; e3enuj ppqr Xr VJubuTuGUcSpeci fication as at: 22 January 2003 WO 00l 38937
.PCT/ US99/ 30656 NON- PNEUMATI C TIRE  *166166* BACKGROUND OF THE | NVENTI ON 1.
Jield of the invention This invention rel ates t gpddirRafidreistht:0f2 jaRuappbded non
5 pneumatic tires. Mre particularly, this invention relates to a class of
wheel s i nvoMA W@8T outer and inner rings and a space bet weeRCTHSPYINr e
sone flexing structures are provided. The said flexing structures being in
formof web |ike objects abl e toNONexEINGRTIC MEIR®Dad and provi d
equi val ent of the pneumatic tire behaviour. This class of wheegO ﬂy@ﬂwmmm’m
the "non-pneumatic" termwas started by pioneers |like Long at 0
| ate seventies and Palinkas, Hybokken, Ims, Pajtas at Uniroyal in |46
eighties and is believed to playcrecsoND forcarie rohveenrTonn the future of
wheel technol ogy. All these pioneers dedicated their life to the rubber and
pol yur et hane wheell .ap@liiedat icdnshandnidensior ns wor ked at Pennenunde as a
mechani cal engi neer |ater specialising in polynmer technology. 20 2. Prior
Art The prior art Fdsjddnianiden setpeesohg RhRyEiPaAi Akage FRWAEPR Pajt as
plat ent[j s5 and e;smmaitajd ﬁlrﬁsbam@@aatQEGléﬁlLyv\E@hié’l ﬂridﬂﬁeﬁtﬂbnardldlﬁ/sdl sk
pl aced synmet al n ween r_and _inner n r rings
of the 25 \/\/ntr%(\a géglﬁ’tlglﬁhé % K %ﬁeoﬁgéﬁ Efncp cairr ’ﬁ%s %ect of
the wheel . T eeheepﬂoe@fwe@ho tetmﬂultdreren ﬁg@ewﬁltﬁi%%@pa%feﬂ@émén atlhem
nmeki ng the bQﬁidiuSierdJCt urhe 9£1ahsa_ém s‘ﬁ@&cﬁﬁ@@ébbé!nfxg rist £bREo PWRELNt ed

by Long and |n 3 30 The ace en the said rings
was occupi ed%b/;?c SOT eX| gL;L ﬁ?‘egngﬁfl EF‘% ?"ﬁg PECHARS: 200t
Pal i nk¥& and mva@mtng:fba@h Poenhetmdsm lpﬂh@\rlm (Pal i nkas and al1l)

this load carrying HiRg/ &l $ds | Sf r @hed 04 CLA-Diid BRg SHRROMHEH- brad @Al il on
each side by inclined web eci.ficat] o; as at:

37 S
S ary 5005 SoEH S, 5% R bk Ehent thia A AL A5 REPIRRE (1o by
t hi ssi mul at i ipvendielsf @gtd dfaldnpaesuntybokkene. When Politamgatt Hinistayedt ur e

forned of thqrf:qratceaelzlgﬁleaeg Lhe 4 |sa§>@'i§5vw@b§oax%falf'|ae)§'1@ﬁlf'{‘g§r'it lead  The
centr web has % | exi and webst he 5| npl y

ng type of eral
bend. testl‘g1 p? YERE tg"l r%eot"r‘téﬁe]t h‘ee%li“?%]s%g%pectp‘rlg‘geﬂeersﬁ RSG5
central and | etCeircalt ege [k hetiru Atilfiee thaspeaksbbrrt hadapedyuvetisris n@etelie
central disk é@ﬁlﬁéa@%%@is“”ﬁﬁds%&%%e Ohst R UL T 2BNNBk M enfind@ (dhe 11 m of

t hewheel . The cyclic nature of the stress conbined wth themagnitude of it
generated a IF et f cBPILRERY { hdrtREat oPPEGLALLRIRT cdRbi rRAIYEIROf

t hese dependitwrlofolidgy .| oadl5and the tine the wheel was used. Even at normal
| oads 24 n the casg of spare EA L.teapplications- after a certain nunber of
cycles the areawhere thécentral disk is united with the rim

over heat edr eachi ngrHecpRebat HE€Sid rae@eeeeedotnl aﬁettsbrﬂg%(& d@grm&ﬁﬁe si us
and S|nplytt}ﬁ,r@{keerdal nelted agd af f ectedthe%e 65.1 ng rolllngrlm
and the web stiucture ehdd Wyt nPREFPLT e 28F (3RS Sttt YA% ?sh% i 8RS

hyst eresi s amfitvwaleaediissfpam of & apals/disk inliaseghsympe poi sadelys direat ed

the failure aondidgaees beltm;etahetﬁésstn@éﬁm YiHred N anRgnliRirS rYAgs eyenHir e
dangerQ%JS be useithe g f— t V\gen |t r eaches go%dertal n.
tenper&t ure. This 1nit FEFERFY ]hb*"?‘t %hﬁ mefi E19 18 ha | G- iShe to
use the flexiaRy et ot témadwtneeél i mnate thehysteresis nelting typical for
the solid tires. Ighd *&%tn%Q: S8l PR Oxthri MBA Ty 1§3RE QJ&% br eputdendtedenias

supposed tob the ter lining involved direc

rol I i ngcont act® "@ﬁ‘ %&%Flsaeéaustwasr Sg %H f"ﬁ% WRR | REREHY:t and
fl akes gener aﬁlet‘atby:m pzeBahngdeby efidrer tartdoiareerint RiSs paasnnot2 2aRiisened,
the stygbl i ngrrm OQ{SaQS' '&%@e‘&% a8ner 8l &N Qhdshewhot REGBSedNLEN fduced

the fail ureof

1ng %%ructures anticipating the later work of Palinkas
and all.

Coming back to the closest prior art (Palinkas and
all) this 1load carrying ring/disk is reinforced or
35 supported laterally on each side by inclined webs so that

I
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Specification as at: 22 lanua ,rte WO 001 38937 PCT/ US99130656 The heati ng
.ef fect was al so generated by the fact that, the outer rimwas softer than
$he web flexing/supporting structure so the def gpdmrtch@sh &n@ N8N EAE86ANT
and conpression stress structure was different for 5 the two material
resul ting i &WGe¥38¥i ng the bonding area and al so the struct uPST/EIHAES | on
between the central disk/web and the annular outer elenent. It is an object
of this invenhesn theprimddieim f bprilbed siheyr t cay dtlegct ané bey westig he

i nner and out&in f1iaR9350t hd Oc F RECD0Hs PG RINaE it E€r£O reduce the stress and
heat generated mlglyahys eresig socthat t he v\,hé-=1 Il to ]l;e used safely in high
é%ﬂ%%%éﬂsﬁg} eb

speed and safety XbisH C2LitoRE- £he SRFYCWRLS SFFHEFone’

associ at ed stanccttdhe distlkerbhewebsshde Slekiang widdhdodtbel . THE cerdtrdls yet a
furtherg obje f IS 1N [ on PLOVI LD qiRcreas ad
capaci tsy. Itq'?egpah%s%i?lblf%}g?%%g 5%?%0%90th§ﬁ?g&?§§%n\te?%n ltaggpf%%vi egsg wheel
easi er to nardie¥ctdm®lYhBANERose in the prior art. 20 SUMVARY OF THE

I EVE]':\'T' ON Ehe f or agel lntgeﬁwl g&be_édpmirecﬁsm?r ;thaﬁ_hitﬂi&dsbyekbi Sspawtary i on by
the fact that_js _invalving/conmprisingt ng; _an.exteriqr .t orus
having an i ns1de ¢ |tae(r¢etle1} (531 a é:ﬁnggagxtaé% ofaéf?r\gr%e%?bagﬁgﬁggfkg aﬁas

t hi ckness an®Pefdd np athe deFeandInnadig nagn thesi erntared- adleat S’ll&g stheg ace:
<an interior imHdiS Hae@d JT ivHd durHAnRiriladneiag exher rQm)dicameiles and
having a thic ness and having a width and having an inside and an outside
surface; 30 -tHeinterior and the exterior toruses bei ng placed in such a
way that they shal®e heyekinr pvanure of drhevisyressd combines wWitd drhe

rotation/ symmddnitudene s @Ee?éﬁéré@é&'sa havtivigetiner pat €i sl &H et exesumal | er
than the exterior dianeter o

the exterior torus; 35.-in the ace between
the exterior Tori 3HE ¥ TR Yok B8y EPRAGLRY, °%n§§%aﬁi%%§
wavef ordm st r Lrendirtdiec gripei $hagwhbeelfehs ovderty and defined as follows: 3 WO
001 38937 Even at normal loads -in the case of spare tire

applications- after a certain number of cycles the area
where the central disk is united with the rim overheated
reaching temperatures in excess of 120 to 150 degrees
20 Celsius and simply the material melted and affected the
area between the rolling rim and the web structure ending
in failure of the wheel. A combination of hysteresis and
low heat digsipation capability inherent to polymers
created the failure conditions. In the case of
25 polyurethane this was even more dangerous because the
polyurethane melts when it reaches a certain temperature.
This initial class of non pneumatic tires had a lot of
hope to use the flexing effect and to eliminate the
hysteresis melting typical for the solid tires. 1In that
30 case the only wear expected from the tire was supposed to
be the outer 1lining involved directly in the rolling
contact-which was a wear based on abrasion mainly, Velcro
effect and flakes generated by Hertz/Palmgren effect.
However this was not happened, the stumbling block being
35 the generation of the hot areas which produced the failure
of the wheel,.



Specification as at: 22 lanua , PCT/US99I 30656 -on the outer surface of the
inner torus being anedian circle resulted fromthe intersection of a

pl aneperpendi cul ar on the axis of rotation of tRgediftagsn SLHUS Mhidly bHS3
outer surface of the inner torus, and passingb5through the céentre of gravity
of the i nnerwomoagsd7in relation with the nedial circle and coPCHUBGOEEt he
outer surface of the inner torus a waveform curvehaving anplitude and

wavel ength i s genergeethase iy} | OMBect h@avaalsengdhdatdef i Bed caleonthdthe

ci rcunference Qrfb 10t h% medi an circl.e and_t he %%l i tudg varia b‘gn bei.ng
def i nedper pendr&fiar | ¥786n t A& Shedi &4 r¥PR pISHeSind tHE"sai Mhavefn
curve has a cohkeximg/\sapposhdgng @tducherausicertd wdetbrengt hen camdaitied i n

the nedi an ci rgh&atihPBnint&RSFesdie ateass cthaidind hatweepsthenpengf orm
curve andl1l5the nedi an circl e _associ,ated with the half ?“Tﬁ prPe@vel engt h
ety

bei ng cohst ant ™ Ahd™ 4 MRERFT G fiftt WiReh 18aATGEREEn TEhtd%®4 n
ternms of' profand ahdof diha asvwldtwslt heomerdsiassbeteeen wheh ¢emcxplart ers
of wavel engt h Qﬁé]g/@bsgn?ogﬁgag{m@fgﬁs?qgﬁt heregyal w th20each ot her and

p an

being identic in terns o rofile orm -therefore on the outer surface
of the inner torus MeRSvanRIRFE IRE FBUFAPEREHD &9 RYEVIEEI arflsFing
asymetri c/ r egaikipgoryscid Isatrueguedr betweéh clonsimmemearel engtdr anthge@f t ude,

tthe nu r of e géﬂ,ﬁgﬁﬁ ai'?gﬁ ip_t ﬂf&ja ir i an, |.nt eger;
-a geng?(gti ng %&%f ?‘?g e |ne§r1t§s 0 0\%3: Ee p anegggr péegn |éc§5| grg‘donrh%%e
wavef or m cur veSMRTAEG bYi hysferegith g kbahavid thfeduteePr nudgf ySai i nt |
the perpendi cumr Highne spakar seadi ngafdisy | BplIQavLdAsetné tdrlputwdaie

For us and. the % te%uBEi‘ﬁg L%e to}}xeé‘zl QQSE&_Q{&? _tm%rt%. ywﬁER”&ﬂQeo tsgide
intersecting resulting I ntersectioncurves on the i mnér “surf ace of 1The
exterior torusSWhtRdh&sutthe wheehee of the interior torus, these

i nt F(rjsgmi onﬁSCurve&, ﬁeplgrgii ng (ffuzftlmeﬁplcmﬁém elt td}ﬁisaeﬁ.aeael'teutxarﬁﬁ ane
cou e et g i_nes. sl i ght urvedlines,.. 4 WD 00/ 38937
Speci ficati oneé;ll:ség d%' %2‘" aeﬁgaw gﬁ’/ %’ﬁ%dsgo-agngg &R F¥ne of intersection
bet ween t he perpenditcut@r apisgié lafnther midledtureficehds tRwemkion ttr us
and the outer prétie Hf whéel | 8881 et OF YSmAhBLSELEEd €€hdn PEHBES, in xhd he
points fromthe_ jinner surface of the outer torus are united with the points
from the out erPEt? &&& of the inner tor us, by uniting curves contained in
the pergendi cul ar plane in such SUMMIRYhQF THRSBIENRIONy curves are not

i ntersecting each OfRerrRHedolingY aRACoEREE AbPfdLdd b théhiSRALe Hgtvean the
toruses, in such a way that ?_lhe our points, t,heL?l’.iPl,tl ng curves and .t he

i ntersecting I’rrh‘é%n%ﬁ‘%‘ dRY i iffig B2 o phand WHVARS/ FPBrIFPE HERR ng at
the top and bofeblowimg: ntersecting lines of the perpendicular plane with
the inner surface afad NGRXLBE Qo LA ¥Sv3RE Wt B nk3 gbN e iQe®le 1S WP G, Of

the intgrior torus and on the sides the said uniting curves contained in

t he perg ndi cutarepmelamerer At @ virang Yhg SRS PEVEBEI At above
bei ng herei nafamd heneg e igehée adndgarc|oged d20 surface;

sur f ace/ cont our | g/ REpliduzrsch! dotsMARLAR! ah0 RTREDEL drblerd Nna an
generating closed surface/contouring/profilfe |s contained in the

per pendi cul ar ?J’I‘%?\’é""trhgﬁéf“SF%ri%ndaf‘thlﬁﬁ #i PR PSR havipg eneidiive
formcurve, thandpperingnan aneidéi ard amrouosydeb stefierdi;ng on t he
intersegpion with the t ;o : i.ngw.QLAce L.sastarted
froma g? arti R%époi %ﬁﬁg%ﬁggﬁlﬁégﬁé 5’6{:%1%%%%%%5&?%%@23%%% Iﬁt for
the ease of untlefRtatAvhghat theyuspasedthe SaER tCIRGR LHIARRVIFErand he
wave form curvehe ssdnd eixiecbEngot Heis®taineddyGi rcle; -the surface/solid
generaling process lg,qlong, By, 0pvi ngeihe aeneral Lag cLoseflie aiamete
surface/ contourin /préafl I"é"along the wave orm curve respec?l ng the-%hove
condi tions, t h%mﬁﬂ)r%li fdaguthes e ¥esE: PHi Mo dfi féet RELSTULPEC EOCTYS
structuse of the saiih weMe f-paBeUrsidwddiOthér kaitergokel 7EAls t hgid OfRses; S

WO 001 38937 Spfﬁ{-:ééfoarti WbAss atb:eiznzg | aanuauyaw;ionog% Pqééﬂﬁgagt{3§199656wavefom

structure comprising the following and defined as follows:



-whereby the toruses, the waveform undul ating structure being
-uni tized/rigidized together by casting or any other known approach, formning

a toroidal elastic structure having an inner di @B@g,@gat,oﬂ\lggghgg ﬁmgmzbgyer 5
di aneter of the interior torus and an outside diameter which "I's the

out si de di aX8PB8BF t he exterior torus; -whereby the toroi daIPCgﬂb??/P‘Lé“
structure having on the outside applied a rimfor rolling and at the inside

a hub by thi s t he -assethéy cmde cfurfeacd 00bi dzH.e eiasérc toiruscthaimg 19 and
the rimand necom | si.ppal e @%% 38 e, foimeurve
on the outer surJT ace o?‘glt%ewﬁﬁieﬁe‘% o?ﬁ%nblgg% de meé: als f\c,)@flv P -a curve
in formof a mq{’rdﬂ(ﬂ”é—a(?alolne(?hg*eﬁ‘?‘éﬁr@Fferﬁ?ﬁéﬁllénha\ﬁl ﬁ&ealﬁéﬁFnﬁ?ﬁﬁsand an
end these beiwighlStWé asttes! Isurgapesest thée inhreer tanus, bendgpassingth a
pl ane cgnt ai Xi S n pgg is unfol ded and
on the "?Jnfol ;Eehdr%d@{hert%sur aggeagge%ﬁx #2r%¢10€§%m {’%‘i#eé I'an circle above
defined and al so uriftolntddtipnwantshf sha medialoGirsler asdd conrsparee@rezed by

the fact thatehes bQt8Rd RrfARUEESEHEN iYnesent 66! @ Wﬁlﬁéwrrﬂléuml ng
t he sane radlus therciﬁ_ ormcurve is art| %lroma poi nt

on the nedi af e &M %"gev@nha\?§vf)¥3’a%ﬁhth§ rPeT "8 *rodul e
wi t h the begi nni ngthe Weeredeagthnys pde fiineddaldrg ek diiatmwfarbycgp%sed

Eui on%@ Pedﬁﬁéi-l@ﬁ\e@'ﬂaﬁ' @tlyaieléiﬁg)th@ng @i&@{;?&hwrf@@imrb aéf%é?d modul e
ut rotated accor ermt, a confinuatio e wavefarm cur SO
the wave form W@%}i& géfn)t‘?%u"cﬁ% Be 13?15‘06?‘5&& s@&@é’fsﬁtﬂ‘fﬂe S efift rcI e
nodul es; -t hewavdfmmfcirded hasr asconstant evateebdngtrh curd/ & hes ndeberi ogd
above is brougife Rt HO ok @i gah iﬂrahelﬁeabaﬁ w@ycr@vwgaﬁ heceawe ;form

curve defined on the outer surtface he 1 nner toru g -a_cont ouré
profile is defined ¥ aHRA® e‘i‘i’,"@:pﬁlrieﬁie t?%"c"(e‘?lha’fh? hﬁaﬁﬁ PFRgCCEYTefAr e
strai gh® |ineshe ntrezdient | ngLodlieh klsaozinsedl sambet tier ohalfonobf the 6

5 10 15 20 stﬁ%length being constant and symmetric/ equal with each
other and being identic in terms of profile and form as

well as the areas associat@d with the quarters of
wavelength being also constant and symmetric/equal with
20 each other and being identic in terms of profile and form;
~-therefore on the outer surface of the inner torus we
have along the median c¢ircle as a circular axis a
symmetric/regular oscillating curve with constant
wavelength and amplitude, the number of wavelengths

25 contained in the median circle being an integer;

-a generating profile defined as follows:

-a plane perpendicular on the waveform curve,
therefore intersecting the waveform curve in only one
point, the perpendicular plane intersecting the inner

30 surface of the outside torus and the outer surface of the
inner torus;

-whereby from the intersecting resulting intersection
curves on the inner surface of the exterior torus and the
outer surface of the interior torus, these intersection

35 curves, depending of the position of the perpendicular
plane could be either straight lines or slightly curved
lines;



35 WD 001 38937 Specification as at: 22 |anuan 2r 003 PCT/ US99/ 3065b t oruses
therefore all the tine perpendicular on the outer surface of the inner
torus and on the inner surface of the exterior bgédifcatioVieielMahingy sboai ght
| ines as defined above are equally distanced fromthe wave form curve on
the inner SHPPRRE3Bf the inner torus; -whereby at the areas BFT/PRIE0&¥ct on
of the waveform structure and the inner/outer surfaces of the toruses there
are provi ded appropnm at eadd | eflsneo reflucelntrraericiam r abedwesn r esges;

-wher eby t he yanseld &85l u%wﬁ@ has any dimahi ghirkgctWoge drie gy tude
of the wave which is | ess than the dth of the toruses; The ab

Jrc<>ve

descri bed norFRTEU EPEi PUERESSYRRCRICINFRG e IBReE ST S RECbERkE T TRf
capacity of curpeeichtos, circul ar cylindrical structures as opposed the
vertical web |ike a5,d ndihg Pré:Qh 2hE- ifhls dorfA GAichE bligetheolus
capacity and reduces the stresses and elimnates the heat generation in the
danger ous ar k& WhktRsYithabRe ppoipes aﬁf%rtB?OG’BHeﬁnsVﬁ’g??ﬁ/ the
perfor mance dmriear nstotukpad/igpeednatihd at cgreesubstcmtiziiakely Hinghethd han

the prior artyenldid Miar hRaESLA JRAE LYalNendd! RLecURHRILS LhAled NI s

new cl ass of pneunmatic tires co ave“substantial application in
areas where sSHtiPantPIIFREIEE Giehadtdsri andnbdeladce BRREFLERESEE PTI ON
OF THE1ORAW lm Hieses amtu@elherthebjd;eﬁﬁéesfem Ug@sh adfldTalqd\t@atagné fdut he

i nvention wi . et nder st 0Q r ing t. g i

descri ption ié\on‘?%néf’un%lﬁ o&nn%ltrf? the “at t aag’h%cei& h%r a‘tlvq\ﬁ'r'la rsg,e C?%gh}gﬁé@é%j lis
a represent atdefiiing he ekeeedorlane epivfacereos preitterbaving ay ghe 5
representati Ocrbpafart&a;dtﬁzrdﬁﬁ tHeg thae_i-sébtlgzlug hei NGy eof afHe wedpbAdiog@ar
structure according w.th.the_ invention; IS, I entijn . concept
of e nod ar it vt tneEbRSd ke Beknd bRoREREE I b s V0D
PCT/ USHB 1306568 | @itar | surEpeeseht theg ineeriboef bprveuprne o Ehe sides

surface of thend NBERAL AN irdy GouBvés EBREESABHI Nith tRe perpendicular
generati ng/ copnlté)rtljer_l ng profile;

-the closed plane surface/profile defined as above

being hereinafter named the generating closed
20 surface/contouring/profile;

-it is important to remember that the generating
closed surface/contouring/profile is contained in the
perpendicular plane therefore is all the time perpendicular
on the wave form curve, the upper and lower lines varying

25 depending on the intersection with the toruses surfaces;

-the generating process is started from a starting
point which can be any point on the wave form curve but for
the ease of understanding it is supposed to start from a
point where the wave form curve is intersecting the median

30 circle; )

-the surface/solid generating process is done by
moving the generating closed surface/contouring/profile
along the wave form curve respecting the above conditions,
the wuniting curves describing/contouring the surface

35 structure of the said wave form undulating structure
between the toruses;



5 FIG 6 is representing the process of generating the surface of the wave
formstructure; FIG 7 is representing the non pneumati c wheel assenbly
according with the invention; FIG 8 is represegpidiftatibifasdefiNbmehr@do60310! er
profile 10 based on semcircular nmodules; FIG 9 7s representing the
generating PYOWESBTof the sinpler variant; FIG 10 is a 3D i PCHASPYRIEH of
a wave formundul ating structure/ribbon. 15 DETAI LED DESCRI PTI ON OF THE
DRAW NGS Bel ow i s gwiheereky i | kbst r dtamsesf, t Hdd nvieand orn n npfatavingi t h
the Figures 1g2y3efhfe 699_71,2? %QMiﬂéHZﬂ%ﬁQiri'zQHngpéeEﬁ’@r PBFUBREL £nd i 68

i nvol ving/conprising the f ' -an exterior torus 1_havin

| owm ng: 20 > an
i nsi de di anet 8PY2 Lon KORMWEr | BPgH‘P%ﬁ"llét erfOFWIRE Havitedod ey cﬁﬁ%gglﬂ and
havi ng a w dt btbuatardatiergngn amsigieet dbameteout shileh susf adee 7innan

e e ‘ ; ngn ; . .' 10
bnd having o fhemgedt critddii g LAETEEELD a6, 3 ClLR HiaRELer 0y
and an out si dehigR{ig e outsigde diametsr afdthhebamGrot®Msuses bei ng

placed in such a weyhdfedy tdiay tdirikialhelsatte caduct vae Ba&ingyodSthRad the

ane axi s of hon r 6; - interioc,.t . t
zut Si d)él Zi arretgg{r:gé?rgl %@fﬁ%ngt#émeg xér:%%iﬁ.1151%61%%1.'{:16%%?&%%9%%?%??OES or us;
-in the spacebY7tBit iden aspembiychpade ot bAridRl iedesticr sEBREEUBRi ng a

wavi ngloundul ahinghaewiah eird HublBddcming aowpeeésj ng the fol lowing and
defined as 35 foll ows: -9n tfeerouter 'LHface of. _the _jnner _t s be

o ng a
median circle 19 resul? g Trom tHe Tnt eresé”cvieoﬁfoo g 3n%n8EHeV@J%)8?38937
Speci fi cati onsasface oD Yhmunmer eI sPOEing Sdef Bosba2Fqddgwsndi cul ar on
the axis of rotatiof ghriBe inNNQrn} S4iISa l8emibifcidecuied suhiacecoé the
i nner torus, ang gas\?\%‘nﬁ.through the centre o% gravi tIX 21 _of the_inner
torus; -in refSPPoR with tfe fedPSAIBRTRFe BRY Mt aTPRd HHSESt hBeblFer
surfacé514 of dihwetrmbky tappmsai;a wavef orm curve 22 having anplitude and

wavel ength is genergi&d ifed QlorQWShethhcWBVREENIIL AR iconealiiagd akeng the
circunference _of the nedian circle 19 and the aggl i tude gaﬁ_l aél on .24 being
defi ned per peﬁﬁ?ﬁu?gr?W‘Bﬁtﬁe ﬁé‘?}ll’aﬁf‘ecﬁ FATESpIEERE 18 HAGCLAEYsald RBvef or m

curve has a cthetamfoltac|cangirhsanfatdeamlininere béreweee vartdt hhecuadaaned i n
the nmedian cigghke1kSaBBve Ni€PERed and alsc unfolded, a wave form curve
20 is traced characterized by the fact that is formed of a
succession of semicircle modules all having the same
radius;

-therefore if the wave form curve is starting from a
point on the median circle, there we have placed the first

25 semicircle module with the beginning in the starting point
and the end diametrally opposed but on the median circle
unfolded, and after this another semicircle module but
rotated accordingly to permit a continuation of the
waveform curve; so the wave form curve is a continuous

30 unicursal succession of semicifcle modules;

-then the unfolded torus with the waveform curve as
described above is brought back to toroidal form, in this
way having the wave form curve defined on the outer surface
of the inner torus;

35 -a contouring profile is defined as above except the
fact that the  wuniting curves are straight 1lines
intersecting with the axis of symmetry/rotation of the



-the areas 25 contai ned between the waveform curve and the nedian circle
-associated with the half of the 15 wavel ength 26 bei ng constant and
symetric/ equal with each other and being i denkp&dfication A&t® REudy 0603 €
and formas well as the areas 27 associated with the quarters of wavel ength
28 being al MO8WIBANt and symetrical /equal with each ot her PATAUIEPHEG6
identic in ternms of profile and 20 form -therefore on the outer surface of
the inner tortsruegehavkeentHoge tall nedi aimei pekpeadiguéprcaharhaxpstar
symretrical /r egykéée 0§§'é1t@tirr}9a0%¥es%ﬁét SONHANNMAY eheRaER 8Rdthe
anplitude, the nunber of wavel engths 25 contained in the nedian circle

bei ng an int e§EFETIAT geMeMSting profile defined as follows: -a plane 29

per pendi cul ar on t hehewsief orthec Ustiesidhiter binee iast edséthedg abvyenaseéor m
curve i only i Bt e p i r n rSec g i nner
surface%SO of e?ﬁglg& 9.2‘829?8%55 fgﬁg %ﬁg %gt’gr fgllf?\f g:é!erq;féel %1? 1]tillhg %%ﬁgf
torus,; -wher EBYERFBNPE HEN® Nt FOFH§iresul ting intersection curves 31 on
the inner surface 1¥hefebeaexiay ia(irr'eataowsi:&mkéetta::mﬂ erf shef aaeetdraf the
e honey BphBERge Shd MRl SEALLANL G KRSe-RBE0EN e Qi@ PPRLELOD Of
t he perpendlcu ane cou LTS | Tnes or slightly curved
lines; 9  \\DRES/ 3898?"@)%@ f ianmropFiateat ¥l ethuart2r GEIUPETNSHBE 30656

+0n eaqrm 1li necefictkhteaccsh ' &ﬁsgg ween theperpend| cul ar plane and the
inner surface of the outertaorus and.the outer ce o0 1] rus
are sel ected2 point sh§5e%yt?1 ° oalvr?t% g@ ?r%urﬁ e |h%ner surd?glcgﬂg?h %8
outertorus |reWEﬂ¢t(§@e\Matr¢P1ttheldp0|Qﬁ stisyl waven vhéchuder RA< akla® £he inner
torus, by uni WiBghCYE VERe 3dares¥E Al ned in theperpendicul ar plane in such a
way that t hese unl,ts. ng gurvesare ng i,nt ersectin e._ra{lcch Qctr}er nd tggx are
cont ai ned i n10t he bﬁce BRY Sle TP I REGr LBRR | BYF Way eth

four poil®t s, tRévantageg qfuruesnandhehéouthengemapmci¢me9far<eué-f€tdu Ay a

closed pl ane %Hkéaﬁsrﬁﬁnﬂﬁéﬂ 8t r@bedreay Bgﬁéséaetﬁ@ﬂre&'m&(lt wem the
i ntersecting hléﬂes of

pend| cul ar pl_g1 t he inner gﬁrfag f the
ext eri or 15t or ﬁn&svu"tlh DAY i f i t?relf‘ﬁfﬁ?f;b?gt Gs“&fifon the
si des t he sai ¢apacitpgandr reducesnt the ext nemselse padpeddidaliespkarehethe

cl osed pl ane §%E§S€4.Qﬁ0§h| ehgeaaw&cﬁe %Qexebel Rfehekairafhae ByMedet he
gener atjng cl 6sed20surface/ cont ouring le;-it is inmportant to regerrber

that tH® genePiEPRYcI BEaYeLyr P&cef‘E‘BﬁPgﬁ‘?l n@?’ﬁf%ﬂ‘?"e‘:?s ®Bnt 5PRBE i R
t heper pendi cullandpbpaed28nd heatefaree subsaddt 1kl ¥ i migperperidinc khar padotrhe
wave form curye, EBEuHE&% anghd cht%%ttﬁgsbgye'%ﬂé %&W@g@@s%@ thac

intersection wth et oruses surfaces; - nerating process tarted
froma starti Agp8i nBS#hi &+388n BE aRPRpoPREUBRELFe RATES] oFﬁP&Gr vg‘aﬁfﬁt
forthe ease ofsubsdenstiabdamgl idativns i poses Whes'easafétpmxaBamngmem wher e
t he wavg; f or my %QE'X@:LEE S.Qt g@ggéé&g t hemedian circle; '-the surface/solid

generati ng process Is done novi ng the generatin &,Cl osed
surface/ cont ouri ng/ profile GRBIRAYEN fF TP B et i ng the above
condi ti ons, 35t he utrhksagagdr Medesmj ebtag/ ceataones ngntihad&antagest odfct ur e

of the said f r b

00/ 38937 S~~2@¥1§| c(a}t\{gorhﬁ%ﬂ a%’wgzg{e %%E%g %3%%‘}%&%255%89%;13 656 V\her gt‘o)y t he
toruses, the WQ}PYERAuRRAALYISSY deFTERFEON et Mg SAMILRESIPR gY i edhe

t oget he3o by castzappedr daaylﬁgberukmwa:happroach form ng a toror daI el astic

structure 37 havin n i;nner di e RYIEA; of trer of
the interior tor usg‘gg;d anqoutégl %%@%%&3% %9 %hel outlS| I amet er
of the exteri &°X§r g§rucuneeeby the toroidal el astl c structure haV| ng on

meou:ﬁl de appl i edpagrl mn a’stshéo_itfeﬁzeééfnlaet?aﬂt@f ftulse t%d’lﬁmﬁe;c&ge[&fﬁwhrlﬂ 3yh )
is e asse nade e idal e i,cstructur [ n u
beconi ng a V\h@\ey-w‘hvﬁ N Pn§%’§ e gﬁ\‘/cut‘%er ma(‘::t?ro\%éﬁo?f 1tl§ T

out ersu$¥ ace omvemsiomner torus being defined as follows:-a curve 41 in
formof a semcirclreed?2 faljlseddgsaibenikliahe vdubenbayt NG R EREI MEdiGA3 and
an end 44 thesebeln dianetral |y opposed;-the inner torus being cut with a
pl ane 45 cont & |&§|ts axis of symretry 15; the inner torus then is
unf ol ded46 and on the unfol ded outer surface 47 and in reference20with the
medi an circle 19 above defined and al so upfol ded, a wave formcurve is
traced characterized by the fact thatis forned of a succession of

sem circle nodul es 42 allhaving the same radius;-therefore if the wave form
curve is starting froma25point 48 on the nmedian circle, there we have

pl aced thefirst semcircle nodule 49 with the beginning in thestarting
point and the end dianetrally opposed but on themedian circle unfol ded, and
after this another semcirclenpdule 50 but rotated accordingly to permt a
contlnuat|0n300f the maveforntcurve ~so the wave forntcurve |s acontlnuous

o - Y . o o




11 = WO 00/ 38937 Specification as at: 22 |anuar~r. 2003 PCT/ US99/ 30656
Intersecting with the axis of symmetry/rotation of the toruses therefore
all the tinme perpendicular on the outer surfacesgdcifidgor M;rgztjg,ﬁmym on
the inner surface of the exterior torus; 5 -whereby the strai I'Tnes as
defined aboWe 04B832qual |y distanced 54 from the wave form cuP E/‘l§ﬁ9’§%§6

I nner surface of the inner torus; -whereby at the areas of intersection of
the waveform struckif e ‘i@ rRpresertinmtdie seveforn survaon dheseytehere 10

are provi ded appfags et ecrdd |pies ttq,rﬁggluce the concent rati on stresses;
-wher eby the wave ch is twce Iltude

t&( ?bructure has a NS %

of the wave whi ch tlﬁanrfaﬁﬁeﬁfﬂ’fhn%f ‘f’}ﬁ% t%?’hes%% 13 ﬁ%’ fHF A"
advant age of phefiabplication of this invention is the fact that the
proposed class of IF‘RE‘ p@ei‘@{fé&rééérﬁ:l'r% l&?ie“ﬁbr@!?eé@'df %@Yx@@h@gﬁg%h&he
curved or circul ach"%ae to sustal n g buckling forces than"the web

| i ke bodi es of“*% form ng EFPFEation as at: 22 | anuanr 2003
r~~r~r.a -r~ur 1.FEGnhorw# prn&aunn’epcresenelﬁgr ubentnowy upeumabileeivhbab,
wherein the tige.has, allbadsi Y iehathan;apdaaisghtral plane perpendicul ar

to the axis of 5 rotation and wWherein the tire_1s conprised of: a) an
exterior torus 1) S cH Hes ZePr65e8FdBI df BRetef inHe rﬁiss‘é“Pé@ﬁsPaﬁﬁlF'ﬁm de
di anet a0 and Basediah semisyimeilac madaliesthe axis of 10 rotation; b) an

interior torus 1) whkchgi g @éﬂ@gnQ:l%%OQh h%e%q:%tlng process of the

simpler wvariant;

FIG. 10 is a 3D illustration of a wave form undulating
structure/ribbon.
15 DETAILED'DESCRIPTION OF THE DRAWINGS
Below is given a illustration of the invention in
relation with the Figures 1,2,3,4,5,6,7,8,% and 10,
describing a non pneumatic tire involving/comprising the
following:
20 -an exterior torus 1 having an inside diameter 2 and
an exterior diameter 3 and having a thickness 4 and having
a width 5 and having an inside 6 and an outside surface 7;
-an interior torus 8 having an inside diameter 9 and
an exterior diameter 10 and having a thickness 11 and
25 having a width 12 and having an inside 13 and an outside
surface 14;
-the interior and the exterior toruses being placed in
such a way that they share the same centre of gravity 15
and the same axis of rotation/symmetry 16;
30 -the interior torus hafing the outside diameter
smaller than the exterior diameter of the exterior torus;
-in the space 17 between the exterior torus and the
interior torus being a waving, undulating waveform
structure 18 comprising the following and defined as
35 follows:
-on the outer surface of the inner torus being a
median circle 19 resulted from the intersection of a plane



hub, 2) which has an inside diameter and a 15 constant outside dianeter, ,
3) which is symmetric about the axis of rotation and 4) which is positioned
between the exterior torus inside dianeter and theiRxich &fatr Dt iBhdN20@0 C)
wherein the interior torus outside dianeter is I'ess than the exterror torus
i nsi de di anWP&P38%Ber eby defining a space between the exteri oPCTHERA304Hd t he
interior torus; d) a flexing structure conprised of a wall wth 25 two
paral | el sidé8 exreeriigrien loonthheaxpacef eateddirnand thantmdmngorust he
exterior torug,afithechdShctee iRl %rfdchaelhﬂéﬁrwfué orags Yaskhagout si de
di aneter and S% wherein the two sides .of tzlgf g are_centere about an
undul ating cOPEREIRI WS proTes &F 163 e OntEFi 6P Ebr 1R %%’ t he out si de
di ameter upon the- azxteel@tm:mmﬁstlatthmemd]mrdecm@matmd corgained on

Speci fiscat i O'Ehéso@éer 2dut fMAN L5003 f )J.n%?'r %b?ué hg QWMAx‘HUQu'rQEer Sects
with and oscill ates about. the central erein e SjJ %s of the

wal | have a @8rR¥%ERS ARt UnaRA Way %‘ﬁgttl'l‘lg'soﬁtegleﬁétﬁflaﬁtf&l 6#s5 t he
interior torus andthéewavesliaegtd @tetier definkd alibey tloe usiramderenweker ei n
the sides, of ofheneldedis, PALALL£) 160 e CRE1 bl PLARE Sbrile: 0" blhons of
the wall furthest fraomthe central plane. e non- pneumatlc tire
according to EF-%Wnfiff&,ﬁéiﬂepﬁrPﬁédéEP%'éﬁlY| ﬁé thesyRRdar Ciasdat PLRBecent r al
pl ane.103. Thendonhpnedidt wavéisemaceoveihgsto comstart wherdiangthe agdr ved

[ne or osses (LBl ol At LLEASRELRSIINELILIDS LRI ALapkaNesy e ThE

non- pneunatlc tire accordin erern the curve
perpend|cuIaPntanQEEEEntral plane at the intersection with the central

pl ane. -the areas 25 contained between the waveform curve and
the median circle associated with the half of the
15 wavelength 26 being constant and symmetric/ equal with each

other and being identical in terms of profile and form as

well as the areas 27 associated with the quarters of

wavelength 28 being also constant and symmetrical/equal

with each other and being identic in terms of profile and
20 form;

-therefore on the outer surface of the inner torus we
have along the median circle as a circular axis a
symmetrical/regular oscillating curve with constant
wavelength and amplitude, the number of wavelengths

25 contained in the median circle being an integer;

-a generating profile defined as follows:

-a plane 29 perpendicular on the waveform curve,
therefore intersecting the waveform curve in only one point
30, the perpendicular plane intersecting the inner surface

30 of the outside torus and the outer surface 14 of the inner
torus;

-whereby from the intersecting resulting intersection
curves 31 on the inner surface 17 of the exterior torus and
the outer surface 14 of the interior torus, these

35 intersection curves, depending of the position of the
perpendicular plane could be either straight lines or
slightly curved lines;



5. The non-pneunmatic tire according to claim20 1 wherein the curved line

forns a plur

ality of continuous wavel engt hs about the central plane.

6. The

.non-pneumatic tire according to claimb5 wherei nS@@ﬁf&aN&V@'a@r@t]anz@(ﬁB

anplitude an

d each anplitude of each wavel ength 1s equal. 25 7.

non- pneumat W ai38®W7according to claim5 wherein there are anPC'ﬁMQ%‘?OG?ﬁaner
hs about the tire. 8. The non-pneumatic tirg according to claim

of wavel engt
1 wherein th
cross-sectio
as at: 22 la
wherein the

e wal |-dmas eagbhadrlineer abf cr ossegset’fivhantoSvedre  the

%‘la&h'pﬁl‘%ﬂf‘ésaﬁ@%%et hfnrf‘é?:t | d B faRlel - é%he%ﬁfdéﬂ
nuar~r 2Q03. 9. "The non-pneunstic tire accordln to clai
75 38 t?%c‘?‘é‘?ﬁ;ﬂls&%’: L5 ERE | Piner16°T A2 TH ep]rfe‘iﬁf'a

cation
8
i C

tire accordi rgy gaintlsaid@; 1 wherein each torus has a width and the inside

f the gyfer dlrﬁtsori“bs 20dnt REeOYly gbﬂ sElkEQSéerOfthteheodﬁléze“ or

diametey 5 o
torus are un

i formacro elr respective non- pneumnat

I C

tire accordi fPIY &<& Hribedheithn Pﬁep%%l'%%s"‘*o\frf’ﬁetléﬁt%‘l“'r%? FYriRCeand the
10 interior tef uheidnedenbiaes) . bijuniNfIBr@Oﬂrxm&@un&ICoﬁt&ﬂl@&Cm dileg to

Lngeci r | t r ne.
POPLREr PlahSTiR SRP WIS, el Rilhe dELERN AT
torus is symﬁe"fqlrto‘:atiéﬁterﬁﬁétééﬁt P&thpéhér and Ry R pFRAkARDed tin e
accordiong to ﬁi@ISﬁabeV\heEﬁééntbﬁenﬁbﬁzé@é ofn Lc;lmehthrﬁaysuﬁitexubé eodkb. The

claim1l wher
13. The non-

non- pneumat i
tire is poly

15

20

25

30

35

LCP rtg dg%%or nl 1&18 %luarlvrgszgn 4 Wﬂ enrstethi:J.rT% e.\.rj!naels Oa]:ret
deflnlng a closed plane surface 35 or profile "abcd" hav1ng
at the top and bottom the intersecting lines of the
perpendicular plane with the inner surface of the exterior
torus and with the outer surface of the interior torus and
on the sides the said uniting curves contained in the
perpendicular plane;

-the closed plane surface/profile defined as above
being hereinafter named the generating closed
surface/contouring/profile;

-it is important to remember that the generating
closed surface/contouring/profile is contained in the
perpendicular plane 29 therefore 1is all the time
perpendicular on the wave form curve, the upper and lower
lines varying depending on the intersection with the
toruses surfaces;

-the generating process is started from a starting
point which can be any point on the wave form curve but for
the ease of understanding it is supposed to start from a
point 36 where the wave form.curve is intersecting the
median circle;

-the surface/solid generating process is done by
moving the generating closed surface/contouring/profile 35
along the wave form curve respecting the above conditions,
the wuniting curves describing/contouring the surface
structure of the said wave form undulating structure
between the toruses;

10

he



16. A wheel having an axis of rotation and a central plane perpendicular to
the axis of rotation conprised of a hub and a non-pneunmatic tire secured to
the hub, wherein the tire is conprised of: 25 a}ypdificBdreds 822119k kksy 2bo3vhi ch
has an outside dianeter and has a constant inside dianmeter and 2) which is
symmetric aWOMBE axis of rotation; 30 b) an interior toru®CTUSAHIES i s
nmount ed upon the wheel hub, 15 Specification as at: 22 | anuar~i 2003 2)
whi ch has an insi dewhizghyt er thad £amsesant e si Wavefenet epndalatirich is

symretric ab%r&@@;@('ﬁeﬂfx r@ﬁf&iﬁhm@l@l@edw t’hérp9§i thoped het ween
the exterior torus |n5|d%511 I anet er th axi,s of rota #8 é erein the
ru

interior tor A%HutGFE d ﬁé’f‘eranr‘F% ATERE et etr‘?’fﬁl 13551 %e
di anet er therstyuckeirai g aaspage aretmmeen:tdea&\gterl 88 ,t ovhishana tthe 10

interiop torugndh) & ifdnRddig %tff Uﬁﬁé” elr&fé!mf iSedoghisd yd ! o tHutdae
paral |l el si d:aél I n the space between and cgnnecting to the

ext endi n
exterior tor %f%‘(e'i‘?ﬁlqﬁsvr’l&l’ecﬂl’a?re'i’éer i idge digmeresr of oF s ‘aict?’l’]’eo’butm de

di aneter; 15 wjruderein the two sides of the wall are centered about an

undul ating curved lj;ng.or.0j Gt‘:%xfofag%t Qfaé@lgréﬂuéﬁﬂ? h%.rv&hp oRUt]fl'?é de

di ameter upon the exterior tor Ide dianeter; erein the
curved line iPHeFieetarnd el apgrim 39 for rolllng and at the 1ns;de a

’ 10 hub 40 by this the assembly made of the toroidal elastic
structure and the rim and hub becoming a wheel;

-in a simpler case, the wave form curve on the outer
surface of the inner torus being defined as follows:
-a curve 41 in form of a semicircle 42 called
15 semicircle module having a beginning 43 and an end 44 these
being diametrally opposed;
~-the inner torus being cut with a plane 45 containing
its axis of symmetry 16; the inner torus then is unfolded
46 and on the unfolded outer surface 47 and in reference
20 with the median circle 19 above defined and also unfolded,
a wave form curve is traced characterized by the fact that
is formed of a succession of semicircle modules 42 all
having the same radius;
-therefore if the wave form curve is starting from a
25 point 48 on the median circle, there we have placed the
first semicircle module 49 with the beginning in the
starting point and the end diametrally opposed but on the
median circle unfolded, and after this another semicircle
module 50 but rotated accordingly to permit a continuation
30 of the waveform curve; so Ehe wave form curve is a
continuous unicursal succession of semicircle modules;
~-then the unfolded torus with the waveform curve as
described above is brought back to toroidal form 51, in
this way having the wave form curve defined on the outer
35 surface 14 of the inner torus 8;
-a contouring profile is defined as above except the

fact that the uniting curves are straight 1lines 53

11



20 oscillates about the central plane; g) wherein the sides of the wall
have a constant radial |ength between the outside dianeter of the inner
torus and the inside dianmeter of the outer toruSpedfxalidn assiie2 NRRaHPODOBL I C
tire according to claiml1 wherein the curved line Is sinusoidal. 18. The
non- pneurat WO Wi3®7according to claim 3 wherein the curved | PRB/USRI/30656
conprised of a series of connected opposing sem-circles. 16
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WE CLAIM:

1. A non-pneumatic tire for mounting
upon a wheel hub, wherein the tire has an axis of
rotation and a central plane perpendicular to the axis of

5 rotation and wherein the tire is comprised of:
a) an exterior torus

1) which has an outside diameter and has
a constant inside diameter and

2) which is symmetric about the axis of
10 rotation;

b) an interior torus
1) which is mountable upon the wheel
hub,

2) which has an inside diameter and a
15 constant outside diameter,

3) which is symmetric about the axis of
rotation and
4) which is positioned between the
exterior torus inside diameter and the axis of rotation;
20 c) wherein the interior torus outside diameter
is less than the exterior torus inside diameter thereby
defining a space between the exterior torus and the
interior torus;
d) a flexing structure comprised of a wall with
25 two parallel sides extending within the space between and
connecting to the exterior torus at the inside diameter
and the interior torus at the outside diameter and
e) wherein the two sides of the wall are
centered about an undulating curved line projected from
30 the interier torus at the outside diameter upon the

exterior torus at the inside diameter;
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6. The non-pneumatic tire according to claim
5 wherein each wavelength has an‘ amplitude and each
amplitude of each wavelength is equal.
25 7. The non-pneumatic tire according to claim
5 wherein there are an integer number of wavelengths
about the tire.
8. The non-pneumatic tire according to claim
1 wherein the wall has a quadrilateral cross-section and
30 the cross-section has equal thickness along the .entire

wall.
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10 interior torus;

d) a flexing structure comprised of a wall with
two parallel sides extending within the space between and
connecting to the exterior torus at the inside diameter
and the interior torus at the outside diameter;

15 e) wherein the two sides of the wall are
centered about an undulating curved line projected from
the interior torus at the outside diameter upon the
exterior torus at the inside diameter; and

f) wherein the curved line intersects with and

20 oscillates about the central plane;

g) wherein the sides of the wall have a
constant radial length between the outside diameter of
the inner torus and the inside diameter of the outer
torus.

25 17. The non-pneumatic tire according to claim
1 wherein the curved line is sinusoidal.

18. The non-pneumatic tire according to claim
3 wherein the curved line is comprised of a series of

connected opposing semi-circles.
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