-1 METHOD OF MANUFACTURI NG A RURRER SHEET FOR A POANER TRANSM SSI ON BELT
AND A POAER TRANSM SSI ON BELT | NCORPORATI NG THE RUBBER SHEET BACKGROUND
THE | NVENTION Field of the Invention The invention relates to power
transm ssion belts and, nore particularly, to a nmethod of manufactuing
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BACKGROUND OF THE INVENTIDN

Field of the lhvention

The invention relaies ta power lransoussion belts and, more
particularly, 1o a method of manulacluring a rubber sheet for incorporation
into a power transmission beit and made up of at least Two different rubber

compositiens which are combined Using an extrusion process.

Rarkground Art

Short fihers are commonly embedded in robber o deline
cuimponerit portions of power transmission belts. The fibers are typically
criented so that Lheir lenylhs wme substanlially paraliel. To establish the
crientation of the fibers, it is known to mix fibers in a non-cured rubber.
The rubber and fiber mix is then placed between a palr of calendar rolls
which are operated at different rotational speeds as is typical of a rolled

eheet fabrication procece. The length of the fibere align with the rolling



around a nmolding drum A plurality of these sheets err: then overl apped and
| am nated to produce a conposite sheet with a thickness dictated by a final
desired belt configuration. The conposite sheet is then wapped around a 5
nol ding drum with the length of the fibers oriented w dt hwi se/axially of
the drum preparatory to formng a power transm ssion belt in conventional
manner. More specifically, a V-ribbed.Zbelt or raw edged V-bell nmay he
conventionally fornmed by initially wapping one, or a plurality of, Sheets
of 10 cover fabric/canvas around a cylindricall y-shacg_gd nmol ding drum A
cushi on  rubbggodtanasr the risltingrsheatr @ik damthen e cuttie dipensticng dhias sheet (s)
after which at least one |load carrying nenber |Is spirally wapped agai nst
the cushion rp@a rhayies drofhea boeadtozthese sbeaver dhen| cyengaped 8 nly in the
formof an elongate cord. The conpression rubber |ayer is then wapped in
pl ace 16 t0 COosmiheied 16pskeavecqanmisie shost with pdhigiesodigiesdhy £Wdbr essi on
rubber |l ayer may have a thickness that is node up of three to four rolled
sheets for med gebijed e ooy @- s CThehmehareitdieiwet inithdn WIREPSEHEIME® of t he short
fibers oriented in the widthwi se direction. The resultipng preformls then
mred, after whbleihgdiune \thrahararmﬂﬂ(éﬂmﬁf’@@'@ﬁ@f’&”“ﬂh‘d’d‘ﬁ@é'aﬁﬁg‘iq}?dual power
transm ssion belts. -3 To establish a consistent, parallel, orientation of
the fibers, thdum, preporatory to forming a power transmission belt in convenlional

manner.
More specifically, a V-ribbed belt or raw-edged V-belt may he
canventionally formed by initially wrapping one, or a plurality of, sheeis of
10 covar [abric/eanvas ground a cylindricatiy-shaped molding drum. A cushion
rubber layer is in turn wrapped areund the cover canvas sheetls) sfter which
at leasl one load carrying mermbar Is spirslly wrapped against thc cushion
rubber tayer. The load cerrying member is made coimmonly in the form of
an elongate cord. The compression rubber layer is then wrapped in place
16 to complete a sleeve preform. In the preform, the compressiun rubber layer
may have @ thickness that i mede up of three to four rolled slheets formed
by the above-described method, with the lcngthe of the short tibers oriented
in the widthwise direction. The resulting preform Is then cured, after which

the preform is processed to produee individual power transmissing belts.



t hi ckness of the sheets nust be nmaintai ned bel ow a predet erm ned

di mensi on, which is normally significantly | ess than the end thickness of
the conpression rubber layer, or other layer into which the fibers are 5

i ncor porated. The conbi ning of the individual sheets to produce the desired
end thickness Inevitably adds tine and | abor costs to the manufacturing
process, that would otherw se not be epncountered ii the desired end

t hi ckness for the shoot could be achieved in a single step. One proposed
solution to this problemhas been to enploy a 10 cylindrically-shaped

mol d/ di e through whi ch aghabifh 2GERRASHT pR8Nel, ohBReTdA! d fitgrst B i bers, can
be extruded. as shown in JP-8-9847. More particularly, the nold has an

expansi on portiggk\MkCer ke WhEHs tus® i Mairififed bBIBGL BSpredetérieinddi bers to
extend in a circunferential direction relative to cylindrical inner and

outer peripher alimpkdish, ARSI Gohifaakdless thhPMe bhd PR&kBa@ef tHer ough whi ch
the rubber conposition is extruded. The nold has a m ddl e space between an

inl et space andopiprétdichetubbpathyer, THe ok UBRerOinto titgchTitldIfibempare is | arger
than that of the inlet space. The cross-sectional area of the outlet space

is made lgrger iorporpteddathe cBinbhgadBiindiidasl shbes tCprodisceaBe Heaiodl ar ea of
the inlet space. The width of the inlet portion of the -4 flow passage is
smal | er than t haig wickhdse Indviieble apos timenydwatioh rodte tile mamffacturing
process, that would otherwise not be encountered il 1he desired end
thickness for the sheet could be achisved in a single step.
One proposed solution to this prablem has been to employ a
10 cylindrically-shaped mold/die through which a rubber composition,
incorperating the fibers, can be extruded, as shewn in JP-8-9847. More
particularly, the mold has an expansion portien which is used to orient the
tengths of the fibers to extend in a circumferential direction relative to
cylindrical innar and outer peripheral mnld surfaces which bound & flow
15 passage through which the rubber compusition is extruded. The mold has
a middle spacc between an inlet space and an outlel space. The volume of
thc middle space is larger than that of the Inlet space. The cross-seclional

erca of the cutlet epace is made larger by 2 predetermined amount than the

cross-sectional arca of the inlet epace. Tha width of the inlet portion of the



the outlet portion being not greater than the width of the m ddle portion.
As shown in JP-A-B-74936, it is also knowmn to forma sheet froma rubber
conposition including short fibers using an expansion 5 noldidie and an
extruder which is located at an outlet portion thereof. The outlet portion
has V-shaped nol di ng grooves. A cylindrically shaped, ribbed rubber
product is fornmed, which can be strategically cut to allow reconfiguration
the roof into a sheet form The resulting sheet is forned into a

conti nuous sl eeve shape around a nol ding drum cured, and ultipately 10
ground to prodisepassess isgunadey tha/that phthe ridele PotisimyAl e Widsapt i cul arly
sticky material, such as chloroprene rubber is used to nake sheets using
t he conventi orthk cuXprapretignbelienottgsesierdhanihe iRl oftthe I8, BHEY conposi ti on
may not flow smoothly against the nmold surfaces due Lﬂﬂa h” h coetticiont
of friction between theésrehgparit 98-AcR{Bde 111 854G VALC HMMP St aces. This
condition May cause roughening of the rubber, surfaces and separation of
the fiber fronfremen rrablsr xcampspiwpn iBffigt shot éWGGnPS‘ﬂ%rﬂ?nP¥P8P§$'ai stribution
of fibers therein. The resulting  sheet may be a sufﬁicieq%ly poor

qual ity % hat 'npldfgigantan wUBP'a‘ﬁ*E*F*bal"r‘?‘*-“%*'mg% tepRion &5eLeli dMein a

conpressi on rubber |l ayer of a power .tranm ssjon. hel t. .
P outlct porti%n has V—shap%d moll’d'rng YIooves. }& c\rf]lngncarllv shaped, ribbed

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

reconfiguration thorcof into a sheet form. The resulting sheet is tormed into

& continuous sleeve shape around a moiding drum, cured, and uitimately
10 ground to praduce ribs, as on a V-ribbed bell.

Commeonly, 8 particularly sticky materisl, such as chleroprene
rubber is used to makc sheets using the conventianal expansion dic
technology. The sticky rubber composition may not flow smoothly against
the mold surfaces due to a high coetticicnt of frictlon between the rubber

15 composition and the mold surfaces. This condition may cause 4 roughening
of the rubber surfaces and scparatien of the Hber from the matrix rubber
and/or a random, nonuniform distribution of fibers therein. The resulting

sheet may be of a sufficiently poor guality that it may not be praclically



SUMMARY COF THE I NVENTION In one form the invention is directed to a nethod
of 5 manufacturing a power transm ssion belt having a body with a I ength
and a cushion rubber layer in which at | east one |oad carrying nmenber is
enbedded so as to extend | engthwi se of the body. The Method includes the
steps of: extrusion nolding (a) a first rubber conposition including

rubber with short fibers therein and {b) a second rubber conposition that
is 10 different than the first rubber conposition to produce a first sheet
iii which the second rubber conposition defines at |east a part of the
cushi on rubbemsed, dyredxamafEplinya nompiassicn rubbeideves abe PEWE CHEMESRT nember to
the second rubber conposition to produce a preform assenbly; and
processi ng theepreform assenbly to produce a power transm ssion belt, 15
In one form The step of extrusion nolding a first rubber conposition and
a second rubber conpositon involves extrusion nolding a second rubber
conposition That has no short fibers therein. -8 in one form the step of
extrusi on nol GUMMARYQFST!IE BN TO”onposi ti on and a second rubber
conposition invoivol ves extrusion includin a first rubb r €9 osition and
a second rubber conposﬁtM@HfOH“aTh%y?vWH?Wg%ﬁ*?§§ﬁaﬁb& ﬁﬁﬁg w’th an inside

peripheral surface and an outside ) _ 3
S manufacturing a pawer transmission belt having a hody with a length en

a cushion rubber layer in which at least one load carrying member is
cmbedded so 3¢ to extend lengthwise of the body. The method includes
the steps of: extrusion molding (a} a tiret rubber composition including
rubber with short fibers tierein and (b} e sccond rubber composition that is

10 difierent than the first rubber compasition to produce a first sheet in which
the second rubber composition defines at least a part of the cushion rubber
layer; applying thc at feast one load GAITYing merpbcr to the second rubber
camposition to produce a prefonin assembly; and procesging the prefarm
assembly to produce a power rransmission belt.

15 In onc form, the step ol extrusion molding a first rubber
compnsition and a second rubber eomposition involves extrusion molding

4 second rubber composition that has no short fibers therein.



5 peripheral surtaco between which a fl ow passage having a dianmeter Is
defined with an expansion portion with an inlet and a discharge port in
whi ch the fl ow passage increases in dianeter fromthe inlet towards the

di scharge port and so that the first rubber conposition is at the inside
peri pheral surface and the second rubber conposition is at the outside 10
peri pheral surface. in one form the s%ep of applying at |east one, |oad

carrying nmenber involves wapping the~at | east one |oad carryi ng nenber
and the first shoot around a nol ding drum and agai nst each other. In one

form the step of procels.s&,ﬁ%{gor etﬁgg&ﬁs gﬁ&gﬁp“ﬁmg;é ﬂﬁ?h @gagg}nding t he

body to detine ribs ext endi

processing the CQ&?EQ{%‘G&E od WEﬂr{%\ﬁ&lo\é%l}n ﬁ:ﬁ%&! p:gnﬁtun lﬁ%ﬁ’lﬁ one

addi tional |ever orm asse step of ap y?ng at | east

one addi Ui on | 9y Bl "RMal OIS AP R 0SBl AN, LANGLSE, e, Pr et or m

assenbly, Alterna ayer nay be ap e preform

assently. Ihe GiHdAdyRKadd larrmsmudh%' HERE Bork i aPhfaSe off afiBfiibaCtUTing 5 2

second sheet the sane ma as the Irst sheet is

manuf act yr ed afagnan%mﬂIsnﬂaschgetweaﬁwﬁaat4. BGRRLgS EAhS a LRIy Other to

defined with an cxpansion portion with an iniet and a discharge port in

which the flow passage increases in diameter from the inlet towards the

discharge part and so that the first rubber compeosition is at thc inside

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

In one form, the step of applying at least one load carrying
member involves wrapping the at least one load carrying mermber and the
first shect around @ molding drum and agsinst each other,

In onc form, the step of processing the preform assembly

15 involves grinding the body to detine rnbs extending lengthwise of the bedy.

The step of processing the preform assembly may involve

applying at least one additional leyer to the preform assembly.



produce a conposite preformassenbly. In one form the sup of processing
the preform assenbly involves processing H p conposite preformassenbly by
forming ribs in the 10 body. 15. The stop of formng ribs in the body nmay
involve formng ribs in each of the first and second sheets. The stop of
grinding tile body may involve grinding the first rubber conposition. in
one form the step of applying the at;] east one | oad carrying nenber

i nvol ves applying at |east one |oad carrying nenber directly to the second
rubber conposition. In one form the step of extrusion nolding a first

rubber conposition anghgegseP Bsbiyikd BEkadt QAP REditibro Ryt Wby mSotext r udi ng the
first -8 rubber conposition into a cylindrical shape with a peripheral

i nner surf aceapﬁ'mqg 3 fakrid Q,pg,rﬁ,l mgtg,l;-@ﬁ,@gg@@.gg, ankrbdtReRaktretbecext rudi ng s
second rubber " conposition to cover the peripheral outer surface of the

cylindrical sh3pemaglgé iagﬂgdbytﬁmeffo}rﬁ Stsefrpber conposition to produce a
conposite cylindrical shape.
The method may further Including the steps of manufacturing
5 « serand sheet in substantially the same manner as the firsi sheet is
manulactired and joining the first and second sheets 0 each other to
produce a camposite preform assembly.
in one form, the step of processing the preform assembly
involves processing thi: composite preform ssscmbly by forming }ibs in the
0 body. |
The step of forming ribs in the body may involve forming ribs
in cach of the first and second sheels.
The step of grinding the body may invelve grinding the tirst
rubber compaosition,
15 In ane form, the step of applying the at ieast one load carrying

inember invalves epplying at least one load carrying rmember directly to the

secand rubber compoeition.

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

composition and a second rubber compositian involves extruding the first



In one form the step of extrusion nolding a first rubber conposition and a
second rubber conposition involves causing the conposite cylindrical shape
to be extruded through a flow passage in a cylindrically shaped nold to an
expansion portion of the flow passage having 10 an inlet and di scharge port
downstream of the inlet and wherein the flow passage is defined between an
i nsi de peripheral surface and an outsigde peripheral surface on the
cylindrically-shaped nold and configured so that the dianmeter of the flow
passage increases fromthe inlet towards the discharge port. i b In one

form the Stepgye @5&%@%%@ SiRgric éﬂa[,éwzhtsb&%hergmmﬁdcen and a

second rubber conposition 1nvolves simultaneously and continuously

extruding a fixhgts SeHnRFONE: 54RRE anE DO I QDudiRY 9UdboraNBbud:! OW passage.
-9 The atcp of extrusion nolding a first rubber conposition arid a second

rubber conmposichiPBsifIBY td Eiet R dcﬂf:ﬁé?@l%ité?guﬁfb"&_ dfith® bylinddaP BhapeOMPOSi ti ON
into the fl ow passage at a first [ocation and introducing the second

rubber conposidetigdl byt rhifi8uhted boR SRt FRMISE b RamhbdieBylifi@ichii rst 5
| ocation at a second |ocation. In one form the flow passage has o radi al

t hi ckness and shbge.

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

composition and a second rubber composition involves causing the

composite cylindrical shape to be extruded through a flow passage in a

eylindrically shaped mold in an expansion portion of the flow passage having

10 an inlet and discherge port downstream of the inlet and wherein the flow

passaye is defined between an inside peripheral surfecc and an outside

peripheral surface on the cylindrically-shaped meld and configured 3¢ that

the diameter of the Nluw passage increases from the inlet towards the
discharge port.

15 In one form, the step of exlrusion molding a first rubber

composition and a second rubber composilion involves simultaneously and

continuously extruding a first and second rubber compasition through the

tlow passage.



step of extrusion nolding a first rubber conposition and a second rubber
conposition involves causing the first rubber conposition to have a
controlled first thickness bpi wen the first |ocation and the second

| ocation 10 and causing the thickness or the conbined first conposition and
the second conposition in the flow passage Lu have a controlled second
thickness that is greater than the fig.st thickness between the second

| ocation end the discharge port. The step of introducing the first rubber
conposition may 15 involve introducing the first rubber conposition at the
first location at the Thalker dfextrhdorespingi firspumbbéraemepsititrentd ow passage.
Me step of introducing the second rubber conposition may involve

i ntroduci ng t e sesodnubberbbrempasiiepovitt inyrivat intretucigc s difso &tbrbn
downstream of the inlet for the expansion portion of the flow passage. .10
The second | ocamingsitivaynthdhea fipucestage é adirsiciagitipn 3pdrirvredutiig et hod nay
further include the step of kneading the first rubber conposition before
the first conpmshnd rghbdrsompesiteniviedns tpw passpad downgiream HeMakdBSSi on porti on
of the flow passage. 5 The stop of kneading The first rubber conposition
may i nvd ve Keedigiingatshenrdilpeatiopubber conposition using an extrusion
Serew iy one form, the flow passage hes e rodial thicknees and the

step of extrusion molding a first rubber composition and 8 second rubber
composition involves causing the first rubber composition to have a
controlled first thickness belween the first location and the second location
10 and causing the thickness ol the combined first composition and the second
compocition in the flow passage Lo tiave a controlled second thickness that
is greater than the first thickness belween the second location and the
dischérge port.
The step of introducing the first rubber composition may
15 involve introducing the first rubber composition at the [irst !pcation at the
inlet ta the expansion partion of the flow passage.
the step of introducing the srcond rubber composition mey
involve introducing the second rubber compasition at the second [ocation

downstrcam ot the inlet far the expansion portiun of the flow passage.



| he nethod may further include the step of passing the first rubber
conposition through a gear punp. In one form the step of passing the first
rubber conposition 10 Through a gear punp involves passing the first
rubber conposition through a gear punp between the extrusion screw and the
inlet of.the expansion portion of the flow passage. The step of processing
the preform assenbly may involve processing the preformassenbly to
produce one of a V-belt, a V-ribbed 1¥-bel t, and a doubl e V-ribbed belt.
The invention is further directed to a nethod of manufacturing a rubber

sheet to define at |east, a r f.a ressi rybher 1 ayer and cushion
rubber lover in a pomer%qer%eﬁg'ﬁélgg?tgﬂ rﬁagfquje.a cgﬁﬁgf ﬁ'(‘;’c alr?]ec'f&/ﬁges the step of

extrusion nolding (a) i L ubber . .co i t,ion that includes rubber -11
with short fibers ther 2TIInE 'é%t od B Ur‘éheegr:'g'_g@g? fﬂ?ﬁ%ﬁp Ogg‘%@gqgttﬁﬁﬁ'sf hat is
diff er ent than Lrlbrl])%r I‘L!I'Irl SutsiliLHlPJbFIe &19?%?:&.' rE']I r%ﬂinnTilgfrgélgtgd Qr}c'rhe:)'r(n gt%?l on rr.Dl dl ng
may i nvol ve (cf ext rusion nnfalng t'he “FTTet and Cecsna T ubbet conposi tions

out oi de. por pharal PRt B A L L aSoage. having & di anst er
I's defingd with an expagg) Q0 HULLARh W ik Albob/Yofiipodiigh Rafllnt6@r 9 port end
kneading the first rubber compaosition using an extruslon screw.
1he method may further include the step of passing the first
rubber composition through 2 gear pump.
In one form, the step of pessing the first rubber composition
10 through a gear pump ihvolves passing the first rubber composition through
a gear purnp between the extrusion screw and the inlet of the expansion
pertion of 1the [low passage.
The step of processing the preflorm 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 furthar diracted to 3 method of manufacturing
@ rubber sheet to define at least a part of a2 compresslon rubber layer and
cushion rubber layer in a power tronsmission belt. The mathed includes the

step of extrusion melding () a tirst rubber composition that includee rubber



in which the fl ow passage increases in dianeter fromthe inlet towards the
outlet so that the first and second rubber conpositions are conbi ned and
the first rubber conposition is at the inside peripheral surface and Ow 10
second rubber conposition is at the outside peripheral surface, and (d)
cutting the conmbined extruded first and second rubber conpositions

di scharged at the discharge port to cenfigure the first and second conbi ned
rubber conpositions discharged at floe discharge port into a shoot form In
one form the step of extrusion nolding a first rubber 1is conposition and
a second r ubbeyirtc GRGO FibeisOtheichy @hd 8l £skcdrgi mhberodedipegition teaciend r ubber
conposition that has no short fibers therein. In one form the step of
extrusi on nol ditgerst thar fHe firsinbBber cooppdtert Tha stopwdlewegsiexmeldtiang the first
rubber cuinposition to a cylindrical shape with a peripheral inner surface
and a 1i edphersdy ioWines (cBaxtfuaina radngld e tihe rerhédcend mikbergdmngpitidte second
rubber conposhion to cover the periphPrA outer surtace of the cylindrical
shape defined ihyw tiadfdangthagelencidoviposn tnssle nearphgeloziuteee and Biposi t e
Gylindrical chape. In one form the step of extrusion nolding a first
rubber ) ronuesdd peviphanicudasemowee whibes fiow mpvsee haymeizsiamsids

si mul taneously and continuoic-sly extruding thetirst andsecond rubber
conporition. " i$ Hefireglwitthen expansion portion with an inlet and a discharge port and

in which the flow passage increases in diameter from the intel towards the
ouliet s that the first and second rubber compositions are combined and
the first ruleer compaosition is et the inside peripheral surface and the
10 second rubber cumposition is at the outside peripheral surface, and (d)
cutting the combined extruded first and second rubber compositions
discharged at the discharge port to configure the first and second combined
rubbcr compocitions discharged at Lhe discharge port into a sheet form,
in one form, the step of extrusion molding a first rubber
15 composition and a second rubber compasition involves cxtrusion molding
a second rubber compoeition that has no short fibers therein.
In one form, the step of exirusion molding a first rubber
composition involvee extruding the first rubber cuinposition to a cylindrical

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



fl ow passage. In one form 1lhe step of extrusion nolding a first rubber
conposition and a securid rubbeo- conposition 'involves 'introducing the
fir3t 10 rubber conposiflon into -the flow passage at a fifst loration and
I ntroduci ng the second rubber conposition into the fl ow passaqu
dowisLic-amfi-oln The first location at a second |ocation. In onc form
the flow passage has a radial thicknegs and lhe step of extrusion nolding
a first rubber conposition and a second rubber 15 ucinposition involves
causing the first rubber conposition io have a nontralled thickness between

the first | ocahb@gfénstlBing ¥RCRBSh rasHk cOMpaunihn 16 cabdr ShdgkribR@al hi ckness of
the conbined first conpoSi zion and second cunposition in the flow passage

to have a contduérlsQda&astemgkyiibarR¥inasse dehadd bykBe fist@bBRcehpbdnaim t he first
t hi ckness between the second | ocation and if re discharge port. The step

of i ntroduci ngotdhdddek edorpeDbLeyiic@EROFERd.ON May i nvol ve introducing the
first rubber conposition of the first |ocation at the 5 inlet to the

expansi on portion of the ohkGunpamsagen off Retradi@p maidingns rioskuaibbgr t he second
rubbcr conposition may involve introducing the serond rubber conposition
at the second doogkition and a second rubber composition invelves simultansously and
continunisly extruding the first and second rubber compositions through the
flow passage.
In one form, the step of extrusion molding a first rubber
compasition and a second rubber composition involves introducing the first
10 rubber composition into the flow passage at & first logation and introducing
the second rubber composition into the flow passage downsueam from the
first locetion at a second location.
in onc form, the flow passage has a radial thickness and the
step of extrusion molding & tirst rubber composition and a second rubber
15 vamposition involves cauging the first rubber compoctition 10 have a
rontrolled thickness between the first location and the second location and
causing the thickness of the combined first compoeition and second

comgposition in the flow passage to have a controlicd second thickness that



downstream of the inlet to the expansion rurlirrri of the flow passage, The
second localiurr rri y he adjacent to the discharge port, 1U The net hod
may further include the step of of kneading the first rubber conposition
before the first rubber eurrrposition is introduced to the inlet of the
expansi on portion of the flow passage. The stop of kneading the first
rubber conposition may involve kneadifg the first rubber conposition using
an extrusion screw. t 5 The nethod may further include the step of passing
(lie first rubber conposition through a gear punp. In one form the step
of pasaing thi frestst thdmbthertirsOMRBedsi Mtwesh HRUGRosd BestonpaHP Uienvol ves
passing the first rubber conposition through 14 a gear punp between the
exLrusi nn ncr dwcienge pére. i nl eT to the expansion portion of the flow passage.
13H EF DESCRI PTION OF THE DRAWNGS Fig. | iGa partially schematic,
MOss-, ectional view of The stepSbfeimrodecirghetet tifsorrubhien camppsitiat inay i Nt o a power
for manutacturing a conposi transm ssion bOt, according to The invention,
arid i m-hirl irngiva ityddupida itoafilsy rubbérageetborpitioh df thedirétHeaatigh awttiech first and
second unni positions are extruded

51 inlet te the expansion portion of the flow passage.

The step of introducing the second rubber composition may
involve introducing the serond rubber composition at the second location
downetreamn of the inlet to the expansion portim of the flow passage,

The second localjan may be adjacent to the discherge port,

10 The method may furlher include the step of of kneading the
first rubber composition bafore the first rubber cumposition is introduced to
the inlct of the expansion portion of the flow passage.

The step of kneading the first rubber composition may involve
kneading the first rubber compoeition using an extrusion screw.,

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

In une form, the step of passing the first rubber composition

through a gear pump involves peassing the first rubber composition through



to a cylindrical shape which is cut into 2 sheet fuj'm and including |wo
no-rhani sns for introducing the two conpositions into ;3 flow passage 10
therein; Is rig. 2 is an anlargod, fragnentary, cross-seclional vio-w of a
widific-d formof cylindrically Amed nol d/die, according to the hivenLion,
and inuluding a different configuration of the mechanisns for introchiring
the conpositlans into the flom/pas3ag?¢,Fig. 3is a.-viewas in Fig. 2 ot a
fvrther nodified formnf nechanism For introducing the conpoaitions and
wherein orie of the conposilions is introduced into the flow passage at a

di fferent | ocgtde@iipdrhh BBweeR thd BrBIHAGIIAPBIY Bk ibibtho ®e exdnelhg. 4 Is an
enl arged, fragnentary, cross-ser:ricirnal virwui the |[location at which

one of the coppARhik MSndw phidbg@duced to the flow passage, and within the
circic Cin Fig. 3; Fig. 5is a cross-sectional view of a discharged
extrusion from 5 the cylindrically-shaped noldldic, including the two
different conpositions, and taken along 5-5 of Fig. 1; Fig. O is a
fragmentary, peiFEEIGRIETONEF DHE BRAWIRGS shcot t hat
Fig. 1 is 2 partially schematic, cross-seclional view of 2 system
5 for manutactunng a compcsife sheet for incorpuration into a power
transmission belt, according to the Invention, and including a cylindrically-
shaped mold/die through which first and second iznpositions are extruded
to a cylindrical shape which i cut into a sheet furm, and including two
mechanisms for introducing the two compositions into a fliow passage
10 thersin;
fig. 2 is an enlarged, fragmentary, cross-seclional view of a
mudified form of cylindrically shaped mold/die, according to the invention,
and including a different contiguration of the mechanisms (or introducing
the compositions into the flow passage;
15 ' Fig. 3 is a_view &3 in Fig. 2 ot a further modifled form nf
mechanisrm lor iintroducing the compositions and wherein one of the

compositiuns is introduced into the flow passage a1 a differentlocation than

in the embadiment of Fig. 2;



Is formed fromthe exlruded, cylindrical shape shown in Fig. 5; Fig. 7 is a
viewas in Figs 2 and 3 of a further nodified form 10 of nechanismfor

i nt roduci ng rubber conpositions into a cylindrically-shaped nold/die,
according to the invention, and wherein ogre of the conpnsit ions is
introduced at a different location than it is in either of the enbodi nents
shown in Figs. 2 and 3, and further ipgluding a gear punp to direct the
first conposition into the flow passage; 15 Fig. B is an cniergod,
fragmentary, cross-sectional view of a |location on the cylindrically

shaped nol dl die in Fi grig& sBREeRALReOIRgRfeniaNe crolQs&SBRAI idwBSiLES 1 ntroduced
to the fl ow passacte, and within the circle C1in Fig. 7; 16 5 10 1b Fig.

9 I's an enl ar gRekior RLAGHREH RY .of Che SonPRSHILIRNRl invb8V¥eaf woathebidL Sl eeve

preform Incorporating a sheet nade according to the present invention,

upon a nol di nga g A8 dvitnh el bk sivi o a grinding el enent  which forns

ribs therein; Fig. 10 is o fragncntary, cross-sectional view of a conposite
Fig. 5 is a cross-sectional vicw of a digcharged axtrusion from

o

the cylindrically-shaped mold/dic, inciuding the two different compositions,
and taken along 5-5 of Fig. 1;
Fig. 6 is a fragmentary, perspective view ot a rubber shcet that
is formed from the exiruded, cylindrical shape shown in Fig. 5;
Fig. 7 is a view as in Figs. 2 and 3 of a further modified form
10 of machanism for introducing rubber compasitions into a cylindrically-shaped
mold/die, according to the invention, and wherein vne of the compasitions
is introduced at a different location than it is in eithér of the embodiments
shown in Figs. 2 and 3, and further including a gear pump to direct the first
composition into the flow paseage;
15 Fig. B is en cnlarged, fragmentary, cross-sectional view of a
Incation on the cylindricelly shaped meld/die in Fig. 8 wherein one of the
rompositions is introduced to the flow passage, and within the ¢lrcle C1 In

Fig. 7;



belt preformincluding two conbined sheets, nade according to the present
i nvention, and in which oppositely projecting ribs can be forned; Ru. 11
is a fragnentary, crass-sectional, perspective view of a V-ribbed belt,
made according to the present invention; Fir,. 12 is a schematic, side
el evation view of a grinding system Including a belt sleeve trained
around drive and driven pulleys and 1gperated upon by a grindi ng wheel; and
Fig. 13 is a generic representation of a power transm ssion belt, nade
according to the invention. DETAILED DESC,RPf 1ON OF | HE DRAWNGS In Fig.
1, a partially scherr  Fg.i%lisranpaniegatt Gegroentaly, aosdeeetiond giewi ofgs syet om
according to the present invention, is showm at 10. The system 10 incl udes
a cylindri cal byt eryectetoph dindérecratingl 2 sheer oadh avdurdifg @ the present
cylindrically-shaped nold product 14 is produced. The nuelrf irrnriti:l 14
consi sts of antémion, dpdsba moldimgdreimt ardrin t@ativashipndo s lpainding elasvest 18 t her ei n,
that is lorninated to a second rubber conposition 20, that is different
than the firwhichdeiesrriksgherewiti on 16. In this enbodi nent, the second
rubber b conposition 20 has no fibers enbedded therein, However, the
inventi®n cont enpl at d49.t19:s atfiogmestaryaprobesystions! dew 4fm dohpesizcond r ubber
conposition

beht preform including two cambined 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
pperated upon by a grinding wheel; and

Fig. 13 is a generic reprasentation of a power transmission
belt, made according to the invention.

1
DETAILED DESCRIPTION OF ] Hk DRAWINGS

In Fig. 1, a psartiglly schematic represcntation of & shect
forming system, according to the present invention, is shown at 10, The

system 10 includes 8 cylindrically-sheped mold/die at 12 through which a



20 with a different conposition or density than the short fibers 18 in the
first rubber conposition 16. Through a cutter 22, the cylindrically shaped
nol d product 14 is severed and drawn over guide rollers 24,26 to a | ocation
10 at which it is cut into sheets 28 having selected | ength and wi dth
dirneri iuiis, as seen also in pig. 6. The cylindrically-shaped rnuld/dir.
12 includes a first extruding nechaniggm 30, for the first rubber
conposition 16, and a second extruding nechanism 32, for the second rubber
cornpusiiliun 20. The first extniding 16 nechanism 30 has an extrusion
screw 34 whi cheylmdricdligishapgedvindllditodics pédde pro86eede Thaeeblbyroguioyl4 nder 38 to
continuously knead the first rubber conposition 16 fed froma supply 40

t her eof and advensises ¢teefirsgiubker coropasitivndGdkying shoat fikeovl Spaesmgdat2 defi ned by
the cylindrically-shaped nold/die 12. The second extrudi ng mechani sm 32

i ncl udes a |i k@& lemiraigtim arsecd@ mbbmwonmpoditen 24, 3hatot diffettnnitahitne a space 46
defined by a cylinder 423 o kneed the second rubbcr conposition 20 that
is fed froma $uppluhbdOgomfseitikmelddedn corprstiodingmt,2Me| secothirgbbgously led to
the flow passage 42 at a dianetrically opposite |location to the point of

i ntroducki on ebmpdritidn 2& hag nebfiksrs ehesided thegin. 18owenen IR invaRLdn st

extrudi ng nmechani sm 30. The finst andoccond rubber conpositionr. 16,20 are
i ntroduced i c strdemplates that tibers may be provided in the second rubber compaosition

20 with a different composition or density than the chort fibers 18 in the
first rubher composition 16. Through & cutter 22, the cylindricelly shaped
mold product 14 is severed and drawn over guide rollers 24,26 to a location
10 at which it is cut into sheets 28 having selected length end width
dimensions, as seen also in Fig. 6. |
The cylindrically-shaped mold/die 12 includes a first extruding
mechanism 30, for the first rubber corupusition 16, and a second extruding
mechaniem 32, for the second rubber composition 20, The first extrding
16 mechanism 30 has an extrusion serew 34 which is rofated wilthin g space
36 defined by a cylinder 38 10 continuousty knead the first rubber
composition 16 fed from a supply 40 thereof and advance the saine
continuously to a flew passage 42 deflned by the cylindrically-shaped

mold/die 12, The secoend extruding mechanism 32 includes a like exliusion



fl ow passagp. 42 at an upstream nold portion defined by a atopped,
cylindrical shafi- 52 which is surrounded by a sleeve 54. Tho introduced
first and second rubber curi ipusitions 16,20 fl ow downstream upwardly in
10 Fig. 1, into an expansinn pnrlimuf the cylindrically-shaped noldidie 12
at 56. The expansion portiOD 56 includes an inner die elenBnt 58, carried
on the shaft 52, and an outer die Q FA 60, soppnrtad upon the sleeve 54
in operative relatlonshlp with the In die element 58. The die elenents
58, 60 cooperatively riefine.- an expanS|on is portion of the flow passage

42 at (12, TheybRrddifatdi fotdren Mpthis Blspack E@%eﬁnedcl%ﬁh CRlirldér aghaped,
perlpheral radially outwardly facing Suf fact The outer die el encnt

60 has conpl e RaARY5e ARG Yorn SRRSO taﬁr.hm%asruaﬂwol y inwardly
facing surtacc 66, The expansion parilon 62 of the fl ow passaoe 42,

definp-d bclween the emd gkfbed %po%onrzbqgmms&%g) Yol 1BGnd AAWU=S 111 -is
di aneter between an inlet 68 and a disch3rge port 70, A block body 72 is

nmount od in thgadhgd 8P by a QfardeffsiybflositdBcARH td thedfdind St MdloBudtRncont rol the
t hi ckness T ot the conpositions that are introduced to the expansion

portions 62 abf tHecfirktlubber@Bnipdsitie®fi 6 thiough e 3108 GREUAXS Mddham@grimechani sm J2
is situated closer to the inlet 68 than is the first tixtruding nmechani sm
30, At the | ogat iTes fiedt aRd secwhd rubber compositions 16,20 are introduced 10 the
flow passage 42 a1t an upstream meold portion defined by a stepped,
cylindrical shaft 52 which is surrounded by a sleeve 54. The introduced
first and second rubber cormpousitions 16,20 flow downstream, upwardly in
10 Fig. 1, into an expansion poriion of the eylindrically-shaped mold/die 12 at
86, The expansion porlivn 56 includes an inner die element 58, carried on
the chaft 52, and an outer die element 80, supported upon the sleeve 54
in operative ralationship with the inner die element 58,
The die elements 58,80 couperatively define an expansion
15 portion of the flow pasgage 42 at 2. The inner die element 58 has a
conically- shaped, peripheral, radially outwardly facing surface 64. The outer
die elemcnt 60 has complementary, conically-shaped, peripheral, radially
inwardly facing surtacc 66. The expansion b’artlon 82 of the flow passaye

42, defined bectweoen the surfaces 54,6&, progressively incressas in



which the f irst. rubber conposition 16 is introduced to the flow passage
42, the first rubber conposition 16 is fornmed into a cylindrical shape
around the shaft 52, with a peripheral inner surface 76 and a peri pheral
outer surface 10 78. The se-cond ruhher ncinposition 20 is introduced to
the fl ow passage 42 at a location aT 80, downstri-arn ur the lucatioit 74,
so Ilia[] Lhe second rubber r. urrlpoglt on 20 is n-Aused toswound the
peri pher al outer surface 78 of the flrst rubber corriposiduri 16, Thp-
sprond n6hp.r r.nMPCSI Ti on 20, which nmay be devoid of films and Ins youd
flowability, cmnéﬂepu\étwee@bu.rm%s oh8 SSHIRRLBL Yo 7OUNChILOGJRGARDer al OUt U

sui fuce 78so as to Conple,--tely icurroun coat the periphéral outer

surface 78 of mhbgnttd IS thd WORRY of GRERMSI dd Qﬁh Badjls1&hi&1 86 &6 ckness.
During the kneading process iii ilie twutli 0|j] Iu0, 32,6ga65t%|§ﬁ% the like,

gener at ed fromhtchﬁesalTroalrrrelc(ohwpbhiﬁonsﬁkétta}e01@8&::@@1\61:%@3%3. Lish peartlogM thin the
cylinders 38 and 48, is sxhausted via pnts 82,84, respectively. The

t enper at uras 082 bihwbcdyitt 8ItNcEcoB8, 48 are mainlaint-el within a
predet ermi ned range, depondi ng upon zhe type of ruber that is utilized.

Typi cal Iy, the tenper atThe escanidlektrbding methdishadg® Mued chbs&oGhe t O
mairiLaiii khe. R bber conposition in a stuto wherein it can be easily

m xed and ext nnisi 68 thamis thedirstBreudihgmepanisar3MVAL thalodehibed kngadi ng |'s
carried out is Cuntrull pd
which the first rubber compesition 16 is intraduced to the flow passage 42,
the first rubber composition 16 is formed into a cylindrical shape around the
shaft 52. with a peripheral inner surface 76 and a peripheral outer surfece
10 78. The second rubher campasition 20 is introduced to the flow passage
42 at a location ar 80, downstream of the localion 74, so thal the second
rubber cumposition 2Q is caused to surround the peripheral outer surface 78
of the first rubber camposition 16. The second rubber camposirion 20,
which may be devoid of fibes and has good Howability, can flow freely and
15 smoothly around the peripheral ouler surface 78 sv as to completely
surround and coat the peripheral outer surface 78 of the first rubber
composition 16 to a uniform thickness.
During the kneading process in the exlruding rsechanisms

30,32, gas, and the like, generated from the air and Lhe rubiber compoids



so thal | ht~ rubber does not cure during the kneadi ng process. The

i hi ukneS5 T1 of the, expansion portion 62 of. the flow parssage 42 is
substantially unifnrmbetween the inlet 68 and di scharge port 70. The

di arne-ter of the expansion portion 62 ot tho fl ow passage 42 increases
progressively between the inlet 68 and di scharge port 70. As the conbined
rubber conposiliiori% 16,20 flow thr.ggigh the expanrion portion 62, the
conpositions 16, 20 ate stretched in a circunferential direction to cause
the fengthe of the short fibers 18 to tikewise rircurnferentially orient.
As t he conbi nethircthepyindersodarkt4 R ghagsiediiapeitc B2 @4t kespagiMelyhe expansi on
portion b6 of the flow passage 42, substamally uniformorientation of the
fibers 18 ic Test kphicsdtets adf tthe gytinders 138,48 #rhr meotyyosli twitkrs & each t he

di 5charge port "10. At the discharge port 70, ihe uonib;ned conpositions
16. 20 are di setvimteyendheidranges ydepordiinaceponstiapepe v Tibed thve iFetliRiing
cylindrically -11 shaped nold product 14 having a first |ayer 86,

consi sting of ypisally; thetempengbises wi §Rinca? tepeme fHE-19M@- '8 msirbiidi ng second

| ayer 88, consisl ing of the sec-rind rubber conposition 20. In an

exenpl &y shaekber 6ADBAIEINR 2 StHE YHeran it cpmbupassMived 25d exireitiess of 1.5 to
10 mm The second layer 8R has a 5 thickness of fromO0.1 to 1.0 nmm In

thi s enbodi mepided hTé‘eéSETPa?FéPBHV?)'d‘F wihish kBeeding 't Rty elled

so thal the rubber does not cure during the kneading process.
The thickness T1 of the expansion portion 62 of the flow
pagsage 42 is substanlially uniform between the inlet 63 and discharge port
10 70. The diameier ol e axpansion portion 62 _nt the flow paseage 42
increases progressively between the inlet 68 and discharge port 70, As the
combined rubber compaositiuns 16,20 flow through the expansion portion
52, the compositions 16, 20 are swetched in a circumferential direction to
cause the lengths of the short fibers 18 to likewise circumnferentially oricnt.
15 Az the combined compositions 18,20 are siretched through the expansion
portian b8 of the flow psssage 42, substantially uniferm orientation of the
fibers 18 is established at the point Lhat the compositions reach the
discharge port 70. At the discharge port 70, ithe combined compositions

16.20 arc discharged in @ cylindrical shape, with the resulting cylindrically-



12 is configured no that the flow therethrough is substantially orthogonal
to the flowdirer,tinn for the first and second rubber conpositions 16, 20
t hrough t he extrudi ng mechani sns 30, 32, respectively. By orienting the 1 0
fl ow passage throu, 3h the expansion portion b6 of the nold/die 12 so that
t he conbi ned conpositions 10, 20 nove vertically upwardly, the conbined
first and second conpositions 16, 70 q§parting fromthe discharge port 70

are noved agai nst gravitational forceS so that there ere hot any
significant, detrincntal horizontal deformation forces devel oped on the

mol d product 14, §.ﬂ§zdrﬂr9mctgt4hﬁmg3§ P& 19¢ AledRGAihg! femeuRet a

nonvertical orientation Is npl oyed. As a rosult, a consistent shape and

di mension for fhe [&] sﬁtioﬂgg,slsvwﬁ%bﬁ@ﬁdﬁa&ﬁmmﬁﬂasﬂodsmwm 14 results.

This arrangenent 1s al so able 1n that the potentially heavy inner die

el ement 58 i MoLls rgbbeﬂ:érﬁ-h&gﬁﬁonvﬁ: il frixainPRE HBRQLmLS LIWE G st t her eby
reduci ng any tendency of the -22 inner die elenierit 58 to horizontally

defl ect any poifer @6 fdica SdknBeY SRl -1 Ehanedneebsbndilgel 28 e A result, a
consi stent cl earance dinension (Ti) can be naintained between the inner

di e el eent 58end<0ut 86t ¢ tehemt. 60. By maintaining a uriiform
t hi ckness T1 for the expansion 5 portion 62 of the flow passage 42, the

conmbi ned conposi tions }HidlermBdimdrtowe SREMEBh porion &8adnisd mnti/diat e, ther eby
avoi di ng thickness variations and
12 is configured so that the fiow therethrough 15 substantlally orthogonal
to the flow direntinn fur the first and second rubber cempositions 16,20
through the extruding mechanisms 30,32, respectively. By orlenting the
10 flow passage through Lhe sxpansion portion b6 of the mold/die 12 so thal
the combined compositions 18, 20 move vertically upwardly, the combined
first and second compositions 18,20 deparling from the discharge port 70
are moved against gravitational forces so that there are hot any significant,
detrimental horizental deformation forces rleveloped on the mold product 14
15 as might otherwise be developed in the event & nonvertical orentation is
employed, As a rcsult, a consistent shape and dimension for the resulting
cylindrically-sheped mold product 14 results. This arrangement ia also
desirable in that the potentially heavy inner die element 58 imparts a

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



residual, internal strains wthin the discharging cylindrically-shaped nol d
product 14. A uniformthickness for the cylindrically-Shaped nold product
14 may result, with a honbgeneous conposition that accounts for 10

predi ctabl e and uniform properties. The shape of the die surface 64 has a
siojniiir: int influence on the magnitude of the shcoring forces that are

generated oo the rubber conposition }9 The taper anglo a for the surface
64 is preferably in the range or 3(]" sn less than 90'. The inlet 69 has a
dianeter O In the range 15 of 20 to 60 m n. The discharge port 70 has a

diameter D1 fitr@MalO0QedOnt 8o RBAzomRAy desddi @dy @¥RaNth@ByImakitMy( di schar ge
port 70/inlet (38) is preferably in the iarrge of 1.5 to 12.5. Below this

range, extensisafhAfimdldLic TOMXSleblI0R cdfsistan cBtanbedifghiibe{Tantad o cause the
snort fibers 18 to consistently ciruunferentially orient on the inner and
out er regi ons pRfmaintaiddd oylvidad iihCiahdrdisflaped 58aind opted disclenisht @0t h a
relatively large thickness. If this range 'is exceeded, the
cirrunferential extensggmmaifgainiel kodiii@rm @xeess i Ve forviher ©ipyndidre
cylindfically-shaped nold product 14 rnay be protip | to tearing,
particulsarly iportidnes 2otant fiblwalasdadge 4@ xtheushonep casbisitives 182 mat 5
adequat el y hi gh.

flow emoothly at a constant rate, therehy avuiding thickness variations and

residual, internal strains within the discharging aylindrically-shaped mold

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

14 may result, with a homogeneous composilion that accounts for

10 predicteble and unitorm properties.
The shape of the die surface 84 has = signifli:ant influence on

the magnitude of the shcoring forces that are genersied on the rubber

composition 16, The taper angle o for the surface 84 is preflerably in the

range of 30° 1o less than 90", The inlet 68 hae a diameter D In the range

15 of 20 to B0 min. The discharge port 70 has a diameter D1 from 100 10
440 mm. The desired expansion ratio {(discharge port 70/inler 88} is
preferably in the range of 1.5 to 12.5. Below this range, extension of the

composition 16 may not be sufficient to cause the short fibers 18 10

consistently ciicumferentially orient on the inner and outer regions of a



To conirol internal heat generation in the expansion portion 82 of the
fl ow passage 42, between the Inner dle elenment 59 and outer die elenent
60, a cooling nechanism 90 can be included to circulate a cooling tluid 92
inacirculating path. A aimlar cooling nochanism 94 may be 10 associ at ed
with tho outer die clentnt 60 to continuously circul3te a like fluid 92. A
punp (not shown) may be utilized, as w3.-hin the die elenents 58,60, to
facilitate the circulation of the fluid 92. As seen tiltio in Fig. 5, the
cutter 22 is debigned to sever ihe cylindrically-shaped mlri pri)dijt:]
14 irl d 1pri gchindgealldisheredtrndad praduct hilivitht edletitSy ygd thickaessw 196 in Fi U 1,
1)83-81181 tQ ThP. rentral axis 98 for the cylindrically shaped rnal d/die
12 and, mol d priadaeee lis exEpideddithe otiiconfdarmtipamatengbn troay thecorde schar gi ng
direction for the cylindrically-shaped nold product 14. Th'-- curiter 22
may be a bl ade@*&SssiviIcTiresebydlwe tylindricait:sligppdmolg prgduict B4 may Gelpiahe er nat i vel y,
the cutter 22 could utilize a loser. Further, an ultro3onic vibration
cutting mechantBHaTRY. BAEUtHarly)ip dbe evens thaighe gyevsieh pleessres28edah t hen be
accunul ated upon a take-up foller 100. A carivas sheet, Now d supply 102
thVi eur, S1itil §9tswstely Welnt i nUOUSI y 181" Di nated 1.111011 II'M sht-el 28 H,
il i-, 4dcmrmlaled on Ifie | AkP- ulg roller 100.

ez

To control intemal heat generation in the expansion portion 82
of the flow passage 42, between the Inner dle slement 58 and outsr dle
element 60, a cooling mechanism 90 can be included to circulate a cooling
fluid 92 in a circulating path. A similar cooling mechanism 24 may be

10 agsociated with the outer dic clement B0 to continuously circulate a like
fluid 92. A pump (not shown) may be utilized. a3 within the die elements
58,60, to facilitate the circulation of the fluid 92.
Ax seen wlso in Fig. B, the cutter 22 is designed 1o sever the
cylindrically-shaped mnld product 14 in & lengthwise direction, as indicated
15 by the arrow 86 in Fiy. 1, parallel 1o the central axis 98 for the cylindrically-
shaped mold/die 12 and mald produer 14, This direction is parallel to the
discharging direction for the cylindrically-shaped mold product 14, The

cutter 22 may be a bladed structure, such as a colier w knile,



A nodified formof cylindifically-shaped Mold/die, aCCORdi I T!'] tu the
present invention, is shown ~n 12" in Fig. 2. The cyllIndrir,,gllV-5hRpp(]

nold/die 12' is operable in generally the sane manner as the nold/die 12 10

to extrusion nold the aforenentioned sheet 28. The nold/die 12' has
conponents corresponding t* those in lhe nold/die 12. Like elenments wl|
be identifiad with the some nunber ag,used with TGOSPOCl to Figs. 1 and 5,
with a desiqgnetion. The cylindricallV-shaped nold/dis 12' has a first
extruding 15 nechanism 30" for kneading tho first rubber conposition 16

with the shorAnerhdthvehs tHBcuthe 2 Bould lize i eS1ad C OriRInkS NBOuIRYsdnRL at i ng an
cxtrusion rcrew 3A.' vvithin a space 36' defined by a cylinder 38 . A

Second ext r udiipragonBRbRN R m BE 86 GtillzB@ rubber conposition 20 through
an extrusion screw 44" which rotates within a -25 space 46' defined by a

cylinder 48'. The conTasitivcdferelbshabr 2B @art BHeh Mdlszembiated WoRW passage 42'.
An expansion portion 56' of the cylindrical-shaped nold/dip 12' includes

art inner di esed-efrentr 585, @aNduabs sl ol iz &upbigmeRtih&QuT, iy eh
cuupergtively produce an expansion portion 5 62' of the flow passage 42
t hat i MEr easemntinudisgrighieateh @epuveri saer i28lxe1l 168 imandandhsclkar ge port 70
t hereon
up roller 100.
A moditied form of cylindrically-shaped mold/die, according Lo
The present Invention, is shown at 12' in Fig. 2. The cylindrically-shaped
mold/dle 12" is operable in generally the same manner as the mold/die 12
10 to extrusion moid the aforementioned shast 28. The mold/die 12' has
components corresponding to those in the mold/die 12, Like elements wiil
be wdentificd with the same number as used with respect 10 Figs. t and 5,
with a * ' ” designation.
The cylindrically-ehaped mold/die 12' has a first extruding
15 mechanism 30 for kncoding the first rubber composition 16 with the short
fibers 18 therein. This is accomplished by rotating an extrusion serew 34°
within a2 space 36' defined by a cylinder 38",

A second extruding mechanism 32" kneads the rubber

compasition 20 through an extrusion screw 44" which rotates within a



The extrusion screw 34' advances the krieaded first rubber conposition 16
in the direction of the arrow 104, which is substantially parallel to the
central axis 98 for the expansion portion tit' of the flow 10 pascoge
42' . The extrusion screw 44' advances the second rubber conmposition 2U in a
line, indicated by the arrow 108, that is stihslarltially orthogonal to
the axis 98' . The first rubber conposition 18 is caused to be fornmed into
a solid cylindrical block at 108 at the point that the rubber conposition
16 departs fromthe extrusion screw 34'. This block 109 is 15 then
surrounded bypihessecensed Wobsrowpofdi t TRl Rthposticdueet hadially at a

| ocation 110 in the vicinity of a free end 112 of a projection 114 on the
inner die el giRiLc@Be alNewSHAORR BpbbeN, eqiERash thortibn28s §f @pused to
surround/ coat the outer peripheral surface 116 of the bl ock 108 of the
first rubberyfmpashbp@Nmaidfid 02 AnkDAd0& ML Sk BRFEnt T #Ck 108 is
radially -28. reintorced by the projection 114 as the second rubber

conposi ti on 2Qtdr Yie dpPbiesd’ hareagapdisdvelyiedi e Ghasbaribnlpotdornas: a coni cal
surface 118 which causes the first rubber romhnsith'in 16 to prugressively
radi al Isy di ve2get ihaffiowapabiage 425 hpabsagespodibineter Bétwk2®an ihlke 681 ow | | essage
portion at 120 is defined between 2 radially outwardly facing surface 122
on t he proj echt ardiskhdrge port 70° thereon.

The extruslon screw 34' advances the kneaded first rubber
compesition 16 in the direction of the arrow 104, which is substantially
paraliel 1o the central axis 98°' for the expansion pnrtion 62’ of the flow

10 passoage 42'. The extrueion screw 44" advances the second rubber
composition 20 in a line, indicated by the arrow 108, that is subslantally
orthogonal to the axis 98', The firet rubber composition 18 Is caused to be
farmed into a solid cylindrical blogk at 108 at the polnt that the rubber
composition 16 departs from the extrusion screw 34'. This hlack 108 is

15 then surrounded by thc second rubber composiition 20 introduced radially
at a location 110 in the vicinity of a free end 112 of a projectlon 114 on the
inner die element 58'. The sccond rubber composition 20 ls caused to
surreund/coat the outer peripheral surface 116 of the biock 108 of the first

rubber composition 18 to a unitorm thickness. The block 108 is radially



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 lengths of the short fibers 18 are caused to
orient in the cirounforontial dirocti-e& in the sane manner as descri bed
with respect to Fig. 1. As with the cylindrically-shaped noldldie 12, the
fibers 18 in 15 the nold/die 12' are extended in a circunferenti al
direction so traxtorgsdeby thermgeibstionf 1dhas the IsecadirGbtar ecrmpositiunf 20 &nti al | y
oriented as the conbined conpositions 16,20 are fornmed into the
cylindrical | y-eppigdctiensesainsdr oduct 14, having the sane configuration as
shown in Figure 5. The_cylindrically -27 shaped nol ded product 14 is then
cut with a cuttcr 22' {Theefiegtpn t14thgs peonitabrmiade | R obicheagkedt ZB, as
Previously described. Wth this nold/die construction, - the first and
second conposiftFionEPTesepmagitan dfinl wagiesirsiwradietly diye@efinom fibe i ni et 613°
to the 6 di schar%e ort 70', with the second rubber conposition 20
surroundi ng t H&5¥® Fr'g’f“‘?’lﬂib%zro'c ¥l seaenperting 4t 2P isdafingd ¢ hr ough the 1 ow
passaga 4.7 frbgwepnt he J.?caLi tig afL 110 ;u Ll.ie discharge puit 70,

2 o iall ly

@ ra y outwar acing surface 122 on the projection 114,
having a substantially uniform diameter, and a radlally Inwardly facing
surface 124, which decreased in dlameter progressively, from right to left
in Figure 2, towards the inlet 68" up 10 the desired thicknees T.

10 Ag the combined compositions 16,20 are extruded betwesn
the inlet 68' and the discharge port 70, the lengths of the short fibers 18
are caused to orient in the ciroumfercntial dircction in the same menner as
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 & circumferential direction so that the
lengths of the fibers 18 are circumferentially oriented az the combined

compositions 16,20 are farmed into the cylindrically-shaped mold product

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



In Figs. 3 and 4 a fUther nodified formof cylindrioally-shaped nvold/die,
according to the present Invention, |Is showm at 12". The 10
cylindrically-shaped nold/die 12* has, with one excepiion, the sane
construction as the cylindrical |ly-sh sped nold/die 12'. Those elenenic In
tho noldidie 12", that are identical to the corresponding el enents on the
nmold/dic 12', will be identified wtha2the sane reference nunerals used with
respect to the cylindrically rhupcd noldidie 12' in Rq. 2. The ditterence
15 resides in the location at 126 at which the accond rubber conposition 20
;'S 1 ntroduced shepdchmokdre arpsiueinl HortheroeutéRith oruttdre2 X howkpagstage 42' . As in
the cylindrically-3haped nold(die 12', The first rubber conposition 16 is
i ntroduced at fefieed infocthe Beet @B, phereerpeindéwrbgorti on 62". The | ocation at
126 at which the second rubber conposition 20 is -28 introduced to the
expansi on portion 62" MiHl dby meldidier corstigction) ethe 6itst asrdl sebamdr fi srh; ~, rge
port 70", In this enbodinment, the lucalicn as 126 is approxirrietrly
mrlwry het vwEempepidonnl @208 simptiangpedhextyde fomi the i’ 68' Tothwcconpl i sh t he
above, the second extrudi ng nmechanism 32" 5 is constructed to define a
reservoit 128 4wharenecddOomithtiminsend whpysorperitionoZd sunpendiegthevoi r 128
surrounds the block 108 of the first rubber conposition 16 and

comuni cat es 55 tHEYS [cBRPEHdEYHoaspb frayaly iy she flow passage 42 from

the location at 110 t the discharge puit 70,
In Figs. 3 and 4 a further modified form of cylindrically-shaped
rmold/dle, according 1o the present Invention, 1 shown at 12". The
10 cylindrically-shaped mold/die 12" has, with one exceplion, the same
construction as the cylindrically-shaped mold/die 12°. Those elemenis in
the mold/die 12", that are identical 10 the corresponding elerments on the
mold/die 12°, will be identitied with the same reference numerals used with
regpest to the cylindrically shaped mold/die 12" in Fig. 2. The difterence
15 resides in the locetion at 126 at which tht sccond rubber composition 20
is introduced to the expansion portian 62" ot the Hlow passagec 42°.
As in the cylindrically-sheped mold/die 12', the tirst rubber
compasition 16 is introduced at the inlet 68' of the expansion portion 62".

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



passageway 130, which extends fully around the axis 98 at the location 1
26. As seen nost clearly in f=ig. 4, the thickness of expansion portion 62"
10 downstream of the |location 126 has the aforenentioned thickness T,
corresponding to the desired end thickness for the sheet 28. Upstream of
the location 126, the expansion portion 62" has a thickness T2, that is

l ess than the thickness T by the diggnsion T3, which is the desired

t hi ckness for the second rubber conposition 20. The additional thickness
15 downstream of the location at 126 allows the second rubber conposition
20 to be i ntriptodieed ¢ tHeGhtbarsRBi pHHBNG2 " a8side betvratrRd intedleBY 1t r oduce
irrlerrrel stresses to the conbi ned conpositions 16,20. This al so nakes

i.i it>le a chendideert pdrayer.i ng Ois thvoseenndhs whhasn genpasit i on 20 ful ly
:4rnlllli! the first rubber conposition 16 to a uniformthickness T3. The

- 29 | ocat i on gtpribk@Bategrmite ap hymieen ehdDieln @R rent hitschithepo@i@h 7and di schar ge put

| /0", and, in one preferrpd lurni, is at, or adjacent to, the discharge
port 70'. A further rMedrddmplisi berbafe, tykeondd exaadingnsdtagesn 621 dl di e.
according to the present invention, is shown at 12"' in Figs. | and 8. The

5 cyli ridri calik porsiengred 1rgkfliieds msdrgdit 134 tonhporeatraisrubbdricosibogtdr udi ng
mechani sm 30', corresponding to that shown in Fig. 3. The cylindrically
shfaped mol d/%R-e Ttz resgrydlrt 1 2fh abirgunds che daarka1G8 @f uhel fiesat ruelemg mechani sm
32 compaosition 16 and communicates to the flow passage 42" through a
paseageway 130, which extende fully around ths axls 28’ at the location
126. As soen most clearly in Fig. 4, the thickness of expansion portion 62"
10 downstream of the location 126 hag the aforementioned thickness T,
corresponding to the desired ond thickness for the sheet 28. Upstream of
the location 126, the cxpansion portion 62~ has a thickness T2, thatis less
than the thickness T by the dimension T3, which i3 the desired thickness
for the second rubber composition 20. The edditional thickness
15 downstream of the location at 126 allows thc second rubber composition
20 to be introduced without resistance as wou;ld potentially introduce
intemnal stresses to the combined compositions 16,20, This also makes

pussible & cansistent layering of the second rubber composition 20 fully

arnnned the first rubber composition 16 to a uniform thickness T3, The



corresponding to that shown also in piU 3. The extrudi ng nmechani sns

30', 32" respectively knead and advance the first and second rubber 10
conpositions 16,20 into a fl ow passage 42"', including an expansi on

portion p7"" defined by an expansion portion 5B"" of the cylindrically.
shaped nol d/ di e 121", The expansion portion 62" has an inlet 68" and a

di scharge portion 70"" between which_the first rubber conposition 16 flows
to orient the shnrt fibers 18 in the?Pirst rubber conposition 16, as 1 5
previ ously descri bed. The expansion portion 56"' of the

cylindrical ly-shaped gulil|rlie |2 il RcRk@mpAl 58" and an
Oﬁt Ier d: e el é?}%aﬁlﬁgéb'j gE\tltvlﬁril (lgFF.]drlw%vhere betwga?'fh?}%léw nﬂi L e WI

;
a .
cooperative bound t he expansi on portion

62" of the f%ﬂ?%rﬁi@ﬁwﬁc@.ﬁ%r%@ﬂéd ful'l“;)},li\f: %\QOPﬂﬁcgﬁlto%E%is%rgep&tTO't he expansi on,

portion 56" ndr i cal o 5 noldidie 12"" 1s aligned with the

direction of advancengnt t NEaikibd Shrmt WPCLyviinGrREMRSHabE® Mnckdyalehr ough t he
first extruding nechgg}gﬁgﬁﬁoa,'és iﬁdicatgﬁnby thebarrOM/134. The i nner

die dement SR AN @ RIbGEh Whetdd s Sbhallt hy WPRLr £ of Thire inl et 68" .
The projection TT47 7 "diVerts the flow of the first rubber corrrpntiiiinn
16 rRrigally %BW&N-¥hsz@B thold)Gie @2 P AN R OOS firsOdktruidg mechanlsm
30', corresponding to that shown in Fig. 3. The sylindrically shaped
mold/die 12" additionally includes a secund extruding mechanism 327,
corresponding to that shown also in Fig. 3. The extruding mechanisms
30',32' respectively kncod and sdvance the first and second rubber
10 compositions 16,20 into a flow paseage 42'", including an expansion
portion 2" defined by an expansion portion 56" of the cylindrically-
shaped mold/die 12'"", The expansion portion 82" has an inlet 8" and
a discharge portion 70'"" between which the first rubher composition 16
flows 10 orient the short fibers 18 in the first rubber commposition 16, a8
15 previously described.
| The expansion portion 56" ot the cytindrically-shaped moli/die
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 eentral axis 98'' of the expansion portion 567" of the cylindrically-



The cylindrically-shaped nmo!dldie 12"' differs fromthe cylindrical-shaped
nol d/ die 12" principally in two respects. First, a gear punp at 136 is

i nt erposed between the discharge end 138 of the extrusion 10 screw 34' and
the protection 114 "'. The gear punp 1 36 includes a drive gear 140 and a
driven gear 112. The drive and driven gears 140,142 arc in nmesh with each
ot her and rotate about parellcl axes 13%, 146 so as to forcibly feed the
kneaded first rubber conposition 16 departing fromthe extrusion screw 34
t owards the expansion portion 62"', in the direction of 15 the arrow 134.
The gear punp T%8Y9BGtEnt o&lnedayihaheditsction ef@dvaricemmentaf thefiest rolbber
conposition to be delivered to the expansion portion 62"' w thout

requiring a hi GAMBPBEYYL}Gthapyshithetiisbextuging IrechotipvsPt poindiceges by eam t hat may
generate unwanted heat. -31. The second difference resides in the |ocation
at 148 at whi chhe W ddéohbe inapisbe clepap &St bere Pojekdon Yy ‘bdightd to the flow
passage 42"'. The rubber conposition 20, kneaded by the second extruding
mechani sm 32' Upteeayplitg "i"ﬁ"tnga a- r'iégeyriention 196" avierty Geiflew ¢fghe | 1iruuyli a
passageway 5 152 to the location 148 and into the stream of the noving
first rubBber B icHmPraglionrh§ radialy edyuagely intghe gxraReian BOMPS nuous! y
around t he axisg.,98' " and termnates al a puitioii at 154 which directs the
second o

The cylindricaliy-shaped mold/die 12" differs from the
cylindrical-shapad mold/die 12" principally In two respects. First, a gear
pump at 136 is interposed between the discharge end 138 of the extrueion

10 screw 34' and the projection 114'"', Tho gear pump 136 inciudes a drive
gear 140 and a driven gear 142. The drive and driven gesrs 140,142 arc
in mesh with each other and rotate about parallcl axcs 144,146 30 es to
torcibly feed the kneaded first rubber ¢composition 16 doparting from the
extrusion screw 34" towards the expansion portion 62", in the direction of

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

generate unwanted heat,



rubber conposition radially inwardly relative to the axis 98"" into the
stream of the first rubber conposition 18- The |ocation 148 is adjacent to
the 1 O discharge port 70"', spaced slightly downstreamtherefrom The
fl ow passage 442"' has the aforenmentioned thickness T2 wupstream of the
| ocation 148 and the greater thickness T downstream thcrcot to acconmodate
the additional thickness T3 attribut&hle to the second rubber conposition
20 that is conbined at the location 1 I'S. This 15 provides the advant ages
descri bed above with respect to the corresponding structure in Fig. 4. It
has been found that t Hidedesdrddicoencefresides irsthe dovdtior atbidratedighosi ti on 20
around the first rubber conposition 16 is uniform and conpletc, using the
| ocati on at 148 seeeridubled gespesitiensifcie indrodudzidde thedmypossisagecd?'20. - 32 It ham
al so been discovered that in the other enbodi nents, described above,
siirce the fiTstivbbdbmmpestipoftineadetddy bentaindienyudimmechahisier s 18 i s
hard, as conpared to the second rubber conposition 20, the flow of the
second r ubber3TeoipEFiediitn Byl h8P sehéopfhegtlmwudbe pesegemposi tion 16 can
he affected advrarcply as lice rxlrrr%Un pro:ass is Carried out. The
desi red® | ani nk?2 £¢ 8w bFativre! 4Beethidlccilie npea of theimodrg firpgybbarot be  achi eved
to The extent desired, as_a result of which a certain anmount of

compasition 18. The passageway 152 exlends cunlinuously around the

axis 98" and terminales al o poition &l 154 which directs the second

rubber cormposition radially inwardly refative to the axis 98" into the stream

of the first rubber compositlon 18. The location 148 is adjscent 1o the
10 discharge port 707", spaced slightly downstream therefrom.

The flow passage 12" hag the aforamentioned thickness T2
upstrearm of the location 148 and the greater thickness T downstream
thercof 10 occommodate the additional thickness T2 atmributable to the
second rubber composition 20 that is combined at-the location 118. This

15 provides tho advantages described abave with regpect to the corresponding
structure in Fig. 4, [t hes been found that the dispersion of the second
rubber composition 20 around the tirst rubber ‘composition 16 is uniform
and complete, using the logation at 118 to introduce the second rubber

camposition 20,



wavi ness may be generated on the resulting sheet 28. By situating the
| ocation at 148, at which the second conposition is introduced, at or in
the 10 vicinity of the discharge port 70" the fl ow di stance over which the
second rubber conposition '16 flows, and is affected by, the first rubber
conposition 16, is mnimzed. This reduces the |likelihood, or degree, of
wavi ness. Wilc the cylindrically-shapgd nold/die 12"" incorporates the 15
di fferent aspects, i.e., the above described | ocation where the second
rubber conposition 20 is introduced and the gear punp 136, the invention
contenpl ates that eithehaohisktese dREPREISHROIN theRRhdr NEoRMaAted i Nto a
system independently of the other to achi eve good manufacturing results.
.33 A neLhud @sscibki figivd, SANE (et fudDRBLSSIApobiabi 1 6UtdAtkiRINAGRERE sSheet 28,
made according to the present iiwentinn, will now be described wth
respect initifbdry 180s had, ad corfparedO et ReslERYer Robesithnl 20, theonsi sting  of
a sheet 28, a load carrying nenber 156, in the icon of a spirally 5 wapped
cord, and ,a tovest clen\sasérel eibbel apeipodibin @0e symiadpped aroudtb=a nol di ng
drum 16U. | he conponents are arranged on the nolding drum 160 by serially
appl yi ng t he canmsiapailfsinbheffontdidvrokigizn etk umiounbhaceisléied The cl oth
| ayer 158 is applied directly against the surface 162, after which

out. The desired laminar flow of Lthe second curnposition 20 may not he

achleved to the extent desired, as a result of which a certain amount ol
waviness may be generated on the resulting sheet 28. By situating the
location at 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 second
rubber composition 16 flows, and is affected by, the flrst rubber
composition 16, is minimized. This reduces the likellhood, or degree, of
wavincss.
Whilc the cvlindrically-shaped mold/die 12" incorporates the
15 different aspects, i.e., the abovc dcseribed location where the second
rubber composition 20 is intreduced and the gear pump 136, the invention
contemplates that either of thesc aspeecis could be incorporated into a

system, independently of the other to achleve geod manufacturing results,



the |l oad carrying nenber 158 is spirally wapped thereagai nst. The sheet 10
23 is then applied with the second | ayer 88, defined by the second rubber
conposition 20, against the |load carrying nmenber. 1 156. The conponents
are furrived into a cylindrical sleeve shape by machi ne joining using
Conv. ntional Lechniqucs, The nAnwas/cloth [ayer 158 may be nmade from a
woven 15 canvas, knit fabric, or th&3{ike, that is made from(a) synthetic
fi bers such polyester, nylon, aramrl, vinylon, or the like, (b) a natural
fiber, or (c) a blended L%arn made front a comhination of the synthetic and
natural fibers. The &IBthey afarkirgs mrywepieiwhatiorybyt stilidetthen the sl eeve
preform 155. The _discl osed sleeve preform 155 could be utilized to define
a power -34 tSh8§stf SEIBACEREFINI IR 5 HPFEL PSR, Wi &ow Rredaspdiedof | as i s
common to a V- belt or a V-ribbed belt por_lstruction” sl.luvvoi in Fig.
10, a nodi fi SAUGFRACHINTBEYTRES 1 AFUBRASIe Pretsr e EhsRRsiHire155 | usabl e
to nake a pover trensm sslﬂog belén \M”\He Sﬁtsrai bs forrmed on Oﬁ‘g'%i te sides
thereof, suct?ds P LAGUIRE BV IPBIRYMRFE | 10 Shdbs (Y Bh? SPWEYs| eeve preform
155" cqnsists of two separate sheet Zg, m?? accor di t o the presant
Cnvent fon, entf Bt FHEAREE TSk A HE LR INAT P §E LBRES RO ot hor, wi t h
a. load carr ylnquiﬁgm%1él§.6lhsee:lo%%lcrk%ts are arrangeéd on the molding drum 160
by serially applying the same against the outer molding drum surfsce 182,
The cloth laver 158 is applicd directly against the surface 162, after which
the load carrying member 158 is spirally wrapped thereagainst. The sheel
10 20 is then applied with thc sceond layer 88, defined by the second rubber
romposition 20, against the load carrying member 166. The components
are furmed inte a cylindrical sleeve shape by machine joining using
conventional lechnigues,
The canvas/cloth layer 158 may be mede from a woven
15 canvas, knit fabric, or the like, that i3 mede from {a) synthetic fibers such
polyester, nylon, aramid, vinylon, or the like, (b) 2 naturat tiber, or (c)
blended yarn made from a comhination of the synthetic and natural fibers.

The cloth layer 158 is optionally provided on the sleeve preterm 186, The

dieclosed sleeve preform 155 could be utilized to define 8 power



wrapped tlierebetween and directly against both of the second | ayers 88.

11) The various conponent, can be serially built up upon the nolding drum
160, The innernost sheet 28 is applied to the outer surface 1 62 of the
nmol di ng drum 160 by placing the rirsi layer 06 of the innernpost sheet 28
agai nst the surface 1 62. Thls | eaves the second | ayer 88 on the innernost
sheet 28 exposed. The |oad carryi ng3genber 1. 6 is then spirally w apped,
"15 followed by the application of the outernpbst sheet 28 with the second

| ayer 88 facing downwardly and pl aced agai nst the spirally wapped | oad
carrying nmeabenisdie bdheithats Bl ok oiie ehgrewdf 2y IsomB®N188'V-are cured in a
conventional mariner and trained around drive and driven rollers 166, 168,
as shown i nbkir gr a V2ZribbEddelt ghtenstidn. CC, 168 are driven respectively around
space, parallel axes 170,172. The drive ruller 1CM is operated by a drive
174. Wth this arrangembodp it . ddnprosdiieshfosmcli @mpoyresiees on t he

sl eevo prefornms 165,155, shown In Figs. 9 and 10, respeutively, arp 5
exposed t o hecfopeicathodnigydF5hysable onweke # praer EEmERRD PARRIAN 178, WIlh the
siccvc prefornms 155, 155" placed under a predeteriniiied tensinn and noving
i n an send| esibs painked drheppostasidesthgreph dirtyasinaadoubed/fikhedbsitr i hs 111334
~Fig. 9) thereon. The rosulting sleeve preform 155,155, with itle ribs 164
f ormed t her eanstruzsiant Nessiemrepreformets A cosiis aitvolreparateshests @i ve arid driven

made according to the prescnt invention, and situated su that the second
luyers BB face each other, with a load carrying member 156 spirally
wrapped lherebetween and directly against both of the second layrrs E8.
10 The various componenls 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 [irst layer 86 of the innermost 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 wrapped,
15 followed by the application ot the outermost sheet 28 with the second layer
88 facing downwardly and placed against the sﬁirally wrapped load carrying
member 158.
The resulting sleeve preforms 155,168" are cwed in a

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



10 rolloro Wot thown) anO advanced while being Put To a predpTermritid
vvidth to producc individual belts, showmn in Fig. | | as an exenplary
V-rihherl h[-It 1130. The sl eeve preform 166" can be ground to produce a
doubl p,- sided, V-ribbtd construction by grinding the opposite |layer 85 in
a separate upufadun. One nethod for acconplishing thir, is shown in U S.
Patent No. 2,762,238, which is incqéﬁorotod herein by reference. The

exenpl ary belt 180 has a body 182 w a length, as indicaTed in the
direction ot a doubl e-headed arrow 184. The load carrying ntrnbrr 156 is

embedded in thend By & Fig8y 2 Whiie torlkld 18101 6OBS AReRrSHSAMAY arcilfhar ubber | ayer.
The ribs 164 are la-terally spaced and each have a truncated, generally

triangul ar - shaped, G Rs ax&erid, 02, The ufib Pnd 6rbeak epalefddnih brvet he | ayer 8
6, which is part of the conpression section 176 oF the belt 180. The

canvas/ cl ot h1hay i Ws iafrah@MARIRE cbRpfebfort Sehtih@n1761RDEY o Ber 88. 5 The
short fibers 18 are enbedded in the layer 86, with their lengths oriented

lateral ly W tRe{EPRGEINs P68 65 DEhbwRAR Wigs. bBgnd AS, RhpMNivkp, BI:D. 13, it
shoul d be understood that the inventive nethod of manufacturing the sheet

28 cansghe usadndsad iRke opdrkdetabby bRBYonleyifiehaphrindniokhdd aPSNMEE on bel t, as
shown generically at 186 in Fig. 13
the slcove preforme 155,155" placed under a predelermined tension and
moving in an endless path, the rotating grinding wheel 178 lwrms rihs 164
{Fig. 9) therson. The resulting sleeve preform 155,155, with the ribs 164
tormed thercon, can then be trained around another set of drive and driven
10 rolicrs inct shown) and advanced while being cut to a predetermined width
to produce individual belte, shown in Fig. 11 as an exemplary V-rihbed belt
180.
The sleeve prcform 166 can be ground to produce a double-
sided, V-ribbed construction by grinding the apposite layer 86 in a separale
15 vperation. One method for accomplishing this is shown In U.S. Patent No.
2,762,238, which i3 incorporated herein by raference.
The exemplary belt 180 has s body 182 with a length, as

indicated in the direction of o double-headad arrow 184. The load carrying

member 156 is embedded in the layer 88, which functions as a cushion



10 with a body 188 defined at least in part by the sheet 28. In all belt
configurations, the shortfibers 18 nmay be madefrom one, or conbination of,
n~lon 6, nylon. 66, polyester, cotton, or ararnid. The fibers 18 enhance
the | ateral pressure resistance of the ribs 164 and may reduce operating
noi se caused by inpacting of the belt against 15 cooperating pulleys. If
aram d short fibers 18 are utilized, it is preferred that they have a

|l ength of from1l to 20 mm and that the36be present in an amount of 1 to 30
parts by nass relative to 100 parts by mass of the rubber in which they
are incorporated. If the short fibers 18 are aram d fibers, -37 preferably

they have aibbar iyl cThd s TBATHR, fIRLARY|bBh NGl %M'ﬁu Rhggol e for

this ptirpn% - are sold comrercially un e names

KEVLAR-, T Iyq?A nd the |i r aramji rams 18 are present
in an ar no%eglg Fé%éf'?'ﬂ%vﬁabﬁaé'ﬁ%‘i’ frosy %?th%{bs%hﬁﬁé’sr?ﬁg are Aefipedninttheavr an
adequate | ateral pressure resistance. 11 the aramd fibers 18 4Ft!
preserit ilAyeh8&vorhinh Bvpert ¢lothrcomdrgssias sectiba 176 i thebatt @O becone
evenly di sbursed in therubbrar durd4io rri~nmufactiiring- The use of aramd

fibers |s Twd caagaschsth @%eﬂtﬂﬁ |§Pérﬁfﬂa%§ bNiHeYclhidl rlibblr Hyer g Pl ace
of, or in conjunction with, -the ararnid fibers.
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. |f the short fibers 18 are aramid fibers,



10 The rubber used in the layet 88, Lo define the., conpression scctions
176,176', may be one or a conbination of hydro-nitryl rubber, chloroprene
rubber, natural rubber, CSIVI, ACSM SBR, and el hyl ene-a-ol efin
clastorner. If hydro nitryl rubber is used, it preferably has a hydrogen
addition rate of not less than BOO *, and preferably not lear. than 90% to
I s provide good heat and ozonc rosistgpce. Hydro-ni-trVl rubber wilh a
hydrogen addition rate of not greater than 80% rmay have i nadequal e heat
arid uzone resistance. For purposes of providing good oil and tow
Tf - Mper at ur e peserablartbey haer sl adiretic Iriag 'in ShcCradBéna@struptucé.OFablsy 1 n an
anount -38 Anpbng these Conpositions, ethylenee(-olefin elastoner, having
good oil and sliowi4 &npies puiibe: sresbidtcaneercidlly Upiefhe netes CORBK™ abl e
et hyl ene-a-olefin elastonmer is ethylene -pro pylene- diene nonomer (EPDMV.
Exanpl es of diNOMEXTDKEVRAB™ aTECHNGCRA'Y, CIVepRONG dHnenlse likket hyl ene nor bor nene,
et hyl i dene norbornene, 1, 4- hexadi ene, cycl ooctadi ene, etc.
Et hyl ene- propyl ene bask araphithEhe: ¢ EPR)e presenbingo aosatt less t&arl énerpagtnd or gani ¢
peroxi de may be used to cross-link the above-nentioned rubbers. Suitable
or gani c Sper oxibdemsartbe derel 6doranandt avomtidraitatolntera predswe mpistanee.oxi de,
di -t-butyl peroxide, t-butylcunyl peroxide,

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 manufactoring.
The use of aramid fibers Is noT required, as other materials may he utilived
in place of, or in conjunction with, the aramid fibers.

10 The rubber used in the layer 88, o define the compression
scctions 176,176°, may be one or a ¢ombination of hydro-nitryl rubber,
chloroprene rubber, natural rubber, CSM, ACEM, SBR, and ethylane-a-olefin
clastomer. If hydrc'nitryl rubber is used, it preferably has a hydrogen
addition rate of not lcss than 80%, and preferably not less than 90%, 1o

16 provide good heet end ozenc resistance. Hydro-nitryl rubber with a
hydragen addition rate of not greater than 809% may have inadequate heat
aml veone resistance. For purposes of providing good oill and low

temperature resistarice, acrylonitrile is combined, preferably in an amount
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benzoyl

per oxy)

conpounds,

cushinrrlfirr i |ayerA@Bitable el iehdlalQbsi & .S as, the rubber
conposition used in the secondﬂﬁﬂ Iﬁ%laﬁ%n{é}o’ﬁ é;{gglﬁ

robbers coulghal M5 | ent. \Wile fibers are not disclosed in the
second | ayer 88+$'?‘|) berépcgEFgﬁ}hbe utEixIar"b'ﬁ'EF i r??Thi dieng emoromety . are

peroxide, 1, 3-bis(t-butyl peroxy isopropyl) benzene, 2,
5-dinmethyl - 2, 5-di(t-butyl peroxy) hexyne-3, 2, 5-dinethyl-2, 5-(benzoyl

hexane, 2, 5-dinethyl-2, 5-nmono(t-butyl peroxy) hexane, etc. By
bl endi ng a co-agent, the degree of cross-linking can be 15 increased to
avoi d adhesive abrasion, and the like. Anmong the suitable co- agents that
effectively acconplish this are TIAC, TAC, 7, 2 polybutadiene, netal
salt of unsaturated carboxylic acid, oxgre group, guanidine,

trimethyl ol propane trinethacryl ate, ethyl ene glycol -39 dienethacrylate,
N-N - m phenyl ene bi snal ei mde, suffer, and the like, which are normally
used for p ' ' e. A reintorcjng notcrial, such as carbon
bl ack and gfrﬁF)EQQh%%%ﬁgl d‘{ysf@%'sase‘&!

as cal ci umlcar{aonate 6 and talc, a plasticizer, a stabilizing agent, a
processi ng ‘&M

NeePistinelssterar, having aoodjolgedt, such

SMPEfRYIE regisianes. isprefagesd., normal |y used for rubber
may al so be used. The rubber conposition used for the

N§Prepy¥lents:  The

ayer 06/ conpr essi

dicyclopentadiene, methylene norbornene, ethylidene norbornene, 1, 4-
hexadiene, cyclooctadiene, ete. Ethylene-propyiene base rubber (EPR) is
also usable, |

Sulfur and organic peroxide may be used to cross-link the
above-mentioned rubbers. Suijtable organic peroxides are one, or a
combination, of dicurnyl peroxide, di-t-butyl peroxide, t-butyleumyl peroxide,
benzoyt peroxide, 1, 3-bis(t-butyl peroxy isopropyl) benzene, 2, 5-dimethyl-
2, B-dilt-butyl peroxy) hexyne-3, 2, 5-dimethyl-2, 5-(benzoy! peroxy)
hexane, 2, 5-dimethyl-2, S-mono(t-butyl peroxy) hexane, etc,

By blending a co-agent, the degree of cross-linking can be
increased to avoid adhesjve abrasion, and the like. Among the suitabie ¢co-
agents that will effectively accomplish this are TIAC, TAC, 1, 2

polybutadiene, metal salt of unsaturated carboxylic acid, oxime group

guanidine, trimethylolpropane trimethacrylate, ethylene glycol



The | oad carrying memherS 1 56 may be nade fromone, or a conbination of,
pol yester fiber, ararriid fiber and glass fiber. In one form each |oad
currying menber 156 is a cord define by Twi sting groups of is polyester
fiber filaments with a main unit consisting of ethylene-2 and 6-
napht hal aTe, To a total denier of 4000 to 8000. The cord may be subjected
Lo adhesi on processing to control belggslip rate and thereby extend the
belt life. The load carrying nenbers 156 nay be adhesion treated also to
irriprnve their adhesion to the base rubber. It is comobn to adhesion treat

-40 the | oad @meyihasyyiarentivel-mtS@nbiynd maredisming, dUver, bhdBeSikd Whidh | e$01' 6171-
formalin latex (RFL) liquid, after which they are heated aTld diied 1.0
form an adhe$iamormalpersadiat perexidmerbar limigigedi sper sed on the ouTer surface of
the load carrying nmenbers 156. Qther adheeive treatnents are contenpl aTed.
As one alternative, tAéeRmLcing muticdalnayh becarbor biaechnadlshies, myalel M narily
proces~;inu the sane W th an epoxy or isocyanate conpound. By using a
spi nni ng/ wi ndiVkgf i desiicd ond némsled .0 Acbutlang ygeny subie kI batismibiongfe 0.9 to 1 .3
mm a bolt incorporating the same may exhibit ;i high inodulus. Wth a
pitch of | e3saphisie. 6 pstiviver aaijtallizing dganins pokedshe =il, aadiocasdistingg nenber 1 S6
may interters wwth each other. Wth 2 pitch U-#;,,.AtL-r than 1.3 mm the
nmodul us for a@B¥itt narmely penddei mgberremipoandisc ey wisnde used.
The rubber compasition used for the cushion/first layer 88 may
be similer 1o, or the same as, the rubber compesition used in ihe secand
layer B8/compression section 176,176'. The ruhbers could also be
10 different. While fibers are nat disclosed in the second layer 88, fibers could

be utilized in this layer as well.

The fvad carrying members 158 may be made from one, or a
combination of, polyester fliber, arsmid fiber and glass fiber. In one farm,
gach load carrying member 168 is a cord define by twisting groups of

15 polyester fiber filaments with a main unit consisting of ethylene-2 and B-
naphthalate, To a total denier of 4000 to 8000. The cord may be subjected
to adhesion processing to control belt slip rate and thereby sxtend the beit

life. The load carrying membars 156 may be adhecion trested also to

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



menbw 156 may be reduced to an unacceptabl e extent. The cloth | ayer 158 may
be made froma matcrial that is a cloth, knitted, or a Fiutwinven fabric,
O these, nonwoven tabric is 15 preferred. The fiber Mterial defining the
fabric may be at | east one of a) natural fiber such as cwturi, |inen,

rayon, and the like, or b) organic fiber such as polyam de, polyester,

pol yet hyl ene, pol yurethane, polystyrene, polyf | uoro ethylene, polyauql,
pol yvinyi al cohol, aromatic Polyostcf, aramd, and the Iike. Thp
cwivas/clolh layer 158 is imrersed in an HFIL hQuid using -41 cured rubber

|5 rubbed onNbuAXARSHY SURLECTsGly! ARGaRYARL IO AVRLSS. The | ayer

is then i merse 1 qui ocessed IMersion in a

soaking |1 quid ARy |0k :hwphgt..dd f%s?qjhnfﬁ % EhéaLe{ﬁmt%.,Jh@fd.ﬁwa%nt'on makes

possi ble the formation o re ative 28 I1n a shorter tine

frame and i bfdgaa)? B0k mfzsnﬁ@rdr@usxd oRRNPGRBL AL bk igaapr ocess of

sheet manufacture erein a pluralit | ayers are | am nated. The

sheet 28 rraycpﬁy @%m\e{b&mdﬁ g&hwsﬁ%bé Meamen{s%%%pm@ i3t egr al
formati on of ayers 86,88 in the manner described above. The

advant gges Otmé BN€erhEWMB Mo \HEL BB ey 36 QulRERRE prafrRiflariheh@essink0 for a
V-ribbed belt construction, through actual testing. Conparative Exanple
the same with an epoxy or isocyanate compound.
By using a spinning/winding pitch for the load carrying
members 186 of 0.9 to 1.3 mmya belt incorporating the same may exhibit
a high modulys, With a pitch of less than 0.8 mm, adjacent urns of the
10 load carrying member 156 may intertere with each other. With a plich
yreater than 1.3 mm, the modulus for a belt incorporating the load carrylng
membier 156 may be reduced to an unacceptable extent.
The cloth fayer 158 may be made from & matcrial thet is a
clath, knitted, or a nuomwnaven fabric, Of these. nonwoven tabric 15
16 preferred. The fiber material defining the fabric may be at lcast one of a)
natural fiber such as collon, linen, rayon. and the like, or b} organic fiber
such as polyamide, polyester, po‘lycthylene. polyurcthane, polyetyrens,
peolyflucroethylene, polyauryl, polyvinyl alcohol, arometie polyester, aramid,

and the like. The canvas/cloth layer 158 is immersed in on BFL houid ueing



A CR rubber compound, as shown in Table 1, was forned with

41-

short fibers
enbedded. -42 TABLE 1 5 10 SHORT- FI BER CUSH ON LAYER CONTAI NI NG

RUBBERRUBBER PARTS BY MASSPARTS BY MASS CR ( SULPHUR MODI FI ED 100100 TYPE)
STEARI C ACI D22 NYLON CUT YARN15- ARAM D CUT YARN5 O L55 CARBON BLACK2525
ANTI OXI DANT44 Bl SVALEI M DE22

cured rubber is rubbed on the exposed surface of the canvas/cloth layer

168. The layer is then immersed in RFL liquid and may be processed by

immersion in a soaking liquid having rubber dissolved in a solvent.

The invention makes possible the formation of a relatively thick

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 layers 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.



ZI NC OXI DE55 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 naster batch and additional conmpounds, as shown in 15
Table 1, were placed in an extruder. Sinultaneously, the CR rubber

conpound of Table 1 was placed into an extruder, as shown in Fig. 1, to
knead t he rubber containing short fibers preparatory to extrusion. No
cushi on layer rubber was used in this-B2nple, and only one | ayer of rubber
contai ning short fibers was used, -43. The rubber containing the short
fibers was extruded and gradually extended in noving towards the discharge
port. In the process, shearing forcpggwere inparted to the rubber
conposition using a conventional expansion die and under conditions as set

out Ei? g) ng = Eiz (gl KE;L EVVLA}JI% TABEE—5—+ NVENTHVE-SUMRLE-COMPARATLVE, (TVO
CONTAINING RUBBER Eaiideabs
PARTS BY MASS PARTS BY MASS
CR (SULPHUR MODIFIED
re) 100 100
STEARIC ACID 2 2
5 NYLON CUT YARN 15 i
ARAMID CUT YARN 5 i
oI ‘ 5 5
CARBON BLACK 25 25
ANTIOXIDANT 4 | 4
10 BISMALEIMIDE 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 coocled 10 room
temperature. The master batch and additional compounds, as shown in

15 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 Jayer of rubber

containing short fibers was used.



5 10 EXTRUDER | 09011/06012 020 NI PPLE DI AVETER (mm) 02600260 RUBBER
PASSAGE OUTLET CENTRAL 0262.30282 DI AVETER (nmm) R2 RUBBER PASSAGE

EXPANSI ONI NLET CENTRAL 077077 HEADDI AVETER (nm) R1 EXPANS|I ON 3. 43.4 RATI O
R21R1L SCREW 6060 CYLI NDER ( THROW NG 6060 S| DE) TEMPERATURE (C) CYLI NDER
(HEAD SI DE) 5050 HEAD 7575

-43-

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.



SCREW ROTATI NG SPEED (rpm 2020 SHORT-FI BER CONTAI NI NG RUBBER SHEETRUBBER
3.03.0 THI CKNESS (nm ADHESI VE RUBBER 0. 5- RUBBER SHEET W DTH (nmm 640640
QUTER LAYER ( CUSHI ON LAYER1. 5 TBRUBBER) RATI OM DDLE LAYER 2. 02. 0 | NNER
LAYER 2 0 ORI ENTATION. 1.5 OUTER LAYER (CUSH ON LAYER50 RUBBER)

EB(: 6) M DDLE LAYER 300300 | NNER LAYER 250100 M DDLE LAYER 300300 | NNER
LAYER 25 0100 -45

44-
TABLE 2
INVENTIVE EXAMPLE COMPARATIVE
" (TWO LAYERS) EXAMPLE
(SINGLE LAYER)
EXTRUDER 090°1/960"2 ©90
NIPPLE DIAMETER (mm) ®260 2260
RUBSER PASSAGE
OUTLET CENTRAL °
DIAMETER (mm) R2 ©262.5 R62
RUBBER PASSAGE
EXPANSION INLET CENTRAL 077 077
HEAD DIAMETER {mm) R1
EXPANSION 34 34
RATIO R2/R1
SCREW 60 80
CYLINDER
(THROWING g0 0
SIDE)
5 TEMPERATURE
°c) CYLINDER (HEAD SIDE) 50 50
HEAD 75 75
SCREW ROTATING SPEED (rpm) ©o20 20
SHORT-FIBER CONTAINING
RUBBER SHEET RUBBER - . 2.0 30
THICKNESS (mm)
ADHESIVE RUBBER 05 )
10 RUBBER SHEET WIDTH {mm) 1 840 840
OUTER LAYER (CUSHION LAYER o5
RUBBER
™ )
RATIO MIDOLE LAYER 20 20
INNER LAYER 20
ORIENTATION : 1.5
OUTER LAYER (CUSHION LAYER 50
RUBBER)
EB(%)
MIDDLE LAYER 200 300
INNER LAYER 050 100
MIDDLE LAYER 300 300
INNER LAYER 250 100




| screw dianeter of extruaer |o snore Aber-cbrttaining ruylner 7.: screw
dl aneer nr exTrurlrr TrO rrrhinn ayer nunhaj 1'B: tenslls breaking
strength TB ratio - TS felraotlon perpendicular to exrruslon} TB | ekertl on
In paraltel TO e.xtriielnn) 5 EB = elorlgatioOin a direction parallel to
extrusion direction al the tine at tensile breakage A two | aycrcd
cylindrically-shaped nold product, capsisting of a) rubber wth short

fi bers enbedded therein on an inner peripheral side and b] o cushion
rubber | ayer |am nated on an outer peripheral side, were extrusion nolded
and cut to dég:i§§1;§"w%mgﬂpggg";g:;;;Gr?ﬂmcmm@ymaf rubberized cotton canvas were

| ani nat ed on r& wh@hdinhGetk UM Load cafryi ng nmembers, made of pol yest er
fiber rope, pEE.LATCHCRERIED CosRHE torLTamyan,, fol | owed by the mol ded
belt body sheet contarning the cushion layer rubber. The orientation of
the short fibers in the resulting sheet were 15 evaluated. To ua ry out
this evaluation, the gheatiaWwas ShhdREIy-dMeped REI8Broghidly BSmustihgsd Udi Nng an
outer layer, a mddle layer, and an inner layer. Tensile sirength ratio

| TS ratio - (s9lrub@et Wit sief fndénbddded hRre@Xdr dhShiin peigherd ki@fandd | 1::rr;
[I11r;1 In etxtrrisinn] And elongation (EB) in a direction parallel to the
extrusion tiibtheetusdhidn rubbet Reeliafinedéd bRlAnSlter PérAKRDSide WJere det er mi ned by
20 neasuring tensile strength (Ta) of the sheets hi a cireurrlrererrtial
direc:liurt extrusion molded and cut ta define a sheet.

10 Two pliea of rubberized cottoan canvaa were laminated on 8
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 cearry oul this evaluation, the sheet was sliced into three
layers, including an outer layer, 2 middle layer, and an inner layer. Tensile
sbiength ratio [TB ratio - (direction perpendicular to extrusion/direction in
parallal 1o extrosion] and elongation (EB) in a direction parallel to the
extusion direction, al the tme of tensile breakage, were determined by

20 measuring tensile strength (TB) of the sheels in @ ciseunmilerential direclion

arul iz axial direction, respectively, according to 15 K6251. The greater



+r~el irr nl3;,r,iel direction, rr5hectively, Air nrrling to ilS KE6251 .
The greater -46 the tensile strength in the direction perpendicular to
extrusion, as conpared wth the tensile strength in the direction in
parallel to extrusion, i,e., the greeter the TB ratio, the nore favorable
the orientation of short fibers is in the circunferential direction. 5 It
was found that the magnitude of the 4#46B ratio in the outer |ayer
corresponded to the cushion |ayer rubber and differences in TB ratio and
[13 were slight in the mddle and inner |ayers, so that the short fibers
wer e favor abl¥e frisémpteanatiah feediteRBoroRArRANCCHIPETC HBHTIPR @S &OBRAIFA cn | ayer
rutaber, the orientation of the fibers can be negl ected. Wth the single
layer 10 in tWith theacaARsila srengeh Ex‘&ﬁﬁl"%cmﬂt’“\R/a"s"”ﬁ"d{’,uﬁdmﬁ% iehdPdut er | ayer
had a small TB ratiu and EB and thus the orientation of the short tibcrs
was not uni f orRgter eriiBrpiio.the mees tespithlg thorentdird ehehshiltersidiher after
fitting a vul cani zation jacket onto the belt sleeve preform After curing,
the jacket &8 ciesBiretighfireetii-belt sl eeve was ren-inved irorn a nol di ng
drum upon 15 which it was m)unLed The hel | sl eeve was ground to produce

ribs, wth individual "hert foung:t ?‘r%ﬁf’t“ﬁ%‘“ﬁ’él"t’t%ﬂ é%{i’émt"b r} i i ndi vi dual
V-ri bbed belts. The V J; bel t.s hAt ‘%?gf f\;(g)e 3-ri bbed
belt, accordPHy °ﬁf\/ﬂ3°s°f'a 10 BE U ?rh aéerlrg tbefﬁ” : §5°"ﬁ?ﬁ i pitch of 3.55

and CB were slight in the middle and innecr layers, so that the shoen fibers

were favorably oriented. Since the outer laycr defined a cushion layer

rutiber, the orientation of the fibers can be neglected. With the single layer

10 in Ul Comparative Example, it was found that the outer layer had a small

TB raliv and EB and thus the arientation of the short tibers was not uniform.

Curing was performed in a conventional manner sfter titting

vulcanization jackel onto the belt sleeve prefarm. After curing, the jacket

wae removed and the belt sleeve wus remnved from a molding drum upon

18 which it was mounted, The hell sleeve wiés ground to produce ribs, with
individual belts cut frem the belt steeve L (i individual V-ribbed belts.

The V-ribbed belts Lhat resulted were a K type 3-ribbed beit,

according RMA standards, with a length of 875 mm, a rib pitch of 3,56



-47 mm a rib height of 2.0 mMm a belt thickness of 4.30 mm and a rib

angl e of 40'. Inventive Exanple AN EPDM conpound shown in Table 3, bel ow,
was used for 5 rubber containing short fibers, TABLE 3 10 15 SHORT- Fl BER
CUSHI ON LAYER RUBBER CONTAI Nl NG RUBBER PARTS BY MASSPARTS BY MASS
EPDMLO0100 NYLON CUT YARN 15 - ARAM D CUT YARNS STEARI C ACI D11 ZI NC OXI DE55

-47-

mm, a rib height of 2.0 mm, a belt thickness of 4.30 mm, and a rib angle

of 40°.

Inventive Example

AN EPDM compound shown in 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
15 N, N-m-PHENYLENE : :
DIAMALEIMIDE 2 2
PEROXIDE 8 8




CARBON BLACK5050 O L1010 ANTI OXI DANT22 N, N-m PHENYLENE 2 DI AVALEI MUDF 28
PEROXI DE -48 The fibers were placed in rubber in an open roll to produce a
master batch. The master batch was kneaded and ejected and cooled to room
tenperature. The nmaster batch and other 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 knead4#:d cause rubber containing short
fibers to be extruded. The rubber composition was extruded towards a

di scharge port and extended in a circunferential direction, with shearing

forces i mparted e12, tone Faig&wbmé pEEirPrabiRl S ANGh OP F5iREd POl ti ons
master batch. The master batch was kneaded and ejected and cooled to
room temperature. The :master batch and other components were placed
in an extruder, as shown in Fig. 7. Simultaneously, 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,

below,



-49 TABLE 4 5 10 | NVENTI VE EXAMPLECOVPARATI VE ( TWD LAYERS) EXAMPLE ( SI NGLE
LAYER) EXTRUDER090"1 n650z090 NI PPLE DI AMETER (m m) 02600260 RUBBER PASSACE
OQUTLET CENTRAL DI AMETER (mm) R20263.40262. 9 RUBBER PASSACGE EXPANSI ONI NLET
CENTRAL HEADDI AMETER (nm) R1077077 EXPANSI ON RATI O R2/ R1 3. 43. 4 SCREVWW55095

10

-49-
TABLE 4
INVENTIVE EXAMPLE COMPARATIVE
{TWO LAYERS) EXAMPLE
{SINGLE
LAYER)
EXTRUDER 290*1 ®60*2 80
NIPPLE DIAMETER {mm)
260 ®260
RUBBER PASSAGE
OUTLET CENTRAL
DIAMETER (mm] R2 ¢263.4 ©262.9
RUBBER PASSAGE
EXPANSION INLET CENTRAL
HEAD DIAMETER (mm) R 77 o77
EXPANSION RATIO R2/R1
3.4 3.4
SCREW 95 50 95
CYLINDER {THROWING SIDE}
TEMPERATURE 90 60 20
(°Ch
CYLINDER (M
(MEAD SIDE) o5 50 of
HEAD 95 85 o5
SCREW ROTATING SPEED {rpm) 25 50 25
SHORT-FIBER CONTAINING
RUBBER 3.0 3.0
RUBBER SHEET
THICKNESS tmm) CUSHION LAYER RUBBER 05
RUBBER SHEET WIDTH {mrm} . 840 640
OUTER LAYER (CUSHION LAYER 1.8
- RUBBER)
RATIC MIDDLE LAYER
1.9 1.9
INNER LAYER
ORIENTATION 17 17
OUTER LAYER (ADHESIVE RUBBER) 200
MID
B DLE LAYER 9% 220
INNER LAYER a0 200




CYLI NDER ( THRON NG S| DE) TEMPERATURE906090 (C) CYLI NDER ( HEAD SI DE) 956095
HEAD95 8595 SCREW ROTATI NG SPEED(r pm) 25 5025 SHORT- FI BER CONTAI NI NG
RUBBER3. 03. 0 RUBBER SHEET THI CKNESS (nmj CUSHI ON LAYER RUBBER 0.5 RUBBER
SHEET W DTH (nm) 640640 OUTER LAYER ( CUSHI ON LAYERL. 8 TS8RUBBER) RATI OM DDLE
LAYER 1.91.9 | NNER LAYER

10

15

20

-50-

11 screw diameter of extruder for short-fiber containing rebber
"2: screw diameter of extruder for cushion layer rubber
TB! tensile breaking strength

TE ratio = TB (direction perpandicular to extrusionl/TB (direction in parallel to extrusion)
€B = elongation in e direction perallel to extrusion at the time of 1ensile breakage

A two-layered cylindrically-shaped mold product resulted
consisting of a) the rubber containing the short fibers laminated 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
to produce a motded 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 1o produce
a sleeve preform. A vulcanization jacket was fit onto the sleeve preform
after which curing was carried out in a conventional manner. After curing,
the jacket was removed and the belt sleeve separated from the molding
drum. The sleeve 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

Comparative Example.



ORI ENTATI ON1. 71. 7 OUTER LAYER( ADHESI VE RUBBER) 200 EB(% M DDLE LAYER220220
| NNER LAYER 210200 -50 1 screw dianmeter of extruder for short-fiber
cont ai ni ng rubber "2~ screw di aneter of extruder for cushion |ayer rubber
TB: tensile breaking strength TB ratio = TB (direction perpendicular to
extrusion)/ TB (direction in parallel to extrusion) 5 EB = elongation in a
direction parallel to extrusion at the tine of tensile breakage A

two-| ayered cylindrically-shaped nol d5droduct resulted consisting of a)

t he rubber containing the short fibers | am nated on an inner peripheral
side thereof and b) cushion |ayer rubber |am nated on an outer peripheral

side thereof. The remd éfigltatibhidiSher fﬁ&q C . Was t, 10 to
produce a nol ded sheet, i ncluding thehg}l}ls |o?1ﬁﬂjl-t)éo%gbﬁ5§@9%%ﬁes of
rubberi zed,;gott.an s,.were mnated on a nolding drum Load carrying
nenber s, g\gﬂgiﬂs-'tgi ﬁggfg¥ﬁala581' JHbSE'F INCYRPIGIEReWasep alilptegdpird thessasagai nst .
The nol ded sheet was then applied to produce

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 various

modifications could be made without departing from the spirit and scope of

the present invention.



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 renoved and the belt sleeve separated fromthe nol ding

drum The sl eeve was then ground to form V-shaped grooves, after which

i ndi vidual belts of a desired width were cut fromthe sleeve. The resulting
V-ri bbed belts had the same di nensions as those described for the 20
Conpar ati ve Exanple. -51 The orientati®® of the short fibers in the
resulting nolded sheet w th the cushion |ayer rubber incorporated was

eval uated in the sanme manner as for the Conparative Exanple. The tensile
strength ratio (TB) and the el ongat%lgﬂMgB) in adirection parallel to
extrusion at the tine of tensile 5 breakage were determned. It was
determ ned that the mddle and inner |layers of the nolded sheet with
cushion | ayer rubber showed only slight differences in TB ratio and EB and
the short fibers, evidencing that the fibers, evidencing that the fibers
were favorably orientedA methndl ef rhenifavaningn bewcbagandarsidPeditw t h
particular reference to the drawings, it should be understood that various

mod fi cat icmspisinds sdyradth #idriHtandePandhiog risoeP kP& iRRLKich Afhghsicope of

one load carrying member is embedded so as to extend lengthwise of the
4 body, said method comprising the steps of:
extrusion molding {a) a first rubber composition comprising
6 rubber with short fibers therein and (b) a 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.



the present invention, -52 CLAIMS 1. A nethod of manufacturing a power
transm ssion belt 2 conprising a body with a Iength and a cushi on rubber

| ayer in which at |east one | oad carrying nenber is enbedded so as to
extend | engthwi se of the 4 body, said nethod conprising the steps of:
extrusion nolding (a) a first rubber conposition conprising 6 rubber with
short fibers therein and (b) a second rubber conposition that is different
than the first rubber conposition to p®duce a first sheet in which S the
second rubber conposition defines at |least a part of the cushion rubber

| ayer; 10 12 applying the at | east one |oad carrying nenber to the second

rubber conposition t@.pTRIURBLHYPLE and I’OC€$SI ng the
preform assenbly to produce a omrm{'{rugﬁg%erg@ %rpod’é?rt rangmissiobeltnet hod

of Zranuf aciddor@hgedP KGN § rﬁngﬁg,ﬁ %g rétgpe Icntf extrusion molding a first rubber

co it ...
mpaosition and a second rubber composition comprises extrusion molding

4 a second rubber composition that has no short fibers therein,

3. The method of manufacturing a poewer transmission belt
2 according to claim 2 wherein the step of extrusion molding a first rubber
composition and a second rubber composition comprises extrusion moiding
4 a first rubber composition and a second rubber composition in a
cylindrically-shaped moid 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 an inlet 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

i0 peripheral surface and the second rubber composition is at the outside

peripheral surface.



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 manufacturing a power transm ssion belt 2 according to claim2 wherein
the step of extrusion nolding a first rubber conposition and a second
rubber conposition conprises extrusion nolding 4 a first rubber
conposition and a second rubber conpogj4ion in a cylindrically-shaped nold
with an inside peripheral surface and an outside 6 peripheral surface
bet ween which a fl ow passage having a dianeter is defined with an
expansi on portion wgh i a a di.scharge port and in 8 which the
fl ow passage i ncreas%'s fﬁe &F%%Pe‘?fdma%f?%mﬁl%POW%SmB@iQﬁ behar ge
port and sQ th&t t he Lai_rst rubber conposition is at the inside 10
peri pher aPCSAFY'Q8ect %0 ftpIIME whermin thebitep chappling tine a6 lsdst ohe |BHESI de
peripheral surface. ,54 4. The nethod of manufacturing a power transm ssion
belt 2 aceoyihgmmennbet abrpdised N rabBin f ' he at .l east one
| oad carrying nember corrpnrmipses vvra%gi ?gﬁfﬁg%ﬁfé‘gy‘i’%ﬁ%ﬁ}” IIETRE i ng
medber 4 zaQck i r a .ol ding drum and agai nst each ot her.
Hersh s“"%et%?@@r‘d gal'ﬂgga%g df"["& agaigst gach O?her.

5. The nmethod of manufacturing

5. The method of manufacturing @ 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,



2 according to claim1 wherein the step of processing the preform assenbly
conprises grinding the body to define ribs extending | engthwi se of the 4
body. 6. The method of manufacturing a power transm ssion belt 2 according
to claim1 wherein the step of processing the preformassenbly conprises
applying at | east one additional |layer to the preformassenbly. 7. The

met hod of manufacturing a power transm ssion belt 2 according to claim®6

wherein the step of applying at |east gge additional |ayer conprises
applying a fabric layer to the preformassenbly. -55 8. The net hod of
manuf acturing a power transm ssion belt 2 according to claim®6 wherein the

step of applying at lga one_addi tional ., | ayer conprises applying a rubber
| ayer to the preforma‘(fis?i‘ﬁt)'l'rx‘?.tﬁl@cgIj O%H'Baﬂ'é{al% 9 anReNYEhdransMAgsianpeRler
trapsm ssion belt 2 according to claim21 further conprising the steps of

manéf act ur PRECHIRG dBrflaiom & whareinuthet siepi af bpplyire sateasteoreesddisiohlle fi r st
sheet is manufactured 4 and joining the first and second sheets to each

ot her to playgncenaprissyaesiying @F@ﬁl@émlb?ﬁﬁmé’pre?BrmTék%egf&éPOd of

manuf acturi ng a power transm ssion bel 2 according to m 9 wherein the

step of processing the preformassenbly

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

4 and joining the first and second sheets 1o 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.



conprises processing the conposite preformassenbly by forming ribs in 4
the body. 11. The nethod of manufacturing a power transm ssion belt 2
according to claim 10 wherein. the step of formng ribs in the body
conprises formng ribs'in each of the first and second sheets. -56 12. The
met hod of manufacturing a power transmi ssion belt 2 according to claimb5
wherein the step of grinding the body conprises grinding the first rubber
conposition. 13. The nethod of manufabburing a power transm ssion belt 2
according to claim1l wherein the step of applying the at |east one | oad
carrying nmenber conprises applying the at | east one | oad carrying nenber 4

directly to the secou mgt}ﬁgtmpmatniqucwé%ﬁ J?Sﬁ%%ﬁ%gi@?{%{%t uring

a power transm ssion belt 2 according to clarm I wherein't of
exgrusi on ding.a fi.rst rubber composition and a second rubber

co?rposi ti Sggérgﬁ%gf(g&éa'@%r‘ﬂﬁﬁﬁn ttﬁ%??'i’l? 9% aripding, B bedySeEMRNISES into a
cylindrical shape with a Beri pheral inner surface and a peripheral outer
surface afENging B fiest rokbeudpmpasitorsecond rubber 6 conposition to cover

t he peripheral outer surface of the cylindrical shape defined by the first
rubber conposition to produce a conposite cylindrical

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

4 directly to the second rubber composition.

14. The method of manufacturing a power transmission beit

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

4 rubber compesition 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 peripheral 6ute.‘ surface of the cylindrical shape

defined by the first rubber composition to produce a composite cylindrical

3 shape,



8 shape. -57 15. The nethod of manufacturing a power transm ssion belt 2
according to claim 14 wherein the step of extrusion nolding a first rubber
conposition and a second rubber conposition conprises causing the 4
conposite cylindrical shape to be extruded through a fl ow passage in a
cylindrically-shaped nold 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 ag7.nside peripheral surface and an
outside 8 peripheral surface on the cylindrically-shaped nold and
configured so that the dianeter of the fl ow passage increases fromthe

inlet towards the 1 [ rt. 16.. The. net hod of manufacturing a
power transm ssion b(e)ll‘?' S’%:’i’%?#‘g‘?oﬁé"ﬁ%’%%%%a RA&Y S transiaisstaybejt

ext pusi on ol di a first rubber conposition and a second rubber

con%osi ti oFi“’-EBWE'?? daslaimy] 4 whesris|the step of extnision ouddinge firstdiubdet he

first and second rubber conpositions through the flow passage. -58 17. The
met hod of gampasction i and aa pxeseindt Fatitssr 66MmPRsRAIA coFtfed’ dhllingOysd al m 16

wherein the step of extrusion nolding a first rubber
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 simultaneousiy and

continuously extruding the first and second rubber campositions through the

flow passage.



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 conposition into the fl ow 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 claim17 wherein
the fl ow passage has a radial thickness and the step of extrusion nolding a
first rubber conposition and a second-58tbber 4 conposition conprises
causing the first rubber conposition to have a controlled first thickness
between the first |ocation and the second | ocation 6 and causing the

thi ckness of the comb7nethd He&hoﬂ%‘fﬁﬁﬁh&fa‘é'ﬂuﬁrﬂ?a%ﬁﬁ@@ﬂtraﬁgﬁ%&bﬁ gt 1 n the
IS

fl ow passage to have a controlled second thickhess that greater than

53 10! BRI FEICR e r G sk orPsiemraeing BET rabBREor o ng

to claim17 wherein the step of introducing the first rubber conposition
conpri ses GOMPRRUENNEY Resecand rubhgsesoropasitiont campeses lirtrédusing thel ocat i on
at the inlet to the expansion portion of the flow passage, 20. The nethod

of dmanuf adirst irabbar RWMRPOSItIBAS Fts StHRN 1A (pasdaBECA & Rgst RGRIIg Wherein
the step of introducing the second rubber
introducing the second rubber composition into the flow passage

6 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 nibber composition and a second rubber

4 composition comprises causing the first rubber composition to have a
controlled first thickness between the first location and the second location
6 and causing the thickness of the combined first compaosition 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 conprises introducing the second rubber conposition at the 4
second | ocati on downstreamof the inlet for the expansion portion of the

fl ow passage. 21. The nethod of nmanufacturing a power transm ssion belt 2
according to claim 20 wherein the step of introducing the second rubber
conposition conprises introducing the second rubber conposition at the 4
second | ocation adjacent to the discharge port. 22. The nethod of

manuf acturi ng a power transm ssion bek9. 2 according to claim3 further
conprising 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 flow T@RsIp@emetibd dPEIMR+ f nuf act uring a power
transnission belt 2 according to cml m ggﬁmgrgﬁﬁwqﬁér@%ﬁgéfmkh‘yggdi ng the
fipst rubhg Py rises kneading the first rubber conposition
using an 4é%xtr g?o‘:ﬂn 'g@ﬂgov\)mﬂf inthe %Pﬁ’gdnﬁf’d%!ﬁﬂﬂ@@tfust mgbberpower
transm ssion belt 2 according to claim23 further conprising the step of

passi ng t ARMPOsEion geperisesdnprodiicingribieirst glibleerarmhp HitiBn s23he Ker et hod
of manufacturing a power transm ssion belt

4 lacation 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 mntroducing the second rubber
composition comprises introducing the second rubber composition at the

4 second location downstream 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 manutacturing a power transmission belt

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



2 according to claim24 wherein the step of passing the first rubber
conposition through a gear punp conprises passing the first rubber 4
conposition through a gear punp between the extrusion screw and the inlet
of the expansion portion of the flow passage. -61 2 4 2 4 6 10 2 4 26. The
met hod of manufacturing a power transm ssion belt according to claiml
wherein the step of processing the preformassenbly conprises processing
the preform assenbly to produce one of-B®-V-belt, a V-ribbed belt, and a
doubl e V-ribbed belt. 27. A nethod of manufacturing a rubber sheet to
define at |east a part of a conpression rubber |ayer and cushi on rubber

| ayer in aCofeRestion bedodesthiedirsb eltbersainipositionds Pargducedne theankkeps of :

4 the expansion portion of the flow 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.

Z24. 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

4 compasition through a gear pump between the extrusion screw and the inlet

of the expansion portion of the flow passage,



extrusion nolding (a) a first rubber conposition conprising rubber with
short fibers therein and (b) a second rubber conposition that is different
than the first rubber conposition to produce a sheet; said step of
extrusion nolding conprising (c) extrusion nolding the first and second
rubber conpositions ire a cylindrically-shaped nold wth an inside

peri pheral surface and an outside per&/ﬁpheral surface between which a flow
passage having a dianeter is defined®i-th an expansion portion with an
inlet and a discharge port and in which the flow passage increases in
diameter fromthe inlet towards the outlet so that the first and second

rubber conpositions2@re ThemethddaitnddiFabiurily 4 pORRF 1/2ATRGS LA BBy | S at
t he inside peripheral surface and the second rubber conposition iIs at -62

tthe out sigg ' u ) | t conbi ned extruded first
16 and secgﬁg& ?3%@‘?@@%%@%@%@r?é?’gééé%ﬁ?"? Eﬁe Bfgfté)’ﬁ@rifeseﬁg?]i’ to
configure the.first and. second conbi ned rubber conposition discharged at

I's the di*SCMRISE® BEf’rctesﬁH‘c‘éotctae Breiermrassgmblg to peduee wpe off a vahelaat uring a
rubber sheet for a power 2 transmission belt according to claim27 wherein
the st ep Wfibbgdrhalt,amndreldtiuide -fibbed beltbber conposition and a second
rubber conposition 4 conprises extrusion nolding a second rubber
conposition that has no short

27. A method of manufacturing a rubber sheet to 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
6 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 compesitionsin a cylindrically-shaped mold with
an inside peripheral surface and an outside peripheral surface between
[0 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



fibers therein. 2 4 6 8 29. The nethod of manufacturing a rubber sheet for
a power transm ssion belt according to claim27 wherein the step of
extrusion nolding a first rubber conposition and a second rubber
conposition conprises extruding the first rubber conposition into a
cylindrical shape wth a peripheral inner surface and a peripheral outer
surface and thereafter extruding the second rubber conposition to cover

t he peripheral outer surface of the®3lindrical shape defined by the first
rubber conposition to produce a conposite cylindrical shape. -63 30. The
met hod of manufacturing a rubber sheet for a power transm ssion belt

accor di nghe@utsialenp@Iphéral surfatélcard &) St hSicibingl! e fitgist T ubber
conposition and a second rubber conposition 4 conprises sinultaneously and

q@nti nuo di h | -and second rubber conpositions through
the fl ow%pllgs/s?%gwﬂ%éfhgoﬁdé{%g' =0 d?n%%ﬁf%%q u:?uti Eﬁe ag'?gﬁf)'@le ERERYC for a
power configure the first and second combined rubber composition discharged at

18 the discharge port into a sheet form.

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 compaosition that has no short

fibers therein,

29. 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 extruding the first rubber composition into a cylindricat shape
with a peripheral inner surface and a peripheral outer surface and thereafter

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

8 produce a composite cylindrical shape.



2 transmi ssion belt according to claim30 wherein the step of extrusion
nol ding a first rubber conposition and a second rubber conposition 4
conprises introducing the first rubber conposition into the flow passage at
a first location and introducing the second rubber conposition into the
flow 6 passage downstreamfromthe first |ocation at a second | ocation
-64 32. The nethod of manufacturing a rubber sheet for a power 2
transm ssion belt according to clai m-83-wherein the flow passage has a
radi al 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
| ocation 6 and the second | ocation and causing the thickness of the
conbined first co itjion and second conpgsition in the fl ow passage to
have a 8 controll gg%:eibﬁd“?ﬁogl{‘?f@?“? tUfing grrakber shestrior prawest
t hi ckness between the second |ocation and the discharge port. 33. The
mef hod of transmissiontieltyaacondinmeto shairet 29 avhereproties step of xs0Eioni on bel t
according to claim 31 wherein the step of introducing the first rubber
CONposi t i e GAEPEI $ipst !rnbbeﬂ%rnﬁoéihsnféﬁ&ta "HBRN Sthrﬁ%sizf’brﬁt the

t he- t he

first location at the inlet to expansi on portion o OW passage.

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 a second rubber composition

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

6 passage downstream from the first location at # second location.



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 downstreamof the inlet for the
expansion portion of the flow passage. 35. The nethod of manufacturing a
rubber sheet for a power 2 transmi ssion belt according to claim34 wherein
the step of introducing the second rub®$+r conposition conprises introducing
t he second rubber 4 conposition at the second | ocation adjacent to the

di scharge port. 36. The method of manufacturing a rubber sheet for a power

2 transmission belt 8ocor Atth8d @ ;iw{s@s@mﬂ 18; BiBALEP, O

kneadlng the first rubber conposition before t ber osition
4|ntroduced to i nl et. of the. on lon of th flow
pas%age angiRSSigh IL'?&& ol qﬁﬁ'ﬁ'@f@c&@ ry;‘gfj1 Bife es Wi P3SFRIS ro2
transm ssi on'beljt according to claim 36 wherein the step of kneading the
first rubbediadhiskeess endabepterset eximasidnmgolditey # firgtrubbbbbesmeospiosi ti on 4
using an extrusion screw. -66 38. The nmethod of manufacturing a rubber
shept for andoxesecond rubber composition comprises causing the first rubber
composition to have a controlled first thickness between the first location
6 and the second location and causing the thickness of the combined first
composition and second composition in the flow passage to have a

3 controiled 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 compasition

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



2 transmi ssion belt according-to claim37 further conprising the step of
passing the first rubber conposition through a gear punp. 39. The nethod of
manuf acturi ng 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 4 conposition through a gear
punp between the extrusion screw and the inlet of the expansion portion of

t he fl ow passage. -65-

4 composition at the second location downstream of the inlet for the

expansion portion of the flow passage.

35. The method of manufacturing a rubber sheet for 2 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 composition before the first rubber composition is

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

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

first rubber composition comprises kneading the first rubber composition

4 using an extrusion screw.



-B66-

38. The method of manufacturing a rubber sheet for a power
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
transmission belt according 1o claim 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.



