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I nvention The present invention relates to a toothed beIt
t hernopl astic el astoner, that can be used for power transm sSi 0n%Gooooz*
conveyance, etc. and a nethod of production of the sane. 2.Description of
the Rel ated Art CofPERHEBNBELY AND MEGHRBJIOHPRODIKIE VY THEBBGY (for exanpl e,
see Japanese Unexam ned Patent Publication (Kokai) No.H 1-182632 (pages 1
to 2, Fig. 1) ) or a thernosetting pol yurethane el astoner has been used fur
power transm ssion, conveyance, etc. The toothed belt has teeth and bottons

t 0o engagerxckbGraUPD| bRYTHRV tRvER@IDRCr easi ng sophi stication of
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is preven%e%esﬁﬁhﬁﬁfﬁﬂ tﬁheggﬁgﬁFFSnﬁF products (rubber belt or
thernDsettlng ol yurethane el astomer belt) . According to the present
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provi ded mnth a
see Japanese Unexamined Patent Publication (Kokai) No.H11-182632

(pages 1 to 2, Fig. 1)) or a thermosetting polyurethane elastomer
has been used for power transmission, conveyance, etc. The toothed
belt has teeth and bettoms 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 response cannot be
satisfied with current belt technology (in particular when the
pitch of the teeth is small). Further, when the resin or elastomer
is exposed at the surface sides of the teeth, the resin or elastomer
is easily peeled off or detached during use, so there are problems
such as abnormal noise, undesirable jumping performance and
reduced durability.

SUMMARY OF THE INVENTION
Therefore, an object of the present invention is to provide

a toothed belt having superior jumping resistance, improved



bel t - body conprised of a thernoplastic el astonmer having the advant ages of
both rubber and plastic (elasticity and strength), cord serving as a

t ensi oni ng nmenber, and a cover fabric covering the tooth surfaces of the
belt. This thernoplastic el astoner having a copolyner that forns a hard
segnent in a crystalline phase and a soft segnent in a non-crystalline
phase, exéubabhiEl irtyhbeeduekbasirivé \frictioam apdpanmidiredl raBgdohse jradied pl asti ¢
and can be shaped at a high tenperature. Since the toothed belt of the
present i nyeiHidi abiosna] i giirsed i8Sprepdraidisd calpifed ivi thasoRURREi&HaY UNpi ng
resi stance, durability, response,etc, and resistance to seepage of the
resin as ¥ebd,&s rediveed Qél!eoér&ﬂéﬂﬂ%@e%@ﬂﬁéfﬁ5h%#}é%H§92V%@Eb@&ﬁ%rrUbber
belt. Her'e, the material of the cover fabric” can 'be for exanple, nylon,

pol yest er ef#ﬁ”id’ cotton, PBO fiber, etc. Further, the material of the
cord can %e or exanple, polyester, glass fiber, aramd, steel, carbon
fiber, PHO fiher, etc. Preferabl t.he t hernopl astic el astoner, is_ a

t her nopl astic ?ﬁ%ﬁgéﬁgrg s%g? %ﬁ%%ﬁQﬁﬂéPYe?ﬁéoﬁhgaﬁﬁﬁiégtpgoﬁb??%tﬁer ester
may be conprised of a copol ymer, of an aromatic pol yester (crystalline 2
phase (hateCRRFh&RE yParb iﬁ HaFAcHETE 201 PeL Rt REHFVEF gtéfF?n% phase
(soft segnent)).. The hard segnent nmay be an aromatic pol yester with a high
nel ting he-Pogyd earsipedi oFf dharerspsEic thatmeystharingati®n speed,
hi gh strength, heat deformation resistance, good noldability, chem cal

st abi | i t yadantaess ofgheih r@@aﬁe@.plﬁﬁqimgﬁl@ﬁ@@m agdgrEpengiy be an
aliphatic polyether with a low glass transition point, and is superior
because ofoxd serivdagighasia ytensiighingpeenbeahsengt & crrveaandabaiwct epyperiatdir e
properties. Further, it is possible to design an elastomer with a suitable
rati o of ties dosehrmmtfaressef the dgiientTHiG thdoonarhasttiage]l attdnee lsdooirey
characteristics. Atoothed belt configured in this way has the advantages
of a copolymer 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 configured
as explained above, it has superior jumping resistance, durability,
response,X etc. and resistance to seepage of the resin as well as
reduced drive friction compared to a conventional rubber 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
polyether ester elastomer. The thermoplastic polyether ester may

be comprised of a copolymer of an aromatic polyester (crystalline



qui et ness, inpact resistance, inpact resilience, |ow tenperature
flexibility, bonding strength, environnental resistance (low out gas), and
food sanitariness. As a thernoplastic elastonmer, a thernoplastic

pol yur et hane el astomer can be used in the toothed belt. The thernoplastic
pol yur et hane el astoner includes pol yester types and pol yether types, and is
conpri sebhdsen (bokdl segpaptt) ) aaned har all SgyEnt poThetisaf t(nsegaenstalkligenpri sed
of pol yet hyl ene adi pate, pol ybutyl ene adi pate, other adi pate esters (ADP),

pol ycapr ghraEeo g ofRCepgment yecarhenaked( Bement mihese ahi pbaha€ipol yest er
di ol s, polytetranethyl ene ether glycol (PTM3, polyethylene glycol (PEG,

pol ypr opﬁ&%gé&p%tﬁg’%gpm&tﬂ%@ abipBatdcd PO WRiHaeh odi BhEaudy o3t her
polyols (long chain diols) . The hard segnent is conprised 3 of

di i socyangle o 2:50061 1 ohalfLiflidlesa Wiegn e S0l SRUIENLoFS-RAT] Sed of

a pol yester polyol as a pol yethyl'ene”adi pate, a pol ybufyl ene adi pat e,

other 2dipl6 Aadesters (AR, R0l caRLalast ape (PO ol xgachonate (PO,

and ot her alip ol'yester diol a thernoplasti yur e n ast omer

havi ng super.i qr msck?ni al s{__ren ;é ,_heat resistance,. abrasion resistance,
and Chem AR Shangey (4GP HEEspE i RUGT SHTERS "ToheP Hamh AR Lo HEAS |
segnent is pol ytetranet h¥;l ene et her ql %col PTM3) or ot her F)’Ol yet her
pol yol s, ¥4 ¥hé&r ABPI HAT ThBrFuF L2 h &R PEr 320 e SHREThYF SRFEMESr hat st
resistance and | owtenperature properties is obtained. Further, for an
MDI - basedf kaiehidditast hegholGradt FRseTREASE on?d U ideaReaREBRAL i ¢ gl ycol
chain extender for the hard segnent, the cohesive density between chains
fall s as rieRertisisysFoather opet tisepormichlehto |dgrjidn ¢h ehastomen vwdtender
is extended. A toothed belt configured in this way has the advant ages of
bei ng supemsuérabheatrtEss off raas] segmeet twusabt |Sdagpendinto Fakle advdrsge
conveyability (due to high ~).

at the above characteristics.

A toothed belt configured in this way has the advantages of
quietness, impact resistance, impact resilience, low temperature
flexibility, beiading 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 thermoplastic
peolyurethane 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,
polytetramethylene ether glycol (PTMG), polyethylene glycol (PEG),
polypropylene glycel (PPG), or other aliphatic polyether diols,

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



It is also possible to nmake the hardness of the thernoplastic el astoner
about A70 to A95 (Duro neter hardness of JIS-K6253). A toothed belt
configured in this way has the advantages of superior flexibility,
durability, and high |oad performance. In the present invention, the
toothed belt is formed to prevent the thernoplastic el astomer from seeping
out of thef sdirifseeyaskbte afidtdhesHmltt chaéhhdiéYsom t he | ocations where the
weave of the 4 cover fabric is spread. The exposed thernopl astic

el astomer at tWHnSHhé aeT tSkdgnéit tBecddiscdanr @agblyepast polif;ovhided t he
belt is running and be deposited at the bottom of the pulley which may

cause poofs eNGRAGIRRAYL eHEt £, AN pbiybieyldHPIE pReL] oL FREL & qiaduced
durability, and abnornal noise. Further, another object of the invention is

to provide ifﬂ lt%rs%%‘f:%t i(%?@tp%g,c%%rtoﬁgc%?&? E‘S?I‘ﬁe':c &38219? %iégggg%gf oot'H "

whi ch t he 'S resistaht epage o
surfaces or,rep-stant .t .nD|q%P defects. That is, .according to the present
; ) . h .
i nvent i orf"4 ﬁgggrl‘%lﬁr V&l %ot&rhgﬁof)sd £ g}r‘%r ud(ﬁliag%lr?e? %%Hj‘r%h F is
characterized by form ng a preshaped articie of a.thernopl astjc el astoner,
bl aci ng. (HETSTEF PAEFTE, ST CXaMG LA UCht CRTehEd rar PPOFer ST S t5AT ng
nol d, press heating the assenbly fromthe outside, and heating it fromthe
i nsi de of2RIAS 7Ry éfeétls*éa‘t“é?rpe?r‘é% FREMiRat %RREdSIY AE ebyRinedi At ithe
tenperature of the thernoplastic elastomer and which is | ess than the
mel ting poRr bedd,avbert Bhe S9fte segmastt bs Rplteteameshrlene ehemret hod of
production of a toothed belt, it is possible to press and heat the assenbly
from t he Dl FING) t or hether tpdliyerhehepdhvdlde at thermapbastig e t hat
exceeds the crystallization tenperature of the thernoplastic el astoner and
whi ch i s passiddthanehel astémerg haoiing Eopeni@enadienr tresessaneas dral cont r ol
the fluidity of the thernoplastic el astonmer. These tenperature conditions
can low-temperature properties is obtained. Further, for an MDI~based
thermoplastic 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
surface conveyability (due to high pu).
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 toothed belt 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



be maintained for a certain tinme for formng the teeth. That is, 5 si nce
it is possible to spend a certain anmount of tine for nolding the belt in
the state where the fluidity of the thernoplastic elastonmer is controlled
under the above specific nolding tenperature conditions, seepage of the

t hernopl astic elastonmer fromthe interstices of the cover fabric to the
bel t tootdoway ffaras d $spspyesd edrin@xbosbethathap g tdef ethstomar 44 p
roundi ng where teeth cannot be conpletely fornmed, are al so prevented. Note

that the ¢md duigalcenpesatslf &neaBaetL, t&a! dasilifepbeimeratuieer aRgedinat
exceeds the crystallization tenperature of the thernoplastic el astoner and

whi ch is {£s8,:ha8 LHE eldebBYi POA Yt kReIBHLES Iof the ARG whE M mAPC 1O
190C. It is possible to formthe teeth by controlling the rroldin

g
tenperatu at j L i t. w of
thor t hor rgn 20 frotorh@fyntin d BEELE Dttt 39, RO 1R B RURE o Bhal o

m /sec (Io%g 50 gi%flgni.gnd hoﬁl‘e di aneter :eLGd length of 1 mMmx 1 mil . |f
the nol di FF1EHbEPEREFELEX NG G481 BPES  that the anount of flow of
the thernopl astic el astoner is between about 5 x 10-4 and 6 Y 10-3 m/sec,
a tenper at ur e FHGETWHEPETEAE RIRT S uFBSeXRERYS Theé ScPsPAPYIZtd on
tenperature of the thernoplastic elastonmer_and i's |ess than the melting

poi nt, serdEtdrn Rethed af f thamtardhed: Bedti rertignachabeyfer it ati to the
belt tooth surfaces is prevented, as are nolding defects of the belt (tip
roundi ng Wrekelitedishreghabenbete gpsipagel 9L veatrl)fram theebel br kocthe

nol di ng becones nore accurate. 6 For nmeasuring the amount of flow of the
t her nopl aswifradsasrorer L staet Rowdlddngr dEFE<890 nmade by Shi madzu M g. etc.

can
That is, according to 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
fabric, 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
crystallization 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, it is possible
to press and heat the assembly from the outside and to heat 1t
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,



be used. The test conditions are a |oad of 50 kgf/cnR, a preheating tine of
100 seconds, a sectional area of a cylindrical plunger of 1 cn2, and a die
hol e diameter x length of 1 mmx 1 mm Further, after reaching the set
tenperature (nmeasurenent tenperature) and after preheating for 100 seconds
(hol ding the sanme tenperature for 100 seconds and naking the entire sanple
t he sanme senperidt dsedossidblel taEpendsawrntaia ghovent diobhtmeff Bomktdinn? to
the sanple and the amount of flow of the sanple per unit tine flow ng out
fromthe bbkebelttire thice sitatarasaredhd tflusdpref ef atie tiheamophestati o of
the filanment denier of the cover fabric (weft/warp) is 0.5 to 3.0, the

rati o of bhgsyahdr denddntroVebd/ Waddy the @bdvéOsdedifidiemcgldengati on of the
cover fabric for nolding process is about 50 to 150 (at 50 mm w dt h/ 2 kgf).

Further, the cpveird %anld&tasngr eé@éﬁ’ehjé/ det eabegh Mhdp LR @ﬁamﬁéyr e-clLrs

type urethane bef ore nol di ng ~ configuring the cover fabric in this way,
t he cover r S I C r at
the t1me SFORGTR Hirdhinal BIRRtLoel s BIL A e Ol A e BBty and

t herefore openln of th stlc IS ke ed, nce see e of. the resin
from the FRUGTEITHES sh0 %}e co%rerm??% b SEERGRL BEfL b S ey s

revent ed, and further nol d|n defects of. the bel]t (ti undi ng where teeth
Eannot be*BBHYI SAHISF F6r ﬁ@ﬁ‘? F% %Iéoo‘"ﬁdevéﬁ?e ( re%)vffg: gt‘hegm)l di ng

beconmes nore accurate. Furt resin treat nment or noi sture-cure type
ur et hane treat¥® thate tB‘SnHPﬁﬁl’b%tmrtaﬁEr?hﬁ?’hW datc 18 S8foner and the
cover fabric becorres strong Furthernore, according to the present
i nvent i onterpeyatyze FReged Hah exrResisd thel Fr}dﬁbﬁloﬂeﬁﬁﬁ-%ttﬁé‘aer%‘ﬂ% is
characterized by arranging a cover fabric having elasticity, at the
t oot h- f or af nghes Fheaverbis bi ¢ elmisfigmedlanchabialy itodelsstrredhe Bed Bend ng a
resin filmthat stretches together with the cover fabric, on the surface

point is generally in a range from 125°C to 190°C.

It is possible to form the teeth by controlling 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 10 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 molding defects of the belt

(tip rounding where teeth cannot be completely formed) and

therefore, the molding becomes more accurate.



of the cover f~_bric contiguous with the formng nold, setting the nelting
point of the resin filmhigher than that of the thernoplastic el astoner as
the belt-body material, and shaping a thernoplastic elastomer in a flowable
state at a tenperature ' less than its nelting point in a form ng nold.
Wth this nethod of production of a toothed belt, the resin film |am nated
on the surfaceret méeswoMey thabameunhi 6h flow @ft itheotuBemhdbl adta of or m ng
nol d, stretches along with the cover fabric, and has a higher nelting point
than the kekistbrdy, ntierial Te W crhesbelnadiody swmiwidAl MEG. idta Ehawabl e
state at a tenperature |less than the nelting point of the resin and passes
through the L8L&r ShieCeSs OfcchRe tEONE arde@bidad A& REENAT, | BdiareRgiaghi gher
melting point and not being in a nolten state at this time will prevent the

bel t - body yrptepial BVQéEt i N0 s LReLLL Pr & d R 9652199%5@ gmgeseannot

seep out to the belt too surfaces, so it I's no posed at the Surface
sides of the.belt teeth..i .Further he cover falric_and.the resin filmmay
be presseé’t‘l‘ﬂ81 c“éga?’h £ f“ﬁ% }f?ﬁoe\/\ngrllamﬁgé?f-’boai}gﬁ%togf; ilalim%énmghaF%rﬁg’efhe
belt, and expand together untjl nol ded against the grooves of the formng
Tol 4. whePEBFT AT EROERS d0R EoF SSRTPSRE U Bo [ TEATISRIR o “BPe SR Sne ! | y
the sane thickness are forned. If the cover fabric |ayer formng the
bott oms h&<temi PERReR Hinvk f&ds 100haeprrdh (hHEipgc ShesSapapterratd Huke cord
is protected, so the durability is inproved. The belt-body material can be
heat ed af foF WY grgPAGS anshedtinhibe andiear WW"RIre Bha&RTSo ty&rdr mabl e
fixed shape material on the formng nold, or can bezconverted to a flowabl e
state (|i@Pdupgsfniorusasl ttengsvat@)leat ofe80tbaf fran’t spnthe sasird o poeh an
extruder etc. It is also possible to make the flowabl e belt-body material
pass throukdle emeunntef siisesfoftheheavplerpdrabmidc &ndef fitewind uthérpwsi n
film

the hole of the die is measured.

It is preferable that the ratio of the filament denier of

the cover fabric (weft/warp) 1s 0.5 to 3.0, the ratio of the yarn

density (weft/warp) is 0.5 to 1.0, the elongation of the cover

fabric for molding process is about 50 to 150% (at 50 mm width/2

k¥gf) . 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 cven 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

also prevented Therefore, the molding becomes more accurate.



Whi |l e shaping the belt, the resin filmsoftens 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 filmcan be strongly lam nated with each other. It
is also possible to use polyether ester as the belt-body material and use
pol yet her Bstiren,ediyn reisim bsed treerrte sim mbil struréscutwe dywlet ubetipamat eri al |

t hernopl astic el astonmer is preferable and various types of thernoplastic
el ast oner stestnzm tSatie OBniileg Gdrednantie Yhéermasl d3ties edbstasenSared

el astoners can be used as the resin film Anong these materials, using 9

pol yet her gsd &lovsifRthet BetonEOPONRRIes.i S preferabl e because a pol yet her
ester resin has the superior high-tenperature properties of a thernoplastic

el astomer, hi ghrStereRGRe aRA-EHBRRT W Lhpat bebbdnf N th oW, t BRPAL atdire to
a high tenperature. Therefore, the usage tenperature range is w de, the

Superi or, iR ot %ﬂgedng?ggvﬁﬁ G ?Egiéﬂﬁl?e%ﬂ%%?@* s e

durability)_%}lf god.guetoth oeff|C|enttgflfr|%t% g{lt it is
al so possi on% 9& TP o™ rl VSR RIS A ng 129 &P3 T4 ¢ he
bel t - body nateri al ormt he gl t usi ng s{]” ectio m)l di.n machl,ne, or
to use a tHEHAH 8§t? YHIEoRE t}l?"fld‘lg RPN dBrf®9%W thi s

met hod, a phenol resin |ayer, nodified by an i ngredi ent cont ai ni ng_phenol
havi ng si det ‘@h&has W*E?F%a?ﬁ?%’f}é%f’ Uéﬁﬂst%&%?r & 3ol R &PBOXYTIAC%aci d

is formed at the outernost |ayer of the cover fabric. Wen configured in

this way, ¥hébsofausr|falrisecapbhditis ¢dker thaficreipadreltd settipgdipe

mat eri al conprised of the polyether ester resin is superior. Here,

t r eat nent npd imgerodntt pfathentesin RRlrbbfigher f Gran fdatthefpbkaol resin

| ayer on the cover fibric is effective for reducing the rubbing between
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 point 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 belf-body material from passing. Therefore, the
belt-body material cannot seep out to the belt tooth surfaces,
so it is not exposed at the surface sides of the belt teeth.

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



the yarns of the cover fabric and inproving the abrasion resistance of the
cover fabric. In this nmethod, the cord are enbedded and the outernost |ayer
of the cover fabric is formed of a phenol resin layer nodified by an

i ngredi ent containing phenol having side chains with 10 unsat ur at ed
bonds, and/or a phenol carboxylic acid. If configured in this way, the
bondabi | i egabasheidre fhevwing dadidbody heterizddyhaat ¥raringcbhpiieddd andt he
pol yet her ester resin becomes superior. Note that to increase the bond
strengt h keepapéntsdeticor dintgliassldedexgaimsar dimet peopody anfi dehef ifloemingnd t he
belt body, the cord may in accordance with need be fornmed for exanple with
a resorci pehdf ovnatsshydedvatrexabRbk ) 1darerand rasi SO o NMalydrolofal dehyde
latex (RFL) layer further formed with an overcoat |ayer superior in

bondabi | I yput Lt 8 RFleHakehe BRI &RJIESERE P AL TFHE DRAWNCE TR

present invention will be better understood fromthe description of the

preferred, gngdand)ftﬂeh%oltf&%ﬁEtMé‘ whledvf tt‘ihéﬁh&!% Loge! hal oM thnLhe
acconpanyin raw ngs, 1 n whic Is a sectional view of the toothed
belt of a flrst e | rent th re tign;

per specti ve “Vi'ew sexqrf ai nlnrclig%l sfgﬁé\i/)e %?xtoete%\c{):t% g eT’ Itzbéﬁfi;% sent
|nvent|on&ﬂ8 8%%% is a graph for explaining the relatlonshlp bet ween resin

fluidity Erature Flg 4 |s a graph of the results of a grease

resi stance test; % graph of the results of a drive friction test;
Fig. 6is a sc'ﬁ%ﬂ‘&’ﬁ C':’PPQK/ ’%arﬁﬁ/‘ﬁlﬁ& £ Be PERESH ATGPT RTANETINAI SBE.Er acy
tester; Fig. 7 is a graph of the results of a rotation accuracy test; Fig.

Bis a gr&PAPBIMAtRFidds OFt SLRAT Homeypaiiseef@atablp) 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 from an extruder
etc. It is also possible to make the flowable belt-body material
pass through the 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 laminated with each other. It is also possible to use
polyether ester as the belt-body material and use polyether ester
resin film as the resin film.

As the belt-body material, thermoplastic elastomer is
preferable and various types of thermoplastic elastomers can be
used. On the other hand, various types of resins or elastomers

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



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 a graph of the results of a
durability test; Fig. 13 is a sectional view of the toothed belt of a
second enbodi nent of the present invention; Fig. 19 is a view for

expl ai ni ngpofiyethendestenramnhddrobothectmmiriend sbékt poéf¢trmblsebeduse
enbodiment; Fig. 15 is a plan view for explaining the state of the

i ntersticeaspolybhber veted ataisiiay; haadthée gsupkirilox aighevemmsrayreai ni ng a
conventional nethod of production of a toothed belt. DESCRI PTION OF THE

PREFERREDpziyBebL MEATSE Heridialobe ks t i Bee T Sfcniare dheghodt F@idtsh ,Ofanihe present
invention are described with reference to the attached drawi ngs . Bel ow,

the first LEBAd,NEM s calthe FRERASE Mo RLRBEESPLME |t|o BeheyR| GG a 8,
reference to the dr awi ngs. [First Enbodinment] Fig.l is a sectional view of

the tooth i %_q%ﬂ f :t.h es The
t oot hed be tg%ggﬁ @{? t‘ﬂ%gfgy t%?%??gﬁf (?%m trslggtl é t@gét h\}lrlg\é (r‘}tlbgcover

fabric 12 rran ed at tlhe S rface of toothéi l%e tcl sga#%lllecr cord 16
acting as & PERST ORI Y e RS VF % rﬁ)re°(§’ E§5Fh IR DSBS i eralf 5. 12

Next, the s%r gductl Br{gg%'lh()d f theot oot he '%1 gg unf]ge& ofs_ ae % ftl C
el ast orrer S'§€ExPF ai B PRINIRH EOL R o Bk S § ntd
sheet-1i ke presh ed article (reS| n sheet) by an _extruder.
the durability is good due to the low coefficient of friction.
Further, it is also possible to use a liquid injection molding
resin or elastomer as the belt-body material to form the belt using
an injection—mélding'machine, or to use a thermoplastic elastomer
to form a belt using an extruder.

In this method, a phenol resin layer, modified by an
ingredient containing phenol 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 fzbric is effective for reducing the rubbing between
the yarns of the cover fabric and improving the abrasion resistance
of the cover fabric.

In this melhod, the cord are embedded and the outermost layer

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

by an ingredient containing phenol having side chains with
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For the thernopl astic el astoner, use is nade of a thernoplastic polyether
ester el astonmer and thernopl astic pol yurethane el astoner. The thernoplastic
pol yet her ester elastonmer has a hard segnent shown by the chem cal formula
(1) and a soft segnent shown by chem cal formula (2). For exanple, it is
possi ble to use an el astoner having the brand name Pel prene nade by Toyobo
CO. LTD., onséherdptrehtbondee dhd/fcel anpitandly cBURGNTLIKORAYACOf LPDfigered C 0 C
0-0 ( CH2) 4-0 -~CO~-COO{ (CH2) p O-q Further, for the thernoplastic

pol yur et hanetkl astpnerchef bbhaapi Eshapastwalehi €he, coétd i sndpass beettbodise t he
el astoners of the brand nanme Mractran made by Ni ppon Mractran, or the

brand nangaELasiT %mgweeaxeﬁéﬁé ﬁ@]%%bhe@ EstéS 18 n"Bd &y s@peler cord,

fox exanple it is possible to use po yester, glass fiber, aramd, steel,

car bon f'FSEe Bﬁqfﬂcpfi herédse BAE bdr s@ile‘?:%‘tﬁ' bQéwé%?fﬁbV%rorEa%i&s&a” be,

for exanple, nylon, pol yester aram , cott or PB etc. Further,

when maki e, 5 at i o] el a
(weft/ war g?b%p {aaﬂé;%ﬁ(?; %L“% e ra %%qogkghgh%lgt?%f%\e{)nsm Q{' ??ﬂvar p)
0.5 to 1. maki n e on |on cover fabric about 50 to 150 (at
50 mMm wi d‘["‘ﬁYZl‘i’(g?‘?cor (ﬂmﬁaf? ’i’?\% rf“&ﬁr 8rt?°é%ﬁ‘pelae 8 Pesin or
noi st ure-cure tj}/ e urethane in advance of mol di ng, the cover fabric is
pressed af&Fnst @qrﬁ\ﬁlﬂﬁhi’ﬂ%r%ﬁ’asﬁ%)ellag?ﬁn‘é’r’ %t the time of nolding.
Therefore, even if stretched, the filanments are superposed and openi ng of
the inter EFF%’é%l‘?%lﬁ%ﬂ@ﬁ?@ﬂ)’dﬁe\%@%égﬁhbéﬁe% RETLBSF nf97wRA tAEL an
interstices of the cover fabric to the belt tooth surfaces is prevented and
mol di ng defereeabflaver lsuperiof pin deardiakpd likderveth een RiEdadagerbe conpletely
formed) are al so prevented. Therefore, the nolding becones nore

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be better understood 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 a graph of the results of a rotation accuracy test;

Fig. 8 is a graph of the results of a response test;

11



accurate. Further, the bonding between the thernoplastic el astoner and
cover fabric becones stronger. The cover fabric having elasticity, the
cord, and the preshaped article are assenbled in a nmetal nold having teeth
and this assenbly is covered by a rubber bag. The assenbly is then press
heated fromthe outside of the rubber bag to a pressure of 500 to 3000 KPa
at a tenperat wigy.ofo 18 L0ogZHNC, o theheakallté roma hampisgdeest; t he nol d for
a certaintine to a tenperature exceeding the crystallization tenperature

of the thernomiaet ho £ asyeEBh dfliderbbg derRandnng: O-Bhadeneé dad;n) and
| ess than the nelting 14  point (differing depending on grade of resin).

The nolding teperayuie Lapge | S D 2eLETPEI o4 W l%tpa)fggﬁgi“?gpéglecion

crystallizationtenperature of the thernoplastic elastomer 10 a tenperature
| ess than th ing.point. This differs depending on the grade of the
resin, buat‘éclugragr%)ntetﬁglgl’y in arange from125C to 190C . At the tine of

nol di ng, the | di tenperature is,set to ge in the tenperature range of
t he tenperatugggéxggeafn ?H@HbfV§3§F|F?3P% T ?Qﬁbéﬁﬁ?ggglg¥ Lests
t hernopl astic el astgoner and | ess than the nelting point, so_as to enable an
anount of fl o3& tHelf RrSRTREesREcVEsARiorBr bPOLhRT S8LaPEI T S£SPnP0-' to
6 x 10-3 m/sec (load 50 kgf/cn2 and hol e dianeter and length of 1 nmx 1
m), and FHRCUHFERTHPY Fhe pESHEati@¥ePELRP{ he inside of the mold for a
certain tine. Setting the flow amounts of thernoplastic elastonmers to be in
the range of dB@ut 18 %xs184vieyr For E¥r3aihingcthy rewducsiphnpetehatat ures,
enables the belt to be correctly fornmed w thout seepage of the resin to the
bel t tootthesudcdbes belti pf rthmdiampndnwesbeditent eet h cannot be conpletely
formed. At the end of the heat press nolding, the assenbly is cool ed and
renoved from tFig.mdbdisoa oblar nritdwe foeobkplaireing Hheeweataeef Filge 2) . The
sl eeve of the toothed belt 1 has teeth 2 and bottons

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 EMBODIMENTS

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 sectional view of the toothed belt 10 of the first
embodiment of the present invention. The toothed belt 10 has
belt-body material 15 forming the teeth, and a cover fabric 12
arranged at the surface of the toothed belt 10. Further, cord 16

acting as a tensioning member is embedded i1n the belt-body material

15.

12



3 engaging wwth the pulley etc. After this, the sleeve is cut to a certain
width to obtain a toothed belt (timng belt). (Exanples of Thernoplastic

El ast omers) Next, exanples showi ng the setting of the flow anobunt of the 25
t hermopl astic elastone.rs, are explained with Fig. 3 and Table 1. Fig. 3
shows a graph of the relationship between the fluidity of the resin and the
tenperature. |Nekhe thaprodiREEocA mathddPEHE Bhar ¢obhbedpdlas traciepolfyet her
ester elastoners (made by Toyobo CO LTD., brand name Pel prene), while
TPEE- C andn&kkbph st o a1 todernppl aghl el .y etihek , eshertelrasipaaeksc( br and
nanme Hytrel nmade by DUPONT- TORAY CO LTD.). Further, TRUAA is a

ther nopl agkelk¢nPOd Yid gRane: £lashogery {1y %Q»Qsﬂé a Bkl an(fadg, RueBASF
Japan), while TRU-B and TRU-C are al so thernopl astic pol yuret hane

el ast orer g (Qrapd, nap®. M ractran made by N ppon Mractran). Table 1 shows

t he relat?gnghiggﬁetmeén the type of resin and the belt noldability. (The
cover fabric apd_the ver fabric E are explained.later in Table 2.) 16

[ Tabl e 1] Type§°’én‘§“?\/g‘iq‘(far6'ﬁp??§%? eassi?tn%’“%ésiuﬁﬁbﬁai %‘E‘? ec#p.a (OFluidity of
resin (m/s) SeepageTi p rqundingOveral | .

val at | ofFPEBSRISE & e ARG TEs TPESE ALAEESE. B3R KBOTMILAREIE1. 03E- 02vesN
OTPEE- H1901. 24E- 03NoNoOTPEE- B1453. 95E- 03NoNoOTPEE- C1S06. 20E- 04NoNoOTPEE- C15
53. 30E- 03REAYBTPER2TR 65R SEEEeg3NGRS CIFERIBLAGS * #3RC bSRMTORSGEA1803. 53E- 03N
oNoOTPU- B1802. 57E- 03NoNoOTPU- C1851. 85E- 03NoNoOTPU- C1906. 14E- 03YesNoXTPU- C19
59. 12E- 03 ¥é3R6°TWeY draFaptiagdEsegment shawn by tthe ehewiedl ToEruAa When the

nol ding tenperature
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 Toyobo CO.LTD., or the brand name Hytrel made by

DUPONT-TORAY CO.LTD., etc.

—[co@co—o (CH,) 4—o]n— )
—[CO@CO—O{ (CHz)p—O}%Iﬁ o

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 oy 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



was set at 130C, the amount of flow was 5.54 x 10-3 m/sec (load of 50
kgf/cn2 and hole dianmeter x length of 1 mmx 1 mm) or in the range of about
5 x 10-9 to 6 x 10-3 n/sec. It was possible to correctly formthe belt

wi t hout seepage of the resin to the belt tooth surfaces or tip rounding,
where the teeth cannot be conpletely fornmed. Next, in the case of TPEE-H,
when the mlkedi ng tenperature was set at 140C, the amount of flow was 1.24 X
10-3 nml/sec while when set at 145C, the anount of flow was 3.95 x 10-3

m /sec or in theermngeriefl abothe ToxetOfdbitia: Gax HE3 fikr/ eeampld, wgdoppssi bl e
to correctly' formthe belt w thout seepage of the resin to the belt tooth

surfaces gblveRtéo|ntaREd Nexttor Nok B asBe ] tBEEFtHEWh&E mAREHENY
tenperature was set at 150C, the anount of flow was 6.02 x 10-' ml/sec

whi | e whenpgelaalo 195Gnet ?ﬁléﬂgﬁ@tde%flefr' BY VRS c3nad faﬂx{-’lé Mda9%a0p) i N the
range of about 5 x 10-4 to 6 x 10-3 m/sec. It was possible to correct y

formthe Bekt, ltlm)utma%ceiﬁgagﬁeolta% Q’TBE ibé‘%\% Q&"t 9@%@/»«% )26 or

tip rounding. xt, int case I d| ng 't erat ure was

set at 16%0 té]e 4 F’nsttl'?ef efllog\évi ﬂfts%he over g‘aé%:?g %I ! eSB‘h?”#?S%OUt 5

170C, the armunt 5 oW Was Sec or I n the range o
formthe belt

x 10-Qto 6,x.103 m tvvas ble to correc

Wi thout  sdabagt Br EEN askiel o b TakpBR: Lo GRS oAk Pokidi ng.
18 Next, in the case of TPU-A, when the nolding tenperature was set at
180C, t he TRADANPT FRO¥F T auedre. b¥P] urethans §-é‘cag?"af‘ﬁet?r% noitd@def thBout 5
X 10-4 to 6 x 10-3 m/sec. It was possible to correctly formthe belt

W t hout seepagefabritecy eiassed paeipet ttheodiievinef Beexyrerlasticr oundi ng.

Next, in the case of TPU-B, when the nolding tenperature was set at 180C,

the anounelaftémew alstiE Sime - Bohinec Thereforhe evenyel Dfstxledbghed, x 10-9

to 6 x 10-3 m/sec. It was possible to correctly formthe belt w thout

seepage othehéitamemtd areheupelrpotedtdind ndeadey of the Iumditiges is
prevented, hence seepage of the resin from the interstices of the
cover fabric to the belt tooth surfaces is prevented and molding
defects of the belt (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 fabric becomes stronger.

The cover fabric having elasticity, the cord, 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 on grade of resin) and less than the melting

14



Finally, in the case of TPU-C, when the nolding tenperature was set at
185C, the amount of flow was 1.85 x 10-3 m/sec or in the range of about 5
X 10-9 to 6 x 10-3 nl/sec. It was possible to correctly formthe belt

wi t hout seepage of the resin to the belt tooth surfaces or tip rounding.
(Exanpl es of Cover Fabrics) Exanples show ng different filament denier

wef t / war p poatitoddi feni e rispepdiv bt pnegyrdeatdfogesantl. ahmeimolgfingl ongati on
of cover fabrics are explained with reference to Table 2. Table 2 shows the
rel ati onshignpaetteea tiregd Vipe fabmcavesmpatytircarscebeimpldabi ity (for the
resin, the above TPEE-B was used and the nol ding tenperature was set at
145C). 19 crylstabhez2ti diy pasnpand tibk dapi thid wrafrmepy st Falsl Lecdnverto a
FabricRatio of denier of filanents (weft/warp)Ratio of yarn density

(weft/war R—)e%g@?g%ﬁ_ré | QO 6l L geRRBGETY Rd1QUNdiTAYEVE! Afe k2 dldiRnding
t1 onAl. 000. 5928Resi nYesYesXH3. 80

ONoFO. 950 SESBR0 BT RoRAes. D00 3BB LRESi T ee Kho. B0 08P 51 E2Y rRaNGI 0. 050
.98162Urethaq e, prJO.950.98136RFLYesNo>(RO.460.98142RESinYesNoXL0.711.601
80Re5|nYe§fb>? esin: TPEE-B Mol ding tenperature: 145C 20

At the time of molding, the molding temperature is set to

be in the temperature range of the temperature exceeding the
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 diaméter 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 10™ to 6 x 107 ml/sec
by controlling temperatures, enables the belt to be correctly
formed without §eepage 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 of Thermoplastic Elastomers)

5 Next, examples showing the setting of the flow amount of the
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As shown in Table 2, for exanple in the case of the cover fabric C the
ratio of the weft filanment denier to the warp denier (weft/warp) was set to
2.67, and the ratio of yarn density (numnber) (weft/warp) was set to 0. 63.
Thus the cover fabric was manufactured in such a manner to elongate 61$ at
50 nrmwi dth/2 kgf, and was then subjected to a resin treatnent. It was

possi bl € e & F&sstia dfdBdnfae shehte hidiQUheseRpagerigf. Bhendemdrle 0.t he
belt tooth surfaces or tip r oundi ng. Next, in the case of the cover fabric

E, the ratio f'é%)%%?g ;g%gs z%f”v‘%fhte/i‘@fﬁlo‘@%%lg%e% eQT PRe dRB gL QLT O Of

yarn density nunbe was set to 6 e el ongation o t he
cover fabrgd vas 63$ t 0 mm wi_dt h/ 2 ) nd_ r.esi r
perforrred’fl% Srreyt p é% e(Snpcegratrtec kﬂ'fotpr% ﬁaep}belﬁErE ho[]% seepage of
the resin to the belt tooth surfaces or tip roundin he case of
Lhe GovemTnBPREmPELERbLT R SHor, PaRER S TRANIEE FudPERsarD) TR et 1o
0.95, the ratio of yarn density (nunber) (weft/warp) was set to 0.65, the
el ongat i 69 -3t hebEBV‘érnEF’%ﬂ)rﬁ%lRﬁ&é‘e%W‘%’a]te SFERCweREhFBERK R )ar%ﬁ&“

noi sture-cure type urethane treatnent was perforned. It was possible to
corr ect | y:hegmept Rethe| RoWathedt estepRi@ssPrehe fezind Pemehiybrak madet h
surfaces or tip rounding. Next, in the case of the cover fabric H the
rati o of Hv Imﬁﬂ‘-m@merCQ-\/Déﬂ‘H-/)\A/an):thas, SHRU+P0 i@. 85thehmopladtdcof yarn
density (nunber) (weft/warp) was set to 0.98, the elongation of the cover
fabri c waslidtsthahe 54l aehoniedt Rb2akdfnameaBda s es8am MadeabyeBASINGRpat) ,
performed. It was possible to correctly formthe belt w thout seepage of

t he resi wHiQd IMRUBB! find OTHU- S Wrieaa@So0théinpplastdicngol {ixarpdms of Test
Results) The evaluation test results of a small pitch toothed belt of the

present idHdMARsWihbtaR® ¥ MiReetPeXtmadd®yiNipRosi merabt A .t oot hed
belt was 2 mm
Table 1 shows the relationship between the type of resin and

the belt moldability. (The cover fabric and the cover fabric E

are explained later in Table 2.)
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Exanple 1 and Exanple 2 toothed belts were produced using the already

expl ai ned nol di ng conditions.
pol yet her ester el astonmer (brand name Hytrel
made of a thernoplastic polyether ester elastoner (brand nane Hytrel
made by DUPONT- TORAY CO. LTD.).

Then,

3046)

Exanpl e 1 was nmade of a thernoplastic

whi | e Exanple 2 was
4057
a toothed belt of a Conparative

Exanple 1 was p¥akelkedd from an castabl e pol yuret hane (thernosetting

pol yur et hane el ast omrer).

The toothed belts were conpletely imrersed in

grease for a ghagsse aebiMolldabeliegtof AResimewn by t he gr aph of the results

of F|g /I, the-belts—of Examples-1 :\_nlrl 2 f egt yrod—snraller—+rates—of uhunqe
in dimensjions (W gih,a G35)y SPMPArG hesbhe CenpanalLys, Example 1
and were |t eesr“éforqzogup |o %@ E,)fagﬁ)we 41Ean Exam ee,aﬁat;p&t hed
bel ts werfg—produged Using t T aTreaay expl al ned ol di ng condi tions. Exanppl e
3 was nadermek-@ | bhes nopl ast i £4 pokyat her esber ellastsoner (brand name Hytfel
4057 made by DUPONT- TORAY COQ LTD . ) , Exanple |4 was made of a
t her nopl asTHEE-Ho| ¥83 her estelrSél4Bst%oner (Brand ndite Hytr el Q8l) ., andg
Exanpl e 5 was rrade of a ther rmpl astic poI&St her ester 5 elagtomer (brand
name Hyt rlef2=soe) 2222 A GohbdPhiAre—Exadpie—2 8ot hed—bel-—was—predueed
from hard jype, chhpg opr ene rupt}q{poaa Conﬁ)q,gatl ve Bxanpl e 3 tlqothed bel t |was
produced fromsoft—type chioropreme Tubbgr, andja Conparati Ve Exanpte &
t oot hed betdeev@s| piduced frpmaan-azast abll ot ype |tarer noset ti ng pol yur et hane
el astoner|” A driye T~~iction]test was conducted |using the torque differeénce
bet ween t|eredr¢ ve1sd de and t he.29Et%%en_si d®oas theNedrive frigtQon. As shpwn
by the grlaph of the results bf Fig. 5 the belts of Exanples 3, 4, and §
feature tHEEEHe pXr ed—wil'A Conpd¥ative—Exadpres—2—3—and
9 despite fhe garggbess of thslbs%toabel ng |hi gher %d the thi c@ess of the
bel t bei ng—greatpr—They—ats —feature—asgmatterdrrvefrictifomrwhirte
i mprovi ng 4f@-o | 170 5.43E-03 No No 0

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
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durability of the belt, and were therefore superior. An Exanple 6 Toot hed
belt was produced using the already explained nolding conditions and a

t her nopl astic pol yet her ester elastoner (brand name Hytrel 4057 nmade by
DUPONT- TORAY CO. LTD.). The toothed belt of the Conparative Exanple 5 was
produced from chl oroprene rubber and a rotational accuracy test was
conducted as f@Bikewns, if\stishaased BEFTPEE G, athdrhahleefbBdind tdirairatnak
accuracy tester (a non-contact speed unevenness neter Lv-203 made by

Mt subi shiyall getra€ faoecneassrandiie of thewalats.cnak speed)/sas usad. The
belt size was 318-2GT-10, the cover fabric was 3A, the cord was 40:0 at

20000 1, the Bl kgY,/ehZenw@solldadde{dN& 3B tR sPefifd cati ais s fhose for
the durability test), the rotational 23 speéed was 200 nmin-1 (266666 pps

1100 dU1NEL xaRBd SASUAN & LALDON LeRSLORgWaG G0, 05N { SEANARED] py £5 ShoWN
by the graph o e results o ig. 7, the anpl e bel t 'exhibried a
smal ler rate of fluctuation.in.r gati n of the driven _pulley cqnmpated with
t he Cowpa%gtfgﬁrﬁﬁgﬁﬁl °?¥[§Q% bﬁg th?%?%r%fﬁﬁigeéﬁ eFﬁ%r?e %fa%bﬁe 7
t oot hed bg%ﬁ was produced using . the al ready expl ained nol ding conditions. A
t her mopl aSeit-& ﬁBPg’étT\‘é?fae%etseloreltéEt bR artPeTant Ry FRRFR ARt BE by
DUPONT- TORAY CO. LTD.) was used. A Conparative Exanple 6 toothed belt was
produced FPBRLghetyustamredtype thernosetting pol yuret hane el astomer. For a
response test, the rotating pulley was stopped and the anount of
di spl acenent o¥exhe ¥resthiruaidse efbFBEE TR, ditiarerfheunpéding stenneratade As
shown by the graph of the results of Fig. 8 the Exanple 7 belt exhibited a
smal | er owesshebtatrid 0°6st the @mcamiabEohlof washlalhon LONpakbokaniwhhlehe
Conparative Exanple 6 belt and was therefore superior. ' Exanple 8, Exanple
9, and Exahphesé® 3200148°d,behésameuret of flow was 3.95 x 1072 ml/sec or

in the range of about 5 x 10™® to 6 x 10”2 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. 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-D, when the molding temperature

was set at 165°C, the amount of flow was 1.62 x 10”2 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 10™ ml/sec. It was possible

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

» belt tooth surfaces or tip rounding.
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produced using the already explained nol ding conditions. Exanple 8 was nade
of a thernoplastic polyether ester elastoner (brand name Hytrel 4057 nade
by DUPONT-TORAY CO. LTD . ) , Exanple 9 was nade of a thernoplastic

pol yet her ester elastomer (brand name Hytrel G3548L), and Exanple 10 was
made a thernoplastic polyether ester elastoner (brand nanme Hytrel 3046). A
Conpar ati ve Ex¥epte ih tbetdwmsk lbél TPWUwels, pheduties moldimbatrend-aturgpeas

chl oroprene rubber, a Conparative Exanple 8 toothed belt was produced from
soft typesell atopseae thébafiourandfaf CowparAatd, 8 kXm0l el Ssdoairhed brét was
produced from an castabl e thernosetting pol yurethane el astonmer. Further, a

belt was sghgBnot epdBstserx and et at ed1at A1 £oas! ardt waRegdssibea dde tor que
of a hystere3| s brake was gradually raised for a junping test. As shown by

the gr apth&‘r%Q@ly efﬂ'&lnt %hgf pEl 9 w:.Q:houttth%%%@ ofa tRe: r&sin %d tilxg %it' S

exhi bi i gher | unping torque than arative Exanples nd 9

and were f er| or, | arge pitch toothed belt vvas pr oduced
and teste%g?%ﬁ %Eer ormangetég [f\lgﬁt' vég The pltch size of the toothed belt

was 9.525 mm An_Exanp 11 tooth | t was ed using a.therno Iastlc
pol yet her estelr@ as"‘tn ‘i%ﬁﬁaﬁ% 'g&?’rgse wlhfgl H%réﬁ% ‘%5[9(59[‘?

LTD.) under the ead ex | ai ned di tions, Fu ther a

Conpar at i V& E?‘énf)q e 10 thFt il\%‘% ‘%‘5 guggdxflr%m HHDFrelB Flﬂu‘t’)ber
The belts ;were |mTersed in ngchine oil for one week, then the belt

di mensi on&2BAE PRrahRs Sner d0medsufed IOr BHW RS- dsMaFaReesteLe tAs shown
by the graph of the results of Fig. 10, this Exanple belt 11 featured a
smal | er changectly Hanwmébs hbelt clidhgeti pedrige ¢ifnthsi wesircdipihedesith t he
Conpar ative Exanple 10 and was therefore superior. An Exanple 12 toothed
belt was pprothcsurimigsyox ther nowhdigtd.c

Finally, in the case of TPU-C, when the molding temperature
was set at 185°C, the amount of flow was 1.85 x 10™® 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,
yarn 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).
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pol yet her ester elastomer (brand name Hytrel
CO LTD.) under the already expl ai ned nol di ng conditions.
Conpar ati ve Exanple 11 toothed belt was produced from chl oroprene rubber.

4057 made by 25

DUPONT- TORAY

Further, a

A

stationary position accuracy test was conducted by a tester as shown at the

top left

in

Fi g.

11. As shown by the graph of the results in Fig.

Exanpl e belt 12téea¢uzrd a smal |l er anount of di splacenent.

conprised of the rotational

11,
The di spl acenent
angle on the pulley with respect to the | oad

t he

converted to ofri/pet amd i gaichtli e, cansk wabrsrml | er conpared with the
—t-he Exaj

Corrparat| Le Fxnrmlp 11 therefore _was_su-perl or A
Exanpl e 1B toot Hed beIt Was tproduced usi ngl a t her nopl.astic E et her est
el ast oner | ERYEnd i r‘i&t Ir:§0%7 qE By - EXIPORAZ TORRSPEH An (ﬁ%
al ready ekpfaifed: TRl jig b oH . Further, a Comparatiyé n%l etlé
t oot hed belt of V\(asftp,g,g%u Q%LJ ¢hl or opr ene rubbef. The belts werd wound
around pul[Teys dnd tested|for durapllity by giving thema certain
rotational aspeed med a ceredion | oagl28 As shpwesin t he Ygs aph offes he rgsults
of Fig. 1P, the |[Exanple belt 13 featured ajgreater punber of flexes
conpar ed Wt h the3.@npar af P& Exanpkeé 12 upBesint he s3pe t est Yeondi tijoxs,
and was tnereforje superiof. In this enmbodifent, set{ing nolding tengerature
to be witpen the 2.@lge bef We@n the| 6kyst al | Rgssini on 1 ¥Aper at uFe and t(he
mel ting ppint off the therhoplastic|elastoner prevenis seepage of thg resin
to the be|P toot|he.sldrfaces0ef®d ti p!Fdundi ngRFIher ef p¥es t he| Beresent |26
enbodi nent provijdes a toofhed beltiwth superior jupping resistance,
durabilityE and re$fonse p8-6kel | as éBeduce(Rerinve No No O

F 0.95 0.65 68 Urethane | No No

G 0.95 0.38 51 Resin No Yes X

H 0.85 0.98 131 Resin No No O

I 0.95 0.98 162 Urethane Yes No X

J 0.95 0.98 136 RFL Yes No X

K 0.46 0.98 142 Resin Yes No X

L 0.71 1.60 180 Resin Yes No X

Resin: TPEE-B
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friction conpared to conventional products. [Second Enbodi nent] Bel ow, the
second enbodi nent of the toothed belt and its nethod of production will be
explained with reference to the drawings. Fig. 13 is a sectional view of
the toothed belt 10 of the second enbodinent. The difference fromthe first
enbodinment is that a resin film20 is provided on the surface of the cover
fabric 12. TheAseshowhiimTablleulct Eonsexan@liesdal &he tase td®e thel domgr and a
barrier for the toothed belt after production. Next, the method of

product i oFabkithe, ttoet heti belft thé widta Seranshedeadesatd the wxfp deAedr As
shown in Fig. 19A, Fig. 14B, and Fig. 14C, in the nethod of production of

the toot hegebel/iiarp) GRMLCEt alar s CeL2 aRavinret 8$ birGyd dh UEndL EaNGeALat) t he
tooth-formng surface of a fornlng nold 17 having tooth shapes, and a resin

film20 ig.ke /aaigfi Walt advapce & bhss sc&s@f@cﬁﬁeroéagl@c 9:9¥%ar}(\ﬁgrc'tﬁr%g Cor d

16 is arranged next to the cover fabric 12 which 1s near the tooth-tormng

ST ace, Ofot BRchOAT IR LionkB:LNe, "0 p BISLERE SIS L plbes @

rubber bag " &1 shaplng i ng, e resin tretc

t oget her th t he. cove fabrlc 12, bej co uous W, t Qr.m nol d
179 The. 1 bel FRF ISR RN i R tcl?érSEF?ybody
material 15. Po|yether es resinis u as the 27 t.- body terial
s mnefaarnyelv cLigt gabetl eute e e o b Lobndy e Fur ther
when the belt-body material 15 is in a flowable state at a tenperature | ess
than the SOFERAGSPSF nEiRfra¥Relifrgsin film 20, it can be shaped in the
formng nold 17. When the interstices 18 of the cover fabric 12 (see Fig.

15A) for the sNaptngrafbestaset efiddreanevexfahted iduthe gathe pf £ddarentf the

belt-body material 15 (see Fig. 15B), the belt-body material 15 passing
denier (weft/warp) was set to 0.95, the ratio of yarn 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 treatment 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 0.95, 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 belt tooth
surfaces or tip rounding.

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

) fabric was 131% (at 50 mm width/2 kgf), and resin treatment was

21



between the cords 16, fromthe belt back surface and seeps out fromthe
interstices 18 of the cover fabric 12 and then fuses with the resin film
20. In this nethod of production of a toothed belt, the resin film20 is

set to a nelting point higher than the belt-body nmaterial 15 and is

| am nated on the tooth-form ng surface of the cover fabric 12 (see Fig.

14A) . Evewerfformed.békt wvbodyoswitbdel &b &6rpesties fdmmoddk beétiwitdrestd ces 18
of the cover fabric 12 (see Fig. 15H) fromthe back surface during shaping;
t he resin dddgngd0o€athd ussiw thb the Haald thody swtPidead orXStapdrquredienst. 1t
fromreaching to the tooth surface (see Fig. 14C) . That is, the resin film

20 having a hi gkebmpeLti g Rt irRaaRA 8Pt being in the nolten state during
the nol di ng, prevents the belt-body material 15 from passing. ThereforE;

the seepage of thle.bglbaLpdy é@éstterﬂeébléé 58 4 Ngndial bikeat Bostidaars o see

Fig. 16 show ng seeped belt-b material 21) 1s prévented, so there are

he advanigogst batoLhe ﬂg\;s{mm 3 100be XRORR AL Lt SHhLAGR: 3] dgs of the

belt teeth Sl nceé here ate of ‘un ance betmeen

portions t he rial 15 is exposed and portions where it
| R ole.ipebel JroL i

is not, | "Hoi se can be suppressed conpared with
previous belts, and. th in erformapce durability can, be .i nproved.
Further, si ncetfﬁg‘psﬁrﬁcﬁﬁr&’f%‘pgﬁe Wﬁ@?g}‘?‘ﬁ} éi’(?eeoFrgﬂ Ce{WF Eabr i ¢
12 at the tooth surface of the toothed belt produced is lam nated wth a

| ayer of Ehee st nepdy nexry).ained §‘°p6s§9 tﬁ‘ﬁ“’(’*&lﬁf‘évenﬁxﬁﬂle vatef,made off r om
the belt tooth side, frompenetrating the resin film20 |ayer. Therefore,
the di mensi Sharmepkdstic pobyethrr Bster irdesrenesufmanst Damm dyithed I3 i me
becomes long. It is possible to use various types of resins or elastoners
as the belwhiledixpmbéei 2l wasd magigt ofhenthepwiniaidtac eolyethesiestar used,

there are the advantages of the superior high-tenperature
elastomer (brand name Hytrel 4057 made by DUPONT-TORAY CO.LTD.).

Then, a tocthed belt of a Comparative Example 1 was produced from
an castable polyurethane (thermosetting polyurethane elastomer).
The toothad belts were completely immersed in grease for a
grease resistance test. As shown by the graph of the results of
Fig. 4, the belts of 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 polyether ester elastomer (brand name Hytrel
G3548L), and Example 5 was made of a thermoplastic polyether ester

5 elastomer (brand name Hytrel 3046).

22



properties of a thernoplastic elastoner, high strength and rubbery
elasticity being exhibited froma | ow tenperature to a high tenperature,
the tenperature range for usage tenperature being w de, inproved vibration
absorption, inproved oil- and water-prootness, superior chemcal stability,
reduced neshing noise with the pulley, and increased durability due to the
| ow coefficienta chbmparetiws EXdnted et Patodthedhbebel wvadhoopdomedrfxadm bardit is
al so possible to use a liquid castable resin or elastoner to formthe belt

W th an i njygd chDof®h g b ea Womps ea 8i td @xappllass itwothadt ey wae form
the belt wth an extruder. 29 (Exanmple 1 of Toothed Belt Production)

Next, the gyQaitel epoff sbhe R had Bebred H1dH es0at 2 eobmsk ke S

expl ai ned. A Nylon cover fabric 12 (toothed cloth) was lamnated with a

resin fil re,é%g(l!éyw %Eo%ﬁémb g rgag&éalgfm iy gag@sméh?b_ he

bel t-body matérial 15 (Hytrel sheet) and cut to predeterm ne I mensi ons

and bondedch(ecal | ed," cover fabr'hcar{ a%&g%%gmeghe cover fabric 12 was treated
, €n

with |atex arfglotsreegf'ga V\fjf%u € outernost |layer was fornmed with a

h | in | .havi id hai ith t ed ds. Note that
!Ongtngadr g;‘sl 2 p%%ﬁ%l"vg\égiggcga?}grt?e %It ngéwﬁ?%%#q%eg‘i:%ﬁé‘%t BQ‘(F)QY%‘QJephgnOI ar esin

| ayer nodified by an ingredient containing a phenol carboxylic acid. A
cover fabrPETeIERee sy P AT Sthg the friishgs 4R REcEPaCTENE out er
surface of the forming nold 17 so that the resin_film20 (Hytrel film

cont act ed FHETONd ’ushare BY thigedFRMPAg-hforastyts afehigl Assthor@®lts was

wound spirally around the outer surface. The outernost |ayer of the cord 16
was for med®inERTRIpReA0l 4 r exnich 9 fpetupavihry) sAmte deiyensoniie earreredat ed

bonds. Furt her,
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
explained molding conditions and a thermoplastic polyether ester
elastomer (brand name Hytrel 4057 made by DUPONT-~TORAY CO.LTD.).
The toothed belt of the Comparative Example 5 was produced from
chloroprene rubber and a rotational accuracy test was conducted
as follows.

) As shown in Fig. 6, as the tester, a rotational accuracy tester
(a 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 32, the cord was
40:0 at 200D/1, the pulley size was P14/P14 (the same

5 specifications 2s those for the durability test), the rotational
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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 ordinary tenperature belt-body
material 15 (Hytrel sheet) was wound around the cord 16 and fastened by
adhesi ve tape. Rel ease 30 paper was wound on the belt-body material 15
(Hytrel skpetd varxd 2basteiiéd(2Beexdhpss Vi teaperitvden ahkdetias serithy 1 nason
inserted into an shell bag, placed in a vul canization pot, and heated and
pressed techoidm avdelds sab.(stheadeadti ng tenperature was set to be equal to
or higher than the nelting point of the belt-body material 15 (Hytrel

sheet) and | ovet 1ham BICLAE! Jidih BY BheOfediind 83 1511 el Eibiglofi! M.

The pressure and the heating tinme were set so that the belt-body nateri al

1o £y ouedeat L NSeh b Pthatale FOMDICH B YLOLIRG: 1 IBLed o U DELT-DOdY
mat eri al trel Sheet) was arranged in advance | n the ormng nold 17
together with the cover fabrig 12 _cover and_lLam nated w t.h t resin film
20 and « HEL 5t FAEA hERerd: 2551 Vi SPeert e R I e R Ear e, Then
t he belt-bod terial 15 was pressed and heated starting at room
tenperatuFBegﬁég%%%ﬁﬁﬁliﬁpﬁﬁé°ﬁnlding tenperature, at the time of shaping.
Therefore, the belt-body materjial 15 was plasticized to achieve a flowable
state and for n? Hec3mle feéPAthapiReleirg SFodpRed resing fihenr2oepdyt r el
film lamnated on the cover fabric 12 stretched together with the
st r et chi ngxBiainrd dwnidingalspnditong . hehermerdds shapaiysthert Retevver
fabric 12 covered with the resin film20 fornmed the belt tooth surfaces at
the tinme elasbemant | Grrapkd nhwebdytreleldd’ mbder by hRURPNI-GIOR&NapPnyTDt he
formng nold 17 was inmedi ately water cooled to close to room tenperature.
The form wngs et .l? Gasphakeive Exapdm 6 heosthald bbay wasl drivelueeHdedos| ab
renoved from 31

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 belts were
produced using the already explained molding conditions. Example
B was made of a thermoplastic polyether 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



the formng nold by a de-nolding device. The nolded slab was grinded at the
back surface by a slab grinder to renove the rel ease paper and match with a
predeterm ned belt thickness, then printed on and cut to obtain a toothed
belt. The obtained toothed belt therefore becane, in order fromthe surface
of the belt teeth, a resin film20 layer, a cover fabric 12 | ayer

I npr egnat egpeai thl ¢iepizeid rbbdyr pat epmpard & vaaBcatmhke e ltbobbdy ddttewaal 15
(with cord 16). That is, due to the resin film20, the belt-body materi al

15 was pr exedueddl Fosh Seem RYpRUELL 8rdpeehe| tutiveet, hafdrd acwtparardvehe cover
fabric Z2 covered with the resin film20 was forned on the belt tooth

surfaces. gibxaTBl ® t&o0hed BH1EHa BelrloaBead UGidnPB) AXReN «oxAMIR @l ihfe

t oot hed belt production is nmentioned below. A Nylon cover fabric 12

(toothed ¢l@oth)-pAsnlamnaled Wth a resin film20 (Hytrel film having a
mel ting poi nT higher than the belt-body material 15 (Hytrel sheet) and

f ok X h h he bel h
preforned by aFggggg%ngr%ﬁggg%ﬁ fﬁé%?’% & ﬁ%‘gég) %‘r?é’ﬁtgé;?Eeé 1§ 2€chs gg ric")

surface side becane ca orfmed cover

. The preforned cover_fabric was cut and bonded to match wth the. nugber of
Lot nd SPEOEN HAT rEr EPREUS GRS oLF DFEh e SRt Vb ot B
tooth-form ng surface of the outer circunference of the formng nold 17,
and was t éRpofal FIEA 1R S TedPE oSN héPe WERPhEIsItPE Besthes S€aftd: Then
the glass cord 16 5 was wound spirally around the formng nold 17. 32

O di nary Penples &&arelpd + Sharid Rﬁt’%?’iteﬁ exhibifrg 8| highas yuRek wderg SV er
the cord 16 and hel d by adhesive tape. Rel ease paper was wound over the

bel t - body thare¢erpareg-iviayExamplefedy ) 8 apddvdisnhever o Fhatpnfars suprgpéort hen

the assenbly was inserted into a shell
Next, a large pitch toothed belt was produced and tested for

performance as follows. The pitch size of the toothed belt was
9.525 mm.

An Example 11 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 10 toothed belt was
produced from chloroprene rubber.

The belts were immersed in machine oil for one week, 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

polyether ester elastomer (brand name Hytrel 4057 made by
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bag and heated and pressed to forma belt slab. The heating tenperature was
set to be equal to or higher than the nelting point of the belt-body
material 16 (Hytrel sheet) and |less than the nelting point of the resin
film20 (Hytrel film. The pressure and the heating tinme were set so that
the resin flowed and the belt teeth were conpletely fornmed. After the end
of for mat DURONTHEORAY 1GONE. TDD) duddemaishd raledrdlyeéypainteat may ddhager to cl ose
to roomtenperature. The form ng nold 17 was renoved fromthe shell bag and
t he nol dedosilidbiong\@Fureheases toRpatdia JeoERbAPLIEDIT tdobthedandet Mgl ng
device. The nol ded slab was grinded at its back by a slab grinder to renove

the rel eagecRaRed Aih FRLERPELRe aBiRdet erm ned belt thickness, then was
printed and cut to obtain a toothed belt.' According to this nmethod, since

the cover fabril2;and:t e iesin JALIMZ0 LA Lal LUl Aterpal calial ched

much at all, there are t vantages that 1t is possible to reduce the

variations_ipn the ya densi-ty.of the cqver_ fahric 12,,.and the thickness of
the resin®fi nhrr? ,a%efrcg‘.a ti'—o rtlﬁé?c, “thet 'e(r1 Orﬁ%ns(t}jewo %thﬁ%rgor(ﬁ?%t o?sg}g’ﬁ)od, as
is the durabiljty. Ln this odinment, .a.resin film 20 having a nelting

boi nt i GRERULFRER FLE" OF 2 061 BN FbLbr TaIForrPed 2 HRILET BIO% bover
33 fabric 12. The nnlding tenperature is set to be between the nelting
poi nt of PhedteRiargmerth: 28Dang: SPACTEthEOBRF{ SR RS tdcerriprtignal
Therefore, seeping out of the belt-body material 15 can be prevented by the
rigid respRgie|on Iheapuhbelyvitthe rissrechotly thet éppdl camvearied tai effset There
is no state of unbal ance between portions where the belt-body material is

exposed afd Poe tHidedh hbee e drnd waspnemal Jée cpnparedneethhfthebfomparanise can
be suppressed conpared to conventional belts, and the junping performance
and dur abEkxanpledl beherpfoved. the rEaadmplel belt| vabesupeddiost.ood by t hose
skilled in the
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 rotational 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 compared with the
Comparative Example 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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art that the foregoing description is of preferred enbodi nents of the

devi ce, and~that various changes and nodifications may be nade to the
present invention without departing fromthe spirit and scope thereof. 39
CLAIMS 1. A toothed belt having tooth surfaces, conprising: a belt-body
conprised of a thernoplastic elastoner; a cord enbedded in said belt-body
to serve asbadinsi @riongdaenbetootthull dedavet th aduperidratjuepiegs said tooth
surfaces. 2. A toothed belt according to claiml, wherein said

t her nopl agéé s @l rasd, OMRrabs1 aty hed i Heaplonee Pat yRéera L Heuceliagt Di@r . 3. A
toothed belt according to claim1, wherein said thernoplastic elastoner is

AN

a ther moptasti o Ao ebhaps ELASE A RInal poakct 9Ot hed belt according to
claim1l1, wherein the hardness 5 of said tﬁerm)pl astic elastoner is in the

range of A70 t&%&%gﬁbggﬁ%gg hardness of JI S-K6253). 5. A nethod of

producti on of onprising: formng a preshaped article of a

t hernopl asti c gl.astoner; assenbling.a cove bric,..cord, .and sai d
pr eshaped arti%leowd i eas?S??ﬁln T n% %r%ﬁ%nt%%%heer%%f}%p?%‘gsl'hseati ng

sai d assenbl romthe outside of said formng | d; and heating said
Sosenly RO 1R FTCRHELHEN SH- A PAR) SHOPA 2 D SrATeRger B St ur e
exceeding the crystallization tenperature 25 of said thernoplastic

el ast onerdEMENESs than the nelting point 35 of said thernoplastic

elastoner for a sufficient tine to form
Fig. 13 is a sectional view of the toothed belt 10 of the

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 fi1lm 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 is 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 1s used as the
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teeth on a surface of said assenbly. 6. A nethod of production of a toothed
belt according to claim5, wherein said teeth are fornmed by setting said
nol di ng tenperature and heating for a sufficient tine so that the anmount of
flow of said thernoplastic elastoner is in the range from5 x 10-4 to 6 X
10-3 m/sec. (load 50 kgf/cnR2 and hol e dianeter and length of 1 mMmmx 1 mm
7. A mebaog-wddpmeieetibon1ef dhinothagehabt acter didignt Fichais dseavherein
the ratio of filanent denier of weft/warp of said cover fabric is 0.5 to
3.0, the gatige ofedihe sfamnodensity of weft/warp is 0.5 to 1.0, and said
cover fabric is treated wwth resin or noisture-cure type urethane before

formng an ass } viek. f i gaft L i at el y
50 To 1508 (at COme AT 1 Iear GP o e mar ] Shatre 8 oGt

producti on,of t oot hed bel t onpr.j.sing., . .affixing a in filmitghat
stret ches®Foget &= i uﬁeaES §e§h?aﬁ?F%F%%ﬁ "Hak’d fﬁ%giehéﬁﬁ?ﬂg£hd?nt t han

that of a ﬁfll-body material , to a surface of id_cover. fabric contiguous
W th & foPRT ik FOPLPE IRHEHARS L. POR S PR L Lo aBESH S ABERES CEFEF Cover
fabric having el asticity on said tooth-formng surface; wnding a cord on
sai d covet8f@brihe caV@rshaprag i tFafeFtiShody hater i e iShaRiPFoeDl e state
at a tenperature Less than said nelting point using said formng nold. 36
9. A net hatretchrddict eorasted deptiredhsePreasent ddhdheobell&rhP8Y wher ein,
in the shaping step, said flowable belt-body material passes through the
weave of materivalerl¥ diseecFagd 19Bles thie bed srbodegnatdniah 150pagsimd hod of
production of a toothed belt according to claim8, wherein, before the
af f i xi ng betpeem Plrerolrdsesdbn Fagrerthenbdilti bdcbys@arfagegredi erepgomiai ni ng
phenol that has side chains

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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wi th unsaturated bonds and/or a phenol carboxylic acid, is fornmed on the
outernost |ayer of said cover fabric. 11. A nethod of production of a

toot hed belt according to claim@8, wherein, before the winding step, a
phenol resin layer, nodified by an ingredient containing phenol that has
side chains with unsaturated bonds and/or a phenol carboxylic acid, is

f orned onstiheeotiherepss naysrtel ofaidbabankce IMetwikemephotiofs priedhectthen of a
toot hed belt according to claim@8, wherein said belt-body material is
conpri sedpefl tpbbigt heteridler,s drdegpbsled esid dodulons ehaps i Sed Ohofgl yet her
ester. 37 .A AL. A& A9. AL. A A

9. A& A AlgeP8cAlr £l A& Y SOANrmAL  dils eAlclin B8 - AMpNcAdell 8oL \Wifl. A" . A
AL A& AATNE A . A@% A A9/ Kp?CD

cT_(val gblileslegl cal ca) cale dhenhoapenl cabealalea) cabcalral kel ool cal

ca] cal ca] c<al c< I @&C
}xsni d_Z] %a.%g%gg ga] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
]ca] ca]ca ca}c caJcalcaljcaljcaljcal 6 7 =>E e h

Further, since the structure is one where the surface of the
cover fabric 12 at the tooth surface of the toothed belt produced
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 oil- and
water-prootness, superior chemical stability, reduced meshing
noise with the pulley, and increased durability due to the low
coefficient of friction.

Note that as the belt-body material 15, it is also possible
to use a liquid castable resin or elastomer to form the belt with
an injection-molding machine or use a thermoplastic elastomer to

' form the belt with an extruder.
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bCY 10% %@@i 1 %{ )"‘“é)]ﬂmf&gg ( é%B( ”‘"16 E%)r‘f‘fs“l“l )() 0
3'] I TdEDC 10%& ( 10%)& 10%)& ) -s! 10%)& ) S!10%& ()-s 10%& () -!

#T#dEBC#}éIYtl /g)éz(l)m pressure and the eatlng time ‘were set so
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10b 10b 10b@ 10%0& ()-710%& ()- 510%& ()-3s!10%& ()-1s! 10%&' () - WRF&&&
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104 & ()- "1"" " (0(j (dEYNC MLO% & ()-310% & ()-3!'10% & () -
110% & () -3 | 1D84R'LE) -tHel beg B Kody hétayiaz) L ERMNCre) 190%es’ ) yas arsafegd’ () -
Y810 & ()- ,#10% & ()- &'110% & ()-3 '10% & ()-)*\*** + +dEYNC
5110% & (in 3dadDUfe’’ifn) tha! 08(i&g nolA! 1D% & ther- Wi0B{ &€ Jcover fabric
| +110% & () - +++++++, > bAY 10 & ()-1 @L10% & ()-YI &0%W & () -
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 belt-body
material 15 was pressed and heated starting at room temperature
and reaching the 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.

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 f£rom the shell bag and the molded slab removed from
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) 10%& ()-L' 10%& ()- FOd0%e& () -, # 10%& ()- & MLO%& () -
M 10%8& ()teAbapbeBy Bg&j@yﬁgrfaces, and the cover fabric 12 covered with
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(Example 2 of Toothed Belt Production)
Anther example of the toothed belt production is mentioned
below.
A Nylon cover fabric 12 (toothed cloth) was laminated with
a resin film 20 (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 £ilm 20 (called a "preformed cover fabric").
) The preformed cover fabric 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 around the forming mold 17.
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10907& () - sSL109ABEEY - 3&l (B off) fpZmdZitty./dEeNCorming 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
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 durzability.

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

) higher than that of a belt-body material 15 is laminated on a cover
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art that the foregoing description is of preferred embodiments
of the device, and that various changes and modifications may
be made to the present invention without departing from the

spirit and scope thereof.
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" #EUR () &+ wher@1A34D6 AR shaping step, said flowable belt-body material
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passes through the weave of the cover fabric and fuses with said
resin film,
10. A method of production of a toothed belt according to claim
8, wherein, before the affixing step, a phencl resin layer,
modified by an ingredient containing phenol that has side chains
with unsaturated bonds and/or a phenol carboxylic acid, is formed
on the outermost layer of said cover fabric.
11. A method of production of a toothed belt according to claim
8, 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 phenol carboxylic acid, 1s formed on
the outermost layer of said cord.
12. A method of production of a toothed belt according to claim

8, wherein said belt-body material is comprised of polyether ester,

and said resin film is comprised of polyether ester.
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