METHOD AND APPARATUS FOR MANUFACTURI NG A RUBBER SHEET CONTAI NI NG SHORT

FI BERS BACKGROUND OF THE | NVENTI ON FI ELD OF THE | NVENTI ON 5 Thi s invention
rel ates to rubber sheets, as used in the manufacture of power transn ssion
belts and, nore particularly, to rubber sheets containing short reinforcing
fibers. The invention is directed to both a nethod and an apparatus for
manuf act uri ng such rubber sheets: BACKGROUND ART 10 It is known to form one
or nore |layers of a power transm ssion belt from rubber with short
reinforcing fibers enbedded therein. It is known to mx short fibers with
an unvul cani zed rubber and to place the unvul canized rubber with the fibers
therein between a pair of calendar rolls operating at different rotational

speeds. Through t hMETRODaANDMAPPARATDSHOR MANUFACPERING | ent
substantially in 154 RQJBBER%HEETQEOWVAE}NW O®T Fiiserybber through the
S

cooperating rolls. The resulting eet is then cut to a wdth, dictated by
the particular belt configuration into which it is to be incorporated, and

placed in a roll form The sheet and one_or 1 nore |ike sheets and/or other
conponents are | ani nat ed BACKGTROENR Qfe THEINVENTION

FIELD OF THE INVENTION

5 This invention relates to rubber sheets, as used in the manufacture of
power fransmission belts and, more particularly, to rubber sheets containing short
reinforcing fibers. The invention is directed to both a method and an apparatus for

manufacturing such rubber sheets:

BACKGROUND ART

10 It is known to form one or more layers of a power transmission belt from
rubber with short reinforcing fibers embedded therein. It is known to mix short
fibers with an unvulcanized rubber and to place the unvulcanized rubber with the
fibers therein between a pair of calendar rolls operating at different rotational
speeds. Through this mechanism, the lengths of the fibers orient substantially in

15 the direction of advancement of the rubber through the cooperating rolls. The
resulting sheet is then cut to a width, dictated by the particular belt configuration

into which it is to be incorporated, and placed in a roll form. The sheet and one or



i e e .

t hi ckness. The fibers in the sheets are oriented so that their Iengths
extend wi dthwise of a belt into which the sheets are incorporated, to
increase the lateral stability thereof. 5 The conponents/|layers of the
belts are conventionally serially wapped upon a drumduring the

manuf acturi ng process. Mire particularly, a conventional manufacturing
process for a V-ribbed power transm ssion belt, or a rawedge V- belt, is
carried out as follows. One or nore sheets of a covering canvas and cushion
ruber layer are wapped onto the outer surface of a cylindrical nolding 10
drum Load carrying cords are spirally w apped around the cushion rubber

| ayers. One or nore conpression rubber |ayers are wapped in turn to

I h
sect S%eo?m‘&ﬁé"ls%%b%%eaﬂ?%%éa  5hneds,ateCBRAaty P imoRBER SRR o ¢ our
such | am nat Iae g%g nore | ayers of the sheets with the fibers
enbedded t ﬁsm@h%é ﬁrﬁ'ata?o‘im?&tsqu psiepirdisAghat theit ienataslrdend

desired thickness in the conpression section, or elsewhere. As a practical

matt er, i nwaltowisetaf abel$ irto evhitly the sheests tareirsjmopmraiédqeo nareasg thd el ocess
descri bed above, the sheets nust be relatively thin. This may 2 ultimately

require thgasHipefHdreee! tion of numerous sheets to produce the desired

5 The components/layers of the belts are conventionally serially wrapped
upon a drum during the manufacturing process. More particularly, a conventionai
manufacturing process for a V-ribbed power transmission belt, or a raw-edge V-
belt, is carried out as follows. One or more sheets of a covering canvas and
cushion ruber layer are wrapped onto the outer surface of a cylindrical molding

10 drum. Load carrying cords are spirélly wrapped around the cushion rubber layers.
One or more compression rubber layers are wrapped in furn to complete a belt
sleeve preform, which is vulcanized. The compression section of the belt may
typically have a thickness defined by three to four such laminated layers. One or
more layers of the sheets with the fibers embedded therein may be wound around

15 the molding drum to produce a desired thickness in the compression section, or
elsewhere.

As a practical matter, in order to consistently orient the short fibers using

the process described above, the sheets must be relatively thin. This may



t hi ckness for a particular sheet/layer. As a result, the manufacturing
process may be conplicated by having to laminate nultiple sheets/l|ayers of
the rubber material having the short fibers enbedded therein. 5 To avoid
this problem it is known to formrubber sheets of substantially greater
thi ckness with consistently oriented short fibers using an extrudi ng process
enpl oyi ng an expansion die. An exenplary expansion die is shown in Japanese
Exam ned Patent Application Publication No. 9847/1994. The expansion die
therein has an annul ar expansi on space with a dianmeter that increases
between 10 inlet and discharge |ocations. The width of the space also varies
between the inlet and discharge |ocations. Mre particularly, the width at

the entry ultimateloreguire thestupefimpobaibnalf namdrol$ sRBElsas prédisl thelesikBa Wi dt h
at the discharge location is less than the width at the internedi ate

Unoxam ned SR oA ger R R hebl e s i e b Kao TR ot eed GLRETS,

apparatus in which a cutter severs a cylindrical elastomer shape containing
short fi b&esomplicatadiby havipg te aminatemiitlasheptsdayers of tuubheomatsrials t he
cylindrical shape discharges froma die. Wth this mechanism an axial cut
is 3 contarimguslke)sHoot fitkersssmibsdded tHdreiw. t he cylindrical shape to be forned

into a flat
5 To avoid this problem, it is known to form rubber sheets of substantially
greater thickness with consistently oriented short fibers using an extruding process
employing an expansion die. An exemplary expansion die is shown in Japanese
Examined Patent Application Publication No. 9847/1994, The expansion die
therein has an annular expansion space with a diameter that increases between
10 inlet and discharge locations. The width of the space also varies between the inlet
and discharge locations. More particularly, the width at the entry location is
narrower than at an intermediate location. The width at the discharge location is
less than the width at the intermediate location and greater than the width at the
entry location.
15 Japanese Unexamined Patent Application Publication No. 106602/1994
discloses an apparatus in which a cutter severs a cylindrical elastomer shape

containing short fibers oriented in the circumferential direction continuously as the

cylindrical shape discharges from a die. With this mechanism, an axial cut is



sheet.. Air is blown at the cylindrical shape between the die and the cutter
so as to effect cooling thereof. This cooling inhibits shrinkage of the
cylindrical shape in a circunferential direction as mght disturb the
orientation of the fibers that may 5 occur as a result of non-uniform
shrinkage. The problemof flaring is avoided by maintaining equal distances
between the cut ends of the sheet and the center thereof. In this
conventional expansion die arrangenent, the orientation ratio is

t hree-di nensional ly adjusted by a) controlling the space width ratios
between the 10 entry location and internediate |ocation and the

i nternmedi ate | ocation and di scharge location, b) the radii of the entry and

di schar ge dontintiocosly formned ed dshte alkectheongindecgioshapBetabs doinhed fHtb enfidtt | on
ratio is controlled by flow pressure, as dictated by the shape of the die,

the ori entHGLON AL it ifs CIRRAES S DtwethANGdg ahiGndicBiter 48 50 the

above- descr bed prior art structure, f ~rubber rvert from
reason . ot FPRRTRREHor A GORING MO S akAR GhOEBNAHCal T8pel cal
direction, internal strain, such as deflection, can be made relatively
smal | . Reswobtdincghyereriiial diredtivincevmight distufiethedrientationadf thb fiperd that may
extruded in the expansion die can be
5 occur as a result-of non-uniform shrinkage. The problem of flaring is avoided by
maintaining equal distances between the cut ends of the sheet and the center
thereof.
In this conventional expansion die arrangement, the orientation ratio is
three-dimensionally adjusted by a) controlling the space width ratios between the
10 entry location and intermediate location and the intermediate location and
discharge location, b) the radii of the entry and discharge locations, and c) the
sectional areas. Because the orientation ratio is controlled by flow pressure, as
dictated by the shape of the die, the orientation ratio can be changed only by
changing the dies.
15 In the above-described prior art structure, flow of rubber is diverted from
horizontal to vertical between a feeding cylinder and the expansion die. By reason

of the orientation of the axis of the expansion die in a vertical direction, internal

strain, such as deflection, can be made relatively small. Resultingly, the



consi'stently mai ntai ned. However, the construction described above has sone
drawbacks. The prior art uses a cross head design which splits the incom ng
flowto the 5 expansion die to effect uniformcircunferential distribution
of the material. Accordingly, a weld line is formed at the point of

di version. The split flow converges at a second weld line at a
dianetrically opposite |location. The converging flows at the second wel d

| ine produce a random orientation of the fibers thereat and potentially a
non-uni form t hi ckness. 10 Preferably, the discharging cylindrical shape wll
be axially cut at the weld I|ines and thereafter reshaped into a sheet which
is wapped around a roll A, as shown in Fig. 5. The edges B, B  in Fig. 5,
boundi ng thiekmess pf thiucyhdaicaCsham teatds asxtraidearnigl the axpansion dier édr ak,

bet ween the point of incision at C and the |I|ocation where the roll Ais

| ocat ed. e AR Mai HO L adr .cal 3 I jgaificantly
stret chedé\ggrglt% fgcr{; lg}/ﬁa{ngé’ip ggi lrifgtvg \éér;] eé:fxéﬁ}ﬂ‘n%&g‘h%%m&ﬁp%déﬁgﬁe&%vﬁp éas

ot her portdi ong such as those dianetrically opposite to the incision

| ocation, CPWPABKS: vertically stretched to any significant extent. It has
been found that when the Ilengths D, D of the edges B, B, between the

i nci si on | ocat iléve poat arhesdsox atdssieadsiasjgrEvhich spllitscthetimeoreithgelowBto tBe engage
the roll A, exceed a certain value, the

5 expansion die to effect uniform circumferential distribution of the material.
Accordingly, a weld line is formed at the point of diversion. The split flow
converges at a second weld line at a diametrically opposite location. The
converging flows at the second weld line produce a random orientation of the
fibers thereat and potentially a non-uniform thickness.

10 Preferably, the discharging cylindrical shape will be axially cut at the weld
lines and thereafter reshaped into a sheet which is wrapped around a roll A, as
shown in Fig. 5. The edges B, B' in Fig. 5, bounding the cut produced at C,
expand at an angle a, o' to vertical, between the point of incision at C and the
location where the roll A is located. Accordingly, portions of the cylindrical shape

15 are significantly stretched vertically to facilitate the rolling shown in Fig. 5, whereas
other portions, such as those diametrically opposite to the incision location, are not
vertically stretched to any significant extent. It has been found that when the

lengths D, D’ of the edges B, B’, between the incision location and the locations



el ongation of the cylindrical shape may remain as a permanent strain, thus
causing a flaring phenonenon upon the finished sheet. SUMWARY OF THE
INVENTION 5 In one form the invention is directed to a nmethod of

manuf acturing a rubber sheet containing short fibers. The nmethod includes
the steps of: mxing short fibers in a flowable rubber matrix; formng the
fl owabl e rubber matrix with the fibers therein into a cylindrical shape
with a circunferential extent; separating a portion of the circunferenti al
extent fromthe cylindrical shape; and formng the cylindrical 10 shape
with the portion separated into a sheet form The step of form ng the rubber
matrix may involve orienting the short fibers so that the | engths thereof
extend i n B ' attwhictr thet edgesliB, 't érmagenthehmlick| erdedd @ certdinpaludhthest ep of
formng the cylindrical shape may involve continuously formng 15 the

cylindri cadiogdiim thtﬁeacﬁihGﬂ&alf%éﬂé"’*ﬂ\éfﬁﬁ\?ﬂ:{i ggi Q%pn%{ﬂé%n‘é‘?ﬁtét in Ofhushe

circunferential extent fromthe cylindric step of formng the
fl owabl e beber n%thhx_n%% invol ve exi{uPLn h fl owabl e rubber matrix in
an annul ar*@Y5i8hd TgHNEPLENOMENan yRpnihe H@Slg?ﬂs F’ﬁﬁ?ﬁ' cal shape has a first
axis and the step of formng the
SUMMARY OF THE INVENTION
5 In one form, the invention is directed to a method of manufacturing a rubber
sheet containing short fibers. The method includes the steps of: mixing short
fibers in a flowable rubber matrix; forming the flowable rubber matrix with the fibers
therein into a cylindrical shape with a circumferential extent; separating a portion
of the circumferential extent from the cylindrical shape; and forming the cylindrical
10 shape with the portion separated into a sheet form.
The step of forming the rubber matrix may involve orienting the short fibers
so that the lengths thereof extend in a circumferential direction in the cylindrical
shape.
The step of forming the cylindrical shape may involve continuously forming
15 the cylindrical shape into a sheet form while separating the portion of the

circumferential extent from the cylindrical shape.



fl owabl e rubber matrix involves directing the flowable rubber matrix into an
annular 5 die in a direction substantially orthogonal to the first axis.
The step of form ng the flowabl e rubber matrix may invol ve causing the

fl owabl e rubber matrix to flowin circunferentially opposite directions
around the first axis and neet at weld line, with the step of separating a
portion of the <cylindrical shape involving separating a portion including
the weld line. 10 The step of form ng the fl owabl e rubber matri x nmay invol ve
advancing the flowable rubber matrix through an extruding screw, with the
extruding screw having a second axis that is substantially orthogonal to
the first axis. The step of formng the fl owabl e rubber matrix may invol ve

extruding the Theowih ef forbirg theeflowable tTubberonattxamagRacvs @xtdidmdiie ng a
coni cal shape. 15 The nmethod may further include the step of reprocessing a

portion ofg rgaoleq,%“%)'é}%hﬁ%lhigsi}fgﬁmlggrg%éﬁ%rpa{et of a rubber sheet

cont ai ni ng short ers. Separating 'a portion of the cylindrical
a circunferential width

Dot neen oi rountlBragioln e oylaud ahanabas wicH aisaniine ieRer seikeieand
spaced fromeach of the circunferentially spaced ends. In one form the
separ at ed fluavdble rubiiferntatrir imalvdsadirstting theftdwatbleinsbbér rhaix into an annular

5 die in a direction substantially orthogonal to the first axis.

The step of forming the ﬂoWable rubber matrix may involve causing the
flowable rubber matrix to flow in circumferentially opposite directions around the
first axis and meet at weld line, with the step of separating a portion of the
cylindrical shape involving separating a portion including the weld line.

10 The step of forming the flowable rubber matrix may involve advancing the
flowable rubber matrix through an extruding screw, with the extruding screw
having a second axis that is substantially orthogonal to the first axis.

The step of forming the flowable rubber matrix may involve extruding the
flowable rubber matrix in an annular expansion die having a conical shape.

15 The method may further include the step of reprocessing a portion of the
cylindrical shape to form a part of a rubber sheet containing short fibers.

The step of separating a portion of the cylindrical shape may involve

separating a portion having a circumferential width between circumferentially



range of 5-25%of the total circunferential extent. 5 In one form the
cylindrical shape has a first axis, the sheet has an edge forned at where
the portion is separated, and the step of formng the cylindrical shape
into a sheet involves stretching the cylindrical shape so that the
cylindrical shape has an elongation ratio E, at the edge along the first
axi s and an elongation ratio E2 along the first axis at a |ocation spaced
circunferentially fromthe edge, 10 with E,-E2 within the range of 0 to 5.
In one form the step of formng the flowable rubber matrix involves form ng
the fl owabl e rubber matrix into a cylindrical shape having a first axis
extending in a vertical direction. The step of separating a portion of the
cyl i ndri cal spaegge emdg, iwitholthe wekd tiimes ibetween t dred cspacedr fromh shcpeafi thea
circunferential direction as the portion of the cylindrical shape is

separat ed. dheinfeheitilygaebdidmscy! i ndrical shape may involve directing a
conpressed fluid against a radially inwardly facing surface. 8 The net hod

portion of the. ol SRa R (B Shps AL BTt eidhe LBt Cxtn dyin i cal
shape has a radially inwardly facing surface and
range of 5-%5% of the total circumferential extent.

5 In one form, the cylindrical shape has a first axis, the sheet has an edge
formed at where the portion is separated, and the step of forming the cylindrical
shape into a sheet involves stretch{ng the cylindrical shape so that the cylindrical
shape has an elongation ratio E, at the edge along the first axis and an elongation
ratio £, along the first axis at a location spaced circumferentially from the edge,

10 with E,-E, within the range of 0 to 5.
In one form, the step of forming the flowable rubber matrix involves forming
the flowable rubber matrix into a cylindrical shape having a first axis extending in
a vertical direction.
The step of separating a portion of the cylindrical shape may involve

15 tensioning the cylindrical shape in a circumferential direction as the portion of the

cylindrical shape is separated.

The tensioning of the cylindrical shape may involve directing a compressed

fluid against a radially inwardly facing surface.



a radially outwardly facing surface, with the step of cooling the
cylindrical shape 5 involving spraying a cooling fluid against the radially
inwardly facing surface. The cooling fluid my be at | east one of air and a
conpressed gas. The method may further include the step of cooling the
annul ar expansion die. In one form the expansion die has a first el enent
and a cooperating 10 second el enent surrounding the first elenent, with the
step of cooling the annular expansion die involving circulating a cooling
fluid through at | east one of the first and second elenents. The step of
separating a portion of the cylindrical shape may involve cutting the
cylindrical shape using one of a knife, a |laser cutter, a heated knife, and

an 15 ultrasoni ; } 3 gfetphg kgl the step
of continuously W%’S%Fﬁ%d ﬁﬁ?f‘éﬁﬂgﬁ I%Ilyg:érrinﬁ%r oun %36?% F{éaéﬁi{nﬁgeé’hsteh%? ef'%r mis

formed. 9 The inventign ig further directed to an apparatus for
manuf acturitHS P&W%Bﬁ e%ﬂ@é‘f'ce ﬁ?acﬁ%'isrﬁ?p@ﬁﬁﬁg-fi bers, each with a |ength.

The apparatus has a first space in which a flowable rubber matri x can be
m xed wi t h shor tinfdrtegosm, te eylindtical shape dasiacad gty revamd|clacngsurtdcdeandni t h
the first space and having a discharge
a radially outwardly facing surface, with the step of cooling the cylindrical shape
5 involving spraying a cooling fluid against the radially inwardly facing surface.
The cooling fluid may be at least one of air and a compressed gas.
The method may further include the step of cooling the annular expansion
die.
In one form, the expansion die has a first element and a cooperating
10 second etlement surrounding the first element, with the step of cooling the annutar
expansion die involving circulating a cooling fluid through at least one of the first
and second elements.
The step of separating a portion of the cylindrical shape may invoive cutting
the cylindrical shape using one of a knife, a laser cutter, a heated knife, and an
15 ultrasonic vibrational cutter.

The method may further include the step of continuously wrapping the sheet

form around a roll as the sheet form is formed.



5'port through which a cylindrical shape formed in the annul ar expansi on
space discharges, and a cutting assenbly having first and second spaced
cutting portions for separating a circunferential portion of a cylindrical
shape di scharging through the discharge port. In one form the first space
has an extruding screw therein for mxing and 10 advancing a flowabl e
rubber matrix with fibers along a first axis. In one form the annul ar
expansi on space has a second axis that is transverse to the first axis and
the first space and annul ar expansi on space are relatively situated so that
the fl owabl e rubber matrix with short fibers therein is directed along the
first axis fromthe first space into the annul ar expansi on space 15 so that

short fibers areTheirentidnis funthehdiréetedtdan appahstusformardifbelsingdebdieng
circunferentially around the cylindrical shape within the annul ar expansion

space. 10 éﬁbét%_nié?ﬁi’ﬁpr%@;?tﬁddé?%cﬁn mﬁaﬁ*@g}ﬁt g 'pta*eaﬂs%saﬁ&ggﬁéfgbs‘t“

the first space 1s 1n uced to the annu expansi'on space a

| ocation, with the cutti senbly | ocated dianetrically oppositely to the
first |ocatifoWhichha wgtngg%thﬁi‘ 1998 b feixgdewvith d%‘lolrreg?‘?rﬁg ancaRpilae| e
for accunulating 5 portions of the cylindrical shape renoved by the cutting
assenbl y. Téxpamien spase iragomumyhieatiomedthdbe dirsti spdicegares hawinigya dischaggea 1 ol |

around
5 port through which a cylindrical shape formed in the annular expansion space
discharges, and a cutting assembly having first and second spaced cutting
portions for separating a circumferential portion of a cylindrical shape discharging
through the discharge port.
In one form, the first space has an extruding screw therein for mixing and
10 advancing a flowable rubber matrix with fibers along a first axis.

In one form, the annular expansion space has a second axis that is
transverse to the first axis and the first space and annular expansion space are
relatively situated so that the flowable rubber matrix with short fibers therein is
directed along the first axis from the first space into the annular expansion space

15 so that short fibers are oriented with the lengths of the short fibers extending

circumferentially around the cylindrical shape within the annular expansion space.

10



whi ch 'rubber sheet containing short fibers can be continuously wapped. In
one form the second axis extends in a vertical direction-. In one formthe
first axis is substantially orthogonal to the second axis. 10 The appar at us
may further include at | east one nozzle for directing a fluid at a
cylindrical shape discharging through the discharge portto thereby one of
cool and circunferentially expand a cylindrical shape di scharging through
the discharge port. The apparatus may further include at |east one of a
source of air and a 15 conpressed fluid to be supplied to the at | east one
nozzl e. The apparatus may be provided in conmbination with a flowabl e rubber
matrix having short fibers therein. 11 BRI EF DESCRI PTI ON OF THE DRAMVNGS

Fig. 1 is a schemgbhe féﬁﬁrtﬁé‘ﬁ%ﬁ@bl@lﬁhtfﬁer%tﬁﬁWb&ﬁirﬂéreiﬁﬂ%@‘ﬁ?é{@

rubber sheet cont ai ni ng short fibers, according to the present inve |on

Fo s 1l pouEgs: h‘fﬁé‘a A R T R e T S
fromthe left side of
assembly located gtametrlcally oppositely to the first location.
The apparatus may further include a collecting receptacle for accumulating
5 portions of the cylindrical shape removed by the cutting assembly.
The apparatus may further include a winding assembly having a roll around
which rubber sheet containing short fibers can be continuously wrapped.
In one form, the second axis extends in a vertical direction.
In one form the first axis is substantially orthogonal to the second axis.

10 The apparatus may further include at least one nozzle for directing a fluid
at a cylindrical shape discharging through the discharge port to thereby one of cool
and circumferentially expand a cylindrical shape discharging through the discharge
port.

The apparatus may further include at least one of a source of air and a

15 compressed fluid to be supplied to .the at least one nozzle.

The apparatus may be provided in combination with a flowable rubber

matrix having short fibers therein.

11



Fi'g. 4'is an elevation view of a portion of rubber material that is being
cut and in transition between a cylindrical shape and a sheet form and 10
Fig. 5is a fragnentary, elevation view of a part of the apparatus in Fig. 1
showi ng the transition of discharging rubber naterial between the
cylindrical shape and sheet form DETAILED DESCRI PTI ON OF THE DRAW NGS
Referring initially to Figs. 1-3, an apparatus for manufacturing a rubber

15 sheet containing short fibers, according to the present invention, is
shown at 10. The apparatus 10 has a cylinder 12 with an internal

cylindrical space 14 within which a flowable rubber 16 containing short
fibers 18 is m xed/ kneaded. An 12 extruding screw 20 within the space 14 is

rotated to rBRIENDESTREIPTION OFOPRE/ HRASVINGEX and ef fect advancenent
thereof along the rotational axis 22 of the screw 20 in the direction of

pr ovi ded. The nod#86" 36 eI EPLe-autandn 8 Al idbirundos e Peduiad A ©

reduced fromthe dianeter D1 of the space 14. A transition nozzle portion 32
conver ges f riofPehshest) Gardaining shast Bkens aceonding teutheaquregentnisyentian; The
cylinder 12 connects through the nozzle 28 to an annul ar expansion die 33.

The space 14 conmiigi @eisescriolEegtiondls/iew ot aepatBot hedRvertive aip=rBR&ESnHg.
5 1;
Fig. 3 is an elevation view of the inventive apparatus 1 taken from the left
side of Fig. 1;
Fig. 4 is an elevation view of a portion of rubber materiai that is being cut
and in transition between a cylindr_ical shape and a sheet form; and
10 Fig. 5 is a fragmentary, elevation view of a part of the apparatus in Fig. 1
showing the transition of discharging rubber material between the cylindrical shape

and sheet form.

DETAILED DESCRIPTION OF THE DRAWINGS
Referring initially to Figs. 1-3, an apparatus for manufacturing a rubber
15 sheet containing short fibers, according to the present invention, is shown at 10.
The apparatus 10 has a cylinder 12 with an internal cylindrical space 14 within

which a flowable rubber 16 containing short fibers 18 is mixed/kneaded. An

12



defined by the expansion die 33. The annul ar space 34 is defined between a
first 10 die elenent 36 and a second die el ement 38 which surrounds the
first die element 36. The die elenents 36, 38 are configured so that the
annul ar space 34 has a substantially uniformw dth Wthroughout. The
cylinder 12 and die elenents 36, 38 are arranged so that the axis 22
coincides with the central axis 40 of the annular space 34 bounded by the
die elements 36, 38. The axes 22, 40 are 15 substantially orthogonal, wth
the axis 40 extending in a vertical direction. Wth this arrangenent, the
fl owabl e rubber 16 with the short fibers 18 therein is introduced to the
annul ar space 34 at an inlet location 42 adjacent to the bottom of the

vorti ca | engriving SRen 25 uiRlihesPaRh ) Alh tFarehRGriRat Rhedd B Bheniber - °

space 34 increases in dianeter progressively over a conically-shaped portion
43 thereof Mavang eHegleadyangemenidharacs along thedptatiomalexis i of thesadrewm 2041 at
the top of the annular space 34, the annular space 34 has its | argest

di anet er D3, invthi eirebtien o titls afroar 24 e e BowRAsabalend 2B offthé Rglidurd Arg
space 34. Accordingly, the annular space 34 functions as an eXpansion

charbe |1 W SSONARAL IBEAB: L AR O HHRLD

i ncreasing from boté ?m t tg_p. .. .
5 is reduced from the diameter D1 of the space 14. A transition nozzle portion 32

converges from the cylinder diameter D1 to the outlet diameter D.
The cylinder 12 connects through the nozzle 28 to an annular expansion die
33. The space 14 communicates through the nozzle 28 to an annular space 34
defined by the expansion die 33. The annular space 34 is defined between a first
10 die element 36 and a second die element 38 which surrounds the first die element
36. The die elements 36, 38 are configured so that the annular space 34 has a
substantially uniform width W throdghout. The cylinder 12 and die elements 36,
38 are arranged so that the axis 22 coincides with the central axis 40 of the
annular space 34 bounded by the die elements 36, 38. The axes 22, 40 are
15 substantially orthogonal, with the axis 40 extending in a vertical direction.
With this arrangement, the flowable rubber 16 with the short fibers 18
therein is introduced to the annular space 34 at an inlet location 42 adjacent to the

bottom of the annular space 34. Near the inlet location 42, the annular space 34

13



Because the axes 22, 40 coincide, the kneaded rubber 16 with fibers 18 10
m xed therein comruni cating fromthe space 14 into the annul ar expansion
space 34 is caused to divert and flow circunferentially around the axis 40
in opposite directions fromthe inlet |location 42. At a |location at 46,
dianetrically opposite to the inlet location 42, the circunferentially
oppositely flowi ng rubber 16 with fibers 18 therein converges at a vertical
weld line 47. In the two converging flows, the 15 I engths of the fibers 18
are consistently circunferentially aligned. At the weld line 47, the
collision of the oppositely noving fl ows causes the fibers 18 to randomnly
orient. A weld line (not shown) also forns at the inlet |ocation 42 at which
rubber 14 T VehfodTiaRgth) £ wWi'a 28BS BIntdiy BRKGA ofdflidr 192 O liflud?: 1S

diverted to vertica or“expansion rnto t annul ar expansi on space

According to the vention,. a.cir um‘erentia, O(gortion 48 of a cylindrical
shape 50 di s?ﬂ?é;re& Bo¢asa% NIRRT ArogressiYSV el ernicallyashered pagionds s
dianeter D3, is renoved. The renoved portion 48 is selected so as to include
the wel d |i rbersofinadirg aveticafienetintlial Ava disbhdigegariodation #4 abtieoeploéthe
directions therefrom so as to elimnate the weld line 47 and rubber in the

b R Sl R S
di arrgt rical lgxtgﬁgsoséivteg atlgngth L3 at the top of the annuiar space 34. Accordingly, the
annular space 34 functions as an expansion chamber in which incoming flowable
rubber 16 with fibers 18 therein is distributed, with the circumferential tension on
the rubber/fibers increasing from hottom to top.
Because the axes 22, 40 coincide, the kneaded rubber 16 with fibers 18
10 mixed therein communicating from the space 14 into the annular expansion space
34 is caused to divert and flow circumferentially around the axis 40 in opposite
directions from the inlet location 42. At a location at 46, diametrically opposite to
the inlet location 42, the circumferentially oppositely flowing rubber 16 with fibers
18 therein converges at a vertical weld line 47. In the two converging flows, the
15 lengths of the fibers 18 are consistently circumferentially aligned. Atthe weld line

47, the collision of the oppositely moving flows causes the fibers 18 to randomly

orient. A weld line (not shown) also forms at the inlet location 42 at which rubber
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10 where the rubber 16 is introduced to the annul ar expansi on space 34 from
the cylinder 12. The portion 48 of the cylindrical shape 50 that is renoved
is severed by spaced cutting portions 54, 56 on the cutting assenbly 52,
with cutting edges 58, 60, respectively, each spaced fromthe weld |ine 47
the circunferential distance D4. The circunferential distance D4 is
preferably variable. 15 The cutting takes place imediately at the discharge
| ocation 44 and is done in a manner which allows the portion 48 to be
continuously separated and delivered to an accunul ation receptacle 62. The
accunul ated portions 48 can be reintroduced to the cylinder 12 for
reprocessi ng. The remai nder of the cylindrical 15 shape 50 is drawn

upwardly to 0, i i e e i .
reconflguredﬁoe{xrll é?@%p‘tp‘ghw%m?%&fne% B 'JH 68@?&6&%@%&?2@%#??@’6”’03'
operation fo fr the sheet, 68 will now be descrl bed in greater detail. Rubber
16 and fi ber Oiﬁxa\a@s‘&@l'P%W@@QW'QW@‘R?&ﬁ%&Pﬁ%%of the cylinder 5 12 from
separate supplies 72, 74 through a suitable charging port 76. As the rubber
16 and fibers 18 Aceoridmgnto thé enwedtiondiangirsumésreafiali gontioh 248 &f ooy lindrzas! y
through a drive 78 about its axis 22. Gas that is produced fromthe air and

rubber —mixtgy Aé'sotB%cﬁQ@ﬁ Yy rhSthe ﬁ.ﬁtﬂég%qggggmfggb@%eeapéw;Hﬁ%ﬁjﬁ“gewaust

port 80. Deperidi ng upon t e nature o eru t enpe in the

spac% 14 is diameter D3, is removed. The removed portion 48 is selected so as to include the
weld line 47 and a circumferentiai width D4 extending in opposite directions
therefrom, so as to eliminate the weld line 47 and rubber in the vicinity thereof in
which randomly oriented fibers 18 are embedded. To effect this, a cutting -
assembly 52 is provided at the discharge location 44 diametrically opposite to
10 where the rubber 16 is introduced to the annular expansion space 34 from the
cylinder 12. The portion 48 of the cylindrical shape 50 that is removed is severed
by spaced cutting portions 54, 56 on the cutting assembly 52, with cutting edges
58, 60, respectively, each spaced from the weld line 47 the circumferential
distance D4. The circumferential distance D4 is preferably variable.
15 The cutting takes place immediately at the discharge location 44 and is
done in a manner which allows the portion 48 to be continuously separated and
delivered to an accumulation receptacle 62. The accumulated portions 48 can be

reintroduced to the cylinder 12 for reprocessing. The remainder of the cylindrical

15



10 typically desirably within the range of 40-100C. The fibers 18 and rubber
16 are heated to a tenperature that permts thorough m xing for
thernoplasticizing to achieve a satisfactorily extrudable and nol dabl e
state. The kneading tinme is controlled so that the vul cani zati on of the
rubber is not accelerated. The flowabl e rubber 16, with the fibers 18
therein, is delivered by the 15 extruding screw 20 fromthe chanber 14 into
and through the nozzle 28 to the annular expansion space 34. The
rubber/fiber mx is extrusion nolded into a cylindrical shape in which the
| engths of the fibers 18 beconme stretched in the circunferential direction.
This stretching action becones progressively greater 16 over the

coni cal | y- shsipaee HOis deawr Bipwfardlyctoex palinB6 apos pdteh 8k bet owiadritdieshapeet0 and
di scharge |l ocations 42, 44. By reason of orienting the axis 40 of the

expansi on spRABeaAfduled aHRY radhed M thBTbIARDS aldiRet 4B Ndri cal shape 50 within

the space 34 is not” deforned under 5 gravitational forces so that it can be

extruded to a consiste hape and..size., The die el enment 38 i ,
i nsignificantly d %’&‘BI@&F rﬁ@eqpetfﬁ%%é%r g&?&@é"“&ii”@“@%é@%fﬁw,m ORAR t he

gap (W between the die elenments 36, 38 naintained substantially constant.
It is thus pdetsilblRubherpiGand &ber d§laredelivereddbdhe upstreatrhemd of thel cylinder
deformation. Preferably, the width Wof the annul ar expansi on space 34 is
uni fgrm 12 from separate supplies 72, 74 through a suitable charging port 76. As the
rubber 16 and fibers 18 are input, the extruding screw 20 is rotated continuously
through a drive 78 about its axis 22. Gas that is produced from the air and rubber
mixture in the space 14 is discharged through an appropriate exhaust port 80.
Depending upon the nature of the rubber 16, the temperature in the space 14 is
10 typically desirably within the range of 40-100°C. The fibers 18 and rubber 16 are
heated to a temperature that permits thorough mixing for thermoplasticizing to
achieve a satisfactorily extrudable and moldable state. The kneading time is
controlled so that the vulcanization of the rubber is not accelerated.
The flowable rubber 16, with the fibers 18 therein, is delivered by the
15 extruding screw 20 from the chamber 14 into and through the nozzle 28 to the
annular expansion space 34. The rubber/fiber mix is extrusion molded into a

cylindrical shape in which the lengths of the fibers 18 become stretched in the

circumferential direction. This stretching action becomes progressively greater
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10 between the inlet |location 42 and the discharge |ocation 44, whereby the
cylindrical shape 50 that is extruded is forned by a flow that noves
snoothly wvertically without interruption so as to be substantially free
frominternal strain. The die elenents 36, 38 are configured so that the die
surfaces 82, 84 on the die elenents 36, 38, respectively, project in the
coni cal |l y-shaped portion 43 of 15 the annul ar space 34 at an angle 6 that
is greater than or equal to 30 and | ess than or equal to 90. The dianeter D2
is preferably from20 to 120 mm wth the dianeter D3 from 100 to 440 mm
Preferably, the ratio of D3 to D2 is 1.5 to 12.5. Bel ow these ranges,
stretching in the circunferential direction near the discharge 17 location

44 may be inaestféa;agﬁs Eohitafy- %ﬁsﬁws?ﬁ@;ﬁpﬁatp}e%gﬁggh%% §4%Me*éﬁrtﬁe et "

t he circunferent direction at outer surfaces 0
relatively lindric shape, 50. By exceedi ng t hese ranges,
stretching i @Q(ﬁé'scﬁ?%@?@ 421 E‘bl rection may beconme excessive. In the
event that the extruding 5 pressure is |low, the cylindrical shape may be
prone to tearing. Byreassndobsriwyiigiberaxs 40aithaekpansion tspace 34ainsi vertisphce
34 between the dies 36, 38, a cooling system 88 nmay be utilized. The

cool i ng syst efiyk$iohBYhd llh@r‘i’éialtélha%'er 50/ i @RQ!s aaefémsdnof%rorﬁfedfvah&ér

through the die 36. In an exenpl ary coollng Sys , cooling water 1s
cir cug ated bygr'a@nttarat?cginu es so%at it &an Be ex{ruged to a consistent shape and size. The

die element 38 is insignificantly deflected under the weight of the die element 36,
with the gap (W) between the die elements 36, 38 maintained substantially
constant. It is thus possible to produce a cylindrical shape 50 with minimai
deformation. Preferably, the width W of the annular expansion space 34 is uniform
10 between the inlet location 42 and the discharge location 44, whereby the
cylindrical shape 50 that is extruded is formed by a flow that moves smoothly
vertically without interruption so as to be substantially free from internal strain.
The die elements 36, 38 are configured so that the die surfaces 82, 84 on
the die elements 36, 38, respectively, project in the conically-shaped portion 43 of
15 the annular space 34 at an angle 6 that is greater than or equal to 30° and less
than or equal to 90°. The diameter D2 is preferably from 20 to 120 mm, with the
diameter D3 from 100 to 440 mm. Preferably, the ratio of D3to D2 is 1.5t0 12.5.

Below these ranges, stretching in the circumferential direction near the discharge
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10 of the die 36 so that the cooling water is forcibly directed by a punp 89
through a path within the die 36 and discharged to the die 38. The renoved
portions 48 are circunferentially dinensioned to elimnate randomy
oriented fibers 18 as well as those portions of the cylindrical shape 50
havi ng a reduced thickness by reason of the collision of the
circunferentially 15 oppositely directed flow thereat. Typically, the
circunferential dinmension (D4 x 2) i.e. the arc length, is preferably 5 to
25% of the full circunferential extent of the cylindrical shape 50, and
nore preferably 10 to 25% thereof. Under 5% features of the weld line 47
may remain at both ends of the resulting sheet 68. Wth an arc 18 length

over 25% t helosatiap 44i dah bednadeguata th effeatively esiehethadengthe afthefibers 18 in
resulting sheet 68 is unnecessarily reduced. That I's, the scrap may

i ncor porate Mfduns@ré&ﬁ%aglrécmgﬁbtrbe@ug *@g@?%ﬁé&f&f SRighien of

fibers 18. As seen in Fig the cylindrical ape
ongi tudi nal VGGG cP R ab B RcRodng hthsaaeraaéwaesé%ftégcmagm they
t he renoved the portion 48 The vertical elongation percentage (E2)of the
ot her porti onsirafmietentislidiredtion ahaws bepeme@xcessikan In the eventdHgbthedéxtraling i s
| ess than the vertical elongation percentage E,. The difference in the
el ongati on (Eprdsdlird & BWEtISE BPindrival Shapenifee pRindtottBaAng W thi n
To avoid excessive heat generation in the expansion space 34 between the
dies 36, 38, a cooling system 88 may be utilized. The cooling system 88 may be
used to circulate cooling fluid, such.as water through the die 36. In an exemplary
cooling system 88, cooling water is circulated by introducing water from outside
10 of the die 36 so that the cooling water is forcibly directed by a pump 89 through a
path within the die 36 and discharged to the die 38.
The removed portions 48 are circumferentially dimensioned to eliminate
randomily oriented fibers 18 as well as those portions of the cylindrical shape 50
having a reduced thickness by reason of the collision of the circumferentially
15 oppositely directed flow thereat. Typically, the circumferential dimension (D4 x 2)
i.e. the arc length, is preferably 5 to 25% of the full circumferential extent of the

cylindrical shape 50, and more preferably 10 to 25% thereof. Under 5%, features

of the weld line 47 may remain at both ends of the resulting sheet 68. With an arc
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10 this range, sheet flaring is effectively controlled. A difference in

el ongation over 5 produces a greater elongation of the edges 90, 92
conpared to other portions of the cylindrical shape 50. This nmay result in
a flaring of the ends of the resulting sheet 68 adjacent to the edges 90,
92. As seen in Fig. 4, neasurenent of the elongation percentages E, and E2
15 can be carried out by making marks at intervals of 10 cmin the vertical
direction at the edges 90, 92 and at other portions of the cylindrical
shape 50. The first 10 cminterval is identified as L for each measuring
site, beginning i medi ately above the |ocations at which the cutting
assenbly 46 severs the cylindrical shape 50. 19 The neasured marks are

identified orenpth sher5%lj theestrapowidth bedmdsd sudls theetseaBleFp@Ertiofd, oftheX
correspond to the interval L along the edges 90, 92 at the roll 66, wthY

6
| denti i ng. tieguiibaeah 68 i8lunhBEetShiiy P HRNITIFAGL ik Osggés,s 5oy Bhofddfate

cylindrical shape The vertica ngat1 o

cal cul ated by_gdividin 5 L) and (X -L y L. The vertical elongation of

t he ot her por?tﬂSWé'SSF‘%F%é%W%HBF'ﬂQéIhaVH%Qatg‘@ ‘-’iv%s"'@QIQﬂﬁrﬁ@f&f‘ gl/fikereild ng
(Y-L)) by L. The cutting portions 54, 56 of the cutting assenbly 46 may take
a nunber of diffeAeseehdnrfeg. Asthexapipidrival shepe B0t wigerpdrawonertivdily 56 bey

each be a cutter, a knife, a laser, or an ultrasonic vibrational cutter.
The cytting pRibhdifreddnto>d sABYt form, has a vertical longitudinal elongation percentage
(E,) at each edge 90, 92 as formed by the removed the portion 48. The vertical
elongation percentage (E,) of the other portions of the cylindrical shape, other than
at the edges 90, 92, is less than the vertical elongation percentage E,. The
difference in the elongation (E,.E,) is preferably within a range of 0 to 5. Within
10 this range, sheet flaring is effectively controlied. A difference in elongation over
5 produces a greater elongation of the edges 90, 92 compared to other portions
of the cylindrical shape 50. This may resuit in a flaring of the ends of the resulting
sheet 68 adjacent to the edges 90, 92.
As seen in Fig. 4, measurerﬁent of the elongation percentages E, and E,
15 can be carried out by making marks at intervals of 10 cm in the vertical direction
at the edges 90, 92 and at other portions of the cylindrical shape 50. The first 10

cminterval is identified as L for each measuring site, beginning immediately above

the locations at which the cutting assembly 46 severs the cylindrical shape 50.
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10 be heated and maintained at an el evated tenperature to facilitate cutting
QG her cutting nmechanisns are contenpl ated. Whatever cutting portion 54,
56 is utilized, it is desirable that the cutting portions 54, 56 sever the

cylindrical shape 50 so as to renove the portion 48 to produce a sheet 68

having a uniform predetermned wdth and thickness, wth consistently
oriented fibers 18. 15 As seen in Figs. 1 and 3, a blower 96 is situated
wi thin the space bounded by the cylindrical shape 50 so that cooled air
and/ or conpressed air is directed at the radially inwardly facing surface
98 of the cylindrical shape 50 so as to inpart a circunferential tension
thereto i medi ately above the discharge location 44. 20 This facilitates

severance of The neydsurddimarks sheiderfifictor! the shelet hafcRAt {d PRS0R66. Kb sedr]
addition to circunferentially expanding the cylindrical shape 50, the cold,

conpressed fl y g ehfects ' e as, i old r scorchjng. In
a preferred fwrlﬁ]g' %‘hg'g(l ggmg’rggg%%&ng{es@gerg% l‘aaﬁrﬁrtgf\éi%(&eﬁf%%?te ef@B%%S
whi ch direct pressurized fluid froma conpressed fluid supply 102. The
nozzles 100 WitBiYidgptiying,dedatpsyaldsatdhe rqli6f alanganethareamiosetthesylindsical
inmpart a radial force around the full circunferential extent of the surface
98 to effect shapaS0oiheheried elonfationwittid edgds M@ iy kariul4ted eyidalidiagnxbe

stabilized by rapidly cooling the cylindrical shape 50.
5 L) and (X-L) by L. The vertical elongation of the other portions of the cylindrical
shape is calculated by dividing (Y-L)) by L.
The cutting portions 54, 56 of the cutting assembly 46 may take a number
of different forms. As examples, the cutting portions 54, 56 may each be a cutter,
a knife, a laser, or an ultrasonic vibrational cutter. The cutting portions 54, 56 may
10 be heated and maintained at an elevated temperature to facilitate cutting . Other
cutting mechanisms are contemplated. Whatever cutting portion 54, 56 is utilized,
it is desirable that the cutting portions 54, 56 sever the cylindrical shape 50 so as
to remove the portion 48 to produce a sheet 68 having a uniform predetermined
width and thickness, with consistently oriented fibers 18.
15 As seen in Figs. 1 and 3, a blower 96 is situated within the space bounded
by the cylindrical shape 50 so that cooled air and/or compressed air i.s directed at

the radially inwardly facing surface 98 of the cylindrical shape 50 so as to impart

a circumferential tension thereto immediately above the discharge location 44.
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10 As shown in Fig. 1, the sheet 68 extends over a guide roller 105 and is
continuously w apped upon the roll 66. Preferably, a liner 106 froma supply
108 thereof is placed against one side 110 of the sheet 68 i medi ately
prior to wapping the sane around the roll 66. While the nature of the
rubber 16 may vary considerably, exenplary, 15 suitable rubber materials
are as follows: natural rubber, butyl rubber, styrene- butadi ene rubber,

chl oroprene rubber, ethyl ene-propyl ene rubber, alkylated chiorosulfonated
pol yet hyl ene, nitrile hydride rubber, a m xed polyner of nitrile hydride
rubber and an unsaturated netal carbonate, and styrene-a-olefin 21

el ast oner nade up of ethyl ene-propyl ene (EPR) or ethyl ene-propyl ene-di en

monorer  ( EPDMihis TGRSt dehRrsnddoit cwmicgvsﬁ%ﬁ%!gm &fﬁirilno%?ghi’éwé%@h 56.

Exanpl es of then nonomers are di cycl opent adi ene, nor nene,

et hyl i dene nqrbornene,, 1.. 4-hexadi ene, and.c ooctadi.ene. 5 The fiber 18
added to the Qb%@%'ﬁ?ﬂste?'rW%f?%f@ynwwmg%ee i‘HﬂP@? SRARG 'fﬁ“ﬁe?‘?lév
pol yam de fiber, polyester fiber, etc. Cotton nmay al so be used. The fibers

18 have a | ergrhpiessed dhwid effectmeooling $rerenfisapsrotaveid rubdienseordhing. exanpl e,
aramd fibers preferably have a length of 3-5 mMm w th 5-10 mm | engt hs

Flrgfe er rlgd for pol yiana greferier forRd!thé Hidkerl B8 onsitsl of at plamlityoehezaieky+od he

5 which direct pressurized fluid from a compressed fiuid supply 102. The nozzles
100 distribute the compressed fluid in multiple directions to impart a radial force
around the full circumferential extent of the surface 98 to effect expansion thereof.
The quality of the rubber material can be stabilized by rapidly cooling the
cylindrical shape 50.

10 As shown in Fig. 1, the sheet 68 extends over a guide roller 105 and is
continuously wrapped upon the roil 66. Preferably, a liner 106 from a supply 108
thereof is placed against one side 110 of the sheet 68 immediately prior to
wrapping the same around the roll 66.

While the nature of the rubber 16 may vary considerably, exemplary,

15 suitable rubber materials are as follows: natural rubber, butyl rubber, styrene-
butadiene rubber, chloroprene rubber, ethylene-propylene rubber, alkylated

chiorosulfonated polyethylene, nitrile hydride rubber, a mixed polymer of nitrile

hydride rubber and an unsaturated metal carbonate, and styrene-a-olefin
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10 is added in an amount of 10-40 weight parts per 100 wei ght parts of
rubber. A softener, a reinforcing agent including carbon black, a filler, an
age resister, a vulcanization pronoter, and a vul cani zer nay be added to
the rubber 16. Suitable softeners include general plasticizers for rubber

i ncl udi ng phthal ate- based plasticizers such as dibutyl phthal ate (DBP) and
di octyl pht hal ate (DOP), 15 adi pate-based plasticizers such as dioctyl

adi pate (DOA), sebacate-based plasticizers such as dioctyl sebcate (DOS)
phosphat es such as tricresyl phosphate, and/or general petrol eum based
softeners. 22 In one exenplary operation, a nmaster batch is prepared by
kneadi ng rubber and short fibers by neans of an open roll or a kneader.

10- 40 wei ght glastomér beide aipeohddedenshrdPlenei (EFR)PSF @hﬁ@h&igféfo%é?@@litﬂpen
- o]

roll. The kneaded master batch is discharged and cooled to 2

prevent rubbe ! f.t oo | unt - wei.ght. parts,
is added to t gﬁ?) %eg&Ws%eﬁgnﬁj@?erﬁ hﬁa’}apgi%%B%éﬁéw%ﬁl%gﬂé”f'ﬁHﬁ\xg&gnd

t he rubber, inproves dispersion of fibers in the rubber, and tends to avoid
ent angl ement BXaEMRES | ¢feiefy Menemais oerrer dickelopaniagians- metky osbernepsy e
specifically, the softener penetrates into the fibers and acts as a

| ubri cant to ptrgli¢éate aotsorabasent4-héRadiehel akdegdobetddivhg, ubber with the

fibers therein, the mxture is extruded

5 The fiber 18 added to the above rubber materials may be, for example,
aramid fiber, polyamide fiber, polyester fiber, etc. Cotton may also be used. The
fibers 18 have a length of from 1-10 mm, depending upon their nature. For
example, aramid fibers preferably have a length of 3-5 mm, with 5-10 mm lengths
preferred for polyamide fiber, polyester fiber, and cotton. Preferabiy, the fiber 18

10 is added in an amount of 10-40 weight parts per 100 weight parts of rubber.
A softener, a reinforcing agent including carbon black, a filler, an age
resister, a vulcanization promoter, and a vulcanizer may be added to the rubber
16. Suitable softeners include general plasticizers for rubber including phthaiate-
based plasticizers such as dibutylphthalate (DBP) and dioctylphthalate (DOP),
15 adipate-based plasticizers such as dioctyl adipate (DOA), sebacate-based

plasticizers such as dioctyl sebcate (DOS), phosphates such as tricresyl

phosphate, and/or general petroleum-based softeners.
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t hrough the cylinder and communicated to the expansion die within which the
cylindrical shape is formed with the |lengths of the fibers oriented in the
circunferential direction. The continuously extruded cylindrical shape has a
t hi ckness of from1l to 10 15 mm wth staple fibers circunferentially
directed fully between the radially inwardly facing surface and the
radially outwardly facing surface of the cylindrical shape. The cutting
portions 54, 56 are situated dianetrically opposite to the |ocation at

whi ch the expansion die is delivered rubberfromthe cylinder. The portion
severed 23 by the cutting portions 54, 56 includes the weld lines and is
separated and delivered to an accunul ation receptacle. The cylindri cal

shape with the porhig excPiRERAopSralbAEmAstdrbatiH i¥ ?ﬁ%@dwgﬁei@{@%@r a

roll to produce a supply of the sheet material, usea exa , as a

conponent of a power .transmssion .5 belt. The effectiv s of fhe sent
Coventon 1's dhanet FREBUBREIATLY nORBaroll P e kpegtithy O avebbRRHS oot
met hod/ apparatus was used to produce three Inventive Sanples (Nos. 1-3). A
Conpar at | ve EX@ngridedaer peepeeight pars mekimer by Rnspasl mdi, Hine RKPEMied ptrster

m xture, as shown in Table 1, 10 bel ow, was used.
batch is discharged and cooled to 20-50°C to prevent rubber scorching. A
5 softener, in the amount of 1-10 weight parts, is added to the fibers. This enhances
the affinity between the fibers and the rubber, improves dispersion of fibers in the
rubber, and tends to avoid entanglement of the fibers with each other into a cotton-
like state. More specifically, the softener penetrates inte the fibers and acts as a
lubricant to prevent entanglement.

10 After kneading the rubber with the fibers therein, the mixture is extruded
through the cylinder and communicated to the expansion die within which the
cylindrical shape is formed with the lengths of the fibers oriented in the
circumferential direction.

The continuously extruded cylindrical shape has a thickness of from 1 to 10

15 mm, with staple fibers circumferentially directed fully between the radially inwardly
facing surface and the radially outwardly facing surface of the cylindrical shape.

The cutting portions 54, 56 are situated diametrically opposite to the location at

which the expansion die is detivered rubber from the cylinder. The portion severed
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24 TABLE'1 M xed Chemi cals Wight Parts EPDM 100 Nylon Cut Yarn 15 5
Aram d Cut Yarn 5 Stearic Acid 1 Zinc Oxide 5 Carbon Black 50 G 10 10
Age Resister 2 N, NmPhenylene 2 Cinaleimde Peroxide 8 Short fibers were
added to the rubber and kneaded through an open roll. 15 The kneaded batch
was cooled to roomtenperature. This m xture and other additives were

pl aced into a cylinder with a screw extruder, which thoroughly m xed the
conponents. The extruded m xture was delivered to an expansion die from
where a cylindrical shape was continuously di scharged. Two knives, serving

by the cutting portions 54, 56 includes the weld lines and is separated and
delivered to an accumuiation receptacle. The cylindrical shape with the portion
removed is drawn vertically to be wrapped around a roll to produce a supply of the
sheet material, useable, for example, as a component of a power transmission
5 beit.

The effectiveness of the present invention is demonstrated below by
comparative testing. The inventive method/apparatus was used to produce three
Inventive Samples (Nos. 1-3). A Comparative Example was prepared.

In making all samples, an EPDM rubber mixture, as shown in Table 1,

10 below, was used.
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as cutting elenments, were spaced in opposite circunferential directions from
a 25 weld line, located dianetrically opposite to the point of introduction
of extruded material to the expansion die. Scrap portions were renoved. The
cylindrical shape with the portions renoved was drawn vertically to produce
a sheet form The sheet and a canvas |iner were sinultaneously wound around
aroll. 5 For the sheet produced, the difference in elongation of the sheet
(El-E2), the occurrence of flaring at the edges of the sheet, and the
uniformty of sheet thickness were determ ned. The results are shown in
Table 2, below. 26 TABLE 2 Inventive Sanple Conparative Example 1 2 3 1
Rubber Sheet Thickness (nm 3 Die Expansion Ratio 3.76 Cylinder Tenperature

(C 90 (inlet location) 95 (discharge hpgats on) 5 Crcunferential Length of
Scrap 10 16 25 0

Mixed Chemicals Weight Parts
EPDM 100
Nylon Cut Yarn 15
5 Aramid Cut Yarn 5
Stearic Acid 1
Zinc Oxide 5
Carbon Black 50
Qil 10
10 Age Resister 2
N,N-m-Phenylene 2
Cimaleimide
Peroxide 8

Short fibers were added to the rubber and kneaded through an open roll.

15 The kneaded batch was cooled to room temperature. This mixture and other
additives were placed into a cylinder with a screw extruder, which thoroughly

mixed the components. The extruded mixture was delivered to an expansion die

from where a cylindrical shape was continuously discharged. Two knives, serving

as cutting elements, were spaced in opposite circumferential directions from a
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Portion *1 Difference in Elongation (E -E2) 310 7-12 *2 Flare at Ends of
sheet None Non Non Qbserved e e 10 Dispersion of Sheet Thickness: 0.24 0.20
0.14 0.39 R-Value *1: Circunferential |ength when the cylindrical shape has
an outer circunferential Ilength of 100. *2 E,: Edge El ongation; E2:

El ongation for portions other than the edges. 15 The el ongati on nmeasurenents
were made by marking at 10 cmintervals in the vertical direction on the
edges where the portion of the circunferential shape was renpoved and

el sewhere, inmmediately above the point of cutting. The 27 elongation was
cal cul ated by taking a neasurenent using the sane marks at a | ocation

i medi ately prior to rolling of the structure in sheet form As seen in

Table 2, witRydiggink)YsiHtéd Qlisraeicafly dppakit@do e Hbmt DiefFoRidRR of@&ruded
prevented by limting the difference in elongation between the edges and 5

,? Lihg[mgggt i Oqﬁalte?ia\f“t(g Iﬁ'lg e%aﬂgi%rno&fai. aéSrarpaBgﬁibnENﬁer\éaFénq(t)\i/eod? iT'?xet &ﬁin%%glt
shape with the portions removed was drawn vertically to produce a sheet form.

The sheet and a canvas liner were simultaneously wound around a roll.
5 For the sheet produced, the difference in elongation of the sheet (E,-E,),

the occurrence of flaring at the edges of the sheet, and the uniformity of sheet

thickness were determined. The resuits are shown in Table 2, below.
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was slight due to the fact that the portions were renoved, including the
weld lines and the portions inmmedi ately adjacent thereto. On the other
hand, in the Conparative Exanple, there was a significant difference in
el ongation of the edges, with resulting flaring of the sheet. The 10
variation in sheet thickness was significant because the weld lines, and
regi ons thereadjacent, were not renoved. The foregoing disclosure of
specific enbodinments is intended to be illustrative of the broad concepts
conprehended by the invention. 28 CLAIMS 1. A nethod of manufacturing a
rubber sheet containing short fibers, the nethod conprising the steps of:
m xi ng short fibers in a flowable rubber matrix; formng the flowable rubber
matrix with the fibers therein into a cyljppgrpcal shape with a
circunferential extent u3|ng a die fromwhich the flowabl e rubber matrix
departs at g-f+st—tocationtn—the—eyhnereat—shape—separatihg—a—pert{ on
of the circurnferential extent of the cyl i entiaé Samagle W Conmparatiéé owabl p
rubber matriyq with flbers therein in the cylindrical shapgxapiplefornmng the
+h + b Nt n

cylindrical ghape—wth—the—port+on—Sepgrated—hto—g-—sheet—form
1 2 3 1
Rubber Sheet Thickness (mm) 3
Die Expansion Ratio 3.76
Cylinder Temperature (°C) 90 (inlet location)
95 {discharge location)
5 Circumferential Length of Scrap 10 16 25 0
Portion *1
Difference in Elongation (E,-E,) 3 1 0 7-12
*2
Flare at Ends of sheet None [ Non | Non | Observed
e e
10 Dispersion of Sheet Thickness: [ 0.24 |0.20 [0.14 {0.39
R-Value
*1: Circumferential length when the cylindrical shape has an outer circumferential
length of 100.

*2 E,: Edge Elongation; E,: Elongation for portions other than the edges.

15 The elongation measurements were made by marking at 10 cm intervals in
the vertical direction on the edges where the portion of the circumferential shape

was removed and elsewhere, immediately above the point of cutting. The
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wher'ein the step of separating a portion of the circunferential extent
conprises separating fromb5-25%of the circunferential extent by cutting
the cylindrical shape adjacent to the first location. 2. The method of
manuf acturi ng a rubber sheet containing short fibers according to claiml
wherein the short fibers have a |l ength and the step of form ng the rubber
matrix conprises orienting the short fibers so that the | engths of the
short fibers extend in a circunferential direction in the cylindrical

shape. 3. The nethod of manufacturing a rubber sheet containing short fibers
according to claim1l wherein the step of formng the cylindrical shape into
a sheet formconprises continuously formng the cylindrical shape into a

The oyl i nr | i TQRERLHES AR Y o Meqdifefierf Sy fiiafhe FELES =t o

contai ning short fibers accordj n% to. claiml wherein the step of form ng
the flowabl e ‘Pediuy immediately aivior ita ealling of the sfepatuee infshagddera.r ubber matri x
in an annul ar expansion die. 5. The nethod of manufacturing a rubber sheet

cont ai ni ng short fAdeeen icTabldi 2\gvitrothechaentive Baniphey, fladngrof sheghédcedjerp of
cooling the annul ar expansion die. 29 6. The nethod of manufacturing a

e S A R DA AERAEE AT HETod ok
5 other portions to within an appropriate range. The variation in the sheet thickness
was slight due to the fact that the portions were removed, including the weld lines
and the portions immediately adjacent thereto.
On the other hand, in the Comparative Example, there was a significant
difference in elongation of the edges, with resulting flaring of the sheet. The
10 variation in sheet thickness was significant because the weld lines, and regions
thereadjacent, were not removed.

The foregoing disclosure of specific embodiments is intended to be

illustrative of the broad concepts comprehended by the invention.
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el ement surrounding the first elenent and the step of cooling the annul ar
expansion die conprises circulating a cooling fluid through at | east one of
the first and second elenents. 7. The nethod of manufacturing a rubber
sheet contai ning short fibers according to claim1 wherein the cylindrical
shape has a first axis and the step of formng the flowable rubber matrix
conprises directing the flowable rubber matrix into an annular die in a
direction substantially orthogonally to the first axis. 8. The nethod of
manuf acturing a rubber sheet containing short fibers according to claim?7
wherein the step of forming the flowabl%é‘MMﬁ)er matri x conprises causing the
fl owabl e rubber matrix to flow in circunferentially opposite directions
around the first axis and neet at a weld line and the step of separating a
portion of the cyAimethddadlmanifgoriringanpblies eeesenaiang sigrafilxes, theomethod | udi ng
the weld line. 9, .Thﬁ%rret hc%d of manufacturing a rubber sheet containing

short fi ber sSORRIBHE Ry SRS ol

claim8 wherein the step of separating a portion

of the cylindricaly; SriFMERih 28R waBRRABIRL kA portion of the cylindrical
shape having a circunterential w dth between circunferentially spaced ends

with the weld |i nferhisgweefiowside sibheranatfik srithabe fibess theredn ingg 2 evlindeiceshansl | y
Fpaced ende. iRy Pam AR 0B AOE A DO B SRR BRSS!
mat ri x conpratseistdyation imthe ichiéndrfchibshagd; e rubber matri x through an extruding
screw, the extr Udsieggratslggr ae &)rﬂgt\{ Io’rn t%e%irgt?rﬁf%pe%tial extent of the cylindrical shape with the
flowable rubber matrix with fibers therein in the cylindrical shape; and
forming the cylindrical shape with the portion separated into a sheet form,
wherein the step of separating a portion of the circumferential extent comprises
separating from 5-25% of the circumferential extent by cutting the cylindrical shape

adjacent to the first location.

2. The method of manufacturing a rubber sheet containing short fibers according to
claim 1 wherein the short fibers have a length and the step of forming the rubber matrix
comprises orienting the short fibers so that the lengths of the short fibers extend in a

circumferential direction in the cylindrical shape.

3. The method of manufacturing a rubber sheet containing short fibers according to
claim 1 wherein the step of forming the cylindrical shape into a sheet form comprises
continuously forming the cylindrical shape into a sheet form while separating the portion

of the circumferential extent from the cylindrical shape.
4. The method of manufacturing a rubber sheet containing short fibers according to
claim | wherein the step of forming the flowable rubber matrix comprises extruding the

flowable rubber matrix in an annular expansion die.

5. The method of manufacturing a rubber sheet containing short fibers according to

claim 4 further comprising the step of cooling the annular expansion die.
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axis that is substantially orthogonal to the first axis. 1 1 . The nethod of
manuf acturing a rubber sheet containing short fibers according to claim1l
wherein the step of formng the fl owabl e rubber matrix conprises extruding
the flowable rubber matrix in an annul ar expansion di e having a coni cal
shape. 30 12. The method of manufacturing a rubber sheet containing short
fibers according to claiml further conprising the step of reprocessing the
portion of the cylindrical shape to forma part of a rubber sheet

contai ning short fibers. 13. The nethod of manufacturing a rubber sheet

cont ai ni ng hort Thetesthodafgennaifastpring a rabber aheet gamairing sharefibsrs pes@rdiegto shape

has a first ' . she J fqr, . i S
separ at ed, acn%hﬁ]\gﬁ% lgﬁ)p%&pfa Esﬁ%l %g C? %gﬁ%eﬁfgiﬂg%%}e@eﬁm S a%gooﬁaﬁﬁgggg%ﬁggt form
conpri ses stdlahainsurgpuntimgald findélemant anb drpstpafichaling theamuldrrdparsiin ddrape has
an elongation ratio 1 at the al o he fir is and an el ongation
ratio E2 al GRYPIAES Crerledet 37 mgﬁldugf ih&ﬁg%bﬁagﬁaegﬁ%e%%aﬁ‘? &5cand F'a{nmtgf rom
the edge, with ElI-E2 within the range of 0-5. 14. The nethod of

manuf acturing a rubber sheet containing short fibers according to claiml
wher ei n t he Bt ep Tk nfashod ofgnanuéaciurimgatyiibber lisgeeontaining sharhfiberaaeoprdingiioi cal

shape conprises form t he 1.l bl e rubber .matrix jnta.a cylindrical shape
vt ng a1t 8T Rl RapeRat § RS BRML L sl f o b ol
rubber matrix comprises directing the flowable rubber matrix into an annular die in a

direction substantially orthogonally to the first axis.

8. The method of manufacturing a rubber sheet containing short fibers according to
claim 7 wherein the step of forming the flowable rubber matrix comprises causing the
flowable rubber matrix to flow in circumferentially opposite directions around the first
axis and meet at a weld line and the step of separating a portion of the cylindrical shape

comprises separating a portion including the weld line.

9. The method of manufacturing a rubber sheet containing short fibers according to
claim 8 wherein the step of separating a portion of the cylindrical shape comprises
separating a portion of the cylindrical shape having a circumferential width between
circumferentially spaced ends with the weld line between and spaced from each of the

circumferentially spaced ends.

10.  The method of manufacturing a rubber sheet containing short fibers according to
claim 7 wherein the step of forming the flowable rubber matrix comprises advancing the
flowable rubber matrix through an extruding screw, the extruding screw having a second

axis that is substantially orthogonal to the first axis.
[1.  The method of manufacturing a rubber sheet containing short fibers according to

claim 1 wherein the step of forming the flowable rubber matrix comprises extruding the

flowable rubber matrix in an annular expansion die having a conical shape.
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15. The method of manufacturing a rubber sheet containing short fibers
according to claiml wherein the step of separating a portion of the
cylindrical shape conprises tensioning the cylindrical shape in a
circunferential direction as the portion of the cylindrical shape is
separated. 16. The nethod of manufacturing a rubber sheet containing short
fibers according to claim15 wherein the cylindrical shape has a radially
inwardly facing surface and a radially outwardly facing surface and the
step of tensioning the cylindrical shape conprises directing a conpressed
flui d agai nsk2. t helheantithed of manndactiiringfaaubbeg shagt ¢andaining ghorrhberpragderstingfo

manuf acturing_.a r £ [ g r i f I lLaim1
further conp"??’gll 1%5?1? “e°°§‘¥b§%‘“ 13 Reg%%% ?“n‘ggft"g‘iel&é‘% Itqer@%(?:na(?lqgﬁé%le&gg&g Haé)%ﬁtg)lrt ion
of the cyl ifofthiagatt of habbet shestajpataitingshodfibks. The nmet hod of manufacturing a

rubber sheet containing short fibers according to claim17 wherein the
cylindrical shape has a radially inwardly facing surface and a radially

outwardly fapj ng JHirhArs &ﬂﬁaﬁu?aﬁ;tmﬁfn%& Rbbet %e}] mtéagﬁgl@y&i R8¢ G@lordif@Re

conprises spraying a cooling fluid against the radially inwardly facing
surface. 19.cldilel whernindhoéylindricd] abapehiang fiest pxibishe shehilets ao edgaionnedjatshor t

fibers according,to claim]18 erein the.cool i fluid is,.at .l eas ne of
air and o conpreusderad e thEhE ik 8o FoullFe b tiorsh i B3 helce:
cont ai ni ng sfagh kohphes stracisifg tenglihdrical shape so that the cylindrical shape has an

elongation ratio E1 at the edge along the first axis and an elongation ratio E2 along the

first axis at a location spaced circumferentially from the edge, with E1-E2 within the

range of 0-5.

14, The method of manufacturing a rubber sheet containing short fibers according to
claim 1 wherein the step of forming the flowable rubber matrix into a cylindrical shape
comprises forming the flowable rubber matrix into a cylindrical shape having a first axis

extending in a vertical direction.

15.  The method of manufacturing a rubber sheet containing short fibers according to
claim 1 wherein the step of separating a portion of the cylindrical shape comprises
tensioning the cylindrical shape in a circumferential direction as the portion of the

cylindrical shape is separated.

16.  The method of manufacturing a rubber sheet containing short fibers according to
claim 15 wherein the cylindrical shape has a radially inwardly facing surface and a
radially outwardly facing surface and the step of tensioning the cylindrical shape

comprises directing a compressed fluid against the radially inwardly facing surface.
17.  The method of manufacturing a rubber sheet containing short fibers according to

claim 1 further comprising the step of cooling the cylindrical shape as the portion of the

cylindrical shape is separated.
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claim1 wherein the step of separating a portion of the cylindrical shape
conprises cutting the cylindrical shape using one of a knife, a | aser
cutter, a heated knife, and an ultrasonic vibrational cutter. 21. The

met hod of manufacturing a rubber sheet containing short fibers according to
claim1 further conprising the step of continuously w apping the sheet form
around a roll as the sheet formis fornmed. 22. The nmethod of manufacturing
a rubber sheet containing short fibers according to claim1 wherein the
step of separating a portion of the circunferential extent conprises
separati ng al$%or tThsringhod efemanufactiringraanblesishesk eaniiningisheyt fibers aceprdingtocond
spaced conpo t . L 1S e i I of a

it o, a1 aouatn Pherkind licl e 38 4 Wl Rl A athy WERRL oRHE 0
cutter. 23. rAdiaby batdvanily freimgfsacther indghastepudiixeplishite cylimdrical shapgcahwists

fibers, the nethod c rising the steps.of: mxi.ng short fibers in a

1 ovabl e T UBPER R SICHNE (gt AEA gt e Pt BY rdBURHER SYHECFi x wi th the fbers
therein into a cylindrical shape wth an axis and a circunferential extent
and a weld Iine extending along the axis using a die fromwhich the

fl owabl e rubber rkhermsth anpfagturingfa nubler skreheonsaining shoré fibsrs perordingto

shape; 32 claim 18 wherein the cooling fluid is at least one of air and a compressed gas.

20.  The method of manufacturing a rubber sheet containing short fibers according to
claim 1 wherein the step of separating a portion of the cylindrical shape comprises cutting
the cylindrical shape using one of a knife, a laser cutter, a heated knife, and an ultrasonic

vibrational cutter.

21.  The method of manufacturing a rubber sheet containing short fibers according to
claim 1 further comprising the step of continuously wrapping the sheet form around a roll

as the sheet form is formed.

22.  The method of manufacturing a rubber sheet containing short fibers according to
claim 1 wherein the step of separating a portion of the circumferential extent comprises
separating a portion of the circumferential extent using first and second spaced
components at the first location that are each at least one of a knife, a laser cutter, a

heated knife, and an ultrasonic vibrational cutter.

23, A method of manufacturing a rubber sheet containing short fibers, the method
comprising the steps of:

mixing short fibers in a flowable rubber matrix;

forming the flowable rubber matrix with the fibers therein into a cylindrical shape
with an axis and a circumferential extent and a weld line extending along the axis using a
die from which the flowable rubber matrix departs at a first location in the cylindrical

shape;
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separating a portion of the circunferential extent including the weld line
fromthe cylindrical shape at a single circunferential |ocation; and
formng the cylindrical shape with the portion separated into a sheet form
wherein the step of separating a portion of the circunferential extent
conprises separating from5-25%of the circunferential extent by cutting
the cylindrical shape adjacent to the first |ocation. 33

separating a portion of the circumferential extent including the weld line from the
cylindrical shape at a single circumferential location; and

forming the cylindrical shape with the portion separated into a sheet form,

wherein the step of separating a portion of the circumferential extent comprises
separating from 5-25% of the circumferential extent by cutting the cylindrical shape

adjacent to the first location.
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