-1 "DISHWASHER" FIELD OF THE INVENTION This invention relates to dishwashers, and in particular,
but not solely, domestic dishwashers. 5 DESCRIPTION OF RELATED ART Conventional domestic front
loading dishwashers provide two racks for stacking dishes, one in the lower zone of the wash chamber

and the other in the upper zone. Such dishwashers arel rormally designed to fit under a typical domestic
kitchen bench top with a maximum height of 900mm. Generally the lower rack is designed to take larger

b

dishes, e.g. plates up to 10 280mm in diameter,“gﬁ%}%’é*ﬁgg f the overall height limitation the upper
rack can only takEEIOV@F THEhIXNGINTIONCh dishwashers lack flexibility in that they cannot efficiently

wash (in a single Wam)sdish I?ads ?de u%.of a anlix of di&fgnsizes thert an Iéhatleciict?t%jeg)g/ the

fnven 10n relates to 'dishwashers n articular, but not ,so %, (0) C
manufacturer. For example, a load of large diameter plates exceeding the number that can be

accommodateddnhtwestevser rack must be cleaned using two completely separate wash cycles, 15 even

although th to%ﬁ%ﬁﬁ*’f‘f(ﬁ@?ﬂ“ﬁtﬁLﬁ"iﬂﬂ;ﬂi‘s not feasible to load soiled dishes unless all cleaned
o RE

dishes are first removed. In addition it is not efficient to wash less than full loads. Washing must be

deferred until the diskwshdppaspaesticamsletdipgidebvaherfipse tigotprobikpferslackifedidivdve can be

overcome to soge iﬁ%ﬁ%ﬁ‘&\?é’r %é’&%ﬁ%ﬁ’é’ﬁ’éﬂ%ﬁﬁ&é@%ﬂ@{& SIRWEVEE Gt e shRkeacRpsually mean
this is not a viable option. The 20 present invention proposes a solution to the above problems by

providing a smafenaiakiudREeteifduRs Hea kpigah Somestisdainembanidmndtthe paarimma dishwasher

is of very low heighit t9 sdmnihe-aptian @t lower Aok ivaesinslasking 1afbvaisneduleshelowpackitchen
bench. Canstryction of a low height machine imposes severe design constraints. In most conventional

e
dishwasher's co%ﬁB@HéﬁélgﬂSWraé%Bew&%%&?ﬁBvﬁFﬁdli‘Fé%Ht&ﬁ‘?ﬁﬁ?oﬂéh8|‘&?§Wﬂ# SULOUMLIEY electric
motors, are moutecheitedithesvéash dkiambkiesr{hetefdyxibongimtiagiwighhwikitioieatld/ d dvailable to the
wash chamber. In US 3,587.9 stuen et al) wash and drain pumps driven by.a commaon induction
motor ate discSUE TN A ISCAN T She M s o g e T e Penged in
the wash watermandisadvaritageohphisadysterfilisghdi medd Waseal xivedmgttre statbeftban drebwash liquid.

A drain 30 pump WGl SREAMGRMIDARHOMRIISL MIRIALLHL LA A STALR SxterRAl AR RUMP casing is

15 even although the top rack could be empty. Further, it is not feasible to load soiled dishes
unless all cleaned dishes are first removed. In addition it is not efficient to wash less than full
loads. Washing must be deferred until the dishwasher has been completely filled.

The first two problems identified above can be overcome to some extent by the use of
two dishwashers. However, cost and space factors usually mean this is not a viable option. The

20  present invention proposes a solution to the above problems by providing a smaller dishwasher
intended to be used as one module in a two-module pair. The dishwasher is of very low height
to allow the option of "over and under" stacking of two modules below a kitchen bench.

Construction of a low height machine imposes severe design constraints.
In most conventional dishwashers components such as the wash pump and drain pump,

25 along with associated electric motors, are mounted under the wash chamber thereby
consuming height which could be available to the wash chamber. In US 3,587,939 (Nystuen et
al) wash and drain pumps driven by a common induction motor are disclosed which are
located inside the wash chamber and the motor is operable submerged in the wash water. A
disadvantage of this system is the need to seal the motor stator from the wash liquid. A drain

30  pump which operates with a submerged motor rotor and a stator external to the pump casing is
disclosed in EP 287,984 (Askoll SPA). However this pump requires the use of two separate

chambers for the motor rotor and pump impeller respectively and is not easy to service in use.



disclosed in EP 287,984 (Askoll SPA). However this pump requires the use of two separate chambers for
the motor rotor and pump impeller respectively and is not easy to service in use. -2 Further, it is not
possible to use the motor disclosed to additionally drive a wash pump. EP 76,739 (Esswein), EP 268,835
(Industrie Zanussi) and US 3,810,480 (Smith and Falst) disclose other constructions where the wash
and drain pumps are driven by a common motor where the direction of rotation of the motor determines

which pump BB8rdble"9HResELE RSGHIRfENE 45 Aot S gnAtR e dies T R Requirements of the

wash system. US B646,7853 idMakgan Earmb &3 I (1l A40 Zlisaleserdishsvashenspr@ynatmsadvhich
incorporate as a inlegral ﬁgrt the ?as'ln So\fv Hée ash gump C}roa i%roduce a Ié)w helglght wash IEump located
er

e us dlS 0SC I Cons 1 e the wa, umps, are drive a commo
within the wash chamber, owever,nfﬁese systrems require a Motor &Xtarnal 1o the wash ' ehamber and the

neeo_l for a dynamm’avbealtfmrdimtmmttﬂraztﬂvengﬁaﬁtwmﬁms%%twmnnﬂ wastbthdheber. A small top
loading @Sh%@ﬁﬂﬁlfcﬁi'(%@‘d%%%?'Q%Lifﬁ’éamgt&tﬁﬂﬂ& M&@&@é@%ﬁ%&fﬁ?&ﬁﬁ% 204l %%'t%? be extended from

the cupboard on slides has been manufactured by Philips Appliances, but this does not address the

problems outlined @bdvetamed itMeigiouard delides! Ustt slieslifareshveashes ambarmd aimhcupboard
opening and pomplele Withdrawah ghing. éaiiﬂéacﬁ*ﬂf{é%vﬁ{%‘iﬂf tﬁ'ﬁp&ﬂ%‘l-la_\?lﬁk@%’v&%ﬁ%&%ate measuring

of wash liquid volume, and pre-heating of water before it is dumped into a hot wash chamber, it is known

to use a sepaPStEELGTESEN fEHPBTHEt 6 EEHBIATBIES RRPSHEIN! S &yBtems are
disclosed in Radkes1nd%he @Bd 201 3UABHIER 2 L3 hOBbIBAELR sRICMEAS)it ptbemibendse of such a

tank filled with cgld 20 water to condense out water vapour in the wash chamber during drying cycles is
discloséd in " 538989 (Bosch - Siemens). In all of these arrangements fabricated metal tanks are
used which are maunigtignl sadieidisvastheh@bienand this incieagesimankiadieringwests. Currently

available distpshers \e etal sheathed resistance hsating, elementa,mounted, pbayethe floor of the
O 1al e thickK

S
an S .
wash chambér. If'is known ricate electrical heating elements using reststors deposited

ona substratépﬂmehéaﬁemsmeIbpedﬂc@edlﬁpv@ﬂpm/wbwraapmimt}dmsestjgldeaseifnu'emergy
regulators. Ug 4.843;418(BSe 0 mIRMenshar Qﬁ’ﬁﬁ)%dtgﬁe}iﬁ% %Bdtgb%pfl'é@ eainelogy topfabricate an

electric cooking element. Such prior art does not, however, envisage a thick film resistive heater for

applicatlén imadisisEeshdewhiheartficient

To allow for accurate measuring of wash liquid volume, and pre-heating of water before
it is dumped into a hot wash chamber, it is known to use a separate water reservoir tank fed
from the household cold water supply. Such systems are disclosed in DE 3,531,095, GB
2,139,083, GB 2,139,084 (Bosch - Siemens). Further the use of such a tank filled with cold

20  water to condense out water vapour in the wash chamber during drying cycles is disclosed in
DE, 2,730,489 (Bosch - Siemens). In all of these arrangements fabricated metal tanks are used
which are mounted on a metal wash chamber and this increases manufacturing costs.

Currently available dishwashers use metal sheathed resistance heating elements mounted
above the floor of the wash chamber. It is known to fabricate electrical heating elements using

25  thick film resistors deposited on a substrate. Such heaters have been used in very low power
applications such as in energy regulators. US 4,843,218 (Bosch - Siemens) proposes the use of
thick film technology to fabricate an electric cooking element. Such prior art does not,
however, envisage a thick film resistive heater for application in a dishwasher where efficient
and direct heating of wash liquid is required.

30 SUMMARY OF THE INVENTION

It is an object of the present invention to provide a dishwasher which will go some way

towards overcoming the abovementioned disadvantages or which will at least provide the



and direct heating of wash liquid is required. 30 SUMMARY OF THE INVENTION It is an object of the
present invention to provide a dishwasher which will go some way towards overcoming the
abovementioned disadvantages or which will at least provide the -3 public with a useful choice. In a first
aspect the invention consists in a dishwasher comprisiriy:(a) a wash chamber adapted to accommodate
dishes and within which wash liquid is circulated, said wash chamber having a floor which is dished
upward in the cBIRHS 5 {h WrbthtABIE spray arm having liquid discharge nozzles which is located in the
bottom of said washishdiripaspsaithsprayn@sncondldtnicardphisigen dumippcion and at least two
diametrically op(%)sed Win%pc%gi ns g%gtrégi?ga%utward thgirS%from ow%r.ds tpi% sidée P}Nﬁll&&)t said

wa T comiogtat S and, within w. W . .
chamber, the hu porﬁon mounted on the upward?y dished portion o Said chamberfioor! and’ said wing

portio_ns shapediwxihtdﬂxaslatthwmompnbwhmagﬁﬁawayhfmm _th@kdmpp@rdc’m_ tlmo:embstantially parallel to
the dished §“Wﬁ§ﬁre %ﬁﬂ%&ﬁh‘@ﬁgﬁg%ﬂ%%’v(ﬁ it 8‘ai\é‘é'ﬂ'éll;ge%%gzﬁ'&%JHQRESVY(KH&%H%%&&{?]&QS above

the floor of said chamber, suc t the lowest point of any circular vertically supported dish is
substantially abtié wish|ehazhasohatb R taisuyfaee efsaieisgrayhabnpoEya pshad Wohitysressurises

said spray arm Mﬂméefﬁ%hji%ﬂgselﬁv@% ol QW dRRAR AANGAKS HBRASH Bl makat {Rndgying said

pump located under the upwardly dished portion of said chamber floor, and (f) the configuration and

juxtaposition of Y€ Sprabeaihe SHB RABIREAYSEET poihg et tithre! ARt TRihTRABUSHHBA of the

motor to the lowaatspaiRtigf foaiter swifaceuch e SIS Bk the piday ababimemirfbiag second
aspect the invention consists in a W?fﬁhing aH)pIiance having a Waslﬁchamber adapted to accommodate

objects to Bt wALHEREHY RATRlIFVIH HYURYES SNSRI BY §°Blmp having an impeller, said pump
driven by an ele€cjric matok, elithiachétizidnbethelii daddpprotoiRhss atietethsdidoinyd ellielr dsadtbeably

connected to said ffor 2 SIS MRG!S I B CQMIMLSHHON with 4 3h Hauiek I 2aIf, wash glamber, and
lowest point of the top surface of said spray arm,
(d) a pump which pressurises said spray arm with wash liquid,

15 (e) a shallow depth pancake shaped electric motor for driving said pump located under the
upwardly dished portion of said chamber floor, and
() the configuration and juxtaposition of the spray arm and electric motor being such that
the distance from the bottom of the motor to the lowest point of the top surface of the spray
arm is of the order of 55 mm.

20 In a second aspect the invention consists in a washing appliance having a wash chamber
adapted to accommodate objects to be washed and within which wash liquid is circulated by a
pump having an impeller, said pump driven by an electric motor, characterized in that:

said motor has a rotor,
said impeller is drivably connected to said rotor,
25 said impeller is in communication with wash liquid in said wash chamber, and
said motor has a stator which co-acts with said rotor and which is mounted exterior
of said chamber such that the chamber wall lies between said stator and said rotor.
In a third aspect the invention consists in a dishwasher having a wash chamber adapted
to accommodate dishes and within which wash liquid is circulated, characterised in that

30 (a) anon-magnetic cylindrically sided wellis provided in the floorof said chamber,

which well forms part of said chamber,

(b) an electric motor for powering a wash liquid pump includes:



said motor has a stator which co-acts with said rotor and which is mounted exterior of said chamber such
that the chamber wall lies between said stator and said rotor. In a third aspect the invention consists in a
dishwasher having a wash chamber adapted to accommodate dishes and within which wash liquid is
circulated, characterised in that 30 (a) a non-magnetit-cylindrically sided wellis provided in the floorof said
chamber, which well forms part of said chamber, (b) an electric motor for powering a wash liquid pump

includes: -4- (i) a rotor ridunted Vit SATHNGEIF LY Bty Hhv i QAR WA ENE Shi 4%b-acting stator
mounted outside said waish chamber-abagtsheexisintsusiacdofsaic weltsaabethaddinedeylindrical sides

of said well lie in the rotor-stator air ga d 5 (c).said pump, has an impeller .directly. moynted on said
rotor drive shaft. BRIEF DESCRIB‘ﬁ%ﬁggaIgWéS%%‘K lm%%ﬁtgiﬁrc sful (l)cf‘ifsslags\/\(?éség;vé’(éjt?on of ways in
which dishwashers according to theiptesenerisiventiorgganie mounted in modular fashion in a kitchen
installatign; 10 Figyse 4&%&‘8%%{589&&%{? §i6h p2 KARNGIIEL R AIShWBSHsTAGErding to the invention;

Figure 5 Is a diagrammatic cross section of one embodiment of a dishwasher according to the invention
showing a wash system partially withdrawn from its cabinet; Figures 6 to 8 show the dishwasher of Figure

5 between fut rgiFaGHRE EREPFIONIBE PR IpRA Wik gcular show the wash system drain hose
extension; 15 Figure 9 is a diagrammatic sketch of the water supply system for a single dishwasher

module; Figure 105€%diddPahieatit SRgiRIcRh Aeysdes idridimharaiertasr Bl WAS R e ber showing

a reservoir tankdpavingaromymasdathwithateswasmeharherifigieodl is a diagrammatic transverse
cross section through the reservoir tank; 20 Iffure 12 i%F (]ilf,ia etrical cross sectjon of the lower part of
i

the wash’system H%%Fn‘bl%ﬁé’egﬁ%?vﬁﬁhef\?\?a 1 GRIHRS! O WASRST XSO dRSiFP Bl C&truction:
Figures 13 to 15 shipwéfaigraingraticadlyc tansvansenaosse-sebtidinscof dhe dishawdsharcolldiatrating the filling

and emptying,odes (o the reservolr Ak FiueR.A¢ \ndg it sliaarpmgtioaly longiudina
cross-sections o the |s%washer
Figures 6 to 8 show the dishwasher of Figure 5 between full retraction and full
withdrawal and in particular show the wash system drain hose extension;
15 Figure 9 is a diagrammatic sketch of the water supply system for a single dishwasher
module;
Figure 10 is a diagrammatic longitudinal cross section at the rear of the wash chamber
showing a reservoir tank having a common wall with the wash chamber;
Figure 11 is a diagrammatic transverse cross section through the reservoir tank;
20 Figure 12 is a diametrical cross section of the lower part of the wash system showing the
spray arm, wash pump, electric motor and drain pump construction;
Figures 13 to 15 show diagrammatically transverse cross-sections of the dishwasher
illustrating the filling and emptying modes for the reservoir tank;
Figures 16 to 18 show diagrammatically longitudinal cross-sections of the dishwasher
25  illustrating alternative filling configurations.
Figure 19 is a diagrammatic longitudinal cross section of a dishwasher showing the
position of the wash chamber lid;
Figures 20 shows a diagrammatic view of the dishwasher lid and lid lifting mechanism;
Figure 21 is a detailed side elevation of the inner portion of the lid and lid lifter
30  mechanism showing the lid at the start of the closing phase.
Figure 22 is a detailed side elevation of the inner portion of the lid and lid lifter

mechanism showing the lid at the completion of the closing phase.



25 illustrating alternative filling configurations. Figure 19 is a diagrammatic longitudinal cross section of a
dishwasher showing the position of the wash chamber lid; Figures 20 shows a diagrammatic view of the
dishwasher lid and lid lifting mechanism; Figure 21 is a detailed side elevation of the inner portion of the
lid and lid lifter 30 mechanism showing the lid at the start-of the closing phase. Figure 22 is a detailed
side elevation of the inner Eé)rtion of the lid and lid lifter mechanism showing the lid at the completion of

the closing phase. -5- Fitira 93 fARLTAPHSHEHIRG faiRarema s ibrd e’ liter during

the closing phasesifdgiiere24 is a part plan view of the wash chamber showing one form of means for

holding dishes, suchlg}slgéaﬁsl, in gosiﬁj_gn; 5 FigyrECZS [ al%?nr]tjdiaﬂ%etrical cr?ss sefcglon offthe lower part

of the wash system co%'responsdlan 16 |§uvr1éa’vi S ovWﬁsg the Water pa‘ﬁﬁl%noaee al I;I]F?gur%a% IS a block

circuit diagram of thdleléimlgidishmucbmrp_lacﬁscmwﬁgum 27 is an exploded view of the r_najor spray arm
wash pumpsand moteg, camMRaREN %ﬁtlﬁa'fﬂgéﬂ{&lzé(&%s%q%@r&%%k%fr GVERShPYIR inpgller. Figure

29 is an under view of a drain pump impeller; Figure 30 is a part view of the spray arm and wash chamber
wall showing a ferretefladingdorbianatibh shothia chheatgopadnibfiekalivash chamber wall; Figure 31 is a

similar view to that shawp. wxRigusR30-REtsaRwng igtdlelieairndsfmcdrsttgight,portions of the chamber
wall; Figure 32 is a waveform diagram of pulses formed by the motor drive circuit; Figure 33 is a phasor

diagram illustrating mi&$8ietarfde MofiRieitg: Eigliral3WesBasa RRWABT IR th BRFdR B BYater plate
showing a thickfilaphieatng element configuration; 20 Figure 35 is a perspective sketch of the drain
pump and associated inlet sump; I;i‘%ure 36 is a perspective view of the bottom of the wash chamber

showing aWlash watehiferdt Meiiifryegatehihe wash pump impeller;

Figure 29 is an under view of a drain pump impeller;

Figure 30 is a part view of the spray arm and wash chamber wall showing a jet
deflecting formation in the corner portion of the wash chamber wall;

Figure 31 is a similar view to that shown in Figure 30 but showing jet deflection from

15  straight portions of the chamber wall;

Figure 32 is a waveform diagram of pulses formed by the motor drive circuit;

Figure 33 is a phasor diagram illustrating motor torque monitoring;

Figure 34 is a plan view of the underside of a heater plate showing a thick film heating
element configuration;

20 Figure 35 is a perspective sketch of the drain pump and associated inlet sump;

Figure 36 is a perspective view of the bottom of the wash chamber showing a wash
water filter jet cleaning system;

Figure 37 is a diametrical cross section through the wash system showing the wash filter
jet cleaning system;

25 Figure 38 shows a horizontal cross section through the wash chamber drain so as to
show the major wash system components even although they are mounted one above the other
and are separated by partitions.

Figure 39 is a detail of part of the wash chamber floor showing a helical drain channel;

Figures 40 and 41 show diagrammatically two options for water hose connections two
30  modular dishwashers forming a composite pair,

Figure 42 shows an isometric view of the motor stator,

Figure 43 shows a portion of the blank lamination material prior to formation as the



Figure 37 is a diametrical cross section through the wash system showing the wash filter jet cleaning
system; 25 Figure 38 shows a horizontal cross section through the wash chamber drain so as to show
the major wash system components even although they are mounted one above the other and are
separated by partitions. Figure 39 is a detail of part-of the wash chamber floor showing a helical drain
channel; Figures 40 and 41 show diagrammatically two options for water hose connections two 30
modular dlsh%%h‘éﬁg%%%g?%omp05|te pair, Figure 42 shows an isometric view of the motor stator,
Figure 43 shows arpaiitcn of dhpeableak kﬁmmﬂaﬂbfbﬂfajfﬁﬁwg pideabnéoonBidare as the -6 stator of Figure 42,
and Figure % ﬁﬁ @pé@w gure 4. DESCRIPTION OF THE
PREFERREé) qmi e preferred’ embo meﬁizgle@dlshwasher is constructed with a height
dimension 5 approxieapetichedf b dinoorsy tatibstal dsbert ifoadisigrdednestic disbivalsmensioit is intended to
be used along, Bf 3,05, 4l BMPEL MA LAY ARa AT db ARG iShMASRRRuRR(Prring to figures
1 to 3, variou nstallation concepts using one or two d ashers according to the present invention are
shown. It is dbedmeprot tiapreseht invebtionars ﬂﬁ@?{ib@fﬁ phadalaptishindishershais. In Figure 1, two
such dishwashers . ane shR¥ R SIackrF0NG BRONS A MG &iﬁ&%&ﬂﬂﬁ{g%&rﬁf RengRntvyehich will typically

be between 850 and 900mm above floor level. In Figure 2 two dishwashers 2 are shown mounted one on
either side ofPSCETHIMEIAHIRGTSIENt B BRESIALE BRAE: 1 194 erefisRs o BRRFAEHBISHERNRENET® is provided

under a sink pgpabilat dBeeaitse Rithe reducedheight disneasion 2dishvsbatiaecsidingto the invention
could be bench mounted. Thus each dlshwash r 2 can be regarded as a modular unit which is an 15
mdeperﬂ&ent%‘gl?%ﬁfgﬁfé& &ihBrashdreashiE &Pé%%}l}’ oY A O AV ERE L BilR%ad. From
Figure 1 it calavee Belagmh@t wheﬁsh\wasmmjmlm msiwwaﬁimteumﬁs armeqstaaieeﬂ mmek abhaviegthe other the
configuration is 3@3 arSI| IID egsgoonsi tg gonventio g#} %s wra})%l? TS V0, Mo Hlar units 2 installed
side by side fmme |atef§/ unIclice neh Efop a gure he'same capaC| y as a conventlonal

dishwasher bluttavaisctbighncohgehengs @ﬁw@@us@imﬂgnwbsﬂmgiwwmm tieel{bwer half of the
dishwasher. %@H'%Meﬁcq%ﬁ§ Bich dishwasher 2 can be regarded as a modular unit which is an

15  independent self contained dishwasher capable of accommodating any conventional dish load.

From Figure 1 it can be seen that when two modular dishwasher units 2 are stacked one
above the other the configuration is similar in external dimensions to conventional
dishwashers. Two modular units 2 installed side by side immediately under a bench top as in
Figure 2 offer the same capacity as a conventional dishwasher but avoid the inconvenience of a

20  user having to bend down to reach the lower half of the dishwasher. Additionally access is
improved in that a wash chamber 3 (see Figure 5) may be slidably withdrawn from the cabinet
4 of a dishwasher unit by being mounted in the form of a drawer.

Some modular pair arrangements could be manufactured as such rather than pairing two

individual modules at installation. For example the configuration shown in Figure 1 could be

25  paired to mechanically link the individual dishwasher cabinets. In such an arrangement there
would be advantage in combining the plumbing arrangements as will be discussed later in this
specification.

The provision of two independent dishwashers allows for considerable flexibility in
operating modes.

30 1. One module operating, or two modules operating simultaneously with a mixed dish
load. With each module capable of accommodating the largest item of dish load, this

concept offers an increased capacity for large items.



improved in that a wash chamber 3 (see Figure 5) may be slidably withdrawn from the cabinet 4 of a
dishwasher unit by being mounted in the form of a drawer. Some modular pair arrangements could be
manufactured as such rather than pairing two individual modules at installation. For example the
configuration shown in Figure 1 could be 25 paired to-mechanically link the individual dishwasher
cabinets. In such an arrangement there would be advantage in combining the plumbing arrangements as
will be discussed late?ih ?F?Pé’ﬂéﬁlé’gmé%\ﬂl?)‘?{?‘%tbﬂ‘d\ﬂ%ﬁeﬁﬁaf%slﬁﬂ‘é‘ﬂg?%lém HiaGAsRaYL I fows for
considerable flexibilityaireitpelatingsoirdes had ily Onheal digddlel epe tadinghrofriwowadciiesaperating
simultaneously with a r’r}ixed dish lpad. With uf?ch module capable of accommodating the largest item of

dish load, this conceﬁ{ c())ffsél}gta%lflné‘r”eéls% (():ap%city for large items. -7- 2. One or both modules operating,

but not necessakily sﬁ;m:ammmmg/m@@aﬁnqmdq@Mem@mmmnemmws@geq dish
load, and the appropgiaie, wash PO AMe; FELIR ?Hateéﬁ ORYIEE Rdierd, Q0& MRIuigPeing

gradually filled with soiled dishés, while the second module is being 5 emptied only as its clean dish load
is being reused. For psagsisabvofthyasndithiesdaivt practical with single dishwashers 4. One module

programmed foy lighity,sqlleiopds anthtie Qtharmasila dinaavilyoaissh JoRes Ra g edmedule

switched on as soon as it has been filled with soiled dishes. That is, smaller 10 loads may be efficiently
washed. Cabinet Coff&ction Referring now to Figure 4, in the preferred form the present dishwasher

cabinet is consgructeghi aisdshestimeiabiadesoh asfiveasisted ity SHUGH IediRHAY BhioR, Snaulgttom 6 and
sides 7 and 8 and back (not shown).. The open front of the cabinet 4 is flanged as a portal frame 15

having twd portal melfSErERPEAHTE B8 rtal members decreasing in depth from the corners 12
and 13 to the exinbinitieSohdtandidd and decreasing along the bottom face to a central joint 16. This

enables an adequate,sized onening 1o be.pfouided In he cafinet while ot the SAE, s Rioyides
adequate stiffness to hé'tront of the c&binet. This tgcennlque OVErcomes
constructed from sheet metal to form a five sided box structure having a top 5 a bottom 6 and
sides 7 and 8 and back (not shown). The open front of the cabinet 4 is flanged as a portal frame
15  having two portal members 10 and 11, these portal members decreasing in depth from the
corners 12 and 13 to the extremities 14 and 15 and decreasing along the bottom face to a
central joint 16. This enables an adequate sized opening to be provided in the cabinet while at
the same time provides adequate stiffness to the front of the cabinet. This technique overcomes
the rigidity problem presented by any open sided box structure and could be used in many
20  applications beside dishwasher cabinets. The portal frame members 11 and 12 are jointed
together at 16 by a very thin section of metal which in structural terms comprises essentially a
pin joint. Similarly, ends 14 and 15 of the portal members are effectively joined to flange
section 18 by pin joints. This section effectively forms a beam to tie together the ends of the
portal members. Unlike the conventional application for portal frames joint 16 is not subject to
25 any significant load normal to panel 6. The function of the portal frame in the present
application is to provide bracing against transverse loads and there is no requirement or
advantage in having joint 16 moment resisting.
The portal could be inverted but the orientation shown assists in allowing clearance for a
drain pump to be described later. It also means the portal frame profile substantially follows
30 the profile of the wash chamber which itself is shaped so as to optimally hold large plates.
Drawer and Connections to Wash System

One aspect of the present invention is that a dishwasher is provided whereby the wash



the rigidity problem presented by any open sided box structure and could be used in many 20 applications
beside dishwasher cabinets. The portal frame members 11 and 12 are jointed together at 16 by a very
thin section of metal which in structural terms comprises essentially a pin joint. Similarly, ends 14 and 15
of the portal members are effectively joined to flange8section 18 by pin joints. This section effectively
forms a beam to tie together the ends of the portal members. Unlike the conventional application for

portal frame< JBMPTATL RSP SRt 98edny SR redn AR RIS S AN ET 82T Fe R @ BN of the portal
frame in the pyesents applicadiontisnta Eitvidebshdiagoapainshtiaasivexse. [Disds aifid theike s NO

requirement or advantage aving joint 16 moment resisting., The portal could be. inverted but the
orientation sr%gv%négsilsg[s ?ng]éY oevrveir?gg\é C eﬂacra'rﬁlrlfcl:ee ?rlgs}mgfhs%urgﬁ'fg(ﬁlgtg%e%%%c El?gtr.ﬁlfna?so means the
portal frame puagid8ysubbtantimippdoibows 30 the profile of the wash chamber which itself is shaped so as

to optimally hold '%&Qeaglﬁat&%al_gf VGG AN GOMPRIONS 0 MAsYSIaMRReARRBSE 8f {g present

invention is that a dishwasher is provided whereby the wash -8- chamber in which dishes are placed,
together withiadPaprarce aishisviseptd Mecskawpy. iy e fhsistragebeon clespddamteetnithiigaieddinet on slides
to function as.g;gdrWelRiSrrpniowationds shown in Figure 5 where a wash chamber 3 is shown
slidably mounted within cabinet 4 in a partially withdrawn position. 5 An aesthetically pleasing facia 20 is

fitted to the front of'\WisBH 2harabesssried isirispdertats nsfaialinrinnrasscahbvh aNmEstRly retracted or
closed (as shiwhiRorigune G)cfamia 28 abuisthe funtelihacatinahdyRAislisbwmashenas gescribed is

intended for installation in an open cavity, usually under a bench, so that the facia 20 effectively closes

off the ¢dvity MBS GV ILHIE RO MBBISEAT BHthe ™ 6 S EeR e P e SN S nner as with conventional
front loading dishviaghershtelikinéhewcabinkimbash charaleaibB isopieterablydarmedeasiaane piece

plastics mOUId'”%'Jh‘fhhall?aSé’V\',?éJu% ggl\\/%%a es over gtheetta m%gl(:ggglrllcatlon. The use of a drawer

. . mouldi F . . .
configuration means that Tiexible and extending cabie and hose arrangements are required for running
between the ddisinet arichtideawershosistentiok | estrivathdtbfeonre ctivnsxtendhe diblvenmdunted

components &%ﬂgeprf‘erRE%YEdl%qlﬁéé@ﬁPﬁﬁh§§t%%éwg&eﬂé%a%ﬁe?ﬁﬁg‘$E%@1&9&%3%1@&985@ to the

washing chamber. Connection'is made when
15  connections for the drawer mounted components could be provided by a socket 31 attached to

the cabinet and a plug 32 attached to the washing chamber. Connection is made when the
drawer 17 is in the substantially fully home position. Preferably, however, fixed wiring is
employed using a flexible cable loop. In this form the electrical cable could be attached
compositely to the drain hose shown in Figures 6 to 8.

20 Water connections to and from the sliding washing chamber 3 are arranged as follows. A
drain hose 35 (Figures 6 to 8) is formed in a loop and is arranged to have a central portion 36
transverse to the direction of movement of the chamber with two arms 37 and 38 connected to
the central portion. As may be seen by comparing Figures 6, 7 and 8, the drain hose arms 37
and 38 bend where they are connected to central portion 36 so that the two arms move from a

25  position in substantially the same plane (orthogonal to the direction of movement of the drawer
17) as shown in Figure 6 to the position shown in Figure 8 where the two arms are more or less
in the same plane but at right angles to the position shown in Figure 6. This arrangement
minimises the space required to accommodate the drainage hose when the wash chamber is in
the closed position.

30 The water supply management for the wash system is shown in Figure 9. A wash hose
40 connects between a discharge spout 53 and an electrically operated water valve 51. Valve

51 could be a solenoid valve, for example. Valve 51 is in use coupled to a household wash



drawer 17 is in the substantially fully home position. Preferably, however, fixed wiring is employed using
a flexible cable loop. In this form the electrical cable could be attached compositely to the drain hose
shown in Figures 6 to 8. 20 Water connections to and from the sliding washing chamber 3 are arranged
as follows. A drain hose 35 (Figures 6 to 8) is formed-i? a loop and is arranged to have a central portion
36 transverse to the direction of movement of the chamber with two arms 37 and 38 connected to the
central portion. KBNS sERHVBY RO M AMMYIETAraS 8057 Ahdre diE Uranelrsitrad s a9d 38 bend
where they are eounliedtetdscdendrplqaltiancta sodhahtietivtacarnis MOoVe: Hetiriaalopasitoon7in

substantially the same e@l ne g%ﬁthogoHal to the direction %f movemﬁ:nt of th? dr%wer 172 as shown in
. 1s aftac ﬁoac e allowin conn(%ﬁuo{l to the dishwasher contrqller thro ﬁha abinet
Figure 6 to the position shown in |gure‘§ Where the two arms are more or less in the same plane but at

right angles to tmeysesitsorkehown in Figure 6. This arrangement minimises the space required to
accommodate t{e, dranags hese,yhen the wash chamber is in the closed position. 30 The water supply
management for the wash system is shown in Figure 9. A wash hose 40 connects between a discharge
spout 53 and an elecYiediydpdsataplioaterarane it tapk i whick suitdrbally wetendiafoangd Ydhexample.

Valve 51 is in ugg GAUPIRGBR TQUSERAIE YSihadnsHBRIY 1R AGoENeAYe R SEQkIded. 9 the hose

40. hi addition an electrical cable is also moulded to hose 40 to provide an electrical connection to valve

5 1. The electricAHrhRatdrusover Meseredtdsavekdsbiehedlatemy Asdinscton terthéaisatvadher

controller througi e sabiBghafeoOL iRsheRCKkel. B WakehResarveimban i Washonatepis.auiapkied to a
reservoir tapnk 33 which is partially integrally formed with the wash chamber 3 (see Figure 10). The

chamber 3 has BB SEH AN A E G e WhihR DR AGLY prashdeBhe: mulfBEra évelded to the
flange along linenébrimsfof thethe taa ko B3ateF he:dankva3sharels e coputiaihy wapoddnmthethewwash) chamber.
The use of a Seg%ﬁgﬁ% et[ansk 0[ %Q mucftl Qgpa}llg{l Shetgirizton.talncrgﬁrsection than that of the wash chamber 3
allows accurate me% f

arge o a €S. - . .
ering of the Vatume' of water used for ‘}/’vas]hmg. This is especially important where, as
here, a relatively sméhechargzs ofwhatk the nasadoirtigpicalys 24édes nittee wagmméo thewhibrhhebhraservoir tank

33 is used to metar Water iale g WaghFaambes pelaow ke dessiserhwithpIGrnrRole kgyres I 1 and
13 to 15. The water supply hose 40 is

15  shown connected to electrically actuated inlet valve 51 fed from a supply of cold water. The

water supply hose terminates at a spout 53 fixed to the cabinet 4. Spout 53 discharges into tank

33 only when wash chamber 3 is in the closed position. Alternatively a flexible hose 52

(Figure 18) may be connected from the cabinet 4 to a spout 54 fixed to the tank 33. In either

case inlet valve 51 cannot be opened unless the wash chamber 3 is in the closed position. An

20  interlock switch can be provided to accomplish this or the electrical connection broken in the
manner discussed above in relation to Figure 5.

Control of the filling of tank 33 is determined by a water level sensing means 60 having

a permanent magnet in a float 61 which is able to activate reed switches 62 and 63. Inlet valve

51 is opened and the tank is filled to a level such that the float 61 rises and activates the lowest

25  level reed switch 62 to cause the inlet valve 51 to be closed as indicated in Figure 14. Water is

held in tank 33 for a variety of purposes which will be described, but when required discharge

into the wash chamber 3 occurs as follows. Inlet valve 51 is again opened to raise the water

level to a level just above the top of the loop of a syphon tube 55 whereupon syphonic action

occurs causing the entire contents of the tank to be dumped into the wash chamber 3 through

30 syphon tube outlet 57. Upper reed switch 63 senses when the water level rises above the top of

syphon tube 55 and the inlet valve 51 is then closed. The flow rate of the water through valve

51 must exceed the syphon flow rate for switch 63 to be triggered.



15 shown connected to electrically actuated inlet valve 51 fed from a supply of cold water. The water
supply hose terminates at a spout 53 fixed to the cabinet 4. Spout 53 discharges into tank 33 only when
wash chamber 3 is in the closed position. Alternatively a flexible hose 52 (Figure 18) may be connected
from the cabinet 4 to a spout 54 fixed to the tank 33.1fh-either case inlet valve 51 cannot be opened
unless the wash chamber 3 is in the closed position. An 20 interlock switch can be provided to accomplish
this or the electrical EORHEGIBRIMERBAR IS RNHEP dilteasel 4156998 1 PRRURSECEIGUA 5. Control of
the filling of tasikidgrisdstemmiaedibyea iwaiedievet saasitghasahsndd . rewnigt eepatatanerhmagnet in a

float 61 WhiC%]'S a I% I[o acq%%ﬁg regd swi]{che 62 and 63. Inlet valvgt 1lis optﬁneg and the tank is filled to
thatthe't ?

ocat w the level.at which S onin CUrIS a ¢, time 1ncrease .
a level such 0at 61 11588 and activates the Towest I5°1Eval' feed ‘aWitch 62 30 Cause the inlet valve

51to _be closwdtaslmdlitfat_edrmq:ég@m M._tWaedrSiwitbieI@Binswirtb 8dddrn@ faretytobplpeses which v_viII be
described, b%{féjﬂl‘;‘?%ﬁ%&?@&&%‘ﬁ%ﬁ?&n' ’BiEOIﬁQi?_e"é’an%e‘%l&‘ﬂQh‘?ﬁJ %&%%ﬁﬁ%@%ef ozl Riethalve S1is

again opened to raise the water level to a level just above the top of the loop of'a syphon tube 55

whereupon syplohiedtigradictats saisthéothe rhemagdrikintal of Hecearie trbelgdrmpedtento the wash

chamber 3 t@m%&p&yﬁggglgugge%ygm@gf &pper reed switch 63 senses when the water level rises
above the top of syphon tube 55 and the inlet valve 51 is then closed. The flow rate of the water through

valve 51 must excedl tHe&fphd MRPratE o Witk iV e QBB GHghsriscRest oeeA it frigekse! hethods may be

used to switchhyahgl Bkieihas $eoriagisy PROFING I AEELU Se At SRNSHIG MERBENCRNWISH BEAIRE in the
dischar?]e leg of the syphon 55. Alterpatively reed @Witch 63 canb Iocate,%fl%)flow e level at which

the
syphonifty oS S thE HimEMERaH S TrE A5 ARe RV SAanitst 82 St‘bgl’é‘éatgmch 63 used
to calculate flondiatey otdleuater-guatdipiy aisidher dalclalation cantilevaibilecio deterfiired. the additional

time requiredfor the water level to reach that reguired for syphoning. Inlet valve 51 can be switched off
aftor oxpiratOn ot 0k oSG BT S T 3 S i et BT e ERR Hh charmber
as is best seénhignFiguyieriitnithédonsdtliw dtee nmbillyecondiUibt vesindhaohstittakea theadiamdshanger between

the wash chamgef, P iﬁr%ﬂer&ﬁﬁr%%%"e%ﬂ'ﬂoﬂégp%ﬁt@f ARl PRS0 RE REWASTENAMRRL may itself be

sufficiently conductive to obtain adequate heat transfer or alternatively a metal wall insert can be fitted.
When tdAk 3Bhnfilreapyiomied deins: hradhing iclior dessrgethiagrater will be pre-heated due

In summary the reservoir tank 33 configuration provides:

(a) acontainer in which the inlet water volume can be measured accurately,

(b) ameans of cooling a surface of the wash cavity so that the steamy air inside the wash
cavity, at the completion of a wash programme, can condense and thereby allow the

20 wash load to dry,

(c) aheat exchange so that the incoming volume of inlet water can be pre-heated prior to
entering the wash chamber to thereby remove the risk of thermal shock to the washload
if it is at an elevated temperature, and

(d) reduced heat up time when the liquid is transferred to the wash chamber and pre-heating

25 occurs while the wash system is operating to thereby reduce energy usage.

Plumbing refer Figures 40 and 41
When two dishwashers are used in combination in the manner previously outlined they

are nevertheless plumbed so as to share household fittings during installation. Two alternative

methods of providing water supply are shown in Figures 40 and 41 respectively. In Figure 40

30  each dishwasher water supply hose 40 is terminated on a respective outlet of a dual valve 51
which is coupled to a cold water tap. Each section of the valve is controlled separately by

respective controls in the two dishwashers. In Figure 41 the water hose 40 for the top



to heat transfer from the heated water and interior of the wash chamber. On the other hand the cold
water in the tank will tend to keep wall 34 cooler than it would otherwise be and this 15 phenomenon is
used during the drying cycle as described later. In summary the reservoir tank 33 configuration provides:
(a) a container in which the inlet water volume can be-rhkeasured accurately, (b) a means of cooling a
surface of the wash cavity so that the steamy air inside the wash cavity, at the completion of a wash
programme, cafl UBHHERSE SHYTRErES) AN e 2 WA KSE 430 ST ey Htea EHENGe o that the
incoming volumg aft fiel wiatewead e priehvatedqsriateioe cniasingihewash Chasisspiodbereby remove

the risk of thern&?I shog# t% the Watﬁhload g{]it is at an Elevated temperature, and (d) reduced heat up time

when the liquid 15 fTARSIEhad to the WaBh™e ba(\)rtrt] erand |rosfe-heating 25 occurs while the wash system is

opera_ting to the%_b}n !@Iﬂambeafrleirgy usage. Plumb!ng refer Figures 40 and 41 When two dishwashers are
used in corgbination 1:5%EQ&&‘]QQﬁ‘e‘?g18{58¥é‘a%%°o‘ftﬂ{éeﬂ\1&%%6n3£%si]';l%\4%&%&1%S(%&!%E@Q&%&Pﬁ%ﬁo share

household fittings during installation. Two alternative methods of providing water supply are shown in

Figures 40 and 2t¢edgecivraged iy shidiag doveach/ disiswagter Watishas gty thpdeadedigndrininated on a

respective outlef Qf & ﬁ’i'd‘@\ﬁ?o?ﬂde&('ﬂﬁfbi?i&%ﬁlﬁé’dtﬁl @_aﬁf?ﬂéi M‘&%Eﬁé#ﬁﬁnﬁfé%sﬁ?&%ﬁb@xfmﬁd/ alve is
controlled separately by respective controls in the two dishwashers. In Fﬁlj%ure 41 the water hose 40 for

the top -11 disH&sHeMESR e heovashebamis srrtRaR Dadawes WHidh sk sshphas Whster to the

spout 53 of the iewrswlis waghriwy alvaid & reeaiuas weiet fraruvalveseb. dialyendsepeiatesio divert
water between the top and bottom washers. Wash Chamber Lid 5 Because in the preferred form of the

invention Wash SPFAMBAPS(ANASLE i ate WAL BYSPAMYTS SRranged e Lae fathg Wratherd #5see Figure
19) dishes are thp doadaedsandedwadetioght, lid GO pravidetd ldowWoG i maunted iccabiretdfudther than the
wash chamber % and engages with the top of the wash chamber only when the drawer 17 is fully closed.
Thus when the drawer is withdrawn the lid is left in the cabinet. The user has no direct involvement with
10 opening and closifiethéilg. netibalifimgimiedhaniswh iSaprovidedbtotalide dnd loviendnddéid 36

hinged at 27 to the sub frame 24 and hinged at 28 to a frame member 29 forming part of the
15  cabinet 4. The links and hinges are preferably formed as a unitary moulded polypropylene or
"living" hinge. Lid 66 is floatably retained by the sub-frame 24. A tension spring 30 biases the
sub frame 24 and lid upwardly to a position in which the lid 66 is lifted away from the top of
wash chamber 3. Figure 21 shows the chamber 3 almost fully retracted at the point of lid
closure. An abutment flange on chamber 3 (moving to the left) has made contact with lid 66
20  and contact with a portion of lid lifter 24. Further leftward movement of chamber 3 will cause
lifter sub-frame 24 to rotate link 27 anti-clockwise, moving the sub-frame and lid both
inwardly (to the left) and downwards. The relative displacements of the chamber (drawer), lid
and lid lifter are shown graphically in Figure 23. On that graph abutment of the moving parts
occurs at point A and further retraction of the chamber to point B results in the lid and lifter
25  moving inwards (increasing value of x) downwards so that the lid clamps onto the top of the
open wash chamber. Provision is made for locking the lid in this position. Further retraction of
chamber 3 causes the abutment flange to ride up over the abutting portion of sub-frame 24
(which does not move further) and together with the lid 66 (which is free to slide within the
sub-frame) moves to point C on the graph, being the physical position shown in Figure 22. The
30 lid and chamber flange in this "home" position are clamped together. Buffers 21 damp the

travel between points B and C.



the drawer is opened and closed, and to lock the lid down in place when the drawer is fully closed. The
lifting mechanism includes a sub frame 24 mounted by four link members 26 hinged at 27 to the sub
frame 24 and hinged at 28 to a frame member 29 forming part of the 15 cabinet 4. The links and hinges
are preferably formed as a unitary moulded polypropyene or "living" hinge. Lid 66 is floatably retained by
the sub-frame 24. A tension spring 30 biases the sub frame 24 and lid upwardly to a position in which the
lid 66 is lifted" Sor Ry PEMBFHCER SPRESES chamber 3. Figure 21 shows the chamber 3 almost fully
retracted at the poinicpbkitioaiagwirelishas abtinwenhiilgrgentrchafbiitae(hopiogidntherdekythas made
contact with lid 66 20 and contact with rtiop, of lid lifter 24. Further leftward movement of chamber 3
il cause. HEH B R T e T B BATEtaE U AR e oL B RE i both mveardly
(to the left) and devonwsirdsyaThef théativehidisphacdrrents hb theichagnieeld( dizasedythids maghid lifter are
shown Ogaphjgaliidn FigTe &0 1ARG"aRI ARUIMERALIBE MAUNGIRALS, BECHES AtRAIRt A and further
retraction of the chamber to point B results in the lid ahd litter 25 moving inwards (increasing value of x)
downwards sidribg aHenggerahipsiehtenthe sepsivhen orgpanniahtet radeiber Mipbedivmnsatiade for locking
the lid in this &95&@% Emt!ae%a%@qﬁemhiﬁgamb&r@p&%ﬁ .Sﬁﬁ%%}?@?%ﬂ'ﬁ%gﬁif&r}g&yp over t_he
abutting portion of suB-frame 4 (which does not move further) and together with the lid 66 (which is free

to slide withif PRET$eBrdithe) RRAVERIY ot o AR AAHss by e iy e PosiiiShown in Figure

22. The 30 lidiand elhrmbeedangs ilthisdimmaovesition akk slasnpeshiogethelo Buffeks ét damp the
travel between points B and %(S -12 Wash ChambeggiDish Suppor%iH‘)l'he positioning of dishes in the

washing thaRBE? & W IRERARS B SPEUIOMES FAHRS76° RS tRBSh oSS WASKR T Ehlihber. Slots,
notches or othectdatailse 200N aydrept beidedhenpatylaasthahassidewwatl Bithie M@ashing chamber 3 as
shown in Figkl,{,es%ﬁF -Is-n%‘f’ (c)it%ﬁills]gga% be 5 moulded in the washing chamber wall which is preferably a
moulding of a palas i dthe arrangement is such that larger dishes for example plates and

S materia
other dishes havingegerimg ¢arFigersupponte ? agzinstthie svcshiher fbteesiopemting. Predenably a rack

providing mogs, copveaRiigRal dish, SERREL MAYBE UsALLIARYRROK JiRlRHR/INRUIR.IN, the present

invention such a rack is fixed rather than indaBlPe. However the rack must be configured to optimise the
15  rotated by an electric motor 78 and preferably this motor also rotates a drain pump 79. The

inlet 85 to the wash pump 77 is fed by an annular passageway or plenum 80 under a filter plate
104 having an annular inlet comprising a series of apertures 81 at its periphery. The floor 82 of
the wash chamber moulding 3 is recessed to provide the plenum. The spray arm 75 is
symmetrically curved as shown with the outer ends 86 curved downwardly from the central or
20 hub portion 121. The purpose of this curvature is so that larger dishes (such as plate 200
shown in Figure 12) can be accommodated within the low height of the wash chamber 3.

Because of the low volume of water charge used for each wash/rinse cycle (2 litres) only
a low suction head is available for wash pump 77. This means only a small pressure drop can
be tolerated which means the pump velocity intake must be low. To achieve this a large water

25  intake area is required.

As aresult of the wash pump requirement for a large intake area, in order to successfully
operate with a low liquid volume and a minimal suction head, the height available to
incorporate the system that filters the wash liquid prior to it entering the wash pump inlet is
reduced as compared with conventional dishwashers.

30 As already mentioned the intake area is covered with a filter comprising an annular ring
of apertures 81 (in filter plate 104) of approximately 350mm outside diameter and 300mm

inside diameter. To ensure that this perforated area remains as clear as possible for the liquid



10 space available in the wash chamber and in this respect must allow the bottom edge of dishes (such
as plate 200) to extend below the spray arm hub as shown in Figure 12. Wash System Rotating Parts
Referring to Figures 12 and 25 the washing chamber 3 has a spray arm 75 having spraying apertures or
nozzles 76 in an upper surface thereof. A wash/rinse-witer pump 77 is 15 rotated by an electric motor 78
and preferably this motor also rotates a drain pump 79. The inlet 85 to the wash pump 77 is fed by an

annular passagiWay SFpIehLR 36 GHHEF Sl IE o AR AT ST ARHORFTHRY LA RERHY a series of
apertures 81 atritsrpgsiphieryre pheyflediBhodpthemashichambetlndukfigs is fecwisagdate provide the
plenum. The sprgé/;rrﬂﬂﬁ isr S gnmetqica%ll}/ Scurved as shown with the outer ends 86 curved downwardly
from the centraf'or 20 hub Portion 121. ﬂﬁaeepUrpose of this curvature is so that larger dishes (such as
plate 200 shown in Figgresd2)peeivloe Hocemeledededwlthipetfredamhsidihtipiotive wdskpahsimber 3.
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head is available for wash pump 77. This means only a'small pressure drop can be tolerated which
means the pumpPgatbeEifyliprnakerpnt 15d-|OwWith falittiexscnid audrgeoparaiops] iddathess Berequired. As
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liquid volume and a minimal suction head, the height available to incorporate the system that filters the

wash liquid prio?abit BRI PRNSUAER Buithemiths spdséariaed pikiedWRith conventional
dishwashers. 30 As airgaginipeniinaeahdRpriftake wieRpismaR Riedmndtn-afiliencampisiag-asoannular ring
of apertures 81 (in filter plate 104) of approximately 350mm outside diameter and 300mm inside
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as it rotates. Large soll parucies perforations radially onto ard againsta 5 circular

recess 152 andqtnyase‘%Bamu&%l atvepﬁhqerqb_lateft@@ﬂjﬁasumyelﬁﬁmduii@h is ﬁmwdmdﬁgmtﬁ &7p5fssiv§ filter or
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regular servicing by the user. As shown in Figure 36 the strainer
15 88 and 89 are stopped short of making contact with the edges of the spray arm. This allows

liquid to flow back towards the inner sections to provide pressure for nozzles 90 in this
section.
The wash pump impeller 95 (shown in more detail in Figure 28) has blades 96 curved
forwardly at their lower edges. Because in the preferred form the motor 78 is a permanent
20  magnet, synchronous AC motor, it is important that the motor starts under no load conditions.
To achieve this the static water level in the wash cavity is set to just touch the bottom of the
wash pump impeller. This is indicated by the water level symbols in Figure 25. However, the
centrifugal type pump employed is not self priming. It is for this reason that the impeller 95
has the axial flow type forward facing blade sections 97 on the bottom of the blades. After the
25  motor has started under no load, the leading edges 97 of the impeller lift the liquid and the
pump will prime and operate normally. These leading edges 97 also benefit the systems when
the motor is rotating in the drain direction (reverse to wash direction). The now backward
facing blades resist picking up the liquid and the wash pump cannot operate.
The motor rotor 100 (figure 27) is formed using a ferrite permanent magnet embedded in
30  aplastics casing and has a splined shaft 99 to engage and drive wash pump impeller 95. The
motor rotor 100 incorporates on its lower plastics surface also an impeller 101 for the drain

pump. A horizontal cross section of the drain pump is shown in Figure 29. Impeller 101 has



has a "mouth” configuration to scoop in the soil being cleared by jets 150. The arrangement of the spray
arm, wash pump, motor and drain pump can be understood 10 with reference to Figure 25 and to the
exploded view of Figure 27. Spray arm 75 integrally includes the wash pump casing 87 which has two
delivery volutes 88 and 89 leading to outer sectionsl@4-and 86 of the spray arm respectively. The
junctions between the casing 87 and the outlets 88 and 89 are preferably of tangential volute formation
as shown in PIjtie!97 S8 A8 SPa WasH it 1B PSP T UORitABIA ‘cﬁé‘ﬁﬁé‘?ﬁ BRHSAZDY the spray arm
volute surfaces31the88am@BShardisiappadwshorbaftheakitiigoiacberith thidl eddescobébenspray arm. This
allows liquid totglccl)]\{\grlj)alck towards the inner sections%)lig{%/ide res%l]ijge.for nozzles§8fi this section.

ar’ at en the motor rotoy 1s rotat 1te clion € arrow to .
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of the blades. After the 25 motor has started under no load, the leading edges 97 of the impeller lift the
liquid and the punip WMBRIMt@ EhtoshRYReharnadihernkdedaiAdhedel graRs whtkththe systems
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formed b%ingOSYPé?FﬁeQ‘ﬁ&?ﬁS}%hW%?{éW&%?ﬂ&O&EA'S%I%{‘b%ﬁé%%sT&‘é%?ﬁﬁtﬁhacﬁﬁgt%f Blihed shaft 99 to

engage and dritte Washdjpaeripniriipalleydes dyienimetoneotonldQ@aincoligoidtesvary-padoweloplastics surface
also an impeller 101 for.the drain_.pump. A horizontal cross sectign of the drain pump is. shown in Figure
2o Impelier IO e e e s e R ST L BB B Rt i the
direction of ahygvwend @3sthes diaimwptarip i fl adraimligwid: seatrdh envégitingochadrbeasmwilibd described
more partic%%}%%ﬂggﬂeg)e motor rotor is rotated in the opposite direction (see arrow 104) to
operate the wash pump the drain pump is substantially prevented from pumping due to the de 5 optimised

profile dfthe impelldée alititasing wrea tofatifigustRis tratdidn) PHereed Aspraviding a close

tolerance well in the floor of wash chamber 3. It is open at the top to the wash chamber 3. This
well could be moulded into the floor or moulded separately and fitted later. The motor rotor
100 mounts within casing 106 on shaft 107. It is a feature of the invention that the motor rotor
100 is located within the wash chamber and submerged in washing liquid. The motor stator
20 111 (see also Figure 38) is located outside of the wash chamber and separated from the rotor
by drain pump casing 106. The stator in the preferred embodiment comprises four salient poles
110 to make up a two pole pair (110a and 110b) stator. The drain pump casing 106 has a drain
pump inlet 108 and a drain pump outlet 109. The arrangement shown in Figures 25 and 27 is
such that disassembly of the wash system is very simple. The spray arm may be removed
25  simply by lifting it off its bearing 115. The motor rotor 100 and the associated wash pump
impeller 95 may be lifted from the well 106 by lifting the filter plate 104. Thus substantially all
the working parts can be readily removed to enable cleaning of the drain pump casing 106. No
fastenings are needed to retain these components in their working positions. A similar
arrangement could be used in appliances other than dishwashers, for example clothes washing

30  machines.
A preferred form of drain sump 134 (shown in Figure 27 and diagrammatically in Figure

35) is arranged in the wash chamber base 82 so that substantially all liquid in the washing



non-return valve provided in the drain pump outlet 109 to stop flow being drawn out of the drain hose into
the wash chamber. To prevent water flow by-pass around the rotor and into the wash chamber when the
drain pump is working a shallow plastics impeller 105 (Figure 27) is formed on the top surface 10 of rotor
100. The eight impeller blades are about 1.5mm in heidht-This creates a counter flow in the drain
direction. This hﬁdro-dynamic,seal acts only against liquid flow by-pass. It does not prevent air bleeding

from the drain PRSI D HINEENT? Will Be GppRtmRay ThHtPAp SRS 1R & ionE Ye4gotd §F water back
flow would causerapresiomoof e atoprand wasntioi Rbtiainafe theospiay asmhoZidesoflthd hastdrain pump

casing 106 (Figyres, 25,27 an I%S is formed b rov'%!n clgse tolergnce well.in the floor. of wash
Chamber 5. It i L A o e e e B R T R e P B oo o
moulded separdtdlyeanafitietd thteuih&matohestom FRomdunts within casing 106 on shaft 107. Itis a

feature of te inventign otRﬁlmgggﬂi'ég%%em?diﬁallpa%g%ga .Q%?lig}%wﬂ)%a Hhambehand piomerged in

washing liquid. The motor stator 20 111 (see also Figure 38) is located outside of the wash chamber and

separated fromtisengtarP Byt paney sasidghrodehhigktatdici abeppretanedsHiboginidiaicomprises

four s_alient pO'_Qﬁe i'ol%&@léﬂ@lk&% %M%ﬁ‘é@l9@&@%@?@&‘9&1@{)@@%@@59&@ ﬁi_@&y[@&ép@{sing 106 has
a drain pump inlet 108 and a drain pump outlet 109. The arrangement shown in Figures 25 and 27 is

such that disas8&nl5gét BRI Sy et TR srhibrorfRes prayarfinhsip Hel vamsivadros simply by
lifting it off its bewsingdd 5f theepRgtamiatRIutHband dhenassasialanwagh a1 RRlalas may be lifted
from the well 106 by lifting the filter plate 104. Thus substantially all the working parts can be readily

removed tz)oenaﬁgna'eaning of the drain pump casing 106. No fastenings are needed to retain these
components in their \Refitige poBitiorsI0Aasimitar 1 &6iangenpentidalidthecugeghinna Bplidncepother than

dishwashers, for e le clothes washing. 30 machines. A prefefred f drain sump 134 (shown in
Figure 27 and Ao EAEI oo o Ry SRR ST e R e e
substantially allthiguidsin thenwbeshinld) 11 Saechansbelr tlljelr diav éntositapeidepdraireponapl iFleb 1081s connected

to a lowest partd%ﬁggeﬁg\%@ymra&%tﬁgs HNEIMRQUS WASRIANIdAAINAQE 1AR0-BH MR 434 the floor of

the wash chamber is provided under ilter plate with a helical channel 160 having its lowest point
15  vertical spray coverage in the chamber corners where rounded corners of only small radius are

used well outside the spray arm diameter. In Figure 30 a glass 201 is shown accommodated in
a corner of the wash chamber benefiting from the deflected spray.
Water Heater
The wash cycle requires the use of hot water and it is necessary to provide a heater for
20  heating the cold water supplied to the dishwasher to an elevated temperature.

In the present invention the water heater is provided in the floor of the wash chamber as
shown diagrammatically in figures 25 and 34. The heater is formed by a circular metal heating
plate 141 which has resistive heating elements 142 in intimate thermal contact therewith on the
underside. The heating plate 141, which is about 250mm in diameter, forms the central portion

25  of the wash chamber floor and is sealably mounted in a circular aperture 143 provided in the
floor. The heater plate in turn has a central aperture 144 which accommodates well casing 106
which houses the motor rotor 100 and drain pump 101. Seals 145 and 146 respectively seal the
heater plate sump and floor junctions.

Heater plate 141 is formed from porcelain enamelled steel. A pattern of resistance

30 elements 142 is formed on the enamelled lower or exterior surface of the plate. These elements
are fabricated using thick film technology where a resistive paste or ink is deposited or printed

on the enamel substrate in the desired track pattern and then fused solid. The tracks may be



161 opening into the sump 134 as shown in Figure 39. 5 It is important to achieve the modular
advantages earlier outlined that the construction of the motor-pump combination is such that the height of
the wash pump and electric motor from the lowest level of the top surface 121 of the spray arm 75
(Figure 25) to the lowest level of the electric motor-i$tvery small - typically of the order of 55mm. The
height dimension from_ the centre of the spray arm including the drain pump casing extending below the

motor is 10 PEMHPRAMRG IS YL SBYaneuote P8 thaS BEPratiBelc e shul &l Shd 84 of the
spray arm 7%orddugipeovicleBeatBighpbatidially 4700 citatdetsofWtashehigtgdclilifa. redigicormaskportions of the
wash chamber wall in the plane of the jet have a shaped protuberance.118 to form deflecting vanes to
oot ot spily s B e o L P e R e e G R verage n the
chamber coronppssivhandaut tied borribng@ionty smalisradidsate fosedwethoplsideithgisgray arm

diameters In 'f:ﬁ%‘{e%lﬁaqgﬁ& '&‘)}E&Q&e R NANYASARMALRLSH 0 é}r%‘%}g ‘rﬁ’if &L“s‘h‘%ﬁﬁi@ ﬁ%ﬁ%’er benefiting

from the deflected spray. Water Heater The wash' cycle requires the use of hot water and It is necessary

to provide a liatdsofer nrpitesedipisidotd Waikatisn ppilew todiee Hestonsrstdedeofanadeigatied temperature.
In the presentnvaptioRtReWRIRINEAIETIR BreVidadiHha J9ekef thenashehRmBERASvShown

diagrammatically in figures 25 and 34. The heater is formed by a circular metal heating plate 141 which
has resistive RERETYE SRFRC14BNS i dpigTaeniTarion Coltditineraitth SHMRAIGARYEIHEr The heating
plate 141, whiskhis @hodtRSRRN0 iltametargforms the central portion 25 of the wash chamber floor and
is sealabali/ mounted in a circular apergjre 143 provided in the floor. The heater plate in turn has a central

aperturdU44 which McREHTHIASREOWAR R LR 0% [T SHTHSE B RRSTS? F8t5P Y 6BUSAY drain pump
101. Seals 14baindsAthraspantive)yfaerhting theateh taid st dunddlidemuictieiswHdater plate 141 is

formed from porcelain enamelied steel, A paiern. of esistance. 20 elements 142 i formed on the

enamelled loWer or extarior surface df the pla?g.errﬂese sfements “are rabricate usmget?ﬁéﬁ film
technology wirefegaredistiverfastengpenkuis wepbsitedveyrfrtednd mthienenatineti subStrateah the desired

track pattern &rll[gaégqg J&ﬁﬁ?&ts Li%&@%ﬂﬁ&l%%@?ay be -16- made up of conductive and resistive portions.
Power connections to the heater are made to
15 In the preferred form the heater plate is disposed substantially horizontally in the wash

chamber floor which makes it simple to ensure a constant substantially laminar flow of wash
liquid is passed over it. However, it would be feasible to mount the heater plate vertically and
locate it in one of the side walls of the wash chamber, although not wall 34 which is common
to tank 33.
20  Motor and Motor Drive

Control of the filling, rinsing, draining and washing cycles is provided by a programmed
microcomputer 120 (see Figure 26) for example a National Semiconductor COP881C. User
operated microprocessor console 126 connects to the microcomputer. The water inlet valve 51
already referred to is connected to an output of microcomputer 120.

25 A primary function of the microcomputer 120 is control of the start up and running of
synchronous motor 78, both for washing in one rotational direction and draining in the other
direction.

Motor 78 is an alternating current synchronous motor with the stator field created by
windings on one or more pole pairs. Referring to Figures 25, 27 and 38 in the preferred form

30  one pole pair 110a of the stator 111 is geometrically displaced 90° to the other pole pair 110b.
The current in one pole is phase shifted in relation to the mains current in the other pole. The

permanent magnet (not shown) in the rotor 100 has two poles, aligned diametrically. The



conductive, non-heating portions 147 of the tracks. When energised the resistive tracks dissipate heat
which is conducted to the steel plate and thence to the liquid in contact with the opposite surface of the
plate. Temperature sensors may also be formed on the plate using thick 5 film techniques to provide
feedback for temperature control circuitry. The wash purp loading can also be monitored to provide an
indication of flow and the heater switched off on detection of inadequate wash liquid flow. The thick film
technology used & 4R8BSV AGR SRR AMAP SV P oA e Sl et T AR AU el P SRR X8EHs to the
motor, and a terrsithdtiempadabipthcanection to the motor stator windings. 10 The heater plate provides a

relatively large surfa%e area (g(a{neeaélﬁrd to conventional .tubul Oscl"ueathed eFIe ents) 11;or heat[iong the wash

liquid which during the wash cyclS Will FOW® AeT0SsIRE 1O Surrade 'of ?ﬂlélrﬁ a8 N ater ot this

configgrgti_on prxymid_esnl@w mwbmdemjujfrehebxtmgoand Idl\iwspirfadew@mlperavid@ wirighurdproves safety
and minimiges g Ask ALNLHTA!L 43NAASID égé%gf&&d?@ﬁ%%%m%gﬁ?h% 42 (R g Rrefgred form the

heater plate is disposed substantially horizontally in the wash chamber floor which makes’it simple to
ensure a constaat Sibawintislaraniatidwnonirashbligoleriiy grieded] 8¢ ardthpipageeposttiopiid be

feasible to mOU%W%QEW&EQ%YEEUE@MP‘MS{H Aent HﬂaRJ?‘%vad‘i’ﬂEsS@SEéﬂ@'i%@fébﬁfﬂé{%‘%ii_}&ham_ber_,
although not wall 34 which is common to tank 33. 20 Motor and Motor Drive Control of the filling, rinsing,

draining and waSHiAR A st drddinre protHanm Be CHIRYS SO ABREALED! FHed Rigitd 26) for
example a NatigRah&eiceraivetneOP@S 3 (dYsal 30R6 raled (hNgy ADIRESSEOFqaiRg B ddfgonnects to
the microcomputer. The water inlet valve 51 already referred to is connected to an output

r f
microcompUter 130 58°K! B H?va‘l’ﬁh5ﬁ8ﬂ%ﬂl‘?&%ﬁ?&%&ﬁﬁ?ﬁ8ﬁ% issfaé%rn‘WBle’ngr\aéesigﬂfcgﬁdand running
of synchronousunstohd SinbttpHaewaskipglinbgnaactationad dixectigraind grainitighinddseridier direction.

Motor 78 is an glte{%a}}lin cur e(__)rﬁte %nchgonou%emotc%rr(\)/vj)tgltgt% slt%o& iglrclimcr.eat 19e9t¥ ﬁ"(’)i I%ié} S on one or
more pole pairs.‘f—ﬁle errff"ng(io |guresyf§,f§%ndd§]élm fihe lE)re erred form 30 one pole pair 110a of the
stator 111 is ged¥netdewitnvisplacetu®iptodmeotiiempdiepdin]Lotsd TihelsumenbieropequolEhis phase

shifted in relatiop,lq;ihe %ﬁiﬁ&r&%ﬁ&%%ﬁé@ﬁseﬁiﬁ% PRAic] (G2 RESTPIR BN NALAREANGASERQWR,IN the rotor

100 has two poles, aligned diametrically.
15  magnet position (waveform 32(b) or 329g)). The algorithm provides gate pulses (waveforms

32(e) and 32(h)) to the triacs 121 and 122 only if the resultant torque which would be produced
is in the required direction. The triacs of course, once turned on, will remain on until current
through each device is zero. The resultant stator winding currents are shown as waveforms
32(f) and 32(c), phase shifted in relation to the respective gate signals.

20 The back EMF signal may be derived from the non-energised stator windings. It should
be appreciated that the drive technique disclosed involves simply taking power from the mains
at points in the mains cycle when a pulse of power would be beneficial for rotation of the
motor. There is no attempt to synthesise commutation waveforms from a direct current supply
derived from the mains.

25 When the microcomputer determines from back EMF zero crossing frequency that the
rotor speed is close to synchronous with the rotating stator field the motor is switched to run
directly from the mains as a split phase motor without any need for electronic commutation. It
will be appreciated that during electronic commutation only one stator winding is energised at
any one time and this limits the motor power. For synchronous running triac 121 remains ON

30  to connect winding pair 128 across the mains while triac 122 is switched OFF. At the same
time triac 123 is switched ON to energise winding 129 pair via resistor-capacitor network 133

which applies a 90° lagging current to that winding pair.



-17- magnet rotates synchronously with the stator field, with an angular relationship to the stator field
determined by the load. Being an AC synchronous motor, a starting method is required to bring the rotor
to synchronous speed in a required direction. A drive circuit which provides commutation to 5 achieve
this is shown in Figure 26. Corresponding wave form 8llagrams are shown in Figure 32. The mains
voltage polarity is monitored by polarity detector 127 and the magnet ({l)osition iS monitored by means of

back EMF sensing hHE SEAEIPNM Y A58 BrEISS EoH FAILES A A P4PILBCY S A HBIEE Back EMF zero
crossings. Theeoispottsiafizriparatovsr i2ihe hxdoanchR#dardiinidictiedvoy tyvavertarmashd iy, 32(d) and
32(g) respectiyely. Other sensors (rather than back 10 EMFE) could be used such as optjcal or Hall effect
oraing. Tho S RS S0 MR SHOLs G e S SRS TS 10
respectively asdihighbecdesotiimedno8witghitgpisecontrolled by programmed microcomputer 120. The

running girection fipiqr (& &ﬁ?ﬁ%‘%@%@o?éﬁg&@ﬁtHPd%Qc!HB%HH%HPd? Alaguim G

microcomputer. This algorithm compares instantaneous mains polarity (waveform 32(b)) with
instantaneoudstBiesiooriag ped pasitimavacescard3Rs)s8eBZ0g)). The algorithm provides gate pulses

(waveforms é?c@sa@qﬁg%&a&g%&iﬁ%;% Ach 122 BVnikith FeaHitRt trale Which would be

produced is in the required direction. The triacs of course, once turned on, will remain on until current

through eachs¥¥sibdi13 Faraing REhe A A HABIARSF WY Ctate RrnRRloskens Sl (didFal 32(f) and
32(c), phase sihiffeshinatalatiomia e viesneativel gaigpstgpalsn AathadsackENMT signalpnay be derived

from the non-en r‘%ir?)ed stator windings. It should be appreciated that the drive technique disclosed
involvesl(éimm? d%\}ﬁgr from the mains at points in the mains cycle when a pulse of power would be
beneficial for rotatibie afdioe tamotas. nMiheteds ndatemRdberaypn thésiae: GomintLialtipairvaueiiorms from a

direct current suppl! éj)el[I[ived from the mains. 25 When the microcamputer,determiges fram back EMF
zero crossing;1 ?rgle%q%délncy ﬁ:ﬁot]ﬁager%%?%%%%g féu(e:?orgqeel:[rg s%%:%réﬁ%urga\?\ﬂ tﬁeén?c;igit?r%e&a or field the
motor is switchec¢onmpwiedixaupyrésdim thknedihs mkaosglipletsemibter witlpbatcamglpeedifor electronic

commutation,lf wijl he aRRIGARISH Rt AUING.EISGIHIELRMMUAHAN.L MY AR SHIRE yiding is

energised at any one time and this limits the motor power. For synchronous running triac 121 remains
ON 30 tbcorfisedewitimigrhir 128 across the mains while triac 122 is switched OFF. At the same

When the motor runs in the reverse direction for draining, the start up method is
unchanged. However, when synchronous or near synchronous speed is detected, and run mode
is selected, only one set of poles continue to operate - that is, the motor becomes a single pole
pair motor. The additional complexity required to run on both pole pairs in the reverse

20  direction is unnecessary as less power is required to operate the drain pump.

The motor run mode for the applications described does not involve commutation from
the drive circuit, but in other low power applications the motor could be permanently
commutated by the drive circuit. The configuration of the motor stator can be seen in Figure
27. Two orthogonal salient pole pairs 110a and 110b carry windings 128 and 129. The pole

25  taps lie on a common circle of a radius slightly greater than the drain pump casing or well 106.
The salient poles are made of motor grade iron laminations in a conventional manner.

The flux return path for the salient poles is provided by a laminated iron ring 125. This
ring also helps to structurally support the salient poles which are shaped at their extremities to
"dovetail" into appropriately shaped recesses 156 in ring 125.

30 Ring 125 is made up by stamping a continuous length of laminating strip (see Figure 43)
with recesses 156 to provide for salient pole dovetails and bending into the square ring

configuration shown in Figure 42. The blank stator material is edgewise wound in helical



time triac 123 is switched ON to energise winding 129 pair via resistor-capacitor network 133 which
applies a 90' lagging current to that winding pair. _18- To enable the motor to run over the range of input
voltage and output power required, a method of limiting input power to the motor is applied. This is
achieved by switching the triac 121 to phase angle cutlthe supply to stator winding 128, so regulating the
current magnitude and hence controlling motor input power. 5 With a motor and motor control system as

described motol i A R dralS anver s dhpatBidms il fifpAto e HeldiiShs such as:
(i) wash pump cpevatiig reesially 5S¢ inwashcpuatForelobitabin gn fiipetow orithl tiadalidn: fdessystem, (iv)
foaming of the wash Jiquid occurryi wash pump_blocked or stalled,, (vi), drajn_pump operating
normally, (vii) all quui&qlf)suen%éﬁ oﬁq%?]a%%ﬁﬁ?n% (e)régr)lfclfltf\fﬁﬁnéj?zraﬁﬁe&arﬁjpd 6) B cr)?:il?gdsgrths 5?%6 ? The motor
torque is monitprdes as dadtovnsuREReming taioigurel BBéaot thokelpainpwnthniy: Ad8ardtiRfhes voltage

and currentvalygs refRried [0S, \aiR A%k 'w@ﬁ‘.dAV\be%"i‘S\lph-e}?ﬂ? %&%“ﬁe@ﬂ% QGMRYIEr EAMPRLES the value

of the relationship between these two phase angles’with a ran pre-determined values, the degree of
potential torquefeimpdiinchihaanetoy ik thatdimrage e Hrndeie iificerl Witeheeshehempgnis in the

reverse directiop, for-draiing atb e RIAE:HR MethRd issiHoahanaesh HOWENEE RS SYRRIENRKS or near

synchronous speed is detected, and run mode is selected, only one set of poles continue to operate -
that is, the motdPipEssiddhs dielg el hishilisibibe. roferddcifiBnal complexity required to run on both
pole pairs in thepirygise 20 direction is unnecessary as less power is required to operate the drain pump.
The motor run mode for the applications described (ﬁes not involve commutation from theﬁ%rive circuit,

but in othellow power SEBTEAHSN thd PRSP olficP BENS e iKH RIS BNTINAIE AL IRE HrlE circuit. The
configuration ofdifa@enotak siatorcanfbersderdhikdgysad20TshEwaaokiitoganat s aliernh palevpsitsel | Oa and

110b carry windings, 128 and 129. The pole.25 L a common circle of a radius slightly greater
than tho crain SR SR SR L0e e S R e SR A Stoms i
conventional maasiechdtheefl GxMattarrpathefol2thdgriiemttgolesisiprdideodsby @demimatedivon ring 125.

This ring also higlas g, SEYelA SURRAIE e SRleRhPRISTIRMATE SUAREH Righeir pxUsmjties to

15  below the loop of the syphon tube 55. The inlet valve is again opened and tank 33 filled until
syphoning occurs whereupon the inlet valve is closed. The controlled volume of water
discharged into the wash chamber 3 may be used for rinsing or washing, as selected. If rinsing
is required the electric motor 78 is switched on to rotate in the appropriate direction to cause
the wash pump 95 to operate. As a result of the wash pump casing being formed by part of the

20  spray arm there is a reaction between the pump impeller and the spray arm causing the spray
arm to rotate by partial fluid coupling. At the same time the wash pump causes discharge of
water from the spraying nozzles 76. After spraying the soiled water returns to the lower part of
the washing chamber, passes through the apertures 81 in the filter plate and is drawn through
the passageway 80 into the wash pump to be recirculated.

25 The wash cycle is substantially similar to the rinse cycle except the water in the wash
chamber will be heated during activation of the wash pump.

When a cycle of washing has been completed, for example, a cold rinse, the electric
motor 78 is stopped and its direction of rotation reversed. As a result the drain pump impeller
101 is operated to drain rinse water from the wash chamber through the hose 37 for delivery to

30  waste. After drainage has been completed, refilling of the washing chamber takes place in the

manner described.

At the completion of the wash programme the drying cycle commences. Water on the



"dovetail" into appropriately shaped recesses 156 in ring 125. 30 Ring 125 is made up by stamping a
continuous length of laminating strip (see Figure 43) with recesses 156 to provide for salient pole
dovetails and bending into the square ring configuration shown in Figure 42. The blank stator material is
edgewise wound in helical -19- fashion to form a sta2® of laminations of the desired thickness with the
square configuration shown and recesses 156 in each comer for dovetail engagement with the salient

poles. In use O ThE JIAEEhRY teratistsy Remitiadhimsh diemhis i vhistthd fid #idil&fent poles

engage circuiviteresitiallytabodt wed dtnssicwhll Sdneillpowithnd e permaeantmagreinbeotor 100
mounted within the well. A very low height pancake sha mator is aple to be formed in this manner with
the athvantagE G e R RS el VHORT O e A e et A6 or benng
mounted insideptive frsllthodi depahateW harthehieystatorclsythenphickiibs srofviitd vetipmadtsandich lie in the
motor airsgaqhg)(ﬂgggstiI%glo;,g_d'rI]'flaps%qg%ggppop{]ge ggg&\g{?e%jer according to the present invention is as

follows. The drawer 17 Is withdrawn from the cabinet 4 and dishes stacked in a rack within the washing

chamber. The draWetengens s heibumwgsan iRl bs vsiphileresbsbsastohg ditgredispentdhe wash

chamber 3. '\éﬁ%ipé‘soﬂﬁl@%ﬂ?{lés%ﬁ itﬁ‘Sﬁl@igé%%w%m%ﬁi%ﬁ%é%%ﬁlﬁﬁ&@?Eﬁl@&ﬁ@? et valve 51 is
opened causgg the water tank to fill to the level shown in Figure 14 i.e. just 15 below the loop of the

syphon tube 5% 07 AePfsfetabinidNayARadetedr anePesHicared Wtlaisg droiieg  88turs whereupon the
inlet valve is closegy The sontigligdomiungrbwatal peisehargadrntadhaashabarpher 3smay be used
for rinsing or washing, as selected. If rinsing is required the electric motor 78 is switched on to rotate in
the appldpriatd 8f8&ion to cause the wash pump 95 to operate. As a result of the wash pump casing
being formediby phitiof ikie210 slera prapnariines cels @eteaction between the pump impeller and the spray
arm causing the spra m to rotate b rtial fluid coupling. At the same time the.wash pump causes
discharge of E\?vateg?%rr%q%{emsrﬁsrggihnéeréggzﬁz‘/fseasn 6”4 Ielrsff)[:s%}}(rlléu %%o{l%-{-l %5%%&&?%%9?1??8 the lower part
of the washing chemmbarh@eassesfthrongivithve egsertures 81 in the filter plate and is drawn through the
passageway §0 inip e As1RHTIA PR SEIAHARK: 2R TPBHAST GG S gHRgiRntally similar to the

rinse cycle except the water in the wash chamber will be heated during activation of the wash pump.
15 4)  Wash pump stops, motor reverses and pumps out wash liquid.

5)  Tub refills and wash pump re-starts for main wash. Heater switches on, until

temperature reaches 65°C. At 45°C the detergent dispenser releases its detergent.



When a cycle of washing has been completed, for example, a cold rinse, the electric motor 78 is stopped
and its direction of rotation reversed. As a result the drain pump impeller 101 is operated to drain rinse
water from the wash chamber through the hose 37 for delivery to 30 waste. After drainage has been
completed, refilling of the washing chamber takes place in the manner described. At the completion of
the wash programme the drying cycle commences. Witer on the -20- dishes is vaporised by the residual
heat in the wash chamber and load. The tank 33 is filled with cold water 119. The common wall 34 will
cool and water fhpod iSH08 EhisrEEres BraL BERSAth e s WU HAS S CBhHEN LB EHERRSA. This
obviates the need to gnt hitiwpiehel@poytieoio: heshishviaahee Mbhen the drying cycle is completed the
drawer 17 is opened and 5 the dishes removed fgr storage or for use as desired. Detergent may be
Cispensed ino e w1 g SRt 2 Ao TN SBb BB S5 H 58 HHARHIUSUBed i efther our
New Zealand Patent Gpedificatiopn2Bezatillidaiédo? Tidupet di880 Nomhpaeferabyiow NewrZ@dand Patent
Specification 238504 dated 12 June 1(?91. B way of example only a typical wash programme for a

. - t -h X .
moderately soiled lodd is°%et 10 ouf befow: 1) Dishwasher loaded, programme selected and switched on.

2) Controller tufhs omifiéetivabmianidssypihore stapts lamddpbniife] (¢anhlpahteatid fided! dplidulpre-syphon point
from previous ugg). 3 Wash PHIHR SIS 21:a 6ol REeFinges PO heating.ogeurs. 3,minute duration. 15 4)
Wash pump stof'p@)s), motor reverségs aind[ pumE)s o%t wash'l?qéj?d. 5) 1Tiq'?b }eﬁ%)ls g%ne ‘Wash pump re-starts for
main wash. Hedter switeh¥sfor] omtilp tevperature reaches 65'C. At 45'C the detergent dispenser

releases s deteigenk, ZhWhen PG paaRChi hesier e ofiesiina saniiniee. denk s to

pre-syphon point and is pre-heated by the hot wash liquid in fter 5 minutes after reaching
65C, wasHitg stops, {pBtBeI%erses and drains tub. 8) Tub fills with pre-heated liquid, for first post rinse.

No heating this rifyse AT@plilEiR5 BrerMRBOR RIS ANG RigsheAtemI) Afieldirge minutes washing
stops, liquid pumped out, pre-heated liquid fills tub. ] ) o
This programme has a duration of approximately 35 minutes and water usage is 8 litres

of water.
ADVANTAGES
15 The dishwasher of the present invention, at least in one or more preferred forms, has the
following advantages:
1. Motor:
. The permanent magnet rotor runs in the wash liquid thereby precluding any need for
contacting dynamic seals to contain liquid in the system.
20 - The permanent magnet, synchronous type motor is a comparatively high efficiency

motor which does not require forced cooling.

. The chosen pole configuration allows for the shallow height of motor (in the axial
direction).
. Simple and reliable electronic starting method.
25 e The motor operating principle and self monitoring system ensures constant, synchronous

operation. If asynchronous running is detected, the motor will stop and restart
automatically. The motor has two pole pairs to achieve the high torque required and has
the second set of poles capacitor shifted 90° to minimise the electronics required.
. When running in reverse, the motor uses one pole pair to also reduce the electronic
30 componentry required.

2. Washpump/Spray Arm:



10) Final rinse begins, with heater up to 65C. At 55C rinse aid is dispensed. 11) At 65C final pump out
occurs. 12) At completion of pumpout, tank refills to pre-syphon point and drying cycle 10 commences.
13) After approximately 30 minutes, wash load is ready for removal if desired. This programme has a
duration of approximately 35 minutes and water usage is 8 litres of water. ADVANTAGES 15 The
dishwasher of the present invention, at least in one2d8r-more preferred forms, has the following
advantages: 1. Motor: The permanent magnet rotor runs in the wash liquid thereby precluding any need
for contacting dynamic seals to contain liquid in the system. 20 The permanent magnet, synchronous

type motor isea cofMipaphitivelynhigihe fiiesapoynmintde whighgoes nohseguite ferd éa eoplifidhe The chosen
pole configuration aIIowst.for he shaILow heicgikrllt %{erp\%o(fegln etsheF l)S<ial dirﬁjca igpe)r. .Sima;():lleC é';}pd reliable

. . convyent CWOIK conne ans € 1S pr.
electronic starting metﬁod?nﬁl € motor operﬁlng prlnC|pFe an Sg monitoring S)Pstem er?’sures constant,

synchronous operatignadf adymehnshotystenmming st dotédyitheomotoreqiirstdpr drdregtset

automatigally. Theog}ggl%( has two pole pairs to achieve the high torque required and has the second set

of poles capacitor shifted 90 to minimise the electronics required. When running in reverse, the motor

uses one pol® pairtbaldtiredsercehel shRrarstiic TR pShevtryYarited 12, WasHpdmpiSpray Arm: -22

The placement of thg.yash pump inside the spray arm removes the need for any of the conventional

pipework connecting the two devices. This means that there is practica% no dead' volume in the system,
|

minimising tHe liquiBToYIRIME PEHATdS FrirE BupRYtis! Sliid g Peiiecasie AdsloPPiework means
losses are minimiseghéler hightydiaphelute. Rotation speed adjustment can be made by using a small

10 degree of reaction from jets. Normally in prior arrangements the pump is a separate unit
situated below the sump and connected to the spray arm by means of pipe work. Some
dishwashers have the pump housing as part of the sump. Such systems are
disadvantageous for the following reasons.

a)  The vertical space requirement of a separate pump and spray arm precludes the

15 possibility of designing an extremely compact dishwasher.

b)  The often complicated pipe work accounts for inefficiencies through friction
losses.

c) The plumbing between the pipe and spray arm is a dead volume for washing
liquid and opposes efforts to reduce liquid consumption.

20 The present invention at least in the preferred form, is aimed at overcoming these
disadvantages and providing the following further advantages.

a) A pump and spray system wherein centrifugal type pump is mounted integrally
with a rotating spray arm. The pump discharges the wash liquid directly into the arms of
the spray arm without intervening plumbing.

25 b)  The compactness of pump and spray system facilitates maximal usable space
within a given dishwasher height or for a given load capacity thus promoting the design
of compact dishwashers.
c¢)  Because there is no pipe work between the pump and the spray arm and hence no
frictional losses the overall efficiency is vastly improved compared to conventional

30 systems. This results in smaller power requirements for the motor.

d)  Because of the lack of pipe work there is an absolute minimum volume in the

system requiring filling before the system operates which facilitates low water usage and



efficiency. Spray arm rotation is created by the partial fluid coupling between the wash pump impeller
and the pump volute. Rotation speed adjustment can be made by using a small 10 degree of reaction
from jets. Normally in prior arrangements the pump is a separate unit situated below the sump and
connected to the spray arm by means of pipe work. Some dishwashers have the pump housing as part of
the sump. Such systems are disadvantageous for thé&3¥ctlowing reasons. a) The vertical space
requirement of a sepe}irsf}lfe ump and ;}%}% arm precludes the 15 possibility of designing an extremely

compact dishwasher’ ¢ Seh e at&d pipe work accounts for inefficiencies through friction

losses. ¢) The plumbing b@ywaancthiipifieid nouppng\bamaeis theg@ah uahetive fod tvaghipcoiging and
opposes efforts to reducerli%uid gaonsum tion. ZOigl'prg Efglrrﬁent¢'rnvertﬁieon at Jeast inh%hg preferred form, is
0

aimed at overcomingp ﬂ1weeset disadvantages and provi |ngl %ﬁ% owmdlﬂlfﬁ er adtvant%é%s%rgﬁA pump

and spray system whdraiiaentrifggabybesgstiongdss miodntedy irtegrdliyt adtbrefaetdting spdaysarm. The
pump discharges the,wash, liwid dirgaly a6 3ms Eo‘iﬁﬁb%%%?! @EQ e {ntervening plumbing. 25

b) The compactness of pump and spray system facilitates maximal usable space within a given
dishwasher height orffor alfiy@asralle Capaensetha s ProtastEthend SBIgH SBEEB MpRS RIghWE hers. ¢)

Because there is no pipe WerHROWaSHIMOWRR AdHDERRRN R R0HH fAowriglipnaldosses the

overall efficiency is vastly improved compared to conventional 30 systems. This results in smaller power
requirements for the PEtEP < BESSALE SPIE lack of pipe work there is an absolute minimum volume in
the system requiringgfilling heflrenthausystermopesatescuiichr fasilitates | ovvivgaser tisagayaneh-23 reduced
energy consumption. eéB vjrtue of the fl idl?cou ling between the pump impeller and the pump housing,
power to r%)(?ate the spr S’/Sgsrﬁe%elér?ﬁ)ae IShREA o ]iﬁepoﬁnc éfil1%o the spray arm. Therefore conventional
reaction jets which ntay beSeiseatdbaaires pystfanalily mptupedd aseray arm are avoided.

i) Rationalisation of parts reduces manufacturing costs.

) As no connections are necessary between the pump outlet pipe work and spray

arm which are usually outside the dishwasher tub the potential of leaks in this area is
15 removed.

. To enable the washing pump to operate without ventilating (pumping air) and with only
minimal suction head available, a large intake area for the pump is employed. The pump
intake is an annular area at approximately 300mm diameter and approximately 7mm
high. This allows for a pump performance in the range of 65 litres/minute at a head of 2

20 metres that requires only 2 litres of liquid in which to operate.

. The wash pump impeller is of the mixed flow type, with a radial centrifugal outlet and
an optimised axial flow inducer at the inlet.

This inlet inducer benefits the pump priming in the wash mode and helps prevent the

spray arm volute priming when in the drain mode. The drag created by the wash pump
25 in the drain mode is also reduced by the inlet inducer.

Both these benefits reduce the drain mode power requirements, aiding the motor running

on one pair of poles - as a result of the improved priming ability of this pump, the wash

pump intake is successfully located below the wash pump housing.

3. Drain Pump:

30 - The drain pump impeller is an adaptation of a paddle type pump that is optimised in
such a way that the maximum pumping performance is achieved in the drain mode, yet

the opposite direction i.e. wash mode, no pumping occurs and low drag is generated.



5 additional wash liquid and do not usually contribute to the wash action. f) It is possible to produce the
complete pump and spray system in two parts, one being the spray arm pump housing and the other
being the pump impeller, the system is therefore intrinsically simple. g) Should the pump malfunction
because of a blockage, lifting off the spray arm 10 exposes the impeller and other parts for cleaning. h)
Separate bearing systems for a pump and a spray &m are avoided. i) Rationalisation of parts reduces
manufacturing costs. j? As no connec&ons aée necessary. between the pump outleé‘gi%efwork and spray
arm which are usjﬁﬁ Ot S AIEhWARHAF (IR R PO ARREPFLAKS A tHRE IR LR Fmoved. To
enable the washinggxinmprimope ateavitholbicantdetia thépuastpprugnpir) and with only minimal suction head
available, a large intake area for th mp.is loyed.. The. p_intake is an annular area at
approximately 300?7%%(& lame g}ﬁgrn%%%rl)srcl)?(?ﬁ%%]gl§n§ﬁ{%lyﬁé[ﬁg%{g0§?forv§so for a pump performance in the
range of 65 Itres/rimsaiatrarhphebeng ivi0tegettwsthibe negoitesongadd|iveisabpliguidanng/fich to operate.
The wash pump impeller is of the mixed flow type, with a radial centrifugal outlet and an optimised axial
flow inducer at the inlet. This inlet inducer benefits the pump priming in the wash mode and helps prevent
the spray arf volSteBAHing AP thecamsiRInrbad. TReety eedied Dy stieciish pinks 25 in the
drain mode is aboa&%@k‘d&@ﬁy%rﬁ'&@iﬂg'%%9@%‘3@%@1@% herabteweEHGEITRR AlRIMRLMRAS power

requirements, aiding the motor running on one pair of poles - as a result of the improved priming ability of
this pump, the wasR POtk EGY L8 talsTaNfErseHR L He bt REWAAH HBmPROMEHGS Drain Pump:
30 The drain pumponmpeleri®abadagtation of a paddle type pump that is optimised in such a way that

the ma>&i5nurr1 pun}?ing Rerformancterits achieved int the drain rrgod%,gygt .the opposite direction i.e. wash
mode, no pumping BREUFE ARy TR AFAE i Eratsd 1o B84 BWraG §NEIREE WHES tHe drain pump is
operating in reversetweanddhabdtherads andatkienunomiaiosipo\viler dxalabéeftondnf/ey thie hvash pump.

through this path after the air has been passed, a centrifugal pump impeller detail is
moulded on the top face of the motor rotor which in effect opposes the flow of any
liquid trying to escape.

15



The drain impeller detail is moulded integrally with the motor rotor. The drain pump housing is integral
with the motor housing and central plain bearing for 5 the rotor. Should the drain pump become blocked,
jammed or require any servicing it can be accessed by removing the spray arm 75, the filter plate 104
which will also lift the motor rotor 100 off its bearing shaft 99, revealing the drain pump housing 100
which also forms the rotor housing. 10 - Upon drainpdmp startup, any unwanted air present in the drain
pump can escape up between the motor rotor and the motor housing. To check the flow of wash liquid
through this path after the air has been passed, a centrifugal pump impeller detail is moulded on the top
face of the motor rotor which in effect opposes the@lbaibfSany liquid trying to escape. 15 -25 CLAIMS 1.
A dishwasher comprising: 5 (a) a wash chamber adapted to accommodate dishes and within which wash
liquid is circulated, said wash chamber having a floor which is dished upward in the centre, (b) a rotatable
spray arm havirg liquidl didohatge eomziiemgvhich is located in the bottom of said wash chamber, said

Spray arm ig turea)compRi%i&%éﬁ%ﬁg&%ﬂ&%%@é&&ﬂ%&%@dgi@pgﬂﬁqgllxiﬂmﬁéﬁ%xmcﬁ%tigns

extending outwardly therefrom towards the side walls of 10 said chamber, the hub portion mounted on the

upwardly dishedifs8Hisn stidarasbreanmher havnbosamhidng gishdny spebiadhsisentiRat they droop
downwardly away fromthatmbspastion snsiagtiallyRaralielsobedizhedistnatdigothsdramber floor,

(c) a rack within said chamber which supports dishes above the floor of said chamber, such that the
lowest point of &H§ ARSHISPYBRIEATRSSPPSriSE dISHUS SOBYENASIR RoPetg 2%i3ivashbif of the top
surface of said spiayt@¢illy (hpaspUMPIPOICRIESSTISES BRI B iy EFomMikne St kididalie)ha shallow
depth pangale o Recie Ioian ! SIRA S PUTR SR ynaer s SRS, fiapgd porton of

and said wing portions shaped such that they droop downwardly away from the hub portion

substantially parallel to the dished curvature of the chamber floor,

(©) a rack within said chamber which supports dishes above the floor of said chamber,

such that the lowest point of any circular vertically supported dish is substantially above the

15  lowest point of the top surface of said spray arm,

(d) a pump which pressurises said spray arm with wash liquid,

(e) a shallow depth pancake shaped electric motor for driving said pump located under the

upwardly dished portion of said chamber floor, and

() the configuration and juxtaposition of the spray arm and electric motor being such that

20  the distance from the bottom of the motor to the lowest point of the top surface of the spray

arm is of the order of 55 mm.

2. A dishwasher according to claim 1 wherein said spray arm comprises a hollow flat
vessel having a vertical thickness substantially less than its horizontal width.

25
3. A dishwasher according to either of claims 1 or 2 wherein said pump includes an
impeller within said chamber and said spray arm is supported in the bottom of said chamber
for rotation about said wash pump impeller, and wherein said spray arm has internal surfaces
which define a co-acting casing for said wash pump impeller and which define a volute which

30 allows delivery of wash liquid from said casing to said nozzles.



the configuration and juxtaposition of the spray arm and electric motor being such that 20 the distance
from the bottom of the motor to the lowest point of the top surface of the spray arm is of the order of 55
mm. 2. A dishwasher according to claim 1 wherein said spray arm comprises a hollow flat vessel having
a vertical thickness substantially less than its horizontal width. 25 3. A dishwasher according to either of
claims 1 or 2 wherein said pump includes an impef€rwithin said chamber and said spray arm is
supported in the boﬁgom of said chamber for rotation about said wash pump impeller, and wherein said
pray arm ha interfal SUATES GHIEH et & Bo-neURE Ealtig PSP s wIRSHep CHAA heifer and which
define a volutensibtichd 80patioivsadiefiveryrohwtasix tiguid ds ofis Saigheasimgitooshidt oz pstiadd 4. A
dishwasher a@orélri%rﬁfltoagla'lm 3 Wherein&lﬁg{el Shray ar vqu[;E surfflelclzesl Are configured to permit back

I t .
flow from the extr S'of said %pp?'effréfm INto t e%oezr%thlvgor%arS\ ofisaid spray arm to supply centrally

located nozzles with wash liquid. 5 5. A dishwasher according to any one of the preceding claims wherein

said wash ChﬁmberAiéiMEQrH&%ﬁ%%‘?&n%We BN, ARCROLRS LG HUEAN 8liF QARG AR Of said

chamber, said wash chamber is slidably mounted within said cabinet in such a manner that it may be
withdrawn hdfiZentediyioteBinidadpier fd deeessthistets] samnneaisHatipehigbyemritopped to allow

top loading ofdighasnaRd A WasBIGhasmbealidiieimeuatedinihe @BH0f $aintP dabinetayvbich lid is

engaged with the wash chamber open top to sealably close off said wash chamber on retraction of the
wash chamb&f e iieNCaBRIE1E OA! A AASHRUPHCE AT YA El5iM Bith it G HmESS fBvacuating
wash liquid frioppesaichibanpanaaigstinisaid aubguabnghnapadiincludesaddiinehesefaard said drain

hose is 15 flexihle and.is configured as a lgop when the wash system is fully retracted which can open out
to allowLaic HEUEto BIAHE DR Qv MR St Db R S s ant Sl S8 being
provided withrlmsthaigitiengtivontmied dmosuerselyittotbheairection of movement of said wash system
such that when the wash system is fully retracted the loop occupies a space between the wash system

and the cabinet which does not exceed the outside 20 diameter of the drain hose. 7. A dishwasher as
claimed in either of ldishy Bher scedhéinedoeclvaner ididetiaggeespoferievacuating wash liquid from

said chamber, wherein said evacuating means includes a drain hose and said drain hose is

15  flexible and is configured as a loop when the wash system is fully retracted which can open out
to allow said hose to extend with withdrawal of the wash system from said cabinet

said loop being provided with a straight length oriented transversely to the direction of

movement of said wash system such that when the wash system is fully retracted the loop

occupies a space between the wash system and the cabinet which does not exceed the outside

20  diameter of the drain hose.

7. A dishwasher as claimed in either of claims 5 or 6 wherein a water discharge spout is
mounted in said cabinet so as to be capable of discharging into said wash chamber when said
wash chamber is fully retracted within said cabinet, a water hose is connected at one end to
25  said discharge spout and adapted at the other end to connect in use to a water supply

connection.

8. A dishwasher combination comprising two dishwashers as each claimed in claim 7
wherein said water hoses are each connected to one outlet of dual electrically operated valves,
30  said dual valve having a common connection adapted to connect in use to a household cold

water tap.



mounted in said cabinet so as to be capable of discharging into said wash chamber when said wash
chamber is fully retracted within said cabinet, a water hose is connected at one end to 25 said discharge
spout and adapted at the other end to connect in use to a water supply connection. 8. A dishwasher
combination comprising two dishwashers as each clai##ed in claim 7 wherein said water hoses are each
connected to one outlet of dual electricall % operated, valves, 30 said dual valve having_ a common

connection adapted td CUHNEH (BN HLSuH ST £ 819 %ﬁi‘éars?ﬁbg asppaigied i R K ¥8mbination
comprising two tlishwasé s alscafaimgdparmialma wdyerein ﬂhelanMemmfmeéeppngcailmmerﬁted two-way

valve provide t coI p ections for each dishw. her and including an electrlcally
operated gate \?vaeél% altf ‘gét%ne ?udc aent%feaCt 16 ?gle?r%ﬁr oret \t/(\j/a\{t'rﬁle‘r/es'rfljdcﬁlt #;%Cgﬁa & water hose
connecting the outletadisaidhqgdte!d wahtesmpnlyealmtetdm‘ waliel tweewaneaive [l dishwalstres according

to any one of clgims 3 RCQn\i\élggf%stt@Jg m};%munted in said cabinet by four hinged link members, one
end of each member being hingably connetted to said cabinet and the other end of each member being

hingably connected to said lid to provide 10 the lid with two degrees of freedom such that an inwardly

directed force cgyises §%ﬁgﬁ%§ﬁeﬁg&\6?dm£@ %jz s eawpyardly and-andivadhsitegiad.daree causes
said lid to move outwardly and upwardly, and complementary abutting means provided on said lid and

said wash chaﬁﬂ?é}etéﬁ’é%éﬁ?@%ﬂﬂhﬁﬁ‘ﬁ%‘??@uﬁ%ﬁﬁﬂ&fﬂﬁh’i‘éﬁt‘i‘&%?ﬁ ipg bingrhlusAnergfitbar within said
cabinet and on ipitiahyyitfidramsl &B&aémmph@mb@mﬁﬁghwgbw&@&mm@gal@mutb senideued

displacement of said wash chamber after abutment roviding re pectlve closing and openlng forces to

said lid to EAusdft ts &8 é"g@gﬁ%‘ie&% &1 éi’Wa%‘z“fPo SHdWALHY SRBEIOSsertg® 11 9A WRshing
appliance haV|ngcazwashldbamnberoadnapidtymamommdmeanbmgdmbemﬂeswashaﬁtandmthln which

wash liquid is C|rculat §) haw(pgoan impe Ier t(g.upur%% drlven g)é/dan eleé: ri dotor
tor

characterized |n a'% syal Eglrotonrlpéeal(ﬁ: B/egier IS rlva rcoc;/rlmec cf'ato sai ?(%Irdsald

impeller is in connsiuetieation w:thlvmsh dlouiichinosaidbatastinhdmbetratidn of said wash chamber

within said cabinet and on initial withdrawal of said wash chamber from within said cabinet
15  with continued displacement of said wash chamber after abutment providing respective closing
and opening forces to said lid to cause it to close against or open away from said wash

chamber opening.

11. A washing appliance having a wash chamber adapted to accommodate objects to be
20  washed and within which wash liquid is circulated by a pump having an impeller, said
pump driven by an electric motor, characterized in that:
said motor has a rotor,
said impeller is drivably connected to said rotor,
said impeller is in communication with wash liquid in said wash chamber, and
25 said motor has a stator which co-acts with said rotor and which is mounted exterior

of said chamber such that the chamber wall lies between said stator and said rotor.

12. A washing appliance according to claim 11 including bearing means mounted

within said chamber and wherein said rotor is supported for rotation on said bearing means.
30

13. A washing appliance according to either of claims 11 or 12 wherein a receptacle is

provided in the floor of said wash chamber and said rotor is supported for rotation within



25 said motor has a stator which co-acts with said rotor and which is mounted exterior of said chamber
such that the chamber wall lies between said stator and said rotor. 12. A washing appliance according to
claim 11 including bearing means mounted within said chamber and wherein said rotor is supported for
rotation on said bearing means. 30 13. A washing-&8ptiance according to either of claims 11 or 12
wherein a receptacle is provided in the floor of said wash chamber and said rotor is supported for rotation
within -28 sai fHEEHREEIS. 14. A washing appliance according to claim 13 wherein said receptacle is
provided in a central position in said wash chamber floor and further including a spray arm having liquid 5
discharge nolzfles \xhichﬁsnrotatflblll sucpgrodrtned (gknjo.\ﬁel: flge Lloor of s(i;\ird wast cfslarrg)b r 505 rotation about
said impeller, a pumpwcaﬁs}n%%) nAected to aad s(b?zlay arm which encloss sea]idpirm‘ﬁeﬁe% ahd which
defines a volutettirpogtiowhichidvashlidaiobs fletivend duthsaidclndzzlespsaidrpumpcakiqugdincluding an
inlet throygh yhieh water isIRaGtRd RS9I RUMA- 3 Eanasing ARRIROGS BSeRjding to claim 14
wherein said pumpcasing Is integral with Said spray arm and is formed by a central hub portion of said
spray arm whithiopelritsaihpapeisy slenpidsisesWhickee treiosbspeiy drppelishgnedetsaperture in an

undersu rfaceséﬁ’&?iﬁﬁbéﬁ%é@&ﬁj&y&ﬁd@%véﬁt}%ﬁq@iﬁ@zﬂ&@ﬁQx%rslli‘ﬁkﬂﬁ&l i@ &359&9@@@ adapted to _
accommodate dishes and within which wash liquid is circulated, characterised in that (a) a non-magnetic

cylindrically SI6&dehEhissPSFBR st $inHERpDR b ENEMBBIch WhlEhi WYY 91i6f said chamber, 20

(b) an electriguntor for powering a wash liquid pump includes: (i) a rotor mounted within said well, said

rotor having a drive shaft and (ii) a co-acting stator mounted outside said wash chamber about the

exterior'Surface of said well such that the cylindrical sides of said well lie in the rotor-stator air gap, and
15. A washing appliance according to claim 14 wherein said pump casing is integral

with said spray arm and is formed by a central hub portion of said spray arm which
includes upper and side surfaces which enclose said impeller and an aperture in an

undersurface which forms said pump inlet.

15
16. A dishwasher having a wash chamber adapted to accommodate dishes and within which
wash liquid is circulated, characterised in that
(a) anon-magnetic cylindrically sided well is provided in the floor of said chamber,
which well forms part of said chamber,
20 (b) an electric motor for powering a wash liquid pump includes:
@) arotor mounted within said well, said rotor having a drive shaft and
(i) a co-acting stator mounted outside said wash chamber about the
exterior surface of said well such that the cylindrical sides of said well
lie in the rotor-stator air gap, and
25 (c)  said pump has an impeller directly mounted on said rotor drive shaft.
17. A dishwasher as claimed in Claim 16 wherein said pump circulates wash liquid and
further comprising
(a) awash chamber drain pump including:
@) an impeller located in said well together with said motor rotor, said
30 impeller being driven by said rotor,
(>ii) a casing formed by the well walls proximate to said impeller,

(iii) a liquid inlet and a liquid outlet in said casing, and



25 (c) said pump has an impeller directly mounted on said rotor drive shaft. 17. A dishwasher as claimed
in Claim 16 wherein said pump circulates wash liquid and further comprising 30 (a) a wash chamber
drain pump including: (i) an impeller located in said well together with said motor rotor, said impeller
being driven by said rotor, (ii) a casing formed by the ¥&H walls proximate to said impeller, (iii) a liquid
inlet and a liquid outlet in said casing, and -29- (b) a liquid passageway connecting said wash chamber
with said casing inletRaidr B WS $ORRLEP I P& aifeXadh LAnam gVl LirnH e Bdindihsh liquid
from the wash chamber forotieliwaey abisaitlihquittddilettbnl Savtiglishwigshes acaoidingdo iejaith 17 wherein
said rotor and said drain pump impeller .are mounted on a common vertical axis with the drain pump
impeller mounted below a#gnﬁégﬁ&'g&gtghgg?lb fo cr)ré.e 97K %Ji%#é]v[ap Wgroélég%rding to claim 17 wherein said
drain pump impeller is integrally 10 formed on an end face of said motor rotor. 20. A dishwasher

according tg clajgm 1@x"éﬁﬂ%@i&%@&%&?ﬁiﬁgﬁ%'IlQiiH‘PFll%rel%‘ime&%%%o?ax‘i’MﬁHLXr% filficaly disposed

radial blades protruding from the end face of said motor rotor . 15 21. A dishwasher according to claim 16
wherein said elégrieopidta o hoeanane yeticayirehroHblls dreanring smeben mrvtsehbeioly dermanent
magnet rotor. 2¢, fdishwaghsi.according to claim 21 wherein said stator includes two pole pairs 20
mounted orthogonally in a flux return ring such that the pole faces lie on a circle coincident with the
exterior surface of said well . 23. A dishwasher according to claim 22 wherein the windings of each pole

pair are commutatechhyishwacker sidyRiGiECItINCITPRaVIdRS: pidlaesramphepieinatingestiment mains 25

to cause the rotor toc?tart rotating in the desired direction and come up to attain synchronous speed.
formed on an end face of said motor rotor.

20. A dishwasher according to claim 18 wherein said drain pump impeller comprises a
plurality of symmetrically disposed radial blades protruding from the end face of said motor
rotor .

15
21. A dishwasher according to claim 16 wherein said electric motor is a salient pole

synchronous alternating current motor having a permanent magnet rotor.

22. A dishwasher according to claim 21 wherein said stator includes two pole pairs
20  mounted orthogonally in a flux return ring such that the pole faces lie on a circle coincident

with the exterior surface of said well .

23. A dishwasher according to claim 22 wherein the windings of each pole pair are
commutated by a motor drive circuit which provides pulses from the alternating current mains
25  to cause the rotor to start rotating in the desired direction and come up to attain synchronous

speed.

24. A dishwasher according to claim 23 wherein said motor drive circuit includes speed
determining means for determining when said rotor has almost reached synchronous speed and
30 aswitching means triggered by said speed determining means which disconnects the windings
of each pole pair from the drive circuit and connects a single pole pair across the single phase

mains supply.



24. A dishwasher according to claim 23 wherein said motor drive circuit includes speed determining
means for determining when said rotor has almost reached synchronous speed and 30 a switching
means triggered by said speed determining means which disconnects the windings of each pole pair
from the drive circuit and connects a single pole pa#lacross the single phase mains supply. -30 25. A
dishwasher according to claim 24 wherein said switching means connects the windings of the second
pole pair in series with a capacitor across the single phase mains supply. 5 26. A dishwasher according
to claim 23 witerein shéthvhistier ciccuitic@ntinuRmiagup plyeiaosnid Ytaitidinguisesdasadcpotaevindings after
synchronous Sﬁged Sis PELaine(gdn 7. ,f\ disrrw\{lasher'S ac%(ljrding tcotcrlaim él6d\{vhserrle}n Sﬁig' pump is adapted to
drain said was cRambéfran B%&Berlllsés:sfﬁl%n“ﬁnp%ﬁg Tocatéd M sard W thgaetehera With said motor
rotor, said impeler being driven by said rotor, (ii) a casing formed by the well walls proximate to said
impeller, s (iii) a liquid inlet and a liquid outlet in said casing, and 15 a liquid passageway connecting said
wash chamber with said casing inlet, said rotor when rotated in a first direction causing said pump to
drain wash lig6id flodisiheashasiacehigimber ebrneliverheasisardidund cuget oatnvdistonwashler according to
qlaim 27 fUrt%fnﬁ%%%ﬁ%u@’s@ﬁ&‘@ﬁhp@%ﬂ&ﬂ%'@fe@EWH@Mo%@_%E@@E%(QiQ&d.aHd a spray arm having_
liquid discharge nozzles rotatably supported in the bottom of said wash chamber for rotation about said
wash pump impeller, said spray arm having internal surfaces which define a co-acting casing for said
wash pump impellar agshwhishdefnadayeluia yéiakllowsidalivery Lby@esh liguwdpampad from said
casing to said nozzles. 25 29. A dishwasher according to claim 28 wherein said impeller is configured
such thd? effRR M SPEPERT occurs when the motor rotor is rotated in a second direction opposite to
said first direction. (i) an impeller located in said well together with said motor rotor, said

impeller being driven by said rotor,

(>ii) a casing formed by the well walls proximate to said impeller,
(iii) a liquid inlet and a liquid outlet in said casing, and
15 a liquid passageway connecting said wash chamber with said casing inlet, said rotor

when rotated in a first direction causing said pump to drain wash liquid from the wash

chamber for delivery at said liquid outlet.

28. A dishwasher according to claim 27 further including:

20 a wash pump impeller driven by said motor rotor, and a spray arm having liquid
discharge nozzles rotatably supported in the bottom of said wash chamber for rotation about
said wash pump impeller, said spray arm having internal surfaces which define a co-acting
casing for said wash pump impeller and which define a volute which allows delivery of wash
liquid pumped from said casing to said nozzles.

25
29. A dishwasher according to claim 28 wherein said impeller is configured such that
effective pumping only occurs when the motor rotor is rotated in a second direction opposite to

said first direction.

30 30. A dishwasher according to claim 28 wherein said spray arm internal surfaces are so

configured in relation to said impeller that the reaction force applied thereto by wash liquid



30 30. A dishwasher according to claim 28 wherein said spray arm internal surfaces are so configured in
relation to said impeller that the reaction force applied thereto by wash liquid -31- accelerated by the
impeller and passing into the spray arm volute causes rotation of said spray arm in the direction of
rotation of the impeller. 31. A dishwasher accordingtd tkaim 28 wherein said wash pump impeller
comprises a hub 5 having a plurality of substantially radially disposed blades extending therefrom to
primarily inducea?%f‘d?éi‘l‘tﬁ&%y, USRI P RYES WL SRBHHERIMERE SRR oW edle B éach blade
is curved out ofdineinatidipdatienfof vearddy 5T theimpekirg direction of rotation to induce a small axial flow.
10 32. A dishwasher according to claim 27 further including a second impeller coupled to and mounted
above said rotor, said impeller configured such that when the rotor rotates in said first direction a
hydrostatic headlis ganksiatedhir saiokdved|totinm 8gudis¢hepressirpuggnenatte doynthiseadiaintpump
impeler to erglhy pevankiRgAqe.ALIAT Iaui PumRst BY.said dealm, PHTRKANE I ArRUnd the rotor.
15 33. A dishwasher according to claim 28 whereinh sald spray arm central undersurface Is open to
provide an axialf¢e ke wajdi iagre brinopterrbouttherisel adihgrd thelarmgrge apeathrdadsrovided in
the floor of said,wash-ahambaninmadiately PRIWBNY iR cgisatARMIT 1S ASH BYRADlet, 20 a
second substantially annular aperture provided in the floor of said wash chamber having a diameter
much greater tFfS&H%if & %perture, and a plenum below the floor of said wash chamber which allows
liquid to flow from the second annular aperture to the first annular aperture for induction up into said
wash pump. 34. A dishwasher according to claim_16 wherein said rotor impeller combination is held in a
25 working position SRGH YA TGS L 8B e H A6 S EPACATRY K S RSN 30 35. A
dishwasher accardiingdaboted rxnidd-ongludid gnapets hepuiiapred saphi siagw g rackeasto pramagz drimpaller on the
rotor shaft, andil g, spray, aimyhaving liayid diseharors nozzIeR ISR RURPRISd e fgftom of said
wash chamber for rotation about said was pf”Ump

by the drain pump impeller to thereby prevent leakage of wash liquid pumped by said drain

pump upwardly around the rotor.

15
33. Adishwasher according to claim 28 wherein said spray arm central undersurface is open
to provide an axial flow inlet for said wash pump, and further including a first annular aperture
provided in the floor of said wash chamber immediately below and in registration with the
wash pump inlet,

20 a second substantially annular aperture provided in the floor of said wash chamber

having a diameter much greater than said first aperture, and

a plenum below the floor of said wash chamber which allows liquid to flow from the
second annular aperture to the first annular aperture for induction up into said wash pump.
34. A dishwasher according to claim 16 wherein said rotor impeller combination is held in a

25  working position such that it may be disassembled by withdrawal vertically out of said well.

35. A dishwasher according to claim 34 including a wash pump comprising

(1) a wash pump impeller on the rotor shaft, and
(ii) a spray arm having liquid discharge nozzles rotatably supported in the
30 bottom of said wash chamber for rotation about said wash pump

impeller,



impeller, -32- said spray arm and rotor - wash impeller - drain impeller combination held in a working
position such that it may be disassembled by withdrawal vertically out of said well.

—32—

said spray arm and rotor - wash impeller - drain impeller combination held in a working

position such that it may be disassembled by withdrawal vertically out of said well.



