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have teeth which cut the ri ght - hand edges of the
gr bbdessare removably coupled or mounted about the peripheral portion of each tool

body. For example, a tool body which is approximately six to twelve inches {about

25 15to 31 cm) in diameter may have four sets of three cutter blades per set peripherally
spaced about each tool body. Each blade set will typically include a left-hand cutter
blade, a right-hand cutter blade and a raker blade. These designations lefi-hand and
right-hand are used herein for convenience in distinguishing the blades. The left-hand
and right-hand blades have cutting edges provided with outwardly extending teeth

30  which form the grooves in the drive belt surface. The raker blade, which typically
follows the left-hand and right-hand cutter blades, cuts the flats between the grooves.
The left-hand cutter blades have teeth which cut the left-hand edges of the grooves
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‘be provided with one or more axially extending protuberances associated with each

set of cutter blades on one of its side faces. Such protuberances engage into such
30  recesses to position adjacent tool bodies to align and orient the cutter blades on the
tool bodies.
The present invention comprises removable blades, each of which has

novel and unique features as discussed above. It is contemplated that such blades will
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In an embodiment where the raker function is incorporated in the left-
hand and right-hand cutter blades, such cutter blades may have a hook angle in the

range of 10-30 degrees.

30 BRIEF DESCRIPTION OF THE DRAWINGS
The detailed description particularly refers to the accompanying
figures in which:

Fig. 1A is a side view of an end cutter tool;



Fig. 1Cis a roll-out view of a single cutter tool of
Figs. 1A-B, showing the alignnent of the cutter

whbadassoas if the cutter tool was rolled out; PCOUSZDI016600
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is aroll-out view of another cutter tool simlar to
that of Fig. 5 1 C, showing the alignnent of the
cutter blades as if the cutt®er tool was rolled out :

Fig. 1E is an elevation view of a plurality of cutter
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is an el evatef 1§n113i1%wog O Ve ?fﬂ{j’ﬂéeﬂﬁléttgfto‘gl simgpt to fhat 9f Fig.
C UIG,%howﬁigﬂﬁ@ aligringent 8EtHeTuRet BARNAL iQRe YRt vs rolled out;
cutting edge of an alternative cutter blade; 15 Fig.

2D shows a shigellyisen edévabior vismbold pleraityodf cutteutoobsrand one end

bl ade havyi tapered trailing surface: Fig.

o6 R pEes 1 BOR S ne B ot Bty ety Sifog 1ot by the
bl cugter blaaes dida subkige ke istsuBjebicdgo Herdubechladidsg. 2F is a
perspective view of a plurality of cutter tools and

one end 20 Kigo?Aisancalexdtian viaw gfrmetrting eigeef adpfithand eutter
Vi .of various cutter blades; Figs. 3F-K are views
of "vari ous wedges used to engage the cutter bl ades;
Fig. 3L is @aFigi 2Risvnastevation vicut 6 cutivgd ¢dgedF afright-haid cutter
Is a side viewof a cutter tool; Fig. 4A1s an
el®i on view of an attack face of a ri ght - hand
cutter bladg, Jth g j - ' ' .
Crai 11 ng facasore P risfiof ick) Ehlat gEicah sflempive outtr
4/4la®) Fig. 4Cis an elevation view of an attack face
of a left-hand cutter hlade; Fig. 4D is an el evation ,
view of a trdpfi ﬁﬁéh‘f"?caes%‘? VIFWé’fjlog‘Ftelrgﬁﬂlﬂn%P %Putteélbgéé having
ofa fEp&ed AlinYCudRtQ4/ 106016 PCT/ US2004/ 016600 -5
Fig. 2E shows a side view of another embodiment of a cutter blade
having a tapered trailing surface;
Fig. 2F is a perspective view of a plurality of cutter tools and one end
tool in coaxial alignment;
Figs. 3A-E are views of various cutter blades;

Figs. 3F-K are views of various wedges used to engage the cutter

blades;

Fig. 3L is a side view of a cutter tool,

Fig. 3M is a side view of a cutter tool;

Fig. 4A is an elevation view of an attack face of a right-hand cutter
blade;

Fig. 4B is an elevation view of a trailing face of the right-hand cutter
blade of Fig. 4A,;

Fig. 4C is an elevation view of an attack face of a left-hand cutter
blade;

Fig. 4D is an elevation view of a trailing face of the left-hand cutter
blade of Fig. 4C;



Fig. 5is an elevation view of a portion of an
al ternative enbodinent for a cutter tool; Fig. 6
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formed with the conbination of the |eft-hand and
right-hand cutter blades; 5 Fig. 7 shows a
cross-sectional view of a |eft-hand and right-hand
cutter blade as they formgrooves in the substrate; .
Fig. 8A showkiga’ rSaa@eeﬁeV@Fla@ giejheipargon of Hralfrpativg eppodiment
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plurality ofFigu3B showsontuiten blafle mithdeath foyansasiithl thg raker blade of
%grg% on an arbor 11. Cutter tools 12, while
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14 to a subgigr &t ehdvs e coHkity ifwHieH R bladeh 6f SANREH BBLALe to be
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with an engi ) .
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As can be seen in Figs. 3A-E, blades 14 are generally
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t cwimprisesiy plupglity nficwisptesils B2 foirmed taabriaxsabyoaligned de an arbor 11.
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C Wub8tFaté RbeScut dr Fotmeethe SifbsM¥le 200472089 bing a flexible composite
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profiled material belt for use in driving components associated with an engine or
motor (not shown).

Cutter tools 12 each have axially spaced apart, radially extending side
faces 16, 18, as can be seen in Figs. 1C-D. Each cutter tool also has an outer
peripheral portion 20 configured to receive and hold a plurality of replaceable blades
14 peripherally spaced about the peripheral portion 20, as can be seen in Figs. 1A-D.
As can be seen in Figs. 3A-E, blades 14 are generally flat and have a front side 22, a
back side 24 (seen in Figs. 2D and 2E), a cutting edge 26 to extend outwardly from
the tool body 12, a base edge 28 opposite to the cutting edge 26 to extend into the tool
body 12, and opposite first and second side edges 30, 32 between cutting edge 26 and

base edge 28. The blades are illustratively oriented on the cutter tools 12 in sets of



three in order to cut V-shaped grooves and fl at
surfaces on a drive belt. Aleft-hand cutter bl ade 36

w0 goopnaspieled for cutting a left side of a V-she@BUS2004/016600
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groove, a right-hand cutter blade 34 is provided for
cutting a right side of the V-shaped groove, and a
raker blade 38 is provided-§-or creating a flat

surface on the Sfaks of the grooves on the 5 driyv
bethtee UAﬁfdéF fociih Sf-Ehagd EE0VE) dellal Suidases BB st Delt Arfefi-hand

erWubb0ha S SUESOILPE cul 108 HELPAY, e SARE A58
actdnttbr biaaé 34 pwrpvidéd foe ctitiag la ripht kide of therV-shaped @vocde, and a raker

inal groove in the drive belt, the final groove
:‘kgi’f;ef 3f ST OF Fgating ¢ datsuriaceenthe peps ofithe &rayes on the
f rd%Wet R NACERMatSURRE Bﬁh@ﬂ?@&?’@ﬁ fed olioa.ngﬁﬁg&fl 4g°@és§nbed
their associated cutte ade
( cﬁarth@dtemzel $sohiablescen4) Fepse2C bhdi3€Cy alternasé yutfen biveld 48rhds an
ed in the fol ht- hand .cutt er
o) BRSO Gte Bt iR Sur B piodhte 460 At eldipieaniy ve bett
r ech@ ﬁﬁﬂcg@omrsagﬁ wnerg 'tlﬂa dria@)be![t%h&ﬁlﬁ\b% chpaxraayﬂ £6Mh the excess
b axial line (such l[ine in a plane
sirdtepiatetiels t he aX| s of t he tooI body and ext ends

I?S'h?' ning CORtoroalt batf Bt Bt Qb d s neSas ve

b %bllecﬁﬁ&?‘blaﬂ%@ 14pdre flhdtratdel dy?lfbrﬁllé@ AKX bR gRd 1® t}iéqgll@@mg
an t-hand cutter blades 36 are angl ed

shiors ORigh-handarttopblagdes 3¢ ase aiyen @ébeqr@nglﬁéa&jlﬂﬂméteé bt
Raqjéfetré' %F ‘ﬁlél'nge 3 111%30@ r@laﬂ%’fooﬁ(f W@&dﬂlﬁqﬁn %8 é%ﬂ:glaqme falls

are ori ent e
( agalmanelvlrﬂlclsmbaidley&ie)axﬁ of&‘bhedtegrlaﬁyamgleebendefaatdll\ye)ut\@ardly
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prizes d%e@m%wﬂb%hthﬁ ﬁléh‘i hffr@sCﬂlFtart ble%esé&gqr%pxe:s,etﬁ@i to the drive belt
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degrees 1I's possi However erst oo
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the cutting edge of raker bl ades 38. WD 2004/ 106016
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edge, as can be seen in Figs. 1A-B. (Due to the shear of raker blade 38, the trailing
side edge of raker blades 38 may have an approximate 20 degree hook angle.) The
hook angle may range between 10-30 degrees, however. The positive hook angle

creates an angle of attack for the cutting edge of raker blades 38.



38 is inclined to accommpdate the hook and orientation
of the raker blade 38 on the cutter tool 12. An

WO bdowgogoas i ve tooth or blade is shown in each PET/BEZP84/016600
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2D and 2E, the 5 blade having a front side 22, a back
side 24, and a cutting edge 26. Cutting edge 26
|IIustrat|ver has a tapered/-trailing surface 56
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150@amusk ﬁr1¢timnsfrman'uhlseng/01$b1@de L4 dvanwthe 20OitEAg process, and
Event ual |

- TraRe Y Bt dp St <P re e dFo Bl B havkfylifient swengtn

beiﬁféuﬂﬁ‘g%ﬂgé P& dhdrBftie Aile SRsYidedls 1hfge Ghbgth tb&dhh@%ithe requisite
the cutting edge 26 is al so kept sharper when

sriilength ng defos@ntle@g@ nsecnf cyRingredn 26 Begardesy %f the argle 58
onus% tﬁOIW% cr, 9 %%a éﬁv&%n qy Lﬁt} é’d,l (92[&1@%%%685 lv%ar

el BSToltery & &Ubstra Feti'a |ng

C agvefiiuallyieading @b maxe dull tieng b&’gem&‘t\h&rhts alsﬁwaﬁh &g a dlstance X, as
results such as nelted vinyl or synthetic rubber.

haggnbeatustigyey sends Figra Dl Eh@f‘éﬁ”%s‘{chéfcé‘ﬁ%‘ala%l‘? pyill need

t the "included tip angle”) that falls within
18%d p ang
ﬂgb?aﬁ)e of 35 - 45 degrees gives an optimal bal ance
of cutting ecdgeevestdueimgtihe waarrpr«malss fir has hieemdetermained that not only

o a5k B Ry o G G R 5 e e s
An(shéﬂ éé%h&@h '11YF1§ehE%ﬁtds9c[‘oﬂblﬁﬁh§Edg"e%6t amla{ adasg dbbeSand

shown I n Fi gs can be seen each
t osnmﬂalb@aatmmgmcmﬂ)steate latat@l3 4 shap cirthing gdgscan pinimedeihegt, and

of _ hi rofile teeth. 60. .The h-pr.ofi | teet

c ohPieBuPEe g Gelea e Sty ignelig i g yptgtEipyfhd hes been
Oof 4Rer¥riSdIARRINHLERVER. (réFerr6Ed R e SHEHs thD “fncHided ﬁp ah$1e”) that
cutter blades 34, 36 are 30 aligned such that a drive

befatls pithinthe rage 0§32 utS dngrpWegwmeqptlmal belangs of cutting edge

oL pipi B HRRA i EngbL B1poBliRo8, 14e1EBE R0 BliEes has

| Oscah Bl RIcedstey antRAffachiedembbdiarhed on the base
edge 28 of the cutter blade 14 and one | gcati.ng

pr ot uber anceArdlusgativcelewHon viey of Gteviladesoldis Sbeyysin Figs. 3A-
PE/ W52 2064 Qe]eg,(se%gh too%h—beanng cutter blade 34, 36 includes a plurality of high-

profile teeth 60. The high-profile teeth are configured to cut either a right-side or a
left-side of a V-shaped groove. As can be seen in Fig. 1E, the cutter blades 34, 36 are
aligned such that a drive belt pattern 64 is cut on the rubber drive belt material.
Illustratively, cutter blades 14 each also have three locating
protuberances, of which two locating protuberances 66, 68 are located on the base

edge 28 of the cutter blade 14 and one locating protuberance 70 is located on a side



edge 32 of the cutter blade 14, as can be seen in Fig.
3A. The locating protuberance 70 is illustratively

wo oo aboiiey notch 72, however, it shoul d be undereEHUSHA4/016600
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that other positions for |ocating protuberance 70 are
within the scope of the disclosure. Notch 72 is
formed in each cutter blade-84 in order to receive the

head of positioni ng screw 5 74. Cutter bl ades 14
f urderd? afthesiticabladel s aswen beleconwd FigeBai nldre laeatiag prauberance

t hm}egﬁéfgr méélp fﬂ)@{ ﬁglé{ciggfz [ gﬁ%st ra %&gﬁ/&gﬁg SH) g that other

C Optmﬁtofmts ifelowdtinig pmttlbﬁandeom ard Fithanitie wagpge§ze disclosure. Notch
ustratlvely si zed far gooperatlon with end too

42 2 pdereed igactpntignblagfdft in HehOd e veia Reahef Ragitioning screw
d e £ HRRM bizHlIEg ﬁ]f s al lﬁl\é’tr?i e)ﬁ?ﬁfﬁdfa Q05 Pet%(ljlﬁer hol?s 763tylato1}1ate with

ustrati or med a right side ang
a Ibrejebtlomsl Rewdnmjpl ext@@. frdm WeklgeerOg R2.- M&ge 801tg ié]lusﬂndtmégf sized for

FresPeRBoB R Bt b atyedes 5 6 Nty R Sopgaton

degfigend RREALIW gésfaﬁ 82 (ah& kil MEhb@ of MBustirfiSis a@s&ifbed further
the bl ade). Therefore, when right-hand cutter bl ade

34bd@WnDunted with the above-described 15 degree

wih traiti nparreitsridh Bmithmye atid) Mg ghee 57 or aten

Si §lge a nA@lms Al the ngmtﬁandfwﬁgr 16dd Bf sHekvade ;Flgfs R®Vhd 1eft side angles
has r|§@d§S|de angl es (as vi ewed rom t he

ek viswedilvan Biechieh OB ek 35 a0 f@l@gfrdef@ haype pRdogree tapercd
0
o BARE LAY 1 18 5108 2b O b Wity Greble AR b i brace

mo3dis esbuntddnwish fife alegs-e&scribe By degr&li&ﬂﬁbzy tHeQsubteriglade\rms a lead
trailing surfaces with 15 degree effective side

c| @itingedge grith trylipg stagpyiel 1 dagres %%qsvawc @@% .t Qymilarly, left-
bl 1?3?10 Q%uttdr £cf‘e SRHH 1‘2{%1%’ . lﬂa% ﬁgtc]itt é?? gﬂ% (h@vﬁa{%d 8m the back of

W ng ashlon tter positione
adqhabl:*aﬂb) 3 with g8 08 gleo rtamédesunme @telatmeutotthe side ddef 4 blade).

a5 ea TGRSR Sl Ha CHO P o be B §13 degroe
3 Bhear {Hei’b%tyrt@ltrhl‘ﬁg k¥o R HEhQR Sy 814 &’éﬁ%e‘ é?féc‘a% ﬁﬁe @Earance on

additional “safety measur€ to retal n bl ades 14,
cwacksideool 12 during use. Cutter bI ades 14 40 and
t heir associ t hen posi

t d 8 82 t
the  appr opriargeERAE R NEr 184S e S pleRRpls 12'n the

1ApRowihg¥asisn. rﬁtcattélﬂﬂacfd?ﬂﬁé/ 88tibged ddicemdered 80t(%r alternative
respective threaded hole 90 FVISIb|e In Fig.

er@fé@ebhad@é%t& nositigned acbamtjwségee%?d ﬁucwbef&ig@remum@tzs 7 8 extend

SRR L T IR ARG, St ¥

s| gpaddaienalt A dy mama@ﬁefam Blad&r14, 30 68'u%d tb&l 12 during use.
further threaded into threaded hole 90, screw head 92

c aiatées bleday b4.80 avd theipasserintad pedgesside 82 areghertieositiongd in the

womB PR e SO ot g AR PACRELokeR Kty 58 i

threaded in its respective threaded hole 90 (visible in Fig. 3M) to engage indention 84
formed in each wedge 80, 82. Screw head 92 (visible in dashed lines in Fig. 3M) and
indention 84 are illustratively correspondingly sloped such that as wedge retainer
screw 88 is further threaded into threaded hole 90, screw head 92 causes wedge 80 or
82 to further secure blade 14 or 40 in channel 86. Blade 14 or 40 is properly secured



and in radial alignment in channel 86 when | ocating
pr ot uberances 66, 68 on base edge 28 of cutter bl ade

wa 2008106006 cont act the bottom surface of channePCBES2008€16600
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axi al alignnent of cutter blades 14, 40 is
illustratively achieved in the follomnng fashi on.
After cutter blade 14 or 40-9s in its respective bl ade
channel 5 86, a p05|t|on|n screw 74 is threaded into

a 30918 arfiel aligneentin shamst 8& pien fosaliag ntubegnces 66; éfﬂ toifbase
7
ab%gs 28 it Shier il 1ASRA0XEn0E: BE BRI Sl
Cut ter blad GTHﬁanIﬂ alignmsnttdfentt@rdsades 0040 ﬂXII@tﬂaﬁvﬂ? achieved in
uired to % t he cutb&)él}n teethlnthe desired

it & fol{oyvipg Gshiog- PHter £t de 4 PAPE4s MeisHgeraciigg blade channel
d
o, apReitifRE bR/ A Hteded 6" htnBQERFG bil bl Brlige faces 16, 18
amftesttpotedl 1 2omitn gheslnnad\%Mpossitiemiag yerswtMi abgtstlbentthg tpogtiberance

ot tiatscia et cufer BRes EPEM § §§ ey Ilgflﬁ 3P, st pecgieed t
ardigh tHd sk Reg h'tl%‘&‘éﬂlrédlﬁﬁ‘ckt RFofilReNe ﬂé%h@l'elc}énﬁgéﬁe matenal as

each other to forma single rotating cutter asSe
10lesiged. cAnetrsreyedhisi theﬁhg@dedmt@mommsﬂe Ifaca d6r 88 oﬁ/ceitw tool 12

° e i sb BB gRoikiSuihE B 14 by e o s P o nagitioning

|rgcrg“he4fol | owt ng fashion. Each cutter tool 12 has two

side faces 16, 18. End tool 42 also has two side
faces 17, 19llugitivaly, petes gacds 1 cam hpscoaxially aligned, onengiaft or
f 0
i Oagﬁor g)a%fih%alggig% ?Légl‘dg? ltﬁ gﬂa%atllafl eargﬁt éa%ﬁ %Eﬁée? gon%)es nagséngle rotating

r emessaseibly, 1OQﬁs Gmtbe sfaﬁr i gd. hEr@de ediratiséllyedutter tools 12
tooI 12 are % ned in a glgng such 20 as that seen in

Fi %% Toriped shch B, they,eam iptedletipBithraesotber, He igieriapl heing formed in
I |a€ B%vlﬂgpdsﬁfﬁnaﬂac}?ait%¥ Rol92 'ﬁ#é X Zslﬁégfl}%%sllgq, ilg.ﬂ %ﬁ?yol 42 also

|nter ock e two cutter tools
i has bwaoiside éadevé’v,yl%as' endedesuthFigh dtA ald ghnBadh ddeface 16, 17,

S RRERE SHE e VoL ord 51 B s soham Bl DA 95

CUYbdeREest100! orldih ARmed@therdlE. Wﬁsﬂchﬂeﬁbgls 13Fare dihed in a gang such
staggered helical alignment of blades 14 creates an

ops ithedlsec@Sn digst &F and SEndvicky prcEmebrwcds 98 2ligrawith mbogswemé 00 of an

e.f.ace 17 wit be ances .. Jecesses ..

oingPe Bt 159 Bty rPHRE BTG Sptitets 481 Sidh plignment
i |1§ Llﬁfsfréﬁve‘llyeérl/angé&l BisdhaRit a%%hﬁﬁeﬁﬂ cah oﬁ idvB& when blades 14 are
addi tional tooling of the side face i s not

nde Ewesdesiyed glignmenbrglativiedo thedvadss dd@f thwdwmmg ctitierttopl 12, as can

s BEIE e Podti B BRuEH S bifiny 42 o B L4 SBhyst tn Bptimal
Wichftedssablgnd tool 42. In another enbodiment, a

single cutter tool 12 could be used, w thout the
conbi nat i on T teelfierhas aplyeanersists facel I witipeshaaratuberaaces 98,

P%Jeys%gqgé,/ SH8EPOrhe dfier side face 19 of end tool 42 is illustratively

substantially flat because the additional tooling of the side face 17 is not necessary. It

should be understood, however, that it is not necessary to use an end tool 42, and that
a plurality of cutter tools 12 could be engaged together without an end tool 42.
In another embodiment, a single cutter tool 12 could be used, without

the combination of other cutter tools 12.



[llustratively, when four sets of three cutter bl ades
14 each are spaced about each cutter tool 12, cutter

wo o@ka06b26 can only align with an adjacent cuttRCT/USN4/016600
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12 in one of four positions in order to acconplish
the staggered helical alignment goal discussed above.
However, it shoul d be underdfood that the present
invention is not 5 limted to this enbodi nent, and

ot her al i gnnidlstrativelyorhem far seip of thies Gusiss blades 14 edsh gre spaced
" i . e

" DEe0R 00 9, SEIASANEL Ly ML SRR Rl oo 1
i risoeadf fifur pesitions intohdee ¢o acsuniplishntherstpdered hklieL ulighment goal
utj.lize a |l eft-hand cutter blade and a right-hand

cutitcassediahaee- e et ihehquid ke undesyiend thptihe Preset ipyentipmg is not
Ot Rkedb (A ehib®dfmtint Bnd BhiRH Qﬁgguﬂént SYREL ARG i kREions are within
bl ades, could be configured t© cut the outer i anmeter

f Ithe scope phtheglidpdasuzt e. An il lustrative set of cutter

bl ad 102, 104 ar. h in Figs. 4A-D..Cutter. bl ade
105 15 ari dhis WA R eoes obfedisCBintdo R Hsbrar tpguler

atlarek ifsted oFQ&s bFitgee. 1% %ﬁ‘ dmtBeintenbd 18 9iifiAc £1eHAind cutter

(Fig. 4B). Cutter bl ade is a left-hand cutter

bIbdasle anH @vght-hend piten biade and nefaitilize e saket bladki @neHChhe other of

and t Llin 5. fac Fig...4D). .Each cutter

o el i o R R B e g e o « Bl outer

( rieaneet flneif Yie subshite dAaankheed et of cithe bikdad €021 Q84 are shown
104. Illustratively, in the two-blade enbodi nent for

a e figsefAtldof uiterdladeoldR if arighigeandzpuiter plads shorig: from both the
oSLbACES: 196 A0 AOPLTge P TRIY 1) S Biae 10414

r ésfphaid sietey bladd shdwnfbmatolly thleattacitifaben 10 (FEgesC)1dd the trailing
104 are npunted on cutter tool 118 at a positive rake
antfcel Igf(Fatiden 10-20 degrees, as can be seen in Fig.

5. In the iﬂa!cﬁgﬁﬁ&tﬂlé’(ﬁ 199 ”fdﬂ&ﬁfs%fltﬂ@} su?fia?:(eslgﬁtl} gg%?gsﬁ)ectively)

cutter blades 104 are nounted in a natin

wibehingd iexclr fogtit ofthebladeli 621106) Hilstrati@2y,dn the tsiorlghde embodiment
cutter ftool 118, O .cqurs as,. di scussed ve, a

C b £edep S S5 ahowh of Blgh o 1 B e Bk J 06 4 pmited at

t QpploRBhateld A sRicgfoes RelANA td trhilind$hdRt165 1S, FRPASKlyN

V\h?gﬂﬁ cugttflé,r bl ad_eg 102, 104 1cgt grooves’ | nﬁa oy
substrat e 13Uystsitizelyacntictiblodes. 102} 1 Orsane amdungddygn utter tool 118 at

| eft-hand .cutter bl ade uts a |ef roave, syrface

1 3505 R Pl otheirandn a0 tse 2.5 be Ay Tic o db e

Ofi 1 ustha 1PN drpudedfon 2dix |dFENMQHFerS§ddsA08 lard/mmBWhtsd BVl tdrihting
Fig. 7. Aright-hand cutter blade 102 cuts a right

giesbioa wiih sizgight-handaentier bladeseld2i an 4 siegls gnierdpelddiSi 63 course, as

o oS Upah, Epryk SR Rkl PR et Bl .

cl earance 132g£Kiagll 9 ibedrerahe tdagnériawhidhoc@@eBlades 02f 104 cut
the bl ade and the opposing.  grogve surface 122,

b&r¥en1n Hsubisgate 180,534eh 73 ruplpyrp dbustratizely 62 left-l%and c?ltstercbalgde 104

PGl Y32l %14({0% Q6%%e 123%s it moves in the direction 124, leaving a groove of
dimension 126 at the cross-sectional view shown in Fig. 7. A right-hand cutter blade
102 cuts a right groove surface 128 as it moves in the same direction 124, leaving a
groove of a dimension 130 that is slightly larger than dimension 126. Illustratively, a
clearance 132 exists between the trailing edge 134 of the blade and the opposing

groove surface 122, as can be seen in Figs. 6 and 7.



In the illustrative enbodi nent shown in Fig. 6, the
outer dianmeter (O D.) flat 136 of the substrate 120

wo googhegeel and cut by raker portions 138 on bl BdBEES2004/016600
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102, 104 (also visible in Figs. 4A-D). It is within

the scope of the disclosure to utilize a dianond or
other 5 hard surface materildt enbedded fi ni shing

cutter (not shomnz that finish grinds any substrate
surface for WheHlustrabi sabedimentshewn i1 Rigs6, the outer diameter

desi L ; e
S5 50 3 DL DEBPLARL BB Bl D LGl 135 on b
pl 102al 04 galsef vikibe iniFigsedA-But t ers descri bed herein to
all ow for highly. productive_conbi pati on of. the,

cutt?%g andI F%%gﬁmﬁﬁgﬁpé%egéﬁgﬁk u%HBPHL?e%BEﬂBEéWYOHWI
f H i A - i - .

fard! SirBfbe Mt ,meble@&%sﬁrﬁéh?ﬁ% %d%gg g‘g’;‘ gft?%@gEéetrﬁ]@g%%ds any

cutting blades with teeth) w
i ssubstoatesurfackifgswhigihadindified sunfase findsh év deafrbdielt will be appreciated

caopbi nat i.on, a raker bl ad 50 is assaciated wt ach

e e B finfihg Shisc Boia b yp TR EHIPTSHEL p Rl Of the

bliaster mdreRGbrBdddteteih angiowHich hihPhRE8etivie®mbination of the

illTustrative cutting blade being indicated at 151.

Bowingradrfaidingpredessas0 and the cutter bl ade 15 151

are provi ded, W openings simlar t h eni.ng ., 7.6
Al%thcg} ﬁp&oa‘f’]ﬁ gor using cur Blgrbﬁ?‘)ci?é ﬁ?ﬁg}anfl d right-hand

di scussed previous

I cdultinls Bladds with ety ke depirdt rik@f bREEY Blshyws REERE. $LBDL In this
openings as_jndicated at 152 in Fig. 8C_In this _
erAbsHaHER combigations arpker bladg d £9 it associatpd withicaeh cytingjblade, i.e.,
150-.4 i ) . e i .

1300 5oL 8000 050 300 B85 BLPRR RS e
sioutirgrblade tidieg priRvicdus I y1. dBsh tisselenwiade] BandntBe titeer blade
20 screw 192 is sim]ar tq the previously. discussed
scPdwreprovided wyith onsaings sipler f 1By opering 76 Hiscyssad aravipysly. The

. . . . y _
L
dexs aunditrtel] #d2en Fih&Cadj tss embodiseneas cléady ilkissateil | the raker

tq.t cr 74 discussed, preyiously. I.n

e s it Bt S MR pROEY S0l ek s wedaeniso and
t herehd 325 RRINMERR 180%s SLPAVRIhdRSbu i&%s‘éﬁ%é@ﬂée 8B%nd the
25 teeth in the cutter blade 151. WO 2004/ 106016

PGTewSER04 sl 00 the-proviowlyibissed screvhPAdE wWillibewrppreciated that

cuttin rogved face.of a .drive belt,, the | ade
oy 8 B g B 18 cn B e M Bt Y FE LT BB e blade
haysil Ag: sontitial BlngBiothen thXth@l 18Ydes&ilsdaabede. aPRE ddjustment screw
radi al |y extendi ng side faces, and an outer peripheral

pdr/tiibsimdlentd hapaawt’d disseesed ereviaishol o the phbedimentofdtigs. 8A-
bl j t (L pheral

oS fARE RS 230 AP A TR en R B LEV Rl are ormed by the
f et irsthd @utte Y&k 53i de, a cutting edge to extend
outwardly fromthe tool body, a base edge opposite to

the cutting edge to




extend into the tool body, and opposite first and
second si de edges between the 10 cutting edge and base

wedge/106d16 The bl ade of claim 1, wherein the bl BOBEURAS4/016600
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three spaced apart |ocating protuberances to engage
and | ocate the blade on the _tool body, at |east one
pr ot uberance bei ng on the bade edge and at |east one

pr@ﬁ%ﬂggance bei ng on one of the side edges. 15 3.
Th e of claim2, wherein two protuberances are

spaced apart on the base edge. 4. The bl ade of claim

2, wherein a notch is forned on the side edge with

the protuberance. 5. The blade of claim1, further

conpri si ng a-wedg biadafferpse dticuting 2 graovgd faseardd duivk belt, the

t l.ade agai th uter peripheral., portion o he .

¢ QAR ARV B ARG EST G ine shpliite, axally
hapacd dlpm&tdié;l[}eeﬂ’d@id@ng di@s feeh, bheuebiteApetiphbRl PERBR configured
has at [east one projection forned to extend into the

hdp &cceive anf dold apfarabity ef tladas peripharally sigcediehaut Sreateripheral
bl ' r ri | .
RS A AR RpeRR T8 Pl BB PORATHIY g e
bad y:xlanﬂ oatwapdly fimini thy t@cﬂ#@d}l,h&m l?ﬂsﬁé?eﬂﬁip@sﬂtdﬁtoﬁ%le Slgﬁﬁg Gcgge to
[ . 8...T
cree o b o] by mRLePRSF IR 81 ek Hila adges betwoen the
c oS nd cutter blade, a right-hand
c%??gi 8?%%‘2‘?1’%%36%% aker bl ade, the left-hand and

right-hand Qutt erThelbdaieofeihn lhaherein ihedblaistias dgeegmeed apart
formed with a 30 plurality of spaced apart cuytting
t dRdiRg Brordiae By e ahigcass Fod s o i el ey bloast one

blpsiab&aNdcnid brPBe Badcdb0 M i 1848 of?@%ﬁﬁ'ﬁﬁﬁrefﬂa@ being on one of the
grooves. WD 2004/106016 PCT/ US2004/ 016600 -13 9. Tﬁe

bisigeedlgest cl ai m 8, wherein the |l eft-hand cutter bl ade

and the right-hand.cutter. bl ade,are unt abl e on the
Fo0l body Sciah 1 Rohe taaele? Plait 20 S, (R B Ao Gl aced
e%FErtbhﬂ{Hbab@ gcutter blade defines a shear angle
relative to a plane which includes the axis of the

tool body add extléwdadesdiclaim, whetssy aihgtich isolermedon the side

axi : . | ades of claim9, wherein the shear
a)r%sgeew?%h%p%ggl%%g?égly 15 degrees. 11. The bl ades of

claim9, whéreinThaolaleedclagnd| firiher tdnphiing aR@age &nfigured to
10- 20 degrees. 12. The bl ades of claim9,, erein the
| @pgagqélﬁg heldh the plagde agrinst faequter peripheral portion of the tool body.

6. The blade of claim 5, wherein the blade has at least one hole
formed therein and the wedge has at least one projection formed to extend into the
hole.

7. The blade of claim 1, with two additional blades to provide a
set of three peripherally spaced blades on the peripheral portion of the tool body and a
plurality of such blade sets to be spaced about the periphery of the tool body.

8. The blades of claim 7, with the three blades of each blade set
comprising a left-hand cutter blade, a right-hand cutter blade, and a raker blade, the
left-hand and right-hand cutter blades each having its cutting edge formed with a
plurality of spaced apart cutting teeth to form grooves in the drive belt, and the raker

blade having an edge to form flats between the grooves.



10 angle is opposite the right-hand cutter bl ade shear
angle. 13. The bl ades of claim8, wherein the

wo edota@ne and right-hand cutter bl ades are nmPURUSINE016600
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on the tool body such that they each define a
substantially zero-degree hook angle relative to a
tool body radial plane whi ¢ ncl udes the axis of the

t ool body. 14. T of, cl aim n th
raker bl ade bf eabhf Y@ esogcaﬁﬁén i‘BWeen I%I%Egali‘ gittepBlgge and
SUGB rikh@hankdicut&f b1AESard niRAtLRNG @Bic ted1 Bbity Sudhdhi efa&ﬁeft-hand

body radial plane which includes the axis of the
b (nwter blade irslodach nighehdnsl qugter bladhdefines ngheapfingle Ia@tlve to a plane

gt Py kR i e el hobeRdT s AR Siedghafes me mxis

of cl ai m 14,1osherpidbiedshs cRkRD, Bhads e ekeARELE id §pprox1mate1y

p05|t|ve such that the cutting edge of the raker
15&%@@ﬁted to the drive belt prror to any other

surface of the r r of cl.ai.m

wherein the ILlI adzh?esblp%eg :3 It:lg%né ?re?‘ tﬁg%?%ar aJi%letlshlel]ﬂ“le Tange

siafd OeX{gdegrdes.h a posi tioning screw 18. The bl ade of

claim17, further_caonprisi n]% a set screw config

to provide a2packBiedpadesof elgim Powhercinihe éef%b?@v@u“@gblade shear

a }M’r@r is forned in

theg%|1 ggp&{teﬁle%r%qt ?:%n%el ng B%:agn |%8tralgg to receive the
head of the 1rﬁosr tThertilades sﬁclenm 830h&0in thetfbhadeandfright-hand
IarmJl an diti rovi de a set

| ade tq of
C Bl arompyn Rl shdbeioateadiuet el ey cpmiedetie substantially
p i
el 8z bdchapgRaalugio Al SuRarh kit tho s o
t db¢ tdobbigdy. WO 2004/ 106016 PCT/ US2004/ 016600 -14 21.
The bl ades

t h. t d f
bl ade set 361 hpr | eﬁ’éadzfs plaing, gﬂ%ﬁ“ﬁ?ﬁ’fﬂt%? ¢ gl@dr—gaéeagh set is
risgbifmdhaden et boll askeh thitieddmies »maod a%lg relﬁt’l\Q:ITB ah@(‘;lq)ody

cutter blades each having its cutting formed wit
a rﬁﬁih@rlrrdmet\yhlélﬂ inghuies the axprenfithe tool bmy tlwétdmktaogkdxemg in the

t ive belt. 5 22. The bl ades of claim
Zfrlg%rg({%%re% eft hand cutter bl ade and the

r| ght hand a8t t erTHelbadliRs af Slaiii Wi tvilldréin @i Kidik dnel is body
such that each left-hand cutter bl ade and eac

r idgpoxHB#elydgidegreeh| ade defines a shear angle rel ative
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and extends radr y ou e axi
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bl 3 Iprl((j)re tSo any other surface of the raker blade.
17.  The blade of claim 1, wherein the blade is positioned relative to
the side edge with a positioning screw.
18. The blade of claim 17, further comprising a set screw
configured to provide a backstop for the positioning screw.
19.  The blade of claim 17, wherein a notch is formed in the blade,
the notch being configured to receive the head of the positioning screw.
20.  The blade of claim 1, with an additional blade to provide a set
of two peripherally spaced blades on the peripheral portion of the tool body and a

plurality of such blade sets to be spaced about the periphery of the tool body.
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conprising a left-hand cutter blade and a right-hand
cutter blade, the |left-hand _and right-hand cutter

bl ades each havi ng a cutting edge forned with a
plurality of_ spa

t tti teeth t
grooves in aWri vﬁh%}aﬁgrs of %E‘W?@gwﬂggh@c W@ol?léqq%rqgl 5#ch blade set
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bl ade defines a shear angle relative to a tool
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cl@biMed3, wherein each of the blade teeth is forned

to cut the entire OD. flat between that groove side
and t he adj @dent Tgreddades of glaim 2Rewhdrainidke tefi-lodndicutterdhlade and
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the axis of the tool body, the hook angle being in the
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grooves. 31.7The
r al€a0-20l degesehlook angle is p03|t|ve such that t he

cutting edge of the raker blade is presented to the
drive belt 26. Theblades of claim 24, wherein the left-hand cutter blade shear
angle is opposite the right-hand cutter blade shear angle.

27.  The blades of claim 23, wherein the left-hand and right-hand
cutter blades are mounted on the tool body such that they each define a substantially
zero-degree hook angle relative to a tool body radial plane which includes the axis of
the tool body.

28. The blades of claim 23, wherein each of the teeth on the left-
hand blades and right-hand blades is configured to form a side of the v-groove and at
least a portion of the belt O.D. flat between that groove side and the next adjacent

groove.



10 prior to any other surface of the raker blade. 32.
The bl ades of claim 23, wherein each bl ade has at
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bl ade-retaining projections. 33. The blades of claim
23, wherein each blade is forned to include three
spaced apart Iocatlng protuﬂ rances. 15 34. The bl ades

of claim 33, V\,here ch bl ade ha a. cutgi , )
base edge, ahll twd heplade Séégl% m 23y ﬁa%eaééggﬂwiﬁg%eﬂﬁw
t VR hOF B dud PPk 109D A1 BStwARRA thaP BR09E sﬁd@%n& 'tlféea 9 oove.

having the third | ocating protuberance. .  ades
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bl raage ofal (b3 tdiegreast Bienplrey blodd g€ cadhavt lades|fersing drecbelt O.D.

pr nating with the at [east one aperture.
8?%@5? V%1 ai m 23, wherein each blade is

gener aI ly flzt anthe hlagesaftla@nB0swHE AR rdlRE Kladk 60k angle is
the cutting e &F of each bl ade belng formed to have a
25°qsﬁafe|suﬁgth§h e gBingedge pisharakgnblangisoresentedity éradsive belt

ﬂﬁ'lofr%) by Sth8fsurfife of A8 r{iie?g%ﬁepf claim37, wherein

ang |s appr oxi mat e degrees. 39. A
pI urality of3xut tTlIIEgblhd)sSloS‘ cla@m 28, whsrgmctath bBidb @us atledst one
conmon rbo defl ng an axjs and a plural ity of
c L&ppavr%fa the &5swweaﬁmblééef%alwgwrmemons 30 each

tool conpri Sjsﬂg aTﬁé’l?lle(%Q)‘N 2135 n@h%e&%kﬁg adP?sf @g&l&‘i to

recei ving the arbor ext ending si
ahuotlhiathre gecddoapast locfatlagjpartebaraﬂcem bodi es when t hey
are on the bor

an .out er her aj ion taq
whi ch the cutter F‘Bﬁ‘%ﬂ%‘éesé’lf & aF%r?h%v‘ﬁ fffgm glahfﬂgailasmguttmg edge,
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each tool b et, of S
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| east one side face, the protuberances on the tool

bodi es engag9i5ng i Th@h‘@é%@@@n 83, wgrainesch blade hordileast one
V\ha?)@rtﬁl}%%‘? (T(H tﬁe g‘g)glsm b%[i] e&éheblgcﬁeg grblad%gr tagplg%wegge
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the cutting t7(.)OI ’lt“l% bvilefllc.les %f clalm 23 wherglln egch blade is generally flat and
has a front side and a back side, the cutting edge of each blade being formed to have a
trailing surface that is at an angle relative to the front side.

38.  The blades of claim 37, wherein the angle is approximately 40
degrees.

39. A plurality of cutting tools to be ganged together on a common
arbor defining an axis and a plurality of cutter blades removably coupled to each tool,
each tool comprising a tool body having a central bore for receiving the arbor, radially
extending side faces abutting side faces of adjacent tool bodies when they are on the
arbor, and an outer peripheral portion to which the cutter blades are removably

coupled, the cutter blades being arranged in sets of blades with a plurality of blade



41. The cutting tools of claim40, wherein the
positioning screw 10 mates with a screw hole forned
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tools of claim41l, wherein the screw hole is forned
in a non-recessed side face portion. 43. The cutting
tools of claim39, further dénprising an end tool,

the end tool having a plurality of end cutter bl ades
crgByigpased ebeut saeh togkbody, each teelhediidpvios forpach set of
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sets of 20 b4&d eSTlm ¢uttigg foblsrodliclaiy 30f cdvhprikdng fitr £ach blade a
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atcduBprgt one protuberance extending axially from at
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when th toal s anged on, the arbor. .45, The
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bl ades 25 def.i neTlge oMt tobRAF clasm W1 ewhereirt tha Berdw Mot i formed
defined by the cutter blades of the tools. 46. The

c ubtneg-Teenspasl Bde @PaPerion, wherein the end cutter

bl ades are nfi roQves.in

it fve bel ¢ sht actd GEhildtelRioK Sl 3ot Hoonlk SR phrlong tool,
eahb enf tobhbavigg 4 phieality ofitrideduttebbladesreniasalily Sbaifle@ thgteto.

and its pl urallty of spaced apart. cutting teeth each

has a right 440 SIP&QH\PP@%@@ Fplurplithel qieng tepl hasdesp haganged
hawj tAR i
e Merr ARG REE Lok b BGET I MAME blaled Il
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spaced apart cuttin ach_has a left side viewed
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the side edge o | ade. 48. The Dbl ade a| m
4°blades %hih(ﬂplufvéty @ﬁiﬂa@cﬁetsqmeph@aﬂf sizesd abait each tool body, each
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46.  The cutting tools of claim 44, wherein the end cutter blades are

configured to carve two cut grooves in a drive belt surface.

47.  The blades of claim 23 wherein each of the left-hand cutter
blades has a side edge and its plurality of spaced apart cutting teeth each has a right
side viewed from the back of the blade having a tapered beveled surfaces relative to
the side edge of the blade and wherein each of the right-hand cutter blades has a side
edge and its plurality of spaced apart cutting teeth each has a left side viewed from the
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viewed fromthe back of the blade which is beveled. 10
50. The bl ades of claim49 wherein the right side of
we@awh/1eitié i ng tooth on the |eft-hand cutter bPemi®sS2084/016600
bevel ed at approxi mately 30 degrees and wherein the
| eft side of each cutting tooth on the right-hand
cutter blade is beveled at approximtely 30 degrees.
51. The blade of claim1l wherein the cutting edge is
formed with a 15 plurality of teeth to cut side edges
of grooves in a drive belt, and in conbination with
the bl ade, a raker bl ade fo be inserted into the
rotary tool body against the blade forned with the

b@élwﬁhé bMdOhavigeh 'Ebpefeh%efrél&ﬁ 5\11'%%0@ 3'§laft195 i 9 sldedldge of the

bet ween t he grooves s of claimb51
bladapri sing a wedge to engage and hold the bl ade vvlth

teeth and ,the i.at ed.r.ak d i NS

peri pher aﬂ%porﬁiSﬁfad%OPcfl g‘f’o\% 1c§c§§€%p%@td shtfaces are
aﬂixagi@@at&g 30ld@bRe 2RI LIRS 1hisil cdfObf BRCHladef t - hand

cutter | ade and each right-hand cutter blade, a

raker bl ad@ t o The bladseef daim Sinbencheeani fithe b&h@w@uﬁ:
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ok 6h %Ma@rvﬂﬁb’l@fs beR8led 4nd Whereh afdsofahe AL HMRd 28 ter

corrprl Si n% a. wedge to hold each raker_ bl ade_ agai nst
blades isJergegdayidhycachaf dle phiraliy of auiting teash grgh haygng a left side

viewed from the back of the blade which is beveled.

50.  The blades of claim 49 wherein the right side of each cutting
tooth on the left-hand cutter blade is beveled at approximately 30 degrees and wherein
the left side of each cutting tooth on the right-hand cutter blade is beveled at
approximately 30 degrees.

51.  The blade of claim 1 wherein the cutting edge is formed with a
plurality of teeth to cut side edges of grooves in a drive belt, and in combination with
the blade, a raker blade to be inserted into the rotary tool body against the blade
formed with the plurality of teeth, the raker blade forming flats between the grooves.

52.  The blades of claim 51 comprising a wedge to engage and hold
the blade with teeth and the associated raker blade against the other peripheral portion
of the tool body.

53.  The blades of claim 23 comprising, for each lefi-hand cutter
blade and each right-hand cutter blade, a raker blade to be inserted into the outer
peripheral portion of the rotary tool against its associated cutter blade, the raker
blades to form the flats between the grooves.

54.  The blades of claims 53 comprising a wedge to hold each raker

blade against its associated cutter blade in the rotary tool.



