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DRI VE S Background of th 1 iThi s i nvention relates to a
magnetic drive to transm't rﬁunummlmmmlmmmll on froma notive source into an
encl osed space without a direct rg;@[;&lani cal connection. MoreqspgoLfiggl |y,
it relates to blenders, mxers, an i ke machi nes, and particularly to
devi ces havi XL ¥/4¢47rrer, inpeller, blade, or other tool nRAETESGG66I-n a

renmovabl e cup or 10 container, and rotategd.by neans of a notor |ocated in
the stationary base of the machine. Conventional home bl enders and m xers

i ncorporate a mechani cal | y- dr irggyD PRPIESSINGO{ PEARATURDUNt ed within a

Lsrgx?glmmm“mm“\m\ . The base of the Cl{g@l ncorporates a generally
&

p
“\pl ate w t INCIJADING RLAYENETSC ORIVELs and/ or depressi ons
formed on itglower face that is renovably nateable, using a vertical, 15
drop-in novenent, with a corresponding pattern fornmed qn a like plate
attached to the shaft of a notor housed in a base of the machin€ This
mechani cal co Ili{n bet ween t he. bl ender cup and the bl ender notor requires
a rotary séal —MMGW bet ween the inpeller and connecting
plate. This seal i ¥hi3iientdn felated@ins mdgretiblfiveneamansitkotational@vtionfiofita as is
t he mechani cal coupling, Because seal il ur‘&qcan é%s]u t in|i q% | eaki ng

f,
out 20 of theMAYE SQUiEs wiagn e&ﬁlesa&éawmg@owﬁ & e conrectiany, Mare bui | ¢

to ensure sealkpdfficaly linR142sR6 BRAARS, nfifers; bhdlke nldeBints, bid pLRiicuMrBAY AHcaseAr
heat, and | oss of power. Moreover, the conventional, bl ender produces nuch

unwant ed noi s®avipgd stimer, irRrelen Plads. of ethertoq) Meupgd W rRGOYAMISRBRT t he pl at es
can make i avgg jdidd Githbank V Bolthin @ dioRR, baRb Rl tickidehe cup
to, the bafsoe. FI\‘/gtal.hjg/rt;ddlg_):t I’tli %Eea&%é@g@t. 6 glrinve ot oﬁpynng_%nte dﬁfﬂi e base
directly under t heCenyentipfialdome blehddnedngimix¢rs ingorporatearmechanioadlyedriven he not or
may be positi 0 i (TR ft by a
belt or gear grpseglﬁﬁiegr%t%@.y E’%ﬁ’g%qﬁ%ﬁ}&qgﬁgﬁéfy@?% %P 'e{)qcéegr#eér}gh%s
conventi onal adncorporarésa geneldliy lcizcudarconmedonrpate with b pateomef projettéchs amtior
controlled to provide_.speed variati.on, as well,as the 30.requisite output
torque, a typidg%fFSSQPélﬁmﬁﬁ"?d’P ‘ﬁSiO“éeéfPéF thet § re5pavebly “ngé@ff’, us q‘ﬁz&fca |l -suited
W_ IeI egt rom'bc dsdpleiadnmmehoMimlaebnladpmgqiaaemrfamea obaﬁiké b%te attaaheategﬁib 2~3 |
ile d.c. brushless notors are al so. known, per .se, .they have not been use
for bl enders éﬁar}b‘?férfaﬁw Preg ’r“sa.baﬁ%%féérﬁﬁfﬁ‘ sﬂl%@“&‘aﬁ‘ﬁ QP%{tqg:}’é?VKFeﬁg‘ﬁvy
rotor formed Qﬁienaers.ﬁgtaaa tHel Vi@hd@ hétiir reduide®h P4 Béal ABE6UsS of 1BE elihedgecdl a
mass of shaved or cubed ice and liquid, particularly_ on startmgfF or during

a "freeze up" tefimpellergnd sornerting platedhissedl insubiecippensiderable weanpptearovgue.
D. C. brushl essinizgssg';;%h@ﬁ&hgm@{l%g& {n%zsf‘e@a@xsax Fafliipe @b RGNt InQiqEBe AShgtRiPar ed

to conventional a.c. notors. The erefore have found use as a notive
power sour2® refithelcppithe sgapanderiingsdn e bse of the guparhuiltdo ansurgsealingmtthet or que
i s acceptabl e. opper i al i j.on of
{rozen 10-dr 1 RETHLGTEaRT dfy FEpRICOp, BLFost ol of MUAAING UL
criteria. |t showehtolstblraderprdducdsonurhunwartted rfodset and ithet menhdnical émterldckingi ght )

so as to utilize Jinted ace at a bar efficien It ideall as a
conpar at i vel y O8RY Bﬁete.n%%rﬁjatgstcraﬁ' ?’-‘?‘8{“0(%@& %‘E‘lbcx‘l%é%he“b i %lea%f’ ﬁ My
conventional eineeduirnGhd®ipab, e bLet |y under the bl ender cup increases the
overall hejght of the nachine, and therefore is ngt L% ic%llé used., There
must al so speedl\’i@yé’éﬁgrnlﬂ‘?rs‘E‘%Vﬁiﬂl‘,"’aﬂ"‘l"ﬁmﬂfodﬂ"&%ﬂ 2 B?jﬁ gedlyiwgerdhy
el ectronics) tcﬂp.@?S@mﬂﬁ%ﬁ isld EdneérR HowR iiathe AOfhr AP 86! p6sitifed BITROhS side
di fferent phases of operafion. Raéglbd controlled braking is also inportant
Y®

to linmt the cnérerpled tortke drisdug she bell erggar amgngePsNY spl ashing of the
bl ended nateri al afl&n%(vn@loﬁ{l(ynﬂg% : eféﬂm&ﬁfeﬁ’us@%v@rﬁironaciaafc?B%tor%‘we'ﬁife%c of

vi bration, prevention of overhe ng, or mnimzation of “wear ase of
mai nt enance, ancodicambé tarsyru@al andeomtadied torprovidespeed variatiers asvelbasthown t hat

i mpel l'eg within a bl end . Ry be dr] tigall
el ect r omagiet 1Ty SuERR I lten & ypirAHHRR topeneally Wiye My hagiet i

well-suited to electronic speed control, let alone electronic braking.



drive couples a rotating permanent nmagnet outside a bl ender cup or the

| i ke, to another permanent nagnet rotatably nounted in the bl ender cup.
U S. Patent Nos. 2,459924 to 25 Hendricks; 2,6S5,011 to Ihle et al.; and
5,478,149 to Quigg are exenplary of this approach. and m@h p@gcl oses a
magnetically operated stirrer for mxing liquids, in wh éh stirrer has
a magnet nounted at its |lower end and mgthln the container for the liquid.
Qui gg discloses a notor that drives a set of magnets) via gear box and

ISDQ? ;\t }\Ig nggl i%ﬁ % Eaﬁ%@é%t%ﬂ%? ﬁ%ﬁ?}g% g*?eyg\gv?/m@%éﬁ &F}eafWg el enent

rotatably nmprpdesloBleries/iadiversi Thest rdrs Dk o @FRAEAGEE heahyGoldt Firgd B
i ncludes a first, magnet nenber al so rotaf, ablfy mount ed on"the shaft. The
&

magnet i c dr festor-like srray o{ permagent maggets Blendingof3mass pkshausd growbad isomnde and a
second magnghiAEERR Al Qb nd magnet
menber, andﬁélﬁe secgnaé nags?g@rd?%m%%wnggﬁeﬂﬂcsp?séigyﬁéggn?%a&??rst magnet
menber . Phi sompasaiively high targealdiCohrugfless motarhare chaxenterizae byradowgutitenent . U, S.
Pat ent No. QseSANrY 2 series
of circunfere cﬁé%glg?yp g%ggcr%ﬂoen%%?aé,h&?ge'rﬁegmtrég,g hglr’\ég%oﬁf%é PR 2of a nuch
smal | er) romnads)p@vamnutmmam ﬂlaﬁmxcauonis&h&U&ni%&eMo@Qh@ﬁﬁﬁunﬂ is

PCTNSO0/ 00668 -3 ,U. S. Patent Nos. 1,242,493 to Stringhamand |, 420,773 to
St ai nbr ook BiERAYSe el ectrical drink mxers in which a stator of an a.c.
not or surrounds Aredmhraraﬁlgc\hsow\blmeashaaar@dsrtherpraddzhe:mdﬁfroz‘eup, or inits

base. In Strllg%ha %qwrrel cage rotor lies in the plane of the stator
wi ndi ngsi0 | ArimsSamyshsatisky ayprigtyof spegiakpnd |“§P?ﬁﬁ9h4°ét$“|°ﬁt°f‘ﬁe“5‘?fé‘@‘2ﬁ t he bl ender
5 cup and SggHhoict, 681Nl if I@Y&tﬁrﬁﬁaﬁme@ﬂh%ﬁ fbeas(iélgtlhz@‘l'mteﬁgbécte afla Gar MMOL OT
arrangenments are limted t he torque, speed contr ol %@current | oss,
and enf int eﬁfmnéhdteldpﬂlbmaéﬁsomparaw ¥ low pgight Thgsteeeﬂbéﬁ@mr prsack he

physi cal

P ovi do. goofisie 2 nahubibfesLat Brghlichp ARicPIHE oleiey b Hereslchthe 2l

coupl i ng. Ahdghtlw&themﬁqhmeomdohercfhe iy ot ypicatly uded. 'ﬂmmuWatsbbnspdeé cont ai ner

i 11 ourt t Sh g hsbdh st RERSR R IBRR R LD ¢ (e

rotor is stpowerapd s;rdedgequirémemmnrdﬁfemm plﬁasas dzfloplerhdxcmsRapidmontmblted)brane to be

I ted i th b f L h
and- oxhi bi t “A0QPBEAR ST BH B el Bk peas B OMe i on B ol o ot o

sinks and cokrfdedrrhagsal aBehlamingds eirpleds; bnd 006fetiBCoatrbi 6f ibratishy! ements such
as silverware, bar or, coins., Sunmary of the_Invention It is therefore
a princi pal p&sﬁf@eﬂm?mrmagng 9% BRRIMEAN QR Yedy Pt obmaniepancs,And elwradfiily

provi desor ehealb$mpsmed- control l ed rotary power transmssion to a

rotatabl e 20 drlven el enent that is sealed fromthe source of notive power.
Anot her aspect i X hesalsn knpwadhat ap jmpeHerewithin 2 blender enpemaxbg dnvea| ut ched to

di sconnect driven
menber 1S mﬁ@gncfﬁﬁlmor%ﬂgﬁme gklﬁgrﬁg??ﬁ?ﬁ%ﬁk??fbn\é%& EQ@{: gg to provide
a magnetic dmvmupﬁ:aﬁerotﬁglgtmasweadwmt&gekie ajblends cwhot:lﬂleﬂlhe talanotlEr el enment

ind remove PEARER EREREiaBb Aithed Hne BEndeP G U RRn Y 23008 g b
bl ender ,25e. Hlendricks;@@55(011 30 I Qialyund 542814 %0ty Quipgpape exeafplay bf this nmagneti c

attraction. . PP
approach. Hendricks discloses a magnetically operated stirrer for mixing liquids, in

which the stirrer has a magnet mounted at its lower end and within the container for the
liquid. Quigg discloses a motor that drives a set of magnets, via gear box and shaft, to
couple to another set of magnets mounted on an agitator.
G.B. Patent No. 622 115A describes a magnetic drive for driving a mixing
element rotatably mounted on a shaft in a mixing receptacle. The mixing bowl includes

a first magnet member also rotatably mounted on the shaft. The magnetic drive



Yet another object is to provide a | ow wear, |ow maintenance, nonnechani cal
coupling between notor and drive elenent, and in particular) one which 30
avoi ds the hi gh nai ntenance costs associated with present belt drrw¢§nmngmm
mechani cal cl utches and brakes. 1 1 JUL 2003 WO 00141607 PCTNS00/ 0066
-4A still further object is to provide a nmagnetic drive for a bl ender or
the like with the foregoi ng advant ages2ahi ch is conpact, low in weight. and
very easy to use and clean. ' Another object is to provide a drive whose
operating characteristics can be 5 programred and whi ch can be braked
rapidly and reliably. Inits preferred application as a drive for a bl ender
or other f i i i

ol cotri ¢ oot AR RSP RRcRlctnd s eI OHER. B RERRAEBAE, i ng
magnet s w sburexdadvesghd sscond magnétsnenbesednd thpsarend fnagnetanainissr nedgaptahllgr i ve
plate forned of  a_.conductive, magnetizgbl.e material. The net, 10 assenbly
el Gr 1 v Brseashe SER PHAEGE! b dBs ter MIRIRFORITH PEE Sial AUBATTSREs  Tho
magnet assefhleyt Preferably has a set of an even nunber of generally

pi e-shaped, permnmanent nmagnet poles or segnents of alternating polarity. The
drive plate is pi.8fBaten -&16&079 Bageeannyfesa l4rae yoslisg platetoicatry aseriesas

col d-rol | ed,sk i Lo z i fi pol es and
cont rol edd?%ﬁ%feb\r%nts“.g"ﬁ' %%@%ﬁ'g%’g‘?“g%g%%%@eﬁﬁﬁﬁgg’hgg "%‘RES’?‘ ?%1 ently
strong fi el ohtatdblacontuctysdischat despite the spacing, which typically

i ncl udes high reluctance air gaps, neverthel ess i nduces oppositely

pol ari zi ng magneti zation of the disc poles. This induced magneti zation
coupl es the-magnet assenbly to the plate in order to drive it. In a

bl ender, the drive plate is rotatably nmounted in the base of the bl ender
cup and supports a shaft that in turn nmounts an 20 inpeller. The nagnet
assenbly and the notor are separately housed fromthe drive plate. The
electric notor is preferably a brushless d.c. notor with stator w ndi ngs
that produce a rotating-electromagnetic field that interacts with, and
produce a torque on, a rotor that includes a magnet assenbly |like the one
magnetically coupled to the disc. The 25 rotor magnet ring is preferably
secured to the drive magnet ring by bonding these magnet rings to opposite
faces of a circular cold-rolled steel disc. The rotor, drive magnet ring
and drive plate are co-axially aligned when the plate and its associ ated
apparatus, such as a blending cup, are in an operating position. The notor
and drive housing preferably has a flat upper wall that extends
continuously through the 30 magnet-to-plate gap, as does a flat bottom wall
on the bl ender cup. For a magnet assenbly with a field strength on its
surface of 1400 gauss, the close spacing for a blender application is
preferably about 0.25 inch. Use of a conparatively flat d.c. 11 JuU.
2003 WD 00/ 41607 PCTNS00/ 00668 -S brushl ess notor nounted under the driven
menber gives the notor part of the drive a conpact configuration;
preferably with a height-to-width ratio of as little as about 1:3.




Vi ewed broadly as a nethod, the invention includes the steps of rotating a
rotor magnet with nultiple circunferentially-spaced, poles by interacting
the poles with a rotating el ectromagnetic field. The rotor is iI_nZ[iﬁ”n
coupled to a second drive magnet with a |Ii ke nunber of 114
ci rcunf er enfbabkeRr r ayed pol es mechanical ly coupl ed to rRERYIOA6E T son
with the rotor. The method further inclyudes the steps of directing the
magnetic field of the drive magnet axially away fromthe rotor to induce
oppositely polarized magnet| l,eSai.n i MBrddkatigldskat i s
rot at abl y_ nount elH;S- Batant %sle?‘irf‘@ai%ﬁlﬁlﬁgr%ﬂf%ﬁggﬁof% tgrgignet fromthe plate
so that theﬁ%fg@uﬁ%ﬁmﬁliﬁfﬁs infwHidher sdtartof ad k. oatot $veropndsand interapts Wibtaat | ng

Y

magnet asse espite the spacin nd .despi : [
rotation. TMOdH@ééQﬂﬁﬁgiuﬁfOTt‘%é&?éﬁg‘ég‘i“Bgtfaimé?5&?%% thgé;g)t YQ%EIHEEEF% magnet s
in a sandw Cgt .35t W cfiﬁ’gs?ﬂ@ﬁhﬁr@oﬁéﬁﬁﬁr@cir ismiohntad it thebasdiof theakendpol ar i zi ng
the ring ma@ el}s axi ar y. |In accordance \T/g},téﬂ alnot hertaﬁgfr?t'm%t\tstapee pr esent
i nventions tchpanttstater aoils aiedocpid pelawdhgcup PR BIRMST ACTLRTE 4 gearﬂ
assenbly hayj ng .one or nor f iy EdrRREIBES, id@nf iateeforende mrobletne ofir i ve
plate to a d}“i“&é??yﬁré%ﬁ‘@r“ 'SHE %gét?()l'feg?y eliarrp_l e, .an out put ,shaft. . The gear
assenbly can d. fhdt€)@s adeentoatedioy the glysical separation:af thestatonvyadingt2adfitice, or to
i ncrease, the torque transm.tted fr L | @lige h @.ct agsktic\field nenber .
In a pref er ra@r-ahsy E&é?tipé?lvf{betgf’@ga?ﬁe@gnéﬁg g{eeg\rds'ggsenbfy ,acre %rrpl ed to
rotate the hlRagghOfArthefciusion sfthy mitar of the mote veiany the CERIAINERPTLUR A al one

unit or can be incorporated with bl ender.. : hehdldeniRno of the
present ilﬁvem\’i’aalr?,d“te&hf@r‘h’?%‘W%ﬁ?@%ﬁ“ggaggsemn?je lllg‘gcughaver machi ne for

manuf act uri ”g)irB%:QEi@@ff&ftii?ms pilieawp vanilelthetrdter is kil spinging.and obj ects of the
ful

i nvention w e nore fully understood fromt | | i
description that I§Heuptar ofe brasyess e MY WS Q%gg?&%éh%ﬁ%%n%g%d?gw ngs.

Brief Descripti i BESmEh&hvy dnd Exhibitd evere gypecoppeaffackdudt a
bl ender/shav@“%éﬁéﬁémgggs%g?eg aceor di ng to t resent inyention; 30
g e st

Fig. 2 is a woalalso "stiek? foométalssinks pashroynteriaps, 35 SyRY vere Machine of Fig.

l; 11JU, 2003 WO OOL1 w20 Bf3e68 -6 Fig. 3 is an expl oded
per spect i Ve VPRIGIEHS 45 a?ﬁ‘é’? earrJ:’)cup Shown in Fi gs. 1 and 2; Fig. 4 is a

detailed view in vertical section of the nagnetic drive of the present

i nvention as shown in Fi of % used to power an inpeller nmounted in the base
of a bl ender WMW expl oded perspective view of the base of

t he bl ender/ shavey js{hemforé & pfindipl otfecanfihid inventUPhig Provddedifite ng of the notor

assenbly for the magnetjc driye accordi e 6hissibiee ot able 10 Fi g.
6is a view iSMStﬁéﬁ@bE@Vidweg?b\{% °§89fgi°§9dn‘g’gaﬁ% g‘z%ste b ySlshown in Fig 4

Fig. 7 iSy@ Wi kiBm¥Riia BakaléEfi de soircef mitverpowet.ve enbodi ment of the
bl ender Another aspect is to provide a drive that is automatically clutched to disconnect

the drive when the load exceeds a preset value or the driven member is moved from its
operating position. .
A further object is to provide a magnetic drive offering these advantages, in
25  which the driver element is located in 2 removable blender cup and the blender cup is
easy to insert and remove from the blender and is easy to handle when removed from the
blender, e.g., it exhibits no significant gyroscopic effect or magnetic attraction.
Yet another object is to provide a low wear, jow maintenance, non-
| coupling between motor and drive element, and in particular, one which

mechanica .
30 avoids the high maintenance costs associated with present belt drives and mechanical

clutches and brakes.



cup of the present invention; 15 Fig. 8 is a viewin vertical section of
the magnetic drive and gear assenbly for the ice shaver portion of the

bl ender/shaver of the present invention; and Fig. 9 is a viewin vertical
cross-section along line F-F of Fig. 8 of the magnetic 20 tifi #4. AW gear
assenbly oWO041608, Detail Description of the Preferred Brdyadsooressts -Fi gs. 1
and 2 show a principal application of the present invention, nanely) in a
bl ender/ shaver machi ne 10 adapted to the automati c nmanufacture of frozen
drinks in 25 baksstiﬂrignﬁé?%ﬁ@ﬁ@mﬁnv?ﬁe%lx&mhéﬁc@rivh?&a'%nﬁeml%ﬁéq[kejc@tﬂ s fed by
a rotating set of blades 14 to a blade 16. The shaved ice falls through a
chute 18 i ikg fortigaipe advantagepwhich ds eonmiagh iy incvgighe.2and yeryigasyHo upepndd

i ngredi ent ?le%HCh as a flavor concentrate and/or spirit have been added.
Rotation of an inpeller (or blade set) 24 at the bottomof the cup for a
preset period ofAnbiheeotpeadihitopsovaddn driivequimisé bperdtingzharadieristiks canbe one t hat

peaks n _poured an has ,a neral.lLy uniform non-marbl ed, non-watery
consi s%cﬁwwﬁ‘%ﬁ@ﬁ g‘mqeobggkvﬁglrfplg% aacé%e(l:‘f“élb'ed bel ow principally with
reference to usen itiprefeered bpplidatidrsdsandrivedl, a bléndet drlottiee favdgescessingd t hat t he
i nvention can be used in a wde vagaigetﬁ% of .a%l ications where it is 11
JUL 2(1103 W@‘B?'E&‘?W%CWKB@GPGG’Q s ary elgedE Moter fQyrofate 2 dAg magnsher from a

rotary out Wéfeﬁf)llyﬁn@%hﬂsfy mwaemgmgg&smwapﬁmesg @ads doialpipab@tRas under a
| oad. particularly a rotating driven nmenpber held In a container that is

seal ed fr ord disssharaduiriyp plate foamsd ofea qapeuciive.Joarnetzablematerial; dfhie megnetan be

used, f &g&h I ' f R j :gzg,té' p‘ﬂﬁ‘” h as hone
bl ender gd 1?%0 z}?ldxdglrv g,p}é?e(r)%!gﬁ }g?\%c!g;s@gg% arn ﬁ{jéln{ggl S. X g%ls'e?ilrécc drive 26
for the i npoddneyassembiyprefesabivbass sof ofidncevpn vuneber of generatly pie-shufiedh r ef er ence

to Figs. 3- ' ' . Gl . Lve plate 34
rot at ably r‘tr%umn{'rggt Ig#n;éﬁ%(& aésrgg a?S(S) @tgégﬁ@ndﬁrtﬁﬁguégg%}% 2 brushl ess
d. c. not or pr&fetablylathinrshees bfs ferroopmageridDsuanels eld-miled st8 withlopen-edded i n turn

i ncl udes a dau magnet 10 assenbly 3 ef erabl.y forned of rotor ring
magnet 36, T 9‘6‘?%"?3%“‘??%@“ ﬁ@feségng’é‘%ﬁmi“g{yscgni S'(#’e aRRS ﬁ?‘fﬁ“k&bl e material,
Ao Tt b b A i et it e M

axi al | y- di riBf:'t‘g"d%tfgl relyctance aif g3Rs, "&%efgﬁgmnﬁweftf’wS'@?y polinzing | y adj acent

segnent s haWgpreiRid® oPRPBEE bSled Thtyihdvted WAL zRIcERbuN& BSmafR: Pr ef erred,
any even nunber can be used. Preferably each pole 42 is devel oped by a

general |y @Aseerinioshe plateinawigt todatys dy I 2bjersisr.Abe drive plsge is retatalynt i nuous ring
of a stron J 1 ihSt iRgH d by Hitachi
Cor porat i o%jf’b‘“T e fr?rg-ﬁge'nt%%er%g%Qﬁdeﬁﬁﬁ?ﬁg}gﬁﬁﬁ%&ﬁﬁ%&x andﬁg%nggél al so be
separ at 80 piigpelerbdhelmdgrst assemblyend themetnark senarajel shaugedslgom theginize 20 anot her
to forma ;ﬂ@g assenbly with flat faces and a generally cylindrical outer
wall. A pldstic hub 43 with radially directed support walls 43a fills the
center of the neiheelestridGnot@ds prfdraidy kibnmshlessthe matorgvithsataseedibisithb on a
central shaft(.i A north %I{e ma rtlek. [cglgimolnt fla4 iwsthad' ace E: atsouth ol e
magnet regi}gﬂ %52 rol FRTASTUS NG APErAE I ST RIS 3R ofi & ¢ 40,
preferably potdrithaticludeed MRghenissermbli dike teadine Mmagdeticsllyosoaplad aatidliyc. @uer | yi ng
25 a Iikg magnet region in thle)’ ot her a‘]isgnbl , but havin t;}g opposite

pol ari t ¢t JFOIRF hagngt pae ispsefeeplrsergt i the dr b BaensHiRey Popine tsshet s 36 and
38. A pl astjngoiaVAfdsaY Bppodite fABLSRY alcfteSIBELHIErdIRE sialathe THe raps b Y. Thi s
magnet asserrb%y configuration wth axially oriented magnetic pole regions
44, and t hempgnt ried andtdaive plateare eqraxiatihaligned whenthe platerand its assesiated sc 40 f or
all of the 1O i rect J: 0 fahal () f flux) of
30 the rot oér%g%’egthag%f axfrﬁ?gng H%@\/ﬁf\?\gﬁ Eﬁﬁf, ag'bgﬂgﬁnm'?h?gs\.ﬁérjn '? ﬁ@vegt ator
coi | s 30 anhbusing prefieyalsly has o flatlugdpayfwalltbatdxiends contimotslg Sropghahd y (upwardly as

shown) ward tree plate 34 in gh up hase 22a. The rength and this
axi al d}3 ecPRE-rP! tﬁéa‘?’?ﬁa?f's f{a‘lt ﬁ%&%ﬁmg °%‘§ﬁ°g‘f“der cilp‘i['toj 1985H D3
assembly with a field strength on its surface of 1400 gauss, the close spacing for a

blender application is preferably about 0.25 inch. Use of a comparatively flat d.c.



WO 001 41607 PCTI USO0/ 00668 _g 38 induce magnetic fields of opposite
polarity in a corresponding poles24a formed in the drive plate 34 despite
t he presence of a spacing 46) albeit a close spacing, bet~~~een the
generally flat upper surface 38a of the nagnet assenbly and inqe e»@gally
flat | ower surface 34b of the plate 34. In the preferred for i‘f ustrat ed
and shown fo™ANE'Yl ender/ shaver (used to blend up to 80 flEFHUIAMEE -of a
frozen drink), the permanent magnet 36 déwel ops a nmagnet field strength of
about 1400 gauss at its surface, and the spacing 46 is about 0.2~ inch
measur ed axi ghishlessHdtsr rip@rdd\ghderhk dfl@sh mefbe lpbis® termdtbPpartof thadrivenrl y f our
| ayers 48, 50a, 52, x‘%:Zb qof what |s t,}{_gaiZ}(‘:ally a.cﬁ}‘astic rrFteriaI, but al so
air gaps 54 &paPasseonfigyHan. preterably vythapheighttorwidih ratig o 8 figle gy houtbBdi ng f or
the magnet assenbiywa bafadiyldd@ ntkthote tHelifdeRtidttincluBEPEE sieyed totatli}ea fogrer 50a
is the flat upper,wall portion of a base 50 of the blender/shaver 10. Layer
22b is the fmegngtovidmultiple cispumigeentially-spacsed, polas byrinteracting ghepolba With ag s| i ght
cl earance Qe : r [-RG; 56 is
a slight C'Ai)etér an%eetl%g? 1\li/\qlg '{r%{l% gﬁ\'f\gﬁllogdfgggﬁgmt% Egplgé]ﬁv%\gg+n§?ée}ﬁi mEBﬁetm

over - nol di ng a3ike nisbaxiof kirdyenferentikillyyarcaypd palesamedhatigaltymospled ko totatadini n t he

art, this spacing i ignrkficant e |_uc e |.n_the nmagnet
circuit bet V\/gg‘ﬁo'?medﬁhl%ﬁémg??lsg’eﬂn%élne 3 cggjspﬁé B% gf&e\’lreghpg {138% egﬁt magnet
rotors of kndietd of tige drive msaigh@agiallp beag from. the rotdrhe irduceadpositedcpalirive@t er not or
sold by Integrated Mtion ntrols., LLC of .Torri,ngton nnecticut under
0s Nodel | NoTagBStc RS 517 eahtyecEive Aathsfe it s monhed ARl EsSBantT 220
field stremgie drivena@ndtEhitihe plite AR e iBALGRH Pole®ir the pRtefoRow thepoled®s t he
spacing 46 wth sufficient strength to drive the disc operating a bl ender/

shaver. W't h thefotatingmagnet asserplly desrils ths spacing spite 4 Joad that 18IS BOUCTD Nt ed

in the base HfeRiecing 8Phe AhghdRifidAARRIHEY WtETho BrcShBGlets TR b Qind9Rhskich and a
rear stator support b4 into threaded sockets 66 formed Iin a notor nount

wal | 50b of tiheprsasitecfaceriofa thimpteddiscand pelagzipp Shetringanagagts axieBnt r al  openi ng
that hol ds a bear 'prg:cﬁram% aggthgp%géz{%wh@qalriscrﬂ iRELA5 3 rhve GPthe SCT EVS
r eni ngs 54a i n-'t e ato

(not shown) passing through op e rear s r support thread
into and $®curesest ifveotidn e dncludesugepoassentdly havisgombarahora gedrnfpr #dnsofittingc k

steal in the assepbly adjacent the.coils,30 . [The fron t at or ort 72
has a peri phé?rﬁueiggm#aﬁvfggﬁ tSﬁe‘%wﬁﬂH‘e'snlbgi ugléa?’gorceaﬁé‘pl%t%e&é‘fugﬁa "W ndi ngs
30 as in the Tkgranmsweinblywad inddelonbdr fi0rergehnrsized dirbarpampéd wirsduoé, of e

wi ndings in the slots are not . are three

sh for,clarity. he wi ndi ng

phase, being ”éﬂ%arsﬁi’}}eetarqb‘?t’énsﬁﬂ?fg%'?’d%‘?"vﬁrp@ﬁ%éégJ'a‘.'eé’.m"ﬁ%?eér ?’B?i ve circuit
to produce a préftdd dpglickios, thdrR@@t igearfas@hibly drbembryed Rrdtatiths BladessflRAON t S
are ~ ~ JUL 2003 WO 00/ 41607 PC1l' NSOQ/ 00668 9 E?r ef er abl g/ formed of a
mol dabl e, 2% dse heyeen ghics phayer @an bgagtapd along upis P cap be increporated with 2 ¢ gj dl y
supports the yiRider st as the blender of the present invention, to form an automatic blender/ice

shaver machine for manufacturing frozen drinks.

These and other features and objects of the invention will be more fully
understood from the following detailed description that should be read in light of the

25 accompanying drawings.

Brief Description of the Drawings

Fig. 1 is a view in perspective of a blender/shaver machine constructed according

to the present invention;
30

Fig. 2 is a view in vertical section of the blender/shaver machine of Fig. 1;



The doubl e magnet assenbly 35 with the shaft 70 secured at its center
slides axially into the bearing 68 (Fig. 4). The assenbly 35 rotates in the
bearing 68 with a 5 clearance on all sides of the assenbly 35. As noted
above, the nufti-pole, d.c. magnetic field produced principall t he
| ower (as shown) rotor magnet 36 is directed principally ddov‘vml%lr to

i nteract wwadoodn@7rotating el ectromagnetic field producedpbyusdimossat or
coils 30 when they are energized. Rotation of this electromagnetic field
interacting with the rotor magnet assenbly produces a torque that rotates

the rotor at a 10 Li.ke rofatjona c 40 onde .betwe t he
mgnets 36 ang S BisHLAPEEd RFPeRRqRY o RENR 68 SETVE Fighatd B, A a
saf ety precaution agai nst conbustion should the coils 30 overheat a
ring-1ike shroud 76 haa%a | ower, flan e 76a th}?t extengdsj substantl aIIy

across the air §igp4iet dealedvire igoee éﬂ‘ij@“d’ff §1aagrsUe ARYSOTIke BitNt he
general |y Gyldnfi6H Ascshbwh MEE. Busde to/Fwer 8 inhpidler Bhnted A tBE b RPblender! (W th
a slight clearance 15 to avoid frictional contact with the magnet assenbly
35). Thedshpud fills this gap sufficiently to inpede an air flow that

woul d ot herw se feed oxygen to a fire. The magnet assenbly 35 in a
five-inch diameter wei ghs approximtely' three pounds. Wth typical

oper ati ng speed§ig/éri§'amg<pf0|dc£‘rpet$r@c10/etva'ﬁ“1®f the basewfithe hlensderishaxershown gni f i cant

20 pr oduce VEb) Aty oAovi o el or Ry bRk by R megh el | 1 TG 1)

t hr ough chodceediageo thie present inventith; mat erial s as wel |l as the overal |l design,
e.g., tgﬁ use of wall reinforcenments such as exterior ribs, to resist the
forces d nonments produced in normal operation, and thereby to control

vi brations that w@%h@laekhﬁﬁ br§secli RasTee, dcmmrm@gmet dsBeémisly shrBin Fey@pt ual |y
destroy the notor. 1 1 JUL 2003 -1o0 Position of the rotor is sensed by

t hree conventional Hall effect sensors nmounted in a known manner in the
not or housi ng, %t7h§’abﬁ§ﬁn VéticdTQ&ckibh BfNanSdI@RkiSe BaBYdifent JTRAE blEReA knOWN
el ectronic contr and drive circuit that energizes the three phase stator
wi ndi ngs 30cup®f e parsert igvention; st art-up torque, (ii) a ranp up of the rotor
speed ofjsrotation to a selected operating speed, (iii) a maintained

rotati on at that selected speed under |oad, and then (iv) a rapid and
reliabl e braki ngig @ieraiewniy vertical setinmofthe impgndticsirivk aod gemiassainbly foont r ol | ed
and progra bl e, Braki.n ect,n; raking currents

i nduced i nn{g‘ﬁé“\frﬁ‘a"af %calg 'gﬁ‘ ee‘?q‘lrsz& ?hsa{s?élr Of%hed’ r‘i\'{gﬁg{‘ﬁ%@o?e@lﬁstors or FET' s
nmount ed on heat sinks. 10 Wth ref erence to Figs. 2-4, and especially Figs.

3 and 4, the co tive. e 34.i S ,non:.r ured to the
Coner end of o dbrs pgiepn B Xty ibyBRpnhoL Ay 810 ekt ol o
beari ng msseﬁwahegeﬁ(asseﬁbgwngmdl ng brass collar 82 press fit into a

central, cylindrical-walled opening 22c in the plastic base 22a holds the
beari ng assenblies 80. At the bottomof the cup, the collar 82 has an

enl arged di pgtigye {dnCof MR efedted RUaHoBRMeRtsVEAl - T €SI St ant rubber. The seal
has three IW@%‘W’@WI ps 84a whose inner edge's each
engage) and pr oviigee 14nd @show 3 princinal appieatieg ob theqresantigventian, ramglynin & he shaf t
78. The sea of a

b ﬁé%r/Et?aB?ﬂrrg chinle G h@ap'zé?r t{) fie aﬁh&ﬁaﬁ@ ﬁﬁﬁ%&%&p&ﬁ%@ﬁ ﬁﬁxﬁ&‘ifr‘

rotating sha pene I'ng the bottom wa ower-nost |ip
84a enga@esba@andwest&haftt ﬁ&lppb' of iceiin e hofper dRis fall by oorating sebof bladeatiés and

stabilzes [0SRl thedRRRy ok EON hplhulgRUE 134 Retbdind I BYRE o BRGET (N

seal allows
cup 22 to which liquid ingredients such as a flavor concentrate and/or spirit have been

added. Rotation of an impeller (or blade set) 24 at the bottom of the cup for a preset

period of time produces a high quality frozen drink - - one that peaks when poured and
30 has a generally uniform, non-marbled, non-watery consistency. While the invention will

be described below principally with reference to use in the blender/shaver 20, it will be

understood that the invention can be used in a wide variety of applications where it is



i ghtly, against the shaft. Above the seal, an acorn nut 86 threaded on the
upper end of the shaft 78 secures the blades 24 sandw ched between three
washers 88a, 88b, and 88c. The drive plate 34 is part of a drive plate
assenbly chat includes a set of vertical, 25 radially- arraye|d1 Ji rcing
ri bs 90 angul arl ntered over each pole 34a (Fig. 3). and a
central bosswé’loo%l‘@? surrounds the shaft 78 are preferabl y?’ﬁéhgg%o% 68 =
continuously with the bottomlayer 52. ¥He plate 34 is preferably forned of
a thin sheet of a ferrous material such as cold-rolled steel, e.g., 0.058

i nch thick, wWetifedao gaisniif powee fromnderdnranpulof smotiee smrcel(]ag pnotulrte at he pol es
34a. The slots, 92 al ntrol, edd current,s i ndu the pl.ate by the
rotating fieldives mER ed'}“ﬁ?fea lﬂﬁ‘gﬁ@?"gﬁi‘rg mteg}mggnvegerg%rn eé hF ﬁé“ﬁf%ﬁ@“§4 is

thin and sl othQg) sehled €t Har@hid0abte §dni the mnsumumtmmembﬁcai lg;ruSéd cant
attractive Vrr\%%netlc force of the plate drive mgnetﬂé’fﬁ%‘?ﬁ ,%/ E -

1 JUL 2003 Wdooexamplspin @@T‘FUS@@WGG’B‘E’SSS"’%PBPV’WE%FI“FE/ dgs, f;98 nds. and
be pl aced sn xEEtfoP(]’l‘gJoc&?&E% usih the cup base 22b. The ribs 90 and t he

-over nol di ng nera plate to retain its flat configuration. As
shown, the attracth mgntﬁgdevdlﬁfbbﬁleénmihr Ayisdhe foens of thensessnteipeentan. s
referabl C I

p y Wth?&er%ﬁce% ¥ éggi -5 th@ 2@ém?l!rldé9"a Fﬁ{%l‘dgls' cir@ulgpﬂ-t\géala‘?e 34

hem spheri cal earr ng proj ec ottom surface of the
drive asserrblmtambt}rmomﬁ1nldmsszzaefﬂplbdﬂndet9-@pﬂ%an4ebmﬁhlgwdQAmOtvrf?-&e upper

surface of the c base t. t net
forces pullinh Clﬂ‘gﬁgfhs‘ﬁwr ‘f?\q\E 38?3‘%%“},% ﬁ}ae@{&gﬁﬁg&sm%ﬁ@ts id%ul%lggxla ating a
low-fri Ict i1on, ask@my\@n%prgr@aw foﬁ?e@éfatrbﬁr fihg friagneB36, Wdrive riag magmﬁé?amdl% g. 7.
in an alternative enbodi ment of t sha is
rotatably suppérd MW@W%‘&“&I‘W ‘ﬁ’i&?&g %‘gd&@lﬁgﬁ*’ %ﬂﬁ%gg’ﬁﬁv ¢ 8 200b. A
cylindrical spacfls36Q44he. i nterposed between the needl e bearings 200a and
200b and surrounds the shaft 178. The drive plate 13@L ttached to the
shaft 178 through Hleswgmgms%mﬂuﬁga@klﬁwﬁwmﬁ‘%?@a efF'B ¥d wi th
conpl ement ary Rl Th iR, Shefally Adige esefh@ﬂ@a 'Rl can
be provi ded ?)b{] e&%nédgpletgﬁg%sghpést 178 ar{g 15 theydrjl \fg plgate 1%\2 i's
sandwi ched Sbeoppesite polrzity. |thutye;xmnolme arefiesd cany 2veh numbsE ean berused. head of
Suppor  ed by TRERULtEL P 4254 AIASERTy o ghh b el e Prout
t he need for te@&nhérfmmﬂmacmitmhmishn@eﬁa str:glglyrmgacm myelfl¢lcsm}t4$éh€laottom

surface of the drjve asse t ta@d
within the cuf)erﬂ'ﬁ'éém\%ﬁftfsqﬂ’y gﬁ%‘%‘ 0'5’8”%%5 1?1-1%4@ n{ggpé(}r?gnt

pi ss of the eghiosd dakalso B¢ sdpa@te p7ecasrl§bnﬂedmdahchrsehieolwncpHyevecouﬂltqombescr| bed
herein, and accordingly the sa reference nuneral s ar e gnat e
sinmilar padd a’&%“iﬂ‘l&ﬂfgﬁ"?ﬁ’é‘gﬁﬁﬁg&élvﬁ‘hﬁ"’é ?cﬁ%?’gr?egﬁf’%{?lll%/cy lﬁg?‘é 8lét ?jF 9o to
di fferentiat epllig BRI iKEAdiSyIEREEd h%oh@wfaﬂb M3a fiils thacentee oNthe maphkts 3@t t he
coupling, or tractl on", between the, magnet lswr}gﬁt he 25 drive plate 34

i ncreases not 39 fcilitateameunting P*’Sﬁs%l“b’t‘%@“satcreéﬁ nosth PRlsRREPFITERIPR ¢
acting on the QAR RbsehiBh srnis%atsstaeeldersﬁfﬁmsl ng,
but also as a unc@c%{rﬁg(g@n fighe alg)l}mg%s of thsee plzte 34 and the Vl\ll dth of the
slots 92. In gerdman preﬂmbtyrmrtn@ch pérenapgns magegt iFsianctip qae asserably pyrlying he

nore tracty od Vﬁ#dtﬁ ly
preferred lfﬁf g’faﬁ ? G mnﬁmhe%l[’l}gi' {}"Wg&zg igﬁ@éﬁﬂwlmﬁdﬁi‘g@% is
about 0. 245 Ili‘qiillswe n\A@n&Q/féﬂcGBé’tweerfLmelnagndtUB62mD33 PQlistisoo¢riryeats IElns
desired |l evel of tr 0 en each ted to
reliably coupl‘%s"ﬂ’f& 0&’%%@ d@?ﬁ emme bgﬁéé ?‘%Hraha? k‘?ﬂﬁ'lg)g‘%frrpel lers
24 are Starte@n&ﬂ%aéﬁﬁc b&@%gﬂfmﬁh@n@hﬁ\w«d rélﬁcﬁaxﬁélcbt\hmthcbrtsagedabbl tats of a
frozen drink in the blender 4 p i) durjn gr%gﬁﬁdf the e)a‘?ftlng
speed to a seIS@Glth-w4@;fe¢dl¢fr§@“§iﬂ§'ébreglt3?§)‘%§|’?'§s S Qif‘esﬂsglﬁ d then
(iii) as t it colld U Adlthe1g W th
t he i npel Iﬁgjra tﬁm% okﬁfaéﬁ;le‘?@? ‘i‘y({ﬁwﬁ@é{d%ﬁ%évﬁ}[ﬁéﬁrgg@a on is also selected
to di sconnect mgnehctﬂdadeﬁhtxe meamnctéélakgﬁllml(wrﬂly asshowp) tewandgheplats 3¢he cup
22 is renoved.fromi eratin t he
ice chute 18, Nhemhastzﬁg -@88‘ reglfg‘ce%ggﬂlg&ﬁgggg{mﬁgsﬁuﬂ%mvgtﬁé’@r“}%waghftat ter
situation can arise, for 10 exanple, when the frozen drink "freezes up" in
the cup, that is, becones partially or totally a solid frozen nmass) or when
an object inadvertently falls into the blender as it is operating, e.g., a
spoon, jewelry, or bottle cap. By de-coupling, the magnetic drive 26
automatically and i mrediately cuts off power to the inpellers to avoid or

mnimze injury to persons) near the blender and to the machine itself.
This feature al so avoids I S the cost of prow d| ng and ITB.I nt a| n| ng a

o . o




20 It is significant to note that the drive plate assenbly, mainly a thin
metal disc and plastic nolding over it, are |light and non-nagnetic. There
is little detectable gyroscopic effect when the cup is renoved fromthe

bl ender/ shaver after use. There is a low rotational moneftudtld2d3to the

i npel | er s wagglyéorve pl ate assembly. Because the cup is | pgpisibaht. and
nonnmagnetic, it is easy to handle. 25 It is also quite S|gn|?|cant that the
magnetic drive 26 of the present i nvérftion al | ows t he cup 22 to be placed

in an operat,ing positiaon on_ the bl endcr/shaver with a sinple, lateral
sli di ng noWdRede ggrstic fgigs ehrppesite Ralagity ingcaeeseon 3*2@ RNRSP4% Penaipdhen, f1 at

base portlmeéﬁmﬂd@@&e mespreéen&aqqs Qc:ﬂé%’alﬂ&ﬁ aQ!H%e\s’ﬁcldgCBétl\Yerﬂﬂéo a
mechani cal Iy interlocking drive coupllng and then vertically lift the cup

of f this csngrlihidat uppes suciace 384 of3he miageRt Assemblysnd thegeasrally Savlower novenent s

are not onlyemuE ofHaYBEN Nt , but they also reduces the vertical clearance
requi red above the cu I's slide-in arrangenent also facilitates cleaning
t he bl ehder baslrethe prefered fmrmustraltgd andpbowm fordlt Ylerder/ster (uSpitbbledd 1 1 JUL

over tne sin AR Au{StRSEBE ROGR bl iR SatiBRa BelonRiailnd®, PNl

50a. Int H&lemngth@f alious 00 tgguss avizg slirfabé, andldre spacmg 4f0id about 0eD3)indhnusual

i har an TROIFES RITNATNE RESTETFISess Mg Ik B PRty Fuf brkdiithe o

i mpor t ant | §p, 224 of&ﬁhaB:s%gﬁdaﬂbelabﬁc maRHkl, Bitltalsdnih gaph P afd s&tayémdmior e the
not or has fuI ly s common problemin actual use. in bar, the

pr ocesd0of 3% BHptn Plﬁ“&é’l"?"‘ﬁ?}f“&&ﬁﬁrlt %NaﬁneGP%SE@hWé"éta‘édf}}%dfiW‘?& drive from
the notor é&eéﬁem ?ﬁé ragemms tﬁ@ﬂie(tqbgémanwwumoftafbasecsmomyes the poles 34a

out of a coupled’relationship w gnetlc i nes of force produced by
t he magnetblerssvshayer 188layen 2bdothe Hat lovisawvalp ef the gup Yase 22%vechani cal | y- cl ut ched

10 bl ender/ shavige sir g3y'5isa SRR ARb: Hhts SERDAhe FRURSE A &gg;wﬁg ar on the

drive train an ut ch er si I cant a is drive
i s that itwgl SacThe gap Shixt o8light ql@mnlcybemstar ﬁ!bh@"liﬂbnnl@the drivaplaeel i mi nati ng

drive | t r a S _Qr.§ while still

mai nt altiﬁl ncgvev@roﬁ@{ff\égﬁv\gﬁurle@% gﬁc?geﬁit% csgrsr!f)‘gccg lﬁggggrt,bt&sﬁpﬁcwgt erms 15
of the heightigafficaltaourcd afireludiaek iy thbhmgmardimumbetmexght riag dhheme:gmpl i ng

bet ween th tor ang4§j1 cu and the v t% E eﬁr ance neede

nmaneuver t d}b”a?'f‘f' OB “L’%etd'(?[%’f?ﬁﬁ‘ G 8PHES TNt Bothe as been
described ik isd-giapeet mbtor doldbyintgpitéEMot D CotRRE LLO éf Mirtihgtg under st ood
that various nodificati| wi | cyr 20 to those skilled in

ns nd vari ation
the art. FoPrrssicuppnder %ﬁﬂ?@ Np; 9, Hﬁerﬁq H%H&’“&glér\" H2sconpsegtionandover ed by

a d.c. Jor ugdh esehgimb te-mdgheti38, d@ﬁﬁ&lcbhﬁemhagmmcmmecsfpaézh@@dmnt ages of
this invention by using an a. whose out put shaft is coupled to the

plate dri ve ﬁ%@jﬁé‘fﬁﬂg\MP Hevethe 6‘5‘&?9%@‘“\%&?9‘?{@’{“5{§§9é’ﬁbl y has been described as
Lhe menber ‘counyiguhEcRhALEFIR 4 BR: SUBk A3RERS imbuRETALR 4 Produce

a rotating el ectrofagnetic or neti ¢ field using an asse
el ect r omaghescsever60abat pass foughncteel magmeovqaﬁ?- amgemmtstosumoaﬂ ntsi ngI e,

one- pi ece Rer. | | ng.in

conbi nat i oﬁ"ﬁ/ﬁg?dr:seé%e r&%g%egtl cm(r?’?&l rggb 5}/ w%f?? é)b gﬁéggacsga(}h&%ga’e&q?red array of
magnet i25 psolpgsrt 64\idslaccehtiad openingnhat holds abelrégyasstathly 6Dthdt joutralsrahi@éence to a
pl at e rotat.ahl nthebse of a bl ender cu he driven el enent could
Paune o w8 oSders) Foshae Gessthe tRGRAR oSS St HbtePEPalir BFPaT

l'i qui d- hol ghrédd im6 asPecur¥ B irbf sta sUFBEIBroaaklivittad Bnd 12 6f BRRBedlaf el bed as
havi ng the sane nunber of as is well known, thjs is _not essential to

t he oper at Asigmbly adincest ﬁhﬁ%fg@po’we frony statos sypPAFt Tedhare PSTPhaRG7228kahisi onal
SUpPOrt  gloped and slotted to carry the stator windings 30 as in the aforementioned Model 50

30 motor. (The portions of the windings in the slots are not shown for clarity.) The
windings are three phase, being energized by a conventional brushless d.c. motor drive

circuit to produce a rotating electromagnetic field. The base and stator supports are



1 1 JUL 2003 WO 00/41 607 pCTNS00/ 00668 - 14 arrangenents are possible for
both the doubl e nmagnet assenbly 35 and the driven conductive plate 34.
Further, while a radially slotted plate 34 has been described as forn ng
the poles 34a and controlling eddy currents in the plate, one skilled in
the art will readily see that a variety of other known arraq gt 20¥ or

Sha

form ng pol eswoapsiesr control ling eddy currents are possible.p oo%ééri her,
whil e the magnets have been descri bed as_sp_onded to a metal disc, It is not
necessary to use this disc. Figs. 2, 8 7and 9 illustrate a further

application of _t resent. in ipn, nanely, in an ice sh r assenbly for
sggp: yi nlg sh&¥AS %X%W‘GSPh%hﬂY@ﬁ&;g‘%fmf%h g’la%tifdgrﬁ‘é'{ﬁlé@g?" %ﬁ?sﬁéﬁqo. ¥he
i ce shaver as&m@gwgbmhgq%@gnagneti c drive and gear assenbly 300 10 that

operates to rotate blades 14 to sugpl3\§ shaved ice to the bl ender cup 22
through chute 16. Tindoublggnagnebasgsmbly 3authbe shalis'Osaenrsd A conier eliflesl ed to an

out put shaft &Q%}Mgibsﬂﬁfme(ﬂgg%.%eia&s%mu%rmg% ir melwaging g @ithag set of

bl ades 14. The nagnetic drive and gear asse includeS a magnetic
drive 304 % haleaiagceamadllogidngof the assemply 35 Asnotedbeye theanultipolerbe. magnesici ¢

drive 26 of : | b ' ransmtted 1
~ through a édégir&é(g{égfn%ﬁl@c-[%g%? gﬂ%ﬁ;&% g&#gﬁ%@%@? { }ng%f%[ E’)%lﬁtd héaetsdhaver . The
gear assenbl principllydiesvniwardye tajateract withrtid rptatiag risttoomagesic fBRByroducedbypound

idler gear 3 nd. an.Qut pu ear 334. . The magnet.i rive 304 for the
shaver i ncl u§§%5‘§°"g°8ﬂ%?§iwﬁ‘§“ h‘\e?&‘[ﬁ Ry &690&%3%6§°&5%5%F3k%um ed in
t he not or houfktgair@%tmﬂqem&xhj@@:eskswmblymn&lmomddﬁt a3 therbloest d. C.
not or 310 i ncluding stato oi,] s 2 rotor, 314. The rotor 314 {n turn
el des 1 QQURBFhegk e THE Sir 60 ponteaeast fheredhea oprnippsr bl
nmagnetic 316,mxauéi{oltu@plaaeIagivérﬁﬁg@étlss. Ad8afan Preaadtionlag AR cohbdiispdBeld zabl e
mat eri al , preferablg coldrol |l ed steel, bonded between the magnets 316 and
8

d
318. The ri nghterilsdP evesh@t.aringsliy sheud 1odipea jayver flangs 76a that extends
circunferenti =+l i ~di i ase of the
sggétéaﬁlg]lgﬂ%%yﬁg ’tPt1e2haZr %té) tabhdendhd &Rér%g%ep?ﬂ htgé ?)sls%?lbcpe ?‘5 th@_

ring magnets gnetic drive o ( descri bed
above. The rigegeratiyeydindri@l Singngide3wdl] of thasear statpe spprosP+dwith  slight Jearancd

arranged | . I . i f.the
mmgnet ¢ i ve TR fleuBRReaREL ilint Hghi AR rERn A i Rend 1O
ri ng nmagnet s sifficientiyltclifrpedoard sicflowitit evoubdnthdrwige fded ompggned sfimn a centr al

shaft 322. The ri nagnets a affi xed t. he di 320) eferably with
each pole in one %ﬁﬁ’agﬁegﬁésfmgseﬁl iarfbveém%‘oélgm%t r‘f’%éﬁ%ato Plrgr@"falpe gtfh'rr%gnet

havi ng the oppeads Withaypicdl operaingspeds vangng i l4s000eo0 MRONabincit bavrexert 1 1
JUL 20E>3 WD 00/ 41607 PCT/ US00/ 00668 I‘{', bet.V\@e t h W8 negt]ts 31@ and 318.
A plastic ove¥§nificapt farces o thg quRLng SIEFRIYTES BATHCUIAlY 8RSV R& 88} LB 320 can

hel p secupg tlEdurBYibRitioAs TRE -okntidd@niiui RInfTs sekfisientioli @4, tRrdGhi chofg@uUNt €d i n
t he nmotor housing 309 beneath the rotor 314. The notor, 310 |s constructed

and oper at es and ¢imggsignsof aRisridlses et gs theeoverall design, e.g., the use of wall
reinforcements such as exterior ribs, to resist the forces and moments produced in

normal operation, and thereby to control vibrations that would otherwise loosen, wear

and the extreme, eventually destroy the motor.



5 notor 28 of the magnetic drive 26 of the bl ender described above. The
Sstator coils 312 are three phase coils being energized by a conventi onal
brushless d.c. notor drive circuit to produce a rotating el ectronagnetic
field. The rotor 314 with the shaft 322 secured at its center slides
axially into a bearing 32.1. The rotor 314 rotates in thd Bdar208g 324 with
cl earance on all sides of the rotor 314. The d.c. magnetic field produced
principally by 10 the lower rotor ring.gpggnet 316 is directed principally
downward to interact with the rotating el ectromagnetic field produced b~~
the stator coils j j

el ectromagneti c ??%I %%P%?ﬁ%ﬁ?#ﬁeﬁfﬁggwﬁgﬁﬁg ﬁgﬁ zé;tifsféscfa)gg {bis rg@fﬁpr oduces
a torque thatakmivat manrdehin thetmotor Abusing, bkthe bated0i Positiorspgeds prEWlée tipgk 320

bonded bet e the drive
ring 15 rra\g,;\ﬁo %]k"gpnﬁ" éTglgl%n qtoﬁéglc%rsag"g%gfﬁhq‘ﬁ%tg]é%rglég}h?u%el%i ﬁ#ﬁé fic drive 26
of the bl end.émdmgté@aopkrehicabpa/aartmbeorqmstxt)lacrmpixpbﬁ&xemb:&peeﬁbﬁrcﬂﬁibnbe
sensed by. three,conventi.ona ensor s he, not or

oust ng. 50016 B et BB Specs N A TR A RO 00 2h et Blecr eed WA r of - and
drive ci rcuudadtmtth@ﬂmgﬂraﬁa ah@eenabmmmga@persﬁ@tmhm&daxagfas 312 to 20
produce a startup torque, of the rotor speed of rotation to a

sel ected opé‘le‘&‘f‘?‘\*\ij‘"éf ﬁ@é’ﬁoueé %PW“’( Brakingd el&f‘“‘?%‘t gty the-braking peed
under | oad, c@RchiSinkddelith afaciwa&hg@id Bei GdsigRR 4N Fresidirs b{rémggaggeof the

not or 28 described above) operation of” the notor us can ctronic
and prograrmabeésmBﬁakl ng is electronic - with brakl ng currents induced in

the w ndigngs_312yhe) e dHes o) PRLOML liha LALARV EL SURAS, @ ikt g7, 40UNt ed on

heat sinks. The drive pla cdn I'n"a manner  anal ogous to
the drive pphte3434 nof-rothteblyaeguetd o tiitrlower 26 06 shdﬁ@?&ihﬂrﬂjemmdkdd:tabed above.

The drive plate 308 i.s r at at abl dto.the lo of. a drive
shaft 326, " TAeCHdaner Gl bbghg haTRHiSER.A lirdRabe bt et e
shaft 329 whicedtral,eylidrival-%akdd spehing 212®mttli@lhmi]a®ase€md holds the bédriag dr i ve shaft
326. The notor gear_ 328 i r ef er.abl h ear plurality of
hel i cal geaPSSF‘Bg]t‘?? 8 hf%é?gﬂ‘ﬁ theoy tf‘l ?% g?)a(]?aé ]f’{gf‘g %gftﬁ""t‘?“'c“ﬁé gear
shaft 329 aB@reltﬁazmervwam.:yurs@sbm@glséaoszt foemeeafa §ha$1y eRBASn@ndndtérgalgear 328
to permt the _drive shaft 326 1 1 JUL 2003 WO 00{541607 PCTI Lr SOQ/ 00668 -

16 and the &8RS 3XEFFFSSBNRRELSH Thgsealdrs thigsjawardly; 3eing miallyspaged Hpom t he

drive plate H8dILRW-BieHok ve shaft
$6. The dr ho bR ihiE sl fﬁﬁdﬂgﬁg%egg%hgft Bgietiof RhHgh 5}1@&%g§£r41328 are

rotatably seioped theghafy7& Thaiseal 8 rg:tamsr liguid indbe cupg’s dBswitg t@mesmafaThe
compound 'd!rc%m&gsgaﬁ?é?etﬁaé?g;&‘é'ﬂa&rﬁ%imf&%w Qe | Qydriios s%e gé 328 and

t he out put gear rotational torque fromt gear 328
to the Ot ptlte sgafaVS Baxcirctinderentiad grogratha@getdszod ﬂd@@zanheelcdr@de&pd

cylindricall e ROLL f helical
gear teeth 5%‘31?%{%8” a‘(cégﬁi h?‘I?owe oK 05%35%%%?%\?\%& ﬂgatr% fﬂwets'ﬁem y)P:% b. The
IovveL gear [ightly, agaiss tHe shaft. mmedmiemhadncmpiuuf]ﬁilweayleﬁn thupped énd if gﬁar
teeth 354 cqnple tary i.n size_and s to t ear, teet t he
nmot or gear gﬁékaﬁgsﬁééﬁ éi%cf‘? §§6“@f"‘°%ﬁ‘gb%?°6‘rtﬁﬁg @?ﬁ%ﬁéé@@d%g% gear
teeth 354 of therhodkve ;ﬂﬂé‘MR?aﬁ'ﬂd?@d%3gpla€e@s§eh\%l}5ﬂﬁhttlnélﬁﬁe§l§se@Bﬂen'i@Nl' on and
torque fromthe notor gear he idler gear 332 he conmpound i dl er

gear 3325 sragimh Yr%‘taa%%mlyff’s‘é%&uﬁwq?élg‘daﬂpé%ﬁm%ﬁ’eﬁ“te’ eesh PR PEa{Figs 3)- dhat abl y
suppor t ed b)‘:b%‘?(ﬁ’?rldr l%r {91 {HACAHL B0 t}?é%%@ﬁ %‘Qre%réfeﬁﬁgﬂmldme out put gear

334 is genera r| cal "1 n shape and I's non-rotata attached to the
out put shaf toxﬁMOmsd)y wnhatedaowmmrlaydnézdmepme ¥hiaprefgaly farmeqefatthiosheat, t he

out put gear i S axj.a S ver a uch that the
out put shaf Pﬁ? g""ﬁ“f F‘ék ‘\iﬁ('ﬁ]i(‘jﬁs &ﬁ‘i 35& e é%p%ﬁ% ’S‘%‘E’) hﬁ{f(nIVﬁ%g%ﬁ gear 334.
The out put gpéH-enddd rddsal Blo@\92dR&t produce the poles 34a. The slots 92 also control eddy

30 currents induced in the plate by the rotating field of the drive magnet assembly 38,

Because the plate 34 is thin and slotted, it can deform when it is subjected to the

significant attractive magnetic force of the plate drive magnet assembly 38, e.g.,



20 wirth a plurality of helical gear teeth 334a conplenentary in size and
shape to the gear teeth 352 of the upper gear portion 332a of the idler
gear 332. The gear teeth 352 of the upper gear portion 332a engage the gear
teeth 334a of the output gear 334 to transmt rotational mpti guL 2003 t or que
fromthe idlwoo@erbr 332 to the output gear 334. The outputp csrﬂ%fofuo@% _and
the output gear 334 are rotatably supporied by a pair of journa eari ngs
25 336a and 336b. The rotor gear 328 Hé i dl er gear 332; and the output
gear 334 are preferably helical &ears having helically ori ent ed gear

teeth, const aicelYabgut fivepeundeiaghbe plased W%‘F?%?W%l‘&%‘iﬂ‘éc%?aé? 2&P-. such as
acetyl or nyhfibPariiihd b&d mokifd@ndbily Hig the meeqemnaﬁns hﬁ%yﬁg&a@at ot her
gear types, such as spur gears, worm gears or conbinations thereof, 30 and
other materials, Asghows thesttzactvenagoeiaforst eetingoaihasisivaplate Jris preferalur

B ool YSAE RS OGOl Wi P e ORBNSIRL 458F s

i nvent i on 5cafroinghabiptics sm‘fat:c)of the dridasiesemblytand d stindess sted plater Btraduintethl speed

Fo the. out pullCavnah bEGepiRmriet S (e ST Ral 22 Tl amhfiemiRAERAGe L L T or

me gear assm@mt etfc?@& plﬂilihg?ib“&djnlﬂﬁ[ﬂﬂe ?@whx&;ﬁ;ﬁ&dﬁﬂﬁEtlmEﬂgl{tﬂ%E iosFﬁed, and
us increas e tor ransm tted fromthe drive sha . e

out put shaftf%g"c“eﬁﬂg?é’r‘g@rwa‘t% b‘Sth’tfﬁ nal speed transmtted by the gear

assenbly 306 can gt refer@es &Fig 17828 Riterh RN e mBEdimbR o&'ﬂfe%l&ﬂdérrcﬁPﬁlnttEd by
adj usti ngl the gear ratio of the gear assenbly 306. The gear i 0o can be

adj ust ed Brsshafi hEB isnetatablyisuppoged byetao akialy FPaCG‘HEe‘ﬂE hﬁ@pgﬁoogeaqi s, and/ or
the size Of SO cﬁ?mgﬂf?&l Rlr ﬁs%qgﬁbréxsed StwE B nbddid Y& T"OOa]iQxd'i?)OBhe

preferred e e Ice sh the present 1n entlon

desired speeandgfurtonadsahe phaft 1I9Raffthe 33@ pddte { Feis aﬁ@hm\ﬂ@rsha&laat{brmhrmt ely
of the. pr esefrty aos ifyiBE kbl b G OB Emertily BRI H R, P P00,
typically gefmmdastharshafpb]ﬂam ﬂmh ’@p@edbe ptfovaiqumké ergltof the sBAFOD7& prh

PRI T e R e e e R
1 4, ok e e bl b et 1
where 1t i s Bpprenby fepesie fanngsalfh nd b aneifs 519 Blsonlostie BesRor 1o

driven nenbeghelieffpheri¢aPBall- béaﬂﬁ$ pidjsBichgl fFonPthB 861l Qi ofMAOGRRHsftehiddI Ui prent
such as bl enders, food m xers ood processors, and {S‘UI cers. Additionally,

al t hough t he andthe stainless sigel plaie 9 meuussrwithin ba curbase Wallkels shqukkhe as a
componenta@f yd QB Aa thOorh B BEAd & e tBEMAPAIFAT arWRiIEHS okl 1 Che
art will read Kmepprem ate that the ice shaver can be a stand al one unit,
i.e., the |c@f°§ kyrdescaibed berpincand esndutinglvthe samee rsfecangenumezds prsuseslior | one
skilled int Wlwqp ofgoggars. the
size of the glagsé saEe %(:]L‘:t%g?r%@? ug)ﬁﬁebm%gl%%é;éét‘%ﬁ h eegbyassgﬁbl

descri bed heldd'fememuateabmemhndimenwdds&nbtd]hereme shaver of the pr esent |nventi on

is exenplary only, .These feat " t ures t gear
assenbly, can be YdB$ E%F“tfi?)"@ctﬁ‘i‘tg}%fecwqi‘@g n’éaC?lg % ‘é’?en ¢ magnet gé %rh({]&&ear
ratios, a5 i drideplatecdd ih€reasds Bl fab quﬁﬂtdnldfﬁfelsﬁﬁngﬁv\bﬂtwhgn'éﬁc flegarting from
the scope of the present invention. For exanpl e‘)é gem con3| deratl ons,

such as wei gﬁft‘%rﬂi‘ the peles 347iand thesipsgnessaf theimagaetdo ﬁ&s e alsgpea and size

of gears, as fmhbnaﬁmwﬁn&wmfae Rifie 88 2d the®ldth oRAPIAY 98! 1h gerdFdlitR¥ e the

desired gear ratio.
thinner the plate and the wider the slots, the more traction is produced for a given

magnet and spacing. The presently preferred slot width for an eight-pole, 4.425 inches
30 diameter plate is about 0.245 inch.



1 1 JUL 2003 WO 00/41607 PCT/ USO0/ 00668 _ - 18 These and ot her

modi fications and variations which will occur to those skilled in the art
havi ng read the foregoing specification in |light of the acconpanying

drawi ngs are intended to fall within the scope of the appepdeduc!283ns. 19
1 1 JUL 200W0m0/4r608ri ve (26) for rotating a driven nmenber PCIA)Spo/@as8d-dri ve
conprising: a drive plate (34) formed of, magnetizable material coupled to
said driven nenber (24) to rotate therewth, 5 a notor (28) positioned
proxi mate said d 4 [ and a rotor
Py "oa d rotorrl't\%%spreg e%engi%uzct%adg?mag 8 ezl}ﬁ‘éb;?ggs?orﬂﬁ& Qiectedld "%
produci ng anelabBabouplesigirive plaia toltle: drivatmagnetovhao (i3 theiimbeli=ad 24 arestartedragnet

36 torotat said ro and .a maagnet . (38),cqoupled to
galél rot or e l(’%%?ftﬁﬁsWaS%q‘f%aq%ﬁb%’&%ngﬁdw%%°ka 6“8?%"\'}% @539598 r28) '

i nducing a "éﬁﬁl'ﬂﬁ}d&'mfgla&hﬂpuﬂoﬁm@bﬁ@ﬂidgwpeédamrsdeaai chefhting epdatiaypicdlB4) to
transmt adrlvetorquefr msald tor ée@ |d drjv tﬁﬁ&ﬁnﬁ(34) to
rotate sal d tpusands ofmh@pd thom (i) a5 therimpeljps, ‘?Sl él”?ﬁsim sai d not'or
((a |222:t 'r Iscapm ﬁllgr@ﬁ&ﬁdag)cwmh@ﬁmpelrér Y erMt wa M6p. @fow@bal L1 Zﬁacmﬁrs QisB s@ditéh

I's a brushless d.c. notor. drive_of any
precedi ng cltadmommr%\dﬁhQEQYGumavealWﬁ@ﬁé’! t CSBT)VC %M’hgla?hd CEREDIS magnet (36)
each includ [ ( im 4, wherein
said drive ?r%‘g%‘g"'tdlﬂ"g'gﬂtg épeﬁgtmg? ro&%ﬁhﬁgésgg? ll(5 g%&d%gg]g%g%ugeﬁnﬁpnber of
pol es. 6. Thehedtheleadéxc@idaiapreSet maxemen yakigi 'Bnq)lell'tq;§xtv4a412)1 cyfarisqifar dri ve
magnet ( are 25 ali d by .ol A i [of said
r ot or g‘ﬁ f@%l)e wge L%]groz r?é\r/@‘o ee"%n)‘c’y‘ﬁb 1‘"]i %F%ﬁ ﬂ]a§ét&c§rﬂ£s\?\%g§a‘e}| N sai d pol es
(42) of sai doudrly ¥ eollefyoreh n(aék&or\ahrmiasaxbﬁ:cpmhcb/srt(rnla)faltsfmwahmblcrﬂteoas inggnet
(36) are circunferentiall G 1 ag d gms4to
7, wherein SPFQRURSiCE apﬁpa%l’bje(’?% 9r herlgsar BJ%W?P%M%& Brepdisi 5'|ve rect ed

(()ge;‘ slots (Ribmdiibaly S@fiinARdiate! dutsff powedio helmseliél4apvoidosaintmide i ve pl ate
4

injury to person(s) near the blender and to the machine itself. This feature also avoids

15 the cost of providing and maintaining a mechanical clutch.

While brushless d.c. motors are known as having comparatively low torque
outputs, the present invention has been found to overcome this deficiency. However, to
optimize the performance of the motor 28, the stator coils 30 are preferably wound to
optimize the torque output at a preselected operating speed, e.g., near 8,000 rpm.

20 It is significant to note that the drive plate assembly, mainly a thin metal disc and
plastic molding over it, are light and non-magnetic. There is little detectable gyroscopic
effect when the cup is removed from the blender/ shaver after use. There is a low
rotational momentum due to the impeliers and drive plate assembly. Because the cup is
light-weight and nonmagnetic, it is easy to handle.

25 It is also quite significant that the magnetic drive 26 of the present invention
allows the cup 22 to be placed in an operating position on the blender/shaver 10 with a
simple, lateral sliding movement over the smooth, flat cup base 22b over the smooth,
flat base portion 50a. There is no need to drop the cup vertically onto a mechanically
interlocking drive coupling, and then vertically lift the cup off this coupling. The lateral

30 sliding insertion and removal movements are not only more convenient, but they also
reduces the vertical clearance required above the cup. This slide-in arrangement also

facilitates cleaning the blender base - - one need only wipe a smooth surface. Spilled



1 1 3JUL 2003 20 9. The drive of Caim8, wherein said drive plate (34) and
said drive magnet (38) have a |ike nunber of poles, said poles (34a) of
said drive plate (34) being aligned with said poles (42) of said drive
magnet (38). 5 10. The drive of Claim9, wherein said drive S
formed of colgphphlegd steel. 11. The drive of Caim 8, \Aher'ed,ﬂ%% /bﬁagrl ve
plate (34), said drive magnet (38), and 10 said rotor magnet ? 8TH have
ei ght poles. 12. The drive of any precedithy claim wherein said dr|ve

magnet (38) and said rotor magnet (36) are centered on a common axis of
rotation. 15 li@uid adslushcpeflow ochepushadoverthesusfage waidgain Safirmed i theibgse

| I | 34). 14.

coaxiall v all gRaekot bt o L B B olcBl @y Ao Rkl B Bl 50 32)

magnet i zabl e mat@erlisahat@emmuard\glaefamémmosdlocﬂtldlcupw wragmkytar(d&ﬂ;)ndland sa| dr ot or
t 20 (36 . _Th ' d.rot

gglggedrl ve( mag% rawgﬁo?n tg%é’\égl};{?%wﬁ' %1?151 %M'mﬁﬁré'nbﬁrcfrgdsoé’dé\?\?’%ﬂ% g ?ﬁgler of

a plastic Bategeabr is4fipaticdand femoveethd eaphefoné thany)tqamecﬁmbr@@ppécaa%mmm her

conprising a first housin 22% ncl osi sa| |ve 34) and a
second housi nEf°E’§G)‘“@ﬁE‘F ?éﬂf PfBtest 0 f&“‘PH‘gB?a geneelss) | and
said drive rrame%pélﬁshnv@mnmcﬂbmqahﬁkam iRt ﬁh&‘i—ﬂﬁﬁ%‘&tﬂe&ub%cf%ﬁﬂky

e

mounted in said first housing (22a) in a closely spac (46), axially
aligned rel at P@?ﬁs}ﬁappwhﬁ%alﬁér%m@lmﬁh@e megrgfic lings of forcapredunedby tef Ol ai m

16, wh Il (50 f
sal d S:{:glng f}%h Fﬁé&?g‘B?%?'mg“(V rﬁ)onﬁ%@l?m[éf:i%&gar(lé%ly er wall (50a) o

ower wal sal I rst 11 JuL
2003 21 hd@si hlgnC(ezlzhgvers( $uch 3 peemagiire reqapal €864s suaasweé weargingh¢ dnieertrambnd (22b)
and said drlvg’ Rl (34), and (iv) an air gap (54) between said upper
(50a) wall sald drive magnet (38). 18. The drive of Claim 16, wherein
said drive magnet Aa‘eathdnsigniﬁcddted\dnmgﬁﬁnhgs rivefis Pﬁaabpiwesﬂzb(}ﬁotgadxsmlgt its

surface and Sgril er ﬁle%ﬁgndgnp 31%!5 dth (’mtu?g drivE Belts or chaiis zu(’f1 pl}fl’eys or sprocEets but

does so while still maintaining vertical, as well as horizontal compactness, both in terms

15 of the height of the motor itself, the vertical height of the coupling between the motor
and the cup, and the vertical clearance needed to maneuver the cup onto and off the
coupling.

While this invention has been described with respect to its preferred

embodiment, it will be understood that various modifications and variations will occur

20 to those skilled in the art. For example. while this invention has been described as
powered by a d.c. brushless motor, it is possible to achieve some of the advantages of
this invention by using an a.c. motor whose output shaft is coupled to the plate drive
magnet. While a rotating magnet assembly has been described as the member coupling
to the plate in the cup base, it is possible to produce a rotating electromagnetic or

25 magnetic field using an assembly of electromagnets or other permanent magnet
arrangements such as a single, one-piece permanent magnet magnetically configured, or
acting in combination with ferromagnetic materials, to produce the desired array of
magnetic poles. While the invention has been described with reference to a plate
rotatable in the base of a blender cup, the driven element could assume a wide variety of

30 other forms, and need not even be a liquid-holding vessel. While the magnets and plate
have been described as having the same number of poles, as is well known, this is not

essential to the operating of this invention. A variety of mounting and rotational support



6.35mm (0. 25 inch). 19. The drive of any preceding claim wherein said
motor (28) and drive magnet (38) have a maxi num height-to-wdth ratio of
about 1:3, where height is neasured 10 along the axis of rotation of said
notor (28) and said drive nagnet (38). 20. The drive of any preceding
claim wherein said notor (28) includes an output shaft (7Q)¢ sgecuzgd to
sai d rotor 47d¢ rotatable within said stator (30) in b ?);Jin s (68), a
rear stator support (64) that supports said bearings (68)P P&t er and
has rigid, 15 generally cylindrical sidéwalls surrounding said stator (30)
and said rotor (32) with a gap, and a shroud (76) that spans said gap. 21.
The drive ofrangemenis@eipaseiblelfer bath thisdpehlnmegnetiassenatdy 3hengdribe dii®s) and dri ve

magnet (38) F@,?cﬁ,@timat@}ﬁ.i Mh‘ér, EiJhr;'lg ar}?cgznﬁ'tslottg%) 5%%‘3.4-1;?&&1.& g%/s?ri?%lg?ny

preceding claim rein sal rrven menber isas of a food
processi ng &ppangthapole? 34a didaodiroNieg eddy Chméms id2he pliteoae skikiad id tHeamd  «

processi ng apparatus i.s_a hl.ender 5.ice sh r..a.food mxer, a food
processor, 35 5%%?’ Eeeertﬁatﬂv.amrtﬁeo 8ffhlefalllgm(%)‘f’1 agﬁnﬁeﬁe%?orm%ﬁ qussa?f' f ood
processi g apiedlAhgieldy ratremesre possiisie (Still Chrehef, 22 e ttermageashaviedgerf ood f or
processing, ,said receptac] e havi a.rotatabl e el engnt, (24) nounted on said
shaft (78). d%r‘g?fg a%?gdscﬁovaemgyl @aftr‘ﬁ'?ﬁf’ecfﬁ?‘iyﬁ%f'segﬁﬁgﬁsé'si ng a seal (84)
posi tioned about rgai 7, §halb iﬂ%&hteta(fuﬁﬁe@Hﬁﬁﬂi@atﬁmfdftﬂe%re%@ﬁknvbﬁidﬁ?ﬁ’d?néﬁi d
receptacle (22), and said shaft (78). 1 1 JUL 20p3, 22 26. The drive of

O ai m 24, wibdbics shayprassenbly £05suprlygehaved isg o the blsndsr of the blgndegsharesssi ng

food. 5 27. JRRind1DYEhOfce 3 ePASGREIY MEIRLPd MhoretiE Erlik%ran@gémﬁiséﬁxﬂl 3gogear
assenbly (306) including one or nore gears (328, 332, 334) couplfed to said

drive plH e tifasoBgraignip romteskipdes df te/supphyshdyed icg 1a1the blendeg ¢ thepyglopliityy (306)

transm ttinggSa j ) L i i.d. driven
rember (14) 610 "5 getalE e Bifaca BRAR J00s ckGIBY B4 phuiithed S8, T 36
i ncreases t lvenniciedat itouppseerd tatsriotatioglset pOrladeail 4 Thei ragneticadrive afDgBar t o sai d
driven menber 9.,.The drive of im 27, \wherein the ar assenbl
(308) " decr odsssotih00iRrydeNa pigntfs Sy o LS pa RRLR Sty o BrestR S08) <o
siai d dEi ve? tdsrﬂféhﬁdgnédcgdrivem ofthe bTh&lﬁd][Thteurpﬁt dfitied magadtic dﬂveﬁsﬁt'raﬁsrﬁadegi drive
ate (30P8) js secured to rive shaft 2 rotate with sai rive
Phatc (3bb) Maydhs ek arronomocs Hepuaet i ariet Rttty (318) and
sai d rotor nRgids ke §ealH harddlp, £RBloLERE 3T8) a orfFITND Ml ged 391, an@h@t i on. 32.
The drive of Caim 31, wherein said conmon axis is coaxially aligned with

said drive s‘%ﬁ“ﬁg‘f@éé‘i-. 25 33. The drive of Caim32, wherein said driven
nmerber (14) rot atgg nBRstc Bive 354 Forhe shefertncRbeOd fen@hlly éiRMapdiw giAOTON axi s

of rotation. )
. 308 rotatably mounted in the motor housing 309 of the ice shaver assembly and 2

20 brushless d.c. motor 310 including stator coils 312 and rotor 314. The rotor 314 in turn
includes a double magnetic assembly preferably formed of a rotor ring magnetic 316, a
drive ring magnetic 318, and a disk 320 of a magnetizable material, preferably cold-
rolled steel, bonded between the magnets 316 and 318.

The ring magnets 316 and 318 each have multiple circumferentially-arrayed,

25 axially-directed poles, as in the case of the ring magnets 36 and 38 of the magnetic drive
of the blender described above. The ring magnets 316 and 318, thus, have poles
constructed and arranged in a manner analogous to the ring magnets 36 and 38 of the
magnetic drive of the blender. A plastic hub 321 fills the center of the ring magnets 316
and 318 to facilitate mounting the magnets on a central shaft 322. The ring magnets are

30 affixed to the disk 320, preferably with each pole in one ring magnet overlying a pole of

the other ring magnet having the opposite polarity to avoid the repulsive magnetic force



34. The drive of Claim30, wherein a first gear (328) of said gear assenbly
(306) is secured to said drive shaft (326) to rotate therewith. 30 35. The
drive of Claim34, wherein a second gear (334) of said gear assenbly (306)
is coupled to said driven nmenber (14) to rotate therewith, 9af qulizogg gear
(328) and sav@loosa1do7l JUL 2003 23 second gear (334) mterac,;é.rr;@s P{gégsr ansmt
said drive torque fromsaid drive plate (308) to said driven ne

36. The drive of O aim35, wherein sai dlbear assenbly (306) further
conprises a third gear (332) interposed between said first gear (328) and

sai d second b§e¥gen (lg:gaggnegg,l a‘idrﬁ I8¢ Ayplastic o¥eriayer W@F’&ét‘h‘h‘ga%"@ Rléandy fist

gear (328) %’]ﬂaﬁ@h@ﬁsﬁ%@%rﬂ%se@&%ﬁe&&n%fé%%mli said drive torque
t her ebetween. 37. The drive of any preceding claim further rrgrl sing a

control and dri vdhahrushless dg. eotaridd@ iy wompnévmqsorsfmuamgg%bene thet o
control operght 9k OfheSits: ﬁet.%n%i%%g :?\Q'ogergtgy "Gharafaddid X?s el
0 a

sel ectively energizing said stator roduce an operating torque or a
br aki ng tor quoro'ﬁ Qfahedmagnem dr\826. of 31 blarider dhsiribed ebov@l dihmnsBfor cm)ae)rlél n sal d
stator (30) d ndDLE atar. ¢ The ri,ve aof ai

36 wher oi n oirirt 2B R Be R B0 Rnlidie Biiehs @ Relitai%e rea ac or
coils to pradpsdussd ritampg ehttrdm@ghamﬁ@d OTheaioel 3 BY with tig shofk 3R2ssecutd atThe

drive of Claim37, fu .CONPri si osj t S rs, coupl ed

20 1o sai d SHEERG SARERbES AR o o Gror e ks i%wwe)t o

(32). 41. Tftqeeaebrnwen ﬁli si@dsf RedBtor INEIBied.d hRgRAS iffeldPtoSRLE BiRifRlIf b

ef fect sensors. A met hod of operating a rood processing apq%ara t he
Withg

food protls sth%@“zsr%am@sawget 346 Fifhieﬁkjd Brinciedly dewByarddp énteracp B ng a
rotating el gRfhg élgé)onﬂgh@fcqgldoﬁ}o&c%@ﬂ the @t%@r coxﬁ: e thi @Uﬂ?ﬁ&:ﬂ) formed of

magneti zabl e materi al cured to said shaft (78) to rotate therewith, and a
magnet asserfibEigizegsRo@egn Mnelecmwe@oﬁq&ql mrmn&tlmpm maggjicand sai d

oper at | ng. ¢ Grariety BB I0E oI e bR e PRk lotadoh SR TR
drive plate 3(294:))ndddrb@u@hn ghetinghgnetg B &6 ar(d30 8 tr@8Imitsskie tdrtjye toashedrivecimgr ot at i on
of said §§1afr}1agngt8318§nd said rotating elenent (24), and (7 9 JUL 2013 24
As in the case of the rotor 32 of the magnetic drive 26 of the blender, described
above, the position of the motor 314 can be sensed by three conventional Haii effect
sensors mounted in the motor housing 309. Position signals provide input to an
electronic control and drive circuit that energizes the three phase stator windings 312 to
20 produce a startup torque, a rampup of the rotor speed of rotation to a selected operating
speed, a maintained rotation at that selected speed under load, and a rapid and reliable
braking torque. As in the case of the motor 28 described above, operation of the motor
310 thus can be electronic and programmable. Braking is electronic — with braking
currents induced in the windings 312 being dissipated in large resistors or FET’s
25 mounted on heat sinks.
The drive plate 308 can be structured in a manner analogous to the drive plate 34
of the magnetic drive 26 of the blender described above. The drive plate 308 is non-
rotatably secured to the lower end of a drive shaft 326. The motor gear 328 is non-
rotatably attached to a motor gear shaft 329 which in turn is attached to the upper end of
30 the drive shaft 326. The motor gear 328 is preferably a helical gear having a plurality of
helical gear teeth 350. The drive shaft 326 axially fits within the gear shaft 329 and is
non-rotably secured to the gear shaft 329 and the gear 328 to permit the drive shaft 326



transmtting a braking torque fromsaid notor (28) to said drive (34) plate
t hrough said magnet assenbly (36, 38) to termnate rotation of said shaft
(78) and said rotating el ement (24). 43. The method of C aim42, wherein
sai d operating torque and said braking torque are transmi t et Ok oW ai d

nmot or (28)WOPYHOH drive plate (34) wi thout nechanical ceaplusougposs sai d
drive plate (34) to said notor (28). 4¢. The nmethod of C aim 42, wherein
the step of transmtting an operating torque 10 corrprises transmtting a

start-up t S{aHHe gl 9 GbseTRflzol 2’ﬁﬁustl‘3ta§i@1ka§£§ﬁ o 1! vt Hkle 388““633' ng

the speed of ation of said r|ve late to sa opefa 'beed, and
mai nt ai ni neg Bansaittadde teigeay 3§§éb‘dueh the drivk shpf326.i Tl driveghuest 3%5m4£he The

met hod  of g Emft43%9 rxr?&(%(%egpa Fotzgtgoﬁ} sdgpagewgd%lue - motor having

one or stator ol er el ?“5‘? ue and said
br aki ng tobmmgaﬂ@aged\.‘bmai ed by varying current through said stator coils

30). 46. Afo roces t us r|S|n 20, a bl ender_conprisin
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shaf.t (78) ;heamfpnurgaar 3B4ity erarishei} ropdtivhal thRUNREM he MBGPRLak 33 BilRR | 2l
secured to saég‘} sl;ﬂgshaf tor tate t herew t 25 a first notor (28)

8
posi ti oned®PHr = 'hzrlé‘t’l)“ dosiape ‘}5’%&"& C(lglzgncal};aﬂapqq Upper gedt or (28)
having a f pérkibn S3IRAHAVIng 3?%1:@2? ofz‘héil'cﬁlsgtearr 108tIp8 5% A)a gepdhlh: & %%S %PEQOt or (30)

including a first raqtor 36), said first stator oduci ng an
el ect r omaglfdter gear pestien 3% Thadeweeear narian 392b i mrovided mdtaaplunahgm (36) to

0L at & 19al Al ohe 984 mrgs)mer@gxn s i sPipedt U RGNS s ), COuP! ed to

said first rotor tate eW|t sali drive
magnet (389“0F0rli8€ﬁ§|3ﬂ8 'Ehermgnecthé’dﬂ ofthd matorgeati 328 ehgagn tHeamrteksh 3% ¢f fi r st

O P! 2 Bl b AT S R A BT, 20 12
first bl adgeaf32§ to thnidler gebr _1321 Urhe{ondudbidien géar 833 iarairoth@bly setRpldws ng shaved
o L B o s B PO BB e LA e RS SR ) oo
hopper 1612333bacl udi ng a chute (16) connected to said bl ender
The output gear 334 is generally cylindrical in shape and is non-rotatably
attached to the output shaft 302 to rotate with the output shaft 302. In particular, the
output gear 334 is axially disposed over the output shaft 302 such that the output shaft is
fitted within the central opening of the output gear 334. The output gear 334 is provided
20  with a plurality of helical gear teeth 334a complementary in size and shape to the gear
teeth 352 of the upper gear portion 332a of the idler gear 332. The gear teeth 352 of the
upper gear portion 332a engage the gear teeth 334a of the output gear 334 to transmit
rotational motion and torque from the idler gear 332 to the output gear 334. The output
shaft 302 and the output gear 334 are rotatably supported by a pair of journal bearings
25 336aand 336b.
The rotor gear 328, the idler gear 332; and the output gear 334 are preferably
helical gears, having helically oriented gear teeth, constructed of light weight, high
strength plastic material, such as acetyl or nylon. One skilled in the art will recognize,
however, that other gear types, such as spur gears, worm gears or combinations thereof,
30  and other materials, such as metals or composites can be used in the gear assembly 306

of the present invention.



cup (22) for supplying shaved ice to said blender cup (22), a second drive
-plate (308) fornmed of nagnetizable material, a second notor (310)
positioned proxi mate said second drive plate (308), said second notor (310)
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30 departing from the scope of the present invention. For example, design considerations,

I

such as weight and size limitations, can dictate the number, type, and size of gears, as

well as the number of gear teeth, employed to achieve the desired gear ratio.
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10  drive magnet (38) inducing a magnetic field in a direction toward said drive plate (34)
to transmit a drive torque from said motor (28) to said drive plate (34) to rotate said

driven member (24).

2. The drive of Claim 1, wherein said motor (28) is an electric motor.

15
3. The drive of Claim 2, wherein said electric motor (28) is a brushless d.c. motor.
4. The drive of any preceding claim, wherein said drive magnet (38) and said rotor
magnet (36) each include a plurality of poles (42).

20

5. The drive of Claim 4, wherein said drive magnet (38) and said rotor magnet (36)

have a like number of poles.

6. The drive of Claim 5, wherein said poles (42) of said drive magnet (38) are
25  aligned by pole polarity with said poles (42) of said rotor magnet (36).

7. The drive of any of claims 4 to 6, wherein said poles (42) of said drive magnet

(38) and said poles (42) of said rotor magnet (36) are circumferentially-aligned.

30 8. The drive of any of claims 4 to 7, wherein said drive plate (34) includes a
plurality of radial directed open slots (92) that define a plurality of poles (34a) on said
drive plate (34).
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11. The drive of Claim 8, wherein said drive plate (34), said drive magnet (38), and
10  said rotor magnet (36) each have eight poles.

12.  The drive of any preceding claim, wherein said drive magnet (38) and said rotor

magnet (36) are centered on a common axis of rotation.

15 13.  The drive of Claim 12, wherein said common axis is coaxially aligned with the

axis of rotation of said drive plate (34).

14. The drive of any preceding claim, further comprising a plate (40) of
magnetizable material secured between said drive magnet (38) and said rotor magnet

20 (36).

15. The drive of Claim 14, wherein said rotor magnet (36), said drive magnet (38),

and said plate (40) are enclosed within a layer of a plastic material (48).

25 16. The drive of any preceding claim, further comprising a first housing (22a)
enclosing said drive plate (34) and a second housing (50) enclosing said motor (28),
said rotor magnet (36), and said drive magnet (38), and wherein said drive plate (34) is
rotatably mounted in said first housing (22a) in a closely spaced (46), axially aligned
relationship with said drive magnet (38).

30
17. The drive of Claim 16, wherein said close spacing (46) accommodates (i) an

upper wall (50a) of said second housing (50), (ii) a lower wall (22b) of said first
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19. The drive of any preceding claim, wherein said motor (28) and drive magnet
(38) have a maximum height-to-width ratio of about 1:3, where height is measured

10 along the axis of rotation of said motor (28) and said drive magnet (38).

20.  The drive of any preceding claim, wherein said motor (28) includes an output

shaft (70) secured to said rotor (32) and rotatable within said stator (30) in bearings

(68), a rear stator support (64) that supports said bearings (68) at its center and has rigid,
15  generally cylindrical side walls surrounding said stator (30) and said rotor (32) with a

gap, and a shroud (76) that spans said gap.

21. The drive of any preceding claim, wherein said rotor magnet (36) and drive
magnet (38) each are a single ring magnet.

20
22. The drive of any preceding claim, wherein said driven member (24) is a shaft

(78) of a food processing apparatus.

23. The drive of Claim 22, wherein said food processing apparatus is a blender, an

25  ice shaver, a food mixer, a food processor, or a juicer.

24.  The drive of Claim 22, wherein said food processing apparatus includes a
receptacle (22) for receiving food for processing, said receptacle having a rotatable
element (24) mounted on said shaft (78).

30
25. The drive of Claim 24, further comprising a seal (84) positioned about said shaft
(78) to provide a fluid seal between said receptacle (22) and said shaft (78).
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5 27. The drive of any preceding claim, further comprising a gear assembly (306)
including one or more gears (328, 332, 334) coupled to said drive plate (308) and to said

driven member (14), said gear assembly (306) transmitting said drive torque from said

drive plate (308) to said driven member (14).

10 28.  The drive of Claim 27, wherein the gear assembly (306) increases the drive

torque transmitted from said drive plate (308) to said driven member (14).

29.  The drive of Claim 27, wherein the gear assembly (306) decreases the drive
torque transmitted from said drive plate (308) to said driven member (14).

15
30.  The drive of Claim 27, wherein said drive plate (308) is secured to a drive shaft
(326) to rotate with said drive shaft (326).

31.  The drive of Claim 30, wherein said drive magnet (318) and said rotor magnet

20  (316) are centered on a common axis of rotation.

32. The drive of Claim 31, wherein said common axis is coaxially aligned with said
drive shaft (326).

25  33. The drive of Claim 32, wherein said driven member (14) rotates about an axis of

rotation offset from said common axis of rotation.

34.  The drive of Claim 30, wherein a first gear (328) of said gear assembly (306) is
secured to said drive shaft (326) to rotate therewith.

30
35.  The drive of Claim 34, wherein a second gear (334) of said gear assembly (306)

is coupled to said driven member (14) to rotate therewith, said first gear (328) and said
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said third gear (332) interacting with said fist gear (328) and said second gear (334) to

transmit said drive torque therebetween.

37.  The drive of any preceding claim, further comprising a control and drive unit
10 electrically coupled to said motor (28) to control operation of said motor (28), said
control and drive unit selectively energizing said stator (30) to produce an operating

torque or a braking torque on said rotor (32).

38. The drive of Claim 37, wherein said stator (30) includes one or more stator coils.
15
39.  The drive of Claim 38, wherein said control and drive unit varies current through

said stator coils to produce said operating torque or said braking torque.

40. The drive of Claim 37, further comprising one or more position sensors coupled

20  to said control and drive unit to monitor the location of said rotor (32).

41.  The drive of Claim 40, wherein the position sensors are Hall effect sensors.

42, A method of operating a food processing apparatus, the food processing
25  apparatus including a food receptacle (22) having a rotating element (24) mounted on a
shaft (78), a drive plate (34) formed of magnetizable material secured to said shaft (78)
to rotate therewith, and a magnet assembly (36, 38) magnetically coupled to a motor
(28) and said drive plate (34), the method comprising the steps of:
transmitting an operating torque at an operating speed from said motor (28) to
30 said drive plate (34) through said magnet (36, 38) assembly to effect rotation of said
shaft (78) and said rotating element (24), and
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coupling of said drive plate (34) to said motor (28).

44.  The method of Claim 42, wherein the step of transmitting an operating torque
10  .comprises
transmitting a start-up torque from said motor (28) to said drive plate (34),
increasing the speed of rotation of said drive plate (34) to said operating speed,

and maintaining said operating speed at said operating torque.

15 45.  The method of Claim 42, wherein the motor (28) is a brushless d.c. motor
having one or more stator coils (30) and wherein said operating torque and said braking

torque are generated by varying current through said stator coils (30).

46. A food processing apparatus comprising:

20 a blender comprising:

a blender cup (22) having a first blade (24) rotatably mounted on a first
shaft (78),

a first drive (34) plate formed of magnetizable material secured to said
first shaft (78) to rotate therewith,

25 a first motor (28) positioned proximate said first drive plate (34), said
first motor (28) having a first stator (30) and a first rotor (32), said first rotor (30)
including a first rotor magnet (36), said first stator (30) producing an electromagnetic
field that interacts with said first rotor magnet (36) to rotate said first rotor magnet (36),

a first drive magnet (38) coupled to said first rotor magnet (36) to rotate

30 therewith, said first drive magnet (38) inducing a magnetic field in a direction towards

said first drive plate (34) to transmit a drive torque from said first motor (28) to said

first drive (34) plate thereby rotating said first shaft (78) and said first blade (24); and
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second shaft (302), said ice hopper (12) including a chute (16) connected to said blender
5  cup (22) for supplying shaved ice to said blender cup (22),

a second drive plate (308) formed of magnetizable material,

a second motor (310) positioned proximate said second drive plate (308),
said second motor (310) having a second stator (312) and a second rotor (314), said
second rotor (314) including a second rotor magnet (316), said second stator (312)

10 producing an electromagnetic field that interacts with said second rotor magnet (314) to
rotate said second rotor magnet (316),

a second drive magnet (318) coupled to said second rotor magnet (316)
to rotate therewith, said second drive magnet (318) inducing a magnetic field in a
direction toward said second drive plate (308) to transmit torque from said second

15  motor (310) to said second drive plate (308), and
a gear assembly (306) including one or more gears (328, 332, 334) coupled to
said second drive plate (308) and to said second shaft (302), said gear assembly (306)
transmitting said drive torque from said second drive plate (308) to said second shaft

(302) to effect shaving of said ice with said second blade (14).



