
-1 METHOD OF MANUFACTURING A RURRER SHEET  FOR A POWER TRANSMISSION BELT
AND A POWER TRANSMISSION BELT INCORPORATING THE RUBBER SHEET BACKGROUND OF
THE INVENTION Field of the Invention The invention relates to power
transmission belts and, more  particularly, to a method of manufactuing a
rubber sheet for incorporation  into a power transmission belt and made up
of at least two different rubber  compositions which are combined using an
extrusion process. 10 Background Art Short fibers are commonly embedded in
rubber to define  component portions of power transmission beIts_ The..
fibers are. typically  oriented so that their Iengths are substantially
Parallel. To establish the  orientation of the fibers, it is known to mix
fibers in a non-cured rubber. 15 The rubber and fiber mix is then placed
between a pair of calendar rolls  which are operated at different
rotational speeds as is typical of a rolled  shoot fabrication process. The
length of the fibers align with the rolling -2 direction for the reulting
sheet, which can then be cut to dimensions to fit  



around a molding drum, A plurality of these sheets err: then overlapped and
laminated to produce a composite sheet with a thickness dictated by a final
desired belt configuration. The composite sheet is then wrapped around a 5
molding drum, with the length of the fibers oriented wldthwise/axially of
the  drum, preparatory to forming a power transmission belt in conventional
manner. More specifically, a V-ribbed belt or raw-edged V-bell may he
conventionally formed by initially wrapping one, or a plurality of, Sheets
of 10 cover fabric/canvas around a cylindrically-shaped molding drum. A
cushion  rubber layer is in turn wrapped around the cover canvas sheet(s)
after which  at Ieast one load carrying member Is spirally wrapped against
the cushion  rubber layer. The load carrying member Is made commonly 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 compression
rubber layer  may have a thickness that is mode up of three to four rolled
sheets formed  by the above-described method, with the Iengths of the short
fibers oriented  in the widthwise direction. The resulting preform Is then
mired, after which  the preforms is processed to produce individual power
transmission belts. -3 To establish a consistent, parallel, orientation of
the fibers, the  



thickness of the sheets must be maintained below a predetermined
dimension, which is normally significantly less than the end thickness of
the  compression rubber layer, or other layer into which the fibers are 5
incorporated. The combining of the individual sheets to produce the desired
end thickness Inevitably adds time and labor costs to the manufacturing
process, that would otherwise not be encountered ii the desired end
thickness for the shoot could be achieved in a single step. One proposed
solution to this problem has been to employ a  10 cylindrically-shaped
mold/die through which a rubbcr composition,  incorporating the fibers, can
be extruded. as shown in JP-8-9847. More  particularly, the mold has an
expansion portion which is used to orient the  lengths of the fibers to
extend in a circumferential direction relative to  cylindrical inner and
outer peripheral mold Surfaces which bound a flow 15 passage through which
the rubber composition is extruded. The mold has  a middle space between an
inlet space and an outlet space. The volume of  the middle space is larger
than that of the inlet space. The cross-sectional  area of the outlet space
is made larger by a predetermined amount than The  cross-sectional area of
the inlet space. The width of the inlet portion of the -4 flow passage is
smaller than that of the middle portion, with the width of  



the outlet portion being not greater than the width of the middle portion.
As shown in JP-A-B-74936, it is also known to form a sheet  from a rubber
composition including short fibers using an expansion  5 moldidie and an
extruder which is located at an outlet portion thereof. The outlet portion
has V-shaped molding grooves. A cylindrically shaped, ribbed  rubber
product is formed, which can be strategically cut to allow  reconfiguration
the roof into a sheet form. The resulting sheet is formed into  a
continuous sleeve shape around a molding drum, cured, and ultimately  10
ground to produce ribs, as on a V-ribbed belt. Commonly, a particularly
sticky material, such as chloroprene  rubber is used to make sheets using
the conventional expansion die  technology. The sticky rubber composition
may not flow smoothly against  the mold surfaces due [o a high coetticiont
of friction between the rubber 15 composition and the mold surfaces. This
condition May cause roughening  of the rubber surfaces and separation of
the fiber from the matrix rubber  and/or a random, nonuniform distribution
of fibers therein. The resulting  sheet may be Of a sufficiently poor
quality that 'it may not be practically -15 used, for example, in a
compression rubber layer of a power tranmission belt. 



SUMMARY OF THE INVENTION In one form, the invention is directed to a method
of  5 manufacturing a power transmission belt having a body with a length
and  a cushion rubber layer in which at least one load carrying member is
embedded so as to extend lengthwise of the body. The Method includes  the
steps of: extrusion molding (a) a first rubber composition including
rubber with short fibers therein and (b) a second rubber composition that
is 10 different than the first rubber composition to produce a first sheet
iii which  the second rubber composition defines at least a part of the
cushion rubber  layer; applying the at least one load carrying member to
the second rubber  composition to produce a preform assembly; and
processing the preform  assembly to produce a power transmission belt, 15
In one form, The step of extrusion molding a first rubber  composition and
a second rubber compositon involves extrusion molding  a second rubber
composition That has no short fibers therein. -8 in one form, the step of
extrusion molding a first rubber  composition and a second rubber
composition invoivolves extrusion including  a first rubber composition and
a second rubber composition in a  cylindrically-shaped maid with an inside
peripheral surface and an outside 



5 peripheral surtaco between which a flow passage having a diameter Is
defined with an expansion portion with an inlet and a discharge port in
which the flow passage increases in diameter from the inlet towards the
discharge port and so that the first rubber composition is at the 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 member
and the  first shoot around a molding drum and against each other. In one
form, the step of processing the preform assembly  15 involves grinding the
body to detine ribs extending lengthwise of the body.  The step of
processing the preform assembly may involve  applying at least one
additional lever to the preform assembly. -7 The step of applying at least
one addition layer may involve  applying a fabric foyer to the preform
assembly, Alternatively, a rubber  layer may be applied to the preform
assembly. The method may further Including the steps, of manufacturing  5 a
second sheet in substantially the same manner as the first sheet is
manufactured and joining the first anti second sheets to each other to  



produce a composite preform assembly. In one form, the sup of processing
the preform assembly  involves processing Hip composite preform assembly by
forming ribs in the  10 body.  15. The stop of forming ribs in the body may
involve forming ribs  in each of the first and second sheets. The stop of
grinding tile body may involve grinding the first  rubber composition. in
one form, the step of applying the at least one load carrying  member
involves applying at least one load carrying member directly to the  second
rubber composition. In one form, the step of extrusion molding a first
rubber  composition and a second rubber composition invlvrs extruding the
first -8 rubber composition into a cylindrical shape with a peripheral
inner surface  and a peripheral outer surface and thereafter extruding s
second rubber  composition to cover the peripheral outer surface of the
cylindrical shape  defined by the first rubber composition to produce a
composite cylindrical  5 shape. 



In one form, the step of 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  cylindrically shaped mold to an
expansion portion of the flow passage having 10 an inlet and discharge port
downstream of the inlet and wherein the flow  passage is defined between an
inside peripheral surface and an outside  peripheral surface on the
cylindrically-shaped mold and configured so that  the diameter of the flow
passage increases from the inlet towards the  discharge port. i b In one
form, the step of exlrusion molding a first rubber  composition and a
second rubber composition involves simultaneously and  continuously
extruding a first and second rubber composition through the  flow passage.
-9 The atcp of extrusion molding a first rubber composition arid  a second
rubber composition may involve introducing the first rubber  composition
into the flow passage at a first location and introducing the  second
rubber composition into the flow passage downstream from the first  5
location at a second location. In one form, the flow passage has o radial
thickness and the  



step of extrusion molding a first rubber composition and a second rubber
composition involves causing the first rubber composition to have a
controlled first thickness bpi wren the first location and the second
location 10 and causing the thickness or the combined first composition and
the second  composition in the flow passage Lu have a controlled second
thickness that  is greater than the first thickness between the second
location end the  discharge port. The step of introducing the first rubber
composition may  15 involve introducing the first rubber composition at the
first location at the  inlet to the expansion portion of the flow passage.
Me step of introducing the second rubber composition may  involve
introducing the second rubber composition at the second location
downstream of the inlet for the expansion portion of the flow passage. .10
The second location may be adjacent the discharge port.  The method may
further include the step of kneading the first rubber composition before
the first composition is introduced to the inlet of  the expansion portion
of the flow passage. 5 The stop of kneading The first rubber composition
may involve  kneading the first rubber composition using an extrusion
screw. 



I he method may further include the step of passing the first  rubber
composition through a gear pump. In one form, the step of passing the first
rubber composition  10 Through a gear pump involves passing the first
rubber composition through  a gear pump between the extrusion screw and the
inlet of the expansion  portion of the flow passage. The step of processing
the preform assembly may involve  processing the preform assembly to
produce one of a V-belt, a V-ribbed  15 belt, and a double V-ribbed belt.
The invention is further directed to a method of manufacturing  a rubber
sheet to define at least a part of a compression rubber layer and  cushion
rubber lover in a power transmission belt. The method includes the  step of
extrusion molding (a) a first rubber composition that includes rubber -11
with short fibers therein and (b) a second rubber composition that is
different than the first rubber composition. The stop of extrusion molding
may involve (c) extrusion molding the first and second rubber compositions
in a cylindrically ;hoped mold with an inside peripheral surface and an 5
outside peripheral surface between which a flow passage having a diameter
is defined with an expansion portion with an inlet and a discharge port end



in which the flow passage increases in diameter from the inlet towards the
outlet so that the first and second rubber compositions are combined and
the first rubber composition is at the inside peripheral surface and Ow 10
second rubber composition 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
rubber compositions discharged at floe discharge port into a shoot form. In
one form, the step of extrusion molding a first rubber  is composition and
a second rubber composition involves cxtrusion molding  a second rubber
composition that has no short fibers therein. In one form, the step of
extrusion molding a first rubber  composition involves extruding the first
rubber cuinposition to a cylindrical  shape with a peripheral inner surface
and a 1iedpheral outer surface and 12 thereafter extruding the second
rubber composhion to cover the periphPrA  outer surtace of the cylindrical
shape defined by ihe firstrubber composition  to produce a composite
Gylindrical chape. In one form, the step of extrusion molding a first
rubber  F) romposition and a second rubber composition involves
simultaneously and  continuoic-sly extruding thetirst andsecond rubber
comporition.^ through the  



flow passage. In one form, 1he step of extrusion molding a first rubber
composition and a securid rubbeo- composition 'involves 'introducing the
fir3t  10 rubber composiflon into -the flow passage at a fifst loration and
introducing the second rubber composition into the flow passaqu
dowrisLic-am fi-oln The  first location at a second location. In onc form,
the flow passage has a radial thickness and 1he  step of extrusion molding
a first rubber composition and a second rubber  15 ucimposition involves
causing the first rubber composition io have a nontralled thickness between
the first location and the second location and  c;atising the thickness of
the combined first compoSizion and second  cumposition in the flow passage
to have a controllod second thickness that -13 is greater then the first
thickness between the second location and if re  discharge port. The step
of introducing the first rubber composition may  involve introducing the
first rubber composition of the first location at the  5 inlet to the
expansion portion of the flow passage. The step of introducing the second
rubbcr composition may  involve introducing the serond rubber composition
at the second location  



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 method
may further include the step of of kneading the  first rubber composition
before the first rubber eurrrposition is introduced to  the inlet of the
expansion portion of the flow passage. The stop of kneading the first
rubber composition may involve  kneading the first rubber composition using
an extrusion screw. t 5 The method may further include the step of passing
(lie first  rubber composition through a gear pump. In one form, the step
of pasainq the first rubber composition  through a gear pump involves
passing the first rubber composition through 14 a gear pump between the
exLrusinn ncrew and the inleT to the expansion portion of the flow passage.
13HIEF DESCRIPTION OF THE DRAWINGS Fig. I iG a partially schematic,
MOss-,ectional view of a sy.5tem  ie sheet for 'incur puration into a power
for manutacturing a composi transmission b0t, according to The invention,
arid im,-hirling a cylindrically- shaped rnold/die through which first and
second unni positions are extruded  



to a cylindrical shape which is cut into 2 sheet fuj'm, and including Iwo
mo-rhanisms for introducing the two compositions into ;3 flow passage  10
therein; Is rig. 2 is an anlargod, fragmentary, cross-seclional vio-w of a
wridific-d form of cylindrically Awed mold/die, accordIng to the hivenLion,
and inuluding a different configuration of the mechanisms for introchiring
the compositlans into the flow pas3age; Fig. 3 is a.-view as in Fig. 2 ot a
fvrther modified form nf  mechanism For introducing the compoaitions and
wherein orie of the  composilions is introduced into the flow passage at a
different location itian  in -the embodimpnt of rig. 2; .15 Fig. 4 Is an
enlarged, fragmentary, cross-ser:ricirnal virw ui the  location at which
one of the compositions is introduced to the flow  passage, and within the
circic C in Fig. 3; Fig. 5 is a cross-sectional view of a discharged
extrusion from  5 the cylindrically-shaped moldldic, including the two
different compositions,  and taken along 5-5 of Fig. 1; Fig. 0 is a
fragmentary, perspective view of a rubber shcot 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 mechanism for
introducing rubber compositions into a cylindrically-shaped  mold/die,
according to the invention, and wherein ogre of the compnsit ions is
introduced at a different location than it is in either of the embodiments
shown in Figs. 2 and 3, and further including a gear pump to direct the
first  composition into the flow passage; 15 Fig. B is an cniergod,
fragmentary, cross-sectional view of a  location on the cylindrically
shaped moldldie in Fig. 8 wherein one of the  no repositions is introduced
to the flow passacte, and within the circle C1 in  Fig. 7; 16 5 10 1b Fig.
9 Is an enlarged, fragmentary, cross-sectional view of a  belt sleeve
preform, Incorporating a sheet made according to the present  invention,
upon a molding drum and in relationship to a grinding element  which forms
ribs therein; Fig. 10 is o fragmcntary, cross-sectional view of a composite



belt preform including two combined sheets, made according to the present
invention, and in which oppositely projecting ribs can be formed; R u. 11
is a fragmentary, crass-sectional, perspective view of  a V-ribbed belt,
made according to the present invention; Fir,. 12 is a schematic, side
elevation view of a grinding  system, Including a belt sleeve trained
around drive and driven pulleys and  operated upon by a grinding wheel; and
Fig. 13 is a generic representation of a power transmission  belt, made
according to the invention. DETAILED DESC;RlPf ION OF I HE DRAWINGS In Fig.
1, a partially scherr,atic repreacntotion of a sheet  forming syetom,
according to the present invention, is shown at 10. The  system 10 includes
a cylindrically-shaped moldldie at 12 through which a -17
cylindrically-shaped mold product 14 is produced. The nuelrf irrnriti:I 14
consists of a first rubber composition 16 having short fibers 18 therein,
that  is lorninated to a second rubber composition 20, that is different
than the  first rubber composition 16. In this embodiment, the second
rubber b composition 20 has no fibers embedded therein, However, the
invention  contemplates that tibers may be provided in the second rubber
composition  



20 with a different composition or density than the short fibers 18 in the
first rubber composition 16. Through a cutter 22, the cylindrically 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 and width
dirneri iuiis, as seen also in pig. 6. The cylindrically-shaped rnuld/dir.
12 includes a first extruding  mechanism 30, for the first rubber
composition 16, and a second extruding  mechanism 32, for the second rubber
cornpusiiliun 20. The first extniding 16 mechanism 30 has an extrusion
screw 34 which is rntatpil wilhiu a space  36 defined by a cylinder 38 to
continuously knead the first rubber  composition 16 fed from a supply 40
thereof and advance the seine  continuously to a flow passage 42 defined by
the cylindrically-shaped  mold/die 12. The second extruding mechanism 32
includes a like extri"ir,n -18 scrow 44 that is rotated within a space 46
defined by a cylinder 423 lo  kneed the second rubbcr composition 20 that
is fed from a supply 50, The kneaded composition 20 ic continuously led to
the flow  passage 42 at a diametrically opposite location to the point of
introduction  of the first rubber composition 16 throuqh the first
extruding mechanism  30. The finst andoccond rubber compositionr. 16,20 are
introduced ic the  



flow passagp. 42 at an upstream mold 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 flow downstream, upwardly in
10 Fig. 1, into an expansinn pnrlim uf the cylindrically-shaped moldidie 12
at  56. The expansion portiOD 56 includes an inner die elemBnt 58, carried
on  the shaft 52, and an outer die QleMeFA 60, soppnrtad upon the sleeve 54
in operative relationship with the Inner die element 58. The die elements
58,60 cooperatively riefine.- an expansion  is portion of the flow passage
42 at (12, The inrivir die v7-1pnient 58 has a  conicaliv. shaped,
peripheral, radially outwardly facing Suf fact. 64. The outer  die elemcnt
60 has complementarYr conically -shaped, peripheral, radially  inwardly
facing surtacc 66, The expansion parilon 62 of the flow passaoe  42,
definp-d bclwccn the eurfacer. 54-,66, proC)resslvely inc-reAsu=s iii -is
diameter between an inlet 68 and a disch3rge port 70, A block body 72 is
mountod in the vicinity of the inict (58 and is adjustablo to control the
thickness T ot the compositions that are introduced to the expansion
portion  62 at the inIct 68 thereof.  5 The second extruding mechanism J2
is situated closer to the  inlet 68 than is the first tixtruding mechanism
30, At the location at 74, at  



which the f irst. rubber composition 16 is introduced 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 surface 10 78. The se-cond ruhher ncimposition 20 is introduced to
the flow passage  42 at a location aT 80, downstri-arn ur the lucatioit 74,
so Ilia[ Lhe second  rubber r.;urriposit;on 20 is n-Aused toswround the
peripheral outer surface 78  of the first rubber corriposiduri 16, Thp-
sprond n6hp.r r.nMPOSiTion 20,  which may be devoid of filmis and Ims youd
flowability, can flow freely and  15 smoothly around the peripheral OUtUt
suifuce 78so as to Comple,--tely icurround and coat the peripheral outer
surface 78 of the first rubber  composition 16 in a uniform Thickness.
During the kneading process iii ilie twtutlioij 30,32, gas, and the like,
generated from the airalrl(l the- Fklt)~)eff COM11C)MICIS -20 within the
cylinders 38 and 48, is sxhausted via pmts 82,84, respectively.  The
temperaturas of the cylinders 38,48 are mainlaint-el within a
predetermined range, deponding upon zhe type of ruber that is utilized.
Typically, the temperatures will be in the range of 40.1 OO'C. to
mairiLaiii khe.  Ribber composition in a stuto wherein it can be easily
mixed and extm-Sion  molded. The time peCrod over at which kneading Is
carried out is Cuntrullpd  



so thal lht~ rubber does not cure during the kneading process. The
ihiukneS5 T1 of the, expansion portion 62 of. the flow  parssage 42 is
substantially unifnrm between the inlet 68 and discharge port  70. The
diarne-ter of the expansion portion 62 ot tho flow passage 42  increases
progressively between the inlet 68 and discharge port 70. As the  combined
rubber composiliiori% 16,20 flow through the expanrion portion  62, the
compositions 16, 20 ate stretched in a circumferential direction to  cause
the fengthe of the short fibers 18 to tikewise rircurnferentially orient.
As the combined compositions 16,20 qf (- si reiched through the expansion
portion b6 of the flow passage 42, substamially uniform orientation of the
fibers 18 ic established at the point th~,t thr compositions reach the
di5charge port "10. At the discharge port 70, ihe uonib;ned compositions
16.20 are discharged in a cylindrical shape, WiTh 1rhe FesuRing
cylindrically -11 shaped mold product 14 having a first layer 86,
consisting of the first  rubber composition 16, and a surrounding second
layer 88, consisl ing of the  sec-rind rubber composition 20. In an
exemplary sheet composition, the first  layer 86 has a thickness of 1.5 to
10 mm. The second layer 8R has a  5 thickness of from 0.1 to 1.0 mm. In
this embodiment, the expansion portion 56 of the mold/die  



12 is configured no that the flow therethrouqh is substantially orthogonal
to the flow direr,tinn for the first and second rubber compositions 16,20
through the extruding mechanisms 30,32, respectively. By orienting the 1 0
flow passage throu,3h the expansion portion b6 of the mold/die 12 so that
the combined compositions 10, 20 move vertically upwardly, the combined
first and second compositions 16,70 departing from the discharge port 70
are moved against gravitational forces so that there ere hot any
significant,  detrimcntal horizontal deformation forces developed on the
mold product 14 15 as might otherwise be developed in the event a
nonvertical orientation is  employed. As a rosult, a consistent shape and
dimension for the resulting  cylindrically-shaped mold product 14 results.
This arrangement is also  desirable in that the potentially heavy inner die
element 58 imports a  straight vertical load under its weight, thereby
reducing any tendency of the -22 inner die elenierit 58 to horizontally
deflect any port of the cylindrically- shaped moldldie 12. As a result, a
consistent clearance dimension (Ti) can  be maintained between the inner
die element 58 end outer die element 60. By maintaining a uriiform
thickness T1 for the expansion  5 portion 62 of the flow passage 42, the
combined compositions 16.20 may  flow smoothly at a constant rate, thereby
avoiding thickness variations and  



residual, internal strains within the discharging cylindrically-shaped mold
product 14. A uniform thickness for the cylindrically-Shaped mold product
14 may result, with a homogeneous composition that accounts for  10
predictable 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  composition 16. The taper anglo a for the surface
64 is preferably in the  range or 3(]' sn less than 90'. The inlet 69 has a
diameter 0 In the range 15 of 20 to 60 min. The discharge port 70 has a
diameter D'I from 100 to  440 mm. The desired expansion ratio (discharge
port 70/inlet (38) is  preferably in the iarrge of 1.5 to 12.5. Below this
range, extension of the  composition 16 may not be sufficient to cause the
snort fibers 18 to  consistently ciruumferentially orient on the inner and
outer regions of a -23 cylindrically-3haped mold product 14 with a
relatively large thickness. If  this range 'is exceeded, the
cirrumferential extension mAy hetrorne,  excessive, whereby the
cylindfically-shaped mold product 14 rnay be protip  I to tearing,
particularly in the event that the extrusion presSLires are not  5
adequately high. 



To conirol internal heat generation in the expansion portion 82  of the
flow passage 42, between the Inner dle element 59 and outer die  element
60, a cooling mechanism 90 can be included to circulate a cooling  tluid 92
in a circulatinq path. A aimilar cooling mochanism 94 may be 10 associated
with tho outer die clemcnt 60 to continuously circul3te a like  fluid 92. A
pump (not shown) may be utilized, as within the die elements  58,60, to
facilitate the circulation of the fluid 92. As seen tiltio in Fig. 5, the
cutter 22 is de5igned to sever ihe  cylindrically-shaped mnlri pri)dijt:l
14 irl d 1prigthwise direr~tion, as indicated  15 by the armw 96 in FiU. 1,
1)83-81181 tQ ThP. rentral axis 98 for the cylindrically shaped rnald/die
12 and, m-old product 14. This direction is parallel to the  discharging
direction for the cylindrically-shaped mold product 14. Th'-- curiter 22
may be a bladed strUCTUre, such as H ciffler w kilite. -.74 Alternatively,
the cutter 22 could utilize a loser. Further, an ultro3onic  vibration
cutting mechani3m may be utilized. The two-layered sheet 28 can then be
accumulated upon a  take-up foller 100. A carivas sheet, Now d supply 102
thVieur, litily be  5 continUOUSly 181"Dinated 1.111011 II'M sht-el 28 H-,
il i-, 4cmirmilaled on Ifie IAkP- up roller 100. 



A modified form of cylindifically-shaped Mold/die, aCCOFdiIT!j tu  the
present invention, is shown ~n 12' in Fig. 2. The cylIndrir,,qllV-5hRpp(j
mold/die 12' is operable in generally the same manner as the mold/die 12 10
to extrusion mold the aforementioned sheet 28. The mold/die 12' has
components corresponding t* those in Ihe mold/die 12. Like elements will
be identifiad with the some number as used with TOSPOCI to Figs. 1 and 5,
with a desiqnetion. The cylindricalIV-shaped mold/dis 12' has a first
extruding  15 mechanism 30' for kneading tho first rubber composition 16
with the short  lihers 18 therein. This is accomolished by rotating an
cxtrusion rcrew 3A.'  vvithin a space 36' defined by a cylinder 38'. A
5econd extrudiing mechaniGm 32' kneads the rubber  composition 20 through
an extrusion screw 44' which rotates within a -25 space 46' defined by a
cylinder 48'. The compositions 16,20 are introduced to a slow passage 42'.
An expansion portion 56' of the  cylindrical-shaped mold/dip 12' includes
art inner die element 58' and an  outer die element 60', which
cuupergtively produce an expansion portion 5 62' of the flow passage 42'
that increases in diameter between an inlet 68'  and a discharge port 70'
thereon 



The extrusion screw 34' advances the krieaded first rubber  composition 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 composition 2U in a
line, indicated by the arrow 108, that is stihslarltially  orthogonal to
the axis 98'. The first rubber composition 18 is caused to be  formed into
a solid cylindrical block at 108 at the point that the rubber  composition
16 departs from the extrusion screw 34'. This block 109 is 15 then
surrounded by the second rubber eomposlition 20 introduced radially  at a
location 110 in the vicinity of a free end 112 of a projection 114 on the
inner die element 58'. The second rubber composition 20 is caused to
surround/coat the outer peripheral surface 116 of the block 108 of the
first  rubber composition 1'6 to a uniform thickness. The block 108 is
radially -28. reintorced by the projection 114 as the second rubber
composition 20 is  applied thereegainst, The projection 1 14 has a conical
surface 118 which causes the  first rubber romhnsith'in 16 to prugressively
radially diverge into a flow  5 passage portion at 120. The flow liessage
portion at 120 is defined between 2 radially outwardly facing surface 122
on the projection 114,  



having a substantially uniform diameter, and a radially inwardly facing
surface 124, which decreased In diameter progressively, from right to left
In Figure 2, towards the inlet 68' up to the desired thickness T. 10 As the
combined compositions 16,20 are extruded between  the inlet 68' and the
discharge port 70', the lengths of the short fibers 18  are caused to
orient in the ciroumforontial diroction in the same manner as  described
with respect to Fig. 1. As with the cylindrically-shaped moldldie 12, the
fibers 18 in  15 the mold/die 12' are extended in a circumferential
direction so that the  lengths of the fibers IS are circumferentially
oriented as the combined  compositions 16,20 are formed into the
cylindrically-shaped mold product  14, having the same configuration as
shown in Figure 5. The cylindrically -27 shaped molded product 14 is then
cut with a cuttcr 22' to allow it to be  formed into the sheet ZB, as
Previously described. With this mold/die construction, - the first and
second compositions 16,20 are simultaneously extruded from the iniet 613'
to the  6 discharge port 70' with the second rubber composition 20
surrounding the f irst rubber composition 16 as it travels through the flow
passaga 4.7 frorn  the locaLitin aL 110 tu Llie discharge puit 70, 



In Figs. 3 and 4 a fUrther modified form of cylindrioally-shaped  mold/die,
according to the present Invention, Is shown at 12". The  10
cylindrically-shaped mold/die 12* has, with one excepiion, the same
construction as the cylindrical ly-sh sped mold/die 12'. Those elemenic In
tho moldidie 12", that are identical to the corresponding elements on the
mold/dic 12', will be identified with the same reference numerals used with
respect to the cylindrically rhupcd moldidie 12' in Rq. 2. The ditterence
15 resides in the location at 126 at which the accond rubber composition 20
;s introduced to the expansion portion 62" ot the flow passagc 42'. As in
the cylindrically-3haped mold(die 12', The first rubber  composition 16 is
introduced at the inlet 68' of the expansion portion 62".  The location at
126 at which the second rubber composition 20 is -28 introduced to the
expansion portion 62" resides betweer- the inlet 68' and  the rfisrh;~,rge
port 70', In this embodiment, the lucalicn as 126 is  approxirrietrly
mirlwmy hetvwPen the inlet 68' and discharge portion 70'. To accomplish the
above, the second extruding mechanism 32'  5 is constructed to define a
reservoir 128 for the second rubber composition  20_ The reservoir 128
surrounds the block 108 of the first rubber  composition 16 and
communicates to the flow passage 42' through a  



passageway 130, which extends fully around the axis 98' at the location  1
26. As seen most clearly in f=ig. 4, the thickness of expansion portion 62"
10 downstream of the location 126 has the aforementioned 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
less  than the thickness T by the dimension T3, which is the desired
thickness  for the second rubber composition 20. The additional thickness
15 downstream of the location at 126 allows the second rubber composition
20 to be introduced without resistance as would potentially introduce
irrlerrrel stresses to the combined compositions 16,20. This also makes
i.i it>le a c=onsistent layering of the second rubber composition 20 fully
:4rn111li! the first rubber composition 16 to a uniform thickness T3. The
-29 location at 126 can he anywhere between the inlet 58' and discharge put
l  /0', and, in one preferrpd lurni, is at, or adjacent to, the discharge
port 70'. A further rrwdified form of cylindrica rv-shaped moldldie.
according to the present invention, is shown at 12"' in Figs. I and 8. The
5 cylindrically-shaped mold/die 12"' incorporates a first extruding
mechanism 30', corresponding to that shown in Fig. 3. The cylindrically
shaped  mold/die 12"' additionally includes a s.u:und extruding mechanism
32',  



corresponding to that shown also in piU. 3. The extruding mechanisms
30',32' respectively knead and advance the first and second rubber 10
compositions 16,20 into a flow passage 42"', including an expansion
portion p7"' defined by an expansion portion 5B"' of the cylindrically.
shaped mold/die 121", The expansion portion 62" has an inlet 68"' and  a
discharge portion 70"' between which the first rubber composition 16  flows
to orient the shnrt fibers 18 in the first rubber composition 16, as  1 5
previously described. The expansion portion 56"' of the
cylindrically-shaped mulillrlie  I2"' has an inner die element 58"' and an
outer die element 60"' which  cooperatively bound the expansion portion
62"' of the flow passage 42"'.  'I ho central axis 99... t,r the expansion,
portion 56"' of the cylindiically -3o 5 moldidie 12"' is aligned with the
direction of advancement of the first Tuber  composition 16 through the
first extruding mechaoisne 30', as indicated by  the arrow 134. The inner
die dement 5R"' haS a pwjecLion 114"' slightly  upstream of the inlet 68"'.
The projection 114... diverts the flow of the  first rubber corrrpntiiiinn
16 rRriially outwardly into the expansion portion  62"'. 



The cylindrically-shaped mo!dldie 12"' differs from the  cylindrical-shaped
mold/die 12" principally in two respects. First, a gear  pump at 136 is
interposed between the discharge end 138 of the extrusion 10 screw 34' and
the protection 114 "'. The gear pump 1 36 includes a drive  gear 140 and a
driven gear 112. The drive and driven gears 140,142 arc  in mesh with each
other and rotate about parellcl axes 144,146 so as to  forcibly feed the
kneaded first rubber composition 16 departing 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. -31. The second difference resides in the location
at 148 at which  the second rubber composition 20 is introduced to the flow
passage 42"'.  The rubber composition 20, kneaded by the second extruding
mechanism  32', is forced into a reservoir 150 and frorir :here lliruuyli a
passageway 5 152 to the location 148 and into the stream of the moving
first rubber  compositinn 16- Thi- passageway 152 extends eunlinuously
around the  axis 98'" and terminates al a puitioii at 154 which directs the
second  



rubber composition radially inwardly relative to the axis 98"' into the
stream  of the first rubber composItion 18- The location 148 is adjacent to
the  I 0 discharge port 70"', spaced slightly downstream therefrom. The
flow passage 442"' has the aforementioned thickness T2  upstream of the
location 148 and the greater thickness T downstream  thcrcot to accommodate
the additional thickness T3 attributable to the  second rubber composition
20 that is combined at the location 1 IS. This 15 provides the advantages
described above with respect to the corresponding  structure in Fig. 4. It
has been found that the dispersion of the second  rubber composition 20
around the first rubber composition 16 is uniform  and completc, using the
location at 148 to introduce the second rubber  composition 20. -32 It ham
also been discovered that in the other embodiments,  described above,
siirce the first rubber composition 16, containing short  fibers 18 is
hard, as compared to the second rubber composition 20, the  flow of the
second rubber composition 20 against the (first rubber 5 composition 16 can
he affected advrarcply as lice rxlrrr%iUn pro:ass is Carried  out. The
desired laminar flow of the second curnpusitiuri 20 rrray riot be  achieved
to The extent desired, as a result of which a certain amount of  



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 first rubber
composition 16, is minimized. This reduces the likelihood, or degree, of
waviness. Whilc the cylindrically-shaped mold/die 12"' incorporates the  15
different aspects, i.e., the above described location where the second
rubber composition 20 is introduced and the gear pump 136, the invention
contemplates that either of these aspects could be incorporated into a
system, independently of the other to achieve good manufacturing results.
.33 A meLhud or making a power transmission belt, utilizing the  sheet 28,
made according to the present iiwentinn, will now be described  with
respect initially to Fig. 9. A composite sleeve preform 155, consisting  of
a sheet 28, a load carrying member 156, in the icon of a spirally 5 wrapped
cord, and ,a cover canvas/cloth layer 158 are wrapped around a  molding
drum 16U. I he components are arranged on the molding drum 160  by serially
applying the came against the outer molding drum surface 162.  The cloth
layer 158 is applied directly against the surface 162, after which  



the load carrying member 158 is spirally wrapped thereagainst. The sheet 10
23 is then applied with the second layer 88, defined by the second rubber
composition 20, against the load carrying member. 1 156. The components
are furrived into a cylindrical sleeve shape by machine joining using
Conv.ntional Lechniqucs, The nAnwas/cloth layer 158 may be made from a
woven  15 canvas, knit fabric, or the like, that is made from (a) synthetic
fibers such  polyester, nylon, aramirl, vinylon, or the like, (b) a natural
fiber, or (c) a  blended yarn made front a comhination of the synthetic and
natural fibers.  The cloth layer 158 is optionally provided on the sleeve
preform 155. The  disclosed sleeve preform 155 could be utilized to define
a power -34 transmission belt with ribs 164 on one side thereof, as is
common to a V- belt or a V-ribbed belt construction. As sl1uvvoi in Fig.
10, a modified form of composite sleeve  preform is shown at 155', usable
to make a power trensmission bell with  S ribs formed on opposite sides
thereof, such as in a double V-ribbed bclt construction. The sleeve preform
155' consists of two separate sheets 28,  made according to the presant
invention, end situated so that the second  layers 88 face each other, with
a load carrying member 156 spirally  



wrapped tlierebetween and directly against both of the second layers 88.
11) The various component, can be serially built up upon the molding drum
160, The innermost sheet 28 is applied to the outer surface 1 62 of the
molding drum 160 by placing the rirsi layer 06 of the innermost sheet 28
against the surface 1 62. ThIs leaves the second layer 88 on the innermost
sheet 28 exposed. The load carrying member 1. 6 is then spirally wrapped,
'15 followed by the application of the outermost sheet 28 with the second
layer  88 facing downwardly and placed against the spirally wrapped load
carrying  member 156 The resrdting sleeve preforms 155,155' are cured in a
conventional mariner and trained around drive and driven rollers 166,168,
as shown in Fig- 12. The rollers 1 CC, 168 are driven respectively around
space, parallel axes 170,172. The drive ruller 1CM, is operated by a drive
174. With this arrangemenT, the compression sections 176,176' on the
sleevo preforms 165,155', shown In Figs. 9 and 10, respeutively, arp 5
exposed to be operated upon by a conventional grinding whFul 178. Wilh  the
siccvc preforms 155,155' placed under a predeteriniiied tensinn and  moving
in an endless path, the rotating grinding wheal 178 furrns rihs 111334
~Fiq. 9) thereon. The rosulting sleeve preform 155,155', with itle ribs 164
formed thereon, can then be trained around another set of drive arid driven



10 rolloro Wiot thown) anO advanced while being Put To a predpTermiritid
vvidth  to producc individual belts, shown in Fig. I I as an exemplary
V-rihherl h[-It  1130. The sleeve preform 166' can be ground to produce a
doublp,- sided, V-ribbtd construction by grinding the opposite layer 85 in
a separate  upufadun. One method for accomplishing thir, is shown in U.S.
Patent No.  2,762,238, which is incorporotod herein by reference. The
exemplary belt 180 has a body 182 with a length, as  indicaTed in the
direction ot a double-headed arrow 184. The load carrying  mcrnbrr 156 is
embeddcd in the layer 88, which'fij notions as a cushion -36 rubber layer.
The ribs 164 are la-terally spaced and each have a truncated,  generally
triangular-shaped cross section. The ribs 164 are defined in the  layer 8
6, which is part of the compression section 176 of the belt 180.  The
canvas/cloth layer 158 is laminated to the cushion rubber layer 88. 5 The
short fibers 18 are embedded in the layer 86, with their lengths  oriented
laterally with respect to the belt body - 182. As shown in Fig. 13, it
should be understood that the inventive  method of manufacturing the sheet
28 can be used to make virtually any  type of power transmission belt, as
shown generically at 186 in Fig. 13  



10 with a body 188 defined at least in part by the sheet 28. In all belt
configurations, the shortfibers 18 may be madefrom  one, or combination of,
n~lon 6, nylon. 66, polyester, cotton, or ararnid.  The fibers 18 enhance
the lateral pressure resistance of the ribs 164 and  may reduce operating
noise caused by impacting of the belt against  15 cooperating pulleys. If
aramid short fibers 18 are utilized, it is preferred that they  have a
length of from 1 to 20 mm and that they be present in an amount  of 1 to 30
parts by mass relative to 100 parts by mass of the rubber in  which they
are incorporated. If the short fibers 18 are aramid fibers, -37 preferably
they have an aromatic ring in The molecular structure. Fibem  suitable. for
this ptirpn%f- are sold commercially under the names CONEXIII,  NOMEX'-,
KEVLAR-, TECHNORA-, TWARON', and the like. i.r aramiji ramis 18 are present
in an arnount less than one part  5 by mass, the ribs 164 may nnt havr an
adequate lateral pressure resistance.  11 the aramid fibers 18 4Ft!
preserit in an aMOLInt OVPI- I0 parts by mass, the  fibort may not become
evenly disbursed in therubbrar dur4io rri~mufactiiring- The use of aramid
fibers Is noT required, as other materials rn~iy he Wili;'t-ul  in place
of, or in conjunction with, -the ararnid fibers. 



10 The rubber used in the layet 88, Lo define the., compression  scctions
176,176', may be one or a combination of hydro-nitryl rubber,  chloroprene
rubber, natural rubber, CSIVI, ACSM, SBR, and elhylene-a-olefin
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
is provide good heat and ozonc rosistance. Hydro-ni-trVI rubber wilh a
hydrogen addition rate of not greater than 80% may have inadequale heat
arid uzone resistance. For purposes of providing good oil and tow
Tf-Mperature resistance, acrylonitrile 'is combined, prcforably in an
amount -38 Among these Compositions, ethylenee(-olefin elastomer, having
good oil and  low temperature resistance, is preferred. A suitable
ethylene-a-olefin elastomer is ethylene -pro pylene- diene monomer (EPDM).
Examples of diene monomers are 5 dicyclopentadiene, methylene norbornene,
ethylidene norbornene, 1, 4- hexadiene, cyclooctadiene, etc.
Ethylene-propylene base rubber (EPR) is  also usable. Sulfur and organic
peroxide may be used to cross-link the  above-mentioned rubbers. Suitable
organic peroxides are one, or a 10 combination, of dicumyl peroxide,
di-t-butyl peroxide, t-butylcumyl peroxide,  



benzoyl peroxide, 1, 3-bis(t-butyl peroxy isopropyl) benzene, 2,
5-dimethyl- 2, 5-di(t-butyl peroxy) hexyne-3, 2, 5-dimethyl-2, 5-(benzoyl
peroxy)  hexane, 2, 5-dimethyl-2, 5-mono(t-butyl peroxy) hexane, etc. By
blending a co-agent, the degree of cross-linking can be  15 increased to
avoid adhesive abrasion, and the like. Among the suitable co- agents that
will effectively accomplish this are TIAC, TAC, 7, 2  polybutadiene, metal
salt of unsaturated carboxylic acid, oxime group,  guanidine,
trimethylolpropane trimethacrylate, ethylene glycol -39 diemethacrylate,
N-N'-m-phenylene bismaleimide, suffer, and the like, which  are normally
used for peroxide cross linkage. A reintorcing motcrial, such as carbon
black and silica, may he  used as desircd and needed. A bulking agent, such
as calcium carbonate  6 and talc, a plasticizer, a stabilizing agent, a
processing Hill!, andJor a coloring  agent, normally used for rubber
compounds, may also be used. The rubber composition used for the
cushinrrlfirr i layer 88 may  be similar to, or the same as, the rubber
composition used in the second  layer 06/compression section 176,176'_ The
robbers could also be 10 different. While fibers are not disclosed in the
second layer 88+ fibers could  be utilized in This layer as well. 



The load carrying memherS 1 56 may be made from one, or a  combination of,
polyester fiber, ararriid fiber and glass fiber. In one form,  each load
currying member 156 is a cord define by Twisting groups of is polyester
fiber filaments with a main unit consisting of ethylene-2 and 6-
naphthalaTe, To a total denier of 4000 to 8000. The cord may be subjected
Lo adhesion processing to control belt slip rate and thereby extend the
belt  life. The load carrying members 156 may be adhesion treated also to
irriprnve their adhesion to the base rubber. It is common to adhesion treat
-40 the load carrying member 156 by Immersing 1he fibers irl d le$01'6171-
formalin latex (RFL) liquid, after which they are heated aTld diied 1.0
form an  adhesive layer that is uniformly dispersed on the ouTer surface of
the load  carrying members 156. Other adheeive treatments are contemplaTed.
As  one alternative, the KFL liquid may be utilized after preliminarily
proces~;inu  the same with an epoxy or isocyanate compound. By using a
spinning/winding pitch for the load carrying  mernbers 15 6 of 0.9 to 1 .3
mmi a bolt incorporating the same may exhibit  ;i high inodulus. With a
pitch of le3s then 0.9 mm, adjacent turns of the  load carrying member 1 S6
may interters with each other. With 2 pitch  Ur-#;,.AtL-r than 1.3 mm, the
modulus for a bolt incorporating the load carrying  



membw 156 may be reduced to an unacceptable extent. The cloth layer 158 may
be made from a matcrial that is a  cloth, knitted, or a Fiutwunven fabric,
Of these, nonwoven tabric is  15 preferred. The fiber Material defining the
fabric may be at least one of a) natural fiber such as cwturi, linen,
rayon, and the like, or b) organic fiber  such as polyamide, polyester,
polyethylene, polyurethane, polystyrene,  polyf I uoro ethylene, polyauql,
polyvinyi alcohol, aromatic Polyostcr, aramid,  and the like. Thp
cwivas/clolh layer 158 is immersed in an HFIL hQuid using -41 cured rubber
is rubbed on the exposed surface of the canvas/cloth layer  158. 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 relativelythick  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. -42 TABLE 1 5 10 SHORT-FIBER CUSHION LAYER CONTAINING
RUBBERRUBBER PARTS BY MASSPARTS BY MASS CR (SULPHUR MODIFIED 100100 TYPE)
STEARIC ACID22 NYLON CUT YARN15- ARAMID CUT YARN5_ OIL55 CARBON BLACK2525
ANTIOXIDANT44 BISMALEIMIDE22 



ZINC OXIDE55 The fibers were placed in the rubber on an open roll to
perform  kneading thereon. A master batch was kneaded and cooled to room
temperature. The master batch and additional compounds, as shown in 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 layer of rubber
containing short fibers was used, -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. -44 TABLE 2 INVENTIVE EXAMPLE COMPARATIVE  (TWO
LAYERS) EXAMPLE (SINGLE LAYER) 



5 10 EXTRUDER I 09011/06012 020 NIPPLE DIAMETER (mm) 02600260 RUBBER
PASSAGE OUTLET CENTRAL 0262.30282 DIAMETER (mm) R2 RUBBER PASSAGE
EXPANSIONINLET CENTRAL 077077 HEADDIAMETER (mm) R1 EXPANSION 3.43.4 RATIO
R21R1 SCREW 6060 CYLINDER (THROWING 6060 SIDE) TEMPERATURE (C)CYLINDER
(HEAD SIDE) 5050 HEAD 7575 



SCREW ROTATING SPEED (rpm) 2020 SHORT-FIBER CONTAINING RUBBER SHEETRUBBER
3.03.0 THICKNESS (mm) ADHESIVE RUBBER 0.5- RUBBER SHEET WIDTH (mm) 640640
OUTER LAYER (CUSHION LAYER1.5 TBRUBBER) RATIOMIDDLE LAYER 2.02.0 INNER
LAYER 2  0 ORIENTATION.1.5 OUTER LAYER (CUSHION LAYER50 RUBBER)
EB(:6)MIDDLE LAYER 300300 INNER LAYER 250100 MIDDLE LAYER 300300 INNER
LAYER 25 0100 -45 



I screw diameter of extruaer lo snore Aber-cbrttaining ruylner  7.: screw
dlameer nr exTrurlrr TrOr rrrhinn layer nunhaj 1'B: tenslls breaking
strength TB ratio - TS felraotlon perpendicular to exrruslon} TB lekertlon
In paraltel TO e.xtriielnn) 5 EB = elorlgatioO in a direction parallel to
extrusion direction a1 the time at tensile breakage A two laycrcd
cylindrically-shaped mold product, consisting of  a) rubber with short
fibers embedded therein on an inner peripheral side and  b] o cushion
rubber layer laminated on an outer peripheral side, were  extrusion molded
and cut to define a sheet. 10 Two plies of rubberized cotton canvas were
laminated on a  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 evaluated. To ua ry out
this evaluation, the sheet was sliced into three  layers, including an
outer layer, a middle layer, and an inner layer. Tensile  strength ratio
ITS ratio - (direction perpendicular to extrusion/direction in  l1::rr;
Il1r;l In etxtrrIsinn] And elongation (EB) in a direction parallel to the
extrusion tiireetiuli, at the Lime or terisile breakage, were determined by
20 measuring tensile strength (Ta) of the sheets hi a cireurrlrererrtial
direc:liurt  



+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 compared  with the tensile strength in the direction in
parallel to extrusion, i,e., the  greeter the TB ratio, the more favorable
the orientation of short fibers is in  the circumferential direction. 5 It
was found that the magnitude of the I B ratio in the outer  layer
corresponded to the cushion layer rubber and differences in TB ratio  and
[13 were slight in the middle and inner layers, so that the short fibers
were favorably oriented. Since the outer taycr defined a cushicn layer
rutaber, the orientation of the fibers can be neglected. With the single
layer 10 in tlir. Comparative Example, it was found that the outer layer
had a small  TB ratiu and EB and thus the orientation of the short tibcrs
was not uniform.  Mirirry was performed in a conventional manner after
fitting a vulcanization jacket onto the belt sleeve preform. After curing,
the jacket  was removed and the belt sleeve was ren-inved irorn a molding
drum upon  15 which it was mounted. The hell sleeve was ground to produce
ribs, with individual belts cut from the belt sleeve to fnrrii individual
V-ribbed belts.  The V-ribbed belts thAt resulted were a K type 3-ribbed
belt,  according RMA standards, with a length of 97 mm, a rib pitch of 3.55



-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 10 15 SHORT-FIBER
CUSHION LAYER RUBBER CONTAINING RUBBER PARTS BY MASSPARTS BY MASS
EPDM100100 NYLON CUT YARN 15 - ARAMID CUT YARN5 STEARIC ACID11 ZINC OXIDE55



CARBON BLACK5050 OIL1010 ANTIOXIDANT22 N, N-m-PHENYLENE 2 DIAMALEIMJDF 28
PEROXIDE -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
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 INVENTIVE EXAMPLECOMPARATIVE (TWO LAYERS)EXAMPLE (SINGLE
LAYER) EXTRUDER090"1 m60z090 NIPPLE DIAMETER (m m) 02600260 RUBBER PASSAGE
OUTLET CENTRAL DIAMETER (mm) R20263.40262.9 RUBBER PASSAGE EXPANSIONINLET
CENTRAL HEADDIAMETER (mm) R1077077 EXPANSION RATIO R2/R1 3.43.4 SCREW955095



CYLINDER (THROWING SIDE) TEMPERATURE906090 (C) CYLINDER (HEAD SIDE) 956095
HEAD95 8595 SCREW ROTATING SPEED(rpm)25 5025 SHORT-FIBER CONTAINING
RUBBER3.03.0 RUBBER SHEET  THICKNESS (mm)CUSHION LAYER RUBBER 0.5 RUBBER
SHEET WIDTH (mm)640640 OUTER LAYER (CUSHION LAYER1.8 T8RUBBER) RATIOMIDDLE
LAYER 1.91.9 INNER LAYER 



ORIENTATION1.71.7  OUTER LAYER(ADHESIVE RUBBER)200 EB(%)MIDDLE LAYER220220
INNER LAYER 210200 -50 1 screw diameter of extruder for short-fiber
containing rubber  `2~ screw diameter of extruder for cushion layer 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 time of tensile 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  10 to
produce a molded sheet, including 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 to produce  



a sleeve preform. A vulcanization jacket was fit onto the sleeve preform 15
after which curing was carried out in a conventional manner. After curing,
the jacket was removed and the belt 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  20
Comparative Example. -51 The orientation of the short fibers in the
resulting molded sheet  with the cushion layer rubber incorporated was
evaluated in the same  manner as for the Comparative Example. The tensile
strength ratio (TB) and  the elongation (EB) in a direction parallel to
extrusion at the time of tensile  5 breakage were determined. It was
determined that the middle and inner layers of the  molded sheet with
cushion layer rubber showed only slight differences in TB  ratio and EB and
the short fibers, evidencing that the fibers, evidencing that  the fibers
were favorably oriented. 10 While the invention has been described with
particular  reference to the drawings, it should be understood that various
modifications could be made without departing from the spirit and scope of



the present invention, -52 CLAIMS 1. A method of manufacturing a power
transmission belt  2 comprising a body with a length and a cushion rubber
layer in which at least one load carrying member is embedded so as to
extend lengthwise of the  4 body, said method comprising the steps of:
extrusion 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  S the
second rubber composition defines at least a part of the cushion rubber
layer; 10 12 applying the at least one load carrying member to the second
rubber composition to produce a preform assembly; and processing the
preform assembly to produce a power  transmission belt. -53 2. The method
of manufacturing a power transmission belt  



2 according to claim 1 wherein the step of extrusion molding a first rubber
composition and a second rubber composition comprises extrusion molding  4
a second rubber composition that has no short fibers therein. 3. The method
of manufacturing a power transmission belt  2 according to claim 2 wherein
the step of extrusion molding a first rubber composition and a second
rubber composition comprises extrusion molding  4 a first rubber
composition and a second rubber composition in a  cylindrically-shaped mold
with an inside peripheral surface and an outside 6 peripheral surface
between which a flow passage having a diameter is  defined with an
expansion portion with 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  10
peripheral surface and the second rubber composition is at the outside
peripheral surface. ,54 4. The method of manufacturing a power transmission
belt  2 according to claim 3 wherein the step of applying the at least one
load carrying member comprises wrapping the at least one load carrying
member  4 and the first sheet around a molding drum and against each other.
5. The method of manufacturing a power transmission belt  



2 according to claim 1 wherein the step of processing the preform assembly
comprises grinding the body to define ribs extending lengthwise of the  4
body. 6. The method of manufacturing a power transmission belt  2 according
to claim 1 wherein the step of processing the preform assembly comprises
applying at least one additional layer to the preform assembly. 7. The
method of manufacturing a power transmission belt  2 according to claim 6
wherein the step of applying at least one additional  layer comprises
applying a fabric layer to the preform assembly. -55 8. 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 rubber
layer to the preform assembly. 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 to each
other to produce a  composite preform assembly. 10. The method of
manufacturing a power transmission belt  2 according to claim 9 wherein the
step of processing the preform assembly 



comprises processing the composite preform assembly by forming ribs in  4
the body. 11. The method of manufacturing a power transmission belt  2
according to claim 10 wherein. the step of forming ribs in the body
comprises forming ribs'in each of the first and second sheets. -56 12. The
method of manufacturing a power transmission belt  2 according to claim 5
wherein the step of grinding the body comprises grinding the first rubber
composition. 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 belt  2 according to claim 1 wherein the step of
extrusion molding a first rubber composition and a second rubber
composition comprises extruding the first  4 rubber composition into a
cylindrical shape with a peripheral inner surface  and a peripheral outer
surface and thereafter extruding the second rubber 6 composition to cover
the peripheral outer surface of the cylindrical shape  defined by the first
rubber composition to produce a composite cylindrical  



8 shape. -57 15. The method of manufacturing a power transmission belt  2
according to claim 14 wherein the step of extrusion molding a first rubber
composition and a second rubber composition comprises causing the  4
composite cylindrical shape to be extruded through a flow passage in a
cylindrically-shaped mold in an expansion portion of the flow passage
having 6 an inlet and a discharge port downstream of the inlet and wherein
the flow  passage is defined between an inside peripheral surface and an
outside  8 peripheral surface on the cylindrically-shaped mold and
configured so that the diameter of the flow passage increases from the
inlet towards the  10 discharge port. 16. The method of manufacturing a
power transmission belt  2 according to claim 15 wherein the step of
extrusion molding a first rubber composition and a second rubber
composition comprises simultaneously and  4 continuously extruding the
first and second rubber compositions through the  flow passage. -58 17. The
method of manufacturing a power transmission belt  2 according to claim 16
wherein the step of extrusion molding a first rubber 



composition and a second rubber composition comprises introducing the  4
first rubber composition into the flow passage at a first location and
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 rubber 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 composition and second  composition in the
flow passage to have a controlled second thickness that  8 is greater than
the first thickness between the second location and the  discharge port.
-59 19. The method of manufacturing a power transmission belt  2 according
to claim 17 wherein the step of introducing the first rubber composition
comprises introducing the first rubber composition at the first  4 location
at the inlet to the expansion portion of the flow passage, 20. The method
of manufacturing a power transmission belt  2 according to claim 17 wherein
the step of introducing 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
manufacturing a power transmission belt  2 according to claim 3 further
comprising the step of kneading the first rubber -60 composition before the
first rubber composition is introduced to the inlet 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. 24. The method of manufacturing a power
transmission belt  2 according to claim 23 further comprising the step of
passing the first rubber  composition through a gear pump. 25. The method
of manufacturing a power transmission belt  



2 according to claim 24 wherein the step of passing the first rubber
composition through a gear pump comprises passing the first rubber  4
composition through a gear pump 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
method of manufacturing a power transmission belt  according to claim 1
wherein the step of processing the preform assembly  comprises processing
the preform assembly to produce one of a V-belt, a  V-ribbed belt, and a
double V-ribbed belt. 27. A method of manufacturing a rubber sheet to
define at  least a part of a compression rubber layer and cushion rubber
layer in a  power transmission belt, said method comprising the steps of: 



extrusion molding (a) a first rubber composition comprising  rubber with
short fibers therein and (b) a second rubber composition that is  different
than the first rubber composition to produce a sheet; said step of
extrusion molding comprising (c) extrusion molding  the first and second
rubber compositions ire a cylindrically-shaped mold with  an inside
peripheral surface and an outside 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 which the flow passage  increases in
diameter from the inlet towards the outlet so that the first and  second
rubber compositions are combined and the first rubber composition  is at
the inside peripheral surface and the second rubber composition is at -62
the outside peripheral surface, and (d) cutting the combined extruded first
16 and second rubber compositions discharged at the discharge port to
configure the first and second combined rubber composition discharged at
Is 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
composition that has no short  



fibers therein. 2 4 6 8 29. The method of manufacturing a rubber sheet for
a power  transmission belt according to claim 27 wherein the step of
extrusion  molding a first rubber composition and a second rubber
composition  comprises extruding the first rubber composition into a
cylindrical shape  with a peripheral inner surface and a peripheral outer
surface and thereafter  extruding the second rubber composition to cover
the peripheral outer  surface of the cylindrical shape defined by the first
rubber composition to  produce a composite cylindrical shape. -63 30. The
method of manufacturing a rubber sheet for a power  transmission belt
according to claim 29 wherein the step of extrusion  molding a first rubber
composition and a second rubber composition 4 comprises simultaneously and
continuously extruding the first and second  rubber compositions through
the flow passage. 31 . The method-of manufacturing a rubber sheet for a
power  



2 transmission belt according to claim 30 wherein the step of extrusion
molding a first rubber composition and a second rubber composition  4
comprises introducing the first rubber composition into the flow passage at
a first location and introducing the second rubber composition into the
flow  6 passage downstream from the first location at a second location.
-64 32. The method of manufacturing a rubber sheet for a power  2
transmission belt according to claim 31 wherein the flow passage has a
radial thickness and the step of extrusion molding a first rubber
composition  4 and a second 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  8 controlled second thickness that is greater than the first
thickness between  the second location and the discharge port. 33. The
method of manufacturing a rubber sheet for a power  2 transmission belt
according to claim 31 wherein the step of introducing the first rubber
composition comprises introducing the first rubber composition  4 at the
first location at the inlet to the-expansion portion of the flow  passage. 



34. The method of manufacturing a rubber sheet for a power  2 transmission
belt according to claim 31 wherein the step of introducing the second
rubber composition comprises introducing the second rubber -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 a power  2 transmission belt according to claim 34 wherein
the step of introducing the second rubber composition comprises introducing
the second rubber  4 composition at the second location adjacent to the
discharge port. 36. The method of manufacturing a rubber sheet for a power
2 transmission belt according to claim 27 further comprising the step of
kneading the first rubber composition before the first rubber composition
is  4 introduced to the inlet of the expansion' portion of the flow
passage. 37. The method of manufacturing a rubber sheet for a power  2
transmission belt according to claim 36 wherein the step of kneading the
first rubber composition comprises kneading the first rubber composition  4
using an extrusion screw. -66 38. The method of manufacturing a rubber
sheet for a power  



2 transmission belt according to claim 37 further comprising the step of
passing the first rubber composition through a gear pump. 39. The method of
manufacturing a rubber sheet for a power  2 transmission belt according to
claim 38 wherein the step of passing the first rubber composition through a
gear pump comprises passing the first rubber  4 composition through a gear
pump between the extrusion screw and the inlet  of the expansion portion of
the flow passage. 




