-1- METHOD OF MANUFACTURI NG A RUBBER SHEET FOR A POVNER TRANSM SSI ON BELT
AND A POAER TRANSM SSI ON BELT | NCORPORATI NG THE RUBBER SHEET BACKGROUND OF
| HE INVENTION 5 Field of the Invention The invention relates to power
transm ssion belts and, nore particularly, to a Method of rnanufacturing a
rubber sheet for incorporation into a power transm ssion belt and nade up
of at |east two different rubber conpositions which are conbi ned using an
extrusion process. 10 Background Art Short fibers are conmonly enbedded in
rubber to define conponent portions of power transm ssion belts. The fibers

Are.. typically orientegesmd batmAnet Lot engt hsriamrerrsairstrant i al |y paral | el .
To establish the oriergcd h®dvER TRANSVISIGN BELT ARDkNeBWERO M X fibers in a

non-cured rubber. 15rdhgsmsdien srot iNddrerORETING THEFRBRBR 36i€HT bet ween a pai r
of calendar rolls which are operated at different rotational speeds as is

typical of a rolled sheet fabrication process. The |length of the fibers
align with the rolling -2-

BACKGROUND OF THE INVENTION

5 Field of the Ihvention
The invention relaies ta power Hransmission belts and, more
particularly, 1o a melhod of manufacturing a rubber sheet fur incorporation
into a power transmission belt and made up of at least Two different rubber

compositions which are combined using an extrusion process.

10 Barckground Art
Short fihers are commonly embedded in robber o delioe
componenl portions of pawer transmission helts. The fibers are typically
oriented so that lheir lenglhs are substantiglly parallel, To eswablish the
orientaticn of the fibers, it is known o mix fibers in a non-cured rubber.
15 The rubber and fiber mix is then placed between a pair of calendar rolls
which are operated st different rotational speeds as is typical of a rolled

cheet fabrication proceese. The length of the fibers align with the rolling



direction for the resulting sheet, which can then be cut to dinensions to
fit around a nolding drum A plurality of these sheets are then overl apped
and |amnated to produce a conposite sheet with a thickness dictated by a
final desired belt configuration. The conposite sheet is then wapped
around a 5 nolding drum wth the length of the fibers oriented

w dt hwi se/axially of the drum preparat®dry to formng a power transm ssion
belt in conventional rnanner. Mre specifically, a V-ribbed belt or

raw edged V-belt may he conventionally formed by initially w[aqping one, or
a plurality of, deetensfopthe rgilingieet ANGhGRE ARTLE <At HUFFegeions oIl
cylindrically-shaped nolding drum A puﬂgion r ubber gqyer ﬂs innEurn wr apped
around the coverereehATECEEEre) ARYARY QPRI Shatts Fisdlen RYFEEPSEd ar ryi ng
menber Is spirally wapped against the cushion  rubber. Yo | oad
carrying nenber‘P@”ﬁHﬁégE ﬁ?§°Tﬁ°fﬁéﬁ?%Wﬁﬁﬁ?hmgﬁﬁéFS%%%%%V%gﬁ . The

relorm. In 1 ho SPEOPH N8 D deeroree-upBart il WS TREhE ol Chne

preform In the ﬁ? ayer my have a thickness

LS S e A S

above;desc_ibed_ ( _ 5 short fibers oriented _in
the wdthw se difecli ool {-CRtihbInRLE! Pt dichER fUicdemBhber whi ch

the preformis p?%gbéﬁﬁﬁr 0 'produce”i ndi vi dual power transm ssion belts.

manner.
Mora specifically, » V-ribbed belt or raw-edged V-beit inay he
canventionally formed by initially wrapping one, or a plurality of, sheeis of
10 cover [abric/canvas sround 3 cylindricslly-shaped molding drum. A cushion
rubber layer is in turn wrapped arcund the cover canvas sheet{s) after which
at least one lead carrying member 1s spirslly wrapped against thc cushion
rubber layer. The load cerrying member Is made commonly in the form ot
an elongate cord. The compreseion rubber layer is then wrapped in place
1B to complete a sleeve preform. |n the preform, the compressiun rubber layer
may have g thickness that ig mede up of three 1o four rolled sheets formed
by the above-described method, with the lengths of the short fibers ariented
in the widthwise direction, The resutting preform Is then rured, after which

the preform is processed to produee individual power transmissinn helts,



-3- To establish a consistent, parallel, orientation of the fibers, the

t hi ckness of the sheets nust be naintai ned bel ow a predeterm ned dinension,
which is normally significantly | ess than the end thickness of the
conpressi on rubber |ayer, or other layer into which the fibers are 5

i ncorporated. The conbining of the individual sheets to produce the desired
end thickness Inevitably adds tine and | abor rests to the manufacturing
process, that would otherw se not be encountered if the desired end

t hi ckness for the shoot could be achieved in a single step. One proposed
solution to this probl em Hassabbsh & neipteht paralis!, xoieatptidmefthe hdrs. tethaped
nol d/ di e t hrough which a rubber conposition, incorporating the fibers, can
be extruded, as sthinknessnof)phs-sbedty mwgdrec manteined)(balowy a prsdetstiridethas an
expansi on portion which is used to orient the l|engths of the fibers to
extend .in a circudifrersenivdliclds paoialy forietaatly (s then theand geipinesd ofithther and
outer peripheral nold surfaces which bound a flow 15 passage through which
the rubber conmposF¥TRIFSSI® EYRdR|dRir. Phethisl ByHadto WhFRdthe Wsst € bet ween an
inlet space_and an outl et space. The volune of the mddle space is |arger
than that of the PRIBPratEdscide cpHibivtgddbe dpvidyplaheets te grogucs 1he d5et¥%t space

is made | arger by a predeterm.ned amount t t he
g yend iciness Inevita%ly adrérg time an%algbor costs to the manufacturing

process, that would otherwise not be encountered il the desired end
thickness fer thc sheet could be achiaved in a single step.
One proposed solution to this problern has been to employ a
10 cylindrically-shaped mold/die through which a rubber composition,
incorporating the fibers, can be extruded, as shown in JP-B-9847, More
particularly, the mold hias an axpansion portion which is used to orient the
lengths of the fibers 1o exteml in a circumferential directian relative to
cyhndrical inner and outer peripheral mold suifaces which bound a flow
15 passage through whlch the rubber compusition is extruded. The mold has
a middie spacc between an inlet space and an outlet space. The volume of
the middle space is larger than that of the Inlet space. The rrnss-seclional
arca of the outlet epace is made larger by a predetermined amount than the

cross-zectional arca of the inlet epace. Tha width of the Inle1l portion of the



cross-sectional area of the inlet space. The width of the inlet portion of
the -4- flow passage is snmaller than that of the mddle portion, with the
width of the outlet portion being not greater then the width of the mddle
portion. As shown in JP-A-8-74936, it is also known to forma sheet froma
rubber conposition including short fibers using an expansion 5 nold/die and
an extruder which is located at an outl et portion thereof. The outl et
portion has V-shaped nol ding grooves. A cylindrically shaped, ribbed rubber

product is formed, which can be strategically cut to allow reconfiguration
thereof into a SHYEPAFSFEHS Sﬂfi?’“’r‘@g'ﬂlaﬁt%é]t%éﬁ'eipé’"h’)‘r Wéth tf"ﬁt"’é)cm":ﬁpconti nuous
sl eeve shape around a nol ding .drum cure nd timat el 10 .ground to
produce ribs, asthgﬁugﬂ\ﬁ?}'gbgﬁ”%@r“tqf%@ﬂ,}ﬂlﬁ'}]ﬂ'&?,W'é{"b%{ﬁ?? E‘d%(dé? Pg’/”'g't*'i cky
material, such as chloroprcnc rubper.i ed. t ke sh S_using the
convent i onal expansion(ﬂ%?nggHﬁngb@7ﬁ?ﬁé‘gff%fgg Wﬂggﬁgﬁbﬁﬁ%§?tion may

not fl ow snoothly agai nst he l.d .syrf.ace to hi gh j ci ent of
friction bet V\/eenfl{‘i"'fjlea r'd Béré° O(S:'oﬁ?)dg‘flfflg"(') Sﬁ%'g%fbﬁg H%P%I ag'ur‘a p;%gge'gs”'.] Thi s

condi ti on gay cayse . LOMNSILAG whls LIS LIRS S ERRRR ARG gRAr al i on. of

the fiber fromthe matrix rubber  an random nonuni istribution
of fibers therei SLtlJB@mEﬁﬁéﬂ \P-kﬁ'ﬁed molding yrooves. A cylindricelly shaped, ribbed

rubber product is formed, which can be strategically cut to allow

reconfiguration thereof into a sheet form. The resulting sheet is formed into

a continuous sleeve shape around a molding drum, cured, and ulhimately
10 grount tn praduce ribs, as on a V-ribbed belt.

Commeonly, & particularly sticky materisl, such as chloroprenc
rubber is used to makc sheets using the conventional expansion dic
tachnology. The sticky rubber composition may not flow simoothly against
the mold surfaces due {o a high coetticicnt of friction between the rubber

15 composition and the mold surfaces. This condition may cause a roughening
of the rubber surfaces and acparaticn of the fiber fram the matrix rubber
and/or a random, nonuniform distribution of fibers therein. The resulting

sheet may be of a sufficiently poor quality that it may not be practically



sheet may be of a Sufficiently poor quality that it may not be practically
-b- used, for exanple, in a conpression rubber |ayer of a power transm ssion
belt. SUMVARY OF THE INVENTION I n one form the invention is directed to a
met hod of 5 manufacturing a power transm ssion belt having a body with a
| ength and a cushion rubber layer in which at | east one | oad carrying
menber is enbedded so as to extend | endgi-hwi se of the body. The net hod
includes the steps of: extrusion nolding (a) a first rubber conposition
including rubber with short fibers therein a]nd ('112) a second s ubber

conposi tion that'*Fd [POSEAMRIE R ACOMRETSPR LY gy e A BREW E HRETEFTPdn t o
produce a first sﬂeet ill which the. second rubber conposition defines at
| east a part of ¥He cushi on rubber | ayer; applying the at |east one | oad
carrying nmenber to the second rubber conposition to produce a preform
assenbly; and processing the preform assenbly to produce a power

transm ssi on belguw‘%ﬂgno[gl?ﬁd,@\r,éﬂmége step of extrusion nolding a first
rubber conposition and a second rubber conposition involves extrusion

mol ding a second rubber ;,¢OJRORIH, Mo tiRANBRSS "ASAAT 1o Td RS d Rer ei n.

5 manufacturing a power transmission belt having a hnry with a length end
a cushion rubber layer in which of lesst ona load carrying member is
cmbadded so as to extend lengthwise of the bady. The method includes
the steps of: extrusion molding (a) a tirst rubber composilion including
rubber with short fibers therein and (bl 8 sccond rubber compuosition that is

10 different than the first rubber compaosition to produce a first sheet in which
the second rubber composition defines at least a part of the cushion rubber
layer; applying the at least one load carrying mer_nbcr to the second rubber
composition to praduce a prefonn assembly; and processging the preform
assembly to produce a power transmissiun belt.

15 In enc form, the step ul extrusion molding a first rubbar
composilion apnd a second rubber composilion involves extrusion molding

a second rubber compaosition that has no short fibers thergin,



-6- In one form the step of extrusion nolding a first rubber conposition
and a second rubber conposition involves extrusion nolding a first rubber
conposition and a second rubber conposition iii a cylindrically-shaped nold
with an inside peripheral surface and an outside 5 peripheral surface

bet ween which a fl ow passage having a dianeter Is defined with on expansion
portion with an inlet and a discharge pojt in which the fl ow passage
increases in dianeter fromthe inlet towards the discharge part and so that
the first rubber conposition is at the inside peripheral surface and the

second rubber conpositioniy bndforkeh®Wtepl o exthioRemblahgr alfirgWubipge. | n one
form the step of applying at |east one |oad carrying nenber involves

wrappi ng the at |ceagbsi@fitatdfdeddan rytibag conéisniveim@nds khessifi msittingheet  around
a nol ding drum and agai nst each other. In one form the step of processing
t he preform assenmbliyst dbbbm\cotpesitign i andi Agsdched bobhert evnglelsivine i bs ext endi ng
| engt hwi se of the body. The step of processing the preform assenbly nmay
i nvol ve appl yi ngvérddricgysthapstemaiddyith amiakidé pegriphetsbsurfsee pnebopmsaiesenbl y. 7
5 peripheral surtacc between which a flow passage having a diameter is
defined with an cxpansion portion with an inlet and a discharge port in
which the flow passage increases in diameter from the inlet towards the
discharge port and so that the first rubber composition iz at the inside
peripheral surface and Lhe second rubber composition is at the outside
10 peripheral surface.
in one form, the step of applying al least one load carrying
mamber involves wrapping the at least one Joad carrying mermnber and the
tirst sheet around a molding drum and against each other.
In one form, the step of processing the preform assembly
15 involves grinding the body 10 detine rnibs extending lengthwise of the body.

The step of processing the preform assembly may involve

applying at least one additional layer to thc preform assembly.



The step of applying at |east one addition |ayer may involve applying a
fabric layer to the preformassenbly. Alternatively, a rubber |ayer may be
applied to the preformassenbly, The nmethod may further Including the steps
of manufacturing 5 a sernnd sheet in substantially the sane manner as the
first sheet is manufactured and joining the first and second sheets to each
other to produce a conposite preform agsenbly. In one form the step of
processing the preformassenbly involves processing the conposite preform
assenbly by formng ribs_in the 10 body. The step of formng ribs in the
body may invol ve fornind”Fﬁﬁ%P°fﬁmﬁﬁﬁﬁa%*a$ﬁﬁeﬁﬂﬁg?”5WH'@é%ﬁﬁﬂ“gheets. The
step of grinding the body may involve grindin thg first rubber

conposi tion. is3AAYisHa fP%’l’crﬂaV?'h‘é’ @p FFEfym aﬁﬁl"glyng Fa{patiyelyy &4¥bb%ne | oad
carrying nenber involves ap Iging at | east one |oad carrying nmenber
directly to the2Y&deshe BEF YRR AR ™M one form the step of

extrusion nolding a firsﬁ r ubber c?qﬁgshkhgn %ﬂﬂﬂéyﬁjﬁﬂﬂﬂfﬁ bber
conposi tion invol ves ext FYdPRYOY MEY AT FEf Ing the siey acturing
5 « second sheet in substantially the sarne manner as the firsl sheet is
manulactired and joining the first and second sheels o sach other to
produce a composite preform assembly.
in one form, the step of procsseing the prefarm assembly
involves processing the compasite preform essembly by forming fibs in the

10 body.

Tha step of forming ribs in the body may invelve forming ribs
in cach of the first and second sheets.

The step of grinding the body may invelve grinding the tirst
rubber composition.

15 In one form, the step of applying the at least one load ¢arrying
member involves applying at least one load canrying member directly 1o the
second rubber compoeition.

In onc form, the step of extrusion malding a first rubber

composgition and a second rubber composition involves extruding the first



-B- rubber conposition into a cylindrical shape with a peripheral inner
surface and a peripheral outer surface and thereafter extruding a second
rubber conposition to cover the peripheral outer surface of the cylindrical
shape defined by the firmrubber conposition to produce a conposite
cylindrical 5 shape. In one form the step of extrusion nolding a first
rubber . conposition and a second rubber.gconposition involves causing the
conposite cylindrical shape to be extruded through a fl ow passage in a
cylindrically shaped nmold in an expansion portion of the flow passage having
10 an inl et andruibscéangsitiparittodomnsdricelaimpd withe peripretral antar wdnéacei n t he fl ow
passage i s defined between an inside peripheral surface and an outside

peri pheral surf ao®agreribhealcgltemsriscalahy teheqied crobdingamdeowdfrugared so t hat
the diameter of the fl ow passage increases fromthe inlet towards the

di scharge port. cembositiproteecover the nefghesal eptep Burdsacrai shoeylindlictl shpea fi r st
rubber conposition and a second rubber conposition involves sinultaneously
and cont i nuousBsfinedttvibe figs' aulitier sempgsitiosde orrdusud berpeessapewidiicdn t hr ough

the flow passage.
b shape.

in one form, the slep of extrusion molding a first rubber

composition and a second rubber composition involves causing the

composite cylindrical shape to be extruded through a flow pastage in »

cylindrically shaped mold in an expansion pertion of the flow passage having

10 ah injet and discherge port downstream of tha inlet and wherein the flow

pussape is defined between an inside peripheral surface and an outside

peripheral surface on the cylindrically-shaped mold and configured s¢ thet

the diameter of lhe llow passage increases from the inlet towards the
discharge part,

b in one form, the step ol exlrusion molding a first rubber

composition and a second rubber composiion involves simultaneously and

continuously extruding a first and secund rubber composition through the

tiow pagsage.



-9- The step of extrusion nolding a first rubber conposition and a second
rubber conposition may involve introducing the first rubber conposition
into the flow passage at a first |ocation and introducing? the second
rubber conposition into the fl ow passage downstreamfromthe first 5

| ocation at a second |location. lii one form the flow passage has a radi al

t hi ckness and the step of extrusion nol%ing a first rubber conposition and
a second rubber conposition involves causing the first rubber conposition
to have a controlled first thickness between the first |ocation and the
second | ocation 10 and cab%pieg of REYPICRAEES sofl‘"‘t'y'Ptée'GBWBFWé'H' 14 st

conposition and the second conposition in the f gaI?l afg hhave a
control | ed secoRdstHRNEKHBRL TW“"‘F% ’B?"’e&‘t"&ll”g "H‘é?F”F'ﬁ F I'Gkness

bet ween the second | agation a anJImr sd Qf I ntroduci ng

the first rubbeF°E@ﬂﬂ8§”PVBﬁm%g§W‘T%”?ﬁ bfv'gqﬂ$t83u0|n ?lrst r ubber
t t th | { t f
conposi tion a c;me nr]l l§betr c%n(%g?s.'n%ﬁtn%o H\UE’{ oW patsraege Jownwgarﬁﬁgr%'ﬁ?é f portion o

the fl ow passage€. I'ng ond ru conmposition may

i nvol ve i Rt rOd“%r_d ol £a§§§n%ﬂqocaﬂ9r?.er conposition at the second | ocation

In one form, the flow passege has o rodial thicknese and the
step uf axrrusion molding a first rubber composition and 3 second rubber
composition invulves causing the first rubber composition to have a
controlled first thickness belwean the first [ocation and the secong location

10 snd causing the thickness of the enmbined first composition and the second
compoeition in the flow passage Lo have a controlled second thickness that
js greater than the first thickness belween the second location and the
dischérge port.

The step of introducing the [irst rubber compesition may

5 involve introducing the first rubber composition at the [irst location at the
inlet to the cxpansian partian of the flow pussage.

the step of introducing the secand rubber composition mey
involve introducing the second rubber compnsition at the second location

downsatream ot the infet for the expansion portivn ul the flow passage.



downstream of the inlet for the expansion portion of the flow passage. 10
The second | ocati on nay be adjacent the discharge port. The nethod nmay
further include the step of kneading the first rubber conposition before
ilia first conmposition is introduced to the inlet of the expansion portion
of the flow passage. b The step of kneading the first rubber conposition may
i nvol ve kneading the first rubber conpggition using an extrusion screw. The
met hod may further include the step of passing the first rubber conposition
t hrough o gear punp. In one form the step of passing the first rubber
conposition 10 through dhrgeaccrguogetionvel\vesdpastsitmgdisdtardsrost. r ubber
conposition through a year punp between the extrusion screw and the inlet
of the expansion porti orfhefmithed mbpiurhesiscyd: thEkepsf peadinggheotsssi ng t he
preform assenbly may involve processing the preformassenbly to produce one
of a V-belt, a Vmbbbbhadipesi§ubedivie bnbrsacaoniitienAipirisheedd tygthe inléfloé | nvent i on
is further directed to a nethod of manufacturing a rubber sheet to define
at least a part dfe expenigrresiinoef hebberrebgyger and
& The step of kneading the first rubber composition may involve
kneading the first rubber composition using an extrusion screw.
Ihe methed may furthar include the step of passing the first
rubber composition through a gear pump.
In one form. the step ot passing the first rubber composition
10 through a gear pump involves passing the first rubber composition through
a gedr puinp between the extrusion screw and the inlet of the expansion
pertion af the flow passage.
The step of processing the prelonm assembly may involve
proceseing the preform assembly to produce one of a V-belt, a V-ribbed
16 belt, and a double V-ribbed belt,
The invention is further directed to a method of manufacturing
a rubber sheet 1o define at least a part of a compresslon rubber layer and

cushion rubber laycr in a power transmission belt. The method includes the

step of extrusion molding (g} a tirst rubber composition that includee rubber



cushi on rubber layer in a power transm ssion belt. The method includes the
step of extrusion nolding (a) a first rubber oonposition that includes
rubber -1 1 with short fibers therein and (b) a second rubbor conposition
that is different than the first rubber conposition. The stop of extrusion
mol ding may involve (c) extrusion nolding the first and second rubber
conpositions in a cylindrically shapedihold with an inside peripheral
surface and an 5 outside peripheral surface between which a flow passage
having a dianmeter is defined with an expansion portion wth an inlet and a
di scharge port i@ shoft fiRerenthemd prowplphsectyd MRk Lo8wesiipn dP3inst er from the
inlet towards the outlet so that the first d second rubber conpositions
are combi ned an@"'ef4ms ™han be frgigpkher compodiay gHe pleP &f ¥R BP'EEE per i pher al
surface and lire 10 second rubber corn g?s_j tionis a%bthe outsi de peri pheral
surface, and (dy@vduelicdy PHESEOMIINLE s BULE-rTd $PPUABEREEHNG 1 ubber
conposi tions di,schar.g d at the di‘ﬁiharrg%hggrt ta co fsiiugflére the first and

second conbi ned™ PUBHETCEDGHEERE i"AHE Vit §EPEP TSR 88 &P ge port into

a sheet ferm In one far the step of trusion nolding a first rubber 15
conpositi on and® %é5@8H%f‘rgfﬂ55'g?cecb3g%%9§i e}i%%%)hna i nvo b\?‘é%’%?)‘(’ﬁ?ﬁgl'ag}? folding a

second rubber compQSLE oM HN3haNAR PR ol hRELS § BELSGHY port end

in which the flow passage increases in diameter from the inlet towards the
oullet so that the first and second rubber compositions are combined and
the first rul;ber composition is st the Inside peripheral surface and the
10 second rubber composition is at the outside peripheral surface, and (d)
cutting the combined extruded first and second rubbsr compositions
discharged at the discharge port to configure the first and second combined
rubber compoeitions discharged «l Lha discharge port into a sheet form,
In onme form, the step of extrusion molding a first rubber
15 composition and a secend rubber composition invelves extrusion molding
a second rupbber compoeition that has no shurt fibers therein,
In one form, the step of exirusion maolding & first rubber
camposition involves extruding the first rubber cuinposition to a cylindrical

shape with & peripheral inner surface and a peripheral outer surface ond



In one form the step of extrusion nolding a first rubber conposition

i nvol ves extruding the first rubber conposition to a cylindrical shape with
a peripheral inner surface and n peripheral outer surface and 12 thereafter
extruding the second rubber conposition to cover the peripheral outer
surface of the cylindrical shape defined by the first rubber conposition to
produce a conposite cylindrical shape. M@ one form the step of extrusion
nolding a first rubber 5 conposition and a second rubber conposition

i nvol ves sinul taneously and continuously extruding the first and second
rubber conposi tioaeatiereEyHNgARe seePRAVUBRE Sag@OslioD §rrevedhaperinhe st ep of
extrusion nolding a first rubber conposition and a second rubber

conposi tion i nvolW&$FYUItacs ¢dieriigifakesheps dafined by tha HIFeUPEYFERPETIYh into t he
fl ow passage at a first |ocation and introducing the second rubber

conposi tion i nt dOtAIRIYSE SVFIROSEy e iaBiaTsiP8Em from the first location at a

second | ocation. In one for m ftohe fl ov¥ lE)al?zs‘a Sh_has radi %L ttmti)ckness and
the step of extrusion _mﬂ’cﬁ fig O™ fr}e_s? o P& ff?)?rﬁ?)@‘f’?q 8n"'§hd"®6econd
;“bber 15; compog! Ll Ol G s e orna el Sorl it ko o4 DR har kB3, | ON O have
continumsly extruding the first and second rubber compositions through the
flow passage.
In one form, the step of extrusion molding a first rubber
composition and a second rubber composition invelves introducing the first
10 rubber composition inte the flow passage al & {irst location and introducing
the second rubber composition into the flow passzge downstream from the
first location at a second location.
in onc form, the flow passage has a radial thickness and the
step of extrusion molding a first rubber composition and 5 second rubber
15 sumposition involves causing the first rubber compesition to have a
rantralled thickness between the first location and the second lecation and

causing the thickness of the sombincd first compoeition and seconhd

votposition in the flow passage 10 have 2 controlied second thickness that



control | ed thickness between the first |ocation and the second | ocation and
causi ng the thickness of the conbined first conposition and second
conposition in the fl ow passage to have a controlled second thickness that
-13- is greater than the first thickness between the second | ocation and
(lte discharge port. The step of introducing the first rubber conposition
may involve introducing the first rubbexr conposition at the first |ocation
at the 5 inlet to the expansion portion of the fl ow passage. The step of

i ntroduci ng the second rubber conposition nmay involve introducing the.
second rubber ciompager ihon the tirdtethskoondelwent thersecauviwrsitionaandofiet he inlet to
t he expansion pot thin of the flow passage, The second | ocation may be

adj acent to thedigifgrdearage port. 10 The nethod may further include the step
of of kneading the first rubber conposition before the first rubber

conposi tion is introducelhet Her tafeniredusingothe: Wat eygbahSPORCTHN MW of the fl ow
passage.. The step of kneading the first rubber conposition nmay involve
kneadi ng the fi¥tive (BIFERCRHHFFYRYE PBPE SEIMRESTHSD &P HES RFIERD BWNe15 The

rethod may further | el ude. Lhe, SeP e RISLGE! T Tt

The step of intraducing the second rubbor composition may
involve introducing the second rubber composition at the second location
downstream of the inlet to the expansion portiom of the flow passage,

The second localion may he adjacent to the discherge port.

10 The mathod may [urlher include the step of of kneading the
first rubber composition before the first rubber composition is introduced to
the inlct of the expansion pertien of the flow passage.

The step of kneading tha first rubber compesition may involve
kneading the first rubber compoeition using an extrusion screw.

15 The method may further include the step of passing the (irst
rubtber composition through s gear pump.

b vne form, the step of pazsing the first rubber composition

through a gear pump involves passing the first rubber composition through



rubber conposition through a car punp. In one form the step of passing the
first rubber conposition through a dear punp involves passing the first
rubber conposition through 14- a gear punp between the extrusion screw and
the inlet to the expansion portion of the flow passage. BRI EF DESCRI PTI ON
OF THE DRAWNGS Fig. 1 is a partially schematic, cross-sere tonal view of a
system 5 for manufacturing a conpositelsheet for incorporation into a power
transm ssion belt, according to the Invention, and including a
cylindrically- shaped nold/die through which first and second conpositions
are extruded t® 983CRHMMBFMERD thapeiSifi Y antiie Mgt b eshedEonorm  and
including two mnechanisns for introducing the two conpositions into a flow
passage 10 t heP®tRD of iy flov p&ssape.enl arged, fragmentary, cross-sectional
view of a nodified formof cylindrically shaped nol d/die, according to the.
invention, and including a different configuration of the mechanisns for

i ntroduci ng thgﬁﬁ¥ﬁg§§%@%ﬁ§ﬁé%pi%$h?gphhgglpassage; 15 Fig- 3 is a view as

in Fig. 2 of a

Fig. 1 is 2 partially schematic, cross-sectional view of 2 system

b7

for manutecturing a composiie sheet for incorparation inta a power
transmission belt, according to the Invention, and inchiding a cylindrically-
shaped mold/die through which first and second ompositions are extruded
1o a cylindrical shape which ig cut Into a sheet funm, and including two
mechanisms for introducing the two compositions into a flow passage
10 therein;

Fig. 2 is an enlarged, fragmentary, cross-sectional view of a2
mudified form of cylindrically shaped meld/die, accerding to the invention,
and including a different contiguration ef the mechanisms for introducing
1ne compositions into the flow passage;

15 | Fig. 3 is a_view as in Fig. 2 ot a further modifled form nf
mechanism lor introducing the compositions and wherein one of the
composiliuns is introduced inte the flow passags at a different location than

in the embodiment of Fig, 2;



mechani sm fur introducing the conpositions and wherein one of the
conpositions is introduced into the fl ow passage at a different |ocation
than in the enbodinent of Fig, 2; 15- Fig. 4 Is an enlarged, fragnentary,
cross-sectional view of the | ocation at which one of the conpositions is
introduced to the flow passage, and within the circle Cin Fig. 3; Fig. 5
is a cross-sectional view of a discharged extrusion from 5 the
cylindrically-shaped nold/die, including the two different conpositions,
and taken along 5-5 of Fig. 1; Find. O is a fragnentary, perspective view of
a rubber sheet that i sFigofiseth énizogndi fragmasdry uded;secydishdieivedlheshape shown
in Fig. 5, Fig. 7is aviewas in Figs. 2 and 3 of a further nodified form
10 of nmechani sredatien iatt wbidicinaget thsbermpasitiposiis iigresiufent to ghe flow
cylindrically-shaped noldldic, according to the invention, and wherein one
of the conposi trirevesei snd withindioeeitb!a€ imFidi 3f erent |l ocation than it is in
ei ther. of the enbodinents shown in Figs. 2 and 3, and further including a
gear punp to direct theFidg pdtaciepnirsirnal wawialpsiochwofd Burusaadage; 15 Fig. S
is an enlarged, fragnentary, cross-sectional view of a B

5 the cylindrically-shaped mold/dic, including the two different compasitions,

and taken along 5-5 of Fig. 1;
Fig. 8 is a fragmentary, perspective view ot a rubber shcct that
is formed from 1he extruded, cylindrical shape shown in Fig. 5:
Fig. 7 is a view as in Figs. 2 and 3 of a further modified form
10 of mechanism for introducing rubber compositions intn a cylindrically-shaped
mold/die, according te the invention, and wherein une of the compasitions
is introduced st a different location than it is in either of the embodiments
shown in Figs, 2 and 3, and further including a gear pump to direct the first
composition into the flow passage;
15 Fig. B is en cnlarged, fragmentary, cross-sactional view of a
lacation on the cylindricelly shaped mold/die in Fig. 8 wherein one of the
nompositions is introduced to the flow possage, and within the clrela C1 in

Fig. 7;



| ocation on the cylindrically shaped nold/die in Fig. 8 wherein one of the
conpositions is introduced to the fl ow passage, and within the circle d in
Fig. 7, 16- Fig. 9 Is an enlarged, fragnmentary, cross-sectional view of a
belt sleeve preform Incorporating a sheet made according to the present

i nvention, upon a nolding drumand in relationship to a grinding el enment
which forns ribs therein; 5 Fig. 10 isiéa fragnentary, cross-sectional view
of a conposite belt preformincluding two conbined sheets, nmade according
to the present invention, and in with oppositely projecting ribs can be
formed: Fig. 11 is a frignhtaly§niaretdo Faomeneivorabs-sesapapait 962 vi ew of a
V-ribbed belt, made according to the present invention, 10 Fig. 12 is a
schematic, si dBeTEFIESS: RIBI i TGPraé{“QgFlsh?ﬂ‘ﬁ‘&‘dBW'é‘tr%’ﬁ? 19 HI?I'HET%‘@ a belt

sl eeve tralned around drive and driven pulleys and operated upon by a
grindi ng wheel NVERHPNEHEON 3 gnqiding, deiahng ig 'P'é’ifﬁ"@g’éﬁf‘étqr@ﬁméfe‘e&‘eﬁ wer

transm ssion belt, nade according to the invention. 1b
whnch tforms tibs therein;

5 Fig. 10 is a frogmentary, cross-sectionel view of B compoasite
belt preform including two combined sheets, made according to the present
invention, and in which oppositely projecting ribs can be formed;

Fig. 11 is a fragmentary, cross-sectional, perspective view of
a V-ribbed belt, made according to the present invention;

10 Fig. 12 is a schematic, side elevation view of a grinding
system, Including a belt sleeve tralned around drlve and driven pulleys and
cperated upon by a3 grinding whes!; and

Fig. 13 is a generic representation of a powser transmissian
belt, made according to the invention.

1b
DETAILED DESCRIPTION QF | HE DRAWINGS

In Fig. 1, & pertielly schemstic represcntation of a shect
forming system, according to the present inventien, is shown at 10. The

system 10 includes a cylindrically-sheped mold/die at 12 through which a



DETAI LED DESCRI PTION OF | HE DRAWNGS In Fig. 1, a partially schematic
representation of a sheet formng system according to the present
invention, is showmn at 10. The system 10 includes a cylindrically-shaped
nol d/die at 12 through which a -17- cylindrically-shaped nold product 14 is
produced. Thu nold product 14 consists of a first rubber conposition 16
havi ng short fibers 18 therein, that 8-lamnated to a second rubber
conposition 20, that Is different than the first rubber conposition 16. In
this enbodi nent, the second rubber b cgnposition 20 has no fibers enbedded

t herein. FbmeveFV"FHémWﬁW@FF| Hw'EﬂﬂFéﬁﬁ‘5Pé§mﬁﬂbﬂwTNH@?émﬁﬁy'B% provided in
t he second rubber conpos; Uﬂﬁ ferent conP05|t|on or density
than the short FPHREFESLB "lsh’“f"ﬁeéc‘"i“??%‘f"” é‘t”gé'ﬁ‘ﬁfbé%ﬁ"t direrg ¥ ough a
cutter 22, the cylindrical evere and drawn
over guide rol | & ”ylgnwt%“’tao"eﬁm gg?’ocr?mpiﬁ gisfjmﬁg‘éﬁ]w“s dif?ﬂ'?"&u"lmi it o sheets 26
hav! ng .Sel ect ed %%Qerf‘gc?rgpos %g 1dé nanIhgneSm (?‘dslm%n%e t?‘LeiF%Hlanrug%eghaG The

cylindrically- s I Ficl'Gdes H159E ni sm 30,

for the first Qggo GOTBORLL hORudre Gl TSGR OPH UL Hldnydppehani sm 32,

for the sdcond rubBer cornpusi |on I rst extruding
contemnplates that tibers may be provided in the second rubber composition

20 with a different composition or density than the chort fibers 18 in the
first rubber composition 16. Through e cutter 22, the eylindrically shaped
mold product 14 is severed and drawn over guide roilgrs 24,26 to a location

10 at which it is rut inta sheets 28 having selected length and width
dimensions, as seen alsn in Bg. 6.

The cylindrically-shaped maoldfdie 12 includes a first extruding
rmechanism 30, for the first rubber corupusition 16, and a sexond extruding
mechanism 32, for the second rubber compusition 20, The first extroding

1B mechanism 30 has an extruslon screw 34 which is rotated within g space
36 defined by a cylinder 38 1o continuousty knead the first rubber
composition 16 fed from a supply 40 thereof and advance the suaine
continuously to 3 flow passage 42 deflned by the cylindrically-shapeii

mold/die 1Z. The second extruding mechanism 32 includes a like exlinxion



16 nmechani sm 30 has an extrusion screw 34 which is rotated within a space
36 defined by a cylinder 38 to continuously knead the first rubber
conposition 16 fed froma supply 40 thereof and advance the sane
continuously to a fl ow passage 42 defined by the cylindrically-shaped

nol d/die 12. The second extrudi ng nmechani sm 32 includes a |ike extrusion
-18- screw 44 that is rotated wthin ajgpace 46 defined by a cylinder 48 to
knead the second rubbcr conposition 20 that is fed froma supply 50. The
kneaded conposition 20 is continuously fed to the flow passage 42 at a

di anetrical |y appwostd ghdtoe setpied Wishio Respgot A dsfingchby adulindenrd8 % of the first
rubber conposition 16 through the first extruding mechanism 30. The first
and second rubbesaddbapesandirdfiser eENRE N2 ey decBemtacsUPRY 35| ow passage 42
at an upstream ol d portion defined by a stopped, cylindrical shaft 52
which is surrounded by &hesknsades S‘ZI“D"FH@”MM'FGEI”J@@H”S'Y fedsie tﬁﬂd“’&’econd r ubber
conposi tions 1(3,20 flow downstream upwardly in "10 Fig. 1, into an

expansi on por t P81#281 42 &2 dipmetiinofe apropite kattisa "Frﬁ?ecﬂ"dﬁté’fifﬁ"’é’t-'m‘% The
expansi on pOI‘tI? 56 i ncludes an mggr die element 58, carried on the shaft

52, and &n out 8F MM WSkIUbhEROMRSS RN J fdhroneh HSSKE FUULPBRAEN S n oper at i ve
el ene

r el ationship \MSEJh Tthg%rst an secon% rubber compoSs itions 16,20 are introduced 1¢ the
flow passage 42 at an upstream mold portion defined by o stepped,
cylindrical shaft 52 which is surrounded by a sleeve 54. The intreduced
first and second rubber compusitions 16,20 flow downstream, upwardly in

10 Fig. 1, into an expansion porlion of the cylindrically-shaped mold/dis 12 at
86. The expansion portivn 56 includes an inner die element 58, carried on
the shaft 52, and an outer die element 60, supported upen the sleeve 54
in operative relationship with the inner die element 58.
The dis elements 58,80 couvperatively define an expansion
15 portion of the flow pasgage 42 at 62. The inner die slement 58 has a
conically- shaped, peripheral, radlally outwardty facing surlace 64, The outer
die element 60 has complementary, conically-shaped, peripheral, radially
inwardly facing surtacc 66. The expansion b’crttcn &2 of the flow passage

42, defined botween the eurfaces 54,68, progressively incressas in



The die elenents 58,60 cooperatively define an expansion 15 portion of the
fl ow passage 42 at 62. The inner die clenent 56 has a conically shaped,
peripheral, radially outwardly facing surface 64. The outer die elenent 60
has conpl enentary, conically-shaped, peripheral, radially inwardly facing
surtacc 66. The expansion portion 62 of the flow passage 42, defined

bet ween the surfaces 54,66, progressivaglgy increases in -19- dianeter between
an inlet fib and a discharge port 70, A block body 72 is nounted in the
vicinity at the inlet 58 and is adjustable to control the thickness T of

t he conpositi ondiahémat batneen ab intd BEedld baidchege kpaddi dnbipdritddervZ 62 at t he
inlct 68 thereof. 5 The second extrudi ng nmechanism 32 is situated closer to
the inlet 68 thawnted in biee Ficingy adxXbe GdétneE med vardissto B0 to Abntréiehbocat i on at
74, at which the first rubber conposition 16 is introduced to the flow
passage 42, th@ickhesstl of tiremiesiposihel Bhinygdycsd torhaepanaieb pertiey| i ndri cal
shape around the shaft 52, with a peripheral inner surface 76 and a

peri pheral out ef2 autcdilet B9thpecoiThe second rubber conposition 20 is
introduced to the flow passage 42 at a |ocation at 80, downstream of the

| ocation ¥4, so that thé”’s?é&g‘?{ﬂ eXEHBIAR ST EF 19 Hlveted dgecioiber! to

surround the peripheral .outer surface 70
P inle?sg than is the grst extruging mechanism 30. At the location at 74, at

which the first rubber composition 16 is introduced to the flow passage 42,
the first rubber composition 16 is forrmed into a cylindrical shape around the
shaft 52, with a peripheral inner surface 76 and a peripheral cuter surface
10 78. The second rubber compositiaon 20 is introduced to the flow passage
42 at a location at RO, downsiream of Lthe localion 74, su that the sscond
rubber compasition 20 is caused ta sorround the peripheral auter surface 78
of the first rubber composition 16, The second rubber camposition 20,
which may be devoid of libers and has good Howability, can flow freely and
15 smoothly around the peripheral outer surface 78 s0 as to completely
surround and coat the peripheral outer surface 78 of the first rubber
composition 16 1o a uniform thickness.
During the kneading process in the extruding mechanisms

30,32, gas, and the like, generated from the air and the rubber compaonds



of the first rubber conposition 16. The second ndther conposition 20, which
may be devoid of fibers and has good flowability, can flow freely and 15
snoot hly around the peripheral outer surface 78 so as to conpletely
surround and coat the peripheral outer surface 78 of the first rubber
conposition 16 to a uniformthickness. During the kneading process in the
extrudi ng nmechani sns 30, 32, gas, and.ighe |ike, generated fromthe air and
t he rubber conpounds -20- within the cylinders 38 and 48, is exhausted via
ports 82.84, respectively. The tenperatures of the cylinders 38,48 are

mai nt ai ned w t\itimn ahe priedat SBranAdd, is arnigrestedepemdisy. poesdsbevedw pe of ruber
that is utilized. Typically, the tenperatures will be in the range of
40.100' C. to nBienttainpcrahecs of utisecylndasoSBt4Bord nrainigingd ewithier @i n it can be
easily m xed and extrusion nolded. The time period over at which kneadi ng
|'s carried outMrgetedmpedringd depgndihanpehane iMMSer! dbwrsthiois wilre!-duri ng t he
kneadi ng process. The Thickness Ti of the expansion portion 62 of, the flow
passage 42 is S(HFShaite MREraHicr YR e tReRgerhECiIRPE 168 =ae Whschar ge port
10 70. The dianeter of the. expansion portion 62 of the flow passage 42

i ncrease3 pr og'i“@g%’ic\?é'f%‘?s'ﬁé’t‘\We%ﬁtaf"h‘@h‘?’WF&“‘Bé’ea?ﬁﬂ'ydl“%"rlé?‘b"e"“p'é’t“t‘ 70. As the

malded. The time period over at which kneading ls carried out is controlled
s0 that Lhe rubber does not cure duting the kneading process.
The thickness T1 of the expansion portion 82 of the fiow
passage 42 is substantally uniform between the inlet 62 and dischargs port
10 70. The diameter ol Lhe expansion portion 62 pt the flow pascage 42
increases progressively between the inlet 68 and discharge port 70. As the
combined rubber compositions 16,20 flow through the expansion portion
62, the compositions 16, 20 are stretched in a circumforential diraction to
cause the lengths of the short fibers 18 1o likewise circurnferentially orient.
16 As the combmed compositions 18,20 are stretched through the expansion
portion b6 of the flow passage 42, substantially uniform orientation of the
fibers 18 is established at the point that the compositions reech the
discharge port 70, At the discharge port 70, the combined compositions

16,20 arc discharged in a cylindrical shape, with the resulling cylindrically-



conbi ned rubber conpositions 16,20 flow through the expansion portion 62,
the conpositions 18, 20 are stretched in a circunferential direction to
cause the lengths of the short fibers 18 to |ikew se circunferentially
orient. 15 As the conbi ned conpositions 16,20 air stretched through the
expansion portion 56 of the flow passage 42, substantially uniform
orientation of the fibers 18 is established at the point that the
conpositions reach-the discharge port 70. At the discharge port 70, the
conbi ned conpositions 16,20 arc discharged in a cylindrical shape, with the
resul ting cyl i nshepedirtold pRucs Rapedingod Hrspriagude, tandidmg rg the flirmtst | ayer 88,
consisting of the first rubber conposition 16, and a surroundi ng second

| ayer 88, conSl sbhgr cofmpptition $&randd supbdingcernpd davei &h comsisting cheexenpl ary
sheet conposition, the first |ayer 86 has a thickness of 1,5 to 10 nm The
second | ayer 88s%&8d rbbsr qAMIRORTNER 30 I af EXATRIZTY SEFT EODPTHHC" Hietfitts

enbodi nent, the expansion Rprtion 58 of the nold/die 12 is configured sn
that the flow tkéFethhatgrnhicknsadtlahts 4P HMor THodsART 2vend has #l ow
direction fur the first and second rubber conpositions 16,20 through the
ext r udi ng® mechahi$hess? om G eipbOtMPel y. By orienting the. 1 U flow passage

through the expansi on poy t,on B, of { e, 1OLELTL € 12, 50c} B2l

12 is configurad so that the flow therethrough iz substantially orthogonal
1o the fl_ow diraction for the first and second rubber ¢compositions 16,20
through the extyuding mechaniems 30.32, respectively, By orienting the
0 flow passage through the expansion portion 46 of the moid/dle 12 so that
the combined compositicns 168, 20 move vertically upwordly, the combined
first and second compositions 18,20 depailing from the discharge port 70
sre moved against gravitational furces so that there are hot any significant,
detrimental horizonta!l deformation forces rieveloped on the mold product 14
15 as might ctherwise be developed in the rvent a nonvertical orentation is
employed. Ag arcsult, a consistent shape and dimension for the resuiting
cylindrically-sheped mold preduct 14 results. This arrangement i aise
desirable in that the potentially heavy inner die element 58 imparts o

atreight vertical load under its weight, thereby reducing any tendency of the



t he conbi ned conpositions 16, 20 nove vertically upwardly, the conbined
first and second conpositions 16,70 departing fromthe di scharge port 70
are noved agai nst gravitational forces so that there are hot any
significant, detrinental horizontal deformation forces devel oped on the
nol d product 14 is as m ght otherwi se be devel oped’" in the event a
nonvertical orientation is enployed. Ag,a result, a consistent shape and
di mrension for the resulting cylindrically-shaped nmold product 14 results.
This arrangenent is also desirable in that the potentially heavy inner die
el ement 58 i npairtrer die gémnaitgii toberizoowlly debalt wnderrtidf sSheveyigidticaliyher eby
reduci ng any tendency of the -22- inner dip. elenent 58 to horizontally
defl ect any par shafedtinaddidipl i2n dysi aoabdlly & cohragient civalagteldisengon fdhcsresul t, a
consi stent clearance dinension (T | | can be nmaintained between the inner
die el ement 58 éacanieieed Heiavee dirgnpealls elapem@Srrdicnicngieglamant 8Pm t hi ckness
T1 for the expansion 5 portion 62 of the flow passage 42, the conbined
conposi tiona 16,20 may EVdﬂﬂ@WﬁﬁﬁhPyﬂdP”a*EGH§§aﬁU Yt WS PRarEYY avoi di ng
t hi ckness variations and residual, internal strains within the discharging
cylindrichl|y-sRaped §otidhe PPodattaoe 42, We G PEEHFTRPLRITES 3 Bfrmphe

cylindrically-shaped nold product 14 may result, with a honbgeneous
conposi linn t hatﬂ° C%Qmplg aPBFonstant rate, thereby avuiding thickness variations and

residual, internal straing within the discharging eylindrically-shaped mold

product 14. A uniform thickness for the cylindiically-shaped mold product

14 may result, with a homogeneous composition that accounts for
10 predictable and uniform properties.

The shapc of the die gurface 84 has a signifizant influence on
the magnitude of the shcaring forces that are generasled oy the rubber
composition 16, The taper angle a for the surface 84 is prelerably in the
range of 30° 7o less than 907, The inlet 68 hag a diameter D In the range

15 of 20 to B0 mm. The discharge port 70 has a dilameter D1 from 100 10
440 mm. The desired expansion ratio (discharge port 70/injet 88} is
preferably in the tunge of 1.5 10 12.5. Below this rangs, extension of the
composition 16 may not be sufficient to cause the short fibers 18 1o

consistentty cilcumferentially orient on the inner and outer regions of a



10 predictable and uniform properties. The shape of the die surface 64 has a
siUniti kAnt influence on the magnitude of the shearing forces that are
generated on the rubber rnniposition 16. The taper angle a for the surface
64 is preferably in the range of 80" to |less than 90 The inlet 68 has a
dianeter D In the range 15 of 20 to 60 m n. The discharge port 70 has a
dianeter DL from 100 to 440 mm The degs+red expansion ratio (discharge port
70/inlet 68) is preferably in the range of 1.5to 12.5. Below this range,
extension of the conposition 16 not be sufficient to cause the short
fibers 18 to conirdicehrihpred F@l&imfe wshtltanithy a pelptivsty erge tthieknesmel and out er
regions of a 23 cyllndrlcally sha Ped nol d product 14 with a relatively

| ar ge t hi ckness.thisf 2R & Pxfeed s héxE'éré‘Hﬁfmeﬁ'] SETSEGNTEY e T4 ext ensi on

may beconme excessive, ere the cylin al | y-shap nol d product 14 may
be prone to teaﬁ"Fﬁsﬁ“’ep‘\fo'F@h k-t A L ”tyﬁga‘%féé‘m"}/’[’ ﬁg‘f“‘qgé“ YEAHEPon pressur es
are not 5 adequat e%g PgmﬁTo contr ol @ eneration in the

0

expansi on porti dfi '8 wary Wrﬁaes"g%tg ‘B‘é&”ﬂ@% "CREEF AHeP'di e cl ement

58 and outer die 60, a cooling mschanl sm 90 can be included to
circul ate 56 cool dﬁ%”a?gep"gh

To contral intema! heat generation in the expansion portion 82
of the flow passage 42, hetween the Inhar die slement 58 and outer die
element 60, a cooling mechanism 90 can be included 10 circuliate 3 cooling
fluid 92 in a circulating path. A simiar cocling mechanism 94 may be

10 associated with the outer dic ciement 60 to continuously circulate a like
fluid 32. A pump {not shownl may be utilized, 83 within the die elements
58,60, to facilitate the circulation of the fluid 92.
As seern alsa in Fig, B, the cutter 22 is designed 1o sever the
cylindrically-shaped mold product 14 in g lengthwise direction, as indicated
i5 by the arrow 96 in Fig. 1, parallel to the central axis 98 for the cylindrically-
shaped mold/die 12 and nald praduet 14. This direction is paralle] to the
digeharging direction for the cylindrically-shaped mold product 14, The

cutter 22 may be 3 bladed structure, such As & culter wur knife.



fluid 92 in a circulating path. A simlar cooling nechanism 94 may be 10
associated with the outer die elenent 60 to continuously circulate a like
fluid 92. A punp not shown) nay be utilized, as within the die elenents
58,60, to facilitate the circulation of the fluid 92. As seen also in Fig.

5, the cutter 22 is designed to sever the cylindrically-shaped nold product
14 in a lengthwi se direction, as indicated 15 by the arrow 96 in Fig. 1,
parallel to the central axis 98 for the cylindrically shaped nold/die 12 and
mol d product 14. This direction is parallel to the discharging direction
for the cylindMieeativplys Rpedtsrotd cpidatite alpsemhburthent gnepitasonimy be a bl aded
structure, such as a cutter or knife. -24. Alternatively, the cutter 22
coul d utilize ‘erHERFUtting MeRanismymay P 8%6Ai ¢ vi bration cutting mechani sm
may be utilized. The twg;layqred heet .26 can then be ﬁFcunulated upon a
take-up roller 100. A cafvye s sheet e psphs 2ero ey " 2 fray be 5
conti nuously Iagi nat etd uggn the sheet 28 as it Iis c‘gurm al ed on the | ake-
up roller 100. "R HB'F & f(ﬁP‘T‘i"b"f”’(?W'ilnd‘r"i‘cf'a‘lul"y-"swgp 8 “#b1'89dP%, accor di ng

to . t he. ?r esené%'timllcg_@w hgrﬂinal!ﬁ% a;?:nQYm: s%m]z% aslilr}s E&Iu%irm?a'lt-:t;rtbnelhe take-
cylindrical |l y-Shape

up roller 100,
A modified form of eylindrically-shaped mold/die, according lo
the present invention, is shown at 12" in Fig, 2. The cylindrically-shaped
mold/dle 12’ s operable in generally the same manner as the mold/die 12
10 10 extrusion mold the aforemsntloned sheet 28, The mold/die 12' has
components corresponding to those in the mold/die 12. Like elements will
be wdentificd with the same number as usaed with respect 10 Figs. 1 and 5,
with & “ ' ” designetion. N
The cylindrically-shaped mold/die 12' has a first extruding
15 mechanism 30" for kncading the first rubber compositton 16 with the short
fihers 18 therein. This is accomplished by rotating an extrusion screw 34°
within a space 36' defined by a cylinder 38"
A second extruding mechanism 32' kneads the rubber

composition 20 through an extrusion screw 44' which rofotes within 3



nol d/die 12' |Is operable in generally the sane manner as the nold/die 12 10
to extrusion nold the aforenenti oned sheet 28. The nold/die 12' has

conponents corresponding to those in the nold/die 12. Like elenments will be
identified wwth the sonme nunber as used with respect to Figs. | and 5, wth
a" ' " designation. The cylindrically-shaped nold/die 12' has a first

extruding 15 nechanism 30" for kneadi.pg the first rubber conposition 16
with the short fibers 18 therein. This is acconplished by rotating an
extrusion screw 34" wthin a space 36' defined by a cylinder 38 . A second
ext rudi ng nechapdcen#B2'deforreladis 4 halindsbbd®’.  Gomposirbsitens20 613 oregh an
extrusion screw 44' which rotates within a -25. space 46' defined by a
cylinder 48'. Thedembosiat (lomsp«b622043r e An mneodorc @drtico B6'f bothepassage 47' .
An expansion portion 56' of the cylindrical-shaped nold/die 19" includes an
i nner di e el enéWindggal-shmrpdanoldiin &7 iarlieda] anent Woelemgnt 8® wdoper ati vel y
produce an expansion portion 5 62' of the flow passage 42' that increases in
di anet er bet we@Hteafs ferBertg®’. Whish HoRArEARYYRIYSE R SFORNSIMAHT.  The

extrusion screw_34' agvances t hg, lineaded fi.rst rubber X .
5 62" cf the flow passage 42' thal mcieases in diameter between an inlct 68

and a discharge port 70" thereon.

The extruslon screw 34" advances lhe kneaded first rbber
composition 18 in the direction of the arrow 104, which is substantially
parallel 1o the central axis 98' for lhe sxpansion parrinn 62’ of the flow

10 passage 42', The sxtruslon screw 44" advances Lhe second rubher
composition 20 in a line, indicated by the arrow 108, that is subslanlially
orthogonal to the axis 88", The firet rubber composition 16 is caused to be
formed into a solid cylindncal blogk at 108 at the point that the rubber
composition 16 departe from the extrusion screw- 34’ This hlock 108 is

15 then surrounded by the second rubber composlition 20 introduced radially
at a location 110 in the vicinity of a free end 112 of a projection 114 on the
inner die element 58’, The sccond rubber composition 20 18 caused to
surrgund/coat the outer peripheral surface 116 of the block 108 of the first

rubber composition 16 fo a uniform thicknese. Ths block 108 is radlally



conposition 16 in the direction of the arrow 104, which is substantially
parallel to the central axis 98 for the expansion portion 62' of the flow
10 passage 42'. The extrusion screw 44' advances the second rubber
conposition 20 in a line, indicated by the arrow 106, that is substantially
orthogonal to the axis 98 . The first rubber conposition 16 is caused to be
formed into a solid cylindrical block _ag 108 at the point that the rubber
conposition 16 departs fromthe extrusion screw 34'. This Klock 108 is 15

t hen surrounded by the second rubber conposllition 20 introduced radially at
a location 110 reintdréel w tHerprbigctadn €14 seee aRcorbildblad campsoii@ckden 114 on the
inner die elenent 58, The second rubber conposition 20 |Is caused to
surround/ coat tdpelialthercapandtpheral surface 116 of the bl ock 108 of the first
rubber conposition 1'6 to a uniformthickness. The block 108 is radially
-26- reinforced by the pghopegrtion! Khksasotibd segbrends mbibheruesmposi tion 20 is
applied thereagainst. The projection 1 14 has a conical surface 118 which
causes the firfgst rbbberorommypysi 6 onpbaresdvey oxpiadly Siveedeyinteadifal y di ver ge
into a flow 5 passage portion at 120. The flaw passage portion at 120 is
defi ned betweerPagsgeadralivy2ioldShaltl Yrve ety RV Eete! 2029 dfinegthe proj ecti on
114, between a radially outwardly facing surface 122 on the projection 114,

having a substantially uniform diameter, and a radlally Inwardly facing
surface 124, which decreased In dlameter progressively, frem right to left
In Flgura 2, towards the inlet 68' up to the desired thicknees T.

10 As the combined compesitions 16,20 are extruded betwesn
the inlat 68’ and the discharge port 70', the lengths of the short fibcrs 18
are caused 16 crient in the ciroumferential dircetion in the same menner a3
described with respect to Fig. 1.

As with the cylindrically-shaped mold/die 12, the fibers 18 in

15 the mold/die 12' are extended in a circumferential direction so that the
lengths of the fibers 18 are circumferentially oriented ag the combined
compasitions 16,20 are farmed into the cylindrically-shaped mald product

14, having the same configuration as shown in Figure 5. The cylindrically-



having a substantially uniformdianeter, and a radially Inwardly facing
surface 124, which decreased In dianeter progressively, fromright to |eft
In Figure 2, towards the Inlet 68 up to the desired thickness T. 10 As the
conbi ned conpositions 16,20 are extruded between the inlet 68 and the

di scharge port 70', the lenqths of the short fibers 18 ore caused to orient
inthe circunferential direction in the&7anme manner as described with
respect to Fig. 1. As with the cylindrically-shaped nold/die 12, the fibers
10 in 15 the nold/die 12' are extended in a circunferential direction so
that the | engtH$Ped "Meliedierosuct 14 ds Bea bt WL AFRHEhER alol afowrit Ehbed as t he
conbi ned conpositions 16,20 are forned into the cylindrically-shaped nold
product 14, halffRE® e theareeiccher JIRvaAFYHess®etown in Figure 5. The
cylindrically -27- shaped nol ded product 14 js then cut with a cutter 22' to
allowit to be formed ﬁﬂFB ?ﬁ%'gﬁ@@F 28?“5§“$Pe@FbJ§Vy°H%s§?FB d. Wth this

nol d/ di e construction, Eq 6%£nstiand s%condr £ osiqun éq,zg are .
si nul t aneous| y ®XPRFHET fg TRETYPRP Blgj'mt 9 Etdﬁgc’”'_1 Bedi 1§€ﬁ r'§é"port 70' with
L1, £00nE UL SR s I S L Ll oS! on 36
tirat rubber composition 18 as it fravels through the flow passags 42 from
the Jlocation al 110 w the discharge port 70,
fn Figs. 3 and 4 a further modified form of cylindrically-shaped
rmold/die, according to the present Invention, is shown at 12", The
10 cylindrically-shaped mold/die 12" has, with one excepticn, the same
censtruction as the cylindrically-shapsd mold/die 12°. Those slemsents in
the mold/die 12", that ars identical 1o the corresponding elaments on the
mold/dic 12', will be identified with the same reference numerals used with
regpect to the cylindrically shapcd mold/diec 12" in Fig. 2. The ditference
15 resides in the locetion at 126 at which thc sccond rubber composition 20
is introduced to the expansion portion 62" ot the flow passage 4i
As in the cylindrically-sheped mold/die 12°, the ﬁrs‘.t rubber
composition 16 is introduced at the inlet 68" of the expansion portion 62".

The location at 126 at which the second rubber cemposition 20 is



the location at 1 10 to the discharge port 70. In Figs. 3 and 4 a further
nodi fied formof cylindrically-shaped nold/die, according to the present

I nvention, |Is shown at 12". The 10 cylindrically-shaped nold/die 12" has,
wi th one exception, the sane construction as the cylindrically-shaped

nol d/die 12'. Those elenents In the nold/die '12", that are identical to
t he corresponding el enments on the nolxkldie 12', will be identified with the
same reference nunerals used with respect to the cylindrically shaped
nold/die 12' in Fig. 2. The difference 15 resides in the |location at 126 at
whi ch t he secontodunsdde theompassian raTtiqD62 resifiest e erreide frdert Gfe sk pansi on
portion 62" of the flow passage 42'. t As in the cylindrically-shaped

mol d/ di e 12", thedifthesss POBOET . EoRposrtrdinens g lbytivodtcdd®at the inl et
68" of the expanS| on Portl on 62". The_ location at 126 at which the second
rubber conposi THBHKIPOFsMIcsgY h"i"h‘fﬁ”dﬁﬁtf‘é“d 8807 hES BRI PST R Hbrtl on 62"

resi des between the inlet 68 k t he di schar ort 70', In.this

enbodi nent, the | ocati utf3%5°1PIs ﬂ%ﬁabab'?)r“&fie?fﬁ‘tdé?‘i” PHRES BEMRen t he inl et

?ngachgzids ! gg.halrs %n t(r)Jctté d7e9ne a reose%%ﬁq%lfort eJEsehc%ng1 % er c&rbp%sﬁecond extruding

20. The reservelr 128 surrounds the block 108 of the first rubber
compositlon 16 and communicates to the tlow passage 42° through a
pascageway 130, which axtends fully arcund the axis 9B' ar the focaton
146, As soen most ciearly in Fig. 4, the thickness of expansion partion 62"
10 downstream of the location 126 has the aforementioned thickness T,
corresponding to the desired ond thickness for the sheet 28, Upstream of
the location 126, the cxpansien portion 62" has a thickness T2, thatis less
than the thickness T by the dimension T3, which is the degired thickness
for the second rubber composition 20. The additionel thickness
15 downstream of the location at 126 allows the second rubber compaosition
20 to be introduced without resistance as would potentially introducc
inlerna stresses to the combined compositions 16,20, This also makes
nossible & consistent layering of the second rubber composition 20 fully

aromnd the first rubber composition 16 to a uniform thickness 73, The



5 is constructed to define a reservoir 128 for the second rubber conposition
20. The reservoir 128 surrounds the block 108 of the first rubber
conposition 16 and conmuni cates to the fl ow passage 42' through a
passageway 130, which extends fully around the axis 98 at the |ocation
126. As seen nost clearly in Fig. 4, the thickness of expansion portion 62"
10 downstream of the |ocation 126 has Lhe af orenentioned thickness T,
corresponding to the desired end thickness for the sheet 28. Upstream of
the | ocation 126, the expansion portion 62" has a thickness T2, that is |ess
than the thi cknessiod aby2é ben B sBHetNbelBeerihe Gliict 68’ ahe ddetsdrgeeshit hi ckness
for the second rubber conposition 20. The additional thickness 15 downstream
of the | ocatiorvtatant2ic oak lpoferddierrsdcandr adisoberto cthapioshargepert 20.t 0 be
i ntroduced wi thout resistance as would potentially introduce internal
stresses to the conbi ned donposiviites 46y 20. cyihdreskhl-sepedloedd/digossi bl e a
consi stent |ayering of the second rubber conposition 20 fully :.round the
first rubber cowpwsingitothd@etant pvamtidioismhetinekhessn F@s. Thwd 8.208e | ocati on at
126 can he anywhere between the inlet 68 and discharge port /0, and, in
one preférred farhedriceiisshaped eldgls 42 efrotreratesedirg QEHAPGESPHIETTO' . A
further nodified formof cylindrically-shaped nold/die,

30", correspanding to that shown in Fig. 3. The cylindrically shaped

mold/die 12'" additionally includes a second extruding mechanism 327,
correspanding 10 that shown aiso in Fig. 3. The extruding mechaniems
30',32' respectively kncod and advance the first and second rubber
10 compnsitions 16,20 into a flow paseage 42'"", including an expansion
portion 62'" defined by an expansion portion BA™" uf the cylindrically
shaped winld/die 12!, The expansion portion 62’ has an inlet 68" and
a discharge portion 70" between which the first rubher composition 16
flows 10 orignt Lhe shart fibers 18 in the first rubber cormposition 18, a8
15 previously described.
| The expansiun portion 56'"* of the oylindrically-shaped moli/die

r

12" has an inner die element 58""" and an outer die element B0 which
cooperatively bound the expansion portion 627" of the flow passage 42",

The central axis 38°"" of the expansion portion 668" of the cylindiicaily-



according to the present invention, is shown at 12"' in Figs. | and 8. The
5 cylindrically-shaped nold/die 12"' incorporates a first extruding
mechani sm 30", corresponding to that shown in Fig. 3. The cylindrically
shaped nold/die 12"" additionally includes a second extrudi ng nechani sm

32", corresponding to that shown also in Fig. 3. The extrudi ng nechani sns
30', 32" respectively knead and advance -8the first and second rubber 10
conpositions 16,20 into a fIOM/passage 42", including an expansi on portion
(32... defined by an expansion port 58"" the cylindrjcally" shaped
mol d/ die 12" . dfas?ﬁéns|3&H9r&8er'}'HHe %‘?"‘“"’h“‘a@d&?f"r‘aﬁ‘fa%tt"félﬁ‘ sy a di scharge
portion 70"" between rubber QSI pn 16 flows to orient
the short f|ber§°T§°?H°?ﬁgﬂ??Y%¥¢?aﬁB@F“@5WﬁW§ '“ﬁH d“H?””Tﬁ revi ously
descri bed. The expansi q ti 6" oyllndrlcal /=S, aped nol d/ di e
2"' has an inner F%F%Igﬁeﬁ% Hﬂmﬁﬁ &h 8 P@“%f%hﬁh% g Yuhi ch

cooperatively bound the XPgns . omn rtion 62"'. 0of th Passage 42" "
he central axis Qé”ﬁmnn é%eigansPﬁn‘%@r?KM1146"HNB§ phé cy éﬁﬁrlcally - So-

ol didie £2°° 1 %8100 Lotk 6 Ihdif o Al REVADEIER N Gl ohe first

ruber conposition hrough irst extrudi ng nmechani sm
i ndi cat ed by 62

The cylindrically-shaped mold/gie 12" differs from <the
cylindrical-shaped mold/die 12" principally In Two respects. First, a gear
pump at 136 is interposed between the discharge end 138 of the extrusion

10 screw 34 and the projection 114", The gear pump 136 inciudes a drive
gear 140 and a driven gear 142. The drive and driven gears 140,142 arc
in mesh with each other and rotate about paralicl axcs 144,145 30 as 10
torcibly feed the kneaded first rubber composition 16 doparting from the
extrusion screw 34" towards the expansion portion 627", in the direction of

15 the arrow 134. The gear pump 136 potentially allows a large volume of the
rubber compoasition to be delivered to the expansion portion 62" without
requiring a high pressure application to the compgsitions upstream that may

genarate unwanted heat.



the arrow 134. The inner die element 68"' has a projection 114... slightly
upstreamof the inlet BA"' . The projection 114"' diverts the flow of the 5
first rubber conpnsilion 18 radially outwardly into the expansion portion
62' . The cylindrically-shaped nioldJdie 12"' differs from The

cylindrical -shaped nold/die 12" principally In two respects. First, a gear
punp at 136 is interposed between the-3i-scharge and 138 of the extrusion 10
screw 34' and The projection 114"'. The gear punp 136 includes a drive gear
140 and a driven gear 112. The drive and driven gears 140,142 arc in nmesh
with each other and r ot HiteseatsidiTganc Fafesin & lavation ahi 4@atghiely  forcibly
feed the kneaded first%&ubber conposition 16 depar %ﬂgFfronlthe extrusion

Ye 1 p t 12T
screw 34' t onaPSerHE CRPETEMBRSTHRSY £9 Brintsiuced toghe { $88% #4n- of 15 the
arrow 134. The_gear  pu 136, enti gl |lows a | arge vo|unme of the
rubber conposi frﬁ‘bH"“tbg' “‘H’&“ngbe i "‘% %\é%l?xsﬁa‘wé‘i %‘H”ﬂg?’f‘?% BBPM ' wit hout
requiring a hi qp, e a i cat i1gB tgd;tup?“cornposi Li ons ugst reamt hat may
ITre |

ressure pl, 3 ) > .ons t
gener at e unwant éd '%g"é'f';f 'Pf:?ﬁ TRe"Second Fence Fesig8E Y he | ocati on

ggs ;ggeaéz}{"f‘i ChsbNE REFQDAT YRPS 4 GRS LEAL A0 hSvihdhIdigEd to the Tlow

composition 18. The passageway 152 extends continuously around the

axis 98"' and terminates al a porlion al 154 which directs the second

rubber composition radiatly inwardly relative to the axis 98" into Lhe slream

af the first rubber composition 18. The location 148 is adjacent 10 the
10 discharge port 70'"", spaced slightly downstream therefrom.

The flow passage 12""" has the aforementioned thickness 72
upstrearn of tha location 148 and the greater thickness T downstream
thercof 1o sccommodate the additional thickness T3 attributable to the
second rubber compasition 20 that is combined at:the losation 118. This

15 provides thc advantages described above with respect te the cerresponding
structwyre in Fig. 4. It hes been found thot the dispersion of tr;e sacond
rubber composition 20 around the tirst rubber composition 16 is uniform
and complete, using the location at 148 to introduce the second rubber

composition 20.



The tubber conposition 20, kneaded by the second extrudi ng nechanism 37",
is furred into a reservoir 150 and (rout there through a passageway 6 152 to
the locafiun 148 arid into his streamof the noving first rubber

conposition 18. The passageway 152 extends continuously around Lhe axis
98"' and termnates at it poi Liun at 154 which directs the second rubber

conposition radially inwardly relativesto the axis 98"' into the stream of
the first rubber conposition 18 The location 148 is adjacent to the '10
di scharge port 70""', spaced slightly downstreamtherefrom The fl ow passage

12"' has the aforementi&ied sldsi kdenakssoraed gpps i Ewnetber ¢rhleodimerdsi on 148 and
the greater thickness T downstream thereof to accomopdate the additional

t hi ckness T3 ateniibed abber. socThke lisecdhdr eubbeitioacpEertingy 0t hat is
conbined at-the location 19S. This 15 provides the advantages described
above with resfeers 18oisthsed. @SrocawpAdP Ake sepprd BiPhriecdmiPoritign 22, %t has been
found that the dispersion of the second rubber conposition 20 around the
first rubber c8Rposf t'BnseEsn? JUbhA"f EATROSHAR TDriwkEse heudirtig™ e | ocation at
148 to igtroduce t he ,second rubber onposition 20. -32- |t has al so been
di scover &d thaf°'i”H°%"h‘§‘ bq%be@ Bﬁpﬁé\fw-g,’y A% the exdrusion process is cared

out. The desired laminar flow of the second cumposition 20 may nat be
achleved 10 the extent desired, as a result of which a certain amouni ol
wavinese may be generated on the resulting sheet 28, By situating the
location a5t 148, at which the second composition is introduced, at or in the
10 vicinity of the discharge port 70", the flow distance over which the secand
rubber composition 16 flows, and is affected by, the first rubber
composition 16, is minimized. This reduces tha likellhood, or degree, ot
Waviness.
Whilc the cylindricaliy-shaped mold/die 12'"" incorporates the
15 different aspects, i.e., the abovc doscribed logation where the second
rubber compaosition 20 is introduced and the gear pump 138, the invention
contemplates that either of thesc aspccts could be incorporated into a

system, independently of the other to achieve good manufacturing results.



descri bed above, since the first rubber conposition 16, containing short
fibers 18 is hard, as conpared to the second rubber conposition 20, the

fl ow of the second rubber conposition 20 against the first rubber 5
conposition 16 can he affected adversely as the extrusion process is carried
out. The desired lam nar flow of the second cunipusiliun 20 may not be
achieved to the extent desired, as a rd%ult of which a certain anmpunt of

wavi ness may be generated on t he resulting sheet 28. By situating the

| ocation at 148, at whi udgewdgd cong,shtlon S rgrgpuce at or in the

10 vicinity of the disc arge B9 A PR N S A SR B B whi ch t he

second . rubber fQIBASLLLOGARuld Y AN, ALLE 9 Yoo digaldyr St ubber

conposi tion 16, 1s mnimze i's reduces the 14ikel egr ee,

wavi ness. W"'emthhssp%wfﬂnﬂaﬁ\;faadéw%e&#&snpiaguvg'pm&%'ams NeRLARRAL es the 15

di fferent aspects, 1.e., the abovc described | ocation where the second

r ubber CO”DOS'qund%ch% bnka@dﬁﬁﬁﬂg%mﬂukhaﬂgeﬁfuﬂUﬂHnLﬁﬁaskhﬂlanenthﬂ
contenpl ates that either of these aspects could be |ncorporated into a

system gndepeRgdesidaycord, shBe RUEedant/dahif¥er spad wappHuasbuigiang results.
-33. A nethod of meking a power transm ssion belt, utilizing the
: molding drum 160. the compunents are arranged on the molding drum 160
by serially applymng the same against the outer molding drum surface 162,
The cloth laver 158 is applicd directly against the surtface 182, after which
the load carrying member 158 is spirally wrapped thereagainst. The sheel
10 28 is then applied with the sceond layer 88, dafined by the second rubber
camposition 20, against the lead carrying member 158. The components
zre furmed into a cylindrical sleeve shape by machine joining using
conventional lechnigues,
The canvas/cloth layer 158 may be made from & woven
15 canvas, knil falric, or the like, that is medc from (s} synthetic fibers such
polyester, nylon, aramird, vinylon, or the like. (b} & natural tiber, or (c) 3
btendaed yarn made from a combhination of the synthetic and natural fibers.

The cloth tayer 158 is optionally provided on the sleeve pretorm 158, The

disclosad sleeve preform 155 could be utilized to define e power



sheet 28, made according to the present inventinn, will now be descri bed
wth respect Initially to Fig. 9. A conposite sleeve preformf G5,

consisting of a sheet 28, a |l oad carrying nenber 156, in the formof a
spirally 5 wapped cord, and a cover canvas/cloth |ayer 158 are w apped
around a nolding drum 16U. ho co gnents are arranged on the nol ding drum
160 by serially applying the sane gg I nst the outer nolding drum surface
162. The cloth layer 158 is applied directly against the surface 162, after

whi ch  the | lof] A8 LFRUTREY 1 b6 bife SO WrapRedod e gagai nst. The
sheet 10 213q?§m§%%n appl i ed ﬁ%t%ég%eQZego% kké;%r@BB géflned by the second

rubber  composutd,anvABre B Dsknbdifn! 0ad carrying nenber 156. The conponents
are formed into a cylindrical sleeve shape by machi ne joi ning using

conventional techni quess st G A$0,Ch pldaifleaVim 4PBomBosiBaidBsle from a woven
15 canvas, knit fabric, or the like, that is made from (a) synthetic fibers

such pol yest@tsormye ORowrREAS], ustibRYtb Ghkke Arpokdte tlahdfRissidherwiimt ural -~ fi ber,
or Ic) a blended yarn nade front a conbi nati on of the synthetic and nat ur al

fibers.5 The GdsOfobmb@yRloppiheisiie®Mdraadlcy ROV oGt VRibbéebsi eeve preform
155. The disclosed sleeve preform 155 could be utilized to define a power

- 34- constructian. The slecve preform 155" consists of two separate sheets 28,

made according to the prescnt invention, and situated so Lhat the second

layers B8 face each other, with a load carrying member 156 spirally

wrapped lherebetween and directly against both of the second layers 88.

10 The various componenis can be serially built up upon the molding drum

160. The innermost sheet 28 is applied to the outer surface 162 of the

molding drum 180 by placing the lirst layer 88 of the inncrmost sheet 28

against the surfacc 162. This leaves the second layer B8 on the innermost

sheet 28 exposcd, The load carrying member 156 is then spirally wrepped,

15 foliowed Ly the application ot the outermost sheet 28 with the second layer

88 facing downwardly and placed against the splrally wrapped load carrying

member 156.
The resulting sleeve preforms 155,15%' are cured in 2

conventional manner and trained around drive and driven rollers 166,168,



transm ssion bait with ribs 164 on one side thereof, as Is comon to a V-
belt or a V-ribbed belt construction. As shown in Fig. 10, a nodified form
of conposite sleeve preformis shown at 155, usable to make a power
transm ssion belt with S ribs formed on opposite sides thereof, such as in
a double V-ribbed belt construction. The sl eeve preform 155 consists of two
separate sheets 28, nade according tozdg-he present invention, and situated
so drat the second |ayers RR face each other, with a | oad carryi ng nenber
156 spirally wapped therebetween and directly against both of the second
| ayers 88. 10 Fhehopdr inotis: tonpbhetes n! HPeargaliven reppastively aigynGpon t he
mol di ng drum 160. The innernost_sheet 28 is applied to the outer surface
162 of the noERACAGPAFIFHAIBO 1! PH-ading ey il s pryatedde HFiehe i nner nost
sheet 28 against the surface 162. This |eaves the s$g§ng ,I%}/er 88 on the
560

i nnermost  sheéf 128V Ju& @3NS JH8 CYAPEST MYy SSTERBE th¥en spirally

wr apped, 15 followed by the application of the outernost sheet- 28 with the
second | ayer S'SGY%ETCﬁ%"ﬁomgﬁI' fﬁaﬁﬂ "EJIF%eg ﬂ&ai%ﬁ'sf‘*f'%é'“'g'ﬁi F&l 1y w apped
| oad carrying _nenb 56. The resulting sl]eeve, prefor 5 " are cured
ina coRventi 84 selﬁéqr %?18’?”%1‘5% P ?%F%%ﬁmg'remﬁ?d‘yﬂ rl|%\‘/"é’ "‘éfﬁ‘%}; ?Jl-r}?vc\é\}r‘{%r ol lers

166, 168,

the slecve preforme 155,185 placed under a predetermined tension and
moving m an endless path, the rotatlng grinding wheel 178 {urms iihs 164
{Fig. 9) therson. The resulting sleeve preform 155,158", with the ribs 164
tormed thereon, can then be trained around another set of drive and driven
10 rollcrs ot shown) and advanced while being cut to a predetermined width
to producc individual beite, shown in Fig. 11 as an exempilary V-rihbed hell
180.
The sleeve prcform 168" can be ground 1o prodilce a double-
sider], V-ribbed construction by gninding the cpposite layer 86 in a separate
15 upeiation. One method for accomplishing this is shown In U.S. Patent No.
2,762,238, which is incorporated herein by reference.
The sxemplary beit 180 has a body 182 with a length, ay
indicated in the direction of a double-headead arrow 184, The load carrying

member 156 is embedded in the layer B8, which funetions as a cushion



-35- as shown in Fig- 12 The rollers 166,168 are driven respectively around
space, parallel axes 170,172. The drive caller 1 1 is operated by a drive
174. Wth this arrangenent, the conpression sections 176,176 on the sleeve
preforns 165, 155", shown In Figs. 9 and 10, respectively, are 5 exposed to
be operated upon by a conventional grinding wheel 178. Wth the sl eeve
preforms 155, 155" pl aced under a predetaeerrm ned tension and noving in an
endl ess path, the rotating grinding whe 178 fonds ribs 1 64 (Fig. 9

t hereon. The resulting sleeve preform 155,155, with the ribs 164 forned

t hereon, can then be trained_around another set- of drive and driven 10

rol | ers gndtbBRBIAYET anhatibad SbaeRnpre=leisngued end gaghpiassed drunaated wi dt h

to produce individual belts, shown in Fig. 1 1 as an exenplary V-ri bbed

hell . 160.geHeealdy) eﬂmﬂaesbamdﬁﬁjsscmtitm.gWharr‘cbst b6 praod wirfireeddouthlee -

si ded, V-ribbed construction by grinding the opposite layer 86 in a separate

15 operatiq nRhied Pk Lhi STrpE, i ent No.
2,762, 238. g%?%gl S | nco;%gég'?ée)ﬁ hergﬂyrggs'rg Sgrcgﬁge Thef ?)?gbnglta‘ir?/é belt 180

ggﬁb?ePﬁggd 25%“P%€\;%l<§i\_ %'YﬁE 1?%&&5 Ead'pﬁ'%[ %% tbnthtehgus ',5,?%[,83, ?ayer 88.
5 The short fibers 18 are embedded in the layer 86, with their lengths
oriented laterally with respect to the belt body 182.
As shown in Fig. 13, it should be understood that the inventive
method of manufacturing the sheet 28 can be used to make virtually any
type of power transmission belt, as shown generically at 186 in Fig. 13
10 with a body 188 defined at least in part by the sheet 28.
In all belt configurations, the short fibers 18 may be made from
one, or combination of, nylon &, nylon- 66, polyester, cotton, or aramid.
The fibers 18 enhance the lateral pressure resistance of the ribs 164 and
may reduce operating noise caused by impacting of the belt against
15 cooperating pulleys.
If aramid short fibers 18 are utilized, it is preferred that they
have a length of from 1 to 20 mm and that they be present in an amount
of 1 to 30 parts by mass relative to 100 parts by mass of the rubber in

which they are incorporated., |If the short fibers 18 are aramid fibers,



menber 156 is enbedded in the |ayer 88, which functions as a cushion - 36-
rubber layer. The ribs 164 are laterally spaced and each have a truncated,
general ly triangul ar-shaped cross section. The ribs 164 are defined in the

| ayer 86, which is part of the conpression section 176 of the belt 180. The
canvas/cloth | ayer 158 is lam nated to the cushion rubber |ayer 88. 5 The
short fibers 18 are enbedded in the |ag@&r 86, with their lengths oriented
|laterally with respect to the belt body. 182. As shown in Fig. 13, it should
be understood that the inventive nethod of manufacturing the sheet 28 can
be used to mak@PRPNANFY haYR/en FPFETEIIEINERC MPISAYHT S81BH LIRS as shown
generically at 186 in Fig. 13 10 with a bodY 188 defined at |east in part
by the sheet 28Viahle Eﬂ‘"lﬂ"bél f““ﬁ%ﬁ?l‘@l?r%’m“bﬁﬁ“s'”Vt‘H@”s‘l’i‘Sr“t’mF'i’ FENEXT8 may be nade

aram d - he 1 MBRER St iaR. B¢ HE0RA: FUARENESk e YEET St ance of the ribs
164 and nmay reduce Opeh%%Lﬁg'ﬂFH%%=§9#§§g%£ _”qgn%f%s%vg$Péhe pelt agai nst

15 cooperating pulleys shor is

preferr e% t hat b h :)éts trl]\g‘YzEs ?’Gi 9—:@9;\!} h?nm n ;(:)JpquatL Patggl p@s@ﬂ%ésﬁ%se? hey be

present i'n an

If the aramid fibers 18 are present in an amount over 30 parts by mass, the
fibers may not become evenly disbursed in the rubber during manufacturing.
The use of aramid fibers is not required, as other materials may he tlilized
in place of, or in conjunction with, the aramid flbers.

10 The rubber used in the layer 88, 1o define the campression
scctions 176,176, may be one or a comblnation of hydro-nitry! rubber,
chloropreneg rubber, naturai rubber, CSM, ACSM, SBR, and ethylsne-d-olefin
clastomer. hydro‘nitryl rubber is ueed, it preferably has a hydrogen
addition rate of not lcss than 80Y%, and preferably not less than 90%, 10

15 provide good heat end ozonc resistance. Hydro-nitryl rubber with a
hydragen addition rate of not grester than 80% mway have inadeguats heat
amd vzone resistance.  For purposes of providing good ol and low

tenperature resistance, acrylonitrile is ¢ombined, preferably in an amount



of 1 to 30 parts by nmass relative to 100 parts by mass of the rubber in
whi ch they are incorporated. If the short fibers 18 are aram d fibers, -37-
preferably they have an aromatic ring in the nolecular structure. Fibers
suitable for this purpose are sold comrercially under the names CONEXTM
NOVEX' ", KEVLAR', TECHNORA'", TWARON ", and the like. If aramd fibers 18
are present in an anount |ess than one part 5 by mass, the ribs 164 may not
have an adequate | ateral pressure resis$s nce. If the aranid fibers 18 are
present in an amount Over 30 parts by nass, the fibers may not becone
evenly di sbursed in the rubber during manufacturing. The use of aramd
fibers is natnorepgthased;ompositioes, sdtydenat-slafmmelhstonter, haedg goodiboed of , or
in conjunction with, the aram d fibers. 10 The rubber used in the |ayer 88,

to define t ¢ $8Ir@ PesiSBideO NS nieterddg6’' . may be one or a conbination of
hydro-nitryl:a%'r’ug'g?;e? éﬁl%?loprer?élrﬁg)%ep?!ahatural rubber, CSM /CSM SBR,

and ethylene-a-olefin_elastonmer. If hydro nitryl rybber is used, it
preferably has a hydr ySWtabigeiviane i ef?ﬂ ehﬁtgqngggs tqgfréwegg%roaﬁlgne-
preferably not less than 90% to 15 provide good heat and ozone resistance.
Hydr o- ni t r ydliengbbeyongner a (ERpYNYogen Exdaipiéson of at e di¢nenomepaaeesry shan 80%
may have i nadequat e heat
5 dicyclopentadiene, methylene norbornene, ethylidene norbornene, 1, 4-
hexadiene, cyclooctadiene, etc. Ethylene-propylene base rubber (EPR) is
also usable,
Sulfur and organic peroxide may be used to cross-link the
above-mentioned rubbers. Suitable organic peroxides are one, or a
10 combination, of dicumyl peroxide, di-t-butyl peroxide, t-butylcumyl peroxide,
benzoyl peroxide, 1, 3-bis(t-butyl peroxy isopropyl} benzene, 2, 5-dimethy!-
2, 5-dift-butyl peroxy) hexyne-3, 2, B-dimethyl-2, 5-{benzoyl peroxy)
hexane, 2, 5-dimethyl-2, 5-mono(t-butyl peroxy) hexane, etc.
By blending a co-agent, the degree of cross-linking can be
15 increased 10 avoid adhesive abrasion, and the like. Among the suitable co-
agents that will effectively accomplish this are TIAC, TAC, 1, 2

polybutadiene, meta! salt of unsaturated carboxylic acid, oxime group,

guanidine, trimethylolpropane trimethacrylate, ethylene glycol



and ozone resistance. For purposes of providing good oil and tow
Tenperature resistance, acrylonitrile is conbined, preferably in an anount
-38- Anmpbng these conpositions, ethylenea-olefin elastoner, having good oil
and |ow tenperature resistance, is preferred. A suitable ethylene-a-olefin
el astoner is ethyl ene-propyl ene- di ene nononer (EPDM . Exanples of diene
monomers are 5 dicycl opentadi ene, met'B§1 ene norbornene, ethylidene

nor bornene, 1, 4 hexadi ene, cycl ooct adi ene, etc Et hyl ene- propyl ene base
rubber (EPR) is and or ani ¢ pero e used to
cross-link the d‘egb%’?/aémﬁetﬁt?‘g\!ngﬁghenﬁgg?%"’mg 9} aebi3 cér"ﬂgm i’kfré’?‘/'?i 1 des are one,

or a 10 conbi natlona“L er oxi En di -t-butyl peroxide, t-butylcunyl

per oxi de, benzoy ”‘b’é"’ro ?jeulf%iggrg)fl 7 SCre b (ta?? per oxy i sopropyl) benzene 2,

o-dimethyl - 2, 5-di(t- b%:&kﬁﬁﬁ%ﬁ%nﬁe?ﬂ}’c %s%arbg? bRzl Wlﬁ gy b~ (Denzoyl

per oxy) hexane 2, 5-dine buty eroxy exane, etc. By

bl endi ng a co- qggmo dm%d%ﬁgrn@ﬁdegf £ R shDk] AnGANARE, dgulingd eased L0

avoi d adhesi ve abrasion [i'ke e suitable co- agents that

will effectively 3G66UMbdtRRet RisdbRLifg Idehea prA‘Qbsnlg aid, andfor a coloring

agent, normally used for rubber compounds, may also be used.

The rubber composition used far the cushian/Nirsi ayer 88 may
bec similer to, or the same as, the rubber composition used in the second
layer B8/compression section 176,176'. The rubbers could alen be

10 different, While fibers are not disclosed in the second layer B8, fibers couid
be utilizecd in this layer as well.

The load carrying members 156 may be made from one, or a
caombination of, polyesier liber, aramid liber and glass fiber. In one farm,
aach load carrying member 156 is a cord define by twlisting groups of

15 polyester fiber filaments with a main unit consisting of ethylens-2 and 8-
naphthalate, to 3 1013l denjer of 4000 to 8000. The ¢cord may he subjected
to adhesion processing to control belt slip rate and thereby extend the beit
lle. The load carrying membars 156 may be adhseion trested also to

improve their adhesion 1o the base rubber. (1 is common to adhegion treat



pol ybut adi ene, netal salt of unsaturated carboxylic acid, oxinme group,
guani di ne, trinethyl ol propane trirnethacryl ate, ethylene glycol .39-

di enet hacryl ate, N-N -m phenyl enc bisnel eim de, suffer, and the |Iike, which
are normal |y used for peroxide cross linkage. A reinforcing material, such
as carbon black and silica, may he wused as desired and needed, A bul king
agent, such as calciumcarbonate 6 apgl tale, a plasticizer, a stabilizing
agent, a processing aid, and/or a coloring agent, normally used for rubber
conpounds, may al so be used. The rubber conposition used for the

cushi on/ fir st theaipad S@virgymebdersil i |tar Imnoersioy Whdibgsane asesadie- r ubber
conposition used in the second |ayer 86/conpression section 176,176'. The
rubbers coul dfermstn Beex1GFHilfafigy aftar Whigh they #relhertsd andedippgtto firgcdrosed in the
second | ayer 88, fibers could be utilized in this |ayer as well. The | oad
carryi ng nmenbedkesivedayeajhaias wrsembvrdarrsae ondie eutecsiiiFhat herest | pol yester
fiber, aramd fiber and glass fiber. In one form each |oad carrying nenber
156 is a cor dc@efirqEeppetn 58 Aiehrdrpee pausnisd's 6SerPRIaer S i | anents with
a main gnit consi sting of ethyl ene-2 and 6- ht ha] ate, to a total denier

of 4000°to 8060¢ al!ﬁ{get Sr erm-} nﬂgjd ﬂ?yjbgélpg%d a?taep preliminarily processing

the same with an epoxy or isocyanate compound,
By using a spinning/winding pitch for the load carrying
members 156 of 0.9 to 1,3 mmye belt incorporating the same may exhibit
a high modulus., With a pitch of less than 0.9 mm, adjacent turns of the
10 load carrying member 156 may intertere with each other. With a phch
yreater than 1.3 mm, the modulus fer a belt incorporating the toad carrying
member 156 may be reduced to Bn unacceptable éxtent.
The clath layer 158 may be made from & matcral that is a
cloth, knitted, or & nwowaven fabric, OF these. nonwoven tabric 18
16 praferred. The fiber material defining the fabric may be at least one of a)
natural fiber such as cotlon, linen, rayen, and the like, or b) organic fiber
such as polyamide, polyester, poiyethyiene, polyurcthane, polystyrens,
polyflucroethyiene, polyauryl, polyvinyl aleohol, aromstic polyester, aramid,

and the like. The canvas/cloth layer 158 is immersed in an KL liguid ueing



t o adhesi on processing to control belt slip rate and thereby extend the belt
life. The load carrying nenbers 156 nay be adhesion treated also to

i nprove. Their adhesion to the base rubber. It is comobn to adhesion treat
-40- the load carrying nenber 156 by inmrersing the fibers in a resorcin-
formalin latex (RFL) liquid, after which they are heated and dried to form
an adhesive layer that is uniformy di spersed on the outer surface of the

| oad carrying nenbers 156. O her adhedilve treatnments are contenplated. As 5
one alternative, the RFL liquid may be utilized after prelimnarily
processing the sane with an epoxy or isocyanate conpound. By using a

spi nni ng/ weadicdhguighdrcis futnbetthen Itbadexqaoseyl saigfascrewbahe dbtrasfclotidyerl, 3 nmmye
bolt incorporating the sane may exhibit a high nodulus. Wth a pitch of

| ess then Qg@. Wmhea%ly@F@é‘ihé#Erﬂﬁ\éPEeé hﬁr R fiqad &ﬁfwayngerﬂ?%@s‘se@ﬁ%du' us

interfere with each other. h a pitch greater than
for a belt.lncor orati he | oa [ 56 be reduced to an
unaccept ablrE"}f){? Eht th %ﬁg E’PSHWH'&&‘@P”W%@%%%@%%“? P(ﬁﬁf‘é CHaterial that is

a cloth, knitted, or a nonwoven fabric, t hese, nonwoven tabric is 15
preferred. The fiber Tmfémamw@maKﬁS@StsMemﬁbﬂqrmm ofe wlatiyedg thiske of a)

5 sheet 28 in a shorter time frame and with less labor than normally
associated with the process of sheet manufacture wherein a plurality of thin
layers are laminated. The sheet 28 may be made with high integrity by
reason of the integral formation of the tayers 86,88 in the manner described
above. The advantages of the inventive method are demonstrated below,

10 for a V-ribbed belt construction, through actual testing.

Comparative Example
A CR rubber compound, as shown in Table 1, was formed with

short fibers embedded.



natural fiber such as cotton, linen, rayon, and the like, or b) organic

fi ber such as pol yam de, pol yester, polyethylene, pol yurethane,

pol ystyrene, pol yfluoroethyl ene, polyacryl, polyvinyl alcohol, aromatic

pol yester, aram d, and the tike. The canvas/cloth layer 150 is imrersed in
an H -L liquid using -41- cured rubber is rubbed on the exposed surface of
the canvas/cloth layer 1 58. The |ayer P§ then imersed in RFL liquid and
may be processed by inmmersion in a soaki'ng |iquid having rubber dissolved
in a solvent. The invention nmakes possible the formation of a relatively
thick 5 sheet 28 in a shorter tine frame and with | ess |abor than normally
associated with the process of sheet MABLEdcture wherein a plurality of thin
| ayers are | aninated. The sheet 28 may be nmade with high integrity b

reason of the integral formati¢n of thesta¥eks 86,88 in the manner déscribed
above. The advantages of the i Ve@b”‘fﬁlmﬁgﬁﬁgsﬁ e genoPddi@NdAYERl ow] 10
for a V-ribped belt constructi®n, through actual te¢sting.RéRERBarative
ﬁ(grenr)!seeﬁbeRdLibb_eL??onpound, as showd f, Jake 1, | was; [ armed, wih $hort
$$P(;ULPHUR MODIFIED 100 106
STEARIC ACID 2 2
5 NYLON CUT YARN 15 -
ARAMID CUT YARN 5 -
OlL 5 5
CARBON BLACK 25 25
ANTIOXIDANT 4 _ 4
10 BISMALEIMIDE 2 2
ZINC OXIDE 5 5

The fibers were placed in the rubker on an open roll to perform
kneading thereon. A master batch was kneaded and cooled to room
temperature. The master batch and additional compounds, as shown in

1F Table 1, were placed in an extruder. Simultaneously, the CR rubber
compound of Table 1 was placed into an extruder, as shown in Fig. 1, to
knead the rubber containing short fibers preparatory to extrusion. No
cushion layer rubber was used in this Example, and only one layer of rubber

containing short fibers was used.



TABLE 1 SHORT-FI BER CUSH ON LAYER CONTAI NI NG RUBBER RUBBER PARTS BY MASS
PARTS BY MASS CR (SULPHUR MODI FI ED TYPE) 100 100 STEARIC ACID 2 2 5 NYLON
CUT YARN 15 ARAMD CUT YARN 5 - OL 55 CARBON BLACK 25 25 ANTI OXI DANT 4
4 10 BISVALEIMDE 2 2 ZINC OXIDE 5 5 The fibers were placed in the rubber
on an open roll to perform kneading thereon. A master batch was kneaded and
cooled to room tenperature. The nmaster_batch and additional conpounds, as
shown in 1 R.Table 1, were placed in ah3ext ruder. Si nmul t aneously, the CR
rubber conpound of Table 1 was placed into an extruder, as shown in Fig. 1,
to

The rubber containing the short fibers was extruded and

gradually extended in moving towards the discharge port. In the process,
shearing forces were imparted to the rubber composition using a
conventional expansion die and under conditions as set out in Table 2,

5 below.



knead the rubber containing short fibers preparatory to extrusion. No
cushion | ayer rubber was used in this Exanple, and only one |ayer of rubber
contai ning short fibers was used. -43- The rubber containing the short

fi bers was extruded and gradual ly extended in noving towards the di scharge
port. In the process, shearing forces were inparted to the rubber
conposition using a conventional expansjion die and under conditions as set
out in Table 2, 5 below -44- TABLE 2 T¥VENTI VE EXAMPLE COVPARATI VE (TWO
LAYERS) EXAMPLE (SINGE LAYER) EXTRUDER (b90.1!680.2 090 NI PPLE DI AMETER
(m) 0260 0280 RUBBER PASSAGE OUTLET CENTRAL 0262.5 0262 DI AMETER (mMm) R2

TABLE 2
INVENTIVE EXAMPLE COMPARATIVE
" (TWO LAYERS) EXAMPLE
(SINGLE LAYER)
EXTRUDER O50"/060"2 ©90
NIPPLE DIAMETER (mm) 260 2680
RUBBER PASSAGE
OUTLET CENTRAL
DIAMETER (mm) R2 ®262.5 va82
RUBBER PASSAGE
EXPANSION INLET CENTRAL @77 077
HEAD DIAMETER (mm) R
EXPANSION
RATIO RZR) 34 34
SCREW 0 60
CYLINDER
{(THROWING &0 &0
SIDE)
5 TEMPERATURE
rc) CYLINDER (HEAD SIDE) w s
HEAD 75 75
SCREW ROTATING SPEED (rpm) 20 20
SHORT-FIBER CONTAINING
RUBBER SHEET RUBBER ‘ : 20 30
THICKNESS (tnm)
ADHESIVE RUBBER 05 i
10 RUBBER SHEET WIDTH {mm) ! 640 640
OUTER LAYER [CUSHION LAYER 5
s RUBBER)
RATIO
MIDDLE LAYER 20 20
INNER LAYER 20
ORIENTATION : 1.6
OUTERLAYER (CUSHION LAYER 50
RUEBER)
EB(%)
MIDDLE LAYER 400 300
INNER LAYER 250 100
MIDDLE LAYER 300 500
INNER LAYER 250 106G




RUBBER PASSAGE EXPANSI ON | NLET CENTRAL 077 077 HEAD DI AVETER (mm) Rl

EXPANSI ON 14 34 RATIO R2/RL SCREW 60 80 CYLI NDER (THROAN NG 60 co rJ
TEMPERATURE SIDE) (C) CYLI NDER (HEAD SIDE) 50 50 HEAD 75 75 SCREW ROTATI NG
SPEED (rpm) 20 20 SHORTFI SER CONTAI NI NG RUBBER SHEET RUBBER 3.0 3.0

THI CKNESS (nm) ADHESI VE RUBBER 0.5 10 RUBBER SHEET W DTH (m’r) 640 040 OUTER
LAYER ( CUSH ON LAYER RUBBER) 1.5 -45-

* 4 screw digmeter of axtruger for shon Nber-contamning rupiber

“Z! screw diameter of extrirer 100 cushion IRyar ranbey

TB: knsis breaklnp strengih

TB rutio = T8 {glrecton parpengleular 1o extrurloniTB (diTeERTinn th PAEAHAN TH RXTIRIDNY
EB = elongation in a diraction parallel to extruaion direztioh 81 the time o1 tensile breakage

(¥) ]

A two laycred cylndrically-shaped mold product, consisting ot
a) rubber with short fibers embedded therein on an inner peripheral side and
b) & cushion rubber layer laminated on an outer peripheral side. were
extrusion molded and cut to define 2 sheet.

10 Two pliea of rubberized cottan canvas were laminated on e
molding drum. Load carrying members, made of polyester fiber rope, were
then applied to the cotton canvas, followed by the molded belt body sheet
containing the cushion layer rubber.

The orientation of the short fibers in the resulting sheet were

15 evalualed, To carry oul this evaluation, the sheet was sliced into three
layers, inctuding an outer layer, a middle layer, and an inner layer. Tensile
steenygth ratio [TB ratio - (direction perpendicular to extrusion/direction in
parattel 1o extrusion] anri elongation (EB) in a direction paralle! to the
extrusion direction, at the tme of tensile breakage, were determined by

20 measuring tensile strength (TB) of Ihe sheels in a crewrnflerential direction

#nd i an axial direction, respeartively, aceording 1o .05 K6251. The greater



TB RATIO M DDLE LAYER 2.0 2.0 ORI ENTATION I NNERLAYER 2.0 1.5 QUTER LAYER

(CUSHI ON LAYER 50 RUBBER) EB(h) M DDLE LAYER 300 300

| ot snon hoer-

I NNER LAYER 250 700

M DDLE LAYER 300 800 | NNER LAYER 250 100 -45- |; screw di aneter or extroaer
contal nl no rubber "2" 1hYQ ell™ TB: tenslle breallrQ
strength TB ratio a TB lelrecdon peroendlcU ar to exlruelon)l TB (dl, Pral nn
ation in a direction parallel to

In perellel In e%r1131nn) 5 E6 = el or§
extruel on aireetlon at the time or tensile breakage A two | ayered

cylindrically-

fi bers enmbedde

10

15

O PREH L SPE A Glec SO SLID Qlocrliol UPRER I ShOTE

nner

with the tensile strength in the direction in parallel to extrusion, i.e,, the
greater the TB ratio, the more tavorable tha orientation of short fibers is in
the circumferential direction,

it was found that the magnitude of the 18 ratio in the outer
layer corresponded to the cushion layer rubber and ditferences in TE ratio
and CD were slight in the middle and inncr layers, sa that the ghort fibsrs
were favorably oriented. Since the outer layer defined a cushion layer
rubiber, the orientation of the fibers can be neglected. With the singie layer
in the Comparative Example, it was found that the outer layer had & small
TRB ratio arnd EB and thus the orientation of the short fibers was not uniform.

Curing was performed in a conventional manner atter titting a
vuleanization jacket onto the belt sleeve preform. After curing, the jacket
was removed and the belt sleeve was remover) fram a molding drum upon
which it was mounted, The hell slesve was ground to produce ribs, with
individual belts cut from the belt sleeve o fonn individual V-ribbed belts.

The V-ribbed belts that resulted were a K type 3-ribbed belt,

according RMA standards, with a length of 875 mm, a rib pitch of 3.56



b) a cushion rubber | ever |Iamnated on an outer peripheral side. were
extrusion nolded and cut to define a sheet. 10 Two plies of rubberized
cotton canvas were |lam nated on a nolding drum Load carrying nenbers, nade
of polyester fiber rope, were then applied to the cotton canvas, followed
by the nol ded belt body sheet containing the cushion |ayer rubber. The.
orientation of the short fibers in the resulting sheet were 15 eval uated.
To carry out this evaluation, the sheet4¥as sliced into three | ayers,
including an outer layer, a mddle |ayer, and an inner l|layer. Tensile
strength ratio ITB ratio - (direction perpendicular to extrusion/direction
in parall emrhpaeitt haigghargf 210 (rES) aibelathdckresstsi oind (B0 aithekbntia tibeangdet r usi on
direction, et. the line of tensile breakage, were determ ner) by 20
measuring tgpgigke strength (TB) of the sheets in a circunferential direction
and in an axial direction, respectively, according to AS K6251. The greater
-46- the tensile strength in the direction perpendicular to extrusion, as
conpared with the tensile strength in the direction in parallel to
extrusion, i,e" the greeter the TB ratio, the nore tavorable the

ori ent ati onlrofergiverkxdmpl& s is in the circunferential direction.

AN EPDM compound shown i Table 3, below, was used for

5 rubber containing short fibers.

-

TABLE 3
SHORT-FIBER CUSHION LAYER RUBBER
CONTAINING RUBBER
PARTS BY MASS PARTS BY MASS
EPDM 100 100
NYLON CUT YARN 15
ARAMID CUT YARN 5 .
10 STEARIC ACID 1 1

ZINC OXIDE 5 5
CARBON BLACK 50 50
OIL 10 10
ANTIOXIDANT 2 2
N, N-m-PHENYLENE 2 2
DIAMALEIMIDE
PEROXIDE 8 8




51t was found that the magnitude of the | Bratio in the outer |ayer
corresponded to the cushion | ayer rubber and differences in TB ratio and CO
were slight in the mddle and inner |layers, co that the short fibers were
favorably oriented. Since the outer |ayer defined a cushion |layer rubber,
the orientation of the fibers can be neglected. Wth the single layer 10 in
01" Conparative Exanple, it was found that the outer layer had a snmall TB
ratio and ES and thus the orientation 6#8the short fibers was not uniform
Carina was performed in a conventional manner otter fitting a vul canization
j acket onto the belt sleeve preform After curing, the jacket was renoved
and the belt sleeve waberfimrsedefs placadrvirdbhgr tr amopeoroll 16 pivideleeid was
nount ed. The hell sl eeve was ground to produce ribs, with individual belts

cut from t heRedr p#PEVThEOmbstdn &ﬁehwgy&heydéa l%b@dej@@ietdsand Egled fd bbed
belts that resulted were a K type 3-ribbed accordi ng RVA standards

with a leng f 975 h b_hei
nm a belt '{ rﬁtﬁ ’gmfi SBH 'Réé\t% b%th ik o&ﬁiér cgﬁquéxentﬁ Wéﬁ?‘p arrpl e
AN EPDM conpound shovvn in Table 3, below, was used fo
in an extruder, as shown in Fig. 7. Slmultaneously, the EPDM rubber
5 compound shown in Table 3, usable for the cushion layer rubber, was
placed in an extruder, as shown in Fig. 7, to knead and cause rubber
containing short fibers to be extruded.
The rubber composition was extruded towards a discharge port
and extended in a circumferential direction, with shearing forces imparted

10 to the rubber using a system and operating conditions as shown in Table 4,

belaw,



5 rubber containing short

15 -

fibers.

in an open roll

TABLE 3 SHORT- FI BER CUSH ON LAYER RUBBER

CONTAI NI NG RUBBER PARTS BY MASS PARTS BY MASS EPDM 100 100 NYLON CUT YARN
ARAM D CUT YARN 5 10 STEARIC ACID 1 1 ZINC OXIDE 5 5 CARBON BLACK 50
50 AL 10 10 ANTIOXIDANT 2 2 N, Nm PHENYLENE 2 2 DI AVALEI M DE PEROXI DE 8

8 -48- The fibers were placed in rubber to produce a naster

batch. The master batch was kneaded ang4éaj ected and cooled to

TABLE 4
INVENTIVE ExAMPLE | COMPARATIVE
(TWO LAYERS) EXAMPLE
|SINGLE
LAYER]
EXTRUDER @80%1 o802 90
NIPPLE DIAMETER {mm)
9260 0260
RUBBER PASSAGE
OUTLET CENTRAL
DIAMETER tmm) A2 ©263.4 ©262.8
RUBBER PASSAGE
EXPANSION INLET CENTRAL
HEAD DIAMETER {mml R1 e77 @77
EXPANSION AATIO R2/R1 se -
SCREW o5 50 a5
CYLINDER [THROWING SIDE}
5 TEMPERATURE S0 ko g0
{=c)
CYLINDER [HEAD SIDE) . gg 60 g5
HEAD 95 88 95
SCREW ROTATING SPEED (rpm) 25 50 25
SHORT-FIBER CONTAINING
RUBEER 3.0 3.0
RUBBER SHEET
THICKNESS trm) CUSHION LAYER RUBBER o5 _
10 RUBBER SHEET WIDTH (mm) 640 §40
OUTER LAYER {CUSHION LAYER 1.8
- RUBBER)
RATIO
MIDDLE LAYER 1.9 1.8
INNER LAYER - -
ORIENTATION
OUTER LAYER (ADHESIVE RUBBER) 200
R
. MIDDLE LAYE 220 220
INNER LAYER 210 200




roomtenperature. The master batch and ot her conponents were placed in an
extruder, as shown in Fig. 7. Sinultaneously, the EPDM rubber 5 conpound
shown in Table 3, usable for the cushion |ayer rubber, was placed in an
extruder, as shown in Fig. 7, to knead and cause rubber containing short
fibers to be extruded. The rubber conposition was extruded towards a
di scharge port and extended in a circ erential direction, with shearing
forces inparted 10 to the rubber usihgﬂ% system and operating conditions as
shown in Table 4, below, -49- TABLE 4 | NVENTI VE EXAMPLE COVWPARATI VE (TWO
LAYERS) EXAMPLE | SIN QYEﬁka%TRUDER 9011 060.2 090 N PPLE DI AMETER
-tiber containing rubber

i rew l E 14
(mT) 0260 0226 rewl:g@EEEFgf ?Aﬁ ushion layer rubber

TH: tensile breaking strength
TE ratio = T8 {direction perpandicular 1o extrusion) /T8 (direction in paraliel to extrusion)
5 EE = elongation in » direction parallel to extrusion at the time of 1ensile breakage

A two-layered cylindrically-shaped moid product resulted
consisting of a) the rubber containing the short fibers lamninated on an inner
peripheral side thereof and b) cushion layer rubber laminated on an outer
peripheral side thereof. The resulting extrusion molded structure was cut

R to produce a molded sheet, inciuding the cushion rubber iayer.

Two plies of rubberized cotton canvas were laminated on a
molding drum. Load carrying members, consisting of a polyester fiber rope
were wrapped thereagainst. The molded sheet was then applied 10 produce
a sleeve preform. A vulcanization jacket was fit onto the sleeve preform

15 after which curing was carried out in a conventional manner. After curing,
the jacket was removed and the belt slesve separated from the molding
drum. The steeve was then ground to form V-shaped grooves, after which
individual belts of a desired width were cut from the sleeve. The resulting
V-ribbed belts had the same dimensions as those described for the

20 Comparative Example.



OUTLET CENTRAL 0263.4 0262.9 DI AMETER (mm R2 RUBBER PASSAGE EXPANSI ON

| NLET CENTRAL 077 077 HEAD DI AVETER (mm) Rl EXPANSI ON RATIO R2/R1 3 4 3.4
SCREW 95 50 95 CYLI NDER | THRON NG SI DE) 5 TEMPERATURE 90 60 90 (O

CYLI NDER (HEAD SIDE) 95 60 95 HEAD 95 85 95 SCREW ROTATI NG SPEED (rpm 25
50 25 SHORT-FI BER CONTAI NI NG RUBBER 3.0 3.0 RUBBER SHEET THI CKNESS ( nmm
CUSHI ON LAYER RUBBER 0.5 1 RUBBER SHEEéI' W DTH (mm) 640 640 QOUTER LAYER
(CUSH ON LAYER 1.8 TS RUBBER) -51-

The orientation of the short fibers in the resulting molded sheet
with the cushion layer rubber incorporated was evaluated in the same
manner as for the Comparative Example. The tensile strength ratio {TB} and
the elongation (EB) in a direction parallel to extrusion at the time of tensile

5 breakage were determined.

It was determined that the middle and inner layers of the
molded sheet with cushion layer rubber showed only slight differences in TB
ratio and EB and the short fibers, evidencing that the fibers, evidencing that
the fibers were favorably oriented.

10 While the invention has been described with particular
reference to the drawings, it should be understood that wvarious
modifications could be made without departing from the spirit and scope of

1he present invention.



RATI O M DDLE LAYER 1.9 1-9 INNER LAYER 1.7 1.7 ORI ENTATI ON OQUTER LAYER
(ADHESI VE RUBBER) 200 EB(% M DDLE LAYER 220 220 | NNER LAYER 210 200 -50-
7; screw di aneter of extruder for short-fiber containing rubber '2; screw
di anmeter of extruder for cushion |ayer rubber TB; tensile breaking strength
TB ratio = TB (direction perpendicular to extrusion)/TB (direction in
parallel to extrusion) 5 ES = elongation in a direction parallel to
extrusion at the tine of tensile breakBge A two-layered cylindrically-shaped
nol d product resulted consisting of a) the rubber containing the short
fibers lam nated on an inner peripheral side thereof and b) cushion |ayer
rubber | am nated on an outer periph@LalMSi de thereof. The resulting
extrusion nol ded structure was cut ') to produce a nol ded sheet, i ncluding
t he cushion rubber | ayer. Two plies of rubberized cotton canvas were

| am nated on a

1. A method of manufacturing a power transmission beit
2 comprising a body with a length and a cushion rubber layer in which at least
one load carrying member is embedded so as to extend lengthwise of the
4 body, said method comprising the steps of:
extrusion maolding {a) a first rubber composition comprising
3 rubber with short fibers therein and (b} 2 second rubber composition that is
different than the first rubber composition to produce a first sheet in which
8 the second rubber composition defines at least a part of the cushion rubber
layer;
10 applying the at least one load carrying member to the second
rubber composition to produce a preform assembly; and
12 processing the preform assembly to produce a power

transmission belt.



nol di ng drum Load carrying nmenbers, consisting of a polyester fiber rope
were w apped thereagai nst. The nol ded sheet was then applied to produce a
sl eeve preform A vul canization jacket was fit onto the sleeve preform 15
after which curing was carried out in a conventional manner. After curing,
the jacket was renoved and the belt sleeve separated fromthe nolding drum
The sl eeve was then ground to form V-shaped grooves, after which individual
belts of a desired width were cut fromPBhe sleeve. The resulting V-ribbed
belts had the sane di nensions as those described for the 20 Conparative
Exanmple. -51- The orientation of the short fibers in the resulting nol ded

sheet with the cushi & [Magemethbber! rBaofieeuahgd pos eetedrisahi@dionnbélbe sanme
manner as for the Corrparative Exanple. The tensile strength ratio (TB) and

t heyel onga reacﬁ )to'dTaﬁ“n WHrERA é'Féa%t%l '@l’eéﬁu?x’ékrﬁ‘\%dd?ﬂ%atfutstﬁ‘?ubbg;; e and

tensile ewere etermne tvvas eterm ne he m

i nner Iayers of the de sh %wth cushi on Iaﬁ rubber. shovxﬁg
slight di fF%?E?@é%O”ﬂ I?Serca?ﬂ UDRET ERMROS HLCYRBFiEeT PREHSIONIROHEAG | ng t hat

the fibers, evidencing that the fibers were favorably oriented.
4 a second rubber composition that has no short fibers therein.

3. The method of manufacturing a power transmission belt

2 according to claim 2 wherein the step of extrusion molding a first rubber
composition and a second rubber composition comprises extrusion molding

4 a first rubber composition and a second rubber compesition in a

eylindrically-shaped mold with an inside peripheral surface and an outside

6 peripheral surface between which a flow passage having a diameter is
defined with an expansion portion with aninlet and a discharge port and in

8 which the flow passage increases in diameter from the inlet towards the
discharge port and so that the first rubber composition is at the inside

10 peripheral surface and the second rubber composition is at the outside

peripheral surface.



10 While the invention has been described with particular reference to the
drawi ngs, it should be understood that various nodifications could be made
wi t hout departing fromthe spirit and scope of the present invention. -52-
CLAIM5 1. A nethod of manufacturing a power transm ssion belt 2 conprising
a body with a length and a cushion rubber layer in which at |east one |oad
carrying nenber is enbedded so as to extend | engthwi se of the 4 body, said
met hod conprising the steps of: extrusisan nolding (a) a first rubber
conposition conprising |s rubber with short fibers therein and (b) a second
rubber conposition that is different than the first rubber conposition to

produce a first sheety %ng QQ?M%MQ ﬁél’ﬂ%@’oq'?glaﬂes at

| east a part of the CUShI on ru yer y| ng t e at | east one |oad
carrying nmenber . to the sec r ubber conposition to uc reform
oS 2rbl v BREOTUNG (o ST therh e SERLSL abPl 1e Taf BhiRAS STsriRe
transm ssion belt.
carrying member comprises wrapping the at least one load carrying member

4 and the first sheet around a molding drum and against each other.

5. The method of manufacturing a power transmission belt
2 according to claim 1 wherein the step of processing the preform assembly
comprises grinding the body to define ribs extending lengthwise of the

4 body.

6. The method of manufacturing a power transmission belt
2 according to claim 1 wherein the step of processing the preform assembly

comprises applying at least one additional layer to the preform assembly.

7. The method of manufacturing a power transmission belt
2 according to claim 6 wherein the step of applying at least one additional

layer comprises applying a fabric layer to the preform assembly.



-53- 2. The nethod of manufacturing a power transm ssion belt 2 according to
claim1 wherein the step of extrusion nolding a first rubber conposition
and a second rubber conposition conprises extrusion nolding 4 a second
rubber conposition that has no short fibers therein, 3. The nethod of

manuf acturing a power transm ssion belt 2 according to claim2 wherein the
step of extrusion nolding a first rubber conposition and a second rubber
conposi tion conprises extrusion nol di ngg54 a first rubber conposition and a
second rubber conposition in a cylindrically-shaped nold with an inside

peri pheral surface and an outside 6 peripheral surface between which a flow
passage having a di angt emrhiesmetiadd B¢ dnahlifacalrix RafGven tReshhiosion lidlt an
inlet and a discharge port and in 8 which the fl ow passage i ncreases in

di aneter fromt | nLet..: d di.sch & irst
rubb®r conp %‘f?rlgg'?é ?J% Calt 'W%’g%ﬁesf%@gthelﬁt%%eﬁ gﬁ%’&gﬁ gﬁrl aszcebr{gnﬁ&thﬁgﬁgfecond
rubber conposition is at the outside peri Pheral surface. -54- 4. The net hod

of manuf act \B¥ERGOMBIRAS aRRIINGN? E4PBR BXPE 19 e PERTIAMEISENNi m 3 wherein
the step of applying the at | east one | oad

9. The method of manufacturing a power transmission beit
2 according to claim 1 further comprising the steps of manufacturing a second
sheet in substantially the séme manner as the first sheet is manufactured

4 and joining the first and second sheets to each other to produce a

composite preform assembly.

10. The method of manufacturing a power transmission belt
2 according to claim 9 wherein the step of processing the preform assembly
comprises processing the composite preform assembly by forming ribs in

4 the body.

11. The method of manufacturing a power transmission belt
2 according to claim 10 wherein the step of forming ribs in the body

comprises forming ribs in each of the first and second sheets.



carrying menber conprises wapping the at | east one | oad carrying nenber 4
and the first sheet around a nolding drum and agai nst each other. 5. The
met hod of manufacturing a power transmission belt 2 according to claiml
wherein the step of processing the preformassenbly conprises grinding the
body to define ribs extending | engthwi se of the 4 body. 6. The nethod of
manuf acturing a power transm ssion bel 2 according to claim1l wherein the
step of processing the preform assenbl 8- conprises applying at |east one
additional layer to the preformassenbly. 7. The nmethod of manufacturing a
power transm ssion belt 2 according to claim6 wherein the step of applying
at | east one addition@. Thayeethaahpf meesiagplingrpawealiransmiggion bejt t he
preform assenbly. -55- 8. The method of nanufacturing a power transm ssion

bel 5 2 accordhighd o A5 omNE Iﬁ'tﬂetsb@p%?@pmefngmm Mb&? Rmpreasl one

addrti onal ayer corrprl ses applying a rubber |ayer to the preform assenbly.
9. The met had ,of F%C E g wer transm ssion belt 2 according to
claiml fu?f'ﬁgwgcgﬁep T H& OE'{F%E MU manuf acturing a second sheet in
substantially the same manner as the first sheet is manufactured
13. The method of manufacturing a power transmission belt
2 according to claim 1 wherein the step of applying the at least one load
carrying member comprises applying the at least one load carrying member

directly to the second rubber composition,

14. The method of manufacturing a power transmission belt

2 according to claim 1 wherein the step of extrusion molding a first rubber
composition and a second rubber composition comprises extruding the first

4 rubber composition into a cylindrical shape with' a peripheral inner surface
and a peripheral outer surface and thereafter extruding the second rubber

6 composition to cover the perigheral outer surface of the cylindrical shape
defined by the first rubber composition to produce a composite cylindrical

8 shape.



4 and joining the first and second sheets to each other to produce a
conposite preformassenbly. 10. The nethod of manufacturing a power

transm ssion belt 2 according to claim9 wherein the step of processing the
preform assenbly conprises processing the conposite preform assenbly by
formng ribs in 4 the body. 11. The nethod of manufacturing a power

transm ssion belt 2 according to claim10 wherein the step of formng ribs
in the body conprises fornmng ribs in%&ch of the first and second sheets
-56- 12. The nethod of manufacturing a power transm ssion belt 2 according
to claim5 wherein the step of grinding the body conprises grinding the

first rubber conpositign. TA3 mditadnet Mmadutdctodngfapgs uer ngranpssien belt
transm ssion belt 2 according to claim1l wherein the step of applying the

t | t i d ' Py ; | oad
o 15 kP O 4 RN RO EcReRk i acldsg o oppier: |t

of manufacturing a, power transm Ssi % belt 2 according.to clai,m 1 wherein
the step of C@RPPEYITN 3l & mgegn iF@I ef (BBpPOsItion compfises causing the

4 composite cylindrical shape to be extruded through a flow passage in a
cylindrically-shaped mold in an expansion portion of the flow passage having
6 an inlet and a discharge port downstream of the inlet and wherein the flow
passage is defined between an inside peripheral surface and an outside
8 peripheral surface on the cylindrically-shaped mold and configured so that
the diameter of the flow passage increases from the inlet towards the

10 discharge port.

16. The method of manufacturing a power transmission belt

2 according to claim 15 wherein the step of extrusion molding a first rubber
composition and a second rubber composition comprises simuitaneously and

4 continuously extruding the first and second rubbér compositions through the

flow passage.



conposition and a second rubber conposition conprises extruding the first 4
rubber conposition into a cylindrical shape with a peripheral inner surface
and a peripheral outer surface and thereafter extruding the second rubber 6
conposition to cover the peripheral outer surface of the cylindrical shape
defined by the first rubber conposition to produce a conposite cylindrical

8 shape. -57- 15. The nethod of nanufa% uring a power transm ssion belt 2
according to claim 14 wherein the step extrusion nolding a first rubber
conposition and a second rubber conposition conprises causing the 4
conposite cylindrical shgpe to be extruded through a flow passage in a
cylindricaliy-shaped Wbl df Henmethest gdmeemufagtvinda perwehdanspissher $8lfe havi ng
6 an inlet and a discharge port downstream of the inlet and wherein the flow
pasgage i s ;debidiAg 1BesIMRE N W HdIgindthePacbpitesarusivn fracleirand fast eulplsérde 8

peri pheral surface on the cylindrically-shaped nold and configured so that

he di f I fl [ ; b b ‘ 10
i Schar go. prtoRon Ry eLCRARE el A pe) R SRR Ind AR R oY

according to claim15 wherein the step of extrusion nol di n? a first rubber
4 first rubber composition into the flow passage at a first location and

introducing the second rubber composition into the flow passage

13 downstream from the first location at a second location,

18. The method of manufacturing a power transmission belt
2 according to claim 17 wherein the flow passage has a radial thickness and
the step of extrusion molding a first rubber composition and a second rubber

4 composition comprises causing the first rubber composition to have a
controlled first thickness between the first jocation and the second location
& and causing the thickness of ihe combined first composition and second
composition in the flow passage to have a controlled second thickness that

8 ‘ is greater than the first thickness between the second location and the

discharge port.



conposition and a second rubber conposition conprises sinultaneously and 4
continuously extruding the first and second rubber conpositions through the
fl ow passage. -58- 17. The method of manufacturing a power transm ssion belt
2 according to claim 16 wherein the step of extrusion nolding a first rubber
conposition and a second rubber conposition conprises introducing the 4
first rubber conposition into the fl ow passage at a first |ocation and

i ntroduci ng the second rubber conposit5§n into the flow passage 6
downstream fromthe first |location at a second |ocation. 18. The met hod of
manuf acturing a power transm ssion belt 2 according to claim117 wherein the
fl ow passage has a rdd.allhemhekwsksf panufattarisgeppoivesttansshisaionobelt ng a
first rubber conposition and a second rubber 4 conposition conprises causing

theafirst saddiging eoRSH 1 gnwherdiathe ates oM tifiebdesingithetfirehirgkb@ss bet ween
the first location and the second |ocation 6 and causing the thickness of

have o contdOPOE AL EaRTE s dBLe HRCHE P ER o bR B @E = o70° 1

t hi ckness between the second | ocation and the discharge port.
4 location at the inlet to the expansion portion of the flow passage.

20. The method of manufacturing a power transmission belt

2 according to claim 17 wherein the step of intreducing the second rubber
composition comprises introducing the second rubber composition at the

4 second |location downstreamn of the inlet for the expansion portion of the

flow passage.

21. The method of manufacturing a power transmission belt
2 according to claim 20 wherein the step of introducing the second rubber
composition comprises introducing the second rubber composition at the

4 second location adjacent to the discharge port.

22. The method of manufacturing a power transmission belt

2 according to claim 3 further cornprising the step of kneading the first rubber



-59- 19. The nethod of manufacturing a power transm ssion belt 2 according
to claim17 wherein the step of introducing the first rubber conposition
conprises introducing the first rubber conposition at the first 4 |ocation
at the inlet to the expansion portion of the flow passage. 20. The nethod of
manuf acturing a power transm ssion belt 2 according to claim17 wherein the
step of introducing the second rubber conposition conprises introducing the
second rubber conposition at the 4 secofB- | ocati on downstream of the inlet
for the expansion portion of the flow passage. 21. The nethod of

manuf acturing a power transm ssion belt 2 according to claim 20 wherein the
step of i nt cooypmisitiprt hefawedbadirstiblidrer coomusdtiion snintoducedds thatinkedigéi ng t he
second rubber conposition at the 4 second |ocation adjacent to the

di scharge pend expansibREdMRROsE He IBAUSASIEi Ng a power transmission belt 2
according to cleglgm% fﬁprther conpri si ng the step of kneading the first

rubber -60- conposition before the first rubber conposition is introduced to
the inlet of 4 the expansion portion of the fl ow passage.

23. The method of manufacturing a power transmission belt
2 according to claim 22 wherein the step of kneading the first rubber
composition comprises kneading the first rubber composition using an

4 extrusion screw.

24. The method of manufacturing a power transmission belt
2 according to claim 23 further comprising the step of passing the first rubber

composition through a gear pump.

25. The method of manufacturing a power transmission belt

2 according to claim 24 wherein the step of passing the first rubber
composition through a gear pump comprises passing the first rubber
composition through a gear pump between the extrusion screw and the intet

of the expansion portion of the flow passage,



23. The nethod of manufacturing a power transm ssion belt 2 according to
claim 22 wherein the step of kneading the first rubber conposition
conprises kneading the first rubber conposition using an 4 extrusion screw.
24. The nethod of manufacturing a power transm ssion belt 2 according to
claim 23 further conprising the step of passing the first rubber
conposition through a gear punp. 25. The nethod of manufacturing a power
transm ssion belt 2 according to claif 24 wherein the step of passing the
first rubber conposition through a gear punp conprises passing the first
rubber conposition through a gear punp between the extrusion screw and the
inlet of the expans26n poherozihod dfimaddfentywigsagewer 6tbnsAlssiThdeitet hod of
manuf acturi ng a power transm ssion belt 2 according to claim1l wherein the

step of PrRe8dingdd H%rrﬁrﬁﬁﬂ{é?bﬁﬁﬂ%r@t'e)ﬁ uf%ﬂ%é‘sﬁﬁ tHé%@ﬁfrhﬂgséé}ﬁbW ef orm

assenbly to produce one of a V-belt, a 4 V-ribbed belt, and a dou |l e
V-ri bbed beI tho facturr rubber shee fine at 2
| east a pat %”S S ﬁ?%?ssgqu erpl;%ﬁ’g tg\gn(‘f? RIQSHES PN, {)8 'Ib§ ef in a

3 V-ribbed belt, and a double V-ribbed belt.

27. A method of manufacturing a rubber sheet 1o define at
2 least a part of a compression rubber layer and cushion rubber layer in a
power transmission belt, said method comprising the steps of:
4 extrusion molding (a) a first rubber composition comprising
rubber with short fibers therein and (b) a second rubber composition that is
& different than the first rubber composition to produce a sheet;
said step of extrusion molding comprising (c) extrusion molding
8 the first and second rubber compesitions in a-cylindrically-shaped mold with
an inside peripheral surface and an outside peripheral surface between
10 which a flow passage having a diameter is defined with an expansion
portion with an inlet and a discharge port and in which the flow passage
2 increases in diameter from the inlet towards the outlet so that the first and
second rubber compositions are combined and the first rubber composition

4 is at the inside peripheral surface and the second rubber composition is at



power transm ssion belt, said nethod conprising the steps of: 4 extrusion
nmol ding (a) a first rubber conposition conprising rubber with short fibers
therein and (b) a second rubber conposition that is 6 different than the
first rubber conposition to produce a sheet; said step of extrusion nolding
conprising (c) extrusion nolding 8 the first and second rubber conpositions
ina cylindrically-shaped nold with an, i nsi de peripheral surface and an
out si de peripheral surface between 10 Which a flow passage having a di aneter
is defined with an expansion portion with an inlet and a di scharge port and
in which the flow passage 2 increases in dianeter fromthe inlet towards

t he out | etthg@utsisge @W@‘Wfﬁbﬁuﬁﬁﬁe sEb il FutBibarthesriplinedongreged 86vti ned and
the first rubber conposition 4 is at the inside peripheral surface and the
sdaéond r ukb@r seospdsriblosr ceangiosithchs disuhaogesi ste ther dishraaje puorf ace, and
(d) cutting the conbined extruded first 16 and second rubber conpositions

d' schar gedqafighs (b $7ERLAE s%%hdtc%m&ﬁeélrgus LVRpbbhith éreeha%%%ﬁrﬂ conbi ned

ubber corrp03|t| on di scharged at di schar ge port into eet form

The ne manuf acturin rubber sheet for a power 2 transm ssion
bglgt accortbF S%’bargrea‘?‘?ﬁtﬁt%e‘?@?h e step of extrusion

28, The method of manufacturing a rubber sheet for a power

2 transmission belt according to claim 27 wherein the step of extrusion
molding a first rubber composition and a second rubber composition

4 comprises extrusion molding a second rubber composition that has no short

fibers therein.

29. The method of manufacturing a rubber sheet for a power

2 transmission belt according to claim 27 vwherein the step of extrusion
molding a first rubber composition and a second rubber composition

4 comprises extruding the first rubber composition into a cylindrical shape
with a peripheral inner surface and a peripheral outer surface and thereafter

6 extruding the second rubber composition to cover the peripherai outer
surface of the cylindrical shape defined by the first rubber composition to

8 produce a composite cylindrical shape.



nol ding a first rubber conposition and a second rubber conposition 4
conpri ses extrusion nolding a second rubber conposition that has no short
fibers therein. 29. The nethod of manufacturing a rubber sheet for a power
2 transm ssion belt according to claim27 wherein the step of extrusion
nol ding a first rubber conposition and a second rubber conposition 4
conprises extruding the first rubber conposition into a cylindrical shape
wi th a peripheral inner surface and a'%%TipheraI outer surface and
thereafter 6 extruding the second rubber conposition to cover the
peripheral outer surface of the cylindrical shape defined by the first
rubber conposition to 8 produce a conposite cylindrical shape. -63- 30. The
met hod of manufacturing a rubber sheet for a power 2. transm ssion belt

according to clai m 23o0/Mehreinfethbd ot raBnGfactfing SiraBbenBhéekitidra pawes rubber
conposition and a second rubber conposition 4 conprises sinultaneously and

cond i nuou ol i ; n Li] t hrough the

fl orﬁw pass%éngéigsw#%lér%$%%gfn§ toﬁg%ﬁl%lﬁ?%%ﬂgﬂf%%gegpgﬁﬁgferpgﬁa a power 2

transm ssion belt accordi ng to claim30 wherein the step of extrusion
molding a first rubber composition and a second rubber composition

4 comprises simultaneously and continuously extruding the first and second

rubber compositions through the flow passage.

31. The method of manufacturing a rubber sheet for a power

2 transmission belt according to claim 30 wherein the step of extrusion
molding a first rubber composition and a2 second rubber composition

4 comprises introducing the first rubber composition into the flow passage at
a first location and introducing the second rubber composition into the flow

& passage downstream from the first location at & second location.



nol ding a first rubber conposition and a second rubber conposition 4
conprises introducing the first rubber conposition into the fl ow passage at
a first location and introducing the second rubber conposition into the flow
6 passage downstreamfromthe first location at a second | ocation. -64- 32.
The net hod of manufacturing a rubber sheet for a power 2 transm ssion belt
according to claim 31 wherein the fIOM/gg%sage has a radial thickness and
the step of extrusion nolding a first rubber conposition 4 and a second
rubber conposition conprises causing the first rubber conposition to have a
controlled first thickness between the first |location 6 and the second

| ocation and causi ng tdhe tThiedrates of manafaanpnaadrlibessheebfgsospeinvehi and
second conposition in the fl ow passage to have a a controlled second

t hi cness t hadnsinsisgiopab et atbadind@o folaiat 3tthivbkngs shbdlove passade hageond

| ocation and the di scharge port. 33. The nmethod of manufacturing a rubber

sheet for aer%’l%{hic%%iﬂ}ﬁqh%sétggbcﬁgﬁrﬁ‘?&?wﬁﬂﬁtaafirglt %%é%o‘@@ﬁésﬁlignt he

step of introducing t I rst conpositiof conprises 1 ntroducl ngthe
at the fi.rst location at.the i

ey e GOTPOe L O i, B oo it rd G et
composition to have a controlled first thickness between the first location

15} and the second location and causing the thickness of the combined first
composition and second composition in the flow passage to have a
8 controlled second thickness that is greater than the first thickness between

the second location and the discharge port.

33. The method of manufacturing a rubber sheet for a power
2 transmission belt according to claim 31 wherein the step of introducing the
first rubber composition comprises introducing the first rubber composition

4 at the first location at the inlet to the.expansion portion of the flow

passage.

34. The method of manufacturing a rubber sheet for a power
2 transmission belt according to claim 31 wherein the step of introducing the

second rubber composition comprises. introducing the second rubber



34, The nethod of manufacturing a rubber sheet for a power 2 transm ssion
belt according to claim31 wherein the step of introducing the second
rubber conposition conprises introducing the second rubber -65- 4
conposition at the second | ocation downstream of the inlet for the expansion
portion of the flow passage. 35. The nethod of manufacturing a rubber sheet
for a power 2 transm ssion belt according to claim34 wherein the step of

i ntroducing the second rubber conposif@%h conpri ses introducing the second
rubber 4 conposition at the second | ocation adjacent to the discharge port.
36. The nethod of manufacturing a rubber sheet for a power 2 transm ssion
bel t4 accor diargpositicnaiamn #e fagcohdrlocatipnidoivwnsttdam stfagheahletifoedle ng t he
first rubber conposition before the first rubber conposition is 4 introduced
to the inl elxinsidie pRX RGN B QR R WI b sBhel he flow passage. 37. The nethod of
manuf acturing a rubger sheet for a power 2 transm ssion belt according to
claim 36 wherein the step of kneading the first rubber conposition

conpri ses kneading the first rubber conposition 4 using an extrusion screw.
66-
- 35. The methed of manufacturing a rubber sheet for a power

2 transmission belt according to claim 34 wherein the step of introducing the
second rubber composition comprises introducing the second rubber

4 composition at the second location adjacent to the discharge port.

36. The method of manufacturing a rubber sheet for a power
2 transmission belt according to claim 27 further comprising the step of
kneading the first rubber compaosition before the first rubber composition is

4 introduced to the inlet of the expansion portion of the flow passage.

37. The method of manufacturing a rubber sheet for a power
2 transmission belt according to claim 36 wherein the step of kneading the
first rubber composition comprises kneading the first rubber composition

4 using an extrusion screw.



38, The nethod of manufacturing a rubber sheet for a power 2 transm ssion
belt according to claim37 further conprising the step of passing the first
rubber conposition through a gear punp. 39. The nethod of manufacturing a
rubber sheet for a power 2 transm ssion belt according to claim 38 wherein
the step of passing the first rubber conposition through a gear punp
conprises passing the first rubber conposition through a gear punp between

the extrusion screw and the inlet of the expansion portion of the flow
passage.

38. The method of manufacturing a rubber sheet for a power
2 transmission belt according to claim 37 further comprising the step of

passing the first rubber composition through a gear pump.

39. The method of manufacturing a rubber sheet for a power

2 transmission belt according to ciaim 38 wherein the step of passing the first
rubber composition through a gear pump comprises passing the first rubber
composition through a gear pump between the extrusion screw and the inlet

of the expansion portion of the flow passage.



