, wherein the tableware washing lane further confi$ris@s288WikPStation, the
drying.station comprising at least one air knife for drying the tableware. 40
0005P00011P01SG201108451-4 7. The industrial dist3&asher of any one of the preceding claims,
wherein the tray washing lane comprises an automatic tray positioning portion for positioning trays for
more effective wBéerioSgalindticadbtrsal wiomiertiéeativaly wishiogthplpredtumigypksiols, wherein the
tray washing lane comprises a debris removal portion having a water dispenser for flushing debris off
trays, a @idtarenty railedriakievatronid esuiiend s deting flerised highwolameys, 10a tank for
collecting water used for flushing debris off the trays, and a pump for pumping water from the tank to
the water di Spem_st there has been described in the foregoing description exemplary embodiments of

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.



9 The industrial dishwasher of any one of the preceding claims, wherein at least one of the tableware
washing lane, the auxiliary washing lane and the 15{ray washing lane uses a fan-type nozzle for

improved i v e, the nozzle comprising’hozzle heads configur g tor move back and
forth, or bﬂ%@@%ﬁ%m back and forth during spraying. 2010.The #é giga(?@ '%sher of claim
9, wherein the nozzle rotates during spraying. PCT/SG2009/000485

CLAIMS

1. An industrial dishwasher comprising:
5 a tableware washing lane, the tableware washing lane further comprising an
initial rinsing station for an initial rinsing of the plurality of types of tableware;
a tray washing lane; and
an auxiliary washing lane for washing glassware,
wherein the auxiliary washing lane is positioned above the initial rinsing station
10 or the tray washing lane such that water from the auxiliary washing lane is used

for the initial rinsing or washing trays.

2. The industrial dishwasher of claim 1, wherein
the tableware washing lane comprises an ultrasonic washing station for

15 ultrasonically washing differently soiled tableware.

3. The industrial dishwasher of claim 1 or 2, further comprising

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

20 4. The industrial dishwasher of any of the preceding claims, wherein
the tableware washing lane further comprises a submersible conveyor for
conveying the tableware into an ultrasonic washing liquid at the ultrasonic

washing station.

25 5. The industrial dishwasher of any of the preceding claims, wherein
the tableware washing lane further comprises at least one bumper portion for
tipping tableware on a conveyor over the bumper portion to drain excess liquid
from the tableware.

30 6. The industrial dishwasher of any of preceding claims, wherein
the tableware washing lane further comprises a drying station, the drying station
comprising

at least one air knife for drying the tableware.

PCT/SG2009/000485



40
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7. The industrial dishwasher of any one of the preceding claims, wherein
the tray washing lane comprises an automatic tray positioning portion for

positioning trays for more effective washing.

5 8. The industrial dishwasher of any one of the preceding claims, wherein
the tray washing lane comprises
a debris removal portion having a water dispenser for flushing debris off
trays,
a debris collection conveyor for collecting debris flushed from the trays,
10 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.

9. The industrial dishwasher of any one of the preceding claims, wherein
at least one of the tableware washing lane, the auxiliary washing lane and the
15 tray washing lane uses a fan-type nozzle for improved spraying coverage, the
nozzle comprising
nozzle heads configured to rotate, move back and forth, or both rotate and

move back and forth during spraying.

20 10.The industrial dishwasher of claim 9, wherein

the nozzle rotates during spraying.

PCT/SG2009/000485



