7 -JUNE 2006 TOOTHED BELT -AND METHOD OF PRODUCTI ON THEREOF BACKGROUND OF
THE INVENTION |.Field of the Invention The present invention relates to
a toothed belt made of a thernoplastic elastonmer, that can be used for
power transm ssion, conveyance, etc. and a nethod of7 puNgwgoson of the
sanme. 2.Description of the Related Art Conventionally, a toothed belt
made of rubber (f@PCERRRPRELT AN MgHPReS& BRERYAT HEX RERE Publ i cati on
(Kokai) No.H11l -182632 (pages 1 to 2, Fig. 1)) or a thernosetting

pol yur et hane a. |l astonner has been used for power transm ssion,
conveyance, etc. The toothed belt has teeth and bottons to engage with a

pul | ey. BAdxGHdeND NGF easENgnsephizoNi cati on of functions of equi pnent
usi ng belt mechani snms, cases have ari sen where junping resistance,

duramIiﬂ)@iéyaV@ff{ﬁﬁtiggegggggt|on and response cannot be satisfied
with current belt technology (in particular when the pitch of the teeth

s small) . BUClfor, cuben Lhe s gsiiLiqt ool 851 OMELo i S PRSGAAL Jehe

surface sides '6f *fRe“tee eth, %e resin ast oner y peél ed of f
or detached durlnﬁbuse so there are pr bl ens uch as nornal noi se,

undesi r NEETPEABF IS AT METee "ARY CFeBECRWUEPIOPPTEY . r%ﬁmﬁ?l@i ' THE

| NVENTI ON Therefore, an oq%ect of the present inventionis to provide a
t oot hed IBVEYREFENgE EEpAT rajqﬁﬁHQHg°Fe§F§?3ﬁEéﬂ“|?ﬁﬂ?ﬂﬁﬂf3P37 JUNE 2006

2 .Description of the Related Art

Conventionally, a toothed belt made of rubber (for example,
see Japanese Unexamined Patenf Publication (Kokai) No.H11-182632
{pages 1 to 2, Fig. 1)) or a thermosetting polyurethane a2lastomer
has been used for power transmission, conveyance, etc. The toothed
belt has teeth and bottoms to engage with a pulley. .

With the increasing sophistication of functions of equipment
using belt mechanisms, cases have arisen where jumping resistance,
durability, drive friction reduction, and responserééﬁnot be
satisfied with current belt technology (in particular when the

I“ pitch of the teeth is small). Further, when the regin of elastomer

is exposed at the surface.sides of the teeth, the resin or elastomer
is easily'peéled §ff or detached during use, so there are problems
such as abnormal noise, undesirable jumping performance and
reduced durabiiity.
SUMMARY OF THE INVENTION

Therefore, an object of the present invention is to provide

a toothed belt having superior jumping resistance, improved



durability, reduced drive friction, and inproved response, and in which
abnormal noise is prevented, conpared with conventional products (rubber
belt or thernpbsetting pol yurethane el astomer belt). According to the
present invention, there is provided a toothed belt i bé
characterized by belng provided with a belt-body conprlseé ? a

t her nopl sth elasto r having th vant ages. of both rubber and plastic
RS EeETRE At R T B R L G

cover fabric covering the tooth surfaces of the belt. This thernnplastlc
el ast oné Wa¥FhgEPRCEBPbITVHES LRaPT $ R HEH FeFgagegnehith iGpryeptysrall i ne
phase and a soft segnent in a non-crystalline phase, exhibits rubbery

el asti cittrpdatctsodmubbaperat tire; Eredrics efmtd sgpbadyuce Erechec &l alseomehaped at
a high tenmperature. Since the toothed belt of the present invention is
configuredt)as explained above, it has superior junping resistance,
durability, response,'etc . and resistance to seepage of the resin as

wel | as redueegrgihgetértﬁéIﬁbsfé}{m%%@nu?oﬁ cewz?@tlsorgﬁloaleetae& bel t.
Here, the materi al the cover fabric can be for exanp nyl on,

POl VoSt 8o ALATLE LCohLaN. ;B&{eab&rerﬁg pUALDES pAD ol sLhal, of the

cord can be exa eel car bon

fiber, etc. Pref t stic Iasto iIs a
ther mpfgs?tti%ogﬁof:%?ﬁﬂefed Rt e&?f’Bir@PQl?h%P TR ﬁﬁﬁ@"‘é&ﬁyet her
ester be conprised of a_cop olgner of, an aronmtic pol yester
(Crystapgyﬁ@tzg7sJgﬂéxféngubber and plastic (elasticity and strength),

cord serving as a tensioning member, and a cover fabric covering
the tooth surfaces of the belt. This thermoplastic elastomer having
a copelymer that forms a hard segment in a crystalline phase and
a soft segment in a non-crystalline phase, exhibits rubbery
elasticity at room temperature, and is made plastic and can be
shaped at a high temperature.

Since the toothed belt of the present invention is cdnfigured
as explained above, it has superior jumping resistance, durability,
response,'etc. and resistance to seepage of the resin as well as
reduced drive friction compared to a conventiocnal rubkber belt.

Here, the material of the cover fabric can be for example,
nylon, polyester, aramid, cotton, PBO fiber, etc. Further, the
material of the cord can be for example, polyester, glass fiber,
aramid, steel, carbon fiber, PBO fiber, etc.

Preferably, the thermoplastic elastomer is a thermoplastic

polvether ester elastomer. The thermcoplastic polyether ester may

be comprised of a copolymer of an aromatic polyester (crystalline



phase (hard segnent) ) and an aliphatic polyether (non-crystalline phase
(soft segnent)). The hard segnent may be an aromatic polyester with a

high nelting point, and is superior because of its h ’ al l'ization
speed, high strength, heat deformation resistance, g"ﬁ@“@&?‘@%bi lity,
chem cal stability, and heat aging resistance. Further, the sof .t
segnent pimsebéhard sleigpleatt) ¢ ol pet Abirhakid paliethgt aserntranysitaildanpoi nt ,
and is superior because of its flexibility, high inpact absorption, and
| ow t enpieakurecfpr opehidh€S). . Fld hard iskghénpossy e drp desiadil can

el astomer with a suitable ratio of hard segnent to soft segment to take

advant age1vaktbhewafove e ai8fiingt beSnt/ amtfsedsx&rdztloeor&fé&%edorn
this way has the advant ages of gui'et ness, inpact reési stance i npact

resilie U i stre nV|r nrrental
resi staggg FFQ& %%?P@%gfs Zraetl %o%%a%%?arfﬁ%s@gﬁh he er rmp asge

el astoner, .a therm) ti I uret hane . el asto can be used in the

t oot hed *BEFFL2Rfig” t Cfrﬂﬁ(i FXL( t}SoI‘%?ﬁr%‘t%nétégg@fﬁﬁera?%&%ﬁfe?gmg

pol yester types and pol yether t and is conprised of a soft segnent
and har de§e§renee- fwétheéﬁtt%gﬁégtsq%\ee&rﬂﬁx be@rorl pehget aprdnetharpat e,
pol ybutyl ene adi pate, other adi pate esters (ADP), polycaprol actone
(PCL), wp;@hyeaerboméeeS(PG);lsmi@t el ngl | pivdtlisc Spyeyégrekpe@ﬁwﬁes,of its

pol yt et ranet hyl ene et her glycol (PTM5 , polyethylene glycol (PEG ,

pol ypr opyeenei bl ye ol h(FPGmpaat abserpalophadnd ol tedriperadiveles, or ot her

polvols (long chain diols) . The hard segnent is conprised 3 7 JUNE 2006
properties. Further, it is possible to design an elastomer with
2 suitable ratio of hard segment to soft segment to take advantage
at the above characteristics.

A toothed belt configured in this way has the advantages of
quietness, impact resistance, impact resilience, low temperature
flexibility, bending strength, environmental resistance {low out
gas), and food sanitariness.

As a thermoplastic elastomer, a thermoplastic polyurethane
elastomer can be used in the toothed belt. The tpermqplastic
polyurethane elastomer includes polyester types and polyether
types, and is comprised of a soft segment and hard segment. The
soft segment is comprised of polyethylene adipate, polybutylene
adipate, other adipate esters (ADP), polycaprolactone (PCL},
polycarbonate (PC), or other aliphatic polyester diols,
pelytetramethylene ether glycol (PTMG), polyethylene glycoel (PEG),

polypropylene glycol (PPG), or cther aliphatic polyether diocls,

or cther polyols (long chain diols). The hard segment is comprised



of diisocyanate and a short chain diols . Wen the soft segnent is
conprised of a polyester polyol such as a polyethyl ene adipate, a

pol ybut yl ene adi pate, other adipic acid esters (ADP ol ycaprol act one
(PCL) , polycarbonate (PC), and other aliphatic pol jeg{@ﬁzﬁgﬁ)l s, a

t her nopl asti ¢ pol yuret hane el astonmer havi ng superi or -nmechani cal

strengtBe BealorsshsidnGf o WAl ORRShsbpnce, and chemical stability
is obtained. On the other hand, when the soft segnent is

pol yt et r anet e eth | veal . (PTM3)._.or er | yet her_polyols,, a
t her nopl asti@é%&%yeu%ggﬁasn%leﬁn}s %rrce?m r&vﬁer?ggguapgrgl%gsﬁf rﬁryé%ii %‘f%hnce
and |owtenperature properties is obtajned. Further, for an M  -based

t her nopPasti BOp¥t V¥ et HafeidizdSofe PRGEPREY e admatice  gtyes| 29 n
extender for the hard segnent, the cohesive density between chains falls
as do theiphgstens AlRer tiedycmrarleréonenffillof rdgcagharatextBader is
extended. A toothed belt configured in this way has the advant ages of

bei ng sapératdrexd nlaphasionpralasssteandisl slurmabhéithypl astd hackyusathace
conveyability (due to high ). It is also possible to nake the hardness of

t he t hegpaptasd+ Chawl raptanRiriaonike cAZ0i tol ADErdradung meker rBak dugsse of
JI S- K6253) . A toothed belt configured in this way has the advantages of

super i ofnris£xh bidddVuaie akind hemabdl hiokbd 089, Rer beaRRes. bR dhe
present invention, the toothed belt is forned to prevent the

ther ”DpJfé‘ﬁéJ: ShASLAE! O $eeRiAg AUt ; Of élflﬁtest}”a%%}g égge Phethe belt
teeth, from tclhe ocations where thgﬂweave of the Mé 08
glycol (PTMG) or other polyether polycls, a thermoplastic
polyurethane elastomer having superior water resistance and
low-temperature properties is obtained. Further, for an MDI-based
thermopl;stic polyurethane elastomer using an aliphatic glycol
chain extender for the hard segment, the cohesive density between
chains falls as do the physical properties when the length of the
chain extender is extended.
A toothed belt configured in this way has the advantages of
being superior in abrasion resistance, durability, and back
i . surface conveyability (due to high p).
It is also possible to make the hardness of the thermoplastic
elastomer about A70 to AS5 (Duro meter hardness of JIS-K6253).
A toothed belt configured in this way has the advantages of superior
flexibility, durability, and high load performance.
In the present invention, the tocthed belﬁ is formed to

prevent the thermoplastic elastomer from seeping out of the surface

side of the belt teeth, from the locations where the weave of the



-

cover fabric is spread. The exposed thernopl astic el astoner at the
surface side of the belt, can easily peel off while the belt is running
and be deposited at the bottom of the pulley which poor
engagenent, deterioration in the junping perfornancg?XUP@%ﬁ®§d
durability, and abnormal noise. Further, other object of the invention is
to provicdeea [pboducis aspreeidioditef eikpestdothedmbel s entdlasssbmalyowd, in
which the belt is resistant to seepage of resin fromthe belt tooth

surf acegher st £546¢ alildd @fMehdi BE1 Hef @Ot Saskhat pesl 3e£0AI Y the bbet
present invention, there is provided a toothed belt production nethod,

whi ch i ascbaﬁﬁfgfranéeﬂebaeﬁaéﬂg%ﬁtgtageﬁéep&fd B L 'guﬂ { Jrg%ma&asti c

el astoner, placing the cover cord, and sal resﬁape article in
a forning nnlqb ress hea%ing Ehe.assenbl. frgn1the out si d and heating
it fromthES PR]T FEIGETHE SroPE 8t T enPerdt (e { RER W KE&dSTPRES
crystallization tenperature of the thernoplastic elastoner and which is
| ess t hZRWABINBPI Y ol ntand GPPRTRELt BPHS®i me so as to formthe ‘teeth.
In the nmethod of production of a toothed belt, it is possible to press
and heat theFasseebhl y»iedma mdiegtsedethadirveneen s o gmorids Asi de at
a tenperature that exceeds the crystallization tenperature of the

t her nopbastiictebmstarterd afd e dlecitbetiebsl t hmentidreedreldavey poi whikbr a
certain time so as to control the fluidity of the thernoplastic

el ast onehe HEEseid erperaddite ORGebhgdScfatfeshe fBdmitHane@klftorcatiertai n

time for formng the teeth. That is, 5 7 JUNE 2006
surfaces or recistant to molding defects.

That is, according o the present invention, there is provided
a toothed belt production method, which is characterized by forming
a preshaped article of a thermoplastic elastomer, placing the cover
fabrie, cord, and said preshaped article in a forming mold, press
heating the assembly from the outside, and heating it from the
inside of the mold at a temperature that exceeds the
crystallizatioﬁ temperature of the thermoplastic elastomer and
which is less than the melting point, for a certain time so as
to form the teeth.

In the<metﬁod of production of a toothed belt, i1t is possible
to press and heat the assembly from the outside and to heat it
from the inside at a temperature that exceeds the crystallization
temperature of the thermoplastic elastomer and which is less than
the melting point for a certain time so as to control the fluidity

of the thermoplastic elastomer. These temperature conditions can

be maintained for a certain time for forming the teeth. That is,



since it is possible to spend a certain anmount of tine for nolding the
belt in the state where the fluidity of the thernoplastic elastoner is
control |l ed under the above specific nolding tenperature conditions,
seepage of the thernoplastic elastoner- fromthe int’TeF$¥VEQ2686 of the
cover fabric to the belt tooth surfaces is prevented and further nolding

defectsgiapd {tpd @RALBYWSIRentestdl CANNOEMEEH € W kehe! ¥of RTREngar €
al so prevented. Note that the nolding tenperature range, that is the

tenper alyeeptanoent ak S\%g@s@%énf €HY FaRLLL 29t bened motgleastqf the

thernDpIastlc | ast oner and ' ess than the ne point is
gener al | ran m ! IS Jble t formthe

t eet h b?xfﬁﬁPPSFlﬁ c?ﬂg ﬂ%ﬁ%? ]%3%§r5P8V8 ah °+£§ﬁ| ¥ a certain
time so that the annunt,of f|OM/Of t he thernopl astic eLastoner becones
approxiﬁﬁF@FYasu%elegﬂle%PTFo<ﬁﬁﬁE?%ﬁAP§e6he(Fgﬁﬂm%mﬂ%iﬁ#QnﬁéasﬁﬁﬂeﬁoIe
dianeter and length of 1 mmx | mid |If the nolding tenperature

condi t i momalee datteggtinas athshearmian fabritow the thed &t heebplhaderes

el astoner is between about 5 X 10-4 and 6 2~ 10-3 nml/sec a

t el nper asupeeveahnge ambrrither mehpenatdefecpeceads the ohaysiialg weatéon
tenperature of the thernoplastic elastonmer and is less than the nelting

poi nt, seepnAgeanAbttBe ¢&sbIeddigmadigelnt aest hLes WietdicLnver fabric to
the belt tooth surfaces is prevented, as are nolding defects of the belt

(tip roundi ngopRetgateeld £l Q\‘;e{jﬁ%ﬁ?glt‘ék@' Yah@k Med)aangd therefore, the

nol di ng becones nore accurate. E 2006

temperature range that exceeds the crystalllzatlon temperature
of the thermopl;astic ellastorner and which is less than the melting
point is generally in a range from 125°C to 19%0°C

It is possible to form the teeth by contreolling the molding
temperature and heating for a certain time so that the amount of
flow of the thermoplastic elastomer becomes approximately 5 x 107
to 6 x 107 ml/sec (load 50 kgf/cm® and hole diameter and length
of 1 mm x 1 mm).

If the molding temperature conditions are set so that the

[ amount of flow of the thermoplastic elastomer is between about

5 x 107 and 6 » 10" ml/sec, a temperature range where the
temperature exceeds the crystallization temperature of the
thermoplastic elastomer and is less than the melting point, seepage
of the resin from the interstices of the cover fabric¢ to the belt
tooth surfaces is prevented, as are melding defects of the belt
(tip rounding where teeth cannct be completely formed) and

therefore, the molding becomes more accurate.



For measuring the amount of flow of the thernoplastic el astoner, the Fl ow
Tester CFT-500 nade by Shinmadzu Mg. etc. can be used. The test.
conditions are a load of 50 kgf/cn2 , a preheating Ljﬂ@Ngf ﬁro seconds,
a sectional area of a cylindrical plunger of 1 cnR2 ‘and 8 2 hol e
dianmeter x length of 1 mMmx 1 nm Further, after reaching the set

t enper at ure (FeasmezEning etieelfaatoune) c&nflowf s £rthps eftemdmarg af=sari <100
seconds (hol ding the sane tenperature for 100 seconds and nmking the

entire sampkechde, SHE FieNPes st e @JrTa spounges s suseddba 9Fye &d Oadnof
50 kgf/cn2 to the sanple and the anmobunt of flow of the sanple per unit

time flophngQut fTBEOE'é?E *&%nBQLc%gRE.JJEe ggi%%%f”?é‘ﬁé&fe/;%nﬁi', tca % RIGkehgh! ©

that the ratio of the filanent denier e cover™ f

(weft/wa Cd 5t0 3,0, the ratio,of the yarn .densi.ty . (weft/warp)
o0 5 s 5o o 10 AR 0f GROEARPEby TSR 1abT CH AP G B BERSS | s
about 50 to 15Q%, (,at 50 nmw dth/2 kgf). Further, the cover fabric is
pr ef er abP§ } Far RPN ALe e déﬁ’“ﬁﬁ%t%u%@”&}‘lheof yh& ket e FHELBLE -
nmol di ng. By configuring the cover fabric in this way, the cover fabric

i s pressefteapgaiernthinge theoas hgtentranigpiras inga shnereme rt ezt urigrpangf

nol ding and zven if stretched, the filanments are superposed and

t her ef or efopenprehadtirde floxt a0St seesnds (edldioty tencarscepagerathréhe
resin fromthe interstices of the cover fabric to the belt tooth

surfacesfbs 1peyesheds and hak inekehandthiing gehersd Thef sihe tchpbiatbip) |
roundi ng where teeth cannot be conpletely forned) are also prevented

Theref org, pihegd®lidi RGP ERTESVEDS & ALF WrAlE®: k§r /AN 286 sample and
{
the amount of flow of the sample per unit time flowing out from
the hole of theldie is measured.

It is preferable that the ratio of the filament denier of
the cover fabric (weft/warp)’-is 0.5 to 3.0, the ratio of the yarn
density {(weft/warp) is 0.5 to 1.0, the elongation of the caver
fabric for molding process is about 50 to 150%, {at 50 mm width/2
kgf) . Further, the cover fabric is preferably treated with resin
or moisture-cure type urethane before molding.

By configuring the cover fabric in this way, the cover fabric
is pressed against the flowing thermoplastic elastomer at the time
of molding and =sven if stretched, the filaments are superposed
and therefore opening of the interstices is reduced, hence seepage
of the resin from the interstices of the cover fabric to the belt
tooth surfaces is prevented and further molding defects of the

belt (tip rounding where teeth cannot be completely formed) are

alsc prevented Therefore, the molding becomes more accurate.



Further, by Ttesin-treatnent or noisture-cure type urethane -treatnent,

t he bondi ng between the thernoplastic elastoner and the cover fabric
becones stronger. Furthernore, according to the presglr‘}ij invention, there
is provided a toothed belt production method, which/ JINWcterized by
arranging a cover fabric having elasticity, at the tooth-formng surface
of a forFenghem! dvhaeisig toeshmehapes, ndigturat-icngeatyrei nrethame t hat
stretches together with the cover fabric, on the surface of the cover

fabric cordatguwotts whiehbbhaihgrbetgeaml the Setrimegplhbeicmel & & bgmgoiard of
the resin filmhigher than that of the thernoplastic elastoner as the

bel t - bodyhdredffdralraraid sBaphly secdhdopl astic elastonme r in a flowabl
state at a tenperature less than its nelting point in a formng nold. |

ren thi s MetRadalapla0ueLigP g a-d ANGEARNE hDEEESAN. eldddie

| ami nat ed on the surfacé o e cover IS “contiguous Wth
the form ng .npl strt%ns long. with the cover . fabric, and has a
i gher | MTSVTEDS1 FiS THfehoEhG BEHIEORP RBEEPF I Theh CH BRI 5ty
material is in a flowable state at a tenperature |ess than the nelting
poi nt ofP¥ RETRREI T nTPYRE 85T ARG elrstiGiter st F ¢ bPo el YTied
fabric, the resin filmhaving a higher nelting point and not being in a
mol t en stwtfrag of hd Sfaxnmigonnpld revehttoplie Pedrehodpmimedingl a fremhn
passi ng. Therefore, the belt-body material cannot seep cut to the belt
tooth suflacedbat strdtiches hofretigosadhathé hevsur fabeis) destbé fsuwface
belt-teeth. Further, the cover fabric and the resin filmnmay be pressed
a 7 JUNb2@be cover fzbric contiguous with the forming mold, setting the
melting point of the resin film higher than that of the
thermoplastic elastomer as the belt~body material, and shaping
a thermoplastic elastomer in a flowable state at a temperature
less than its melting point in a forming mold.

With this method of production of a toothed belt, the resin
film, laminated on the surface of the cover fabric which is
contiguous with the forming mold, stretches along with the cover
fabric, and has a higher melting peint than the belt-body material.
When the belt-body material is in a flowable state at a temperature
less than the melting point of the resin and passes through the
interstices of the cover fabric, the resin film having a higher
melting point and not being in a molten state at this time will
prevent the belt-body material from passing. Therefore, the
belt-body material cannot seep ocut to the belt tooth surfaces,

so it is not exposed at the surface sides of the belt -teeth.

) Further, the cover fabric and the resin film may be pressed



agai nst the-flowi ng belt-body material when shaping the belt,” and expénd
together until nol ded agai nst the grooves of the formng nold, whereby
?.cover fabric layer and resin filmlayer of substantially the sane
"thickness are forned. |If the cover fabric |ayer fo7siUTE 2086 bottons has
uni formthickness, the pitch |ine beconmes stable and the cord is .

protect nga&QsEh@uéj!fllébiihbtbleli@bdd@h@%@giaf%e@ﬁkhaﬁﬂg‘ 4l ki@l Han be
heated after arrangi ng a sheet shape material or other somewhat

def or mab | xe i al : ] r _gag,he verted
to a floég %Jéés?% e ( .%‘ft * ?\gégﬁao%la%%{itgénq%?é%ae%dO?eghtgof(tg%g&%
form ng m)ig from an extruder gtc. #t is al o‘%)_ssi Ile éo make_t he

f I owabl e"Beft - HoRh S haterdNeT FEE5Fnia¥gh P Ty SEilfed 28Rt RE cover
fabric and fuse wth the resin film Wile shaping the belt, the resin
fil m sof $¥hstapkEhiat they sapakihyckPrs paire- foayedat £ idle Faysct fithiigh t he
interstices of the cover fabric and directly fuse with the resin film
af t er cobayeay, formmddite bodyomat briahni LovertHiakniess  atder pstahfidm can
be strongly lamnated with each other. It is also possible to use

pol yet hebeestes wsisadlre abel thbodyrdal erpadtadtbdiSadpahpethesbesiey ig esin
filmas the resin film As the belt-body material, thernoplastic

el ast omeympsovgd ef erabl e and various types of thernoplastic. elasto, ners
can be wused. On the other hand, various types of resins or elastoners

can be used a’ﬁhé I?)%lrteﬁiaayfni-al@rié@egntwﬁga@Be{f@élsaryﬁhagng a7 s]}&él,\.!% 2006

shape material or other somewhat deformable fixed shape material
on the forming mold, or can be converted to a flowable state (liquid
resin or molten state) and fed to the forming mold frorr-l an extruder
etc. It is also possible to make the flowable belt-body material
pass through thé interstices of the cover fabric and fuse with
the resin film.

While shaping the belt, the resin film softens somewhat. By
making the belt-body material pass through the interstices of the
cover fabric and directly fuse with the resin film, after cooling,
the belt-body material, cover fabric, and resin film can be
strongly laming.ted with each other. It is also possible to use
polyether ester as the beli-body material and use polyether ester
resin film as the resin film.

As the bel_t—body material, thermoplastic elastomer is
preferable and various types of thermcplastic elastomers can be
used. On the other hand, varicus types of resins or elastomers

can be used as the resin film. Among these materials, using



pol yether - ester resin for both conponents is preferable because a -
poi yether ester resin has the superior high-tenperature properties of a
t hernopl astic el astonmer, high strength, and rubbery elasticity froma
| ow tenperature to a high tenperature. Therefore, they yJgRES0pgNPEr ature

range is wde, the vibration absorption, oil- and water-proofness , and
chem cal Ly S ri t shi noi. s i t.h,th ul.ley
s redacelt oRr e PhEearaRn ey BEYpooqnHRact B TE M st BrBHE S Er

friction. Further, it is also possible to use a liquid injection nolding
resin or @IBgiﬁﬁgﬁ?raisT?ﬁeﬁﬁﬁﬁ?—%@ﬁy%hﬁtéPPﬁfl?¥)q%éhﬁ?qﬂ?éﬁﬂqPrﬁsing an
i njection-nolding machine, or to use a thernoplastic elastone r to form
a belt usPREPARTERS rdfdet . tharmamilesiidechedas hopiendt Flesitrgnayidr , apedi fi ed
by an ingredient containing phenol having side chains with unsaturated
bonds andtebbarphelmdticartyotybmcaaktdd tsnfegriedeatot fchiolt erenmpetratiager
of the cover fabric. When configured in-this way, the bondability

bet ween t hreeoFefef atiid i tthebebhtubedyangd erd atid<comyd seeratibhe

pol yet her ester resin is superior. Here, treatnment by |atex or treatnent

by RFL  bgfoseot 05 ng t-henBhgnekr [EsbdEder an@NchBRi COV & tfAhiiG abs
effective for reducing the rubbing between the yarns of the cover fabric

and | MProxbng-4 8g, WAL B A Lk %ecgﬁﬁge;apé Feqddbd s 1 o

nme"hod, t cord are e and the outernost | aye f the cﬁver

(abr 1 ) ool ARl QPN deR Lavel TRl S el a1 LpaedL e,
Further, it is also possible to use a iiquid injection molding
resin or elastomer as the belt—bodyxpaterial to form the belt using
an injection-molding machine, or to use a thermoplastic elastomer
to form a belt using an extruder.

In this method, a phencl resin layer, modified by an
ingredient containing phencl having side chains with unsaturated
bonds and/or a phenol carboxylic acid is formed at the outermost
layer of the cover fabric. When configured in_this way, the
bondability between the cover fabric and the belt-body material

{ comprised of the polyether ester resin is superior. Here, treatment
by latex or treatment by RFL before forming the phenol resin layer
on the cover fzkric is effective for reducing the rubbing between
the yarns of the cover fabric and improving the abrasion resistance
of the cover fabric.

In this method, the cord are embedded and the ocutermost layer

of the cover fabric is formed of a phenol resin layer modified

by an ingredient contzining phenol having side chains with

10
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unsat urated bonds, and/or a phenol carboxylic acid. If configured in
this way, the bondability between the cord. and the belt-body nmateri al
conprised of the polyether ester resin becomes superior. Note that to
i ncrease the bond strength between the cord (gl ass fiJENE @ooer onati c
pol yam de fiber) and the belt body, the cord may in accordance with

need be YTl SXAP| CrM/AD £ oHABO! CLPOLL O SRIUBNYEL oligh LBFL )

| ayer or resorci nol -formal dehyde | at ex I"ayer er formed
with an . oyercoat |ayer superijor..in bondabiljty wth an RFL _layer.

BRI BF DESCRIT| CRY On E D R NS VTG B BB o] RRERTRSh Wid e oY er
understood fromthe description of the preferred enbodi-nent of the

i nvent i Fi7teet 21f SPPRT bR D Wit SRR A OMER €hHeeBEESHPaRGTARL Y SAFSTEST -i n
which: Fig. | is a sectional view of the toothed belt of a first

enbodi mdigiteofthilietpr ésentasavidm itomd Bitgengthsbatpesspdot iacerdyi l@bass
explaining a sleeve of- a toothed belt of the present inxention; Fig. 3
is a grd@ibekobrexpbabni agpdheartielatfibashi pnietmeebel  asddy f [thedidoydand
tenperature; Fig. 4 is a graph of the results of a grease resistance

test; g iR hecar8hARE Witk hadedd kerpbdardfi ¥@adgictibiam test; Fig. 6
is a schematic view showing the structure of a rotational accuracy

tester; Ei LS of; . ofation accuracy test;
Fig. 6 irES%rngaB% g?%ﬁie)@?lg}s% [1 S gh?gépgﬁg%’%t%gt% 11 7 JUNE 2006

resorcinocl-formaldehyde latex (RFL) layer further formed with an
overcoat layer superior in bondability with an RFL layer.
BRIEF DESCRIFPTION QF THE DRAWINGS

The present invention will be better understoocd from the
description of the preferred embodiment of the invention set
forth below together with the accompanying drawings, in which:

Fig. 1 is 2 sectional view of the toothed belt of a first
embodiment of the present invention;

Fig. 2 is a perspective view explaining a sleeve of a toothed
belt of the present invention;

Fig. 3 is a graph for explaining the relationship between
resin fluidity and temperature;

Fig. 4 is a graph of the results of a grease resistance test;

Fig. 5 is a graph of the results of a drive friction test;

Fig. 6 is a schematic view showing the structure of a
rotational accuracy tester;

Fig. 7 is é graph of the results of a rotation accuracy test;

Fig. B8 is a graph of the results of a response test;

11



Fig. 9 is a graph of the results of a junping test; Fig. 10 is a graph of
the results of an oil resistance test; Fig. 11 is a graph of the results
of a stationary position accuracy test; Fig. 12 is.f Ng%of t he
results of a durability test; Fig. 13 is a sectional Viewor the toothed
belt of a second enbodinent of the present invention; Fig. 14 is a view
for expl ai ni Agst-h@ produgtrapn oettied resultthecf oat wdoires ttexft £ he second
enbodi ment, Fig. 15 is a plan view for explaining the state of the
interstices a@figt.heociwer girabhi 6f HARArEsgltdbof SiracYl eve Di -0 ajeBicng a
conventional nethod of production of a toothed belt. DESCRI PTION OF THE

PREFERRED EMp@IQl MENTSs Her @+ 0 tr . tHehe eBLER 8T £ 205 eobodi BNt S Rfsitthen.
present invention are described with reference to the attached draw ngs.
Bel ow, irst odi ment of the present invention %ill be explained
W th re%%r%élf%%g%t 88 € drawings. [First Enbodinment] Fig. 1 is a sectional

view of the tooth belt 10 aof t first nbodi ment qf. the present

i nventi on. T%égtogtghéﬁ ?)eﬁ’fafiorb Grfhagihebéfef%gﬁyo ?e‘?’i’%ﬁ%:‘f?tfyortﬁsr‘?gj t he
teeth, and a cover fabric 12 arranged at the surface of the toothed belt
10. Further, Fégrdii6ls &ctSerdigsad vedsivhithg ferberdikebrnid@esecanthe
belt-body material 15. 12 7 JUNE 2006

embodiment of the present invention;

Fig. 14 is a view for explaining thé praoduction method of
the toothed belt of the second embodiment;

Fig. 15 is a plan view for explaining the state of the
interstices of the cover fabric; and

Fig. 16 is a view for explaining a conventional method of
production of a toothed belt.

DESCRIPTION OF THE PREFERRED EMBCDIMENTS

Hereinafter, the preferred embodiments of the present
invention are described with reference to the attached drawings.
Below, the first embodiment of the present invention will be
explained with reference to the drawings.

[First Embodiment]

Fig.l is a secticonal view of the toothed belt 10 of the first
embodiment of the present invention. The toothed belt 10 has
belt-body material 13 forming the teeth, and a cover fabric 12
arranged at the surface of the toothad belt 10. Further, cord 16
acting as a tensioning member is embedded in the belt-body material

15.

12



Next, the production nethod of the toothed belt nmade of a thernoplastic
el astonmer is explained. First, the thernoplastic resin is nolded into a
sheet-1i ke preshaped article (resin sheet) by an extruder. For the

t hernopl astic el astoner, use is nade of a thernopl a5JUNERE0yet her ester
el astomer and thernopl astic pol yurethane el astoner. The thernoplastic

pol yet her esygge, e‘tﬁét%uéﬂ%nama%ﬁgdsgﬁn?}% M&%él@m%ﬁ%mo?ala

forrru:a (D) and  a soft segnent shown by chem caI forrm a (2).
e %lb Fbh R A ﬁ?rher%%&égiﬁc

For the Sheh rigbBaael Fordt SeRERa ke 0 st SRE el ik SaeerL e

it is possible to use the el astoners of the brand nane Mractran rrade
by Ni ppen M resEreder or the brand name El astran made by BASF Japan, etc.
As the material of the cord, for exanple it is possible to wuse
pol yester, cFasstii¢ b@rqrn@rpé.laisdtip st eetomear bove fiheradePBO ki ber, 13 7
JUNE 2006 etc. The material of the cover fabric can be, for exanple,
nyl on, tpetyesiLestiarnsliykthe@obk@By 0laPBihedf idiel  theirthopkusther, when
meking the ratio of the filament denier of the cover fabric (weft/warp)
0.5 t0 Sofyur@khdige 10 Jtakied . Ofrhbhenyatdb tensid o MaithewakRte®. 5
elastomer has a hard segment shown by the chemical formula (1)
and a soft segment shown by chemical formula (2). For example,
it is possible to use an elastomer having the brand name Pelprene

made by Toycocbo CO.LTD., or the brand name Hytrel made by

DUPONT-~TORAY CO.LTD., etc.

—[CO@&c:<)-~0(c:}12)4—c>]T e
—[co@coﬂo{ ((:Hz)p—o}CJTn

Further, for the thermoplastic polyurethane elastomer of the
preshaped article, it is possible to use the elastomers of the
brand name Miractran made by Nippon Miractran, or the brand name
Elastran made ny BASF Japan, etc.

As the material of the cord, for example it is possible to

use polyester, glass fiber, aramid, steel, carbon fiber, PBO fiber,

13
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to 1.0, making the elongation of the cover fabric about 50 to 150% (at
50 mmwi dth/2 kgf), and nmaking the cover fabric treated with resin or

noi sture-cure type urethane in advance of nol di ng, tglte cover fabric is
pressed against the flowi ng thernoplastic el astoner JYNE 2006e of-

nol di ng. Therefore, even if stretched, the filanments are superposed and
opening etcthe interstices is prevented, hence seepage of the resin from
the interstices of the cover fabric to the belt tooth surfaces is

prevented andri®lnivedidebectife @bvikherbetic (danPpboUskl NGiamp@) enlesh h
cannot be conpletely forned) are also prevented. Therefore, the nol ding

becones gBig%sa LUs3 égﬂ‘%&%ﬁ&n EPepéB)@.ddaQQ,b%}#?ﬂr&ﬂg%ﬂégﬁerﬁoﬁ!aﬁﬂgc

el ast one cover cdnmes ‘stronger. e cover C navin

elasticity, the cord, and.the reshaped _article ar ssenmbled. in a netal
ol d havFiy TEEkh SindnS, A bAERAb AR ke CEobht PP STBEed G/ 1R
assenbly is then press heated fromthe outside of the rubber bag to a
pressurefof tSGD %o™IE6DIKPAE a2t ¢ OfpEP &t YN sterAd o (Pedt/ vare) Heat ed
from the inside of the nold for a certain time to a tenperature

exceedi nge i He wvekindl the aflpogatenparfatheecofey fabrher abphasid ¢oel 38% oner
(differing depending on grade of resin) and less than the nelting 14 7
JUNE 2006at pid mim @didthéei gt deperddimagion ghadsowdr fedini) tThetesl i tig
tenperature range is froma tenperature exceeding the crystallization

t enper at H&€i Of ot hs itdiefaphast Lopel a5 BiEie iy advharBebat Hoeakggs than
the nelting point. This differs depending on the grade of the resin, but

i's generghiyri fard1ANGe JreQUbd22Gainst the flowing thermoplastic

| elastomer at the time of molding. Therefore, eveg if stretched,
the filaments are superposed and opening of the interstices is
prevented, hence seepage of the resin from the interstices of the
cover fabric to the belt teooth surfaces is prevente& and molding
defects of the belf (tip rounding, where teeth cannot be completely
formed) are also prevented. Therefore, the molding becomes more
accurate. Further, the bonding between the thermoplastic elastomer
and cover fabrip becomes stronger.

The cover fabric having elasticity, the c¢ord, and the
preshaped article are assembled in a metal mold having teeth and
this assembly is covered by a rubber bag. The assembly is then
press heated from the outside of the rubber bag to a pressure of
500 to 3000 KPa at a temperature of 70 to 200°C, and heated from
the inside of the mold for a certain time to a temperature exceeding

the crystallization temperature of the thermoplastic elastomer

(differing depending cn grade of resin) and less than the melting

14



to 190C. At the tinme of. nolding, the nolding tenperature is set to be in
the-tenperature range of the tenperature exceeding the crystallization
tenperature of a thernoplastic elastoner and less than the nelting
point, so as to enable an anount of flow of the thernPpN&Esigog €l ast oner
of approximately 5 x 10-4 to 6 x 10-3 m/sec (load 50 kgf/cn2 and hol e

di anet er I f t he as | ¥, LS eat ed
from the® ?%gtl: dg&%&ﬁ%en grlrgl%g)e?’gr}ngg%e??%%l {kfrﬁ?ﬁ%g? t %HS ?ﬁiéé?)l‘%w anount s
of thernpplastic elastoners_to be jn the range of about 5 x 10-" to 6 X
10-3 i | SERCIR PO G £ERBeRat HPRS 2 B <F e Belhet o be
correctly formed without seepage of the resin to the belt tooth surfaces
or tip retyirigliadidce ttearesatireaphothdehegmsrdesityct 8taBECOMAE ¥heé end
of the heat press nolding, the assenbly is cooled and renoved fromthe
nol d t o détEematle tlesishetlabekheshekbvind geeintki Th2y. dThfess edoperafiriche
toothed belt 1 has teeth 2 and bottons 3 engaging with the pulley etc.
After thbs,tHgrabeeye tise Gésilng batCes tdderaldihihoa olrdjen facko0? $fed
belt (timng belt). (Exanples of Thernoplastic El astoners) Next, exanples
showi ng ¢he geting of the flow anobunt of the 15 7 JUNE 2006

t hernopl astic el astoners, are explained wwth Fig. 3 and Table 1. Fig. 3
shows a grap f..the.rel ati ip.b t f L.uj di e i.n and
t he tenperat Ehrtg.t enettlﬁ% gﬁ"agﬁﬁ%&ﬁ%g’%& C{}SIS:’EI‘%J“QE%F%Q% h{egrr%% ZJSOP iC

POl yet her, et ahcelastaners, ((ade, bye Tguong o QIR o DL AR OAI

crystallization temperature of a thermoplastic elastomer and less

than the melting point, so as to enable an amount of flow of the
thermoplastic elastomer of approximately 5 x 107 to 6 x 107 ml/sec
{load 50 kgf/cm® and hole diameter and length of 1 mm x 1 mm),
and the assembly is also heated from the inside of the mold for
a certain time. Setting the flow amounts of thermoplastic
elastomers to be in the range of about 5 x 107° to 6 x 10™® ml/sec
by controlling temperatures, enables the belt to be correctly
formed without éeepage of the resin to the belt tooth surfaces
or tip rounding, where the teeth cannot be completely formed.
At the end of the heat press molding, the assembly is cooled
and removed from the mold to obtain the toothed belt sleeve (see
Fig.2). The sleeve of the toothed belt 1 has teeth 2 and bottoms
3 engaging with the pulley etc. After this, the sleeve is cut to
a certain width to obtain a toothed belt (timing belt).
{(Examples cf Thermoplastic Elastomers)

j Next, examples showing the setting of the flow amcunt of the



t hernopl astic pol yether ester elastoners (brand name Hytr nmade by
DUPONT- TORAY CO. LTD.) . Further, TRU-A is a thernoplastic polyurethane
el astomer (brand name El astran made by BASF Japan)7J1\j\ﬁ'EI2eb0 RU- B and
TRU-C are also thernopl astic pol yurethane elastoners (brand nane -

M ractran made by N ppon Mractran) . Table I shows the relationship

bet ween thiggmppde s crekd atemrks t keebekplapiarhbil it ¥ig( TRearmd\VEablieabri c
and the cover fabric E are explained later in Table 2.) 16 7 NNE 2006

[ Tabl e 1] Typeg.ahdhdulsdabiddgdhy of ofhReel asi KResh hpdadivegnt €ng £1klididiyt y of
SeepageTi p roundi ngOverall (C)resin (m/s)eval uation

TPEE- A1234+ 205, O4iNo Yo + hBE e300 n4E- 93NaNO @y EPEEE- AbBH1a Q3 @2¥ESROX
TPEE- B1401. 24E- 03NoNoO TPEE- B1453. 95E- 03NoNoO "TPEE- C1506. 20E- 04NoNoO

TPU ALBO3 53E SOARBRB0. THPBRE03 57 M0N0 o re ol B TayaBan

CO.LTD., brand name Pelprene), while TPEE-C and TPEE-D are also
thermoplastic polyether ester elastomers (brand name Hytrel made
by DUPONT—TCRAY CO.LTD.). Further, TRU-A is a thermoplastic
polyurethane elastomer (brand name Elastran made by BASF Japan},
while TRU-B and TRU-C are also thermoplastic polyurethane
elastomers (brand name Miractran made by Nippon Miractran).
Table 1 shows the relationship between the type of resin and
the belt mecldability. {The cover fabric and the cover fabric E

are explained later in Table 2.)
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TPU- C1851. 65E- 03NoNoO TPU- C1906. 14E- 03YesNox TPU- C1959. 12E- 03YesNox "Cover”
Fabric E 17 7 JUNE 2006 First, in the case of TPEE-A, when the nol ding
tenperature was set at 130C, the anmpbunt of flow was 5.54 x 10-3 nl/sec
(load of 50 kgf/cnR and hole dianeter x | ength of TJWNE200e) Or in

t he range of about 5 x 10-4 to 6 x 10-3 nm/sec. It was possible to
correctly formathg belt w thout seepage of the resin to the belt tooth
surfaces or tip rounding, where the teeth cannot be conpletely forned.

Next, in theTg,Egg gL?TﬁEngblw %(Q%gglngl ng tenperature was set at

140C, the and | ow was m/sec while when set at 145C,
the amount of fllow was 3.99 x 10-3 m/sec or ijn the rangejof about 5 X
10- 4 t o] Bexinl0- ohtlirgeterd.-t| MasdiFgssi bl ¢ se¢wrge gr Tiectdupdingr mavhealbel t
W t hout | seepage G8) the resilresént®d/s'hellt t oot surfaces orl Spiratéemdi ng.
Next, ih _the cqxse of TPEE-C, when the mpl di ng tienperature rJwas set at
150C, t h_aP%JaLrj‘_zlif f !%\N &Yy 4 éoix?f’i 10 R‘l Lcnp Kﬁﬁu e \Ahn Jnj‘ at—155( y
t he a”DUE}EEQM L,y was 3.g3q X s H¥3 m_/s P G0 O ihn.t he range Qg abgleS Jr
10- 4 t o o—x—10+3—mtFsec—tHtwas—posstbte——to—cagrrecttyformthe—bett
w t hout §&§pgg¢ @k the resijn vegdshe belttooth gurfaces or stip rounding.
Next, |if the case of TPEE-T), Wwhen thne mprding Tefperarure was set at
165C, theemapunitisof fl ow wds.24623x 10- Jwal / sed whi | e @)

TPEE-B 145 3,85E-03 No No O

TPEE-C 150 6.20E-04 No No O

TPEE-C 155 3.30E-03 No No O

TEPEE-D 165 1.62E-03 No No O

TPEE-D 170 5.43E-03 No - | No O

TPU-A 180 ' 3.53E-03 No No O

TPU-B 180 2.57E-03 No No O

TPU-C 185 1.85E-03 No No O

TPU-C 190 6.14E-03 Yes No X

TPU-C 195 9. 12E-03 Yes No "X

Cover Fabric E
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when set at 170C, the anount of flow was 5:43 x 10-3 nl/sec or in the

range of about 5 x 10-4 to 6 x 10-3 nl/sec. It was possible to correctly
formthe belt w thout seepage of the resin to the belt tooth surfaces or
tip rounding. 18 7 JUNE 2006 Next, in the case of TPU pAguniesydghe nol di ng
tenperature was set at 180'C, the anpbunt of flow was 3.53 x 10 3 nl/sec

or in the range of abo 5 x 10-: to 6 X 10-3 [ Se | t S possible to
correctly for%g‘rrﬁg’béf"t %&ft‘ﬁ?ﬁﬁ %%eTpp%&e"z‘Uf '“?‘ﬁé' F8§i ﬂ%gl??\\g@%’&g?ra Yot h
surfaces or tip rounding. Next, in the case of TPU-B, when the noldin

t enper at 13 &S 28e1381C 18bsCameRRE RO UMD MaFl Bw hat 20 57m%k/ 28e3(tpadec
or in the range of about 5 x 10-' to 6 x 10-3 m/sec. It was possible to
corr ect | p & d0mkgliéché| andriitdisudismepagexof enhith rei h mm 3 He gl tor toot h
surfaces or tip rounding. Finally, in the case of TPU-C, when the nolding

t enper at W reageset abodBbs & 1d1é esvent i fhbDrsaws It 8&sX gids3 bvle/ SeC
or in the range of about 5 X 10-4 to 6 x 10-3 m/sec . It,was possible

to correqld voheulkliherbeht 1y oW \SeeRRGe sabphBe sEStRetPaiNe tdhelde
tooth surfaces or tip rounding. (Exanples of Eover Fabrics) Exanples

show n i f-f.e fl deni.er f 14 i i
vt L] nar DLt REBEn, LLBEREL, AR, WRond Y DBl Offe 1dBEY SN e

expl ai ned WHELh rgference to Table 2., Table 2 shows the relationship

bet ween (HEPLyEE S TRBVEF - fabric and the noldability (for the resin, the

above TPEE-B was used and the - )
Next, in the case of TPEE~B, when the molding temperature

was set at 140°C, the amount of flow was 1.24 x 107° ml/sec while
when set at 145°C, the amount of flow was 3.95 x 107 ml/sec or

in the range of about 5 x 107 to 6 x 102 ml/sec. It was possible
to correctly form the belt without seepage of the resin. to the

belt tooth surfaces or tip rounding.

Next, in the case of TPEE-C, when the molding temperature
was set at 150°C, the amount of flow was 6.02 x 107* ml/sec while
when set at 155°C, the amount of flow was 3.30 x 10™® ml/sec or
in the range of about 5 x 10™ to 6 x 10 ml/sec. 1t was possible
to correctly form the belt without seepage of the resin to the
belt tooth surfaces or tip rounding.

Next, in the case of TPEE-D, when the molding temperature
was set at 165°C, the amount of flow was 1.62 x 107 ml/sec while
when set at 170°C, the amount of flow was 5.43 x 107° ml/sec or
in the range of about 5 x 10" to 6 x 107 ml/sec. It was possible

to correctly form the belt without seepage of the resin to the

3y belt tooth surfaces or tip rounding.
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nmol diing tenperature was set at 145*C). 19 7 JUNE 2006 [Table 2] Types
Mol dability of Cover Fabrics Ratio of Ratio of Overa: Cover denier of

yarn El onga- Treatment SeepageTi p Eval ui FabricfilanenfﬁUgﬁqﬁ§éy
ti onroundi ngtion (weft/warp)(weft/warp) Al. 000.5928ResI nYes g X .

B3. 800. 6348Resi nNoYesx C2.670. 6361Resi nNoNoO D2. 670..6358RFL YesNox
EO. 950. 6563ReSerboNoD the. 858 GHHZUUehhavadoNbe @01 950y IrPResituMe Yiesx
HO. 950. 98131Resi NnNoNoO 1 0. 950. 98162Ur et haneYesNox
set at 180°C, the amount of flow was 3.53 x 1072 ml/sec or in the
range of about 5 x 107" to 6 x 10™° ml/sec. It was possible to
correctly form the belt without seepage of the resin to the belt
tooth surfaces or tip rounding.

Next, in the case of TPU-B, when the molding temperature was
set at 180°C, the amcunt of flow was 2.57 x 10" ml/sec or in the
range of about 5 x 10™ to 6 x 10 ml/sec. It was possible to
correctly form the belt without seepage of the resin to the belt
tooth surfaces_or tip rounding.

Finally, in the case of TPU-C, when the molding temperature
was set at 185°C, the amount of flow was 1.85 x 107 ml/sec or in
the range of about 5 x 107 to 6 x 107 ml/sec. It.was possible
to correctly form the belt without seepage of the resin to the
belt tooth surfaces or tip rounding.

(Examples of Cover Fabrics)

Examples showing different filament denier weft/warp ratios,
varn density weft/warp ratios, and amount of elongation of cover
fabrics are explained with reference to Table 2. Table 2 shows
the relationship between the type of cover fabric and the

moldability (for the resin, the above TPEE-B was used and the

molding temperature was set at 145°C).

18
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J0. 950. 98136RFLYe$Nox X0. 460. 98142Resi nYesNox LO.711. 60180Resi nYesNox

Resi n: TPEE-B Hol di ng tenperature:

2, for exanple in the case of the cover

filanment denier to the warp denier

145C 20 7 JUNE 2006 As -shown in Table
fabric C, t i f the weft:
(weft/warp) was hﬁ‘ﬁ%@“é? and the

ratio of yarn density (nunber) (weft/warp) was set to 0. 63. Thus t he

cover fabric M&dlmnidf act ur ed

in such a manner to elongate 61% at 50 mm

wi dth/2 kgf, and was then subjected to a resin treatnent. It was
possi bl e to cofiectind Mboaabihecpedt odddrowabieepage of the resin to the
belt toaoth _surfaces ar fijr;rmm 'ngp Next _in the case_of the cove
fabric E, the ratio of fli | ament_ deni er (weft/warp) was seﬂ to 0.95] the,
ratio of SPAPH HEASIA §F_ (Maibery (WBITFRar pTiERe] FEPUEs bne | Overa
el ongat i| GA-bt° @?x;ﬁé‘,{ ¥abric V\Ja§“6‘3% at 50 mm wi dt h/ 2 kdgPy o 8nd 7™
resin tneatnen fdperfgggfp T was possibleto correctljy formthe
belt w tfhout aeepage o The TeSip 1o thel belT toofh Surfages or tip
roundi ng.a Next | iigo the ¢asesof theawover fmdwinc F, |tvBe ratiqesf fil pgent
deni er (Weft/wWarp) wWasS 3et to 0.9p, (M€ rjarfro of yarn density  (numper)
(weft/warep) wasss@t to Q.065z the ghongatijogeah t he{eaver flabsic wabx68%
(at 50 mmwidth/2—kgf) 5 and nmolrsfure-curg type ufethane freatment;was
performed It Wwasspossi blgesto corfectly Lflairs,mnt he bebt withadt seeppge of
the resimtot bett—tgoth

D 2.67 0.€3 58 RFL Yes No 4

E 0.85 0.65 63 Resin No No O

F 0.95 0.65 68 Urethane No No O

G 0.95 0.38 51 Resin No Yes X

B Q.85 0.98 131 Resin No No O

I g.95 0.58 162 Urethane Yes No b4

J 0.95 0.%8 136 RFL Yes No x

K 0.46 0.58 142 Resin Yes No x

L 0.71 1.60 180 Resin Yes No X

20
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Molding temperature:
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surfaces.or tip rounding. Next, in the case-of the cover fabric H, the
ratio of filanment denier (weft/warp) was set to 0.95; the ratio of yarn
density (nunber) (weft/warp) was set to 0.98, the elongation of the
cover fabric was 131% (at 50 mm wi dth/2 kgf), and r ésIUNER@8s nent was 21
7 JUNE 2006 perfornmed. It was possible to correctly formthe belt

Wi thout seepggesiobd g, resi1n Lo khe Belipioold Sy facRs oo tiulepc!':@é‘f‘d' ng.
(Exanpl es of Test Results) The éeval uafi on test results of a small pitch

(oored belt, b, L Breceni aveion Wi b sdavnen onl el

wer e produced using the already_expl.ained nDIdlng condltlons

was made (88T EAVR R HES| 3RE it o%lzlelaﬁéirtlé%lrélmﬁl%f%ﬁféﬁﬁrd?rb?latrYd(ﬂﬁlﬁléeWtreI
3046), while Exanple 2 was made of a thernopl astic pol yether ester

el ast orreKW(iﬁtéWWah’le-mt &b 405Y. Fhde the OUPONTAPORAWGOMETDI Rcturdhen,
a toothed belt of a Conparative Exanple 1 was produced from an castable
pol yur et hansuéh hemmrsetr itrng ohgaret Bahea el Hs tmoaeridtire ket heddredd s
were conpletely inmersed in grease for a grease resistance test. As

shown bythée gt tbhe yasuW tgedtmelt .18 wakheobelise afo Exanptesy 1
and 2 featured snmaller rates of change in dinensions (wdth and

thi cknessarﬁoamr@éi%mﬁm s(é@ga%éasfva@@émdrﬁ th and wane therefore
superior. Exanple 3, Exanple 4, an Exanple 5 toothed belts were

produced UsEng. 4 he. alyr e%ﬁn@iﬂ' ai ned nol di ng conditions. Exanple

Next, in the case of the cover fabric E, the ratioc of filament
denier (weft/warp) was set to 0.95, the ratio of vyarn density
(number) (weft/warp) was set to 0.65, the elongation of the cover
fabric was 63% {(at 50 mm width/2 kgf), and resin tfeatment was
performed. It was possible to correctly form the belt without
seepage of the‘resin to the belt tooth surfaces or tip rounding.

Next, in the case of the cover fabric F, the ratio of filament
denier (weft/warp) was set to 0.%5, the ratio of yarn density
{(number) (weft/warp) was set to 0.65, the elongation of the cover
fabric was 68% (at 50 mm width/2 kgf), and moisture-cure type
urethane treatment was performed. It was possible to correctly
form the belt without seepage of the resin to the bkelt tooth
surfaces or tip rounding.

Next, in the case of the cover fabric H, the ratio of filament
denier (weft/ﬁarp) was set to 0.95, the ratio of yarn density
{number) (weft/warp) was set to 0.98, the elcngation of the cover

i  Ffabric was 131% {at 50 mm width/2 kgf), and resin treatment was
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3 was made of a- thernDpIastrc pol yet her ester el astonmer (brand nane
"Hytrel. 4057 made by DUPONT- TORAY CO LTD.), Exanple 4 was made of a

t her nopl astic pol yether ester elastomer (brand name Hytrel G3548L), and
Exanpl e 5 was nade of a thernopl astic pol yether ester7 JONg fggoner (brand
name Hytrel 3046). 22 7 JUNE 2006 A Conparative Exanple 2 .toothed belt

was pr Od}ggf-‘?o@ﬁ\%‘ hat d,s ﬁ%esrs%'ﬂl%r gr SQ?régﬁfgrfoﬁn C&HHDQ-I %%t! V:‘it‘?&g%g"e 3

t oot hed t was produce om so t type C roprene

Conmparative 4 tooth t s, produced fronran cast abl typ
Cher oscFEFRATBAT- IS ERINE EPabTOMALE ROBF S6 FPTeT |9 Test oRaeLnt’
conduct ed usrng the torque difference between the drive side and the
driven side ad ¥ﬂ@PH?$v%f TastctResHItAY shown by the graph of the results
of Fig. 5 the belts of Exanples 3, 4, and 5 feature the sane drive

t orque conpar &de mﬁralua(’,tdrqmrtasm/eeExahpleé 2, stal lamd Uehdégspithedt helt
hardness of the belt being higher and the thickness of the belt being

greater.of Thpg alsgedeatnirenta el erbdréxel dinad iraxtwhiThe pAReAvVEDget he
durability of the belt, and were therefore superior. An Exanple 6 Toot hed

bel t was,prggducedotisddbdire vl @agyy. expl ai ned nol di ng conditions and a
t hernopl astic pol yether ester elastoner (brand nanme Hytrel 4057 nmade by

| DUPONT- TG?AY? x&Eb1d B Jand Hderp %t Eegocpélxéd Afe {1 w%}@%rr%fdh\é%d'f%ﬁéﬁn%

was produced rom chloroprene ber and a rotational "accuracy tes

CondUCteg¥ 1;égdy explalnegomold{hgIé%nd;tf%%sthe teséf%’l aagokghlongl
accur acy es

a thermoplastic polyether ester elastomer (brand name Hytrel 3046},
while Example 2 was made of a thermoplastic polyether ester
elastomer (brand name Hytrel 4057 made by DUPONT~-TORAY CO.LTD.}.
Then, a toothed belt of a Comparative Example 1 was produced from
an castable polyurethane (thermdésetting polyurethane elastomer) .
The toothed belts were completely immersed in grease for a
| grease resistance test. As shown by the graph of the results of
Fig. 4, the beltslof Examples 1 and 2 featured smaller rates of
change in dimensions (width and thickness) compared with the
Comparative Example 1 and were therefore superior.
Example 3, Example 4, and Example 5 toothed belts were
)  produced using the already explained molding conditions. Example
3 was made of a thermoplastic polyether ester elastomer (brand
name Hytrel 4057 made by DUPONT-TORAY CO.LTD.}), Example 4 was made
of a thermoplastic pclyether ester elastomer {brand name Hytrel
G3548L) , and.Exemple 5 was made of a thermoplastic polyether ester

s elastomer (brand name Hytrel 3046).

22



(a nen-contact speed unevenness neter LV-203 nmade by M-tsubishi Electric
for nmeasurenent of the rotational speed) was used. The belt size was
318-2GT-10, the cover fabric was 3A, the cord was 40,0 at 200D/, the
pul l ey size was P14/ P14 (the same specifications as thOENEr2006 he
durability test) , the rotational 23 7 JUNE 2006 speed was 200 m n-'
(266666 pps 1A16orpRia)ve Exapikeli haetdidchibiedt waensyohiersd fX@mobard
(standard). As shown by the graph of the results of Fig. 7, the Exanple
6 belt exbhpbitelorosrsmld eubbate DfFCchpachtiat-é @xamplreoBatootrhed Helle wasi ven
pul l ey conpared with the Conparative Exanple 5 belt and therefore was

superi or prBRuEXaNPLEm Isd 0OtRRE RAlLrWRseRE OGRL: UMY o kRmphiaddye
expl ai ned nol di ng conditions. A thernoplastic polyether ester elastoner

(brand ngggmgggr?|t04éﬁgh'§?¥?l@%sDB?gﬁqéggiﬁgom(%Rlég%tabl@a%ygged' A
Conmparative anpl e toot hed belt "was produced from an cas le type
therms%g%nﬁ olé%yret hoalpe %\It}storrlel'l .tF&[:ra response test, the rotating
pul | ey § 8%% R PO THE SR Gn - 8F “d1SPl acenent of the residually
vibrating driven pulley was measured. As shown by the graph of the
results of Fifd. 981VeHeriEaTpIteSE Bart CeRPrbredd B "t Fe~o5@E~shoot and
faster attenuation of vibration conpared wth the Conparative Exanple 6
bel t anddhé&Serenee dedreesyplee ibriveEgadp| B thexdmipian gidamss Bhanpreva
toothed belts were produced using the already expl ai ned nol di ng
condi ti oAsicEkanpl?e 8hwas hymdbeofraptt hértoplrasul tspof Feghed, edtecbelts
el astonmer (brand
of Examples 3, 4, and 5 feature the same drive torgque compared
with Comparative Examples 2, 3, and 4 despite the hardness of the
belt being higher and the thickness of the belt being greater.
They also feature a smaller drive friction while improving the
durability of the belt, and were therefore superior.
An Example 6 Toothed belt was produced using the already
v  explained molding conditions and a thermoplastic polyether ester
elastomer (brand name Hytrel 4057 made by DUPONT~TCORAY CO.LTD.}).
The toothed belt of the Comparative Example 5 was produced from
; chloroprene rubber and a rotational accuracy test was conducted
as follows.
b As shown in Fig. 6, as the tester, a rotational accuracy tester
{2 non-contact speed unevenness meter LV-203 made by Mitsubishi
Electric for measurement of the rotational speed) was used. The
belt size was 318-2GT-10, the cover fabric was 33A, the cord was

40:0 at 200D/1, the pulley size was P14/Pl4 (the same

5 specifications zs those for the cdurakility test), the rotational



nane Hytrel 4057 nmade by DUPONT- TORAY CO.LTD.) , Exanple 9 was made of
a thernopl astic polyether ester elastoner (brand name Hytrel &3548L)
and Exanple 10 was made a thernopl astic polyethe r ester el astoner
(brand name Hytrel 3046). A Conparative Exanple 7 tob0HBE @6t was
produced fromhard 2 4 7 JUNE 2006 type chl oroprene rubber, a Conparative

Exanpl e s%ete90§§§¢dbe}n§nm$26@€@§“iﬁ%d1%&@3‘ $Ghle)t Y BRG CEH O QRABA L UBRET ,
and a Conparative Exanple 9 toothed belt was produced from an castabl e

t her nnsgttﬁhis@g{laggéy%%_e%g}@n(sstt%[an%[%g_,gggr. Further, a belt was set on the

tester ro cons eed, then the torque of a hysteresis
brake was gradually raised for_a junping test. As_sho by the graph of
the results of £ ‘Q)‘X“ Ry t?’ﬁegﬁiﬁﬂp?% e é',%s?iﬁ(’i‘sl@fb%ﬁsvﬂx 5 E88TR i gher
junping torque than Conparative Exanples 7, 8, and 9 and were therefore
super i of. bRkktexhibigiageapsnahl e sefedobel tusts thrddut ebe trdl are sfetihe or

performance as follows. The pitch size of the toothed belt was 9.525 mm
An Exanpirevéh pobléedcdmtarasasiphodbeelcmsa ratiavrd orampdleast bel tpahyget her
ester elastoner (brand nanme Hytrel 4057 nmade by DUPONT-TORAY CO. LTD.)

under t heezkreadywexph@aradmol ding conditions. Further, a Conparative
Exanpl e 10 toothed belt was produced from chl oroprene rubber. The belts

were i mrer seglni BxsRSI NE QidtHea bene Weekprideded 8 lielthdizAeagkens and
hardness were neasured for an oil resistance test. As shown by the graph
of the EQEEEEﬁeafmgi&&n&iéonditions. A thermoplastic pclyether ester
elastomer (brand name Hytrel 4057 made by DUPONT-TORAY CCO.LTD.)
was used. A Comparative Example 6 toothed belt was produced from
an castable type thermosetting polyurethane elastomer.
For a response test, the rotating pulley was stopped.and the
amount of displacement of the residually vibrating driven pulley
was measured. As shown by the graph of the results of Fig..8, the
Example 7 belt exhibited a smaller overshoot and faster attenuation
of vibration compared with the Comparative Example 6 belt and was
therefore supe;ior. '

Example 8, Example 9, and Example 10 toothed belis were
produced using the already explained molding conditions. Example
B was made of a thermoplastic pelyether ester elastomer (brand
name Hytrel 4057 made by DUPONT-TORAY CO.LTD.), Example 9 was made
of a thermoplastic polyether ester elastomer (brand name Hytrel

G3548L), and Example 10 was made a thermoplastic polyether ester

elastomer (brand name Hytrel 3046).

A Comparative Example 7 toothed belt was produced from hard



this Exanpl e belt 11 featured a snaller change in hardness and change in
bel t” di mensi ons conpared with the Conparative Exanple 10 and was
therefore superior. An Exanple 12 toothed belt was produced using a

t hernopl astic pol yether ester el astomer (brand name7B{/iNE2006057 nade by
25 7 NNE 2006 DUPONT-TORAY CO. LTD.) wunder the already explai ned nol di ng

condi ti @pe EHEbPSErem: CRMBRTAL & npeaaRli@eldxinothedrbethedase 13t @dyced
from chl oroprene rubber. A stationary position accuracy test was
conduct t (g t p i i wn by
The or ah oF he TPRsiT TS (OE G oTTriche EransTL Be & SFPEANT oA 8
smal | er _anmount f displ.acement. The displacenent conprised of the

rotati oﬁéﬁaﬂpgr?g? %O(?%Ihfaﬁeb%uif Iwgf T ‘-'Feedzg]é%? %rpgcflﬁga 03 §1(':agrrl“ EFtad"Po
offset on the pitch |ine, and was snmaller conpared with the Conparative
Exanpl epfi}’utrﬁégéflﬁr%%aﬂ%“%(arrpl e belt was superior. An Exanple 13

t oot hed belt was produced using a thernoplastic polyether ester

el ast omer (bFanghasme peit elas4957 oplithe B¢s tEURONTrTERNA @b a2 TPhnEtanter

the al ready expl ained nolding conditions. Further,. a Conparative

Exanpl e sb2etigothen thed toofrueast aphydteedsis dmadid ereopysumaliilbhbeni sdle
belts were wound around pulleys and tested for durability by giving them
a cert airazr at gtrpned tspaed 2andhawa et} aite lg@agh AS tsdhowksdltd be gigph of
the results of Fig. 12, the Exanple belt 13 featured a greater nunber of
flexes eonpgeadwchl & he Conparmablyes Bxanpi@ebZ: Widse rt NEnSaHP theshe

condi ti ons, and was

than Comparative Examples 7, 8, and 9 and were therefore superior.

Next, a large pitch toothed belt was produced and tested for
performance as follows. The pitch size of the toothed belt was
$.525 mm.

An Example 11 toothed belt was produced using a thermoplastic
polyether ester elastomer (brand name Hytrel 4057 made by
DUPONT~TORAY CQ.LTD.} under the already explained molding
conditions. Further, a Comparative Example 10 toothed belt was
produced from chloroprene rubber.

O The belts were immersed in machine oil for one wegk, then
the belt dimensions and hardness were measured for an oil
resistance test. As shown by the graph of the results of Fig. 10,
this Example beit 11 featured a smaller change in hardness and
change in belt dimensions compared with the Comparative Example
10 and was therefore superior.

An Example 12 toothed belt was produced using a thermoplastic

polvether ester elastomer (brand name Hytrel 4057 made by
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m

therefore superior. In this enbodinent, setting rml ding tenperature to be
within the-range between the crystalllzatlon tenperature and the nelting
poi nt of the thernoplastic el astoner prevents seepage of the resin to
the belt tooth surfaces and tip rounding. Therefore, 7VNNE2&Eent 26 7
JUNE 2006 enbodi nent- pr ovi des a toothed belt wth superior junping

resi sta U i a i friction
conpar egg?gNgo?l{%%%l%dnalf product (}n%ﬁge%%%%lﬂ@ﬁb ﬁgﬂjﬂ%edjé&[ld\i% the second
enbodi ment ;o .t he to q,ed bel t.an thodlof rodq:cnt :gogga

expl ai nSG A FhOP 1 er heetto d h °mp§rr§vmlh’§ XT"—‘“% €1 a\?l ew of
the toothed belt 10 of the second_ enbodi nent. The d| fference fromthe
first eRBBHPABALITEM FHATWPHEES FUPPM 20 i s provided on the surface of
the cover fabric 12. The resin film20 functions as a sealant for the
mol di ng, andA stafdrgniagly Positien focuhedybest abserorptuwthect byre tReker t he
nmet hod of production of the toothed belt of the second enbodinent is

expl ai ned. siswishiowthentEpgleidAn Fiig.. 124B,aAs amdbwhi iy t4E gAapH ke arRhOd
of production of the toothed belt, a cover fabric 12 having elasticity

is arrapgedlaé {M&rilQ0t h- f eHamGrpael BELL Of2 Fb@LFLATa M 164 BAYLAY
tooth shapes, and a resin film20 is |amnated in advance on the surface

of the goyel,fabih&ntl2. TP 19 alcimaht aBaRG 1 N1t £ Ocﬁeh%&%%ngebr' c 12

which is near” the tooth-form ng surface of the formng nol
angle on the pulley with respect to the load converted to offset

on the pitch line, and was smaller compared with the Comparative
Example 11, thérefore, the Example belt was superior.

An Example 13 toothed belt was produced using a thermoplastic
polyether ester elastomer (brand name Hytrel 4057 made by
DUPONT-TORAY CO.LTD.) under the already explained molding
conditions. Further, a Comparative Example 12 toothed belt of was
produced from chloroprene rubber.

The belts were wound around pulleys and tested for durability
by giving them a certain rotaticnal speed and a certain load. As
shown in the graph of the results of Fig. 12, the Example belt
13 featured a greater number of flexes coumpared with the
Comparative Exemple 12 under the same test conditions, and was
therefore superior.

In this embodiment, setting molding temperature to be within
the range between the crystallization temperature and the melting
point of the thermoplastic elastomer prevents seepage of the resin

to the belt tooth surfaces and tip rounding. Therefore, the present
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in the drawi ng, reference 19 indicates a rubber bag for shaping.. For the
nol ding, the resin film20 stretches together with the cover fabric 12,
bei ng contiguous with the formng nold 17. The resin7bh# ?ﬂ és set to a
mel ting point higher than the belt-body material 15. I‘;'/Tié % ester
resin is used as the 27 7 JUNE 2006 belt-body material 15, while

pol yet hembwsiimeniepravideém & stamdeed deltheithsivprdrion 20umBuct her, when
the belt-body material 15 is in a flowable state at a tenperature |ess

t han t heawslstthRgepodatziboilt be, rasi nefsiorse28s wélrads heedhapedidinret he
formng nold 17. Wen the interstices 18 of the cover fabric 12 (see

Fig. 15M&rif@hchhecsPapbadtdr €onviddtalbriedranduekpanded due to the pressure
of the belt-body material 15 (see Fig. 15B), the belt-body nmaterial 15

passi ng bet gggg 59%‘%@‘5%?‘“&’%& fromthe belt back surface and seeps out

fromthe interstices cover fabric 12 and then fuses with the
resin filng. In this netho odu tign_of at ot{{ﬁge elt, the resin
[T 20 i 5 SBPLPE aEhg| TR bR PaHEr oEnne « Fe e HRdy it dbFal - 15
and is |lam nated on the tooth-formng surface of the cover fabric 12
(see Fi §etad) of BRAvFFiehe bel tbebS&?lPth%iil‘é’rt}i?%‘a%%eé?et Kok  t he
interstices 18 of the cover fabric 12 (see Fig. 15B) fromthe back
sur f ace d@@ifgsshapi ng; the resin film20 can fuse with the belt-body
material 15 and prevent it fromreaching to the tooth surface (see Fig.
14C) . That Fsg.th2 iesznsdatimmi2] Waewngfathe gbertherklMalng 1foiofit thad not
being in the nolten state during the nol ding,

second embodiment. The difference from the first embodiment is

that a resin £film 20 is provided on the surface of the cover fabric

12. The resin film 20 functions as a sealant for the molding, and

a barrier for the toothed belt after production.

Next, the method of production of the toothed belt of the

second embodiment is explained. As shown in Fig. 14A, Fig. 14B,

and Fig. 14C, in the method of production of the toothed belt,

a cover fabric 12 having elasticity is arranged at the

tooth-forming surface of a forming mold 17 having tooth shapes,

and a resin film 20 is laminated in advance on the surface of the

cover fabric 12. Cord 16 is arranged next to the cover fabric 12

which ig near the tooth-forming surface of the forming mold 17.

In the drawing, reference 19 indicates a rubber bag for shaping.

For the molding, the resin film 20 stretches together with the

cover fabric 12, being contiguous with the forming mold 17.

The resin film 20 is set to a melting point higher than the

belt-body material 15. Polyether ester resin is used as the



prevents the belt-body material 15 from passing. Therefore, the seepage
of the belt-body material 15 to the belt tooth surfaces (see Fig. 16
showi ng seeped belt-body nmaterial 21) is prevented, 73&%2&@ are the
advantages that the material is not exposed at the sart des of the
belt teeth. Due to this, 28 7 JUNE 2006 since there is no state of

unbal an®&ifsPREENTPELT I Dhsl hherte keheolyerhebodytanteasidl 18 ¢ sexpeded
and portions where it is not, the occurrence of abnornmal noise can be
suppr eseed tbenpased fiih 2¢revi ous belts, and the junping perfornmance and
durability can be inproved. Further, since the structure is one where the
surface of thertheyenHeabthé bk tabotihendtantiklsus fiacen of fldeat Dotshadeabel t
produced is lamnated with a layer of a,resin film20, it is possible

to preyent @bhpe¥atsfe BiLs fHOMchReRehtink0pbh, 8ife tid Yenets aki ng
the resin f|In1§0 | ayer. Therefore, the dinmensional stability of the

bel t beggmes, supenl oLy .angd e d kg %gg hecopes, | A t{%eog%t%%%%kggg 02

use various types of resins or €las as 't he y materra
but when_.a polyether -ester. resj i s_used % ere are the advantages of
t he supgtai 8? ﬁ%ﬁh‘??‘é%e %\tfﬂlr%elsz Brst?ﬁef'rﬁgesl% Pag?lhgﬁ)}?opsl € &Ffstone r,
hi gh strength and rubbery elasticit¥ being exhibited froma_ | ow
t enper afFELEReY RRGHEXRIIGRT &5 &0 £Re PERPETSER e thandfeltoPod¥age
t enper at ur ebei ng wi de, inproved vibration absorption, inproved oil- and
wat er - pra6eRéss 15sigre i By cHaR)calthst Bl Frpgdy restisddlmdShipagsingi se
with the pulley, and increased durability due to the |ow
between the cords 16, from the belt back surface and seeps cut
from the interstices 18 of the cover fabric 12 and then fuses with
the resin film 20.
In this method of production of a toothed belt, the resin
film 20 is set to a melting point higher than the belt-body material -
15 and is laminated on the tooth-forming surface of the cover fabric
12 (see Fig. 14A) . Even if the belt-body material 15 passes through
the interstices 18 of the cover fabric 12 (see Fig. 15B) from the
back surface during shaping, the resin film 20 can fuse with the
belt-body material 15 .and prevent it from reaching to the tooth
surface {(see Fig. 14C). That is, the resin film 20 having a higher
melting point and not being in the molten state during the molding,
prevents the belt-body material 15 from passing.
Therefore, the seepage of the belt-body material 15 to the
belt tooth surfaces (see Fig. 16 showing seeped belt-body material

21) is prevented, so there are the advantages that the material

is not exposed at the surface sides of the belt teeth. Due to this,
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coefficient of friction. Note that as the belt-body ‘material 15, it is
al so possible to use a liquid castable resin or elastonmer to formthe
‘belt with an injecti-on-nolding nachine or use a thernpplastic elastoner
to formthe belt with an extruder. 29 7 JUNE 2006 ( @086 of Toot hed
Belt Production) Next, the production of the toothed belt of the present
enbodi nestince eéxprai nedno Ao cavetlhabeibetledt quittad e ohlelrewase
lam nated with a resin film20 (Hytrel film having a nelting point

hi gher t hant-bbBaybghtebody 1matiey icddoolad( W&Lﬁér&hﬁ% Iwrd gyt :Ltsonot

predeterm ned dinensions and bonded (called "cover fabric jacket" . The
cover fahi, oégu}@@ém% gu%n\%"{qgl 12?:[5' £ 304, Heeéw% ré(‘éé rtégie E
out er nost | ayer was T orne enol resin VI n e chai ns
with unsatuLaged g rﬁ§ (% Eﬁat |n§tead é $henc£ Ln it is
al so pos&F6VE°Td Pornta P PESPA"Y) By BT C BT 1S &d dFéﬂt
contai ning a phenol carboxylic acid. A cover fabric jacket was covered
over thePPodPRFPBRAing surface at the outer surface of the forning nold
17 so that the resin flln120 (Hytrel film contacted the nold surface of
the formng Aerghey, ainee §hasstoortdiresicesnawinedespheastyfagopidthae
outer surface. The outernost |ayer of the cord 16 was fornmed with a
phenol resken falyerc Havehgtlse decthasnsfact biundat tivatieed berids prBdntaér ,
is laminated with a layer of a resin film 20, it is possible to
prevent oil, water, etc. from the belt tooth side, from penetrating
the resin film 20 layer. Therefore, the dimensional stability of
the belt becomes superior, and the lifetime becomes long.
It is possible to use various types of resins or elastomers
as the belt-body material 15, but when a polyether ester resin
is used, there are the advantages of the superior high-temperature
properties of a thermoplastic elastomer, high strength and rubbery
elasticity being exhibited from a low temperature to a high
temperature, the temperature range for usage temperature being
wide, improved vibration absorption, improved cil- and
water-proofness, superior chemical stability, reduced meshing
v+ noise with the pulley, and increased durability due teo the low
coefficient of friction.
Note that as the belt-body material 15, it is also pessible
to use a liquid castable resin or elastomer to form the belt with

an injection-molding machine or use a thermoplastic elastomer to

5 form the belt with an extruder.
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to increase the bond strength between the cord 16 and the belt-body, an
RFL | ayer was fornmed on the cord 16, then an overcoat |ayer superior in
bondability with an RFL | ayer was formed. An ordi nar dﬁ&ﬁge@@{ure
belt-body material 15 (Hytrel sheet) was wound arou d 16 and
fastened by adhesive tape. Release 30 7 JUNE 2006 paper was wound on the
bel t - body mat &4=aiplEs 1( Byt FebthadeBsl trkrodwstieméd by adhesive tape, then
the assenbly was inserted into an shell bag, placed in a vul canization
pot, and heatresktgndhpr egssadctionf 6f mive baddthsdabeltherhenti pgesanperat ure
was set to be equal to or higher than the nelting point of the belt-body

mat er i al efiailndHe als gheehbinafd | ower than the nmelting point of the resin
film 20 (Fwtrel film. The pressure and the heatlng tlne were set so

that the belty nrr% e, tf E % er| a?ag%d(ﬂ%}%e:g) ttﬂ were cqmhetely

formed. That trel was arranged in
advance in the fo ther with t cover .fab 12 covered
and Iam%a"teesdr\mft"ﬁrm ﬂ@ [%eﬁ% frlﬁ?@o SYHBY A& 915’01??1 et 8%
the resin sheet not being heated. Then the belt-body naterial 15 was

pressed %bﬁéét‘@&dm%'%qwlatlsr OBt ehrdestir %“daﬁﬁ’d: reaRHEHREHE sl di ng

tenperature, at the tinme of shaping. Therefore, the belt-body naterial
15 was pligmgrisdiornsd and hehilede (cal ¥¢dwatiwestfabgigndatbeni't he belt teeth.
This being so, the resin film20 (Hytrel film lamnated on the cover
fabric 12 striteckedetrofatthior M tWast heestedtwhiind aofext hed towsted atirihc 12
at the tinme of shaping and the cover fabric 12
RFL, then the outermost layer was formed with a phenol resin layer
having side chains with unsaturated bonds. Note that instead of
a phenol resin layer, it is also possible te form a phenol resin
laver modified by an ingredient containing a phenol carboxylic
acid.

A cover fabric jacket was. covered over the tooth-forming
surface at the outer surface of the forming mold 17 so that the
resin film 20 (Hytrel film) contacted the mold surface of the
forming mold 17} then glass cord 16 was wound spirally around the
outer surface.

The outermost layer of the cord 16 was formed with a phenol
resin layer having side chains with unsaturated bonds. Further,
to increase the bond strength between the cord 16 and the belt-body,
an RFL layer was formed on the cord 16, then an overcoat layer
superior in bondability with an RFL layer was formed.

An ordinary temperature belt-body material 15 (Hytrel sheet)

was wound around the cord 16 and fastened by adhesive tape. Release
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“covered with the resin film20 forned the belt tooth surfaces at the
time of formation of «the belt teeth. After the end of shaping, the

formng nold 17 was inmediately water cooled to clo
tenperature. The formng nold 17 was taken out fro S’mﬁ@&n bag and

the nol ded sl ab renoved from31 7 JUNE 2006 the formng nold by a

de- ol di¥RP*fevize vorRe gl 68 Behb bedy gRterdal AF ﬁﬁtétba%ks@éﬁ’ﬂa@éldoy a
slab grinder to renove the rel ease paper and match with a predet erm ned
bel t thiftasleyed theadpeisnvedtape, ariterc thd @sclebily wat obhhedtdd| intdThe
obt ai ned toothed belt therefore becane, in order from the surface of the

belt teeimshellasigdy plhaedlid ayeflcanicetebnffdt | andlRed e antngprageat ed
with the belt-body nmaterial 15, and the belt-body material 15 (with cord

16) . Thaty iforndYent Or t ak €SI htebltﬁrhﬁoteiﬁﬁ@rg)ﬁlxte hady saRt e5idd e]qlélav.‘ras

prevented from seeping out to the belt tooth surfaces, and the cover

fabri f t t h
sur'f aces? %%i%%ﬁe*“ *‘E% #‘% 'tﬂe%&%%%%ﬁ?ft&ﬁ;’%%?hgﬁdzﬁ% % Bhe

t oot hed | t t bel | f ab

(Foot heaigr i) SHEEH SRnddebmbnbRE e Belifird) BieF Onﬂiycﬁra E SR T EL i ng
a nelting poi nt hi gher than t he beIt body material 15 (Hytrel sheet) and
pr ef or bSﬁYé:reﬁr gHﬂ“Pn NgPAPPEF SRS @G @ﬁo%ﬁ?téﬁgtﬁﬁ?et‘?‘%r%eﬂ%t 560t h

surface side becane the Hytrel film20 (called a "preforned cover,
f abri c")tPrie theebel febiodpvertenbrl dvdd v and bbadeelt otemitle tvaiet h

completely formed.

That is, the belt-body material 15 (Hytrel sheet) was arranged
in advance in the forming mold 17 together with the cover fabric
12 covered and laminated with the resin film 20, and the cord 16
in the state of the resin sheet not being heated. Then the bel t-body
material 15 was pressed and heated starting at room temperature
and reaching tl_‘te molding temperature, at the time of shaping.
Therefore, the belt-body material 15 was plasticized to achieve
a flowable state and form the belt teeth.

i This being‘ so, the resin film 20 (Hytrel film) laminated on
the cover fabric 12 stretched together with the stretching of the
cover fabric 12 at the time of shaping and the cover fabric 12
covered with the resin film 20 formed the belt tooth surfaces at
the time of formation of the belt teeth.

After the end of shaping, the forming mold 17 was immediately
water cooled to close to room temperature. The forming mold 17

was taken out from the shell bag and the molded slab removed from



the nunber of teeth and tooth width of the formng nold 17. It was
pl aced over the tooth-form ng surface of the outer circunference of the
forming nold 17, and was tenporarily fastened so that there was no slip
at the seans. Then the glass cord 16 was wound spiral TyUNEO208g t he
formng nold 17. 32 7 JUNE 2006 Ordinary tenperature belt-body materi al

15 (Hyt rekhe%%{ﬁnd/@élwyfwdavﬁ&&bﬁ% eR5d L6 Bnbeid By a8dhessvendape.

B
Rel ease paper was wound oOver the beli-body material 15 (?Ntrel sheet)

and was I ' ot e S l.nsert j

shel | baggaén]ljdéj #eag%ggaﬁgc%?gsaeégg g %gﬁ’ng% g:erg'b % &g%gg%.éhﬁgeﬁggf %%Qp&
tenperature_ was set tqQ be equal to.or hjgher than the ltin oi nt of
the belt -%Bﬁf“?r’h%r‘i”a‘ﬁ‘ 6 P(r%tEleEﬁge%g{]’énﬂu‘T ftfhéggf‘hBrﬁ’é{)‘%‘?l‘ g
point of the resin film20 (Hytrel filn). The pressure and the heating
ti me wereaR@tcyh FppPLEHS pediogthedwedltand the belt teeth were
conpletely forned. After the end of formation, the formng nold 17 was

i mredi at el y cobhedolyyaivaice rtoodhedobel totheoaf ¢ mnhercamer, e inThedef of mdmg
nold 17 was renoved fromthe shell bag and the nolded slab was rel eased

fromthe tioé EngFamel 6f LheltyeBr dechnl di Bgsidest1Ge20 Therer)0h dedes| BdbMias
grind at its back by a slab grinder to renove the release paper and

mat ch wi t{p a predetgirdped ekt thhisknessy -pddiemanas-iRni Asedagmdecdit to
obtain a toothed belt. T According to this nethod, since the cover fabric

{2 A e e o ) P el shginel el
film 20, the belt-body material 15 was prevented from seeping out
to the belt toofh surfaces, and the cover fabric 12 covered with
the resin film 20 was formed on the belt tooth surfaces.

(Example 2 of Toothed Belt Production)

Anther example of the toothed belt production is‘mentioned
below.

A Nylon cover fabric 12 (teoothed cloth) wag laminated with
a resin film 2Q (Hytrel film) having a melting point higher than
the belt-body material 15 (Hytrel sheet) and preformed by a
preforming apparatus (not shown) so that the belt tooth surface
side became the Hytrel film 20 (called a "preformed cover fabric”).

) The preformed cover fabhric was cut and bonded to match with

the number of teeth and tooth width of the forming mold 17. It
was placed over the tooth-forming surface of the outer
circumference of the forming mold 17, and was temporarily fastened

so that there was no slip at the seams. Then the glass cord 16

5 was wound spirally arcund the forming mold 17.
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in the yarn density of the cover fabric 12, and the thickness of the
resin film20, etc. Furthér, the performance of the product is good, as
is the durability. In this embodinent, a resin film 20 having a nelting
point higher than that of a belt-body material 15 is7|AmRapgs on a
cover 33 7 JUNE 2006 fabric 12 The rml ding tenperature is set to be

bet ween the | t of | m 0 eI - body
mat erial 15. ﬁé?‘gfg eereaf)tlz n]'be (%Du tc%)f "Be Fff%g%ﬁn&}gﬁ% ﬂ'bs n be
prevented by the. rigi eS|nf|Im20a h.the belt-body, material 15
s 1 Ui diAg otk RS &fnduhsifigﬁvegdbﬁfmwapﬁm REDRESSIRARET he
belt-body material is exposed and portions where Is not. The

occur r enc@®Sof"CxBfoPHEF Rbf deeklarbasty Swderdgdeds é’éﬁ%ﬁ@%dﬂt%ﬁ@orﬂf%ﬁﬁénal
belts, and the junping performance and durability can be inproved.

Fi nal | y, Held byl ddHes ivedeasé pdtheny thhosesgihly edsiimidmecedaiintbhatshielié
foregoing description is of preferred enbodinents of the device, and

t hat var iceis apHangaseangndtskhdd i itenTormy a belpugdeak o~t he present
i nvention w thout departing fromthe spirit and scope thereof. 34 7 JUNE

2006 CLAIMS 1rnma fopted tl&ﬁb&rgéﬂfélguaté)%@ﬂ §<S“bfea5&§al GQUTRR §i %k r &han
bel t - body conprised of a thernoplastic el astoner; cord enbedded in said
bel t - bOdeﬁPmQEEYﬁbEE%f%t of the belt-body material 16 (Hytrel sheet) and

less than the melting point of the resin film 20 (Hytrel film).

The pressure and the heating.time were set so that the resin flowed

and the belt teeth were completely formed.

After the end of formation, the forming mold 17 was
immediately cooled by water to close to room temperature. The
forming mold 17 was removed from the shell bag and the molded slab
was released from the forming mold 17 by a de-molding device. The
molded slab was grinded at its back by a slab grinder to remove
the release paper and match with a predetermined belt thickness,
then was printed and cut to obtain a toothed belt. !

According to this method, since the cover fabric 12 and the
resin film 20 (Hytrel film) are not stretched much at all, there

1 are the advantages that it is possible to reduce the variations
in the yarn denéity of the cover fabric 12, and the thickness of
the resin film 20, etc. Further, the performance of the product
is good, as is the durability.

In this embodiment, a resin film 20 having a melting point

5 higher than that of a belt-body material 15 is laminated on a cover
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tensi oni ng”nmenber; e-e 4 a cover fabric that covers said tooth surface;
and wherein the hardness of said thernoplastic elastomer is in the
range of A70 to A95 (Duro neter hardness of JI S K6253])UNE§ t oot hed
belt according to claim1, wherein said "thernoplastic el asP% ris a

t her nopl astic pol yether ester elastoner. 3. A toothed belt according to
cl ai m 1,famherel . Shicdmol derdmphngerbcuet ast ssertd Se ddtheciofhaskl €ing

pol yuret hane elastoner. 4. A nmethod of production of a toothed belt,

conpri siidnt ber PhoGesik eshaped Ad itbhe Of whd beiRDBLagthLeflasi gNeEr;
assenbling a cover fabric, cord, and said preshaped article in a formng
nol d to.Ifh J0sA0 2588 X O Séfflg.?etigggts_g' S ‘{ f§ g,lh out si de of
sai d for%négngl’d; gﬁ% %eat?ng sald assen%ﬁga?rg%?t%le {nrsglade%gf sai d
form ng__nold_ at ding t eratuyr.e exceed| the _crystallization
t enper atthfe’s tegaggnﬂ%‘ér ﬁ’g%’r‘gs T 0 «Léklrl;& éﬁre?g %éﬂ‘gu?”ésgh‘? r%eﬁ'tt-}?é’dﬁel ting
point of said _thernoplastic elastoner for a sufficient tine to form
teeth omafedirfade bts L HdgenBhgresis AmsitRse of prertritGoResiean
toot hed belt according to claim4, wherein said teeth are fornmed by
setting ppa:itd.onsm@@bg belt-body material is exposed and portions where

it is not. The occurrence of abnormal noise can be suppressed

compared to conventional belits, and the jumping performance and

durabkility can be improved.

Finally, it will be understcod by those skilled in the
art that the foregoing description is of preferred embodiments
of the device, and that various changes and modifications may

be made tolthe‘present invention without departing from the

spirit and scope thereof.

324



nmol di ng tenperature and heating for a sufficient tine so that the anount
of flow of said thernoplastic elastonmer is in the range from5 x 10-4 to
6 x 10-3 nm/sec. (load 50 kgf/cnm2 and hol e di amet e? JUNE 20869t h of 1 mMm
Xx 1 m. 6. A method of production (E’ﬂAﬁ\qéOOt hed belt according to claim
4, wherein the ratio of filanent denier of weft/warp of said cover

fabric is 0.5 to 3.0, the ratio of the yarn density of weft/warp is 0.5

to 1.0, and said cover, fahri i.s treated with resin or npisture-cure
type ure hane% gé’logy‘&df E’Fﬁitngjaé’rfne%stéjrﬂﬂ?’y,sua‘r%%ea’?'d CYRTTF B f ¢ has
el ongati on of sappnexipEateldsnmd ils@dl 0% Ah OO dEN M ih &1a2Kehe); Of

original length. 7. A nethod of production of a toothed belt, conprising:
affixing a re&i ncfriimempeddedet thesaishebldit Wody ateoveervabrés, aand

has a hi r.neltin int,tggpthat of a belt-body material, to a
surface ggggél l%:j vglrePr?DaGt:)cl’ic contiguous wwth a formng nold that has a

toot h-form nga suvkac&abatircangiaty ik carrd frduile haviage el asqicity on
said tooth-form ng surface; winding a cord on said_cover fabric; and
shapi ng sai d WEECEBddyhfat BRrdners 2ff kbl Bhermpplagtis tepsdramalt e

| ess thaggsqid gl td Aty Hsing £ d ] 8. %%_of
productiéﬁ OP a toofﬂgﬁpbé?t accord?%% {BBQQFQ?%Fg?h%ﬁggésg,qﬁ% the
shapi ng 86eép3)said fl owabl e belt- body material passes through the weave
of the cover fabric
2. A toothed belt according to c¢laim 1, wherein said
thermoplastic elastomer is a thermoplastic polyether ester

elastomer.

3. A toothed belt according to claim 1, wherein said
thermoplastic elastomer 1s a thermoplastic polyurethane

elastomer.

4. A method of production of a tocthed belt, comprising:

forming a preshaped article of a thermoplastic
elastomer;

assembling a cover fabric, cord, and said preshaped
article in a forming mold to form an assembly;

press heating said assembly from the outside of said
forming mold; and

heating said assembly from the inside of said forming
mold at a molding temperature exceeding the
crystallization temperature of saild thermoplastic
elastomer and less than the melting point of said
thermoplastic elastomer for a sufficient time to form

teeth on a surface of said assembly.

5. A method of production of a toothed belt according to

claim 4, wherein said teeth are formed by setting said



and fuses with said resin film 9. A nethod of production of a toothed
belt according to claim7, wherein, before the affixing step, a phenol
resin layer, nodified by an ingredient containing plTeREVERDGg 7 JUNE

2006 hasmsldenghaiehipendtn insahdr akad ibendso@nd/ @y ifiend  teasbexylic
acid, is fornmed on the outernost layer of said cover fabric. 10. A
met hod ofhpEodbet perust &f dditreddbetdidceoetnppglastiel ailmstomatrerdsi n,

before tt di eR, phenol., fr-esi ayer.,~-80di.fi ed by, an_i.ngredi ent
containigg w%%%ofg%iét%rﬁgé gige:% aiﬁg)vét d%%atﬁggkg 'boﬁggagn f%r a
phenol rgfFboxyladmd dedle dsaketsrdand 1BegONt €ENDSiml gyer mafy .sai d cord.
11. A nethod of production of a toothed belt according to claim?7,
wherein said belt-body material is conprised of polyether ester, and

oL e, AT AT SRl il e st b hgkatk gl
met hod otlelmi i 4whe3ei ttdet hed eldf atchamkmy dentkai mfl wedttewainp sai d
toot hed g%'%ak% %%%%%peag)iéhféngt Ogoog.%Lanéﬁratio of the yarn
density of weft/warp 1s 0.5 to 1.0, and said cover fabric
is treated with resin or moisture-cure type urethane
before forming an assembly, and said cover fabric has
elongation of approximately 50 to 150% (at 50mm width /

2kgf) of original length.

7. A method of production cof a toothed belt, comprising:

affixing a resin film that stretches together with a
cover fabric, and has a higher melting point than that of
a belt-body material, to a surface of said cover fabric
contiguous with a forming mold that has a tooth-forming
surface;

arranging said cover fabric having elasticity on said
tooth-forming surface:;

winding a cord on said cover fabric; and

shaping said belt-body material in a flowable state
at a temperature less than said melting point using said

forming mold.

8. A method of production of a toothed belt according to
claim 7, wherein, in the shaping step, said flowable belt-
body material passes through the weave of the cover fabric

and fuses with said resin film.

9. B method of production of a toothed belt according to
claim 7, wherein, before the affixing step, a phenol resin

layer, modified by an ingredient containing phenol that
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has side chains with unsaturated bonds and/or a phenol

carboxylic acid, is formed on the outermost layer of said

cover fabric.

10. A method of production of a toothed belt according to
claim 7, wherein, before the winding step, a phenol resin
layer, modified by an ingredient containing phenol that
has side chains with unsaturated bonds and/or a phencl
carboxylic acid, is formed on the outermost layer of said

cord.

11. A method of production of a toothed belt according to
claim 7, wherein said belt-body material is comprised of
polyether ester, and said resin film 1is comprised of

polyether ester.

12. A tocothed belt according to claim 1, wherein said

toothed belt is produced by the method of claim 4.

13. A toothed belt according to claim 1, wherein said

toothed belt is produced by the method of claim 7.



