e3esnp. *6TnI P1 WO 011 36846 i, Titl e CONTI NUOUSLY VARI ABLE TRANSM SSI ON
PULLEY s ~ Field of the Invention The invention relates to CVT pulleys, and
nore particularly to continuously variable dianeter pulleys where the
effective,g] r of the pulley is continuously and infigi j ust abl e
bet ween a\"grja@fr{!%rr%’?h and m ni num|PgSi tijon. Background of theﬁlwgmtﬁgjn A
primary nmeans of connectin urce, such as an engine, to a driven
load is with a gear type mﬁ@ gﬂ EIE Such transm ssions generally
conprise a series of gear " g a different gear For gml e,
transm ssions may have a single“géar or may conprise several E 2008ach
gear i5 is selected by a user by first engaging a clutch. The clutch
mechani smtenporarily di sengages the gear train so a user can select a
gear. The clutch is then rel eased, t,helIgEiars are engaged and the power is
transmtted to the driven load. Alim on of this type of systemis that
only a certain set ofCOyFaNUOMSLY VARKBLE ARAMIMISSIOE RIHQIEY The gear ratio
range i s usually predeterm ned based upon the anticipated use of the

equi pnent. It is.not easily or inexpensively changed by a user. Further)
nmost engi nes have a particular o | Dwhere efficiency is

maxi m zed. Gener i i I f st

ef ficient oper atﬁnégmggﬁm%e%ﬁgé g??grrq%@%ﬁmaﬂglﬁ h? arﬂgch rl? t? gg?tser{bgy %el y

i nef fi ci entvasjzdieat diometsfr 2ulleyse vemerenéhe | effestider diemetarcoéatbe tplleyaviai | abl e
range of gear ,ratigs ] tinu | y-variabl e transm ssi.on addresses the
neeq for morGRAKEY 2o dRcBRN ST Yol AL A B RO DR SR
generally conprises a driver pulley connected to a power source and a
driven %I | ey; connected to a |oad. A flexible el ement such ~o as a belt or
chai n cthnects the pull eys andB2GQrRUpO) RBVBRNGR from the driver to the
driven. The posifi r i e r LA~LBe lley is
referred to as tﬁlé)g@fa%ﬁ%é\?‘g%éicgﬁgfggﬁ? P%Fr%' ecg'pééJec %f@? h@‘h?i t\?gﬁ pul | ey
may be |  drivenOoRH~B68HE PCELUSHTY 3GBTDiskidh. NOUcA00Snrhiasigresd depensdly yi ng
the effectiy i ter. of ;the driver L le nd the _driven_pulley. Changing
t he effectic\?zr‘%f%gtseer”e f°ft%e§f§u??°§§/’§g‘aﬁ‘$ Iaypglg[ﬁnﬁ qeﬁréatboorfgéﬁéﬂ%’f)ﬁg change
in the spearmimitdiendmiayeavpul diye ghi & rhsy berdpasdinieral gebnedachejeat i onshi p
bet ween the pulle and the rati o of the effective di ters of 5 each. It

y I a 5
is the Fati'd %ﬁ'e‘ifﬁé Ryt 1R SO PYdilEt et g NG %&H‘F%m?’&/ Helt et@MHihes t he
power tranggpstily 838hgsdedl theldeds rain 418 Us¥l canl BEEET DEEar, aTHEEYuRhgeTENL  Of
the CVT is the variabl e pulley nechanism Various forns of continuously
vari abl e puh¢rysleases. kimvamaisrereeagaged apd ghe powepisdeasmified tprthedrivgn 1 at
belt CVT pylley, U S. patent 4,024,772 to Kunm Driver to sheaves 6
transmt power to blocks 9 through a nunber of axially spaced sets of
opposi tely incl imnigditatad &l thgrtppy eSsykleransltiahenlytaocdrtdin sat. of Bebt ralios $s t r ai ned

about bl ocks on driven sheaves t hrough a nunber of .axjally, spaced sets
of oppcdi t A5 TTHEND FetieTndl I O58 oBVRA-HEE Tty HEosiEpmatLaeray Hher

under - dri venhganidipaien veher ehd BaLISHERCTIE MendlieasBt @Tin&lpehbiReldichYRiedt 1 ey i's

| ess tthan the is effective dianmeter of the driven pulley. . Fig. 3 depicts
a prior ar@ & filhes shedanodesave shrartiedlarorarating 1apes whgenoliciency
connect ed -helt 74 Vi t : axi al
chart. A [RGEeed Benthal D e REE R IR AR RE B Ife PR eAleRt
Movenent ofopehaingpeinie Theaithergesasisesallyresdf ihaelbtivaly dieffmiEnéppefatiomef pul | ey
to ~o than?r% whi ch causes the radius at which the belt runs on the pulley
to charfde. "ThE"¥'88i us of operation for the driver pulley and the driven

pul l ey establishesrddietiogharcatatth® vbildthe rafignsyesi ritios| heFdhtindousy i or  art
v-belt 14 has a | oad bearing tensile nmenber 16. The vbelt 14 has a series

of transveV3BaPeoEksMiysientkitesgsaheniesd Ldale IBpGekd he continuously
variable transmission, or CVT, generally comprises a driver pulley connected to a

power source and a driven pulley.connected o a load. A flexible element such
30 as a belt or chain connects the pulleys and transmits the power from the driver to
the driven. The position of the surface on which the belt runs in the pulley is

referred to as the effective diameter, ¢. The speed of the driven pulley may be

R
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2s have inclined surfaces 19 which contact the inner surfaces of the sheave
sections. Retaining rods 18 attach the blocks to the v-belt body. Another
form of continuously variable pull ey is disclosed in U S. patent 5,492,506
to Lorance, rality of vanes having an outer circunf erent| aI grlve
surface a‘?’@ %@éﬁbl e radially outward. A cone which is A3t al | y 30
cooperates with bevel ed ends of the vanes. Axial novenent of the cone
presses 2 WO 011 36846 PCT/ USCO 30672 1 9 MAY 2003 agai nst the bevel ed
ends which forces the vanes outward. The drive surface conpriteaanal | el
teeth which cooperate with a toothed belt. The di sadvantages of the prior
art designs include reduced ability to transmt high torque resulting in

| ow | oad caplanded; by elaayiny ¢hey etfetilel gatrders beaeedavatepilay oid ied tdridesi gn;
excess heat bei ng gener ated in the helt duri nt}g oper ati on caused by friction
bet ween t heP¥EY% ' &gagingnéhe neffesheddametgrgRt cldst Pybevgusell ofesyllr ¥% and

assenbly ti E@rrfgc?otnaﬁgpéﬂéng%ﬁgeﬁ%(gg? &}(Sg’_tlﬂ{” gﬁerﬁgyﬁé’%ﬂ Piis! |§rb%§e8"} o #nd

correspondi ng nuiber oc t ‘wear giving | ow
durabi l ity lngarbelationdsp hatveeri the pRlleyssamd lHemialtiebemlveeﬁdacttweactlamethne of 0 heat

bui | d-up, The .prjor.,.io_art. design neral | ave a ransm ssi on mass
and si ze’ V\ﬁ%‘frp"fs's ‘88&6@0 Ogﬂ’zf ?:%f?“’%ﬁ Sy%fh quae%ulllg tg%ﬁd‘%?‘?"%\?ﬁ? ?l?;\eol e
bel t confi gyswaéd PansMBsibnichanReGRdcd 8f fhe @Vf PHelrEr) vk &P efefitbift & 150Nt act
pressure on the belt blocks resulting in | ows heat generation. Wuat is

needed i s aC¥VTs Hif Y&ipblg pHleyiee@sisd.| oad carrying capacity. V\hat is

meeded 12 2 T Pl RCRRe S HEAPL SR ERSIIRl Bl e EcsR 4
cost. Wiat iepreseatted pnsrartﬂbeqijé)puUey tthSapatentc4, easémzw&umrh Daiven. What
IS needed i§ a puIIe wWithr cdr irements for. mater ngt h
inthe boesi%f?avﬁ\ﬁ r"i’rhs”?ig% tlﬁ%f: ?i'EHI!\ %9”%"?54@85‘%?%@5? fce to
sinplify t h@p;&‘d%ﬂélthclﬁﬁ@h@Blaﬁi P?oo%s’%‘tﬁ'éhd"@m%ﬂqg Hedt 2 2RitQVis pathkgyabalt h
increased life by reduction of wear of frictional conmponents. The present

i nventi on nBleeks ilRed® diveasshesypsrdr }/hf@lfig'ﬁ r?e“Pﬁ\b@ﬁtqfo??“al’fh/eSB?Q%ﬁ?‘Saéfpect of
the present ‘éﬁ@g PRiASY T RyiBr 896098 fll g\@_ cfedt ﬁ?’r"ajneﬁndént‘t?t\}éer

aspect of t |nv ntionis to I‘OVI y t at uses i -ribbed
v-bel t. Anotdneitions pbete dfie tdifecpveesimmaen\céntheod\rws pdleyr sviede tha@\Vihepul | ey
havi ng reducﬁedtco tact ﬁ tlére on he belt blocks resulting in | ow heat

generati G {aﬁ’eﬁ'ea%@ R LM% pyiey present invention is to provide a CVT

pul I ey haVI ng | rmg easrpidtoadphar &y IO GRRaGINice dBver YR AE136ERM driven
PCT/ USOOF 30G7? 1 MAY 2003 Anot her aspect of the present invention is to

provide a G\Vfﬁaiﬁﬁl1l5egpf’lﬁ‘§ﬁeﬁd3n wBelt Ad; sTéve FheavASeChE ettt GNNEREIIP Rt
I nvention ig:50sioviadaes 8t Qe BEAELKAEAY REctions moves axially on the shatt.

Movement of the sheave section causes the effective diameter of the pulley to
20 chanée, which causes the radius at which the belt runs on the pulley to change.
The radius of operation for the driver pulley and the driven pulley establishes the
gear ratio of the transmission.
In Fig. 4, prior art v-belt 14 has a load bearing tensile member 16. The v-
belt 14 has a series of transverse :blocks 17 connected along its body. Blocks 17
25 have inclined surfaces 19 which contact the inner surfaces of the sheave
seclions. Retaining rods 18 attach the blocks to the v-belt body.
Another form of continuously variable pulley is disclosed in U.S. patent
5,492,506 to Lorance. A pluralityi of vanes having an outer circumferential drive
surface are moveable radially euhNard. A cone which is moveable axially

30 cooperates with beveled ends of the vanes. Axial movement of the cone presses
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reduced size. '5 Anot her aspect of the present invention is to provide a CVT
pul I ey having reduced cost. Another aspect of the present inventionis to
provide a CVi' pulley having an increased overall ratio. Another aspect of
the pres i tionis to provide a CHT pulley having.= ed
requi rerree‘g{@”?gé?prmt erial strength in the design. Anot he?cg@séogﬂ%‘%f t he
preset invention is to provide a CVI- pulley having reduced axial force to
sinplify CVT control nechanism Another aspect of the present invention is
to provide a CVT pulley having increased |ife by reduction of I@qﬂmom(g
frictional conponents. i 5 A further aspect of the invention is variable
contact between the belt and belt blocks or elenents. Contact areas wll be
di fferent esgdngithe bevelebetndsewhabdorcehdhbelaneblmtksrd. Thbe cost afrfache

t i ssion is. signifi ly. | (f | 19 belt bl ocks of 4
wiatn i ot renisesderaeiERn HhcR $Eoeral Wik AR EePTE tm i dth for 20 the
Kunm devi ce) . Oiner dea@esitsgdy of ke igheeirt Gesitink| inBRdBOleRLES: Qiiinpho Made.

apparent by the follow ng description of the invention and the acconpanying
drawi ngs. TrRasmividiah teraue sepHiingeis lawdert capasiiyl felatielyadompliceizasstiesse on

| ley. .Th | ¢ g s, | : i .sh . i
Bhi cn’i &' oot SYaRlRbT e @s heaRbeld Tl Yo TR BAPLEIATBRYRIBRC, has
a series ofcaueed i friptioaesweadn (He alEsidas ahd yheasideavedj libh o8l bepsede oThe

radi al grooves are arr d in _pairs, between each.sheave section. _The belt
bl ocks gpaﬁagét%ﬁsﬁﬁqgﬁ’&ﬁ/g E\@c‘?‘ﬁ@ﬁ%ﬁ EXCEERVR AT CHREIsh Fres Rllst e ends

that slidi nglycopRep8fiifg W huMbeObOsRIESIock) Biddebdlt WESCHIINg &y JLFIGEd
circunferentially about _an axial sheave ~o0 centerline. Each belt block al so

has a surf deebqtpdepigpei Tihm@ esmulimited pygiali ratiosdye to hiat peidtp.oldedrigst i ¢

menber enciC Q. I Lr relative 4 WO

01~68~é%P§ﬁé%e§%&%£g%‘@ *%K%%E%@qﬁag‘g '%6(?1@%%%58? Eg%t hemin contact:wth

t he sheave grooVémtas hbedqullis ey CVOT gidley et tusesnevedzdey shweilziglei beliroved

axially, each_belt blqock, noves, radi aé\lfﬁ- within .its respecti v?p rooves so as
i :

to increas& BRI Lal® 3 FeneFGeddt A/ BV HiriEY BPVigs TEHEEEHRANRFT Pessure

on the belt blocks resulting in low: heat generation. What is needed is a CVT
pulley with increased load carrying capacity. What is needed is a CVT pulley that
15 generates less noise. What is needed is a CVT pulley with reduced size. What is
needed is a CVT pulley with reduced cost. What is needed is a CVT pulley with
an increased overall ratio. What: is needed is a CVT pulley with reduced
requirements for material strength in the design. What is needed is a CVT pulley
with reduced axial force to simplifyi the control mechanism. What is needed is a
20 CVT ;.Julley with increased life by reduction of wear of frictional components. The

present invention meets these needs.

Summary of the Invention

The primary aspect of the prjbsent invention is to provide an improved CVT
25 pulley.
Another aspect of the invention is to provide a CVT pulley that uses a
multi-ribbed v-belt.
Ancther aspect of the present invention is to provide a CVT pulley having
reduced contact pressure on the bélt blocks resulting in low heat generation.
30 Another aspect of the presant invention is to provide a CVT pulley having

increased load carrying capacity.



Brief Description of the Drawings Fig. 1 depicts a side perspective view of
the invention. Fig. 2 represents a prior art flat belt CVI, U S patent
4,024,772 to Kumm Fig. 3 depicts a prior art CVT with driver conical
sheave 13,89¢:id ven sheave 15, io connected by V-belt 14crafsh@zoess: depicts
in cross-section a v-belt 14 having a tensile nmenber installed in bl ocks
along its body. Fig. 5is a front elevation detail view of a belt block and
a portion of the pulley sheave sections. is Fig. 6 is a pl grebl Vj\@ﬁ&ff a belt
bl ock. Fig. 7 depicts the relationship between two of the W ks as it
occurs in the sheave sections. Fig. 8 is a top perspective view of a belt
bl ock. Fig. 9 depicts the relative novenent Mand M of a sheave section.
20 Fig. 10 is a/dioieeraspest plohe\aresemfinvention is wareviga.a £VJ. puleyitavingsi de

el evati on \1&&/\5&% sheave section. Fig. 12 is a plan view of driver pulley
41 and driveén pu tT"'ey 42. Fig. 13 depicts a side elevation viewof a fully
assenbl ed pul | eyAnobhay.aspéct of the presantinventiorew tof praviky dr GVT puliey $iae@imgwhi ch
may be used to operate 's to change the transmssion ratio. , . Fig. 15 1is
a cross- seCBRYRH Sig8-ew of the driver pulley and driven pulley with the

hydr aul 'fC Syst eminotRs WshBét SMhefprédiht MBhesH RAoEFBGREE 'E?CVTCHUIIEV%aWﬁe_”“ on
~0 Fig depi cts a side perspective view of the invention. The inveftion
conpri ses dedwdedegossl and drivers pulley 42, each attached to an input

aopect i vel y, YU g3ppeey 7 et ARBftar e da itk L VT B b

trai ned on gpshtrebbed kgerbhedticare in turn engaged with radial grooves in each
pul | ey sheave section. Axi al te;rgverrent .of each pulley sheave section causes

y
the belt bl ocksA8tha5AaPes o thadreaentinveblionis, otieyiEey EMarmyiay hanas

ef fectiye dianmligtqQfemeRadqhr MuldigYstrddytP@rthé gubigh, the invention conprises
driver pulley 41 connected to driven pulley 42. Belt 20 transmts power!

from the driver Apathesgsadctiaf théerehent eweplion isylo 420vdel at GET glvjley baving out put
shaft, See Fiq. . i.al ve: f Vi ections 31, 32, and 33, 34
-0 r?d@ced]a%nad%rcg.t% B! ,«R@‘%@e{/ﬁc%&&ﬁﬂ%&/}%@%

and the esulti'ng Tadi ‘bl ocks 3& (belt bl ocks for
driver pulley 4Anotier sbpaa)oftioe phesepeinvhsticef it ac tprovidel aa@eT @iull@f heaal pul | ey

can be achi eved by known neans, for anpl e as described in Kunm U. S.
patent no. NE@2%d7iS by reduclion ohvear Bg‘);'F'g’@?%‘?{E%?”%% Fig.'s 14 and 15. Belt

bl ocks 38 nove iy kher saficlor HORYBAtHLIsARFABEI AhAQ HellRe &P HRIBAE 2R the
sheave sections. i s Belt blocks 38 have a nulti-ribbed belt profile to

acconmopdat &el Hotks of istrdems] t Cortapt greas vihdeadiffepirdteadhetimei Bre el as
noted int cedi ion. Fig 5is a front elevation detail view of a
bel t bl ockgﬁﬂgé% tﬁgr i c?ioe%%' the pulley sheave sections. Belt black 26 is

sl i di ngly engag&te mettvetthechanxiraiksion is B@mifeasyc taveny {3 lexant!82115bekhve

sections 3%?0&%% oggsng:r%iwt?&hafrq trixengrleggﬁ{iln\?grﬁljoﬁ, \'f‘é 148 elements of 5 mm width for
20 the Kumm device).

Other aspects of the invention will be pointed out or made apparent by the

following description of the invention and the accompanying drawings.
The invention comprises a ¢ontinuously variable transmission pulley. The
pulley comprises at least one axidlly moveable sheave section which is coaxial
25 with a second sheave section. Each sheave section has a series of radial
grooves which are axially and radially aligned. The radial grooves aré arranged
in pairs between each sheave section. The belt blocks span between the sheave
sections, each having opposing arcuate ends that slidingly engage a pair of
grooves. The belt blocks are arrénged circumferentially about an axial sheave
50  centerline. Each belt block also hés a surface for receiving a multi-ribbed v-belt.

At least one elastic member encircles the belt blocks so as to control their relative
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between 20 and 70. Belt block 26 further conprises opposing inclined, ends
or surfaces 27, 28. Surfaces 27, 28 of belt block 26 slidingly engage
sheave grooves 29, 30, respectively. Miltitribbed belt 20 engages the

mul ti-ribbed ofile section of belt block 26. ' 2s Milti Lti elt 20
may coner§£L§%4 dhesi ve rubber (natural rubber, chloropfgﬁggpu B@r,
styrennat adi ene rubber, isoprene rubber, nitril ebutadi ene rubber or a bl end
t hereof, for exanple) in which are included tensile nenbersxitm @ﬁ bel ow
which is a conpressiqn layer. Tensile nmernbers 21 may conpr g éester
cord, glass cord, arorrlatic polyam de cord etc., for exanple. The ~o
conpression layer may conprise natural rubber, chloroprene rubber,

st yr ennat adipesdionsiieaping 5epr iawentagbibéh thaisheaveeproveel antherpiilegrotetesa bl end

‘"6 WD 01r,3684 Us00130 19 .MAY 2003 t hereof . The mul ti-.ribbed
profile cpo@é?ﬁ?ggg%%%gg%%%ﬂgFri%lvgaiaﬁl%ﬁ' ?ﬁ%ft?qmgblg%}? ik tacy E?fd'adlél‘Y'[%rf otk 26.
Al'l belt bl egdpeeticepipdcvestd a€ td ticaearedomtibrendsd e efféanairsinaee odfiheach
sheave section and within each sheave groove 29, 30 and in proper

rel ationshi ﬁ“%e!t-o each ocher by elastic bands 24, 25 The function of
el astic bands 24, 25 for the driver pulley and elastic bands 35,;36 for the
driven pulley is to hold elenents 26 in continuous contact with sheaves 31,

32 and 33, 34 during operati @iichPesgrdidtioasofwmedrawiegpul | ey is not turning.
El astic bands 36 can.,con{)tri se rgbber or ot her known
SYoRttedn

4, 2 nd, 3
el ast oneri c' ffat eqqpé‘rﬁé%tﬁi."a% g%{P%ecrtlggiv§ B19¢P3ting to conditions,
i ncl udi ng hegf. 2aegreszanea padsithrt MatbeRDAET NESL bateACS 084770 ¢ BOinMt.0 Oover cone
the centrifugal forces of belt blocks 26 caused by rotation of the sheaves
31) 32. El a9 S Irairds amdior 85 Giflgwahk drivey eanical shpmysr 13 srd ¢hivan Hiseve del | 20
in the gaps heineedpl Wendl frents 26, see Figs 7 and 12. This reduces
engagenent noi se caused by contact of the nulti-ribbed belt 20 with each
belt t 5 bl bigk 428epialsi ingcrosn-sadtion av-beltelphbliey.a Ensile atenstdrcnblabets iral so
reduce "corgli @g" ‘f‘whii%hb ar e smal | radius bends induced in the belt as it
trains acro8S %@W Qellt BVock duri ng operation. Cording reduces the life of
the belt. Miigtis isi biredt bebaticOdétas vidwabf pasdli BIBsk 32d a2poibe ot thdr@ulley
mul ti-ribbed profile section 21 is not present. Flat portions 22, 23 are
supported bY&HE IF5HEPS-surface ~o of the elastic bands 24, 25. The
| ocations ofigf bat aRdr VieRSf 2deltdblod € determ ned by the condition that the
cord sections on the outer edges of the belt nornmally do not carry a
subst ant i al Figar't defficts hee rejaliPrenr betweendwefdriee behdiatke ¢d iLaesus imblee f or
| oad carryi r . Fig. 6 is a top plan view of a belt block. Each
bel t bl ock %?ee%én{é%g@%ias zs opposing surfaces 27, 28. Each surface 27, 28
i s slidingl jigedagedp petshesiiveansew of abeldI®8, 30 in noveabl e sheave section
31 and sheaxe section, 32. Although sheave seciions 31, 32 are on the driver
pul | ey, theal'aeé_éjl%?ﬁ% b "Rigd ?H‘Odgﬁ'@ ﬁl V‘%@p?%%%h?%’et%’?@“m'i ven pul l ey as
wel |1 n,¢ heripr b & 5 edeandrtioAwRR ofsHad6@8ciloh. 28 are convex arcuate
surfaces. In an alternate enbodi ment the pulley will operate ;o as wet(
with each ofigt héisgsidgciavadon viey elatigeveisagtian. concave surface or groove,

wi sh a coo athe SUgf y i t on the face of each
WD 0136846 BET %?O%P%@\é%”l %'”ﬁ/eﬁ“ﬁ%yogi R e o ol ace of
grooves 29,Fi§0]3Sapita‘scaa&_deEJevzsomm'wwmfsa)deipsssérbbl?d pulet.i | i near protrusion
or rectilinear , cavity, WLED £OORSY Al STuE LB ONEN I S UL R o lalee
25 to change the transmission ratio. .
Fig. 15 is a cross-sectional view of the driver pulley and driven pulley with the

hydraulic system.

Description of the Praferred Embodiment of the Invention

30 Fig. 1 depicts a side perspective view of the invention. The invention

comprises a driver 41 and driven pulley 42, each attached to an input shaft and

5
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Fig. 7 depicts the relationship between two of the belt blocks as it occurs
s between the sheave sections. Each belt block 26 is angularly spaced from
its adjacent neighbors by an angle a, The angle a is determ ned by the
nunber of I | ocks on the pulley and the di aneter of . The

t ot al nu%‘gﬁ”%?&belt bl ocks on the sheave may be even OngFJg)?db'éﬂggbéndi ng
upon the requirenents o. the user. ~o Belt block 26 conprises a belt
bearing convex actuate surface 60. Convex actuate surface 603 MM¥®Bonpri ses
a multi-ribbed profile which cooperates with a conjugate nulti-fibbed belt
surface. The radius of the convex actuate surface 60 is equal to the radius
of the pulley where its effective dianeter, , is mninum that is where the
driver pul lapitshaft rebpeatiseiymwith inbiedt 26-rathed \beteesrdesdhropuleyd THeebalrisven
pulley is in.th xi,mum over-dri.ve condition. This results in the conbined
adj acent cdi gﬁﬁgt °°§ﬁr‘ﬁa‘c%f§ l%gufgfergppeié\qltp "BHBERSOYRS ifhe?%eplﬁ\sw ey
form ng a whiehos Beativh. caRial Movemey bf BEEH palleySshebae @eliorr Balleanhe hadi US.
This uniformy supports the belt which increases belt |ife and increases
power trandie&siternewp it ptpdial dirgelian, dheseky zhangipetie eHesivedtismeteictiuat e -
surface56oetagh%ﬁgy 6i. The tapered formallows side 62 of a belt block to
bear ful'ly against’'side 62A of an adjacent belt block in the maxi num

under - drive conth paiculafhthe inesioh compriaes erivdrapudied 4daswhinketied tordrivee pul | ey

and in the belt pl S..lhcreasing its apiljty to tr m.t torque. Side 62
o side " @evds Hatneq LBSHAS pPYRT IEmDr s vEnp Ol L TaLkne s iy o
enhance t heeigagelctys naag6tpehaiAC 586 Frf. i16s of the belt bl ocks when

changi ng from a maxi nrum under-drive condition to an over-drive condition.
The di stance R 6kiaf HBowgENenthphilkes sheaye gections ati $2ofandoBat Bénamy lBepends
on the fpati t he:tir 1 S H i ey R es the
bel t spléedr%o@ﬁn %:a\l/%aln pu %@t @Hg tﬂwtﬁc%ggs@nggbl stﬁ)ggo?gghbgg%fgzses t he
belt ;o speetisharn)alogiheegepbkl effechimtianieiiv of deshdidiepmae R ashiéydadky
effective dianeter. s VWO 011 36846 PCTI.U 30 T9 Y Lhe

of f oot v SMQTErErTS Py efer agﬁ_fﬂsaﬂfqeanlﬂﬁﬁ@wu?gg- SaPrhes 5?52?ﬂé%e| t

bl ocks acr grdridigtea @it reler@hcd, Geatri@rs 14280 18 Bt HotkAMBPRISE @F tHevi@dal ew of a
belt block. Belt blocks 26 each preferably have a | ow coefficient of
friction cBERAVAYIBEEH dingelonPtRovETESf Bigrihaaes seftioNscont acti ng bel t 20,
and supfaces 27hei®idRE GORLIES RGIBAORKCHOT ARKRS 18 SocHimoBsld althaks 26
can be namde out of thernp-set or thernoplastic material havi ng

r ei nf or cenebbed belhecessary and with dual shot or over-nolded wth anot her

| ow coefficient.of frjctijon material (simlar base). The over.-nol ded bl ock
can conpr i se-a Figcat1d €4 2ePgt Hefaraietadhe B Rt R oat 1 ng, for
exanpl e al um nupy bris taheogtasievaer eetain@idhebt a enckisckanrd rmstation of the

t hernmopl astic reinforced materials, coating 50 may conprise PPA, PPS, PEAK
t her mopl asP&Y §fgaYSuseqieNar oBelnRlReEk bt 1§ Flitirain£ingpasy iRetyeen |59aXak case
where the ' ald{ inalas, (¥ rise
nar A arodi S50 SOStRG i TR TRt o el bR Sh R R AT g Bk e
enbodi ment betaveror2OP randt70on Bablbolg 26 Surtter applprieels bppddireg fretreedéndher sheave
sections or the géﬂooves or guides without a non_friction coati ng bei ng
appl i ed t ocSWERSKSbel 1 281 oekTa94% yéi 28nelt Relt DlackedhatiginglnBRgFRm Sheave

non- 11 Ct 1 4BoGEAbS N, AéheRRPLIY CHUIRbERY BUIPRY Eng s iRg nitii-NBbLd Biorfdne bel t
bl ocks. A Tow coefficient of frictiion In areas ©of” contact between the belt
bl ock 26 aseftiohef belbblpek 289, 30 al I'ows ease of novenent of the belt blocks

26 as e 20 s . ti ve. Fig. 9 depicts t e i vement M
and M 55{;]: shea{}zaé'glgﬁlggnb‘%Q.aoﬁ’ggv%o"%‘%&stei %'ﬂ a%b%'%%srgﬁ% d kr%v%r\égi'lﬁ%el(?y wth
respect toctibrepis eS aiibed N sBlenitidiong rubbermigopres® rabbyer, iritrilebytddied by the
application, In the preferred enbodi nent) only one of the sheave sections
i s noveabl @bbRsOrhBISRE thereef.dar examrlehipgych areinclded densie membesHlance

bet ween s LoAs: L e 0 e in;

di rection I §3§%“F%ﬁd??%ﬁ§%ﬁ%@;@gfﬁ% Sﬁ%?naét?ﬁé)%? biAT HE? S e%ﬂv%\eé section
31 noves ipolydsterdtomctdiass Moyd,t hmnihtict polyemivet weeh etdhe farhesarepeechieons 31,
32 decreases_and .t helbel t blocks nove in tdi [ecti on D, radially aqv\‘%y from
the axi’s JPTHENPON/AYER tHPE KYPRTSE 3@l i T8PPS5 aFHREPET SF YBRE oul | ey

i s increasqgefhatdelenBan®berdisoprena rubber, nitrilebutadiene rubber or a blend
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i+ WD 0l 136846 PCT/USO00I 30672 1 9 MAY 2003 The connection between the belt
bl ock 26 and grooves 29, 30 is not only frictional, but also through
mechani cal engagenent of surfaces 27, 28 which are convex, with the grooves
29, 30 which are concave. Mechani cal engagenent of the belt bl ocks with the
sheave se®fAYRE4fncreases the torque transmtting s capadi PO ¥He bel t

bl ocks. This reduces the requirenents for axial |oad capacity, wear and
strength of belt blocks 26. Fig. 10 is a side elevation view of sheave
section 32. Grooves) or guides, 30 are shown arranged r adl SIMAy,Zgggach
separated fromthe next by the angle a. Each of the grooves begins a
predeterm ned distance R fromthe axis of rotation of the pulley, A R is
det erm ned hyereal. cThaniuligribbed profiecosferitel twilhl hekauiiepded protle tshface
application inp tge configuration where the belt blocks are side-by-side
(maxi mum un®&Pel Wf‘&%sas described in Fig. 7. Fig. 1 1 is a side elevation
vi ew of sheave s@gty : bl i s 30.
El astic band 25 g\ﬁgt’aeg;bslé%agh%béglt%)bgf%gégg%éﬁfwgﬁgm%%arbg@%gﬁh erggﬁ%eeheof t he
sheave sect isbeaveDegdting apgerithin each ehedvebgiobvéREcRO 26d op eraptee selatiorishe sane

the 1ot adi ved bad! el &7 bHSichedu . 1B, e bt e VS pRRL 8y ol B cr

on the axi sdefermiliayiand eldbtic ainds 35! 86 Writh@Grivére pomghians 6ald dlemahis@sshi p
bet ween t he. sheave sections and the belt bl ocks which have identical w dth,

W .o This H5SmByovheenteravifushedyesid’) 32 epdids. Ph dyarareeraian a8 weliisr at i ng
nodes. Fig. i } d ki, r4 42.

el t bl ook SEETSRe U, MO fhe, CIRCRE AR B, 35 AR Sarbtopte

posi tion of ngtheaver swet ikmowdl eldistdmeres peteridle thhleawe regstanbho IherdBelgt bl ock

38 is shown Jadius R. which is . a functiqgn, of the position .of sheave
secti an§4 Wgé%ﬁfnessﬁﬁg%’d'f‘% ll%%ea%d quzoggttaingntl'@g'ha,\yﬁl FquileB%esde‘@Cétfrﬁ ‘é’o runs
bet ween eachvgrabineythasserifugald orcd of Fielt. bibdkslBi edissed By detibavet inen vi ew
of a fully assenbled driver pulley, Elastic nmenber 24 retains. belt blocks
26 at an op@ %ﬁ"!eﬁg31r &gi aﬁ.'éokf"l’fi’d:f %‘hr%ﬁaéﬁ‘i’ ar. ??@ﬂ&%“ﬂ@ﬁﬂc’f‘g’“d’w&?itﬁﬂ}m
over-driue g@nditheCikpd/betlvedn thé diEmenBCHENBdd Fig/s eWaph . Mls arbicessystem
whi ch may be used to ~o change the pulley gear ratio Various types of
mechani sns B@GRARENaN SQIsEocaUseAY eddagierirthe aovlb-ribhetpel Al with Bpshd@it100 i s
shown f t HRSENt, A i S 6 10 M-~V
2~~3 Thqe)g syglt%gﬁzign(@{?'haég}@%eds?gpt\a/%ﬁpeysg\?ng%%’gg%%fggy%o%a‘# g? gérp\ﬂ/ng ‘82, and
Li nes 83. 8#hickaatengndlr divsheesdmindoked dh tiee 82ittas it heircybimeerecBdeltPunp 81
isin a Iinel 87 Ieadi‘g:_% f.ronbthe re: ervo{glr 80 ég in‘et port 88 of the valve
casing and PPRELUEY ORFH3IULAC PG EFPPeRbE HoPtBeSEN 92 i n the val ve casing

to the cylinder smg@.ribbuBmeR 20 AES 183porfidnL 22 20 whepmHXmMaklisibbeOosrbRle 95, 96
fo the reservoir 80. The val ve casing receives a spool 97 which is noveable

to sel ecti vEi9oRSreRe! RIAPRL SRIOHIPNSHR. 8P rheurRRdiiEf Ryfthe NEPRYTUTRAer pprits
91, 92 and éﬂﬁe%}k%’!ﬁfz btaﬂdé‘?ﬁgég..a%te 1B4thons fdf W pHBERE 22{3%%% Sel%HHWeP]ed to a

cylinder port wi cause iston therein to nove t shaft and sheave
secti on engzgde cangrienith#t thewardisediiensiohdhe shteaedges ofthethatmormelly He sane

time the other cyvlijindef port v~3lLl| be ,connected w th an..exhaust Lt to
vemt the otigicetyid RikEle R be e RRerAR0RE: et oD R iRl L0 o1
to nove awalyr foadrestiing @unessesheave isection. As noted earlier. the effective

di aneter of the Fpul I _ey~chan9es_as the sheave section noves toward or away
fromthe other. F8-& isjglop plangvigw of gshelkllpek.o Farh el wiesk e'p@ent 28 82s pul | ey

41 and g i VehoRING! Giiafds Wrt g t BEhYAFAM bF SYRLGE Zgel Wit Sea0ee
connect ed t?bghafgts 71 whi ch areci n tﬁérgn g’onnect egaggensdr?gave' sections 31,
34. Shafts Gropve2?9.d0niprevenple sbeaval semlies 31and shegsigedction 32.n4keesh known
in the art that allows to noye axially with respect to. her, for
exanpl e, vvistr}?aée sssﬁlorpé %ﬂ%?e%rtei %rh%f'geuc?rhve[r ﬁgkfey, the descrl%?l% he?elﬁ%cérﬂe%tlly

applies to the driven pulley as well. In the preferred embodiment, surfaces 27, 28

are convex arcuate surfaces. In &n alternate embodiment the pulley will operate

30 as well with each of the surfaces 27, 28 comprising a concave surface or groove,

with a cooperating convex surface or protrusion present on the face of each

7



70 a mal e spline connection in shaft' 71 engages a femal e spline connection
in shaft 72. The location of the male spline and femal e spline connection
may be reversed between the shafts with the same result. Cther known forns

of engagigg, '?‘ﬁ%d al rotating shafts v~rhife allow ng axi glcrxpegaRm of
respective pulley sheaves may be used with like results. is Shafts 72 do

not nove axially and hold sheaves 32, 33 in a fixed axial position with
respect to sheaves 31) 34 as they rotate. As the pistons 9§ @y ifdved by

t he hydraulic pressure) .each shaft 71 and respective sheave section 31, 34
noves) thereby changing the effective diameter of the pulley. Wiile all
sheave sections rotate during operation, sheave sections 32, 33 are axially
fixed ~o soshas¥y sg6liaRdlalaln plaseval aipevesshBadl Saclecen27328 Bay alsonD

01136846 Pqésgﬁgglagqggt%néargpm\ﬂs?oqur W&g l:gkl Q/r g.'ﬁ[ ht c?oob gatféé %érlgézt {)ﬁt €

the invention and 1ts oper | EUIRt T O
one of the amﬂgad:asmmﬁme emtheasheaoé kectiea. by vvay of exanpl e and not of
i er-drive condition drive mm driven =

limtat
1|6r2n Oaml‘nogor an%r&fa?dai"ic(?eth@dﬁ@l“??w Ibety"ecﬁ”i t\y@ro{thell:@@ @O‘h‘fﬁ s ihessurs= 86. 6
mm - where  gakBES tﬁé’sﬁéé\fécgéé&%ng' aEE?‘éhetSelté%% P8 Endis nﬁf ﬁceﬁlfr&ﬁlufs bl ocks

for the driver pulley, each belt bl ock e|n ck as neasured
at the ar ctﬁﬁl@cemﬂﬁ@@éoisoby an@ngletd iThe angleeris ;d@ldrew@t byrihe numberf éfect i ve

di anet er er = 65. under,-drive e no, t 5 ace between
adj acent \l,)\&et“e%‘? H’ﬁo‘?“” ﬁﬁ'ﬁ‘? Qlﬂﬂ%% Q/‘gﬁalpéﬂ ?6‘?)@#”‘6? 9t bell= 156, 0
m the SDam@c;@ainvn@eshe%a@hnb,ebé ebbpek ot Hehididy Upan the Pequird@@n@ of 65.0)1
51.0 = 5.6 mMmm (1 ) This space Dis neasured froma side of a belt block to

t he si de ofth@®s@dj acent 2?0 belt block. Therefore, 51 elenments will occupy a

65. 0 mmdi amet erBeW' Bf&fcl?%%p@&ﬁ&%egeé"‘ﬁap t}e%‘?ﬂéaf:orﬁ\}ég ?Pt%%fe d@é@ecé’@d' tion.

There w II be a at thé over e con 10N a driven
pul | ey haV|®rg'w68 laeduatebl swkse &0 taheo rm)mpnﬂesurmdenuldrrlb‘bedcq»mmel wh:cbach
belt block will ha ap_t then 6)/ 68.0 =
35 o (SPOREI P ko8 SURRE TN e ChisERIRm
over-drive ois tdueface VEGNs dedlAP tb SthR! RN o@nlh'éhﬁul@yl WRErdd Ws! eyeém@r eis
no gap on the driven pulley at extrenme ratio. ' In the case of a 1:

(one-t o- onéjameEf. @, IRETBUThAiambeE thefdrivRe PUigwisin the @ﬁalﬂwm\y@ﬁerpul | ey
~ 136 146. 0
°5 0y 171 SV el o bl fnsPele oy b5, RARE ARG e g cBaon ST L o2

will be: P@{UUSODtZ06MRbIDed altfk%en%va@arcume(s(ﬂal@es%(} ofb8ll belt bﬁﬁkﬁ)Z& 2 7 mm
(4) As can.b determn nurrber of .bglt bl ocks i{s only limted
G Pl

ea
by the nunﬂ?e‘r?her QHE?Yr TRE ehe! €PBINUAYS eiBdperli SERCer?lc tof each

bel t bl ockradius. This uniformly supports the belt which increases belt life and increases
power transmission capacity.

20 Belt block 26 tapers from convex arcuate surface 60 to base 61. The
tapered form allows side 62 of a belt block to bear fully against side 62A of an
adjacent belt block in the maximum under-drive condition. This results in a
reinforced condition in the pulley énd in the belt blocks, increasing its ability to
transmit torque. Side 62 and side§62A may comprise friction reducing materials

25 in order to enhance the engage/disengage characteristics of the belt blocks when
changing from a maximum under-drive condition to an over-drive condition.

The distance R of the belt b‘;locks 26 from the axis of rotation A, depends
on the ratio of the transmission. Increasing the distance R increases the belt
speed for a given pulley shaft RPM. Decreasing distance R decreases the belt

30  speed for a given pulley shaft RPM. The distance R is ¥ the effective diameter.



5 Although a single formof the invention has been described herein, i

w Il be obvious to those skilled in the art that variations nmay be made in
the construction and relation of parts .wthout departing fromthe spirit
and scope of the invention described 'herein. 13 71~ M'~ 1a03 Cains |
claim 1, Wo@@ts46nuously variable pulley conprising: a paf¢T/8$00884dx%i al
pul | ey sheaves having an axis of rotation nounted for s rotary novenent [on
coaxi al axes] and noveable with respect to each other) and each having a
plurality of concave grooves extending outwardly from a poi fit3 @Ay 7003
predeterm ned di stance froma~pulley axis, the concave grooves bel ng
oriented in cooperating pairs between each pulley sheaves the pulley

sheaves descpjbifgRe dié‘rﬁlsfé?'%disarﬂgééj;r% i Shd faaf?er%@ﬁa&§ of 1R BER b dcks Of

belt bl ocks having opposing i'nclined arcuate convex surfaces and having a
surface descicrdusitye @enter of ratatidmed profil e di sposed between the opposing

inclined surfaces, the gpposing j.ncline r te convex syrfaces having a
low friction coa??i"-’mji B8 Fip§fsrﬂ’ CUYF Ylﬂ‘f‘@?ﬁg?e(hll{ﬂ%% C%HE ; )%'?‘g‘éch(%%f_ RE pel t
bl ocks: bei ngeRrIANESE BeSWRBEfBRANMHEISY cSNBRVED 6M theSALM-HBRASI MG ce
inclined surfaces are slidingly engaged with a respective pair of grooves,

analreby an doreantactiogdieliml. @ndiswirfadeudT 2B by centastiegehravergraoveseadt30one
o ! . . ;
putl ey s ea\r%“ag)gc S0 ﬁp%%eoﬁl?g;gg@%??@g{te&%& épA%Q?h@Skgnﬁfhgghgl Oat

| east one e eSS €l astc nenber co y engagi cks,
wher eby a posinfdreemenit if hecdsslaty Bhoolkth desicshdves cvesobiieanvitialahgiher taul ar

form about a '] e is; and wherejn sai urface further describes an
arcuat o shapeRaeTh e HoRm it (URITAEReD THoAEaIted RECh kRS COMPRER at i on.
2s 2. The canhbRyRYELYES bREk &/ithWnl M)i-mistibAlc&AtmigNol ekathbBeNuRRGR]. 1 Si ng at
| east one endl ess el astic nmenber copperatively en%gglng the belt bl ocks,

wher eby '8 posi ti Bhthsf casrewhera tha bek dlerkscareb@gda Riasir Irginggreedil ar
f orm about ey j S. = =t A spx0 ) i |y i abl e
bt ey as. | TRPLE sPing sd oy TopeTk A RS AOAR FAMGMRLE AL 2
shape havi ngeiafoceament with duterst boteickot atledhercase aiérs b blotlatcoomprieés t he

DU LY, o5 el SOOI gt ) Pl SRS iy ShBbLS col Sl =21

internal lubricant PTFE. In an alternate embodiment, a non-friction coaling is
15 applied to the face of the sheave sections or the grooves or guides without a non-
friction coating being applied to each belt block. In yet another allernate
embodiment, non-friction coating are applied to the sheave seclion as well as the
belt blocks. A low coefficient of friction in areas of contact between the belt block
26 and the grooves 29, 30 allows ease of movement of the belt blocks 26 as the

20 sheave sections move.
Fig. 9 depicts the relative movement M and M’ of sheave section 31.
Sheave section 32 does notrndve axially with respect to sheave section 31,
although it may also move if r{equired by the application. In the preferred
embodiment, only one of the sheave sections is moveable. As sheave section 31
25 moves in direction M, the distance between sheave sections 31, 32 increases
and the belt blocks 26 move in; direction D inward toward the pulley axis of
rotation, A. As sheave section 31 moves in the direction M', the distance
between the sheave sections 31 32 decreases and the belt blocks move in

direction D’ radially away from the axis of rotation. In this way the effective

30 diameter of the pulley is increased or decreased.



5. The continuously variable pulley as in claim4, wherein said opposing
i nclined surfaces describe an arcuate surface. to 6. The conti nuously
variable pulley as in claim5, wherein: each of said opposing inclined
surfaces (ggfidsles a concave surface; and each of said guicasgsesleses i bes a
convex surface. 1S 7. The continuously variable pulley as in claiml1,
wherei n: each of said opposing inclined surfaces describes a rectilinear
protrusion; and each of said guides des4ribes a rectilinea L@ﬁ t hat
cooperates with said rectilinear protrusion. ~o 8 The con ﬁﬁ@gd

vari abl e pull ey as in claim1l, wherein said grooves further conprise a

St s o BRI el AR DR S g o oy

sk{val gb] Xhaldwal m Ca%]oct%}&.@lwcrﬂla@?drﬁ@dl I‘a:girﬁ@]nc&]ﬁﬁ‘ﬂa%@l o8] sehfdicadc: alc”a

] ca] ca] ca] c”a] cal’ ca] c*a] c: a]c(a] ca] ca] ca!

sET™ | wr nhc’l‘:’ei]\}/e)a]velﬁ] b“@] arapres €3] Qﬂa‘f\/b@ FE capeale alfea@utal #hgapempodica] cal ¢
l"’\" OHEHAH#SS *RET* X*Yrert

o 32185?]32\%] vqe1 ?%ﬁ% caf@lg]cgﬂ'%a ft&%r]scér]%%ﬁs § ﬁ]f]&i‘%ﬁgﬁ] &%%%F@ga] ca]eca

] ca] ca] ga] @@bea}ycéfahe@]euav]m_]sCa’hisa']edaicwt]h@a]a a?é‘ﬁaﬂé%@i‘?ﬁi&%&%cjtﬁnw«q

E1ESEAEPE] EEEF) FEGFHVI | J Sm@i‘f‘%%] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca

] ca] ca] ca] (‘:“éﬁ]aééf‘geﬂ"(’?&?@a%@ﬂt 1%48a] ca] ca] ca] ca] ca] ca] cal JIK( Kl KPLLMNNNNG

NSNTWZW VWi WABXZ 00T YBX2 2 4i6d Elvation mwﬂaﬂa@Ls%e@m ca} e%alufgmheé‘l cal o) ¢

a] ca] ca] ca] ca] ca]ca] ca] ca] ca] ca] calUl ca] ca] ca] caJ ca] ca] ca] ca] ca] cal h""_

"1 fg" g/ gRgavei shown arranged radially, each separated from the next by the angle «a.

9l el el Sabeshealorlsalon) salenkoslosl sphag) ol o2

]c
R IR e e e s o A K A POt YA
a] ca] ca] ca]mraﬂnea]apal]oem])m:ar} dbg -hﬁgu]ueac]m:a&hm]a cta]a dagic BICL k=&t el QPde-thy-si8R 09 () -

f1St109& ()- SmLOY&' %&' 5 MA] sywUs! " 109/V&! () -
"1 p" 1008 (yTEXIMUH %{'f "45' 10%f\f&'()- "1& 10%pp& ()-T

Fig. 11 is a side elevat:on vlew of sheave section 32. Belt blocks 26 are
shown aligned in grooves 30. Elastic band 25 engages each belt block 26
1s  around a circumference of the sheave section. During operation, each belt block . '
26 operates at the same radius R. Although radius R is adjustable to vary the
gear or drive ratio, the relative positions of the belt blocks describe a circle with a
center on the axis of rotation. This is a result of the mechanical relationship
between the sheave sections and the belt blocks which have identical width, W.
20 This assures that the pulley will remain in balance in all operating modes.
Fig. 12 is a plan view of driver pulley 41 and driven pulley 42. Belt block
26 is shown at a radius R. Radjus R is a function of the position of sheave
section 31 with respect to sheave eection 32. Belt block 38 is shown at radius R’
which is a function of the position‘-i of sheave section 34 with respect to sheave
25 section 33. Multi-ribbed belt 20 runs between each pulley assembly 41, 42.
Fig. 13 depicts a side elevation view of a fully assembled driver pulley.
Elastic member 24 retains belt blogks 26 at an operating radius R. This particular
figure depicts a maximum over-drive condition 37.
Fig. 14 is a schematic view of a hydraulic system which may be used to
30 change the pulley gear ratio. Various types of mechanisms may be used to

change the gear ratio. A hydraulic system 100 is shown for the present invention.
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The system includes a reservoir 80, a pump 81, a control vaive 82, and lines 83,
84 leading from the control valve 82 to the cylinders 86. Pump 81 is in a line 87
leading from the reservoir 80 to inlet port 88 of the valve casing and lines 89, 90
lead frqm cylinder ports 91, 92 in the valve casing to the cylinders 86. Sump

s lines 93, 94 extend from exhaust :ports 95, 96 {o the reservoir 80. The valve
casing receives a spool 97 which is moveable to selectively connect inlet 88 with
one or the other of the cylinder pérts 91, 92 and the other to an exhaust port.
Fluid under pressure supplied to a cylinder port will cause the piston therein to
move the shaft and sheave section engaged therewith toward the other sheave

10 section. Al the same time the other cylinder port will be connected with an
exhaust port to vent the other cylinder. This allows the shaft and moveable
sheave section lo move away from the other sheave section. As noted earlier,
lhe effective diameter of the pulley-.changes as the sheave section moves toward
or away from the other.

15 Fig. 15 is a cross-sectional view of the driver pulley 41 and driven pulley
42 with the hydraulic system 100. Pistons 98 are connecled to shafis 71 which
are in turn connected to sheave sections 31, 34. Shafts 71, 72, comprising
coaxial axes, are engaged in a malﬁner known in the art that allows them to move
axially with respect to each other, for example, with a spline connection such thal

20 a male spline connection in shaft 71 engages a female spline connection in shaft
72. The location of the male spline and female spline connection may be
reversed between the shafts with the same result. Other known forms of
engaging coaxial rotating shafts while allowing axial movement of respective
pulley sheaves may be used with Iii<e results.

25 Shafts 72 do not move axially and hold sheaves 32, 33 in a fixed axial
position with respect to sheaves 31, 34 as they rotate. As the pisto.ns 88 are
moved by the hydraulic pressure,ieach shaft 71 and respective sheave section
31, 34 moves, thereby changing the effective diameter of the puiley. While all
sheave sections rotate during opefation, sheave sections 32, 33 are axially fixed

30 so they do not axially move with sheave sections 31, 34.
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5
For an under-drive condition :
driver ¢ = 65.0 mm
driven ¢ = 162.0 mm
For an over-drive condition:
10 driver ¢ = 156.0 mm
driven 6 = 86.6 mm; where ¢ refers to effective diameter.
Assuming a total of 51 belt blocks for the driver pulley, with each belt block being
4.0 mm thick as measured at the arcuate surface 60, and with the driver pulley at
minimum effective diameter whera ¢ = 65.0 mm (under-drive), there will be no
15 space between adjacent belt blocks.
For maximum effective diameter (over-drive) 4 = 156.0 mm, the space
between each belt block will be: ’
Oy=ax (156.0~65.0)/51.0=5.6 mm )]
This space & is measured from a side of a belt block to the side of an adjacent

20 belt block. Therefore, 51 elements will occupy a 65.0 mm diameter with no
spacing between them at the und_ér-drive condition. There will be a gap of 5.6
mm at the over-drive condition.

For a driven pulley havingif68 belt blocks, at the maximum under-drive
condition each belt block will have gap to the next of:

25 O2= 1 x (162.0 - 86.6)/ 8.0 = 3.5 mm V)
There will be no gap on the driven pulley in the maximum over-drive condition.
When a gap is present on the drivér pulley there is no gap on the driven pulley at
extreme ratio. ]

[n the case of a 1:1 (one-to-one) ratio, where the diameter of the driver

50 and driven pulley is ¢ = 146.0 mm, the diver pulley belt block gaps will be:

O3 =nx (146.0 - 65.0)/ 51.0 =5.0 mm ()
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O =nx (146.0 - 86.6)/68.0 =2.7 mm (4)
As can be readily determined, the number. of belt blocks is only limited by the
number required by the application and the desired thickness of each belt block.
5 Although a single form of the invention has been described herein, it will
be obvious to those skilled in the art that variations may be made in the
construction and relation of parts:without departing from the spirit and scope of

the invention described herein.
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continuously variable pulley comprising:

a pair of coaxial pulley sheaves having an axis of rotation mounted for
rotary movement [on coaxial axes] and moveable with respect to each other, and
each having a plurality of con_bave grooves extending outwardly from a point a
predetermined distance from ajpulley axis, the concave grooves being oriented in
cooperating pairs between each pulley sheave;

the pulley sheaves describing an included angle of less than 70,

a plurality of belt biocks having opposing inclined arcuate convex surfaces
and having a surface describing a multi-ribbed profile disposed between the
opposing inclined surfaces;

the opposing inclined arcuate convex surfaces having a low friction coating
comprising an intemal lubricant; ‘

each of the belt blocks: being arranged between each pulley sheave and
said opposing inclined surfaces are slidingly engaged with a respéctive pair of
grooves, whereby an effective diameter is adjusted by a movement of at least
one pulley sheave and causing a comresponding movement of the belt blocks;

at least one endless elastic member cooperatively engaging the belt
blocks, whereby a position of the belt blocks describes a substantially circular
form about a pulley axis; and

wherein said surface further describes an arcuate shape having a center

of curvature located on the axis of rotation.

2. The continuously variable pulley as in claim 1 further comprising at least one
endless elastic member copperatively engaging the belt blocks, whereby a
position of the belt blocks describes a substantially circular form about a pulley

axis.
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6. The continuously variable pulley as in claim 5, wherein;

each of said opposing inglined surfaces describes a concave surface; and

each of said guides desctibes a convex surface.

15 7. The continuously variable pulley as in claim 1, wherein:
each of said opposing inclined surfaces describes a rectilinear protrusion;
and
each of said guides desgribes a rectilinear cavity that cooperates with said

rectilinear protrusion.

20
8. The continuously variable pulley as in claim 1, wherein said grooves further
comprise a low-friction coating having an internal lubricant.
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