; e3eegedd] f 6RTJ[ STRANSM SSI ON BELT BACKGROUND OF THE I NVENTION 1. Field
of the Invention The present invention relates to a transm ssion belt which

is used for transmitting rotational force in a transm ssi : ter

etc. 2. Description of the Related Art Conventionally, almm Mmmmm

V-belt in the transm ssion of |,S d under high te atures and
GRS N S Lo

is subjected to high pressures in Irection while running.
Therefore, the V-belt is nmade of chl oroprene rubber) which has a relatively

hi gh heat resistance, and chopped para aramid fibers whi chMﬂNIMﬂ]ﬁﬂMxed
in the V-belt and oriented in the width direction of the to
i mprove the BACECROUNPREL AR IWERLIELt to lateral pressure. +Eud@»to this,

the durability of the transm ssion V-belt has been inproved to a certain
degree. However Fiptdaohi trRrIpieidsi™ is applied in the width direction of

the V-belt, the durability is still not sufficient. Therefore, it_has been
suggest ed that therRhdPFER ar ARVENF1 PRrEeAAtficchtar@ FRRRiHi sS&d®™ Rethe bel t
shoul d be |l onger so as to inprove the orientation property and further to

i nprove the dBR&BI 131y USPt WePNv- BEPPsMibiever FotRel adethil §9¥6f tife RBhopped
aramd fiber is high and the dispersion property with respect to a stock
rubber is badT28§MEESEEndPF {2 cIFLORRF ®HSH the transmi ssion belt froma
stock rubber which has | onger chopped aramid fibers interm xed there in.
Therefore, i#-i 9eA6Fipbier Pl the dildteda?ttansni ssi on belt havi ng good 5
durability by using a stock rubber in which the |onger chopped aramd
fibers are internmSEYEeSHONRRYYOF PHE FRA/ENFISONOPher 6TREE  abh® obfBRt of the
present invention is to provide a transm ssion belt that has good
durability. tT@PARLBPUPRPL D SIS tEFekTHE A MPEREI AP SePPRFRHRS 3 bel t has
a belt body which is nolded froma stock rubber, chopped aram d fjbers that
are interm xéd FRPIREeRIT Bodh RFRF BIeSnEBdEh S ¥4 95PedbT 5 il Pt € ect i on
of the belt body, and chopped polyester_fibers that are interm xed in the
belt body |~%4R lBF"renT‘é%fp?p‘?P’iEEret%?gdB?%Fﬁisﬂ?&eo‘?fr'éEJr?B?Pr?’W TH®%el t, the
chopped pol ygitl%k fibers are | nger ]_tlpan the_chogged aramid fipers.

has a relatively hig eat resistance, and chopped para
aramid fibers which are intermixed in the V-belt and oriented
in the width direction of the V-belt so as to improve the
belt’s strength with respect to lateral pressure. Due to
this, the durability of the transmission V-belt has been
improved to a certain degree. However, if a higher pressure
is applied in the width direction of the V-belt, the
durability is still not sufficient.

Therefore, it has been suggested that the chopped aramid
fibers which are intermixed in the belt should be longer so
as to improve the orientation property and further to improve
the durability of the V-belt. However, the modulus of the

chopped aramid fiber is high and the dispersion property with



Preferably the chopped aram d fibers and chopped pol yester fibers are
oriented in a width direction of the belt ZG body. Preferably 5 to 30 parts
by total weight of the chopped aram d fibers and the chopped pol yester
fibers are interm xed in the stock rubber with respect to 100 parts of a
rubber conponerkpekbtte askeskk Mty is5pRd ef@y abl ¥s e fiengthtoinctlae
chopped aramd fibers is 2 | ess than 3 nmand the I ength of the chopped

pol yester fibehs tPah&RSsd B ve1WNsrihear el GHRANGAE chShoha fHfgest hyl ene
propyl ene copol yner, ethylene propyl ene diene terpolyner, nitrile 5

but adi ene 1 ubbgbppBYy HrAAGAE £e P LitkemBULAAIIRNG [ HDD6FL o LIHQOPI €136
rubber, and so on. Preferably the chopped pol yester fibers are subjected to

a treatment inyel WJhigieeal ing Midia LesenrbAols{on mMBLip- halexg RuLkher,
t he chopped pol yester fiber is chopped PET (polyethyl ene terepﬁthalate)

fiber. ChoppedyBebyelbybenesimoRtdiahel euld Dok wiahepned 18abubuvkena

terepht hal ate fi ber, opped f1 ber obtained froma ring-opening pol ynmer of

p- pr opi onel act,@aR;i 40Fi e £hOPRED fidigti x@f . @ pol yner obtai ned by pol yneri zing
di met hyl ~5 terephthal ate and 1, 4-cycl ohexanedi nmet hanol may be used as

chopped pol yestigfaky ber . 7Y efgrsaipon t he chopped aram d fiber is one of
chopped para aram d fi ber and chopped neta aram d fiber. Preferably the

transm ssion belt ie2e¥Yol8lt an?abipaf tELULRE | Yr & SHPYGGH Ytheht 4 sAEEOr di Ng
to the present invention, a transm ssion belt has a belt body which is

obt ai ned and gebdede f& OfRzh sitiE JnlBREE kRavhh gD &b:&&@maaﬁarﬁtc}.fi bers and
chopped polyester fibers are intermxed. In this belt, the chopped

pol yestefo ~5 fi ber dcabedk §AQY thhPrchaRPAN HAB] { itRehsmandi dheeghopped 3
aram d fibers and the chopped pol yester fibers are oriented in a

predet er m nedndkr£ekienedy W dieht ROded BRbER RESCRI PIhKdy OcnbbbeDRAW NGS
The obj ects and advantages of the present invention will be better

under st ood frapuki@® FObépw REateSGlel Qidt¥tmiwedh iref €& NBE1 £ Obbde and
acconpanying drawings in which: Fig. 1 is a sectional view of a V-belt in
an enbodi nentoriented in a predetermined direction of the belt body, and
chopped polyester fibers that are intermixed in the belt body
i35 and oriented in the predetermined direction. 1In this belt,
the chopped polyester fibers are longer than the chopped
aramid fibers.
Preferably the choppred aramid fibers and chopped
polyester fibers are oriented in a width direction of the belt
20 body.
Preferably 5 to 30 parts by total weight of the chopped
aramid fibers and the chopped polyester fibers are intermixed
in the stock rubber with respect to 100 parts of a rubber

component of the stock rubber.

Preferably the length of the chopped aramid fibers is

[
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of the invention; Fig. 2 is a partial side view of the V-belt shown in .0
Fig. 1; Fig. 3 is a graph of the results of a tensile strength test; Fig. 4
is a graph of the results of a tensile strength test; ~5 Fig. 5 is a graph
of the results of a conpression stress test; Fig. 6 is a graph of the
results of théessasharefemt antl tihe lengthi oh thectfioppahbprlFegte? fiidexs
schematic view of a friction coefficient 2i, nmeasurenent apparatus; Fig. 8
is a schenati é¢svilessofthaémes dumabi ity test apparatus; Fig. 9 is a graph of
the results of a durability test; Fig. 10 is a graph of the changes in

har dness and tensi Mhe-Srubexr Coshwimstdranal s Vobel ofi retHia ether adridpyllgnieest ; ¢
Fig. 11 is a graph of the changes in hardness and tension of a V-belt of
the present | Bépaliger| Netheldneabirbbl/yehesidienard tdrgpoliers aigrapk of the
results of a heat resistance test. DESCRI PTI ON OF THE PREFERRED ENMBODI MENTS
The present | pueatiene wlhbbbe, drgarodeihdrl avi sviflle raieidree trabder,

enbodi nent shown in the drawings. Fig. 1 is a sectional view of a V-belt 10
in the enbodi BRDbrofréne 2riksber painid ab shde view of the V-belt 10 shown in
Fig. 1. A belt body of the V-belt 10 is nolded froma stock rubber. The
stock rubber consi sirafekrabPDMKeidnpipped posDpys e fdbere ies palbjrerpedwhi ch
is a rubber conponent, and other additional agents . The V-belt 10 has a
top rubber 11to5 whach itrdatnerct at tiheolopngi de, caatlirey bot twamhr ubber 12
which is formed at the bottomside. A cord 14, extending in the

| ongi t udi nal desettinsl of odnd ibelltatdk@,. | Burtheddathebehoppead ided vieaperubber
11 and the bottom rubber 12. Adhesive rubber |ayers 13 are placed in close
contact with fheetopsantdoppéd ORET (polyethylene terephthalate) fiber.

Chopped Polyethylene isophthalate fiber, chopped
polybutylene terephthalate fiber, chopped fiber obtained
from a ring-opening polymer of p-propionelactone, or a
chopped fiber of a polymer obtained by polymerizing dimethyl

) terephthalate and 1,4-cyclohexanedimethanol may be used as
chopped polyester fiber.

Preferably, the chopped aramid fiber is one of chopped
para aramid fiber and chopped meta aramid fiber.

Preferably the transmission belt 1s a V-belt,

2G particularly a cogged V-belt.

According to the present invention, a transmission belt
has a belt body which is obtained and molded from a stock
rubber in which chopped aramid fibers and chopped polyester
fibers are intermixed. In this belt, the chopped polyester

25 fibers are longer than chopped aramid fibers and the chopped

("%}



2i. surface of the cord 19. The top surface of the top rubber 11 is covered
with a facing fabric 16. The bottomrubber 12 is provided with cogs 15
formed in wave shapes in the longitudinal direction. The bottom surface of
the bottom rubber 12 is covered with a cogged fabric 18. The top rubber 25
11 and the bOLL%élﬂ%%frslgnéréad)rcﬂ\SFg%Q %fz\}(}s“&%@?geié befSoriedPegriented

in the width direction. The chopped ers are chopped aramd fibers and

chopped pol yester fibelsS niHe choRRed ROLY Sl EMmdi Py e | onger than the
chopped aram d f%bgér S. .,rm'%he top rubbgr 11 and t%e b(?t tygm rubber 12 of the

V-belt 10 aregpbtai ped sk 15 q,%dgg??gggg§§ﬁgk rubber sheet by vul cani zi ng.

The stock rubBer sheet has choppe Ich are interm xed and oriented

i det i ned di A t et | duced
by knbadi no St ock FURBEC it ehanee Phied AE SR Te Py aln L P TG 8

then roll.i ng r t rolle al endar. .AtL.this time, the
chopped fi ber%Q%éggéé#ol{r}%ge%esetg\g:dan %E‘ ?Jafl #%g{%ﬁl?’egct%%ﬁ.nfhégflbn‘éielrzﬁfhe
chopped fi ber e r ' i rsion properties,with respect to
the stock rub ee?%%’%l%e h%gr)lc%%t tﬁg%ﬁgggg&?ﬁé %%%‘g&ergisaginl itwkxg.ChTher ef ore,
preferably the |en g the ¢ 10 f1Rhers Ji.s.fram o0 3 mMm
However if only chg% égf érsa%sf%ﬁ%g(rl&a%\?%%g %Bﬁgbt lto%gf 3@%‘8&?&?% 3 mm
are interrn'xegjf,ighé hg, sl nr,,u_bber sheet, the chopped fibers are so short
that not all of themcan be oriented in the rolling direction during
rolling. On the other han ﬁ%”ﬁ t he s, of _ p | yest er
fiber is |ower tha%géhatég 4t) e c %&pggdgg%‘g ?‘?b%}ieh%%ggg ?Eo‘tpﬁey onger
chopped -pol yesgigr {ibers are interm xed, 6 t he di spersion properties
don't becone worse.” And further, the longer the chopped fibers that are
interm xed, the higher {§ r i oppe I.her I in the
rolling direction. Tgér e]tlgsrg,é’i;% ﬁgpfgﬁa%/%gﬁlglc% %gs? Jgf%qtl%eggt%g%gg 5

pol yester fibggseoriented in a predeterm ned direction can be obtained, if
the | onger chopped polyester fibers are used. However the strength of the
chopped pol yester fipery iss Loyes g %@nthga;esqhttshsfcbm%wngn%ﬂber, S0
the durability is nof greatly inproved if only chopped polyester Tibers are
_" interm xededherefore, the chopped aramd fibers and the chopped

pol yester fibers, which are |Ionger than the chopped aram d fibers, are

interm X1Q>d in the 5’589"‘5 Eythbsi'aﬁﬂ otfhizﬁe@mgqitm a compression stress

test;

Fig. 6 is a graph of the results of the measurement of :
the friction coefficient;

Fig. 7 is a schematic view of a friction coefficient

2G measurement apparatus;

Fig. 8 is a schematic view of the durability test
apparatus;

Fig. 9 is a graph of the results of a durability test;

Fig. 10 is a graph of the changes in hardness and tension

[
w

of a Conventional V-belt in the durability test;



In this case, alnost all the chopped polyester fibers are i5 oriented in
the rolling direction, nmaking al nost all the chopped aram d fibers oriented
inthe rolling direction. Due to this, the proportion of the chopped fibers
oriented inrolling direction is higher than when only chopped aram d

fibers are interm xed. 12iis INB-dpangt L1 chieg&hoppad-Aaid dndideasishoul d be
| ess than about 3 mm preferably about 1 to 3 nm and nore preferably

about 1 mm The { engkhs &f thlepsbopped iR@nykeshesn funkeausiwil depeckess than
about 5 mm preferably about 1 to 5 nm and nore preferably about 3 mMm 5

In this enbodpyggnt, the stock rubber is provided with 7 5 to 30 parts by
total weight of the chopped fibers 20 (the chopped aram d fibers and the

chopped pol yester fHigersd W thgreswest the 100uPad oy Ryndei Hisi@fkaEBOM as

t he rubber conponent ~. More specifically in this case, the stock rubber
shoul d be proyided with about 5 to 15 parts by wei ght of the chopped aram d
fibers, nore preferably about 10 parts by weight; and about 5 to 15 parts

by wei ght of phgcrPPRad Ji0lnues bRE FERRBHSEMBBH i@ erabl y about 10 parts
by weight, with respect to 100 parts by wei ght of EPDM as the rubber

conponent. .G It igndl $ReRe8EI Rheeh@ibieweliDybenaeRteRBLaNgtoROLYRRI (EPM
, hitrite butadi ene rubber (NBR) , hydrogenated nitrite butadi ene rubber

(HNBR) , chl ereprehée IRl mBhimeft 8ROLACIN M eirA8 ridie rubber
conponent instead of ethylene propyl ene diene terpolymer (EPDM. i~ Chopped

meta arami d fibersppgich are 1esscexprisi veelhae chapped war@ gsaehd fibers
are preferable. But when a transm ssion belt wth higher durability is

requiredyd he ghop@eredar a rdgand di § ibgasthayi Hdhaler o8t #paatbeikano chopped
neta aram d fibers are preferable. 2G The chopped pol yester fiber is

preferably a ghoppas FEJ. (100l xetdvt @Ryt 6F e habat €)1d ibafo1dud fikbmmay
al so be a chopped pol yet hyl ene i sophthal ate fiber, a chopped

a stock rubber. The stock rubber consists of EPDM (ethylene
propylene diene terpolymer) which is a rubber component, and
other additional agents. The V-belt 10 has a top rubber 11
:5 which is formed at the top side, and a bottom rubber 12 which
is formed at the bottom side. A cord 14, extending in the
longitudinal direction of the belt 10, is embedded between
the top rubber 11 and the bottom rubber 12. Adhesive rubber
layers 13 are placed in close contact with the top and bottom
20 surface of the cord 14. The top surface of the top rubber
11 is covered with a facing fabric 16. The bottom rubber 12
is provided with cogs 15 formed in wave shapes in the
longitudinal direction. The bottom surface of the bottom
rubber 12 is covered with a cogged fabric 18. The top rubber

11 and the bottom rubber 12 are provided with chopped fibers
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w

o



pol ybutyl ene terephthal ate fi ber, a chopped fiber obtained froma

ri ng- openi ng pol ynmer of ~-propionelactone, a chopped .5 fiber of a pol yner
obt ai ned by polynerizing dinmethyl s.,~ terephthalate and

1, 4- cycl ohexanedi nmet hanol , or anot her chopped fiber. The chopped pol yester
fibers are subpegt ean Qs & L@t Q?th'é‘ Péé’t!ﬂgu CORLENGh Ypddu aflbers 20

resorcinol-formalin-latex (RFL). For exanple, the chopped pol yester fibers

are formed by .dinp eldoggarﬁw%&%e&ﬁ %Bﬁbﬁggétgal%stgml W fhemp,and then

cutting themto predeterm ned | engt | e Rubbers and
Conpar ative I nesep I I ﬂﬁg thtgference
to exanpl es Sghgﬁéé%ﬁvgﬁfgg% asga%F¥%§%Jggﬁ%%%é??%%%égdgk es‘yghb?égthat

t he present ?yggggon is not limted in any way by these exanples. i~ The
foll owing Tab shows the conposition of the chopped fibers of Exanples A

to H and ’t he Conpa%ﬁlg%? Eﬁqﬁgﬁen t%ngng\ezbogtom rL%l%e? H of the V-belt

Exanpl esConp. ABCDE

() 33333355137 I%. e CoeEG B ERE B cacr
chopped fiberg,p %Héﬁﬂur%] e-qketiz‘@oéi 98&:&999?2834 hcﬁo‘;;ﬁ:ge‘%{:hﬁ 51'99 pRrts of

EPDM The rubber I's conprised o melg car bon
an-ant i oxi dant-Sgsnre 5L £la 00 SR TS B aéés’-”e%r"%ﬁr?é?éf ’“ghtg "
Baent, 10 par L2 By ha G "BF Rephed hRr s P?E‘é?%ﬁa%é@ﬁ& ’é gth of
" ang 10 ar & By el dR 4’3&%%%’3% SRR P ﬁ%‘é?ﬁé"la"ﬁ%”ﬁ%?ﬁ%y L

and a di anet e I d.. par i EP (trade
nanme "Keltan %gg%Al?O%lq g”]:hQ se&% h{é\g/%%éngc&h %n%?l\l%%s%\gs%ly at I O(I:)&Céof 25.

The rubber of fhg &xaPLAS c%é;sz:e% P@ﬁew%sags &qm@dtmwérw@;n&f the
rubber of Exanple A except for parts by wei ght of the chopped

aram d fi bersgapd.ehopped

The longer the chopped fibers 20, the worse the
i5 dispersion properties with respect to the stock rubber, and
hence the worse the processability. Therefore, preferably
1 the length of the chopped aramid fibers is from about 1 to
3 mm.

However if only chopped aramid fibers with a length of
2GC about 1 to 3 mm are intermixed in the stock rubber sheet,
the chopped fibers are so short that not all of them can be

oriented in the rolling direction during rolling.
On the other hand, because the modulus of the chopped
polyester fiber is lower than that of the chopped aramid fiber

23 and if the longer chopped polyester fibers are intermixed,



pol yester fibers, with respect to the 100 parts of the rubber conponent.

The rubber of Exanple B has 5 parts by weight of the chopped aramd fibers
and 15 parts by weight of the chopped polyester fibers with respect to the
100 parts of the rubber conponent. The rubber of Exanple C has 15 parts by

vei ght of the +qRoPPHLL A iH BrbbBet Se M tPBEESMOW RGN A0 ddianehopped
pol yester fibers with respect to the 100 parts of the rubber corrponent

Nanmel y, the cemQinghdatis dibp Egagmb&fs that faerecn@p@ﬁﬁintédoe&ﬁe @lflg%a»npl es B

and C are the sanme as that in ampl e A. The rubber of Exanple D has

parts by wei ghheObrd¥tGROPPEC Y %%?péa%rb%ﬁngrﬁenﬁ)@é& § nb¥n &&iaht ngf
chopped pol yester fibers with respect to 100 parts of the rubber i~

conponent . The; LuBPesn of A G Nasplpe RALE S g mikiolt) Ofe ChoRREd arani d
fibers and 15 parts by weight of chopped pol yes?er fibers wth reSpect to

100 parts; of bQEyEHPQ@rfl%HH%O%‘?:%ntE‘E”F% Ya p‘r@%e‘?:%gﬁ&ﬂgg PALd S ity wehght of

t he chopped fibers of exanples are changed fromthat 1n 2i; Exanple

A. , The rubb X SN ¢ of the
r ubber of Exargr% %tﬁlggggp?ﬁ?gg lt(!;eéél)reg‘lg’?ﬁé %gggg%érﬂg%%d%? Fo"regfa"ts]1 and

chopped pol ye%k@&vékbc‘i‘{esst;@ﬁgéﬁbal}e"thgf r@&%@&' ﬁof Qé‘éeﬁ'%@BB@dlé‘&%%g fibers

with a length ' ?~ of nm and” chopped pol yéster flbers wth a length of 3
mm ;1 The EHQHG\Ehé}f JExefR! e dphas aQQHE?HePl@éﬁms% ftthééramltﬂlt% Lgngt h of
2 mm and chopped polyester fibers wth a |l ength of The rubber of

Exanpl e H hasnghoppedc Ay alrnﬁéde@erlsf %&9 eh!ésagahp@iyé‘sm aeecRopped
pol yester fibers with a I ength of ach part” by weight of the

chopped af am dntibgis.@nd chopped poI yester fibers of exanples Fto His
the sane as that in Exanple A. The rubber of conparative exanples 1 and 2

has the sane conposihkh-@Roas, thdd Sofddwa Luhhen ?ib@@@&c@ heexaeppelihat _
the Il ength of the chopped aramd fibers is the sane | ength as that of the

chopped pol yegbepebibersSipetie LHRBAMa L 1CHFRAS %bxetﬁéaénu;fpeh hasm¢hopped
|

aramd fibers with a | ength of 1 nm and chopped pol yest er bers with a

length of 1 mmipdbe, a¥bheitednikRe PIRE b eI £ tRi Basmpehoppad . aram d
~5 fibers with a Iength of 3 mm and chopped pol yester fibers with a |ength

of 3 mm The fHbbris &fseXxAMAT A110theaBlosPER Al AXFTRLEE drand 2
were evaluated by using the first conpression stress test. The conpression

rati o (s wasopeasté€dinhene arsi188f Lrds oRPadngThembest at€SUAES are
shown in tabled 2 to 9. The test pieces were cylindrical pieces of rubber

havi ng | engt heneppdd abais FHBetisadmlNtedin 20e G JIMinfhes HdtQGH.0NDEE t he
conpression was the sanme as the direction of orientation of the chopped

fibers. ~; Jto tHad) eend] docpplte cAESENPhE BExmbgd eF iBeH¥PoriCalRd in
2$* S**UF S OF SH*oF S** o S** 1. 00. 21. 00. 11. 00. 11. 00. 11. 00. 23. 00. 1 3. 00. 13. 00. 13
. 00. 13. 00. 15. 931 1bn@Pldikedtioch5 i81h2ghl. 2PaBAvken (h1Z/ .dhbpBéd02rdniH2. 1
fibers are intermixed.
2G The length of the chopped aramid fiber should be less
than about 3 mm, preferably about 1 to 3 mm, and more
preferably about 1 mm. The lengths of the chopped polyester
fiber should be less than about 5 mm, preferably about 1 to

5 mm, and more preferably about 3 mm.

25 In this embodiment, the stock rubber is provided with



% . conpression ratio (%9 S** . stress (NmR) [Table 3] Exanpl e DExanple
EConp. 1Conp.

206 S** o S** o S** 9% S** 1. 00. 11. 00. 11. 00. 11. 00. 23. 00. 13. 00. 13. 00. 13. 00. 15.01. 3
5.01.15.01, 25.01.28.32.17.12.17.02,07.52.1 % . conpression ratio (% S** .

stress (N mR) i3 3o0[Jabl £ 4l tE«‘SQM&&-@(%@‘cﬁe € riibauR. 2d (MR
D~k ¥ % G —x S+ v GEPr G % 1200, 11. 00. 11. 00. 21. 00. 12,00, 23.00. 13, 00. 13. 00. 13

. 00.13. 00. 15. Qo %ﬁeglagénﬁ:ifggegl a%ﬁi@ﬂxe?Jh &%&y@&é@f@ﬁe@@) QAep2. 1 ~*

conpression ra 1 S** . stress own in tables 2 to 4, the

;' esults of eXf}'@Bb@%tAté 905‘p‘éﬁ‘:ﬁ:§ ﬁ}{:@e§§ﬁ@ o'f%ﬂ s %ﬁetﬂﬁ’ﬁ:% %mﬁc:nx%nt

conparative exanples 1 and inthe first conpression stress test. ~C The

rubbers of thﬁo%agBE@§ffbaﬁ§mﬂ1 Erand.goapasd Isvt%cﬁxmiﬁ éhami geere

eval uated by using a tensile strength test. The elongation ratio (~) was

measur ed Mhe”p%b‘i&%hoﬂléwﬁod"@% %Bph‘geﬂarﬂ‘%J %%%gk%s%t &Mho %%%‘H” in

Fig. 3. The test pieces were obtained by cufting a rubber shape using

~S nunmber 5 type ,dLH”PPt?éJsS &Eréléé@&ly-rgﬁog# rl%ciaéi)ﬂo%fy Bgf?ﬂm?n%'n‘&“ was

the same as the Qirection of the ofientation of the c pped bers

shown in Fig. ;gouthe t%'ﬁ‘%ﬁ:'tg%yr @Ei&h@ feé@gkgépéa pg’l 20de F M3 sess than

that of the conparative exanples the st rengt hs

agai nst tensi gn LN, SXAMUEY Anolr 1@9&%@,%%&&@%' 9£t£°r GQRAT AL bY@

exanples 1 and 2, because the orientation of t 'hopped Fibers was

i mproved \AhenptaQ%schgpQ@ng"a(@SﬁﬁM dPehe, 08bAY_LoRgSiedthan the chopped
aramd fibers, were blended in the stock rubber. The rubbers of exanples F

and H and, conpar at ipme; exangy ﬁés;l@f@ £8 WL §th %H@%ﬁ_‘-@ gxeuéla&oayh@w le
strength test. The test results are shown in A3 shown in Fig. 4,

the strengths @agsmj nsrtléﬁrl% Qataalsef@rmlb%%r (@ﬁt@) HhYREBgSHREE Atz F1E0 T hat
of the conparative exanpl es and 2, and were the S|n1Par to the results

for exanpl es Burbd.ahd fpbhs é—h@z\é%)de&ﬁrd enleNfusd:L e, 8F ahBengkock
rubber was inproved by bl ending the chopped aram d fibers and t he chopped

pol yester fibehgpebel@nkonasye.t Bah slh@n@htamquaaa@tﬂyim@rp%pwehae stock
rubber. [Exanpl e Rubber and Convent| onal

diene terpolymer (EPDM).

i5 Chopped meta aramid fibers which are less expensive than
chopped para aramid fibers are preferable. But when a
transmission belt with higher durability is required,: the
chopped para aramid fibers having higher strength than
chopped meta aramid fibers are preferable.

20 The chopped polyester fiber is preferably a chopped PET
(polyethylene terephthalate) fiber, but it may also be a
chopped ©polyethylene isophthalate fiber, a chopped
polybutylene terephthalate fiber, a chopped fiber obtained
from a ring-opening polymer of Pp-propionelactone, a chopped

3 fiber of a polymer obtained by polymerizing dimethyl

<



Next, the test results for Exanple A and the conventional exanple wll be
expl ai ned. The rubber of the conventional exanple is conventionally used

for a V-belt of ?.i, a scooter. The rubber of the conventional exanple was
conprised of 56 parts by weight of carbon black, 3.4 parts by wei ght of
magnesi um oxi dey o4, PALE StdY WA 9Nty %fycfi%h%%hgémﬁ a Yth oYy
wei ght of a vulcani zing agent, 12.6 parts by weight of ch oppe para aramd

fibers (trade_RanBeq made by Du Pont) , and 8.4 parts by wei ght of
chopped paFa gggﬂld #é%er having a length of 1 mmand a di aneter of

12. 35 trad Teid N al ts b
wei ght ug‘(cb?osog?gﬁe ru ﬁgﬁééTﬁeﬁpg%bg%s %’Ifdééxya Q%gn%%%r?:?@%%e g%n\pl)grttlsongl
exanpl e were @¥ggg%£§g by ushggogasméond coqyges_ron stregs,fest.

conpression ratio was neasure en a stress was applre The test

results aye sh e ri i of

r ubber havrng gﬁa% n£i£k3§?a-q%n4§% Bcd?gﬁgfers %ﬁ < ghgyg £EH1A%§?%§§t|On of
1~ conpressio a ect i of o0 t t hopped
fiber s shohn 7askH é%@tsh%r%?@ﬁ?f*eegs?%@ AngRibfb; ee%%btérafg?*"&xame
A and the con I I r ses
until the stréggéggggacgggng1§F3%2%%?%§§g gpgg%& é&QFFgééggxceeded
the predetermped,yal ues, the test pieces buckled and the conpr essi on
ratios rapidly i creased This Was caused by the bending of the chopped
fiber interm xed, Emgbgsstresses reached the buckling points X1 and X2.
2i, The increase of the conpression ratio of the rubber degrades the

rubber. Namely, th r o e buckling points
X1 and X2, the hrgﬁggggﬁggs%ggag%i%ﬁﬁi(ﬁ%&rule%% ﬁggﬁ%o%ﬁ by this test,

that of the r ubber 1af, F%@é@lﬁlﬁ‘vgﬁ‘&ﬁh ghan SbIEAA6EN HelaR :%rb%f%ﬁ:ekﬁg

conventional ::'5 exanple. ~ Fur the friction coefficients of the
V-bel ts whi ChtWﬁrﬂE@'aQG&'f EBQ@JJ&&%%C& Hétitieéé c%pERSQ{TPvé—‘ Aappdethe
conventional exanple were neasured. Fig. shows the result. Thé chopped

fibers were ogleotgd ehtttera!éttéﬂlqbaﬁetbms The Piffddd Lan spefli gient was

nmeasured by a friction coefficlient nmeasurenent apparatus 30, such as that
shown in Fig. tdesdNexdiflilery, 31 had a diameter of 80 nm and the contact
angle (a) between the pulley 31 and the V-belt 33 was 90 degrees (n/2 )

The tensjson (T1) iﬂ'hEh%oh}QBiﬂZRﬁt 2hpdlr eCkhels a8 eMeBRHE 80t DYn - Or acpBASUr I NG
device 32, when the speed of the pulley 31 was 42 rpmand the tension (T2)

in the vertiCahogthd L8t hPs 3 kAl 4 R Vi Reldt + 133 c¥RSadde 2rNexdhg1 ££i ction
coefficient (p) of the V-belt 33 was cal cul ated by applying the tension
(T) informiaakd)z. 1~a ={ In (T1/ T2) } / a (1)



As shown in Fig. 6, the friction coefficient (u) was 0.68 for the
conventional V-belt and 1.22 for the Exanple A V-belt. A suitable friction
coefficient in the transm ssion of a scooter has been found enpirically, to
be around 1.2. ?i, The Exanple A V-belt can be said to have a nore suitable
friction coefficient than the conventional V-belt. Nanely, the Exanple A
V-belt was inproved in power transm ssion performance conpared with the
conventional V-belt. A durability tegtrawag perforned using the durability
test apparatus 90 shown in Fig. 8. A V-belt 43 was nol ded ~7 into an
endl ess shape having a pitch length at the zone where the cord was enbedded
of 760 mm a width of the top surface of the V-belt of 18 nmm and a hei ght
fromthe back |surface to the tops of| ghg609s of 9 nm The V-belt, 43 was
hung on a drive pulley 42 and a drivien pulley 41 . The initial [tensioh was
500N. The drive pulley 42 was rotated, afga|spe bf 5Q00Q £ pyy by a (lpad of
10 Nmin an atjnosphere of 100 C Theqﬁr se %ulﬁgv %2 gﬁd‘%hghdrﬁveﬁppulley
41 were V-pul l|gys,,;400-m %yégﬁqﬁwgiqpe.frsi gnd 3?-d§grqfs Y- groque
g. g the"results ity

angles. .C Fi shows es of | the durab tlest| The durability

time was the tjime until .bg%%/@ptelt 43“5:3%;I d,30 J ongen lrou[’i.Do Fo5 1488 10
d

conventi onal Exanple, th om rubber | broke |ari g"the \{-be]t c¢oul|d not run
and coud ot |5 M0 taFt FoREs Mo FiolP s, ekl L7 {7 & HuF3bi B (7 (ot
showed hat tlle Bxarvl e AYebsld had el o7 ;0 LIV oamppi pfamlih f e
the. dur abi 11ty ERETE FERBAU TRE SaRbl T SHATESRERTToher 068 T8, the

har dness went and the.tension,decayed, i rdance w he el apsed
tinme. Furt herJ,CH'If;’)hsét ceknsrlut?n ot wtlﬁg EXSRPr & ﬁo sl-ccgd;ﬁar&aspiog %/glrﬁeicovered at’ 600
hours due to the restringing of the V-belt. :5 Fig. 12 shows the tinme until

the V-belt could no Ionger i3 rotate in a heat resistance test. The heat

1 st t est d_j t f. T le A
Vbel ©and the conVnt ARAT S REFIGR & Rng BECASEN Pho®PI BT BhI Thys

having th ol ey dianet - t |
cet 1o 6000 rae ' HRRIR B fok 4T meBRd 59" AlRghe LIS RUL S SR00 ves

metal salt, 1 part by weight of an antioxidant agent, 0.3 parts

T S (D

iC by weight of a scorch retarder, 8.7 parts by weight of paraffin
! o0il, 5 parts by weight of a vulcanizing agent, 10 parts by
weight of chopped meta aramid fibers having a length of 1 mm
and a diameter of 14.32 ym (trade name "Conex", made by Teijin),
and 10 parts by weight of chopped PET fibers having a length
5 of 3 mm and a diameter of 23.8 ym, blended into 100 parts by
weight of EPDM (trade name "Keltan 2340A", made by DSM) having
a Mooney viscosity at 100°C of 25.
The rubber of the Examples B to E has the same

composition as that of the rubber of Example A except for the



tension to 150N. In this test, the V-belts were turned out and hung on the
pul | eys so that the inside rubber surface becone the outside rubber

surface. As shown in Fig. 12, the conventional V-belt broke at . the cogs
after about 290 hours, while the Exanple A V-belt was cracked at the cogs
after about 1QQQ@tBoBYSweibhtebY, th8i enbeséd siemkid hailbdhe a@@amlo%pédv- bel t
has superior heat resistance to that of the conventional V-belt because the

rubber conpongrtyestEPRVbeir? , Abihioughpbbe wrbaditmnbsrof dhenprasent
i nvention have been described herein with reference to the acconpanyi ng

drawi ngs, obvicusbieARNY THRALhbsali SN xaRg1 eNRARSs Ek e yasle ik bhose
skilled in this art wthout departing fromthe scope of the invention. 19

CLAIMS 1. A tRRRSdHcpYedtblila £08DF4 8hAY'S Fa PEL Bymhwmhg%h@b@ed from
a stock rubber; chopped aram d fibers that are interm xed in said belt ..

body and ori epiegefed MHRAR! RT Fh Ak SUdieeb i @R @Bos@a&mktt}b@%bb%d
chopped polyester fibers that are intermxed in said belt body and oriented

in said predetghgbRedt di rad 'rQBbe‘AhQEet;F'aMéj chapped polyesherehibhers are
| onger than said chopped aram d fibers. 2. transm ssion belt acCording to

claim1, wheregientaai ghShanrPedAhaimsd vl Qeéﬁdaﬂ sS4l QRReM PRy esker
fibers are oriented in a width éirectlgn of sa:j'p belfgﬁody%gé.

. transmission Qﬁb%p@&%l%@get:qfﬂi&lmi-thvmfs'b@c'% £ kel R@Qaﬁ?egt&f B}et Ot &l
wei ght of said chopped aranmid fibers and said chopped pol yester fibers are

interm xed i nre8bdrStSMpordiiner nuhbiy ! eshe onfb@ ndl0pRAE L HyPfued ghiebber
conponent of said stock rubber. 4. A transm ssion belt according to claim

1, wherein a Zhel g Dirisard HADREHI1FARB hd iDaS thel £5% RARRZLMM 5.
A transm ssion belt according to claim1l, wherein a | ength of said chopped

pol yester fiberSEksmpessathan 5 nm 6. A transmi ssion belt according to
claim1, wherein a rubber conponent of said stock rubber is one of ethylene

5 propyl ene copolry@erubBt hYyd €8y IpeResdb eper £ 1ROt 6 th@itrite
but adi ene rubber, hydrogenated nitrite butadiene
chopped aramid fibers and 5 parts by weight of chopped
polyester fibers with respect to 100 parts of the rubber
i5 component. The rubber of Example E has 15 parts by weight
of chopped aramid fibers and 15 parts by weight of chopped
polyester fibers with respect to 100 parts of the rubber
component. Namely, the combined parts by weight of the
chopped fibers of examples D and E are changed from that in
20 Example A.
The rubber of the examples F to H has same composition
as that of the rubber of Example A except for the lengths of
chopped aramid fibers and chopped polyester fibers. The

rubber of Example F has chopped aramid fibers with a length

25 of 2 mm and chopped polyester fibers with a length of 3 mm.



rubber, and chloroprene rubber. 7. A transm ssion belt according to claim
1, wherein said chopped pol yester fibers are subjected to a treatnent
involving coating with a resorcinol-formalin-latex. 8 . A transm ssion belt
according to cI ai m 1l , wherein said chopped pol yester fiber is one of

chopped PET f ﬁ Epggeﬂ( Yk hylseht dp%aommcateba'fpe,ri,thcawap@da
erep t

pol ybut yl ene al ate er, choppe ber obtained froma

ri ng-openi ngpgflélmar g& c}ﬁéﬁ%%q&ggggﬁehm lequgdlgﬁé)@{ oef 5a,;upol yner

obt ai ned by yIeri zi ng thal ate and

L 9- cycl ohexapedi g %Qgrgy Exfhorh bALSHGAON Dehia 2660E dhaantD1 shatin 1,

wherein said oppe aram I's one ‘of chopped para aram d fiI ber and

~5 chopped matg Etgr am dd %érﬁéb h%lyésig%nﬁﬁé:‘zsé Qqqt?egtl@,ggcg{ deng 4P, cl aim

1, wherein saf A transm ssion belt

accor di ng to faa D par }\,M; Gt 82! the claggg ehiSa rfi0098e s bEld cndpbed2. A

transm ssi on ich 1s obtained and nol ded from
a stock rubber | p and chonned Ral yesteinfibers
are internixeB® i%%é’\@ %&p §g| g@ﬁére%l bersHbelgng Tonger than said '~5
chopped ar amg rs; 31 wherein said chopped aram d fibers and said
chopped pol ye fe’Pp 6fbers are oriented in a predeterm ned direction of said

belt body. .Ah.A; Aa% L b . AUy, AR:
y. AONy. A]Y A9aS. Aa B\af lﬁ_be@ %}ﬁfpé&%‘::ﬁ)‘% Xx%léog 1AM a ALAE ZotAe) s AHe ALY .

| wr mhc”Y] ca] ca},ca'} Cgl} 4 cal Qg]aga],gal}s;%]&ﬁ:]b@q] g@] ﬁ@l&ﬁi&@l Gakegkcahge] ca]l cal

calca]ca]ca]ca caljca]ca
16 the length of the chopped aramid flbers is the same length

B

N

as that of the chopped polyester fibers. The rubber of

comparative example 1 has chopped aramid fibers with a length

of 1 mm and chopped polyester fibers with a length of 1 mm.

The rubber of the comparative example 2 has chopped aramid

:5 fibers with a length of 3 mm and chopped polyester fibers with
a length of 3 mm.

The rubbers of examples A to H and comparative examples

1 and 2 were evaluated by using the first compression stress

test. The compression ratio (%) was measured when a stress

2¢G was applied. The test results are shown in tables 2 to 4.

The test pieces were cylindrical pieces of rubber having

lengths of 12.5 mm and diameters of 29.0 mm. The direction

of the compression was the same as the direction of

orientation of the chopped fibers.
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As shown in tables 2 to 4, the results of examples A

to H were the same results as those for the comparative

examples 1 and 2 in the first compression stress test.

C The rubbers of the examples A, C and E and comparative

examples 1 and 2 were evaluated by using a tensile strength
test. The elongation ratio (%) was measured when a tension
(MPa) was applied. The test results are shown in Fig. 3. The
test pimces were obtained by cutting down a rubber shape ysing
number 5 type dumbbells of JIS K6251. The direction of the
tension was the same as the direction of the orientation of
the chopped fibers.

As shown in Fig. 3, the elongation ratio of examples

A, C, and E was less than that of the comparative examples
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e to that of the comparative examples 1 and 2, and were the
similar to the results for examples A, C, and E.

As above described, the strength of the stock rubber
was improved by blending the chopped aramid fibers and the
chopped polyester fibers, being longer than the chopped

ib aramid fibers, in the stock rubber.

[Example Rubber and Conventional Rubber]

Next, the test results for Example A and the
conventional example will be explained. The rubber of the
conventional example is conventionally used for a V-belt of

20 a scooter. The rubber of the conventional example was
comprised of 56 parts by weight of carbon black, 3.4 parts
by weight of magnesium oxide, 4 parts by weight of an
antioxidant agent, 7 parts by weight of a vulcanizing agent,

12.6 parts by weight of chopped para aramid fibers (trade name

23 "Kevlar", made by Du Pont), and 8.4 parts by weight of chopped
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100 parts by weight of chloroprene rubber.
The rubbers of Example A and the conventional example

were evaluated by using a second compression stress test.

wr

The compression ratio (%) was measured when a stress was
applied. The test results are shown in Fig. 5. The test
pleces were cylindrical pieces of rubber having lengths of
25.4 mm and diameters of 17.8 mm. The direction of

compression was the same as the direction of orientation of

fony
0

the chopped fiber.

As shown in Fig. 5, the compression ratios of the rubber
of Example A and the conventional example, increased in
proportion to the stresses until the stresses reached

i5 predetermined wvalues. When the stress exceeded the
predetermined values, the test pieces buckled and the
compression ratios rapidly increased. This was caused by the
bending of the chopped fiber intermixed, when the stresses
reached the buckling points X1 and X2.

2G The increase of the compression ratio of the rubber
degrades the rubber. Namely, the higher the stress required
to reach the buckling points X1 and X2, the higher the strength
of the rubber. As shown by this test, that of the rubber of
Example A has higher strength than that of the conventional

25 example.
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between the pulley 31 and the V- belt 33 was 90 degrees (n/2).

The tension (T1) in the horizontal direction was measured by

<

a measuring device 32, when the speed of the pulley 31 was
42 rpm and the tension (T2) in the vertical direction acting
on the V-belt 33 was 17.2 N. The friction coefficient (n)
of the V-belt 33 was calculated by applying the tension (T1)
in formula (1}).
15 B ={1ln (T1 / T2)} / a (1)
As shown in Fig. 6, the friction coefficient (p) was
0.68 for the conventional V-belt and 1.22 for the Example A
V-belt. A suitable friction coefficient in the transmission
of a scooter has been found empirically, to be around 1.2.
20C The Example A V-belt can be said to have a more suitable
friction coefficient than the conventional V-belt. Namely,
the Example A V-belt was improved in power transmission
performance compared with the conventional V-belt.
A durability test was performed using the durability

25 test apparatus 40 shown in Fig. 8. A V-belt 43 was molded
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' broke and the V-belt could not run after about 320 hours. On
the other hand, for Example A, the V-belt broke and could not
15 run after about 680 hours. Namely, this durability test
showed that the Example A V-belt had better durability
compared with the conventional V-belt.
Figs. 10 and 11 show the changes in the hardness and
installation tension of the Example AV-belt and conventional
20 V-belt during the durability test. For both the Example A
and conventional V-belts, the hardness went up and the tension
decayed in accordance with the elapsed time. Further, the
tension of the Example A V-belt rapidly recovered at 600 hours

due to the restringing of the V-belt.

25 Fig. 12 shows the time until the V-belt could no longer
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rotate in a heat resistance test. The heat resistance test
was performed in an atmosphere of 120°C. The Example AV-belt
and the conventional V-belt were hang between two flat pulleys
having the same pulley diameters (77 mm), and rotated. The
pulley speed was set to 6000 rpm and the 1nitial installation
tension to 150N. 1In this test, the V-belts were turned out
and hung on the pulleys so that the inside rubber surface
become the outside rubber surface.

As shown in Fig. 12, the conventional V-belt broke at
the cogs after about 290 hours, while the Example A V-belt
was cracked at the cogs after about 1000 hours. Namely, this
test shows that the Example A V-belt has superior heat
resistance to that of the conventional V-belt because the
rubber component is EPDM.

Although the embodiments of the present invention have
been described herein with reference to the accompanying
drawings, obviously many modifications and changes may be
made by those skilled in this art without departing from the

scope of the invention.
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CLAIMS
1. A transmission belt comprising:

a belt body which is molded from a stock rubber;

chopped aramid fibers that are intermixed in said belt

o

body and oriented in a predetermined direction of said belt
body; and
chopped polyester fibers that are intermixed in said
belt body and oriented in said predetermined direction;
wherein said chopped polyester fibers are longer than
e said chopped aramid fibers.
2. A transmission belt according to ¢laim 1, wherein said
chopped aramid fibers and said chopped polyester fibers are
oriented in a width direction of said belt body.
3. A transmission belt according to claim 1, wherein 5 to

30 parts by total weight of said chopped aramid fibers and

o
(83}

said chopped polyester fibers are intermixed in said stock
rubber with respect to 100 parts of a rubber component of said

stock rubber.

4. A transmission belt according to claim 1, wherein a
2C length of said chopped aramid fibers is less than 3 mm.
5. A transmission belt according to claim 1, wherein a

length of said chopped polyester fibers is less than 5 mm.
6. A transmission belt according to claim 1, wherein a
rubber component of said stock rubber is one of ethylene

5 propylene copolymer, ethylene propylene diene terpolymer,

f
<
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nitrile butadiene rubber, hydrogenated nitrile butadiene

rubber, and chloroprene rubber.

7. A transmission belt according to claim 1, wherein said

chopped polyester fibers are subjected to a treatment

involving coating with a resorcinol-formalin-latex.

w

8. A transmission belt according to claim 1, wherein said
chopped polyester fiber 1s one of chopped PET fiber, chopped
polyethylene isophthalate fiber, chopped polybutylene

terephthalate fiber, chopped fiber obtained from a

(9]

ring-opening polymer of Pp-propionelactone, and chopped

-t

fiber of a polymer obtained by polymerizing dimethyl
terephthalate and 1,4-cyclohexanedimethanol.
9. A transmission belt according to claim 1, wherein said
chopped aramid fiber is one of chopped para aramid fiber and
25 chopped meta aramid fibers.
10. A transmission belt according to clainll, wherein said
transmission belt is a V-belt.
11. A transmission belt according to claim 10, wherein said
V-belt is a cogged V-belt.
2C 12. A transmission belt comprising:
a belt body which is obtained and molded from a stock
rubber in which chopped aramid fibers and chopped polyester
fibers are intermixed;

said chopped polyester fibers being longer than said

-2
(@]

chopped aramid fibers;
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