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TOQDJID CONVIYJNGBll."[ 

Field oftbc Inygon 

Thla mv.tloa relates to cncllC$t, toothed belts, am!. more particularly, to a 

!5 toothed belt used to frictionally convey t1at objects, such u paper money, carda, 

tickets, and the.like. 

JhQksrmm4M 

A prior art system ~or conwyiag thin articles, such as paper money. cards, 

tickets. etc. i~ shown at 10 in Fig. 1. The oonveying system 10 includes 

coopc:ratiD& endless, tootbecl belts 12, ·14, eaoh ~ving a aimilar comtructicm. The 

belt 12 :is tl'lined. around spaced drive and drive.a pulleys 16, 18. respectively, which 

pulleya 16, 18 have parallel rotational axes 20; 22. The belt 14 is trained around 

driw md ddwa pu.Ueys 24, 26, which pulleys 24, ·26 1re rotatable about axet 21, 

30, that are parallel to each other and the axea 20, 22 associated with the belt 12. 

The drive pulley 16 rotate& in ihe direclion of the arrow 32, with the drive pulley 24 

rotaDng in the clirectlon.of the mow 34. 

·The belts 12, 14 arc llI8Dpl ao 1bat outaldo coawying surfaces :34, 36 on 

1ha belts 12, 14 are m contaot over a substantial lenath thereof at the region 38. An 

article 40 to be conveyed. which dole 40 may be paper money, l*'ds, ik;kots, or 

the like, is a4wnGed betweea die belt& 12. 14 in the direction of fhe arrow 42. The 
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article 40 ia frietionally driven. by the belt sQlfaces 34, 36 fi'om right to left in Tis. 

l with ibe belts 12, 14 adwncing as pnviously described. Spaced pressing rollers 

44 .. 46 are selectively movable downwadly in Pig. 1 against the inside of 1he belt 

12 at the regia.t 31to1bmeby deform and press 1he belt 12 towards baalrina rollen 

5 48, 50~ alipecl with the pressing mllm 44.46 and actiq apinst the belt 14, to vary 

the presaing boe between the belt sur:faccs 34. 36 at the resion 31; 

Ideally. d:le cocftlcieat of fiicCitm betwoca die ardc1c 40 llllcl belt surfaces 34, 

36 remains idatiwly constant thmoah sisnificant temperature variatf~ preferably 

m the nnse of i-20° c. m oo• c. Still further. it ta desirable that the flexibility and 

10 wear reaiatance of the belts 12. 14 do not lipificmtly change with the belts 12, 14 

operatina within tu. tcmperatule mnge. It is also important that 1he belts 12, 14 do 

1 

not stam die articles 40 which are conveyed.thereby. .. 
· It ii 1mowJl 1o constructwodlai belts, such as daoae 12, 14, disclosed. in Fi&. 

l, l18ing chloroprenc rubber. These beltr have a plunllity of ~plarly spaced teeth . 

on an inaide smface and an outside put within whidt toad ~ cords are 

embeddccl. 

It Is also known to place a cloth ~over 1be surface of the teeth on this 

type of belt. Oae known cloth layer baa a wmp an4 a weft with the weft being 

defined by oriiDped 6 nylon or 6.6 nylon. ne wmp ia an UACrimpecl thread of 6 

2 nylon or 6,6 nylon. preferably~ the same composition as the weft. 
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It is also known to enhance the adherence of the cloth to the belt teeth by 

using an adheaion treatment with a rel01'Cin-formalin-J.aeu 90lution (R.FL). Thia 

solutiba is applied to the ~-uling a soakina or a. spreading treatment process. 

Even whcu a chloropnme rabbor which does not readily CJylbl1lize at low 

tempendme8 is Uled, when the chloroprene rubber is used alone. a decrease in the 

friotioml caelftcient between. the belt and the articles to be oonveyed may result at 

low temperatures. To compensa for this, the gripping force between the belts 12, 

14 hu been.increased by deforming the belt through the pressina rollers 44. 46. 

By lqina.the pressmg rollers 44. 46 apinst the belt 12. the tension thereon 

10 increases. Aa a result. the surfaces 34, 36 become more prone to wear. Further, 

load cmyiDa cards within die belt 12 umd to strctcb. A4justm.eDt of the belt Um.ion 

through chanp in the spaciq between the pulleys 16. 18 may then be necessary, 

pouibly oa a frequent buis. To accommodate tbia acljustme.ot. the pulleys aad 

suppartiDa muotun= ibarefol' have to be m.te 9troDg and durable, which potentially 

is inoreues the camplexity and the cost of the ovcnll system. 

Another ~blc:m with conventional, toothed. conveying bclu is 1hat tht 

mhber UDderJyins the cloth covering layer is commonly exposed through openings 

defined between the wmp and weft of the doth layer. Tho pulleys 16. 18, 24. 26 

1 may dBctly contaot the mbber on the belts 12, 14 through these opemnga, and 81 

·J 2 a result abrade the rubber to produce rubber dust particles. This rubber dust may 

·! 

4 -·- ·-··--.. ·-----·- ·-·.·--... - ·- .... -. 



RC\ BY:DREW & :\APIER :23-12-95 

4 

31287U20:W-. - -·- ·-. ---
.. ,. . ... . ........ -· ........ ·. . ... . .. ... _ ...... ___ ,, ___ _ 

THIS SHEET HAS BEEN 
REPLACED 

migrate between the belts 12, 14 in the region. 38 and may contact and stain the 

artic1ea 40 that are conveyed. 

Swnmm oftbc Jnymtjgn 

Om object of the pnsent hMmion is to maintain an acceptable coefticient 

5 or tHction between. an article to be conwyed and the :inventive conveyina belt 

1hloqh a wide tmrpcnttn ranp wi1hout the need to deform, and apply oxco1aivo 

forocs to, the belt, u 1brouP • pressing mJler. Ideally, an acceptable coefficient of 

iictfon and :tlexibilif¥ are maintained through the temperature nmae anticipated in 

the environment in which the belt is 1J1ed. Another object of the invention is to 

10 minnn;., abiuion of the belt rubber resulting from direct contact between pulleys, 

that drive o.r are driven by the invcndve belt, 11 would cause dJslodging of rubber 

dmt u might conmct ad sblin mtic1ea aa they are conveyed. Another object of the 

invention is to provide a conveying ~t with 1oocl o.ione resistmoc and which 

conveys articles eftCctivcly even whm the articles have deposits of oil water 

15 thereon. Some or all of these objectives may 'be achlwed UBhlg the mventive 

stmctme, daoribcd below. 

Ill one form of the invention, a toothed belt is prcmdecl haviq a body with 

a length, Jaimlly spaced aides, an inside and an oumdc, and defining. a plumlity of 

tacth spaced ma lqth.wisc dircWon on one of the mside ad the·ou11ide of the 

20 body. 'I1ie body is defined at least in part by a robber composition made up of at 

. __ ,,_, __ ,_ . -·· , __ ,,, 
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least an ethylene propylene cliene monomer (EPDM) and a cliene rubber. A cloth 

layer ii provided on ihc·t:CGth on the one of the inlide and the outside ofihe body. 

The. cloth layer is treated with a rcsoroin.f'ormalin-latex dution. 

'Ibis rubber.composition.bas~ 1he ability to maintain a relatively 

constant coeftlcient of ~on between 1hc belt and paper articles conveyed thereby 

through ·a substantial 1anpei'atUre rmac. 

The in.Wlltion also contemplates the toothed bolt in combination with a 

pulley to engage the teeth. The otte of the imide and outside of the body may be 

deftned by mbber. with 1hc eloth layerprevmtina direct cmitact between. the pulley 

and the rubber on the one of the inside and the outside of the body. 

By substmtia11y prevmq ditect contact between pulleys and 1he rubber in 

the~ abnaioo, asJDiaht break loose rubber dust. is minlmin:d. Consequently, 

1be quantity of robber duat1hltmisht contaet the oonveyed articles is redUced to au 

acceptable level to thereby minimize atainina of the conveying articles . 

In one fo.rm. the .cloth layer is treated with only a resorchl-fmmalia·latex 

aolution. 

A pluralliy of load canyins cord& may be embedded in the body. 

Jn one £arm. the body his an outside part m. whiob. the load oanylng cords are 

embedded and the outside part and teeth both are made at least partially from the 

above rubber eomposition. 

·-. ·-· ·----·· -- -···-·-. _ .. _ ..... ·-
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The in.vcntion i\artber oontaDp)ates the toothed belt .in cosabination-with a 

second toothed belt of similar constlUction. The two belts arc each IDO\Ultccl for 

llMMlllmtin·endlesa paths wherein the other of the Wide and outside of the bodies 

on the two belts are h1 close proximity to lrlcdonally c.onvey a flat object 

there between. 

· Jn·cme fonn..1hc rubber composition iDcludcs' cthylldeae norbomane, wi1h the 

EPDM bavina aa iodine value of at lc8st 10. and more preferably 15. and ad.ll more 

preferably 20. -

·- The diene rubber may be at least au of a) natural rabber, b) BR. (butadiene 

rubber), c) SBR (st.yrcllc butadiene rubber), d) NBR (nitrile rubber). e) HNBR 

(hydrogenated Di1rue rubber1 aaul f) ohloropreae rubber. · · 

The ruWw composition may be formed uaiDg a compounding ageat 'th.at is 

atleutcme ota) carbon black. b) zinc white, o) snrio acid, d) a plasticizer, and e) 

an amioxidant 

The rubber compotitioa may be fmmed uaiD.g a w1canizlng agent that i5 at 

least one: of suJfUr IDd an orpniG peroxide. 

1he mbbcr camposldanmay haoludc 20-70 weight puts ofEPDM. and more 

preferably 25-50 weight parts otEPDM. 

The oloth layer may have 30-SO weight percent of solid resorcin-fo~-

latex IO]utioa. 

- ., __ _..,..,,..,. ..... --• • • ... _ ... .,.. I • UO 
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Jn one form, the cloth layer is defined by at leaat one of a) 6 nylon. b) 616 

nylon. c) polyestert and d) aramid fiber. 

The cloth layer has a warp an.cl a weft and in one form. both the warp and 

weft are defined by at least one of a filament tbreacl and a spun thread. 

1be weft may be defined by at least oae of woolie nylab dlread and methane 

elutic thread. 

The cloth laym may ba au of a plain weave, twill weave, and satin weave. 

Jn oac fonn. the load carrying corda are defined by 5·9 filaments of at least 

ODe ofE aiass and hip •trmsth at- treated with a protective ag~ 

The putecciw agmt may be at least one ola rubber composiUon and an RFL 

solution. 

1bc load caaying cords.may altcmati'Ydy be twi-1 O.S-2.S denier filaments 

of para aramicl fiber treated with an adhesive defined by at least ou of a) an RFL 

solution. b) 111 epoxy solution, and c). aa isocyanaie solution ~th a rubber 

1 oompo:dlioa. 

2 

In. another fonn of the inven1ion, a toothed belt is provided ·having a body 

with a length. laterally spaced sides, an inaide and an outside, and detiniq a 

plurality of teeth spaced in a lengthwise direction on one of the inside and. the 

omaidc of the body. The body is defined at least in part by a rubber composition 

made up of a) ethylene propylma dieu monomer (BPDM), b) a diene rubber that 

indudea It h:dt one of i) natun1 nJbber. h') BR. (butadicma rubber), iii) SBR. (styrene 

----· -· ._ .. .__..---,---~.--. --· -- -- . - .. -.... ·-- ..... --
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butadiemi rubber), iv) NBR (uittile rabbet), v) BNBR (hydragenatcd DiUilc rubber) 

and vi)~ rubber, and c) ethyHclme .aorbommc. A clo1h layer is provided 

Oil the teeth Oll the one Of the inside and outside Of the body. 

Fig. 1 is a Gbematic, side elevatim view of a prior art system use4 to convey 

flat u:tidca through the uae of a cooperating pair of toothed. endless conveying 

belts; 

Fig. 2 is a hgmcntary, perspective view of a toothed belt, aceonting to the 

preacmt invc1ion, useablc in a system IUCh as that shown in. Fis. 1; and 

Fig. 3 is a paph of the number of oil ooatmg 1imcs on a oonveylng article 

versus Dicti.onal force gme:rated between the article and bolts made ac~g to 

1he present ht.vend.on. and aocording to the prior art. 

In Fi" 2, a toothed conveyjna belt, according to the present in.vmiion, Is 

shown at 60. The conwying belt 60 is useable u one of two eoopcratiJJs belts in 

a system such as that 10 shown in Fig, 1, described in the Background Art section, 

abow. Tho bait 60 ha& a body 62 extmdiDa tn a Jcmathwiae directicm. u identified 

by Oie mow 64. The body 62 baa lUmally tpaeed aides 66, 68 and a plurality of 

1eed>. 70 spaced regularly a1ons the length of& body 62 on the inside dlereof. The 

·-- -·- -··- ··-···-·-..... --.... __ ·-·· ..... -· ··- .... -·- .. -- ~--·-
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body 62 has m inside slUf'acc 72 and an outside, coaveyins surface 74, which 

surface 74 mpges the articles 40 to be aulwncecl. The inside surface 72 is covered 

with a cloth layer 76. For lo.naitwtinal reinfofcemmlt, a plmality of load canying 

cords 77 ue embedded in u. outside part 78 of the body 62, 

Aiubbc:rcompoailiondefinea the belt teeth 70 and the outside bDltpart 78. 

the rubber compoaitim is made up of atlcut • ethyleae propylene.dicme monomer 

(EPOM) aad a dieae rubber. Preferably, the EPDM is praent in the composition. 

in an amount of 20--70 weiabt parts. and more preferably is .. so weipt parts. 

It bu bcm ttnmd 1hat when thll EPDM is preseat in an amount-less than 20 

10 weight ~ the reaistanoa Of the rubber composition to ozone is detrimentally 

l 

z 

~ Whm the amount ofBPDM e:xeeeda 70 w.eisbt parts,- the adherence of the 

rubber compolition to the cloth layer 76 and the load cmying cards 77 ia 

detrimentally dhninisbed. The wear resiltlnca of die nabber composition also 

diminiabea as a result of which the belt life may be lianificaotly·reducod. 

In a prctet.red t'onn. the iodine value bl the EPDM ia at least 10, eel 

preferably over 15, and more preferably over 20. . ' 

In a prefmed form. it is desirable to co-vulcanize with the diene rubber a 

tbild component that is ethylidene norbomanc. Ethylickm.e norbomane has a high 

wtcanizing nae. 

The dime rubber in the mbbet compositi011 is at least one otnamral rubber, 

BR. (butadiene rubber), SBll (styreac butadiene rubber), NBll (nitrllc rubber), 

-- ··-··-·-· - -- -:-"'· ·- ............ _ -· 
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HNBR (hydrogenated nitrile rubber) having unsaturated parts, chloropmie rubber, 

and the like. In one preferred fmni, the rubber composition. is IJllde by blending 

1hree types ot"rubber- a) BPI>M. b~Bll and c) oae ofNR.or BR. More p.reftmbly, 

the rubber composi1ion is made by bleAdhig EPDM, SBR and BR.. 

A compoundiq agent may be used m the rubber composition, which 

compowldilJi agent may be at leut one of carbon blaclc, zinc white, tdearic acid, a 

plasticim. an. antioxidant, and the like. Vulcanizing agents, suoh as sulibr and an 

organic peroxide may alao -be used. The. above examples of the compOU1lding 

apnu and wlcanizing agenta should not be viewed u limiting. 

Load ~ cords 77 :aiay be made by twistiq topthc:r 5 .. 9 bundled 

-ftlamerrta ofE 'atau or a hiah atreDgth ps ancl treating the bundled ftlaments with 

a protective aaent The protective aaent ma)' be a nibbet oompotitioa or RFL 

solution. w.hich ia an adhesive, or the like. 

AltrmatiVolyt a cord 11CIDbemadeby~~macl1Nldnc 0.5-2.5 

dcmier 61amcm of para maid fiber having aood resiibmce to sm:tohiug under high 

8ftss and tensfoh Suitablt ammid fitJers are aViiilab1e cazmnerdal1y and sold under 

the tradcmlrks JCBVLARtM and TBCHNORATM. Adhesive treating of these cords 

may be eft'ected uaiJlg aa RFL solution. an epoxy solution, and an ilOq'ID8tC 

sohmoa with a rubber oompoaition. The nature of the cords Ind the treating 

2 so1udon. described above, should 110t be viewed u linriting . 

._ .... - .. - -·~- - ~-_..,.._..:-- .. -.. ·-··.-.- _,..._ -:: 
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The cloth layer 76 ia preferably 1 can.vu made from at least one of 6 nylon, 

6,6 nylon. polyester, aramid fiber, or the like. The cloth layer 76 is dcftnecl by a 

warp ao. extending widthwise of the belt, ani1 a weft 82, extcndina lenathwise of 

tbe belt. The warp and weft 80, 82 could each be a filament thread or spun thread 

s made fi:am the fibm, delcrihed above for1he load canying cords. For the weft 82, 

use of woo.lie nylon thread bavina good extendability, urethane elastic thread, or a 

twisted mixtUle of urethae elastic tbrtad and nylon, is preferred. 

The cloth 16 may be plain woven. twill woven, or satin woven. 

In a plain woven oloth layer 76, the wup 80 and we.ft 82 m altmnatiqly 

10 crossed at eveiy ~bl a wave ftmn ll'lllJpDlmt. With twill wOWD or min 

woven~ the crou over does JlOt occur at every intersection. of1he wmp 80 and 

weft 82. Al a renlt, there are fewer wave fomi intcrsectiona than with a plain 

woven cloth, so 1bat the rubber defining the body 62 cff'ectively penetrate• between. 

the w.ap 80 ancl weft 82 at points of cross over. Direct contact bctwcea the warp 

1 BO and weft 82 is reduced, 11 a result of which belt life may be enhallced. 

The clc6layer 76fapieti:rably1reau:d only wi1h an RFL (resorcin-fonnalin· 

1.-) solution. The atnonnt of solid, adhered, RFL solution obtained after chying 

fa preferably 30-'0 weight pcn:cAt. 

Tho RPI. solid solutioa is made up of solid RF and laltX resin. The rem1iing 

2 amount of solid adhered IPL sohnion on tho olotla layer 76 can be detamiaed by 

the followiq formula: 

l~1UiiiW1f 
--~----·~~- ·.- ····-: ... •k.• 
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(Cloth layer weight aflcr treatment· clo1h layer weight 
before treatment) I (cloth layer weight before tl'eatmmt) x 100 (%) 

AP-1555 

1be RFL solution ia an initial condensate of rao.rcm. and formalin mixed in 

latex, with 1he mole ratio of the teaorcin and the formalia being 1 to 1 to 3. The 

'Might percent ratio of1he mal condensate of resorcin md formalin. aad the lateX 

·is 1 to 1 to 10. 

The latex used is at least o.ae of atyrene-butaclicne-vinylpyrictine tcmmy 

copolymer, hydrogenated nitrile rubber, chlorosultcmatcd polyethylene and 

epichlorohydrine. 

the cloth 76 is Uea1Ccl pref~ as follows. The doth 76 is immersed in die 

RPL solution uina a dip trellment perfoimed by squeezing the cloth 76 betwee.o. 
' 

a pair of roBcrs at a squeezing pressure of approximately 0,3 to 0.8 kgf/cm (puge 

pnuure). The olotb 76it1ben. dried. Additional RPL solu1ion trNtment is curled: 

out until 1he solid adlu:red amount ot.RPL aolutioa is 30 to !O weight percent. 
t •• 

Ithu bee.a fbund tbatwhen the RPL solution is leu than 30 weight percent,. 

the QO'Dtacting portions of the warp 80 and weft 82 on the cloth 7611m.d to move to. 
. . 

cxpancl the openinp 84 bounded by 1he warp 80 and weft 82. The opcminga 84 

between the warp 80 and weft 82 tend to expand, as a n.sult of which the rubber 

smfice 72 becomea exposed, and liable to be comotecl ditactly by,_~ pul1eya 16, 

18, 24, 26, around which die belt 60 is trained and cJriwn. On the other h~ Whan 

.• -........ -· ------· -· - ... ·-·· -· --=---· -~ ........ -..... ... ·-·· - .. 
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1be solid adhered amount ofRFL solution c:xceeda 50 weJght percent. the teeth 70 

101e their original. deaired shape. 

· -lbe.pezfamumce of the inventive bc:lt willaow be·.cbcribed thmup testing 

pmc:edurea oompating specific cmbodimmts of tbe inventive belt and coavc:ntional 

5 belts. 

A twill weave cmvas cloth was made with a wmp density of 180 threads/5 

cm. and a weft dcmity of 1601hreads/5 cm. The waip consisted of 140 c1mllcr 6,6 

nylon. 'I'M weft comisted of 280 denier 6,6 nylon. and 140 danier urethane elastic 

10 1htead. The cloth wu vibraled in we lbd contracted to about one half of its width 

at the time ofweaWaa. The reeulting cloth wu dlm immcned in the RFL solution 

shown in Table 1, bolow, and squeezed by a pair ofrollen.at 0.5 kge'cm (gauge 

p.reuwe) .. The' cloth wu 1b.ea·dried and.rebmnened in fhe· same R.FL solution, 

squeezed usfna1he 8IDle squeoziq preume, dried, and 1inally complded-with 1he 

solid adhered amount of RFL 101.ution at 40 weight percent. · 

_4 ___ ...... ____ ,....._ ··-. ~·~--···:--:·- ... 
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TAIJ,.ljt 

1lFL mgredicnta Wiight Parts 

J.esorcin . 10.0 
Farmalin (37%) lS.O 
Caultic toda 1.0 
Latex 
VPlatcx40% 400 
Cl. latex 500At 400 
Water 1000.0 

Total 1826.0 

. . 

The load c;mying cords were EC0-1,0-310 cords made by fonnina strands 

'Dlina bundled aJass fiber fllamCllfl of 9µm cliuaeter. nie stnmda were then 

immened in aai .RFL soJudcn aatd dried for 2 minutes at 250• c .. and then gathered 

into poupa of3 stlands and twisted at 4.0tumaper10 CUL 

The resaJtina olodl wu ~ iJlto aa enclless cylindrioal body and was set 

in a metal mold. An S, Z pair of alas• iiber cords wu then womul thereon at a 

teuion of 0.9 kglcord. so u to be clisposed altemadngly at a pitch of O.~ mm. A · 

:rolled~ made ofthernbber composition in. Table 2, below~ was then applied. 

After wlcenfnns tbmuah aa ordinaty in•in vuicuUzma medtod, the wloaniz.ed 

sleeve was cut io a predetermined wiclth and individual belts fonne~ there&om. 

- ·-·-- --:-- - ·.- -· -- ... -- - . 
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Bmliodimmt 

~·~ l 2 3 4 5 is 7 

BPDM 30 30 - 30 30 30 30 30 
Nabnl~ 4(1 40 . 70 - . 30 
&1502 30 30 30 - '10 . 20 
BR . . 30 .. - 70 20 
Zlllcwbiee 5 5 5 5 s $ s 
8folrio Mid l l l 1 1 l l 
CesbcD blackFBF 40 - - .. - - . 
Aoetyi.. bhick . 4(1 40 40 40 40 40 
Napbdlml oil 15 1.5 15 15 15 lS 15 
~ l.O 1.0 l.O l.O J.O 1.0 1.0 
~MBTS 

Vulomi:ntiai 0.5 0.$ 0.5 0.5 o.s 0.5 0.5 
--...TM1D 

hIAr 2 2 ~ 2 1 2 2 

The ICSUlting belts were STPD type, wDb 140 teedl. a wid1h of 6,4 mm, and 

a tooth pitch of 1.5 mm. 

It WIS tomac1 that tho shape of the belt teeth a1ter moldina WIS precise. with 

2 there beiDa substantially no JUbber' exposed 11arough the opemnp in 1he can\111 cloth 

at the IUlfac~ of the belt teeth. 

Teador 

To CMhaate the cbaraotaisdcs of tho beltl. variou test! were pezformed, u 

summarized in Table 3, below, and explained fn detail merwter. 

·-· .•• ·--oLob!Z ......,_ ~ --.. ··-.····--:------"'-'!-· ...... ,. ____ ... 
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JJI 13' 
13J 1.36 
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)Q 240ll . 

1ID llO 

llluldn9 .,....,, 
. . 
. . 

;&lyirgnmsptat I~mtnm epd Cgeftjcicnt offpmiqn Test 

A wd. wu pllced on a SDppOrt table. no belt wu laid so that the 

back/outside smface of the belt faced the card. A load (W) of 1.0 kaf wu applied 

to the belt. The load-. oommcted to a 1pdng ICllo Bxccl to the support table. The 

111imr11r 
. - -....... _ .......... ___ . --,·-·····-··- ·--···-·--··- -·-· ...... . -----.--·-. ~-- -- ...... -:--. 
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belt was advanced at a speed. of 300 mm'min. The load (F) when the belt started to 

iHp on the card was~ The Coem~!cnt of DictiQD wu calculated as F/W. 

The meuarements were taken with a temperature variation of-25*C to 2S•C. 

Oa,vman ]\yiat Tosi 

This test was carried out in acoordance with nSK6231. 

Thia test wu carried out m ·accordancc with JISK.6301. 

Splash Check Teat of Ruhk .Pgwdet After Bpnnjua 

The belt wu mou.mi:d-on a two' shift nmJwil test maohine·.b&ving two 
. ·. 

pulleys. each with 90 teeth. The belt was Nil for 30 hours in an environment at a 

tempcramre of 2S°C at a driving pulley speed of9,000 ipm, with a load of 66:1.W .. . . .. . . 

on.the driven pulley, and with an bdti.el belt Cemion of' 1.0 ka. The presence or­

abscnce of lublX:r powder splashecl"fi'oin the belt teeth surflces lftCr 30 hours Of 

numina WU visually checked. 

·1 1 Tptncg Baietpp Tat 

j Manoi wu I08ked into a nylon oanvu cloth. The nylon caa.vu cloth was 

plaoed on a movina table. The outside aud'ace of the belt was placed apinst the 

·1 

... ...__ ... . . . .. 
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canvaa and .a S kg. weight in 1Um placed on the belt The tabl~ was moved 

reciprocabty 50 times ·a diatlnce or 40 mm. The speed ofJJlOVl:Dl8Dt was 300 

mm/min... with the nylon QallVU olodl.thereby beiq 111bbecl by the outside surface 

of the bolt. 1he presence or absence of taddne.81 on 1he outaide belt surface wu 

5 1hen checked. 

10 

l 

W••/Qil Bcsiatapec Teat 

Oil water wu-ooated onto the surface of a telcpbone card and the multing 

change m 1he. ·fticti.onal force between. the belt and the telephone card • 

determined. The teat system used wu one u lhow1l in Fig. 1. herein, h&'Yina a 

lower belt with·a width of 6.4.mm.andaJ.eqthof100 mm. The upper belt had a 

6.4 mm width and a 25 mm length. The belts were stacked on a table moviJls at a 

speed. of300 mm/second. with the telephone caxd ~en the belt&. 'The telephone 

card was p1acecl with its magnetic surface·faciq U(J. A 5.q weight wu placed on 

the top belt with a fixed spriq scale connected 1o the weight. 

AJ1oilwatercompoaidon.madeupof100 cc of ethanol and 5 8 of lard added 

1D 100 cc or mtificia1 sweat, to make it close to the compCJUll.11 of a person's sweat 

encl fat, was used. Tho coating was carried out by completely immming the 

tdephom carcl in iho oil wafer and drying it for 20 aeconds with a fan. Jn the table 

of Fig. 3, 1he "number of coatiDa times11 roprcaems the number of times that the 

2 coating WU applied ad dried, IS described above. 

·-----~ ... _,..- -""": ·- ... __ ,. ·--· . . . . ·- ·-· .... 
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D1U':ing the teat proced.arc. the 1e.lophone cant coated with the oil witer 

composition wu gripped. between the upper and lower belts. The upper belt wu 

pulled and 1he frictional foloe between the belt an.cl the telephone card wu 

5 force is shown in Fig. 3. 

10 

1 

For· the cloth-1-.yer. tht same Wltrcated canvu cloth waa used 11 for the 

inventive embodiment l aaclJmmmed in 1he RFL solution shown in Table 2. Thia 

treatment was carried out without any squeezing pressuro applied.. The olofh. was 

then drieci 1o produce a can'\111 cloth haviq a solid adhered amount ofR.FL solution 

of 25 weight percent. 

The mbber compositkm. shown in Table 4. below. wu used for the teeth and 

the baclrloutlick part· of dli8 belt. '11ae. mmmfactming medaocf, .. mcluding the 

formation of the load cmyins cords, wu the aame as that clesc:ribtd for inventiw 

emboctimam 1""· However, the tooth pitch was set to 2.032 mm. 

--· -- - - ·- .. 

11miir1ur 
._ .. .....,.._. - - • .~ ow• •• 
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TABl.J4 

(weight part&) 

Compoundina Agents 1 

Cbloroprw 100 
Natural rubber .. 
SBR.1502 -
Ma<> 4 
AcetyJcnc bJaok 40 
PJuticizer u 
Stcaric acid 1 
Z1lO s 
Napdiene oil . 
VulcudzaUon accelerator MBTS -
Vulc;anfiarion accelerator TMTD ... 
Ethylene thlorea 0,25 
Sulfm 1 

DREW & NAP I F.R: #24 

fTHiSSHEET HAS ~~-EN ! 
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Comparadve Example 

2 3 

100 -.. 70 
• 30 
4 -
40 40 
3~ . 
1 1 
s 5 . 1S .. 1 .. 0.5 

0.25 . 
1 2 

The perfomumce oharacbistica of time be11a are ahown in Table 5 .. below. 

--··-· -·---· .. - -- ·-· ..... - ... . ' ...... . 
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TAILJS 

Comparative Exam.pie 

1 2 3 

Rubber CR CR. NR/SBR. 
Load CID)'iDa corm BCG-150.3/0 Ec0-150- ECG-150-

3/0 3/0 
Tooth Cloth RFL RFL RFL 

treafmen.t Ue&tm.ent trea1mcmt 
only only only 

Friction cac.f!ioient µ 
2'0c 1.17 1.15 -5•c 1.13 1.00 -
.35•c 0.91 o.ao ... 

Gayman twist test (9C) 
10 22.5°C 169 - -o·c 165 - -.. 2o•c 160 .. --lo•c 156 - -

Embrittlcmel1t temp. (•C) -41 - -
1 Or.one teaiatance 240h 240h 24h 

50pphm nooracldng nocrackina C·S 
20% extmaion · 

Electrioal resistance (Q} - - -
Tacki:aess JIODe JlOU DOiie 

--- -·-------- ---· 

--·--·-~·--··- ........ _ .. _ ..... ·-. 
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. Anap ofTelt &Multi 

The testa demonstrate that there is no subawmat ·change in the fiictional 

coefficient for the inventive belt when used in either bish or low temperature 

mMronmems. There is eapecially little decrease in the frictional coefficient at low 

!5 tcmpcratma. 

It oan also be 8t!C11 that the inventive belt bu good ·resistance to omnc and 

that the motional force reduction of tho belt when cxpo1e1d to oil water is small 

oompatecl to the compmtive exam.plo teated. 

No rubber powder WU found with 1bc hMntive belt after :running. However. 

the compmdw example bekhad noticeable rubller powder spl11hed from. the teath 

after 1rawl. The belt in 1he oompmative example did have a good tooth shape after 

molding, however, die surfaoe adhesion rate of rubber· on the beU·toodi nrface wu 

approxim~ly 10%. Thia adhesion rate ii a \lllue obtained by dividing'tbe area over 

wlliCb. die rubber is exposedthrousl1 opcmiap· in the CDvu cloth by 'die total ueL 

The foregoing diaclolUl'C- of specific c:mbodimmits is intended to be 

ilbtndive of the broad concepts comprehended by the invention. 

...... --.. --·--·-i--·--·----.-.-· ........ -
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I. · A tooihed belt comprisiq: 

a body having a bqda, latcrally spaced sides. an iuido and a11 olltlide. a.ucl 

defining a plur:ality of teeth spiced in a.lm8fhwise dm:dion on one of die intidc and 

the outside of the body. 

said body defined at lea&t in part by ambber COJDpOSitlon comprlsiq at lcut 

an cthylme propylene dime monomer (EPDM) aacl a climo nmber; and 

a cloth layer on the teeth Oll'the one of the inlide and outside of the body. 

said cloth layer being treated with a rcsorcin-fonnalin-latex solution. 

2. The 1Dothed belt accordina to claim 1 in. combination with a pulley to 

enpac 1hc ~ wherein th= Dile of die Wide ad outside of the body is defined 

by rubber and die eloth layer praveats direct contact between the pulley and the 

rubber on dte one of the inside and outside of the body. 

3. ne tooihed belt according to cJaim l whmeia 1he cloth layer ia trealed 

with only a re&aldn .. formalin..latcx solution. 

4. The tuothecl belt according to claim 3 wherein there are a plmality of 

load clD')'JDa corcl9 embedded in. ad extencHng lengthwise of the body. 

I lllllll lltlll lllll lllll II llll 
* C L M S * 
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S. The toodH:d belt according to claim 4 whcldn the body has an outside 

part in whidl the load cauyina cards are embedded llld the outlide part of the body 

and teeth both comprise said rubber compolition. 

6, The toothed belt accordina to claim 1 wherein the toothed belt is a 

2 first toothed belt, there beins in combination with the fi:rat toothed belt a second 

toothed belt 1hat is the aame u the first tao1hccl belt and means tor m.mmfina the 

4 first 1111d second toothed balts for movement in endless paths wherein the other of 

the inside and outside of1he bodies Oil the mat and. secoad too1hcd belts ate in close 

proximby to ftictionally COD.Vey a flat object dierebetwecn aa the int and second 

toothed belts are .moved in the endleu paths. 

7. Tbe tombed belt accordina to claim l whaein the mbbcr composition 

compiles ethylidenc narbommo and the BPDM haa ID iodine value of at lcut 10. . 

a. ne toothed belt accordina to claim 1 wherein the dime ~-is at 

leut one ol a) mdUIBl rubber, b) Blt (butadicme rubber), o) SBR. (styrene butacliene 

rubber), d) NBR. (Ditrilo nibber). c) HNBR. (hydrogenated ni1rilc nibber), Bild f) 

chloroprene mbber. 

11111111111111 111111111111 f 111 
* C L - M S * 
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9. The toothed belt according to claim 1. wherein the cloth layer 

2 comprises 30.!SO wt. pcrca1t of solid Raotcin.-fonnalill-latcx solution. 

10. The 100thed belt according to claim l wlu:teiit the robber composition . 

comprisea 20-7-0 wcip.t parts ofEPDM. 

. .. 

11. 1bc toothed belt~ to claim 1 wherein the nibber cmnposition 

comprises 25·"0 weiabtparts of EPDM. 

12. The toothed belt according to claim 7 wherein. the EPDM hu a 

iodine val\1c or at leaat 15. 

13. The toothed Wt according to claim 7 wherein the BPDM has an 

iodine value of at least 20. 

14: Tbe1oathed belt aocordia8 to c1aDn 1 whenlin the rubber c~position 
is fmmad uaing a compcnm.diDs qeot compisina at least one of a) carbon block. b) 

zinc white, c) stearic acid. cl) a plasticir.er. and c) an antioxidant. 

I lllllll llllll llltl 11111 tl llll * C L K S * 
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lS. The toothed belt~ to claim 1whm:in1he robber CODl]JOsition 

is lormed using a vnloanizing aaen~ ~ is at least one of au1tbr and an orpnio 

peroxide. 

- --
16. The toothed belt llCCOl'Clin.l1o claim 4 whcnhl the load cmying cords 

2 C(DJ>rise 5-9 filaments of atlei.i one ofE p.. and hlah atmagth g1au treated with 

a protective agent. 

17. The toothed belt accordins to claim 16 whmbt the proteotive. agent 

2 compriaea at leaat one of a rubber composition and aa RPL solution. 

lt. The toocbcd belt~10 c:laim 4 whm'ein tbe load canyiDg co.rdt 

oompriae twisted 0.$0-2.5 denier filaenta of para aramid fiber treated with an 

adhesive comprising at least one of a) an. UL IO.lution. J>)·an epoxy solution. and 

4 c) 111 isocyanate solution ~.a robber composition. 

19. The toothed belt accordiq ta claim I wherein the cloth l&yer 

oomprisea at least one of 6 nylon. 6,CS nylon, polyester, and aramid fiber • 

.. ------------------· 

I tllllll If llll lllll IJlll ff IRt 
* C L M S * 
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20. The toothed belt according to clafm 19 wherein tic cloth layer 

4 oomprises a wup and a weft .nd the warp and weft each comprise at least one of 

a fltament thread and a span thread. 

6 21. The toothed belt aooording to claim 19 wherein the cloth layer 

comprlsea a warp ad a weft and the weft campri1e1 at least one of woolie nylon 

8 thread and uretbanc clutie ducid. 

22. The· toothed belt tceording to claim 1 whetein the cloth layer 

2 comprises one of a plaDa weave, twill weave, ll1d slthl weave. 

23. A toothed belt comprising! 

a body hnina a leqtb, lataaJly apaoec1. sides, an imide and an outside, and 

cJefinq a plurality. offeelh spaced in •Jenathwiac di!eclitm on cme of the inside and. 

the outaide of tbe body. 

said body defined at least in part by a rubber composition compriaina a) 

ethylene propylene dieno monomer (BPDM). b) a dime rubber that oomprisca at 

Jmt one oti) mtUlll ruhber, ii) BR (hutadi.ene rubber), ii.t') SBR. (styrelle butldicae 

rubber). iv) NBR. (nUrile rubber). v) HNBR (hydtoplllted nitrile rubber), and vi) 

chloropaae nabber, and o) ethyliclene norbor:nau; ..0 

a olotb layer Oft the teeth on the one of the inside and 01ltSidc of tho body. 

------·------··· --·--·-

I tllf 111 tlllf 111111111 If 1111 
* C L M S * 
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24. The tooihcd. belt accontina to claim 23 whetein the cloth layer is 
2 ttcatecl with a resoroin-formalin·latex solution. 

. . 
25. 'l1lc toothed bolt aoconlina to claim 23 wherein there are a plurality 

2 of load cmyiag corda emhcdcled in the body. 

26. The toothed belt according to claim. 25 wherein the ·body has an 
2 outside part in which the load canyins _. are cmbedcloc1 and the out1ide part ot 

the body and tcc1h both compriao said rubber oampoaitioa. 

rt. The toothed belt acoarding to oJaim 2.3 wherein the BPDM baa B1l. 

iodine valuo of. at leaat 10. 

. .. 
28. The toOtbed belt acconling to claim 24 wherein the cloth layer 

comprises 30.50 wt. pcrceat of solid morcin..fomudin.-latcx. solutioa.. . 

\ lll\11\ l\\I\\ Ill\\ \\1\1 \\ \II\ * c L M S * 
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