;' e3e68001d3~4(767T08}r .~ DP-28201 3698 METHOD AND APPARATUS FOR
MANUFACTURI NG A RUBBER SHEET CONTAI NIl NG SHORT FlI BERS BACKGROUND OF THE
| NVENTI ON FI ELM“@HE | NVENTION 5 This invention relates to rubber sheets,

as used m‘m“ ‘m“\ Ecture of power transmi ssion belts and, nore
parti cul er sheets containing short reinforcing fibers. The

i nvention is+*ai¥2cted to both a nmethod and an apparatus for manufacturing
such rubber sheets: BACKGROUND ART 10 It is known to form

| ayers of a power transm ssion belt fromrubber with shortoﬁg'Zﬁ?Qﬂ%(ﬁg
fibers enbedded therein. ft is known to m x short fibers with an

unvul cani zed rubber and to place the unvul cani zed rubber with the fibers

therein between a p¥FTHAD M@MARATL@ bOE MANY AECTURING ent rot ati onal
speeds. Through thi sARUB&ER SHERE QRINTARNING SHQRT IRBERSor i ent

substantially in 15 the direction of advancenent of the rubber through the
cooperating rolls. The resulting sheet is then cut to a width, dictated by

the particular belt confi @K%G‘ﬁbu %W@{NVEN@@%M i ncor porated, and

placed in a roll form The et an one or 201 3090 nore |ike
sheets and ts are lamnated to produce a desired

t hi ckness.'é%ﬁd}giﬁngciﬁeets are oriented so that their |engths
extend wi dt hwi se of a belt into which the sheets are incorporated, to

i nErease t he | afl bisainventidsi relatest teeruhifer sheets asoupedhimthe Inagmufactofe e
belts are conventionally serially wapped upon a drumduring the

manuf act ur poge PlrasshssioMeftsRdt hidte pbficulatlyCRITIBBE! SHtts BBMIASG Yhod
process for a V-ribbed power transm ssion bélt, or a rawedge V belt, is

carried outy A% LRk FBER: THASHEntiTHi§ aRE&EETo B&haa RN 1 SREYPSrafor

manufacturing such rubber sheets~.

BACKGROUND ART

10 It is known to form one or more layers of a power transmission beit 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

LT
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cushion ruber |ayer are wapped onto the outer surface of a cylindrical

nol ding 10 drum Load carrying cords are spirally wapped around the
cushi on rubber |ayers. One or nore conpression rubber |ayers are wapped in
turn to conplete a belt sleeve preform which is vul cani zed. The
conpression section of the belt may typically have a thickness defined by
three to four such lamnated | ayers. One or nore |layers of the sheets with
the fibers enbedded therein nmay be wound around 15 the nolqgﬁg gﬁgﬁgéo
produce a desired thickness in the conpression section, or é e. As a
practical matter, in order to consistently orient the short fibers using
the process de cr%ged aboye, the sheets nust be relatively thin. This may 2
DP- 2820 3d§9f€hﬁ'ﬁ ?ﬁﬁsya@aupmertqw&qn?@ﬁs Ao taminatedio praAsiceus depised s t o
produce the desired thickness for a particular sheet/layer. As a result,

t he manuf abiokniesg pFhee éibersray thee sheets! areadiiehtey dtathatghtp Ibagthsad@enall tipl e
sheet s/l ayers of the rubber material having the short fibers enbedded

therein. SyilghaNeidt atﬂtﬂ%]lﬁn% ApicEtheldhebf &QQ%@&QQH Woriﬂatsé%é??ﬁ?f%éra?f

substantially greaterthicknesswth consiste ori ehte ers using
an extrudi ocess enpl oyi ng an expansion die. An exenplary expansion die
i's shown iﬂggﬁbaﬁ&%oéxam ned Patent Application Publication No. 98471 1994.
The expansion die therein has an annul ar expansion space wWith a dianmeter
that increases Pbeewesiarentsilayersinlithi beltsiage coorantianally senialiyivdapped t he
space al so varies between the inlet and di scharge |ocations. Mre

particul arlipyon & ﬂmr_w'ditrih%dhe ?ﬂi‘@’lLﬂé’@tUMn%Qﬁb@eisQ.n Mdte PRy, bltdRvanticHal
internediate | ocation. The width at the discharge |location is |ess than the

ooatt on, el B IRE bR 157 e pSA Pl o Bl M Bytbhd - o

1066021 1994 di scl oses an apparatus_in which cytter severs a cylindrical
ol ast oror 45larls CEORE U A5 OROWE. B 08 MHTRCTARIE (Gt & Reveiind CRINASARY o

direction continuously as the cylindrical shape discharges froma die. Wth
t hi s mecha¢ishion auberdapéer angt wrapped onto the outer surface of a cylindrical molding

10 drum. Load carrying cords are spirally wrapped around the cushion rubber layers.
One or more compression rubber layers are wrapped in turn to complete a belt
sleeve preform, which is vuicanized. 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



3 DP- 28201 3090 continuously fornmed so as to allow the cylindrical shape
to be fornmed into a flat 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 circunferenti al
direction as mght disturb the orientation of the fibers that may 5 occur
as a result of non-uniformshrinkage. The problemof flaring is avoi ded by
mai nt ai ni ng equal di stances between the cut ends of the sheet and the
center thereof. | n this conventional expansion die arrangdtr820/30R0
orientation ratio is three-dinensionally adjusted by a) controlling the
space width ratios between the 10 entry |l ocation and internmedi ate | ocation
and t he i nilimataly egquitedbetsuperiopdsitios o augerous sheéats to pjodube thedésired t he
entry and discharge |ocations, and c) the sectional areas. Because the

t at £ Ofd I , h
o Tt iiksgiars ELAGHILURG ASESIRUNE matiyBhi Al B, Shape
15 In the ab d ' t st bb di t ed
1 om hor | 2RI g by FexPaslaBinem HEls Hieeshhtpr bR IUEhe Balsafl i on

die. By reason of the orientation of the axis of the expansion die in a
vertical diaving thenshomfieerssgmbeddeditheseioh as defl ection, can be made
relatively small. Resultingly, the 4 DP- 2820/ 3090 t hi ckness of t he

cyd i ndrical shaps abbil thiss protiemdads khowheoesEaNSboer Shéets 3 shesepaaiypt ent |y
mai nt ai ned. However the constructi on descri bed above has sone dr awbacks

the 5 expaerish SR BT clRRleARRMPTHEOH BRrsh Bl RERIdWoRe 8 (e
o BBl 8 AR e MR T
split flov@mploying p plary expansion die is s panes
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



converges at a second weld line at a dianetrically opposite |ocation. The
converging flows at the second weld |ine produce a random orientation of
the fibers thereat and potentially a non-uniformthickness. 10 Preferably,

t he di scharging cylindrical shape will be axially cut at the weld lines 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, bounding the cut produced at C
expand at an angle a, a' to vertical, between the point of

and the |l ocation where the roll Ais |located. Accordingly, @g iéﬁ@9@f t he
cylindrical shape 15 are significantly stretched vertically to facilitate
the rolling shown in Fig. 5 whereas other portions, such as those

di anet ri catAntinsieHsk/| fpémﬁd soras inaliaw the cylindricainshanestonbe farered indd Byflat
stretched to any significant extent. It has been found that when the

| engt hs D, sH2etofAit Bebionges s cErndri@QIm bétveleRChE i ah@¢Ré cafle@dislad he
| ocations 5 DP- 2820/ 3090 E, E' at which the edges B, B engage the roll

Femai - as D GEHZOBING Wizl o @Al G shiifietl f&ﬂé oMhsdn? BRfeY e

fini shed sheet. SUWARY EH]J; THE I NVENTION 5 I n one fo the invention is
directed tiaCHmigi el AR Mg dastrarpotberor@ﬁéaiton@ﬁmeﬂherﬁghemay

fibers. The nmethod includes the steps of: mxing short fibers in a flowable

rupber matodour dsoa result dfiveonFloiferhl shrinkbber Tat proklem ohflateg fs desided ber ei n
into a cylindrical shape with a circunferential extent; separating a

portion of fal‘rﬁ?ﬁruggl Caﬁf&@iérﬁﬂesea@t@elﬁn fr@mut Eﬁdgwf'tw@%hee! 3ﬁ@@rﬁ)@ceﬁr&¢

form ng the cy he portion separated Into sheet
form The ?}?e%) fof formng the rubber matri x may involve orienting the short
fibers so he |l engths thereof extend in a circunferential direction in
the cylindrical shape. The step of form ng the cylindrical shape may

i nvol ve conti nubu#iy coprvantienal xpeesiep dindrangersentphe erigntationew@tiofisr m

whi |l e separating the portion of the circunferential extent fromthe

cyl i ndri cathrebatmdensionally 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 grientation 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



6 DP- 2820/ 3090 The step of formng the flowable rubber matrix may i
extruding the flowabl e rubber matrix in an annul ar expansion die. In
form the cylindrical shape has a first axis and the step of formng
fl owabl e rubber matrix involves directing the flowabl e rubber matrix
an annular 5 die in a direction substantially orthogonal to the first
The step of formng the flowable rubber matrix may involve causing th
fl owabl e rubber matrix to flowin circunferentially opposit i j
around the first axis and neet at weld line, with the- stehsggkggéhbg
portion of the cylindrical shape involving separating a portion inclu
the weld line. 10 The step of forning the fl owabl e rubber matrix may
a

i nvol ve adibigieiesg afttbefqyindrical shapee

trist extrudedriouhh expassionudiencersbe

with the extruding screw having a second axis that is substantially

or t hogonal cérssisteatly inisihtaiéd . Hohevet,ahe YonkRictiohddddteibEl AR eehdsuding
matrix may involve extruding the flowable rubber matrix in an annular

expansi on

\ang a coni cal shape. 15 The nmethod may further inclu

step of reprocessing a portion of the cylindrical shape to forma par

rubber sheet co%ai nj ng short fibers. The ste
the cylindrical

of separating a portio

RAI" AR ISPR AGTORS BRAABSIORWNIENRIES R IRGATING fow to the

circunferential width between circunferentially 7 DP- 28201 3090 spac
ends) wi t hexpensieh ddiei te dffectvamifoand cisqanfaderitiab ndistibbtiofi vfhéheimaterial.
inferentially spaced ends. In one form the separated portion of the

circunt ereﬂ&&:@ﬂdi@?,e%twbﬁi ?lﬂe tié‘qo}frﬁ@@%tofhépgirﬁ%o?fdi%‘r%icgrﬁt athe gglitaﬂ?w

circunferenti al e

axis, the

the step ofPT¥EERPY AeSEANCh e

10

15

t. 5 one form the cylindrical ape h I

B BRA PR SIS FEE !t aeB B MG BhS8ue” SRR T

converging flows at the second weld line produce a random orientation of the
fibers thereat and potentially a non-uniform thickness.

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, &' to vertical, between the point of incision at C and the
location where the roll A is located. Accordingly, portions of the cylindrical shape
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
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'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
axis and an elongation ratio E2 along the first axis at a | ocation spaced
circunferentially fromthe edge, 10 with E,-EZ within the range of 0 to 5.
In one form the step of formng the flowable rubber matrix invol ves
formng the flowable rubber matrix into a cylindrical shape having a first
axis extending in a vertical direction. The step of separ atb@g @O@%@bi on of
the cylindrical shape may involve 15 tensioning the cylindri ca% shape in a
circunferential direction as the portion of the cylindrical shape is

separated. _The tensioning of the cylindrical shape nmay involve directing a
conpr essedEf iaiﬂ V‘Q@Q’l‘ E’é@ %Qgteéoélvalﬁl %ngﬁﬁﬁamﬂ {olk écﬁﬁ@e%%@f%ﬁf@ma/alue, the

DP- 2820/ 3090 The method may further include the step of cooling the

cyl i ndri caklospatien a thieecplindricah sbépe meay yemady iasab draEment stegpgriued. | n
one form the cylindrical shape has a radially inwardly facing surface and

a radiall yoauiMgataringdshébriehdmgon M finisheq Shegr. of cool ing the

cylindrical shape 5 i1nvolving spraying a coollng uid against the radially
inwardly facing surface. The cooling fluid nmay be at | east one of air and a
conpressed gas. The nethod may further include the step of cooling the

annul ar expansion die. In one form the &ﬁ?‘ansi on die has a first el ement
and a cooperating 10 second EYMMARY L ToENVIEGNTHNf i rst el enent, with the
step of cooling the annul ar expansion die involving circulating a cooling

flgid through ainbeefirmtige bhvehtien idirettedtd aaneivd of hearRifacturing e retbisgr of
separating a portion of the cylindrical shape may involve cutting the

parat _, i Tngthe ©
on 15 ul {1 Soen SoUHTAR RR Rerd, M fetfod MRElpALb epR of Pigfla Sl °"

step of Co%o'ar%ulr? ‘é?l'o%a‘%ﬁé‘ Ribber rﬁaqu;?gr%%}'ng 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.



formaround a roll as the sheet formis forned. 9 DP- 2820/ 3090 The
invention is further directed to an apparatus for manufacturing a rubber
sheet contai ning short fibers, each with a |l ength. The apparatus has a
first space in which a flowabl e rubber matrix can be m xed with short
fibers, an annul ar expansi on space in comunication with the first space
and having a discharge 5 port through which a cylindrical shape formed in

t he annul ar expansi on space di scharges, and a cutting asseq@té ?@éb first
and second spaced cutting portions for separating a circunf ﬁ &gortion
of a cylindrical shape discharging through the discharge port. In one form
the first space_has an extruding screw therein for m xing and 10 advanci ng
a flowabl e rubbbhe iR Piiofming thepkoviatie sulgber matrkemayinvolvmextredingthe t he
annul ar expansi on space has a second axis that is transverse to the first
axi s and tfrevablestbseamatrnid amanh@ar exgensiorodiespace are rel atively
situated so that the flowable rubber matrix with short fibers therein is

directed al ong fn;tg\efﬂoﬁﬁtth% ndlf h9§eﬁb§§tﬂrs‘i%§&% hgskﬁ%ﬁgl engrthe

expansi on space so that ort are ori ente ths of

t he short i bers extending.circu i.a the cylindrical shape
wtthi n ¢ heloARbIEaT PARIER fecig thaisaer MarBie #BARPUIRRe

fl owabl e rubber matrix with fi bers therei ninthe first space is introduced
t &5 t he anndiedn aetiprotionaubstardiallgorthoponalitoltioe fitst@xis.wi t h t he cutting
assenbly |l ocated dianetrically oppositely to the first |ocation. The

appar atus may fyhghesp bﬂ%mﬁ%%@%b@@té ﬂgabreemhﬂcfhgyfr%hﬂé:@aur%gtth@g 5
portions of the cylindrical ape renoved by the cutting assenbly. The

eppar 2t s AT BREr AREEAEd D PRI SRRI kRl BB eirathg v ch
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 flowabie 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



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 |east one nozzle for directing a fluid at
a cylindrical shape discharging through the discharge port to thereby one
of cool and circunferentially expand a cylindrical shape discharging

t hrough the discharge port. The apparatus may further include at |east one
of a source of air and a 15 conpressed fluid to be supplied E&Stng &4 | east
one nozzle. The apparatus nmay be provided in conbination mﬁP a Igmable
rubber matrix having short fibers therein. 1 DP- 2820/ 3090 BRI EF

1
DESCRI PTI ON OF THE W NGS Fi .1s a schematjc representation of an
appar at us ?Qﬁcerﬁjarﬁﬂ‘gsﬁﬁ'ﬂi‘ %Gawgﬂﬂ)é@e ?ﬁ@’é@e%cﬁﬂdaiﬁﬁ?ﬁﬁd shem eechepk the
according to the present invention; Fig. 2 is a cross-sectional view of a

part of therdumtenentiallyegmaaedtamsdsin Fig. 5 1; Fig. 3 is an elevation view of
the inventive apparatus 1 taken fromthe left side of Fig. 1; Fig. 4 is an

el evation view g oaeHih| @ derm%eﬁomehgﬂitﬁé cﬁreaﬁq;ér%nhsﬂ Sefitlls gﬁgﬁegni . 4

transition between a cylindrical shape and a sheet tfornm a

fragmentary, el evati.g Lew of a part of th pparatus in Fig. 1 show ng
the transi %’qn@ﬁ %frg'éff’{gﬂ}éﬂ‘&ys{ﬁga‘ FﬁB‘tﬂ@FerﬁH{'%quxi‘Fnatbet ween the cylindrical shape
and sheet form DETAI LED DESCRI PTI ON OF THE DRAW NGS Referring initially to
Fi§s. 1-3, an appenafersn.itbe avlindiical shapadias a fitshexis1 thessheat hasmmedgeg
short fibers, according to the present invention, is shown at 10. The

appar at us ffimeasatawhigle thegiortién W $dparatdd)aatingl st Nt thensyiadrddelwi t hi n

whi ch a fl owabl e rubber 16 containing short fibers 18 is m xed/ kneaded. An
12 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 axis and an elongation
ratio E, 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.



DP- 2820/ 3090 extruding screw 20 within the space 14 is rotated to m x and
knead t he rubberlfiber mx and effect advancenent thereof al ong the
rotational axis 22 of the screw 20 in the direction of the arrow 24. At the
downstream end 26 of the cylinder 12, a nozzle 28 is provided. The nozzle
28 has an outlet end 30 with a dianeter Dthat 5 is reduced fromthe

di aneter D1 of the space 14. A transition nozzle portion 32 converges from
the cylinder diameter DL to the outlet diameter D. The cylgggggzéioﬁfnnects
t hrough the nozzle 28 to an annul ar expansion die 33. The L

comuni cates through the nozzle 28 to an annul ar space 34 defined by the
expansion die 33. The annul ar space 34 is defined between a first 10 die

el ement 36 and Tdeswetind aay furtberdneludsthestep of aeelingrttis cylingdricat shapt as

el enent 36. The die elenents 36, 38 are configured so that the annul ar

space 34 hps p@rtﬁubstmetd;)ainkmcwrgrfa@@m;%gémé{uj hr oughout. The cylinder 12
and die elenents 36, 38 are arranged so that the axis 22 coincides with the

| is 4 4 ) ' 8, 38.
The axes 22, 40758 MEnchoAhaER Fhack v AR ety G ERE O chi ng
[ i cal, d] [ Wih thi , . the fl bl e rubb 16 with
neshor {3 AN GEVERGHCPRNGESYTIAce ORIA 486 SIPR WecamingItEF CURUISabE RS on

inlet location 42 adjacent to the bottom of the annular space 34. Near the
i et | ocdhvaningXprahiegaanpodling fyidagabt ik radiitly2BRaErdY &ilpsudaceer t i cal
|l ength L1 with a substantially uniformdianeter D2. The annul ar space 34

| noreases in dipHELssify AGKARSY B8l IE3F0n8 XN &7l bichiapesbagadi on 43

t hereof having a vertical length L2. At a discharge port ion 44 at the
top of the ann r space 34 . the annul space, 34 .has, its |argest dianmeter
0a" whi ch 5 ext DRuERB0GS raey whbEr ARidethe REAT B MBin® ARnuRL AR EInAe Sa.
Accor di ngi)%é t he annul ar space 34 functions as an expansi on chanber in

whi ch inc ng flowabl e rubber 16 with fibers 18 therein is distributed,

with the circunferential tension on
In one form, the expansion die has a first element and a cooperating

10 second element surrounding the first element, with the step of cooling the annular
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 involve cutting
the cylindrical shape using one of a knife, a laser cutter, a heated knife, and an

15 ultrasonic vibrational cutter.

The method may furtherinclude the step of continuously wrapping the sheet

form around a roll as the sheet form is formed.



the rubberlfibers increasing frombottomto top. Because the axes 22, 40
coi nci de, the kneaded rubber 16 with fibers 18 10 m xed therein

comuni cating fromthe space 14 into the annul ar expansi on 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 flow ng
rubber 16 with fibers 18 therein converges at a vertical wehglokb@godly- INn
the two converging flows, the 15 lengths of the fibers 18 are conS|stentIy
circunferentially allgned At the weld line 47, the collision of the

opposi tely movi ro ers 18 to, randon I ent

line (not sho fﬁ%ws gﬁeﬁﬁ'@c}?ﬂb@t WW?Wﬁ? XW{LEWQWHQQP" 14

DP- 2820/ 3090 fl ow, i ncom ng in a horizontal direction from the cylinder 12,
is di verte@hetezbcwetaimioglshbdrﬁbexepmsh<wi|thimbogtmeTmamaatl@dp&anfimssme 34.
According to the invention, a circunferential portion 48 of a cylindrical

shape 50 dhs\ﬁh%lhgé Wﬂﬁa’b@hﬁ%r%@#l@éa@b@%é&‘wﬁtﬁ%r@ﬁbé@ die¥hA@at he S
dianeter D3, is renoved. The renoved portion 48 is selected so as to

include th t te [
opposite RS 41%8%1 %ewqm%ngda'il%wg{g]% frjﬁg 3&%9% %8%% Eg}é%@%d
rubber in the VI ci ni t% t hereof in which randorﬂt)(1 oriented fibers 18 are
enbedded. Rt &hmaeigh wics a gylindricehghapsstarmeg inothesaniuan esepnaion fpace

di scharge location 44 dianetrically opposite to 10 where the rubber 16 is

i nt r oduceddisoharyesaandl arciatingrrssembhp daeingdfifst amd isecoryd i spaeed 1euttidge
portion 48 of the cylindrical shape 50 that is renoved is severed by spaced

ggf“ ng po En‘tnB §f5&”s Cp% o Cegﬁ?tﬁHféréﬂgal ﬁéﬁﬁ?ﬁlﬁﬂé c‘sﬁnd él%hﬁHéHié&ﬂaF‘&H@Zl 58,

respec |ve romthe we ne "4/ e cl rcunterent
di st ance The..ci r.cunf eren distance D4 is preferabl y variable. 15 The
cutting ta FQu hhH&Ped Frﬂ% C?Jty at the discharge |ocation 44 and is done in
a manner whi ch allows the portion 48 to be continuously separated and
delivered to anlmecefaimthefirstspape Hesanaxtruting serewiireie dopBin®ARd 48 can
be reintroduced to the cylinder 12 for reprocessing. The remai nder of the
cybi ndri cahdvancing 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



15 DP- 2820/ 3090 shape 50 is drawn upwardly to a roll 66 upon which the
cut cylindrical shape 50 is reconfigured and wapped in the formof a sheet
68. A manufacturing operation for the sheet 68 will now be described in
greater detail. A master batch of rubber 16 and fiber 18 is delivered to
the upstream 5 end of the cylinder 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 continously through a drive Zﬁ %39@ é(}s axi s
22. Gas that is produced formthe air and rubber m xture i ? Bgce 14 is
di scharged through an appropriate exhaust port 80. Depending upon the
nature of the rubber 16, 10 the tenperature in the space 14 is typically
desi rabl y wi t hi'R aneforanthe fiawakde teoker mﬁfélxwltbxefrt@rweiﬁm inthedrst space e
heated to a tenperature that permts thorough m xing for thernoplasticizing
t 0 achi evds éntseducsfdhiot thei dnnwart exphrisien spdcaret ddindtdosdidrg wilfhthekaatied ng
time is controlled so that the vul cani zation of the rubber is not

accel er at therein, is

del i vered t yiS ext P%&ﬁﬁgeﬁ'& @p%ég{e?)?tootmth rétqﬁé oé,f 14 into and through
t he nozzl e 28 to the annul ar ansl The rupber/fiber mx is
extrusi on nol de eﬂpgargt%mpmﬁ; LE Hgﬁ Cpﬁeéﬁ'ﬁdﬁc?mctééﬁb??@”mla?%
fibers 18 becone stretched in the circunferential direction. This

st§ et chi ngpations of e oytindripaliapesientdvedgycthiessuttigy ass#mbg20/ 3U90 over the
coni cal | y-shaped portion 43 of the expansion space 34 between the inlet and

di schar ge | ocatTR@apAZratdmalPiurkiRasiudé aWin@ng b@Qethg Hairgg 4 lidrob e
expansion space 34 1n a vertical direction, the cylindrical shape 50 within

the space Jgchs,BBL: el IR iHANSI: ASANILARMinl BLEGwRRAkRRL 1t can be

extruded to CONsr's shape

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
ata 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



die element 38 is insignificantly deflected under the weight of the die

el enmrent 36, with the gap (W between the die elenents 36, 38 nuintained
substantially constant. It is thus possible to produce a cylindrical shape
50 with mninmal deformation. Preferably) the width Wof the annul ar
expansion space 34 is uniform 10 between the inlet |ocation 42 and the

di scharge | ocation 44, whereby the cylindrical shape 50 that is extruded is
formed by a flow that noves snoothly vertically wthout intﬁPJ%E@g@ﬂéso as
to be substantially free frominternal strain. The die el enments , 38 are
configured so that the die surfaces 82, 84 on the die elenents 36, 38)
respective rQi i h i.call y- ed portion 43 of 15 the annul ar
space 34 aéﬁﬁﬂpéﬁgﬁghﬁﬁf%§¥%Ng?gkéﬁéé&wiﬂgg or equal to 30 and less than
90. The dianeter D2 is preferably from20 to 120 mm w th the dianeter D3
from 100 to 440Fign1 iPraesehambljg rapneserdaiian of aD&pparddds ifer rhapufactutihgba Bel ow
t hese ranges, stretching in the circunferential direction near the

di schar ge Qibbér shBEt ASRAINIPOndroABsisOBcddtdiiytohfe] ehion; ef f ecti vel y

orient the lengths of the fibers 18 in the Circunferential direction at the

radially inner d outer_surf f.a relatiy, thick cylindrical. shape
50. By exceedi ng{ér h%téeaeF%%éésse?&agﬁ?@f%\%ioﬁé Haﬁ{ ?ﬁbgéri“f'eéﬁ%e@%@ﬁfgﬁﬁ Wit i on
may become excessive. In the event that the extruding 5 pressure is |ow)
the cylindfical shape nay be prone to tearing. To avoid excessive heat
generation in the expansion space 34 between the dies 36, 38, a cooling

system 88 nmay bEigui3iikiareslevdtion viewlofitige fwehdve 3Bpamude talsadfrom thieriettl at e
cooling fluid, such as water through the die 36. In an exenplary cooling
syst em 88, siggqui,:q yater is circulated by introducing water from outside 10
of the die so that the cooling water is forcibly directed by a punp 89

through a path within the dige 36 and discharged to the di 8. The renoved
bor 1 ons. 45 ar eFia AR ATLRIENeon Vipwh A RGRbRE THBbS Tafar hal i emeys T
oriented fibers 18 as well as those portions of the cylindrical shape 50
havi ng a r sdddedransitiineekvasy a edinghicak shape and pisspehfosm; end
circunferentially

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



15 oppositely directed flow thereat. Typically, the circunferenti al
dinension (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 DP- 2820/ 3090 | engt h over
25% the scrap width becones such that useable portion of the resulting

sheet 68 is unnecessarily reduced. That is, the scrap may i I
ot herwi se useabl e conposition having the desired orientati OIE?%@E@?@%(?S 18.

As seen in Fig. 4, the cylindrical shape 50, when drawn vertically to be 5
reconfigured ipto a sheet for has a vertical |ongitudinal elongation

per cent ageeYtE’,Cy”%ﬁcr@&’c?p wilgie tg]g§p§ge Hisraiateditapixand knaasibe rubkergideri on
48. The vertical elongation percentage (EZ) of the other portions of the

cyl i ndri camixshiag effect ddvanicearenthéref eldpgih®totatidnali sxid 238 of thwascree20
vertical elongation percentage E~. The difference in the elongation (E _E2)

i's prefer ﬁhltpev&iﬁe@han Bf fergg]a@o@ifgzg APth%-chﬁé’ci'ébrﬁ%rfohié or@;gghmala?%, flaring

is effectively control erence 1 n elongation ov produces a

greater elongatign of the es 9 conpar to .ot her portion f the
cylindri CarPO%E%Bg '%B'fov*é]ﬁdseﬂg?/npégglzg%]% ?‘l‘@gieﬁ‘& &W&hé diametes g}?é
resulting sheet 68 adjacent to the edges 90, 92. As seen in Fig. 4,
melsur enenis reguced frefoihgadinmetercPt of thayepac 14nd Ensitore nozdle poatiari 838 out
by making marks at intervals of 10 cmin the vertical direction at the

edges 90, &ahastdedfront thel cylietker Biasnalér Dheo &vé budét iame®drape 50. The first
10 cminterval s identified as L for each nmeasuring site) beginning

eyl i ndri cal shapge Bgmeg 2 oiRBeS bt it 2d I déh ATRRIPERRRIET T
Lo the i nt ShvENe EParadq aarmuakatesbioush e rerzie gBlogs) antuiar space 547"
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 throughout. 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



with Yidentifying the interval L at the roll 66 al ong anot her portion of
the cylindrical shape 50. The vertical elongation of the edges 90, 92 is
calculated by dividing (X5 L) and (X -L) by L. The vertical elongation of
the other portions of the cylindrical shape is cal cul ated by dividing
(Y-L)) by L. The cutting portions 54, 56 of the cutting assenbly 46 may
take a nunber of different forns. As exanples, the cutting portions 54, 56
may each be a cutter, a knife, a laser, or an ultrasonic vi i 0

cutter. The cutting portions 54) 56 nay 10 be heated and né&%%g#%gﬁbQﬂ: an
el evated tenperature to facilitate cutting . Qther cutting nechanisns are
contenpl ated. Whatever cutting portion 54, 56 is utilized, it is desirable
that the diasangries dength [Bawitb@ sehstantially wylormddiacetersbBapdt&oamwias t o
remove the portion 48 to produce a sheet 68 having a uniform predeterm ned

wi dth and dgriceksrepereades!in @mﬁé@gfﬁdrésgpélg@wedafcbhﬁ;éﬁy%ﬁapé@péﬁioﬁ&@ in
Figs. 1 and 3, a blower 96 is situated within the space bounded by the

cylindric : L ed gir.: / I L. Js djrected

2 the radnarRENRR SR PRl R LEY (T e 8RR pRRRRRGH Alfe LRSS co

as to inpart a circunferential tension thereto i medi ately above the

di schar ge 386aG5 §Ragg 342¢he anmuan apacw G4Thes; itsdaraast diareteryBdamkichof t he
cylindrical shape 50 by the cutting portions 54, 56. In addition to

cig cunf er emiteadis yvex pdedgthd 3 bethey tophdf theadnraapspa?, 34 heAagwotdinglgothe essed
fluid effects cooling thereof so as to avoid rubber scorching. In a

preferred 4oy éﬁ'&‘ce@ﬁfgfﬁﬁiﬁrﬁs d&?%ﬁie%gén%n %hBHt%?H \{Rj/?ﬁgﬂ‘lﬁﬁ)iﬁ@b?é%@%]g

whi ch direct pressuriz roma conpresse

nozzl es 100, distri bytge the ¢ ressed fluid in nmultiple directions to
part o THPaT oL ia deanpRu e et B drePrdeiesiB s Rt £ ace
98 to effect expansion thereof. The quaNty of the rubber material can be
stabil i zedhsyUbggr/ﬂbgrsa@@paa@gtfmcbﬂl mitd Rl shape 50. 10 As shown in Fig.
1, the sheet 68 extends over a guide roller 105 and is continuously w apped
upon the roll 6Becilisd theadmes 22, 40 BoinciRS tHe kmeadetiubber 168vith ébesf18 s

pl aced agai nst one side 110 of the sheet 68 imedi ately prior to
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

14



wr appi ng the same around the roll 66. Wile the nature of the rubber 16 may
vary consi derably, exenplary, 15 suitable rubber materials are as foll ows:
nat ural rubber, butyl rubber, styrene butadi ene rubber, chloroprene rubber,
et hyl ene- propyl ene rubber, al kyl ated chl orosul fonated pol yet hyl ene, nitrite
hydri de rubber, a m xed polymer of nitrite hydride rubber and an
unsaturated netal carbonate, and styrene-a-olefin 21 DP- 28201 3090

el astomrer nmade up of ethyl ene-propyl ene (EPR) or ethylene-gﬂpﬁghﬁgﬁxpien
nononer (EPDM) . These rubbers may be used by thensel ves or in nixilre.
Exanpl es of dien nononers are di cycl opent adi ene, nethyl ene norbornene,
ethyliden§ nor bornene, 1, 4-hexadi ene, and cyclooctadiene. 5 The fjber 18
added to {R¥. MEANAINGREHoNRONER! diestion fometherqylindsiata i divarigdite vertisal |

poi yam de fiber, polyester fiber, etc. Cotton may al so be used. The fibers
18 have a foeexpansién fntohd ahOulemexpapsonlispgecaifdn their nature. For exanpl e,
aramd fibers preferably have a length of 3-5 mmm wth 5-10 mm | engt hs
preferred for ider S | e i ‘ t y, the
i ber 16 10 1 s aduna o e Ik eRfo o ey irEntaf PanbR A0 A EENELRE]:
parts of ruybber_ A.softener,. a reinforcing agent includin rbon bl ack, a
Pl o arshape soiSarGhy o M Ranhb Srteisy sPas 4 duf daitemmy ' be
added to the ru bber 16. Suitable softeners include general plasticizers
fof rubberdigmeterddhds iRt Eneearaeves pRItipoMBds selegisd spsasiicjoelydptial at e
(DBP) and dioctyl phthal ate (DOP), 15 adi pate-based pl asticizers such as

di octyl adigatknd BPANNd S loreainterbatsidwitia D4 extiding We lopposile Aitetiogebcat e
(DCS), phosphates such as tricresyl phosphate, and/or general

et o1 U BB 825 Bt PSR A0l ARG FRREh o) 2
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
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and short fibers by means of an open roll or a kneader. 10-40 wei ght parts
fi ber are added per 100 wei ght parts polyner by an open roll. The kneaded
master batch is discharged and cooled to 20-50C to prevent rubber
scorching. A 5 softener, in the anmount of 1-10 weight parts, is added to
the fibers. This enhances the affinity between the fibers and the rubber,
i nproves di spersion of fibers in the rubber, and tends to avoid

entangl ement ofthe fibers with each other into a cotton |ilkg s{ale.,,Mre
specifically, the softener penetrates into the fibers and acts as é

| ubricant to prevent entanglenent. 10 After kneading the rubber with the
fibers therein, the mxture is extruded through the cylinder and

comuni cat SR Hedt@vhHRVEFAMIR 2Pl BE HPRAIVWHCR e eyl oyiadiicahishsRa$d i s
formed with the lengths of the fibers oriented in the circunferential

di r ect i on. isTeeornf@ured aodsisappet i tedfomylof mdsHeztlé8shape has a thi ckness of
fromlto 10 15 mm wth staple fibers circunferentially directed fully

bet ween t he radj i I i %ﬁ% AdiEn | & : |y
faci ng surface %ﬂ%%gé@%pﬁﬁ;@éh@%@%% e 838@“ ng épor @é&é'@g{é@é’dare
situated diametrjcall site to the logatign. at which the expansion die
i s deliverda® ub%é?a?tébﬁgf eOfInyPhﬁaig.anﬁh o f%qely@\ﬁ?%gﬁupg‘tream

DP- 28201 3090 by the cutti n% portions 54, 56 includes the weld lines and is
separ at ed GRd efelthes cqylindern 12nfragt saperate osuppéeeplaci4. thoughe @ istdableal
shape with the portion renoved is drawn vertically to be wapped around a

roll to prodargihgpesdFpl YAsthet ubbeht@anddibers 48 are seal tbe ekbudiamgessppew, as a
conponent of a power transmission 5 belt. The effectiveness of the present

invention 28 igdanenet raintidobsly awdughcarpnears ubdigdtsi ags 2Phe Gy endt e
met hodl appar at us was used to produce three Inventive Sanples (Nos. 1-3). A

Conpar at i vgrdetRER!frmidise Bir SPATEEber MixiREI iR hébpas P iLisciidtgEFMJughber

m xture, as shown in Table 1, 10 bel ow, was used. 24

an appropriate exhaust port 80. Depending upon the nature of the rubber 16,

10 the temperature in the space 14 is 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

16



DP- 28201 3090 TABLE 1 5 10 M xed Chem cal sWi ght Part sEPDMLOONyl on Cut
Yarnl5Aram d Cut Yarn5Stearic Aci dlZi nc Oxi de5Carbon

Bl ack50G | 10Ant i oxi dant 2N, N-m Phenyl ene Di nal ei mi de2Per oxi de8 Short fi bers
wer e 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
placed into a cylinder with a screw extruder, which thoroughly m xed the
conponents. The extruded m xture was delivered to an expans'p_rig%/e()éd om
where a cylindrical shape was continuously di scharged. Two Kni'VéS) Serving
as cutting elenents) were spaced in opposite circunferential directions
froma 25 DP- 2820/ 3090 wel d |ine, |ocated dianetri cal I}é opposite to the
poi nt of iAY§FaacONebEhaRed RAEIP erthalexpensipe serpadd ibshvesrethesalehp
portions were renoved. The cylindrical shape with the portions renoved was
drawn vert acaldischzogplondtions 42s4et form The sheet and a canvas |iner were
si mul taneously wound around a roll. 5 For the sheet produced, the

difference in ebgqggg&pegﬁﬂerﬁtﬁfg %%ief)&s Qg,o;ﬁg%eéé]%%g&f%#é £HLE, vaef‘dc%rli ng at

t he edges of the’sheet, ormt CKness were

determ ned.,. The result re shown Ln Table 2, below. 26 DP- 2820/ 3090
TABLE 2 109W¢ g}ﬂ,it?)@ gﬁﬂtgqlm!;ﬁ@eaw \y\gthhl)n the space 34 is not deformed under

5 gravitational forces so that it can be extruded 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. |t is thus possible to produce a cylindrical shape 50 with minimal
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 90°. The diameter D2 is preferably from 20 to 120 mm, with the diameter
D3 from 100 to 440 mm. Preferably, the ratio of D3 to D2 is 1.5 to 12.5. Below

these ranges, stretching in the circumferential direction near the discharge

17



Exanpl el231Rubber Sheet Thi ckness (nm 3D e Expansi on Rati 03. 76Cyl i nder
Tenperature (C) 90 (inlet |ocation)95 (discharge |ocation)CG rcunferential
Length of Scrap Portion *1 -1016250D fference in Elongation (E, -EZ) *23107
- 12Fl are at Ends of sheet NoneNon aNon aQbservedDi spersi on of Sheet

Thi ckness: R-Val ue0. 240. 200. 140.39 *1: Circunferential |ength when the
cylindrical shape has an outer circunferential |length of 100. *2 E,: Edge
El ongation; E2: Elongation for portions other than the edgepp.dbk6

el ongati on nmeasurenments were made by marking at 10 cmintervals in t%e
vertical direction on the edges where the portion of the circunferenti al

shape was ¢ I e i Lately.ahqve th opnt pof cytt.ing.
The 27 CECIBY5 4080 BN Bre \EBTELaly trENS nainb gt e Bkt
using the sane marks at a location inmrediately prior to rolling of the
structure the draseferetial disectionest tha radipllvinper and putersuriacesof agelstively es,
flaring of the sheet edges was prevented by |imting the difference in

el ongat i ontHiek wstindtitet sitlges 5and By oéuglediny thests ranged, t biretcAh@Rprtperi at e
range. The variation in the sheet thickness was slight due to the fact that

t he porti op . I o rt
e at el 5 reh A B o ey Hocking BRedSiite, g TR {3 180 Sl ddRo
Exampl e, there was a signifjcant difference in elongation of the edges,
o Bh1 sul PRasSUFS i iPHg 154 CYIRGNGHEaPeTREY 16 WARG 48 IRBANGY 'sheet | ¢ hi chnebs
was significant because the weld |lines, and regions thereadjacent, were not
renoved. The f ol egooittextiessive baatgerieratieninfthe ezpénsiomepace 34 betweamdbd t o be
illustrative of the broad concepts conprehended by the invention. 28
DP- 2820/ 308f@s 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
randomly 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 circumferentiai 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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CLAIMS 1. A nethod of manufacturing a rubber sheet containing short fibers,
2 the method conprising the steps of: mxing short fibers in a fl owabl e
rubber matrix; 4 form ng the flowable rubber matrix with the fibers therein
into a cylindrical shape with a circunferential extent; 6 separating a
portion of the circunferential extent fromthe cylindrical shape; and 8
formng the cylindrical shape with the portion separated into a sheet form
2. The nethod of manufacturing a rubber sheet containing SW-Q%M/WOS 2
according to claim1 wherein the short fibers have a | ength and the step of
form ng the rubber matrix conprises orienting the short fibers so that the

| engt hs of 4 shgrs, filbers extend, in a circunferenti directi in the
cylindri cehe't'ékﬁa 15 25 /"Tﬁge rféc[rﬁgdmg% RE Wﬁﬁtslﬁ’tcﬁn@aé Wsﬁﬁﬁgr PQiiB: Ofg ai ni ng
short fibers 2 according to claiml wherein_the step of fornmng the

cyl i ndri cdesylitingshest 88 s ynee¢essarily pRUCeP0TBabIS, the sarepmay inesrporate
continuously formng the cylindrical shape into a sheet formwhile 4

separ at i ngtheavipeuseabledormpesiton hawhe tieant esitedstiemttibn offibdére 1@/ i ndri cal
shape. 4. The nethod of manufacturing a rubber sheet containing short

fibers 2 accordifiget iﬁ'@.@,%h@éﬂ@hﬂcél{%@ﬁg%%,%h%ﬁ?ﬂ%\w Vefifeally e

rubber matrix conprises trudin | 'e’'rubber fatrix 1 n”an annul ar

expansion die._5. The nethod of nuf act ur | a rubber ~sheet contai ni ng
short fi berﬁgoaf'%eemprﬁgsla%etcfpangﬁqs aﬂért&akfggséuwﬁrﬁ'enge%@n BAEOtags a

first axis and the step of formng the flowable rubber matrix conprises
di recti ng (Eheat ¢actabdige PQbH2asfarmed by theremaveditheupartiodi4s. i Thevdrticatt i on
substantially orthogonally to the first axis. 6. The method of

manuf act Urélﬂﬁ%é\tidw%@ént%b@% TR SbtheNSorabRg &f the BolirkrikaPeeyedbiber tiare! @i m 5
wherein the step of formng the f1owabl e rubber nmatrix conpri ses causing

the fl owabl,e,ru t HhX fl i i L | e
directi onsétatrhguggsé%ga f Prbsfst g Slssﬁ1\e%{rthrﬂﬁg\/e%rﬁ%%ﬁe36§£%tﬁ b%rec%gg%set Eé‘ Asll'gheep of
separating a portion of the cylindrical sheﬁ:fe Q%_ ri ses s? arating a
portion i nélfa@neg indee gangation (E..E,) is preferably within a range of 0 to 5. Within

10 this range, sheet flaring is effectively controlled. 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 resultin 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.

19



6 line. 30 DP-2820/ 3090 7. The nethod of manufacturing a rubber sheet
containing short fibers 2 according to claim5 wherein the step of formng
the fl owabl e rubber matrix conprises advancing the fl owabl e rubber nmatrix

t hrough an extruding screw, the 4 extruding screw having a second axi s that
is substantially orthogonal to the first axis. 8. The nethod of

manuf acturing a rubber sheet containing short fibers' 2 according to claim
1 wherein the step of formng the fl owabl e rubber matrix cqﬁpggﬁﬁﬁxm
extruding the flowabl e rubber matrix in an annul ar expansi on die having 4 a
coni cal shape. 9. The nmethod of nmanufacturing a rubber sheet containing

hort fib 2 ' t laiml furth i Si th f
" epr ocessi M TRESHR ke HENGR e Seed AllRenb b7 ok Bparhs wems
rubber sheet containing short fibers. 10. The nethod of manufacturing a

rubber shdetfigcoht)iXicngrespond toithe intevahk @tong the edged 20,AXattherel 661 he
step of separating a portion of the cylindrical 31 DP- 2820/ 3090 shape

conpri ses \gigpPi@éntiging tRetéal 10bt thegoiE s bmF;ia%lthérfmﬁomaMh@_@ hdtical
circunferential w dth between circunferentially spaced ends w ¥h the weld

The. et hod BPeeun Al PR SsRy hn gL Sher kEale e pRRATRa B
according to claim1 wherein the step of separating a portion of the
ci T cunf er dntand Oestely Le diisr Yaskicallongationaf the gfies pestignstofthe cylindrical

circunferential extent. 12. The nethod of manufacturing a rubber sheet
cont ai ni ngshepe is daldtated byadicidirdy (WL))dbycll.ai m 1 wherein the cylindrical
shape has a first axis, the sheet has an edge forned at where the portion
is separated, affetORingiHPtGs 50738 BAnERGtting 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 ultrascnic 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 is 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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4 cylindrical shape into a sheet form conprises stretching the cylindrical
shape so that the cylindrical shape has an elongation ratio E, at the edge
along the first axis 6 and an elongation ratio EZ along the first axis at a
| ocation spaced circunferentially fromthe edge, with E -E2 within the
range of 0-5. 13. The nmethod of manufacturing a rubber sheet containing
short fibers 2 according to claim1l wherein the step of formng the

fl owabl e rubber matrix into a 32 DP- 28201 3090 cylindrical EQﬁ@@ ﬁ ri ses
formng the flowabl e rubber matrix into a cylindrical 4 shéB ) 13 g a
first axis extending in a vertical direction. 14. The nethod of

manuf acturing a rubber sheet containing short fibers 2 according to claiml
wher ei n t hehisfagilitetesegyarancaef the pyindrioal sfapetfid bythesattingstortitapss Gnpr i ses
tensioning the cylindrical shape in a circunferential direction as 4 the

portion of |n haditiphi fedeire@nferbaielyl exserRiMiG ted. cylindriddiesHEpiehed, @he cold,
manuf acturing a rubber sheet containing short fibers 2 according to claim1l

of the cyl FRAPIaRda BrEREoofngintiol 15 okl e ARbeP TR i hg o

rubber sheet containing short fibers 2 according to claim15 wherein _the
cylindrical shalbe@rdsfeirehinra. the ibirwe?§ consistgobamwebityaplanezzies 1801 y
outwardly facing surface and the step of cooling the 4 cylindrical shape
cofpri ses wpichydirertpresslrized fluidifrdmagabnyiresser flasidisapply 10BvaThHe ywokalesng
surface. 33 DP-2820/ 3090 17. The nethod of manufacturing a rubber sheet

ConL Al g1e0aKnpuins rRSSENdh NG 1SS JARCHRE® Dbl ! i
manuf act ur EP nd tﬁ%?@l%irésu%feetrey&%%x 'epujf Qﬁhégﬁ%cé '98% 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 roll 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

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

hydride rubber and an unsaturated metal carbonate, and styrene-a-olefin
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2 according to claim4 further conprising the step of cooling the annul ar
expansi on die. 19. The nethod of manufacturing a rubber sheet containing
short fibers 2 according to claim 18 wherein the expansion die conprises a
first elenment and a cooperating second el enment surrounding the first

el ement and the step of cooling 4 the annul ar expansion die conprises
circulating a cooling fluid through at |east one of the first and second
el enents. 20. The nmethod of manufacturing a rubber sheet Cﬁ t é )B short
fibers 2 according to claim1l wherein the step of separati 34§'§é ?QOn of
the cylindrical shape conprises cutting the cylindrical shape using one of
a knife, a laser cutter, 4 a heated knife, and an ultrasonic vibrational
cutter. 3#lastopergpadeog of ethylesermpsopenef(ERi)ubacthiénegpwpyleneediesheet
containing short fibers 2 according to claim 14 wherein the cylindrical
shape has ngod@flep|EFDMIVNAT e 86 hasHehd nday baGReANsY tharashipdd Yr BLEWRLA Y

facing surface and the 'step of tensioni'ng the 4 cylindrical shape conprises
di recting compressed fluid against the radjally inwardly facing surface.
22. The mECRIPIEF FaflEalIANoHg S aoiR Al FIoBRRER IRn I RYIRGE SHEPPTRBer s 2
according to claim1 further conprising the step of continuously w apping

t he sheet etkyligeaeqnaibomensg: I, 4expdiesreand cyelapetadienened. 23. An appar at us
for manufacturing a rubber sheet containing short 2 fibers each with a

l'gngth, the appaieafibier t®nrpidieditoghe abovestbbpamatérialshiahbe for ewamipge,r ubber
matrix can be mxed wth short 4 fibers; an annul ar expansi on space in

CorT o BRI, ORI A Mo R M RS HiEELOD
and 35 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. Preferably, 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 phthalate-
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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DP-28201 3090 8 a cutting assenbly having first and second spaced cutting
portions for separating a circunferential portion of a cylindrical shape

di schargi ng through the 10 di scharge port. 24. The apparatus for

manuf acturi ng a rubber sheet containing short 2 fibers according to claim
23 wherein the first space has an extruding screw therein for m xing and
advancing a fl owabl e rubber matrix with fibers along a first axis. 25. The
apparatus for nmanufacturing a rubber sheet containing shortpg fdBR0H5
according to claim 24 wherein the annul ar expansion space has a second axis
that is transverse to the first axis and the first space and annul ar
expansi on 4 spa e are re“atlvel Situate g} V% at flo w&B g ber trix

Wi th Short 11 bellOThSrATHENLORETlR et AR GRRSIHAS Pranaea by Kneading [yRber 1 o
space into the annul ar expansi on space 6 so that short fibers are oriented
wi th the | endshertdibersby steans of arepperxelkord kneadearc utd-40 aveightl faytsdit@nnd t he
cylindrical shape within the annul ar expansi on space. 26. The apparatus for

nmanuf act ur pRgadd édipeer 0BNRSIHhE Bk IpBIYASErsiOsh opehirear srrfecn@éatéagmbeteel aim
25 wherein flowabl e rubber matrix with fibers therein from3

at & firet oHisHa debohe e @qﬁ'%‘# Aé L' é‘%v?ﬁ@ﬁfba%erd%‘%ﬁ@ﬁbﬁcaﬁ’ice
opposite to the f| rst | ocation. he apparatus for manufacturing a
ruBber she&eTtener i the agamsef 141 Orwshép%twﬁ@ndﬁgﬂ todhefinets. Jdis ephanses

conprising a collecting receptacle for accunul ating portions of a
cyl i ndri cathesaffipiy betwaeattheyfibdre andthe ndbes Sembyes @i8perkivn afifiprainthef or
manuf acturi ng a rubber sheet containing short 2 fibers according to claim

26 further nQoUE hid fhdd t%@&#b%téﬁgﬁ@ﬁﬁ@h%ﬁﬁ’gﬁﬁér%‘vﬂﬂw é’adrpétheﬁhﬂi‘é‘gotm'l ch

rubber sheet conhtalning short fibers can continuously 4 wapped. 29. The
evvac e o TRVt RSO DRSS s
direction. 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 delivered rubber from the cylinder. The portion severed
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30. The apparatus for manufacturing a rubber sheet containing short 2
fibers according to claim?29 wherein the first axis is substantially
orthogonal to the second axis. 37 DP- 28201 3090 31. The apparatus for
manuf acturing a rubber sheet containing short 2 fibers according to claim
23 further conprising at | east one nozzle for directing a fluid at a
cylindrical shape discharging through the discharge port to thereby at 4

| east one of cool and circunferentially expand a cylindricabhpshapgog

di scharging through the discharge port. 32. The apparatus for nanufacturlng
a rubber sheet - contalnlng short 2 fibers according to claim31 further

conpri si ng, gt Iea one o f, ai and .compressed fluid to be
suppl i ed th the %H 'n%a&q %’?ﬁs 5%0 @CL&?S @QP%‘?@ Br SHRF @*%pc?ﬂpl ng a
rubber sheet containing short 2 fibers accord| ng to claim32 further in
conbi nat i oAeliyarad 4o fancaramnaulatien eecapiacie x Thevewigdeeal shapebeitls thehpertion. 38
CACAYAf LA A A Ay A AFLALL Ay, A Ay, Af L Ay. Ay?. A AL AFLLAFT LA A U AL AL AS
CAAY. A Ardinéyéd ishirblvnAGriital Yo Bald Bkdavitd a roll to produce a supply of the

{vql gb] X] ca] ca] ca] ca] caJ ca] ca ca] ca] cal ca] c: aU] c: a] ca] ca] ca] ca] ca] ca] ca] ca]

E?ch]\[fﬂg%bg%l \]?Jéfd(]%?fg(}i a%n@)ae]a s]%zgf %e t a M rtr nsrjnsséfca] cajc

a] ca] ca] cag ] ca] ca] ca] ca] ca] ca] ca] ca] ca! [ MP°CF: VCF}xsnl d_Z] ] ca] ca] ca] ca] ca]
ca]5ca] cajc Fga] caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
calcalca! ?DQ 9-\ R

rdt A" #z#4#) Xbei difEttvenkss] afaiheaprssent |icedriimhcias) de:]rma]stra]e:ch])eb]/\ca]/ca] cal
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! #$X$$$; WBRABOERF&EE' d'
(a(((-) 9) roMparative’ ttéhfignvﬁeﬂv]eﬁﬁ]/é MeiRdGRpp ARG Was 9%8?& Eﬁio%b@r%eal cajc

a] ca] ca] ca] ca] ca calcalcalcalcalca]calcaJcalca]calcaJca'+ H ,,,1----=._....

.9/ 1/ &0u0010 22 XS ca] ca] ca] ca
ca] ca] oal ¢ ﬁ’vc%ffas] ar@%iﬁ]oéa]‘ éﬂ] ?L#e p@é%“&"a?} %é% %E%%ﬁ}e&?@ilmh* 2lceleal
6=7C77782888E89888HIONP999<: : : : ;

}xsni d_Z]]ca] ca]'&é']‘%‘éip@é]"e%@@ﬁ'?@a?&aﬁ%@]vbat]%" R PCcap vy ¥ajellech] ca) ca
] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca! _;

qR<V<c<<=Xelow wz$ B568.@ GAADAAAAANBBB>CCCLDbD} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ¢
a] caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]calc
a] ca! bDDDLEEEJFFFI GOG GCGRHXHHI m | JVIJJIFKKK$LsLLLL) M M xsni d_Z] ] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca! " MMVDNNIN/ Of OOPk PPPQo QQR[ RaRnRRR* SxSS" TI TTUWJUUDVWV} xsni d_Z] ] ca]
caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]
ca] ca] ca] ca] ca] ca] ca! W: WA XXX/ YQYYZ\ ZZ[ O[ [[!'\ x\\]a]lw ] ] i ~A™_U_ | ww mheMY
]]1ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]lca]ca]calc
aJcalcalcaU ca]lcalcalcaljcalU L " " Jagaabbbbccci ccdl ddd9eee8fff. gi ggh_hhh} x
snid_Z]]]ca] ca]ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calca]ca]calca]cal
ca] cal ca] ca] ca]ca] ca] ca]ca]ca] cal hhigiiiljjjAkWkk?l ell |l Hmmm»nnnoOGooo;
ppp(gyqg}xsnid_Z]]]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca]ca]ca] ca]ca]ca] ca]calca]calyqgrgrrrrrBsss't}tt&u{uuu8vvvvOmv
w<xBxOxxx>yyyy} xsni d_Z]]]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca] calcal yyegzzzzzzzz{{3|||}ms}}}~
m~~QND} xsni d_Z] ]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! D=q; C,
S, 2}xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calca]lca]ca]calc
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal! 2?*x
"KBF70l r}xsnid_Z]]]ca]ca] ca]ca] ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calca
]ca] ca]ca] ca] ca] ca] ca]ca]ca]calcalJcalcalcalrzZz>(|, 9 _.z}xsnid_Z]]]ca]ca]ca]
cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ga] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
caj] ca] ca] ca] ca! 938" y5p(080oXx} xsnid_Z]]] gg] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]cal x{~(;
' khehd.
d| wr rrthY] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]c
aJ ca] ca] ca] ca] ca]ca]ca] ca]ca]caV]ca! !l wzRhJ.y
d| wmhc”Y] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]]ca] ca] caj
cal ca] ca] ca] ca] ca]ca]ca] ca]ca]ca] caa} gH) %40% & ()-Y10% & ()-L10% & () -
10% & ()-"z10% & ()-L10% & ()-F10% & ()-OCQdE) %d0% & () f#!10% & ()-9!%40% &
()-110% & ()-Yz10% & ()-YL!'10% & ()-Y'10% & ()- QFBAE)%d0% & () 0! 10% & ()-.
10% & ()-S,%0% & ()-* 10% & ()-



' 110% & ()-1 % 10% & () - BDEFGHUDCYA0% & 3& 10%' ()- F ! 109%& ()- "10%&: ()-
10t 10t

10t 610% & ()-' | AMLO% & () - CV>dEbCYL0% & Y! 10%& () - FL&! 10% () - F&! 109&’ () - %
0%&' ()- FL0% ()-39&! 109& ()- / | | dEDCYA0% & I'110%' ()- Y% ! 100& ()-

YE# 1 10% ()-Y9l' | 10% () - y9a0% ()- F&! 10%: ()-j abcddYNCY0% & 10 10
10Y4s10%' ()-10' ! 109%& ()-F .: 10% ()-1S, 100& ()- F940%" ()-dq h

dEYNCYL0% & 940% () - 3S109& ()-3! 10%& ()- Y O 10%& ()-  &LLIOYE ()

"710%& ()- 1} kdEYNCYAO0% & B2 40k
FI1109& ()-fF&L0%&' () - 3& 109%& ()- F! 10%&' () - F! 109% ()- 3Y&! 10% ()- oYdEYNCY
0% &

| 110% ()-1,1100& ()-" *9%40% ()- Y3(FABKE () - Yoo 100&' () - Y#! 10% () - Y] bCY4.0%
& F3 & 10% & ()-F & 10% & ()-"y10% & ()- 10

Mixed Chemicals Weight Parts
EPDM 100
Nylon Cut Yarn 15
5 Aramid Cut Yarn 5
Stearic Acid 1
Zinc Oxide 5
Carbon Black 50
Oil 10
10 Antioxidant 2
N,N-m-Phenylene 2
Dimaleimide
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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10 104" 109& ()-11! 10%& ()- ][ dEbCYA0% & F
£ 109 & () - FMLO% & ()-YF 1 10% & ()-9%40% & ()- F& 10% & ()- Fs& 10% & ()-
MPdEbCYA0% &
(10% & ()-19%110% & ()-1# 110% & ()-1s!!110% & ()-3%0% & ()-Y !10% & () - CdY
NCY40% & 10t 10t
10t 410% & ()-0& 10% & ()-.!10% & ()-,!10% & ()-L*940% & () - F: dEYNCYL0% &
| 9%40% & ()-3 MLO% & ()-Ys10% & ()-Y !10% & ()-F DP-2820/3090
& 10% & ()-"y10% & ()-: VaBYNCYd0% & L!!10% & () -
040% & ()-1GLO% & ()-!q"10%& ()-1s!10% & ()-Y3' !10% & ()- CFAEYNCYL0% & . ! 10
% & () -
y, 110% & (Ye'§-gdpeates diamelically prppsitedxihg peint g indraductapehestudeds & | -
109% & ()-1 '110% & ()-#z10% & ()- 10° 10° 10 4 10% & ()-0! 10% & () -
9- dEbCY%d 0%n&tesial dosthe (§xpapsion0die s, $9:Fap9p(1r¢i%1&'v(ere%ﬁ%v&d( ) Ti@ cylindrical
10% & ()-1910% & ()-\ dEbCYA0% & | * 10% & ()-' 10% & ()-9%6 10% & ()-Y
f# 10% & (éh%ﬂelﬁﬁ’ﬁw&hé)pcﬁﬂd&%e%d\)ed Was drawn v@ﬁ?@aﬂg/ﬁt&'prod&@g@'h@at form.
"210%& ( 10" 10" Y4s10% & () -.10% & ()- S, &10%

JU AT dEPr%/‘%R"é%F‘aﬁd %’éa%ﬁ‘si%ef’we?el&%|{a%eoﬂr£’h°/“%vc§dnc3§rou & I 3 L810%& () -

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 results are shown in Table 2, below.
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MLOYR ()-"". #HzH#HH#SXSAEDCYL0% & F % 109& () -1 y#

109& ()- YL!' 1 109& ()-y9409%& ()- YI09%& () - Y! 109& () - X$$$; 998888GEE: | 10

101 4t 109& ()- 0! 109& ()-Y .' 109& ()- S, 109%& () -

& YAO0Y& ()-1' 10%& () - VRRRBFESS XY:/ 10%0%E ()- YL0%E ()-F L&LOWE ()-Y
109VE ()-F & 109%VE ()- "f109%E ()- 10'd'' (a(((aB:/ 10l

o' 1098V&' ()- 1098V& ()-! 109V& ()-!9d0%& ()-1L!I 109VE& ()-Y

11098 ()-(-)0)))*MdE: / 10 . &10%VE' ()-S, 109K ()- *%40%VEH6)r826/3090

' 1090VE! () - YAOVE ()-1T#' | 1098VE ()- M *******1hC 10  109%& ()-

109& ()-"109%& ()- 10M 10M 10MY4s109%VE ()-0 109V () -+ ++ H, ,, dEbC

10FMLO%&' () -s” 10%& () - 310%&' () - &$10%&, () ~3&! 109%& ()- MLOY&' ()-,, 1----=. dEbC
101" 1 10%& () - TaBLEY
Inventive Sample Comparative
Example
1 2 3 1
Rubber Sheet Thickness (mm) 3
Die Expansion Ratio 3.76
Cylinder Temperature (°C) 90 (inlet location)
85 (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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0. 10%& () - YAMLOY&' ()-YL!! 10%& ()- f &LO%&' ()- MLO%& ()-=. _
10"110% & ()- 10 10 10410% ()-1.GLO%& ()-3 f, MLOY&' () -

9* 710%&' () -. 9/ / / &u00dENDC

10Y! 10% & () - npA0% & () - Fy! 10% & () - F9& 10% & ()-F! 10% & () -

MLO% & () -

0101{ 112U2dEnbC 10l S#! 10% & ()-Y !' 10% & ()- 10% & ()-Y 10% & () - Yy10%

& ()-19!'10% & ()-U222Q833333dYNC 10 10t 10t 10t Y410% & ()- @
10% & ()-*940% & ()-'110% & ()- 98 10% & () - 334Y444* 5dEYNC 1

109% ()- 10% ()- 3LmO%& ()-3! 10% ()-  MLO%& ()- be-2820/3090

"z10%& () - * 5t 555F666dEYNC 10 YO!! 10%&' () - yodo%& ()-3 10%& () -

elongation was calculated by taking a measurement using the same marks at a

location immediately prior to rolling of the structure in sheet form.

As seen in Table 2, with the Inventive Samples, flaring of the sheet edges

was prevented by limiting the difference in elongation between the edges and

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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s109%& ()-3L&LOY%& ()- MLOY%& ()-6=7C777828dEYNC 10 |. 10%& ()-3
f, MLO%&' ()-& 10%&' ()-3 ' 910%& ()- YU 0%& ()- Yy#! 10%& () - 2858687888E8g888bC
101 9z10% & ()-3 &10% & ()- Y s10% & ()-"z10% & ()- 10 10
101 410%&' () - 8HOMP999<: dEbC 10l 10% & ()-F y:10% & ()-1L10% & ()-F
8&10% & ()--10% & ()-3 y&10% & ()- <::::: ;:dEbC 10@ %40% & () -1
*110% & ()-' @O0% & ()-f#s10% & ()-& ! 10% & ()-%0% & () -; <P<S<T<U<V<c<<bC
10F :110%&' ()-"109%&' ()- 10t 10t 10t Y410% & ()-0! 10% & ()-.
10% & () - <=X====>>dEbC 103 DP-2820/3090
LMLO%&' ()-Y 109%&' ()-%0%&' ()-F:!10%& ()-FL& 109%& ()- F
& 1098 () - >>$72x??@ @EbC
109 109&' () -1 y#! 10%& ()-19!! 1098 () - yQUAS ()-Y' 1 109%& ()-Y' ! 10%& () - c GAODAA
AAAAE: /

1. A method of manufacturing a rubber sheet containing short fibers,

2 the method comprising the steps of:
mixing short fibers in a flowable rubber matrix;
4 forming the flowable rubber matrix with the fibers therein into a cylindrical

shape with a circumferential extent;

6 separating a portion of the circumferential extent from the cylindrical shape;
and

8 forming the cylindrical shape with the portion separated into a sheet form.

2. The method of manufacturing a rubber sheet containing short fibers

2 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

4 short fibers extend in a circumferential direction in the cylindrical shape.
3. The method of manufacturing a rubber sheet containing short fibers
2 according to claim 1 wherein the step of forming the cylindrical shape into a sheet
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4 separating the portion of the circumferential extent from the cylindrical shape.
4, The method of manufacturing a rubber sheet containing short fibers
2 according to claim 1 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

2 according to claim 1 wherein the cylindrical shape has a first axis and the step of

forming the flowable rubber matrix comprises directing the flowable rubber matrix

4 into an annular die in a direction substantially orthogonally to the first axis.
6. The method of manufacturing a rubber sheet containing short fibers
2 according to claim 5 wherein the step of forming the flowable rubber matrix

comprises causing the flowable rubber matrix to flow in circumferentially opposite

4 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

6 line.
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7. The method of manufacturing a rubber sheet containing short fibers
2 according to claim 5 wherein the step of forming the flowable rubber matrix

comprises advancing the flowable rubber matrix through an extruding screw, the

4 extruding screw having a second axis that is substantially orthogonal to the first
axis.

8. The method of manufacturing a rubber sheet containing short fibers

2 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

4 a conical shape.
9. The method of manufacturing a rubber sheet containing short fibers
2 according to claim 1 further comprising the step of reprocessing the portion of the

cylindrical shape to form a part of a rubber sheet containing short fibers.

10.  The method of manufacturing a rubber sheet containing short fibers

2 according to claim 6 wherein the step of separating a portion of the cylindrical
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4 circumferential width between circumferentially spaced ends with the weld line

between and spaced from each of the circumferentially spaced ends.

11.  The method of manufacturing a rubber sheet containing short fibers
2 according to claim 1 wherein the step of separating a portion of the circumferential

extent comprises separating from 5-25% of the circumferential extent.

12.  The method of manufacturing a rubber sheet containing short fibers

2 according to claim 1 wherein 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

4 cylindrical shape into a sheet form comprises stretching the cylindrical shape so
that the cylindrical shape has an elongation ratio E, at the edge along the first axis

6 and an elongation ratio E, along the first axis at a location spaced circumferentially

from the edge, with E,-E, within the range of 0-5.

13.  The method of manufacturing a rubber sheet containing short fibers

2 according to claim 1 wherein the step of forming the flowable rubber matrix into a

32



FI 1 109 ()-f9409%& ()-F! 109%& () - 3y! 109%& () -

&MLOY& ()-3109%& ()-ff.gi ggh hdEYNC 10t I1.110%& ()-1,,!109%& ()- )940%& () -
Y' S10%&' () - Y9 109& ()- Y@t 10% () - _hhhhhhhi gi bC 10t ! 10%& ()-F

: 1109V ()-"1090& ()- 10 10 10F410%& ()-0 10%& ()-giiilLj]j AkdEbC

10t 1" 1 109v& ()-1s! 109 () -1 3! 10%VE' () - Y409V () -3

MLOYVE' () - Ys' 109’ () - AkWkkk?!l el | dEbC 10t 0Y

109V () - Y409V () - #! 10V () - 1! LO%VE () -

9409V () - 1090 () - | Hmmmmmmd YNC 10t 10M 10M 10MA109%vE: () - BP1E9RE0PS -
1109V () -y, ! 10%VE' () - 9* %L0%VE () - mmPnnnoCodEYNC 10t yrmPAO%& () - 109%& () -
10% (). F 109 (). 100 ()- | gl0% ()-Qo00; ppp(qdEYNC 101

T110% () - Sdivdooal shamse covgrisgs forming:thg flowebig rupbetvmatrix into a cylindrical
109%& () -(qyqqrgrrrdEYNC 10t

4 shape having a first axis extending in a vertical direction.

14.  The method of manufacturing a rubber sheet containing short fibers
2 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

4 the portion of the cylindrical shape is separated.

15.  The method of manufacturing a rubber sheet containing short fibers
2 according to claim 1 further comprising the step of cooling the cylindrical shape as

the portion of the cylindrical shape is separated.

16.  The method of manufacturing a rubber sheet containing short fibers

2 according to claim 15 wherein the cylindrical shape has a radially inwardly facing
surface and a radially outwardly facing surface and the step of cooling the

4 cylindrical shape comprises spraying a cooling fluid against the radially inwardly

facing surface.
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2 according to claim 16 wherein the cooling fluid is at least one of air and a

compressed gas.

18.  The method of manufacturing a rubber sheet containing short fibers
2 according to claim 4 further comprising the step of cooling the annular expansion

die.

19. The method of manufacturing a rubber sheet containing short fibers

2 according to claim 18 wherein the expansion die comprises a first element and a
cooperating second element surrounding the first element and the step of cooling

4 the annular expansion die comprises circulating a cooling fluid through at least one

of the first and second elements.

20. The method of manufacturing a rubber sheet containing short fibers
2 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,

4 a heated knife, and an ultrasonic vibrational cutter.
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inwardly facing surface.

22.  The method of manufacturing a rubber sheet containing short fibers
2 according to claim 1 further comprising the step of continuously wrapping the

sheet form around a roll as the sheet form is formed.

23.  An apparatus for manufacturing a rubber sheet containing short
2 fibers each with a length, the apparatus comprising:

a first space in which a flowable rubber matrix can be mixed with short
4 fibers;

an annular expansion space in communication with the first space and
6 having a discharge port through which a cylindrical shape formed in the annular

expansion space discharges; and
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! for mixing and advancing a flowable rubber matrix with fibers along a first axis.

25. The apparatus for manufacturing a rubber sheet containing short

2 fibers according to claim 24 wherein the annular expansion space has a second
axis that is transverse to the first axis and the first space and annular expansion

4 space are relatively situated so that flowable rubber matrix with short fibers therein
is directed along the first axis from the first space into the annular expansion space

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

circumferentially around the cylindrical shape within the annular expansion space.

26. The apparatus for manufacturing a rubber sheet containing short

2 fibers according to claim 25 wherein flowable rubber matrix with fibers therein from
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2 fibers according to claim 26 further comprising a collecting receptacle for

accumulating portions of a cylindrical shape removed by the cutting assembly.

28. The apparatus for manufacturing a rubber sheet containing short
2 fibers according to claim 26 further comprising a winding assembly comprising a
roll around which rubber sheet containing short fibers can be continuously

4 wrapped.

29. The apparatus for manufacturing a rubber sheet containing short

2 fibers according to claim 25 wherein the second axis extends in a vertical direction.

30. The apparatus for manufacturing a rubber sheet containing short
2 fibers according to claim 29 wherein the first axis is substantially orthogonal to the

second axis.
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through the discharge port.

32. The apparatus for manufacturing a rubber sheet -containing short
2 fibers according to claim 31 further comprising at least one of a source of air and

a compressed fluid to be supplied to the at least one nozzle.
33. The apparatus for manufacturing a rubber sheet containing short

2 fibers according to claim 32 further in combination with a flowable rubber matrix

having short fibers therein.
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