WO 01/86169 PCT/ US01/40682 Title Block Type CVT Belt 5 Reference to
Rel ated Applications This application clains priority fromUS application
60/ 202930wi0 disdigvby 9, 2000. 10 Field of the Invention ThirpcTivseenbdson
relates to belts used in continuously variable transm ssions ("CVvT"), and
nore particularly to CVT belts conprising bl ocks indexed on endl ess
tensil e nenbers. 15 Background of the Invention It is well known in the art
that a gear type transm ssion may be psegefor running a notor vehicle,
notorcycle or the |like. For the purposes of inproving fuel efficiency, a
continuously variable transm ssj i ferable. Various types of
belts have been devel oped for %£§c$g%%%%t§%ﬁg%£ § vari abl e transm ssi ons.
Cenerd |y, the CVT Belts have a silhouette sinmlar to that of a
conventional V-belt. In parﬁ;fylpr [ are ] .at _the top and narrow
at the bottom and desi gned +&—2& ARe8rSEREPERASEELCBE 4 pul | ey
defining an angohas gpeDveatihe publiay oprwkichy t hedke! bsi Sidiaidaed on
conprises a_ noveabl e sheave and a fixed sheave,” both having a truncated
cone shape®0G2REPaP| §iledeMay Phe2@Heaves noves while the other remains
fixed. 30 Moving one sheave in relation to the other effectively varies
the effective dianeter ~ of the pulley within which the belt operates.
Conseguent |y, belt speed is arfiendt o@ntheofinidaatebhecti ve di aneter of the
pulley which is in turn a .
This invention relates to belts used in continuously

variable transmissions (“CVT”), and more particularly to CVT

belts comprising blocks indexed on endless tensile members.

15 Background of the Invention

It 1is well known in the art that a gear type
transmission may be used for running a motor vehicle,
motorcycle or the like. For the purposes of improving fuel
efficiency, a continuously variable transmission, CVT, is

20 preferable. Various types of belts have been developed for
use in continuously variable transmissions.

Generally, the CVT Belts have a silhouette similar to
that of a conventional V-belt. In particular, they are
broad at the top and narrow at the bottom and designed to

25 fit between the sheaves of a pulley defining an angular
groove. The pulley on which the belt is trained comprises a
moveable sheave and a fixed sheave, both having a fruncated
cone shape. Generally, one of the sheaves moves while the
other remains fixed. ‘

30 Moving one sheave in relation to the other effectively
varies the effective diameter ¢ of the.pulley within which
the belt operates. Consequently, belt speed is a function

of the effective diameter of the pulley which is in turn a



1 WD 01/86169 PCT/US01/40682 function of the axial position of the sheaves
relative to each other. Representative of the art is U S. Patent No.
4,813, 920wd @A/skiyskai . The di scl osed belt conprises a pl uraldiwse@fioss® bl ocks
whi ch engage at | east one endless |load carrier in the | engthw se direction
of the belt. The bl ocks are provided wth neans to hold each in a

subst anti afliyicpeppershi cthar axpasi ey i herl @ad Gafddws Lb1keiabsqknown
inthe art that in the case of a dry 10 running CVT belt, the outer
i ncli ned sBRFBc@BRIrhe bl ock which contacts the surfaces of the pul | ey

sheaves nust begg E@E%b%é‘él% e teﬂ.ﬁ{@ §e§t'9?t%ﬁtt§§r gl of9r B

pl astic. Using su pl astics negates t need for ubrrcation’betieén the
belt and the shreaval surfBice. Blsadksseltb haythavenpsuce sl astp Dsra0m by o £t he
i i i to |nt rfa e wth the pull ey sheave or be

inclinped s fa e desi gned
total Py ov %ﬁ E ﬂgﬁﬁﬁsﬁlc SREfFePBRcENFLCREIEORE 025 1p4t éft tRG.

4,813, 920 1engkAwkak wWhireltdicsclosesnhanpayer - maled, 1wt el 5%%%%%%%' ock
20 type CVT Belt. The over nolding is acconplished by chem cal preparation

of the surVagh ofeame tei Afokdi agchenter 2 Thilsstamyia ol perpentidcalar

preparatlo n o] 9 wi th an acid soaking process. An
adhesi ve | §g¥t?s thh %hé % %gd ?%ggﬁe'netal menber bl ock consisting of a

silane 25 couplEnglageﬂbp\MMthcxthBéSaet aha@Mmimo Kk axyssi bang. dr?he
phenaol plastic is then over-np|lded on the prepared netal nenber.

cour 88, t hEUBRERPcHY orRpht at £BR AUVGSte ﬁ%‘flajrne%l 6HEfF‘§GU|C’r%St]E|%ebéPCk
hazardous PRiEhI AchtatllsS CREALBSfaces of the pulley sheaves must be

comprised of either thermal setting or thermal formed

plastic. Using such plastics negates the need for

lubrication between the belt and the sheave surface. Blocks

15 may have such plastics only on the inclined surface designed

to interfacé with the pulley sheave or be totally over
molded with plastic.

Reference 1is made to U.S.  Patent No. 4,813,920 to

Inukai which discloses an over-molded metal reinforced block

20 type CVT Belt. The over molding is accomplished by chemical

preparation of the surface of the reinforcing member. This

may involve surface preparation by alkaline soaking process

with an acid soaking process. An adhesive layer is then

applied to the metal member block consisting of a silane

25 coupling agent, which consists of an amino alkoxy silane.

The phenol plastic is then over-molded on the prepared metal

member. Of course, the chemical preparation of the metal

block requires use of hazardous materials. This creates

special handling requirements for the chemicals used to

30 treat the metal blocks as well as for disposal of the

chemicals once they have been used. Japanese laid open

application JP11-82637-A teaches chemical preparation of a



speci al handling requirenents for the chemcals used to 30 treat the netal
bl ocks as well as for disposal of the chem cals once they have been used.
Japanese W@ @/s8@n application JP11-82637-A teaches chempgglydigagsati on
of a 2 WD 01/86169 PCT/ US01/ 40682 netal reinforced block body prior to
application of the plastic over-nolding. |Inukai 1920 further teaches

| ocating thetaent 8eifRkor8eavityoof %@@ngkér%&i %gglqic%fﬁkﬁf 8F ape

tensile nenber. 5 It is taught that p ment o center of gravity of
the bl ock Phapgtdxi wiviertwpltdiemgsenterline. of the tensile menber nmay reduce

oscillation of the,hl.ocks.during operation. This |.aces _requirements on
t he design of tﬁguﬂﬁa&cks§§g th'égt}& ht g}e nhegsr avi F%il§lgp.r5{3@rI‘iferl”b%%‘itéh"‘:-.
However, i4raeitl0 ofuestid yiadies whetHier =suthlacemint; s mdvantageaus.
Anot her aspect of the block type CVT belts in that the blocks conprise

upper and Féwés drAroonHert el pgemerenefarheprentier e gmeaisit iagnsthe
bet ween t g1 Bkl an? SAdxLRe:9r U8 (3 JGNALAIN 1o oMLy, aRdlesy Sych fhont

angl e connections 15 create decr ease the

bl ocks dumatyorkaiulasr e safiltlke iwpperf ahr cdroweet iduritng tdpe reeitonal  idd ar,

t her eby dec&easing the.life gf t he QSE%. What is needed is a block type CVT
bel t havi n§+*3°®Eent BAYSL CHFRVFt yPIbf hdBESER tPhat GRe aByRFEEri Tl IR 20

| ocated relahtue t@ra gEOVELYi G CePLEpePlyt hEoldack. Wiabukscpeeded Iis a
bl ock type CVT belt having a netal reinforced block. Wiat is needed Is a
bl ockllt ypeduesthenaigyivigtdrer cueh mdlhdethemst dls rdivahtrgedull.ock. Wat is

needed is a bl gglk.type Qf Relds Navl ng 80 o¥ghe malfed retal o e nforged

blocks comprise upper and lower arms connected by a central

pillar. The transitions between the pillars and the arms

are generally right ‘angles. Such right angle connections

15 create stress risers that decrease the life of the blocks

due to failure of the upper arm connection to the central
pillar, thereby decreasing the life of the belt.

What is needed is a block type CVT belt having a

center of gravity of each Dblock that is asymmetrically

20 located relative to a geometric center of the block. What

is needed is a block type CVT belt having a metal reinforced

) block. What is needed is a block type CVT belt having an

over-molded metal reinforced block. What 1s needed is a

block type CVT belt having an over-molded metal reinforced

25 block wherein the surface preparation of the metal

reinforcement is accomplished by mechanical means. What is

needed is a block type CVT belt having a complex radius

between a pillar and an upper and lower support arm. What is

needed 1is a block type CVT Belt having a groove with a

30 complex shape surface on a lower portion. The present

invention meets these needs.



25 bl ock wherein the surface preparation of the nmetal reinforcenent is
acconpl i shed by nechani cal neans. What is needed is a block type CVT belt
havi ng a g@@lsexsor adi us between a pillar and an upper angpdiaywwi/ 4Gdgppor t
arm Wat is needed is a block type CVT Belt having a groove with a 30
conpl ex shape surface on a | ower portion. The present invention neets
these needs. 3 WO 01/86169 PgﬁﬁH§Q¥/696§%e,%H@EBEXth the Invention The
primary aspect of the inventiom s to provide a btock type CVT Belt having
a center of graVhey mfimssh bbpekt tdfatths dsywemgtioncals y tbogatedidel ati ve

to a geo i n f .the _block. Another aspect of the inveption is
to proviggggégkogﬁﬁgt§gg %§+EB§FYlﬁngn§e3%ﬁ§t8? Bﬁ?ﬁf Vc@g BRGEKPLRSSt her
aspect of thetinventaopmhstiOcPIDYi deochtddCkretahe,LVEBeLt Hawhag 2p
over-nol ded netal reinforced block. 10 Another aspect of the invention is
to provi deC&bFbcREt P& BY¥CBel t wherein the surface preparation of the
metal reinforc S |4 b ical ans not her ., aspect of
the invention i§H§gﬁsfoﬁ%§§Q§p6*§gﬁﬂat§%g8§£$8geﬁﬁ ﬁgbﬁﬁﬁﬂéi%%n%lggoggdius
bet ween a pypé¢ a€VandeltShamioppermahdl| pagnfsuppdriblackn Anot her aspect of

compl oxshape <P ERBE HPE R s ¢ IBRETEL Aoy Las poo i Ehea ] RIGAE on
will be poippedcoutBert RAviRgeanbyousmBYdthentohl owi ngrdesssipibon. of the

invention and the acconpanying draw ngs.
10 Another aspect of the Invention is to provide a block

type CVT Belt wherein the surface preparation of the metal
reinforcement is accomplished by mechanical means.

Another aspect of the invention is to provide a block
type CVT Belt having a complex radius between a pillar and

15 an upper and lower support arm.

Another aspect of the invention is to provide a block
type CVT Belt having a groove with a complex shape surface
on a lower portion.

Other aspects of the invention will be pointed out or

20 made obvious by the following description of the invention
and the accompanying drawings.

The block type CVT belt according to the present
invention comprises at least one endless load carrier having
tensile members. A plurality of blocks are transversely

25 engaged with the load carrier in a lengthwise direction of
the Dbelt. The center of ‘gravity of each block 1is
asymmetrically located in each block. Each block has
thermoset or thermoplastic over-molding. The over-molding is
attached to the metal block by use of an adhesive or primer

30 and adhesive. The preparation of the metal reinforxcing
member is accomplished by mechanical tumbling means, as

opposed to chemical preparation. Each block also comprises



The bl ock type CVT belt according to the present invention conprises at

| east one endless |oad carrier having tensile nenbers. A plurality of

bl ocks aredqimggeer sely 25 engaged mnth the load carrier ipgraydogagshw se
direction of the belt. The center of 'gravity of each block is
asymmetrically located in each bl ock. Each bl ock has thernoset or

ther mopl asjt c1y8t- BRLAsNE: FBe Q¥eLiiRhdi Rbel $oa8t EQEPE% r10 Fhenmehal

bl ock by use of an adhesive or prinmer 30 and adhesive e preparation of
the netal RevhkereanngprprEnbenckycasvsfipkeshed bylnnehaaucahceuhbwung means,

t Each bl ock
01/ 86160 FCHTOLGY) 406AS="ar | BHE1 BRESE 0TGP PocBef Gt hBcrBAd Far Fi or.

Each sl ot chavésgoaaitppebneencaversyef agetapdhaochowrr usgetagarifaviengra
conpl ex Sh%@a ttThe upper concave _surface receives a correspondi ng convex
0

surface ort ROGH 1&n WRST sur £a68 ofl9F the PER¥IFedmstdy .2 EGORPIESt is
provi ded wiid;asCoERL@%en Adids: et fmgrcggﬁra}q éJp'eaJ A BB URPEL and

| ower arn1.|n order to avoid stress | sers carriers are ghtly
conpr essedii n ogaEtr groowerdisl segnebscaniders.educthe skead Ihifriefs are

Descriptio e Drawin a front elevation view of a bl ock
Fig. 2is 2;*9%%?yeF€§§Fi%ﬁegr6g§ %%E$|8589V9| (ﬁl%ﬂngﬁ%ﬁt%%lﬁﬁauSFock
15 Fig. 3 der. side elevation view of an over-nolded block. Fig. 4 is a
fronHOeIevation vi ew of showi ng a sl ot

Brief Description of the Drawings

Fig. 1 is a front elevation view of a block.
Fig. 2 is a front elevation cross-sectional view of an
over-molded block.
15 . Fig. 3 1is a side elevation view of an over-molded
block.
Fig. 4 is a front elevation view of showing a slot
detail.
Fig. 5 1is a isometric perspective view of the over
20 molded block.
Fig. 6 1is a isometric perspective view of the metal
reinforcing body.
Fig. 7 i1s a side elevation view of a load carrier.
Fig. 8 is a front section view of a tooth profile at
25 line A-A in Fig. 7. .
Fig. 9 is a side elevation view detail of belt teeth.
Fig. 10 is an isometric view of belt teeth.
Fig; 11 is a side elevation view of an assembled CVT
belt.
30 Fig. 12 is a front elevation view of a CVT belt.
Fig. 13 is a front elevation view of a block taken at

line A-A in Fig. 11.



detail. Fig. 5 is a isonetric perspective view of the over 20 nolded
block. Fig. 6 is a isonmetric perspective view of the netal reinforcing
body. Fi gwo/iissi® side el evation view of a |oad carrier. Hdyufiussa front
section view of a tooth profile at 25 line AAAin Fig. 7. Fig. 9 is a side
el evation view detail of belt teeth. Fig. 10 is an isonetric view of belt
teeth. Fig. 11 is a side elevation view of an assenmbled CVT belt. 30 Fig.
12 is a front elevation view of a CVT belt. Fig. 13 is a front el evation
view of a block tRfdehilad Desprimtlom &f dihel Prf ahD Ol /MaaH rGH US01/ 40682

Det ai | ed Descri gt;ion -of . r odi nent Fi.g. s a front

el evation view %?gg' b olci%Bf%%f‘(tel%fgg%gn%??s&eﬁpﬁgr abé&§ch: atF 99%er® body

12 connect edrprizess gepér abopiyl |8 33d Uppedr bp@laﬁéligcqim{ﬂes@@e&upggr Arns
and 9. Block 10 al so

16 and 17 and. |l ower bhody 12 conprises |ower arns 19

corrpri%ses §Ie6ltt§a\ﬁ I%ﬁnjdfj 5. %%he CEReal PpAY| drl Al sesnnepped eomshel &ipper
body and | awer PPdynd thower CRBRLEXT § adichoi- s8ach; t,.see FKig. 4. An
upper radius, 10 vvhinch S srubstark{tial |y glphl& ?c;h]?@vﬁ?eﬁje:mfheldupﬁga agﬁ'm 11

i nt er sect sBRekcdlt s pidompr iged & Uadwerl 4 atidud,5 .whiTtle icentselistanti=al 1y a

circul ar segtion, re.the lo arm12 intersects.the central pillar,
see Fig. 4%Th%a£]u5\ggr%e%§§|gusto }st‘%ilﬁea%ﬁfﬁee]a %’Pg%t | {AESA- Rody Pakhbe

general ly complex radii in each.slot, see Fig. 4. An upper radius,

10 which is substantially elliptical, where the upper arm 11
intersects the central pillar and a lower radius, which is

substantially a circular section, where the lower arm 12

intersects the central pillar, see Fig. 4. The upper radius
is measured from the line A-A. It can be generally
15 described by the equation:

x?/a® + y?/p? = 1
where a is * of the major axis and b is % of the minor axis.
The major axis lies along the line A-A. Example values
include a = 3.318 and b = 2.327. The equation is offered as
20 a mathematical description of the curve for the preferred
embodiment, however, other curves will also serve to reduce
the stress risers. The radius from the line A-A to the lower
arm is generally in the shape of a quarter circle.
This configuraﬁion significantly reduces the stress
25 risers which would otherwise form at the transitiqn between
the central pillar and the upper arms and lower arms.
Reducing the stress risers causes a commensuréte reduction
in fracture in this location which can lead to premature
failure of the upper or lower arm of the block.
30 The metallic body may be comprised of any metallic
material known in the art. Aluminum alloy is the material

used in the preferred embodiment. The surface of block 10 is



15 described by the equation: x2/a2 + y2/b2 = 1 where a is '~ of the mgjor
axis and b is '~ of the mnor axis. The major axis |lies along the |ine
A- A Examplgpisslgses include a = 3.318 and b = 2. 327. The waadohssh S
offered as 20 a mat hematical description of the curve for the preferred
enbodi nent, however, other curves will also serve to reduce the stress

risers. Therepaies from thectimel &dyt & her i auer S.u%rj@étﬁ]r%enﬁgal Ly ig the
shape of a quarter circle. This configuration significant reduces the
stress 25U¢FRIRECHA| FRLHBGIEONOthEr s evlibein areahest rarsittivre bet wekr  t he

central piLLaz,a0d dhe.opan aurs and Lower arms., Reduci ng the stress

ri sers causes a commensurate reduction-in f PERTWhi ch

can | ead tmopdem@t ur eSuffadarr prepatrhe idppRIardral SMebearyy ofethgnbbagky 30
The rr;ltallic bod%/,rray ge conprised of any nmetallic material known in’the
art. N umi TSR HHY97 ERensuriesei BY wkdd hlpstHadreitdy reteehbatt redb0 The

surface ofgplork e 9)4@191(98,6?1@& PEILUS /4%<§c?ia Priepared .f Oﬁtl)iagswhi ch

over-nolding by first subjecting it to a mechdnical vibration tu
creates a Pexdur grdm t terouwnd f gtesef tdieds,ockl f axadabl epdoyedheseadsof t he

over- nol di Syr reparation_can also_be by mechanical]y 5 activating
t he surfacaép%@nbélix{\gg lés?f%g(W?% %Féevag?w f]%%i/lﬁ’rif'?r’@): HBL BRkEFhl e grit
bl asting netlifca nchudedegl 833 ichgadadgint, sgleeund ahass, i gl 8581 obq Qside,

pol yner beads, . organic materi al. s (such as: wal nut shells, corn cob
mattét), Ri¥Fth BirBFduithi piledrdand aarfhsiesd ropghness fRa | Fhedobg010 a

grit braStSd@fibéiﬁf@ﬁ@gé@iéHr$§cﬁe5859?9§fsmggn§oiﬁOtﬁg'manufacturing
process avoids problems created by the use of chemical
etching and preparation, including storage of the etching
chemicals and proper ' environmentally sound disposal after

15 they are used.

This is then followed by an air blast. The air blast is
followed by application of a primer which may include
Chemlok® 205, or Thixon™ P15, or Megum™ 3276. The primer
is followed by an adhesive suitable for the overmold

20 material being used. The adhesive may include Chemlok®
220, or Thixon™ OSN-2, 2000, or Megum™ 101, or 10576.
Alternatively, many of the primers and adhesives given by
way of example may be used as one-coat adhesives.

The over-mold material may comprise a phenolic with a

25 coefficient of friction of .35 # .15 per ASTMD3702. The’
overmold material can comprise any of the widely available
phenolic molding compounds comprising phenolic resin (resole
or novolac), reinforcing fibers or fillers (glass, carbon,
cotton, or aramid fibers), friction modifying additives

30 (PTFE, graphite, silicone oil, or molybdenum disulfide), and



Surface preparation by nechanical neans in the manufacturing process
avoi ds problens created by the use of chemi cal etching and preparation,

i ncl udi ngwst@Arsge® of the etching chemcals and proper- empdm@aiRegsal |y
sound di sposal after 15 they are used. This is then followed by an air

blast. The air blast is followed by application of a prinmer which may

i ncl ude Che&bﬁ&ﬁ&hg20§dd9fiqbéXOPJ@@&?%& Qn N€9H§E3%§g76suaFeaﬁ{iW%@. s

foll owed by an adhesive suitable for the overnold 20 materi bei ng used.
The adhesiéEBﬁayPEﬁ@lBHBrCﬁéﬁﬂéQOﬁ) oz2eposk) Thi xonTM OSN-2, 2000, or
MegunirM 101, or 57 ter ively, many. of .the prinmers and adhesiyes
given by way o?ﬁgqunfpﬁrg{%lr%acg Iﬁ%é%‘g%a%ya?agne-ug&gtera BYLRS ThRSHy 9¥’DI d
material npygrfonpehse a pheralsetw t plast2zcoefdidi entaof fepekion ef . 35
.15 per AS NEEZ-EZ. The' overnpld_material can conprise any of the widely
avai | abl e dpAendiPeERBLaFRgOEoMPBYAASESEBEpPri sing phenolic resin (resole or

novol ac), reinfengi BgalhBelSmAEklibhehs o c i seC i nOh ;3Ham d
fibers), friction nnd?fying gdd?tiééshég ?B%ﬁé?rggégﬁ?%éf g%%?%%ﬁekéﬁﬁ, or
nmol ybdenunPetsarnpded, tardmoplWetil 8616 iRAF USOdH 48680 lveithkeeninidge,

addi tives Ly _an el astoner ,suc s NBR, XNBR, .PEQ PVB, silicone, or

epoxy). Thégggg#ﬁnfd nateﬂgéﬁyﬁﬁkﬁ{k%%ﬁﬂebonprisBoéyﬁg%eﬁﬁgﬁerngPBFwance

thernoset pbagpheRasumhdas ePADr crisdial |yd phid abgl?%tﬁkﬁﬁhl%%h%ﬁ- The
overnold materi al nalﬁfurther conprise certain hi performance

h
t her tBpl asPPLYaBY &FPaFS 8uch B§1§6m96?heriﬁrde,Pogﬁpyﬁﬁvéépe sulfide
pol yet her kef,0pgopPOLyeLRer eLDGEKELADE: with glass, aramid or carbon

reinforcing fibers and PTFE, graphite, silicone oil, or
molybdenum disulfide friction modifiers. A preferred
thermoplastic material is Victrex PEEK 450CA30.

15 Fig. 2 is a front elevation cross-sectional view of an
over-molded block. Over-molded block 20 comprises either
thermal set or thermal formed plastic 25. Opposing inclined
sides 31 and 32 bear on the pulley sheaves. The over-
molding provides a controlled friction surface between the

20 block and the sheave surface. The opposing inclined
surfaces generally describe an included angle' in a range
between 20° and 70°. The included angle in the preferred
embodiment is 26°.

Fig. 3 is a side elevation view of an over-molded

25 block. Concave groove 22 is formed in the upper area of slot
15 by the over-molding process. The shape of the concave
groove is substantially semicircular. The lower portion of

slot 15 comprises a geometrically complex surface 23.
In the preferred embodiment a slight crown is present
30 along the center of the lower surface 23. This
significantly reduces the chordal effect caused when the

belt passes over a non-circular surface by reducing the



pol ypht hal am de, liquid crystal polyner, polyethersulfone, 10

pol yaryl sul fone, pol yam de, or pol yphenyl ene sulfide thernoplastics,
conpoundewonmiisaiqyl ass, aram d or carbon reinforcing fi bersCTarsdHIdEE,
graphite, silicone oil, or nolybdenumdisulfide friction nodifiers. A
preferred thernoplastic material is Victrex PEEK 450CA30. 15 Fig. 2 is a

front el evappameatoss:isest iamakhei eweDf am overn- By dedebl 9ske Qeelsime) ded
bl ock 20 conﬁglses either thermal set or thermal forned plastic 25.
Opposi ng | REMPRED  dPdés FesandtB2 pebfeeh taE pahpegisHeavds. $@eqmmm-

mol di ng pr gyidas:dncaud®! Lad fift s ngdf:ﬁC% heteen Eﬁewezowi?deﬁk

t he sheave surface. The opposing 1ncline sur aces generally descri be an
i ncl uded amgké bhoaky; asgacebéheedrl20 agnd t7@raThe si ntiredecth @n@hegwlﬂb@e

preferred . od 3 1s Sld lLevation view o n
over-ﬁnldeanng%agggcEongﬁﬁgﬁvghgr&9@@ o% ilﬁnﬁhéhﬁﬁpépeaFeﬁwﬁf
slot 15 byot hewewebymaird Q&¥ﬂﬁﬂﬁﬁ§sed§@e @H@Q@apfefhgcﬁgn%ﬁﬁge QHLQQWLE IS
substantially sem circul ar he | ower portion of slot 15 conprises a

geonet ri caFfyeEsmilexurkbate EsnsﬂnetW@mbﬁéﬁeﬁﬁeU<enbodedene ahsldgﬁe
crown is pgesent ggtalﬁg@sﬁgedgfn;§%e&gtﬁggeIf) surf et%f gsgeéeover

significantly reduces t ect cause en t e

a non-ci r cmkmbesur f acehby Jroe\wm sgrfhee SLWRHEL/ 86369 NGCH USOpADS82 a
apparent plich of the belt as en by the belt tensile nenber. This has.
the €ffect SofIBRaRgnd aﬁﬁémép%% i HENSF P ¥R BHAe he? WPACRS ST PEACR S| ock

Lalie;he wsdthaek f@@cgu9b99kan%'ﬁﬁ% thashek! nafbkl st aY6lks dohkaugh ngach
the plastic 25 is indexing protrusion 24 which cooperates
with a like indéxing recess 26 in an adjacent block. This
reduces lateral or side-to-side movement of adjacent blocks

15 during operation. Surface 23 also comprises radii R, and Rj.
R, and Rz each provide a curved surface, as opposed to an
edge, that the belt bears upon in operation.

Concave recess 22 cooperates with a convex tooth 51 on
a surface of a load carrier, see Fig.’s 7 and 11. The sides

20 of the lower portion of the block describes an angle y. The

angle y is in the range of 5° to 10°. The angle in the

preferred embodiment is 8.8°. The angle Y 1is chosen based

in part upon the minimum radius of the smallest pulley upon

which the CVT belt will operate. It allows the lower
25 portion of adjacent blocks to have a clearance between each
block as the belt travels around a pulley. This 1is

necessary in order to avoid creating undue stress in the
belt tensile member 52.
Fié. 4 is a front elevation view of showing a slot
30 detail. Upper radius 18 and lower radius 33 is shown formed

in slot 14, 15.



5initially contacts the edge of each block and then the crown followed by
the opposite edge. Chordal effects cause stress risers in the belt tensile
menbers awd m@maigeduce the life of a belt caused by prenmamwesoiaodser e of
the tensile nenbers. The |l ower surface of the slot also conprises a 10
slight arc having radius Rl, which provides a proper bearing surface for
supporting the trewgsi| g renber ssoflesaindl sietkpadi vd he ipwaséf CtRE icver-

i ndexi ng protrusij 2 ich cooperates wth a like indexing recess 26 in
an adj acenf“ohldﬁgk%qﬂﬂé}%%'educes | ateral or side-to-side nmovenent of

adj acent bl ocks g% duging ogeri%toin@%ri%uré%i%e?&ﬂéOvﬁggprééeéhégg.ie‘ta and

R3. R2 and R3 each provide a curved sur as opposed to an ge, that
the belt b&gisfgyennon bewer dtd.on. Concave recess 22 cooperates with a -

convex tooth 51 _gn a7surface of ,a Igad garri er, see Fig.'s 7 and 11. The
sides ° 20 of th& Powef g6rtForP 5t t RECEREERT dddeH bBE &h ARGFe SRITHAE -angl e

y is in theokangeofidy t30 lomdhes&10t éné M d hean@r ebeppad reahgdisent 1is
8.8. The angle y is chosen based in part upon the mninmumradius of the
smal | est pGPPePreFEH rathicgPadidrantr Bl tansilep@eaters tarnd nnesl ttilsmedower
25 portion_ef j I 1 A l.ear et each .bl.ock as
the belt t P gvgl%gj gr%%&tﬁgqa%gmlen& ha?g‘hil%s%lfg t%%eg)e%gga%f S:gr?f%oqrydgcro {6 "avoi4
creating usdwesstréss thet heordel t tersi | eenrsiber w@mb&rg. mdly | Todicnt

el evajj on \éi ew,of showing a slot 30 detail. E?li%per radi us 18 and | qwer

radi uf 33 I§IEMGNN Por Mttt TR sIE s, 35V GEPEETE9OPCTI R/ 46662
Fig. 5 is gubsesBkel C RAPIALGIHYE JHRAWI tHSIUer such as polyamide,

polyester, polyaramide, or inorganic fiber such as PBO,
steel fiber, glass fiber, or carbon fiber. Fabric jacket 54
is applied to the outercord of the load carrier. Fabric
15 jacket 53 is also applied to the inner surface of the load
carrier. Each tensile member may comprise twisted or braided
cords of organic fibers such as polyaramids, polyesters,
polyamide, or PBO, or inorganic fibers such as steel, glass,
or carbon. Preferably, a high strength, high modulus cord
20 material such as polyaramid, PBO, carbon or glass is used.
The fabric jackeF may comprise woven, non-woven or knit
fabrics of polyester, polyamide, polyaramid, cotton, or
acrylic fibers or blends theréof, and adhesive treatments
appropriate for bonding the fabric to the extensible layer
25 and to the cord. The jacket is preferably a woven or knit
stretch fabric for ease in filling the mold and forming the
tooth contour.
The designation of the outercord and inner surface are
with reference to a center of curvature C of the belt. The
30 belt body and teeth 51 may comprise a rubber material
comprising an elastomer such as EPDM, HNBR, PU, ACSM, CR,

SBR, or NBR or Dblends thereof, and various fillers,

10



nol ded bl ock 20. Fig. 6 is a isonmetric perspective view of the netal
reinforcing body 10. 5 Fig. 7 is a side elevation view of a |oad carrier.
Load carrweroiB@ieonpri ses tensile band 52 and teeth 51. | rpcTidseipeasterred
enbodi nent, the tensile nenbers are positioned at the neutral bending axis
of the belt assenbly to mnimze stress in the cord. Each tensile nenber

may conpri setioxtviasted arubielded entdsr anwaen-&abrdscOhgshestrki ke
subst ance Conpﬁqi sing organic fibers such as pol yam de, polyester,
pol yar ani d&S oFfPHBr gaRi ctPPbeRréuch aRreBeyabkyeel fa bereatyl aesifstsert or

bon fiben g irC d s S o BRA 3 f |
carbon fibenaskabeiC diagkes Sgé}_pms 2PRiieRd 50 Jdugy out.gfcopd, 0 P??g g%%ﬁhe

carrier. Fabric 15, jacket I's also applied to the 1 nner sur

| oad carriteethEaddh nanscbepmésbermml aomudrsesiath saed uakethhakededNBRYr ds
of organi c,fibers as _jpoly i ds ol yesters, polyam de, or. PBO, or
i nor ggﬁi c fAIEg s s%%tﬁ\h]’as ggéel aé ’assNBROr SABGREngsihf eVably, &g
strength, Rkieghropeues teqr dn2Q JAlRML3|, suehcasaR9kyaran d, PBO, carbon or
glass is used. 'The fabric jacket nmay conprise woven, non-woven or knit
fabrics of pol y&sfer 8 pb¥yanifd®ntpossaliton dviewt pdn,a otootler pkpEileberts or

bl ends thereqgf, gand ;3dhesi ve;tre t r [ fQr. .banding the fabric
to the extensible Iziyer ) :7n'd tﬁ&gﬁ}g %@QE%@EJ&%@ gt Cs)l‘lgeﬁrg?e%élﬁll §2a'

woven or kBeflt stidet &1 faabt isidoré62asehiohfatkéi pgraheenotd aadhf atmerg t he
tooth contour. The desjgnation of the outercord and inner surface are wth

ref er®nce #8% a&EnfOLdS c Fitat A eI WA tore DePias TARILI80OhAISt deowy rand

Erov TNBR PO Rehe RgeRcr e 8P6eTd Al SATHY 569927 £3481 SEE1 8B

The bias angle a is in the range of 10° to 15°. The angle o
in the preferred embodiment is 13°. This angle is also the
same as * of the iﬁcluded angle of the opposing inclined
15 surfaces, B, so that the side 62 is parallel to opposing
inclined surface 32, see Fig. 2. Angle o allows a proper
fit between the load carrier 50 and the block 20 at the
central pillar 13.
Fig. 9 is a side elevation view detail of belt teeth.
20 Teeth 51 are alternately spaced between lands 59. Teeth 51
are located along the outercord of the load carrier. Teeth
51 generally describe a semicircular profile which cooperate
with the concave grove 22. For example, the tooth profile
may comprise the profile disclosed in UTS. patent 4,515,577,
25 or other profile known in the art. Jacket 54 overlays the
teeth.

In the preferred embodiment, the tooth profile
comprises a height H as measured form an outer surface of
jacket 54. FEach tooth has an arcuate convex substantially

30 circular .shape having a radius 56 R. FEach tooth outer

surface joins to the adjacent land 59 by a transition

11



SBR, or NBR or blends thereof, and various fillers, 10 WO 01/86169
PCT/ US01/ 40682 antioxidants, curatives and/or short reinforcing fibers as
i s known wo dirse1@art. Preferably, a heat resistant el astomeaT/ssechoas EPDM
or HNBR i s used. The belt body and teeth 51 nay conprise an el astoner such
as urethane, HNBR, 5 ACSM EPDM CR, SBR, NBR, conpounded with fillers,
rei nf or censatsioanté®xi damransdnd oqur aé¢tvesn H@. hBd Saa F5ONIs Seat | g Vi ew
of atooth profile at. line 88 in Fig% 7. Tooth 51 has inclined sides 61

h

and 62. BRPPIe¥UBaBELlYnd °& d@ 62; whiehcaR&epacdl | 1T wer € ofEr theo and
are nol dedgogt HaBRUNGGON £ Dhag8HT18 oA ASa CATRAS € axi rmal
to a center?ine 6§'of | oad carrier 50. aTheggfzs angﬁ.%xgéﬁ%ﬂﬂ% ?hzoggnge
of 10 to 1&acihecahhl epprokamehelyr &f8r Redbembotlinent..is 13. This angle is
al so %he same as_'-7 otstge Enchgged angle o% éh oggo Lng inclined 15
surfaces, 1, so that Ph&SsPlet69°F5T psr & PE °to 8350 ﬁg "inclined surface
32, see Fig. 2.riggl elaial lowside psapertidd tvhet weenahhgskead sar i gk k50
and the block 20 at the central pillar 13. Fig. 9 is a side elevation view
detail of b¥Pe (&dihbelbo TeBlRChE AR areeraalgedpacddachatwden kanls 59.
Teeth 51 -atRelogabad ehandnthe outeeafrd-oholhel 9ad a6 by Tgot o S1
general ly describe a semcircular profile I ch cooperate w f e concave
grove 22. Toe exafpreedt bmbbdatmknpr obmpelsaayteonpnidiesthéoptotiakeiers
disclgsed Ln U, S. patent . 4,515,577, 25 or _qther profile known in the art.
Jacket' 54 %69r§§35 gﬁgﬂ tea h?hFﬁlFﬁegBreﬁgr?édcgﬁﬁéépﬁgnﬁﬁ gheleboth/
profile 14 respectively. There is a slight interference fit between

the load carrier and each groove or slot. The interference

is in the range of 5% to 15% of the thickness of the load

carrier. This slight compression of the load carrier
15 significantly reduces the tendency of the blocks to skew
during operation. Skew 1is the term wused to describe

misalignment between the x-axis of the block and the y axis
of the load carrier.
For example, for a assembled belt having an inner
20 radius of 219.83 mm as measured from the center of curvature
to the bottom of the blocks, a total of 148 blocks are used
for load carriers with a block pitch of 5mm. As a result
each block is 4.93mm wide at the central pillar. The width
of each block can be varied by changing the thickness of the
25 over-molding. The tensile member is compressed épp;oximately
10% by width when the clips are installed. This assures
good load transmission from the clip to the belt and helps
to prevent clip skew during operation. Further, the fit
between each upper slot and each upper surface tooth
30 comprises a slight gap which allows relative movement of the

tooth and clip as well as facilitating cooling.

12



conprises a height H as neasured forman outer surface of jacket 54. Each
tooth has an arcuate convex substantially 30 circul ar shape having a radius
56 R EacWwa@mssivoouter surface joins to the adjacent | an®cadoy/4e682
transition 11 WD 01/86169 PCT/ USO1/ 40682 @ section 60. Transition section
60 has.a radius 58 of approximately .5Rto R The center of curvature C
for the tooth [Fagdi.us186 is |locdtredtal ehgvatlone exdwndimgaacrvss peach

tooth approximately 1/3 R above line L. 5 Fig, 10 is an isonmetric view of
bel t teet h.%)il@‘r%.s ﬁ’ i% S "s‘iad’esve%i?gtyi G BAEF o erarfads difie Fasig@c Gpe

VT bel .. uBbaskss2drase 30! afgedaadi 8egRk (RLatheLIhET JaRauk o NGl I Te

circunference of the load carrier 50. The preferred enbodi nent conprises
two endl esbavéad carggmsr 10f sourgdtuachotanddcakr itbe S@nt@ali sxdentai ned
in a siot 1Re b%itrespectively. There is a slight interference fit between
the | oad carrier and each groove or slot. The interference is in the range

of 5%to 15% of Fige tid ckeess ofohheskeddoncarider of Thi SoBbdght 2 REAPIASSI ON
of the load carrjer 15 significantly reduces the tendency of the blocks to

skew duri ngPGpetdttdnirskEh@i s Ithe  t BHAFtiselP t Badeser phemeht sal iapmibent
between theoxaaxys 6f the lagkand,ipe.y axi SatZSEF%Q%G:E.%gg SHIERE O

exanpl e, for a assenbled belt having an I nner nm as
measur ed f st he—@eriteramd yurwasur e Bltowkt ) Bod4 om ofnthe blfoegksviat ot al
a bloc§¥Pitch of 5nrm As a

of 148 bl ocks are used. f | gad _car,riers w-t
result’ ea ﬁlﬁ%%ﬂ??%?ﬁ?@g%%1 48 GE ('he-teRBF&FBFRI he WeRMR Y9 each
bl ock can bentati et by sdengisly iMead higkoesquolirbhe of the block. By
way of example and not of limitation and based upon the
described coordinate system, in a block having a width of
38.0 mm as measured in the x-axis and a height of 17.9mm as
15 measured in the z-axis and a width of 4.9mm as measured in
the y-axis, the center of gravity (“CG”) is asymmetrically
located in each block in a quadrant with dimensions
x=.0076mm, y=.0027mm, z=1.1196mm. This places the CG at a
point that 1is not coincidental with, A) the geometric center
20 of the block, or B) the centerline of the tensile members,
which is contrary to all prior teaching. A plane described
by side 62 of the belt lies slightly recessed from opposing
inclined surface 32. The distance is 1-2mm in the preferred
embodiment. This prevents the side of load carrier 52 from
25 contacting the pulley sheave surface. This in turn reduces
heat generated during operation. Increased héat will
significantly shorten the operational life span of a load
carrier.
Although a single form of the invention has been
30 described herein, it will be obvious to those skilled in the

art that wvariations may be made in the construction and

13



25 over-nolding. The tensile nenber is conpressed approximately 10% by
width when the clips are installed. This assures good |oad transm ssion
fromthe @lgA/sefpot he belt and hel ps to prevent clip skewpduiidagser ati on.
Further, the fit between each upper slot and each upper surface tooth 30
conprises a slight gap which allows relative novenent of the tooth and
clip as wekklagibacioft gldrmg CEOLhBAL Ide iR Ol SO XY PCIALSA 40682 , F 9.
12 is a front elevation view of a CVT belt. Blocks 20 are transversgly
arranged ofc@BehCfokBecarvreiEisn. depppibeduhtaednd0 of each bl ock descri bes
an arcuate shape having a center of curvature |ocated at the central axis
of 5 the belt. Fig. 13 is a front section view of a block taken at |I|ine
13-13 in Fig. 11. Block 20 has a geonetric center |located in the central
pillar 13 at the origin of the z- axis, x-axis and y axis. Block 20 has a
center of gravity 10 64 asymmetrically located with reference to the
geonetric center at a position in an upper quadrant of the block. By way
of exanple and not of limtation and based upon the described coordinate
system in a block having-a width of 38.0 nmas neasured in the x-axis and
a height of 17.9mm as 15 neasured in the z-axis and a wdth of 4.9mm as
nmeasured in the y-axis, the center of gravity ("CG') is asymetrically

| ocated in each block in a quadrant with dinmensions x=.0076mm y=.0027mm
z=1.1196mm This places the CG at a point that is not coincidental wth,
A) the geonetric center 20 of the block, or B) the centerline of the
tensile nenbers, which is contrary to all prior teaching. A plane

descri bed

14



by side 62 of the belt lies slightly recessed from opposing inclined
surface 32. The distance is 1-2mmin the preferred enbodinent. This
prevents woisetl® of | oad carrier 52 from 25 contacting treTpusdoleyssheave
surface. This in turn reduces heat generated during operation. Increased

heat will significantly shorten the operational |ife span of a | oad
carrier. Although a single formof the&liaiventi on has been 30 descri bed
herein, it will _be qbvious to those skilled in the art that variations may

be made in the &&n ®ion and 13 WO 01/ 86169 PCT/ US01/ 40682 rel ation of
parts w t hout d@,p@ubicrkgtg/f@mcmebggitr icbm?ﬂsi%%‘?pe of the invention

descri bed herein. 14 WO 01/86169 PCT/ US01/ 4068 Caines Wclaim 1. A

bl ock type CVT Bél t lea@pr i singg: eadlessst Jm@e‘l ermilres'sri odch vdanyr | ererteMiang
tenS|Ie ri.si.n ty of teeth on an outer
surf ace of ™ oi ar%#%%ﬂgﬁd%% an&é&l%t r%n BFgllL} ¥¥5 ftlte‘?%tt}h 8f &id

| oad carri enteat [Shll]ﬂfabet y:fofthkél Qoksl ceatidd eel RatangcAPRASINRAG e d¢ldded
surfaces and_each havi ng %roove oriented from 10 each inclined surface
toward a c&ntPRELH Pla rsa&ﬁd £3Eh CBrr&dRhavi ng a center of gravity |ocated

asymetrically o E1u9§QE%&r'SfCeBiSékssa'Qabﬁo lﬁxﬂpg%@dﬂﬁgnﬂd%p §¥%g

carrier, each bloc engaging a tooth W th- said groove
inclined surfaces and each having a groove oriented from

10 each inclined surface toward a central pillar and each block
having a center of gravity Jlocated asymmetrically to a
geometric center;

said blocks engaging said load carrier, each block
engaging a tooth with said groove.

15
2. The bock type CVT belt as in claim 1, wherein each of
said blocks further comprises:

a metallic reinforcing body; and
a non-metallic material over-molded on said metallic

20 reinforcing body.

3. The block type CVT belt as in claim 2, wherein a
surface of each metallic reinforcing body is prepared by

mechanical tumbling.

25
4. The block type CVT belt as in claim 3, wherein each of
said grooves further comprises:
a complex radius describing a substantially elliptical
quarter radius between a first point on a central pillar and
30 an upper arm; and

a substantially circular quarter radius between a first

point on a central pillar and a lower arm.

15



15 2. The bock type CVT belt as in claim1, wherein each of said blocks
further conprises: a netallic reinforcing body; and a non-netallic materi al
over - nol dew arses@i d netallic 20 reinforcing body. 3. The Hdmoadoiuggse CVT
belt as in claim?2, wherein a surface of each nmetallic reinforcing body is
prepared by mechanical tunbling. 25 4. The block type CVT belt as in claim
3, wherein each of said grooves further conprises: a conplex radius

descrlblng a bst tlal el liptic guarter radius between a first point
on a centrar ?)qu %Ch]a Léﬁ ﬁlvﬁ &@i%r?ﬁ aRd 423 Bodrart i e ¢y cPrel &
quarter raghtig hebvwees @ukikhst cBﬁE@&s@B :a central pillar and a lower arm
15 WD 01/86169 PCT/ US01/ 40682 5. The bl ock type CVT belt as in claim4,

wherein each of @ skRWPHr 86¥ESoPurdeeer tohpy i sescomplemeshppet i oav descri bi ng
a conglex g 8R§ hg%ng a 5 crown; and an upper portion describing an arc.
6. The bl ock type belt as in clain15 wherein each endless |oad
carrier is subjentedpba pocotipnedsseribingagh a1@.groove. 7. The block type
CVT belt as in claim®6, wherein the conpression conprises: reducing the

wi dth of the endless nmenber in each groove

©. The block type CVT belt as in claim 5, wherein each
endless load carrier is subjected to a compression in each

10 groove.

7. The block type CVT belt as in claim 6, wherein the
compression comprises:

reducing the width of the endless member in each groove

15 by an amount in the range of 5% to 15% of a thickness of the

endless member.

8. A power transmission belt comprising:
a first endless member;
20 a second endless member;
each of said first and second endless members
comprising a tensile member embedded therein, said tensile
member being twisted cords, a woven fabric or sheet 1like
substance comprising synthetic fibers such as polyamide,
25 polyester, polyaramide, or inorganic fiber such as steel
fiber, glass fiber, carbon fiber, and each of thé endless
members having an upper surface comprising a plurality of
cogs arranged parallel to each other and transverse to a
length of each endless member, and each of said endless
30 members comprising a flat lower surface;
a plurality of blocks, each comprising a metal body

having a plastic over-molding and each having opposing

16



15 by an amount in the range of 5%to 15% of a thickness of the endless
menber. 8. A power transm ssion belt conprising: a first endless nenber;
20 a secowd ARdig@ss nenber; each of said first and second gRdi®s[0d8ENDEr S
conprising a tensile nenber enbedded therein, said tensile nenber being
twi sted cords, a woven fabric or sheet |ike substance conprising synthetic

fibers suchnadipeHyanicdeced5dpekyestier apokyanantdar e6obreLgaRi ¢ ifiber
such as steel . fiber, glass fiber, carbon fiber, and each of the endless
menbers haWPh§e¥nangper &nff Ae¥iagmpr iSichgcxtendiapi fyonf casbgsraosdmged
paral | el tgigachqotdersrand Lransyenss t engt chendl ess nepber,
and each of said endless 30 ne erlg?co%p%rs({l ng a%r?gaﬁa?o%@%tsu? a((:aea;Cha
plurality blobkofks, reach vigwprarsievgdlbe netredmibody amdvéaghaspbasthia&ing

over - pol di ng and each _havi ng opposi n 16 WO 01/ 86169 PCT/ USQ1/ 40682
i ncl i gd sﬁrgf 388§rdé:§&%aﬁﬁen%‘ﬁ£foaacrﬁgl%1? hat eBBPRIRY eSURFERNAIAPLYI &-adngl e,

and havi ngsarghet, exhendcsgchyensaaghcappeskngingl antedegurface co-axially
toward a central part of each block for receiving an endl ess nenber, and

each sl ot havi n§hs afedfpér &Fncair@ sy acef arereh opboskngisubdranatted |y
flat f : f | Vi t h: _t t f .
Vi ty o STmmERFEeRenGaE Sl PESSARE ThB Ry ¥ Do guinet It eRedd of

gravity of | ocate asynmetrica of” a
sai d bl ockgestied ofergmavidfy grawityd| aaated Hrangyez -4:anged Bxg eadivagdt awar d
an 10 upper_portion a distance greater than a tensile nmenber _ radius as

measufed fIBRFE gROMELTT ¢ TeftS-a0Cs hETER5EK, §RR 2 tensile member

radius as measured from a geometric center of the block, the
center of gravity being located in an x-range offset to one
side of a geometric center of a block and biased in a y-
range offset from a geometric center; and

15 a plurality of said blocks transversely engaging the

first endless member and the second endless member.

9. A belt comprising:
at least one endless load carrier having tensile
20 members and further comprising a plurality of teeth on an
outer surface of the load carrier and .arranged transverse to
a length of said load carrier;
a plurality of blocks, each block having opposing
inclined surfaces and each having a groove oriented from
25 each inclined surface toward a central pillar and each block
having a center of gravity located asymmetrically ffom a
geometric center;
each groove comprises a complex radius describing a
substantially elliptical quarter radius between a first
30 point on a central pillar and an upper arm and a
substantially circular quarter radius between a first point

on a central pillar and a lower arm and each upper arm

17



center of gravity being located in an x-range offset to one side of a
geonetric center of a block and biased in a g- range offset froma
geonet ri cwoenserey and 15 a plurality of said bl ocks transwemsedoy4esgagi ng
the first endl ess nenber and the second endl ess nenber. 9. A belt
conprising: at |least one endless |load carrier having tensile 20 nmenbers and
further comgriigiongna aglowedls tsymfadeeeidr awope radutverl vs wifaed nef at he | oad
carrier an%.ar@gn%%% transverse to a length of said |oad carrier; a
plurality OPO%Idcks, each bl ock havi ng opposing inclined surfaces and each
having a groove e@idherired afil0mM12% @AM JaRG Hgned 1suniage d-guward :¢ent ral
pillar and each block having a center of gravity |ocated asymmetrically
froma geSRe 9€0O&Rt-er; each groove conprises a conpl ex radius descri bing
a substantially elliptical quarter radius between a first 30 point on a
central pillar and an upper armand a substantially circular quarter radius
between a first 1foi The brela eentitalclpiill 3, aheéraihowarhah ard deadkaper
arm 17 WO 1/%5%69 PCT/ US01/ 40682 havi ng an arcuate surface for
cooper at i vel'ly *&FJagPR§*a5%toot h; and each of said bl ocks engagi ng said | oad
carrier with S@i%eggqqg%.r@i%gofgy%gb%bhyqsahg claim9, wherein each of

. PG

said blocks further conprises: a netalliC reinforcing body; and
a non-metallic material over-molded on at least the

10 opposing inclined surfaces of said metallic reinforcing

body.

11. The belt as in claim 10, wherein a surface of each
metallic reinforcing body is prepared by mechanical

15 tumbling.

12. The belt as in claim 11, wherein each of said
grooves further comprises a lower portion describing a

complex shape having a crown.

20
- 13. The belt as in claim 12, wherein each endless load
carrier is subjected to compression in each groove.
14. The belt as in claim 13, wherein the compression
25 comprises reducing the width of the endless member in each
groove by an amount in the range of 5% to 15% of a thickness
of the endless member.
15. The belt as in claim 9 wherein the center of
30 gravity is located in a block upper quadrant.
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a non-netallic material over-nolded on at |east the 10 opposing inclined
surfaces of said netallic reinforcing body. 11. The belt as in claim 10,
wher ei n awsurfsao® of each nmetallic reinforcing body is preegarsed4ang?
mechani cal 15 tunbling. 12. The belt as in claim1l, wherein each of said
grooves further conprises a |lower portion describing a conplex shape
havi ng a crown. 180 TBe Bhétbelst iasciaisl abin dRerwhar ehd eagheendkess | oad

carrier is subigcted to congression in each groove. 14. The belt as in
claim 13, GheVer¥ thReBBApPesstaRntes WokPr fsBsoFkdGERRETLABEWREENLEF t he

endl ess mepBer cbin8a@BntANLOAY@HDY %enéﬂwe“hehBeEhSeBEQ?EiBE 5%to 15%of a
t hi ckness of the endl ess nenber. 15. The belt as in claim9 wherein the

center of 30 gravity is located in a block upper quadrant. 18 WD 01/86169

PCT/ US01/ 40682 6. e t _as.in_clai 5, erein the center of gravity
is no?—coincide% élT&Ftﬁggkbﬁoc%ncgg?épr?%e YHRTPL" ﬁg? 88?28Fd8£tal with a
tensile negbevicenierhbbeeqhidiistihe betlheas bho6kakiuds, owher iaxt be
center of gravity is not equidistant between bl ock sides on a y-axis. 19
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