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TOOTHED CONVEYING BELT
_ .
Field of the § .
This invention relates to endless, toothed belts, and, more particularly, to a
s toothed Selt used to frictionslly convey flat objects, such as paper moncy, cards,
tickets, and the like,

Background Art
A prior art system for conveying thin articles, such as paper money, cards,
tickets, etc. is shown at 10 in Fig. 1. The conveying system 10 includes
low cooperating, endless, toothed beits 12, 14, each having a similar construction. The
belt 12 is trained around spaced drive and driven pulleys 16, 18, respectively, which
pulleys 16, 18 have parallel otationsl axss 20, 22. The belt 14 is trained around
drive and dtiven pulleys 24, 26, which pulleys 24, 26 are rotatable about axes 28,
] j 30, that are parallel o each other and tho axes 20, 22 associsted with the belt 12,
1 The drive pulley 16 rotates in the direction of the arrow 32, with the drive pulley 24
rotating in the direction of the arrow 34,
The beits 12, 14 are amranged so that outside conveying surfaces 34, 36 on
" the belts 12, 14 are in contact over a substantisl length thereof at the region 38, An
H article 40 to be conveyed, which article 40 may be paper moncy, cards, tickets, or
24 ﬂxglihe,isadvmedbetwemthabelts 12, 14 in the direction of the arrow 42, The
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A prior &t systemfor conveying thin articles, such as paper honey; cards,
ti ckets, ptc is shown at 10 in Fig. 1. The conveyi ng syst

cooperatifhg, endl ess, toothed belts 12, 14, each havi ng aj 3Hi8 BHEET HAS BEEN |
constructjon. The belt 12 is trained around spaced drive| and REPLARED t
pul | eys , 18, respectively, which pulleys 16, 18 have parattet )
rotation axes 20, 22. The belt 14 is trained around drive_and driven

pul | eys, R4, 26, which pulleys 24, 26 are rotatable about axB8-85 30, that
are paralfjel to each other and the axes 20, 22 associated with the belt 12,
The driveg pulley 16 rotates in the di r%ctlon of the arrow 32, with

article 40 is frictionally driven by the belt surfaces 34, 36 from right to left in Fig.
1 with the belts 12, 14 ndvancing as previously described. Spaced pressing rollers
44, 46 are selectively movable downwardly in Fig. 1 against the inside of the belt
12 at the region 38 to thereby deform and press the belt 12 towards backing rollers
s| 48 50, aligned with the pressing rolles 44,46 and acting against the belt 14, o vary
the pressing force between the belt surfaces 34, 36 at the region 38.

Ideally, the coefficient of friction between the article 40 and belt surfaces 34,
36 remains relatively constant throngh significant temperature varistions, preferably
in the range of -20° C. to 60° C, Still further, it is desirable that the flexibility and
10 wear resistance of the belts 12, 14 do not significantly change with the belts 12, 14
operating within this tempersture range. It is also important that the belts 12, 14 do
not stain the articles 40 which are conveyed thereby.

+ Itis known to construct toothed belts, such as those 12, 14, disclosed in Fig.
1, using chloroprene rubber, These belts have a plurality of regularly spaced teeﬂz :
15 on an inside surface and an outside part within which load carrying cords are
etabedded, '

It is also knownt to place & cloth covering over the surface of the teeth on this
type of belt. One known cloth layer has a warp and a weft with the weft being
i defined by crimped 6 nylon or 6,6 nylon. The warp is an uncrimped thread of &
aqg nylon or 6,6 nylon, preferably with the same composition as the weft.

This Sheet Has Been Reﬁaced
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the driv pulley 24rotat|ng |nthe drrectiron of "t he~arrow 33.” " The-~
belts 12) 14 are arranged so that outside conveying syctaees-34--—36--0n- the
belts 1214 are in contact over a substantial |ength {ihemedHsET HAREEEYI ON
38. An rticle 40 to be conveyed, which article 40 mgy be papeaCEDney, .
cards, tijckets, or the like, is advanced between the-FeFr—F—H=Fmthe
directiof of the arrow 42. The

2 articlg¢ 40 as frictionally driven by the belt surfaces 34AP-f388§fromri ght
to left ign Fig.

3

It is also known to enhance the adherence of the cloth to the belt teeth by
using an adhesion treatment with & resorcin-formalin-latex solution (RFL). This
solution is applicd to the rubber using & soaking or 2 spreading treatment process.

Even when s chloroprene rabber which does not readily crystallize at low
5| temperiures is wsod, when the chloroprens rubbet is uscd alone, a decrease in the
frictional cosfficient between the belt and the articles to be conveyed may result at
low temperatures. To compensate for this, the gripping force between the belts 12,
14 has been increased by deforming the belt through the pressing rollers 44, 46.

By urging the pressing rollers 44, 46 against the belt 12, the tension thereon
10 increases. As a result, the surfaces 34, 36 become more prone to wear. Further,
load carrying cords within the belt 12 tend to stretch, Adjustment of the belt tension
through change in the spacing between the pulleys 16, 18 may then be necessary,
possibly on a frequent basis. To sccommodate this adjustment, the pulleys and
supporting structure therefor have to be made strong and durable, which potentially
18 increases the complexity and the cost of the oversll system.

Another problem with conventional, toothed conveying belts is that the
rubber underlying the cloth covering layer is commenly exposed throngh openings
defined between the warp and weft of the cloth layer. The pullcys 16, 18, 24, 26
4 may directly contact the rubber on the belts 12, 14 through these openings, and as
2 a result abrade the rubber to produce rubber dust particles. This rabber dust may

mmmmm“
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1 with tjhe belts 12, 14 advanC| ng ‘as previously descri j pressinyg

rollers | 44, 46 are selectively novabl e dowwardly a Fijg.THIS aggg*ﬁﬁp\&tﬁl}%\é ,
i nsi de the belt 12 at the region 38 to thereby defaqgr m ankapraggpt he ;l
belt 12 towards backing rollers 48,50, aligned with ttr i

44,46 arjd acting against belt 14, to vary the pressing force between the
belt surffaces 34, 36 at the region 38. | deal | vy, thequggsflment of
frictiorf between the article 40 and belt surfaces 34, 36 remains
relativdly constant through significagt tenperature variations, preferably
in the rlange of 20[err]C, to 60[err] C Still further, it is desirabl e t hat
the flejibility and wear resistance of the belts 12, 14 do not

si gni fi qant | ymighdsGetweththe Belte 15148 thbtegidd’38 RIAMHA! doRottindl Biaih bl s
tenperatjure range. It is also inportant that the belts 12, 14 do

articles 40 that are conveyed.

Summary of the Invention

One object of the present invention is to maintain an acceptable coefficient
B of friction between an article to be conveyed and the inventive conveying belt
through a wide temperature range without the need to deform, and apply excessive
forces to, the belt, as through a pressing roller. Ideally, an acceptable cocfficient of
friction and flexibility are maintained through the temperature range anticipated in:
the environment in which the belt is used. Another object of the invention is to
10] minimize sbrasion of the belt rubber resulting from direct contact between pulleys,
| that drive or are driven by the inventive bels, as would cause disloding of rubber
dust as might contact and stain articles as they are conveyed. Another object of the
invention is to provide a conveying belt with good ozone resistance and which
conveys articles cffectively even when the articles have deposits of oil water
15H thereon. Some or all of these objectives may be achieved using the inventive

In one form of the invention, a toothed belt is provided having a body with
s iength, laternlly spaced sides, an inside and an outside, and defining a plurality of
tecth spaced in a lengthwise direction on one of the inside and the-outside of the

20 body. The body is defined at least in part by a rabber composition made up of at
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not stai g the afticl es 40 which are-conveyed" t“hef‘e'b'yf"‘ R

construcy toothed belts, such as those 12, 14, disclose |TN3$:88EcT3-MSL% 0]
chl or opr ¢ne rubber. Thus belts have a pl urallty of regul arly fxpagegdyt

on an in§ide surface and an outside part wthin which | o3 CEFFYF !
are enbgdded. It is also known to place a cloth covering over the
surface ¢f the teeth on this type of belt. One known cloth |ayer has a
warp andja weft with the weft being defined by crinped 6 Rypl@gsor 6,6

nylon. The warp is an uncrinped thread of 6 nylon or 6,6 nylon, preferably
with thepsame conposition as the weftg

ﬂnﬁane&whmcpnmwkmzdhmsmnmmmu(EPDNDandudkmcnﬂbu:!\dom
layer is provided on the tecth on the one of the inside and the outside of the body.
The oloth layer is treated with a sresorcin-formalin-latex solution.

ThhnmuxammmmmnhndummmmmdmwﬂﬂMHnmuuumaxdnnmw
s|  coustant coeffcient of fiction between the bel and paper aricles oonveyed thereby
through a substantial temperature range.

The invention also contemplates the toothed belt in combination with a
pulley to engage the teeth. The one of the inside and ontside of the body may be
defined by rubber, with the cloth layer preventing direct contact between the pulley
s0]  and the rubber on the ono of the inside and the outside of the body.

By substantially preventing direct contact between pulleys and the rubber in
&cuxﬂ;dmmdmkasnﬂﬂnbnﬁkkwunmbhxdwmisnmdmhwd Consequently,
the quantity of rabber dust that might contact the conveyed articles is reduced to an
acceptabie level to thereby minimize staining of the conveying articles.

15 In one form, the cloth layer is treated with only a resorcin-formalin-latex
solution,

A plurality of load carrying cards may be embedded in the body.

Tn one form, the body has an outside part in which the load carrying cords are
embedded and the outside part and teeth both are made at least partlally from the

2¢ above rubber composition.

nii‘liil‘ fiiilfﬁ“nf‘i‘““‘ '
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3 It is also knovvn to enhance the adherence orhe cloth to the
belt tegth by wusing an adhesion treatnent with a respr i) = X
solutiog (RFL). This solution is applied to the rub%ﬁ#ﬁ E‘é ﬁﬁ% or
a spreadling treatnment process. Even when a chi er i ch
does no{ readily crystallize at low tenperatures is used, when the
chlioropfene rubber is used alone, a decrease in the frictigpagsscoefficient
betiween]t he belt and the articles to be conveyed may result at

6

The invention further contemplates the toothed belt in combination with a
second toothed belt of similar construction. The two belts arc cach mounted for
movement in endless paths wherein the other of the inside and outside of the bodics
on the two belts are In close proximity to frictionally convey a flat object
In‘one form, the rubber composition includes cthylidene norbornane, with the
; EPDM having an iodine value of at least 10, and more preferably 15, and still more
preferably 20. .

The diene rubber may be at least one of &) natural rubber, b) BR (butadiene
14 rubber), ¢) SBR (styrene butadiene rubber), d) NBR (nitrile rubber), ¢) HNBR
(hydrogenated nitrile rubber), and f) chlaroprene rubber. - -

The rubber composition may be formed using 8 compounding agent that is
at least one of a) carbon black, b) zinc white, ¢) stearic acid, d) a plasticizer, and ¢)
an antioxidant,

11 The rubber composition may be formed using 8 vuleanizing agent that is at
lenst one of sulfur and an organic peroxide,

The rubber composition may include 20-70 weight perts of EPDM, and more
preferably 25-50 weight parts of EPDM.

| ‘ The cloth layer may have 30-50 weight percent of solid resorcin-formalin-
2

latex solution.
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ratures. To conpensate for“th|5‘ ‘the grlpplng f of ce bet ween t he

4, 46 By urgint the pressing rollers 44rqé

14 has been increased by deform ng the belt agégggg the pressing
t

the tension thereon increases. As a result,

: ensi ' e sur @ﬁg§3§%8E ?-l
re prone to wear. Further, |oad carrying cords Wt -

I

(o)

tretch. Adjustnment of the belt tenson through change in the

etween the pulleys 16, 18 may then be necessary, 3
basis. To acconodate this adjustnent, the pulleys™an

increase;ﬂthe conplexity and the cost of the overall system

probl em

ith conventional, toothed conveying belts is that the
In one form, the cloth layer is defined by at least one of a) 6 nylon, b) 6,6

 nylon, ¢) polyester, and d) aramid fiber,

The cloth layer has a warp and a weft, and in one form both the warp and
weft are defined by at least one of s filament thread and a spun thread.

The weft may be defined by at least one of woolie nylon thread and urethane
clastic thread.

The cloth layer may be one of a plain weave, twill weave, and satin weave,

In one form, the ioad carrying cords are defined by 5-9 filaments of at least
one of E glass and high strength glass treated with a protective agent.

The protective agent may be at least one of a rubber composition and an RFL
solution.

The load carrying cords may alternatively be twisted 0.5-2.5 denicr filaments
of para aramid fiber treated with an adhesive defined by at least one of a) an RFL
solution, b) an epoxy solution, and ¢) an isocyanate solution with a rubber
composition,

In another form of the invention, & toothed belt is provided having a body
with a length, laterally spaced sides, an inside and an outside, and defining a
plurality of teeth spaced in & lengthwise direction on one of the inside and the
outside of the body. The body is defined at least in part by a rubber composition
made up of ) ethylene propylene diene monomer (EPDM), b) a diene rubber that
includes atleast cne of ) natoral rubbes, if) BR (butadiens rubber), fi) SBR (styrene

This Sheet Has Been Repl
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r ubber nder | yi ng the cloth covering layer is commonly exposed t hr ough

openi ng defined between the warp and weft of the cl ot ul | eys
16, 18, |24, 26 may directly contact the rubber on the | Eéﬂ-ﬂ&aﬂt@mﬂ.‘ﬂs
t hese openings, and as a result abrade the ruber to pr duceng:pbh@ !

particl ¢s. This rubber dust may m grate between ThHe= jjn
region $8 and ny contact and stain the articles 40 that app.gegsiveyed.

8

butadiene rubber), iv) NBR (nitrile rubber), v) HNBR (hydrogenated nitrile rubber)
and vi) chloroprene rubber, and ¢) ethylidene norbomane. A cloth layer is provided
on the teeth on the one of the inside and outside of the body.

Bricf Description of the Draw
5 Fig. 1 is a schematic, side elevation view of a prior art system used to convey
flat articles through the use of a cooperating pair of toothed, endless conveying
belts; ‘

Fig, 2 is a fragmentary, perspective view of s toothed belt, according to the
present invention, useable in a system such as that shown in Fig. 1; and
10} Fig.3inmphofﬁwnumbnofoiloouﬁngﬁmesonubonwylnguﬁcle
versus frictional force generated between the article and belts made according to

the present invention and sccording to the prior art,

Detailed Descrintion of the Dravi

In Fig. 2, & toothed conveying belt, sccording to the present invention, is
1; shown at 60, The conveying belt 60 is useable as one of two cooperating belts in
a system such as that 10 shown in Fig, 1, described in the Background Art section,
above. The belt 60 has a body 62 extending in a lengthwise direction, as identified
by the arrow 64. The body 62 has laterally spaced sides 66, 68 and a plurality of
teeth 70 spaced regularly along the length of the body 62 on the inside thereof. The
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One obj ecf” of the present i'nvention is to mai nt ain an’ accept abl e
coefficignt of friction between an article to be conveyed-and-+he

i nventivef conveying belt through a wi de tenperature rahgeis anaermgmgg,\.
the need §o deform and apply excessive forces to, th beItRmAblEDOugh %1
pressing foller. ldeally, an accetable coefficient of ‘frretrotrand
flexibilify are maintai ned through the tenperature range anticipated in

the ennvigonnent in which the belt is used. Another object AF-1958e i nvention
is to mhimze abrasion of the belt rubber resulting fromdirect contact
bet ween |l eys, that drive or are deiven by the inventive, belt a would
cause di ¢ odgi ng of rubber

body 62 has an inside surface 72 and an cutside, conveying surface 74, which
surface 74 engages the articles 40 to be advanced. The inside surface 72 is covered
with a cloth layer 76. For longitudinal reiﬁfomemmt. a plurality of load carrying
cords 77 are embedded in an outside part 78 of the body 62,
5 : Ambﬁer composition defines the belt teeth 70 and the outside belt part 78.
The rubber composition is made up of at least an cthylenc propylene diens monomer
(EPDM) and a diene rubber. Preferably, the EPDM is present in the composition
in an amount of 20-70 weight parts, and more preferably 25-50 weight parts.

It has been found that when the EPDM is present in an amount less than 20
10 weight parts, the resistance of the rubber composition to ozone is defrimentally
reduced, When the amount of EPDM exceeds 70 weight parts, the adherence of the
rubber composition to the cloth layer 76 and the load camrying cords 77 is
detrimentally diminished. The wear resistance of the mbber composition also
diminishes ns a result of which the belt lifs may be significantly reduced.
1% In & preferred form, the iodine value in the EPDM is at least 10, and
preferably over 15, and more preferably over 20,

h maprefmedforﬁ,itisdesirablemco-vulcanizewiﬂnhedienembbera
third component that is ethylidene norbornane, Ethylidene norbornane has a high
vulcanizing rate. .
zH The diene rubber in the rubber composition is at least one of natural rubber,
BR (butsdiene rubber), SBR (styrenc butadiene rubber), NBR (nitrile rubber),

"4 This Sheet Has Been R,
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ght contact and staln artlcles as they aré conveyed. Anot her

I nvention.is to provide a conveying belt with good ozone

d which conveys articles effectively evenq‘f4

of oil water thereon. ‘Sone or all of thes§

g the inventive structure, described bel oW |
nvention, a toothed belt is provided having a body with  a
ally spaced sides, an inside and an outsde, arngp.gesfi ni ng a

teeth spaced in a |l engthwi se direction on one of the inside

de of the
ition nmade up of at

HNBR (hydrogenated nitrile rubber) having unsaturated parts, chloroprene rubber,
and the like, In one prefecred form, the rubber composition is made by blending
three types of rbber ~ a) EPDM, b)SBR and ¢} ane of NR or BR. Morc preferably,
the rubber composition is made by blending EPDM, SBR and BR.

- ALcammoun&ngagunxmﬁrbe:wuiﬁ:ﬁw:nbhﬁ«mnmoﬁﬁmx1ﬂﬁdx
compounding agent may be at least one of carbon black, zinc white, stearic acid, 8
plasticizer, an antioxidant, and the like, Vulcanizing agents, such as suifur end an
organic peroxide may also be used. The above examples of the compounding
agents and vulcanizing agents shuuidnotbeviwyedulimiting.

Load camying cords 77 may be made by twisting together 5-9 bundled
filaments of Eglass or 8 high strength glass and treating the bundled filaments with
a protective agent. The protective agent may be a rubber composition or RFL
solution, which is an adhesive, or the like.

Alternatively, a cord 77 can be madé by twisting together and treating 0.5-2.5
denier filaments of para aramid fiber having good resistance to stretching under high
stress and tension. Suitable aramid fibers are avililablé commercislily and sold under
the trademarks KEVLAR™ and TECHNORA™, Adhesive treating of thesc cords
may be effected using an RFL solution, an epoxy solution, and an isocyanate
solution with & rubber composition. The nature of the cords and the treating
solution, described above, should not be viewed a3 limiting,

This Sheet Has Been Relplac
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| east an Jet hyl ene propyl ene di ene nononer (EPDM) and a diene rubber. A

cloth Igyer is provided on the teeth on the one of the inside..and. the.
out si de the body. The cloth layer is treated with a'leS SHEET HAS BEEN
resorcin-ff ormal i n-latex sol ution. Thi's rubber rrposg;gmgmm
demonstrgted the ability to maintain a relatively cofistasnt =GO
frictionjfbetween the belt and paper articles converted thereby through a
subst antijal tenperature range. The invention al so ABAS#pl ates the

toothed Hfelt in conmbination with a
11

The cloth layer 76 is preferably a canvas made from at least one of 6 nylon,
6,6 nylon, polyester, aramid fiber, or the like, The cloth layer 76 is defined by
warp 80, extending widthwise of the belt, and & weft 82, extending lengthwise of
the belt. The warp and weft 80, 82 could each be a filament thread or spun thread
3 made from the fibers, described above for the load carrying cords, For the weft 82,
use of wooli¢ nylon thread having good extendability, urethane elastic thread, ora
twisted mixare of urethane elastic thread and nylon, is preferred.

The cloth 76 may be plain woven, twill woven, or satin woven,

In a plain woven cloth Jayer 76, the warp 80 and weft 82 are alternatingly
10 crossed at every intersection in a wave form arrangement, With twill woven or satin
woven cloth, the cross over does not ocour at every intersection of the warp 80 and
weft 82. As a result, there are fewer wave form intersections than with a plain
woven cloth, 50 that the rubber defining the body 62 ¢ffectively peactrates between
the warp 80 and weft 82 at points of cross over, Direct contact between the warp
15# 80 and weft 82 is reduced, as a result of which belt life may be enhanced.

The cloth Iayer 76 {s preferably treated only with an RFL (resorcin-formalin-
Intex) solution. The amount of solid, adhered, RFL solution obtained after drying
is preferably 30-50 weight percent.

The RFL solid solution is made up of solid RF and latex resin. The resulting
2 amount of solid adhered RFL solution ot the cloth layes 76 can be determined by

] the following formula:

This Sheet Has Been Re laced
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pul ley t@ engage the teeth. ‘The onhe of the |n5|de and” out si d& of "the ‘body
may be efined by rubber, with the cloth |ayer preventlng di rect contact
bet ween §he pulley and the rubber on the one of th A si de
of the bgdy. By substantially preventing dir gt S sl
pul | eys &nd the rubber in the teeth, abrasion, as fight BEBakcEpose '
rubbers gust, is mnimzed. Cbnsequently,- the quantityof

t hat m gfpt contact the conveyed articles is reduced to an )g%, tabl e | evel

to therepy mnimze staining of the c%nveyi ng articles. . In one
form thg cloth layer is treated W|th|'only a resorcin-formalin-|atex
A plural gty of load carrying cords nay be enbedded in the body, I n

one fornfy the body h%&mﬁi‘n&&%ﬁﬂ?&&?&hi Ql%ﬁwﬁwd carrying cords are
before treatment) / (cloth layer weight before treatment) x 100 (%)

Ihemwllﬁmismhiﬁdmndmnteofnmhmdfomﬂinmixedin.
latex, with the mole ratio of the resorcin and the formalin being 1 to 1to 3. The
s|  weight peroent ratio of he initial condensate of resorcin and formalin and the latex
is 1 to 110 10, :

The latex used is at least one of styrene-butadiene-vinylpyridine umm-y
copolymer, hydrogenated nitrile rubber, chlorosulfomated polyethylene and
10 The cloth 76 is treated preferbly as follows. The cloth 76 is immersed in the
RFL solution using a dip treatment performed by squeezing the cloth 76m
a pair of rollers at 8 squeezing pressure of approximately 0.3 to 0.8 kﬁ/cm(gmge
h pressure). The cloth 76 is then dried. Additional RFL solution treatment is camed
out until the solid adhered amount of RFL solution is 30 to 50 weight percent. B
18 It has e v thet when the RPL solution s less than 30 weight perceat,
the contacting portions oft_hewnpsoandwc&uonﬂwcloth%@.dtomovem‘

expand the openings 84 bounded by the warp 80 and weft B2. The openings 84
between the warp 80 and weft 82 tend to expand, as a result of which the rubber

surface 72 becomes exposed, and lisble to be contacted dinctlyby,_t_h:pﬂleys 16,
2( 18, 24, 26, around which the belt 60 is trained and driven. On the other hand, when

This Sheet Has Been Rei

HIIIIH lIIIH Ml

R e T




. : ST T EE e R e 3128762020~ DREW & NAPIER:#17
enbedded fnd the outside part and teeth both are made at |east partially

fromthe Jabove rubber conposition.
6 The invention further contenplates the toothgdsy,
conbinatipn with a second toothed belt of simlar cons urc | ETHH&BEEMD,’

belts are}each nounted for novenent in endl ess paths whefei-n. T%’e"‘ CEher of}
the insidk and outide of the bodies on the two belts are in ci 056 ===
proximityfto frictionally convey a flat object therebetweehP-1555

13

the solid adhered amount of RFL solution exceeds 50 weight percent, the teeth 70
lose their original, desired shape,

‘The performance of the inventive belt will now be'described through testing
procedures comparing specific embodiments of the inventive belt and conveationsl
5 belts,

Invenive Fmbodi 16

A twill weave canvas cloth was made with a warp density of 180 threads/$
cm and & weft density of 160 threads/S cm. The warp consisted of 140 denier 6,6
nylon. The weft consisted of 280 denier 6,6 nylon and 140 denier urethane elastic
10 thread. The cloth was vibrated in water and contracted to about one half of its width
st the time of weaving, The resalting oloth was then immersed in the RFL sofution
shown in Tabie I, below, and squeezed by a pair of rollers at 0.5 kgfiom (gauge
pressure). . The cloth was thendried and reimmersed in the same RFL solution,
squeezed using the same squeezing pressure, dried, and finally completed with the
;# solid adhered amount of RFL solution st 40 weight percent, *
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In one fofin the rubber conpostion.includes.ethylidene: norbornane, .with the

EPDM havijng an iodine value of at |least 10, and nore p rably 15, and -
still nor preferably 20. The di ene rubber ma q§” Lk =01
a) naturalf rubber, b) BR (butadiene rubber), c) SBR ( yren%t P&tFEN
rubber), ¢) NBR (nutrile rubber), e) HNBR (hydrogenat e - {
and f) chloroprene rubber. The rubber conposition nmay be forned
using a cenpounding agent that is at |east one of a) carbgp.fysack, b) zinc
white, c)istearic acid, d) a plasticizer, and e) an ant|OX|dant

The rubbej conposition may be fornmed gsing a vul cani zing agent that is at

TABLE 1
RFL Ingredients | Weight Paris
Resorcin 1100
c . Formalin (37%) | 15.0
5 Caustic soda 1.0
Latex

VP latex 40% 400
CR latex 50% 400
Water 1000.0

10 : Total 1826.0

The load carying cords were ECG-150-3/0 cords made by forming strands

using bundled glass fiber filaments of 9um diameter. The strands were then
immersed in an RFL salution and dried for 2 minutes st 250° C., and then gathered
into groups of 3 strands and twisted at 4.0 tumns per 10 om.
15 - The resulting cloth was formed into an endless cylindrical body and was set
in 8 metal mold. An S, Z pair of glass fiber cords was then wound thereon at a
tension of 0.9 kg/cord so as to be disposed alternatingly at a pitch of 0.5 mm, A~
rolled sheet, made of the mbber composition in Table 2, below, was then applied,
1 After vulcanizing through an orditiary press-in vulcanizing method, the vulcanized
24 sleeve was cut to a predetermined width and individual belts formed therefrom,

f H ~ This Sheet Has Been Replaced
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| east ‘onefof sulfur and an organic peroxide. - The rubber “conposi ti on
may i nclufle 20-70 wei ght parts of EPDM and nore pref/fraksse=s28 5
parts of EPDM The cloth | ayer nmay have 30- 50/ wWer i,
solid resprcin-formalin- latex solution.
7
13
IABLE 2
A e L e
Fonbodiment o
Compovnding Agents ! 2 3 | 4 5 é 7
EPDM 30 30 30 30 30 30 30
Natural rubber 40 40 - 70 - . 10
5 SBR 1502 30 30 30 - 70 . 20
BR . - 30 . - 70 20
Zlnc white 5 5 L] 5 L] s 5
Steario scid 1 1 1 1 1 1 1
CMMFEF 40 - - » - - -
10 Acetyleas black . 40 40 40 40 40 40
Naphihene oil 15 15 is 15 18 s 1S
Vulomization 10 10 10 18 10 10 10
coslerstor MBTS
Vulcanization 0.5 03 0.5 05 05 05 03
13 socslerator TMTD
2 2 2 2 3 2 2

The resulting belts were STPD type, with 140 teeth, a width of 6,4 mm, and

4 tooth pitch of 1.5 mm.

It was found that the shape of the belt teeth after molding was precise, with
2 ﬁuebemgmbmumymmbbuuposedﬂumghﬂwopmngsm&ecmmdo&
at the surface ofthcbeltteath.

Teating
To evaluate the characteristics of the belts, various tests were performed, as
sutamarized in Table 3, below, and explgined in detail thereafter.

This Sheet Has Bee,
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In one fegm the cloth Iayer 4-s-—dei i-ned . by—at--»least one-of-a).6-nylon, b).

6,6 nylog, c) polyester, and d) aram d fi ber.

a warp angl a weft, and in one formboth the warp and f TH®SHERT hiaeg =B
at |east pne of a filament thread and a spun thread. %ﬁamm may
be definefl by at | east one of woolie nylon thread and ur 6t hans: et astie-

t hr ead. The cloth | ayer may be one of a plain weave, twll weave,
and sati njweave. In-one form the [oad carrying cordp.185& defined by
filamentsjof 5-9 pmdianeter of at |east one of E glass and high strength
glass trepted with a protective agentis The protective agent may be
at | east pne of a rubber conposition and an RFL

!

w Rl
) 2 3 4 s 6 7 A
Rubber EFDMANR/ | EPDMANR | EPDM/ | EPDM/ | EFDM/ | EPDM/ | EPDM/
SBR /38R BR/SAR NR SER HR wam
Load canying ;
vords ECG-1503%0 | ECO-1%0- ECO- ECO. ECO. ECO-
30 15030 | 15030 | 15030 | 15038
5 Tooth cloth RFL trestment KFL RFL RFL RFL RIL
only tregtmant | tresiment {reat- treat- troad
only only ment ment
oaly only only "
Priction
oocfficient ;.
285 C 132 140 135 1.4 135 137 140
5*C 132 140 135 $.34 138 136 139
10 Ja5°C 1.30 133 132 130 1.30 133 136
Gayman twiat
toef (*C)
28C 169 168 168 - - - -
. 0*C 167 163 162 . . - - ¥
15 -20°C 164 162 1% - - - .
-30"C 151 180 158 . = - -
Bambrittlerent 54 53 £5 - - . -
tnp. (*C)
Ozone 240h 24Ch 240h 2408 240h 240h 240h
20 resistance 10 erusking o 0 o no no o
50 pphm ‘ cracking oracking | omscking | ormoking | cmeking | orsoking
20% extenion
Electrical ix10t 1230 .« ~ -
resistance (Q)
25

A oard was plnceddnxsnppoxttable. The belt was laid so that the
beackoutside surfice of the beit faced the card. A load (W) of 1.0 kgf was applied
to the belt, The load was connected to & spring scale fixed to the support tablé. The
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sol ution. The Ioad caJrryl -hg- -cer«ds ey ‘al-ter-nat |-very be-tw st ed
0.5-2.5 nier filaments of para aram d fiber treats VLY hesjve
defi ned at | east one of a) an RFL solution, b) af YA ]

c) an isdcyanate solution with a rubber’ corrposition
form of thhe invention, a toothed belt is provided havizg=a.Bod)
| ength, Ijaterally spaced sides, an inside and an outside, and deflnlng a
plurality of teeth spaced in a | engthw se direction on one AS¥138fe i nsi de
and the Joutside of the body. The body is defined at |least in part by a
rubber cqnposition nade up of a) ethyl ene propyl ene di ene nononer (EPDMV, .
b) a diefge rubber that

belt was advanced at a speed of 300 mm/min. The load (F) when the belt started to
slip on the card was determined. ‘The coefficient of friction was calculated as F/W,

Thcmeamanmhwmﬂkenthbatmpuﬂmvnhhonof-ﬁ‘Ctoﬁ'C

ﬂ I .. I
5 This test was carried out in sccordance with JISK6231,

Qzone Deterloration Test
This test was carried out in accordance with JISK6301.

The beltwumonnwdmatwoshlﬁnmmngustmachmehavmgtwo
1 pulleys,enchw:m%m Thebeltwasnmforsohoursmanenwonmentata

temmperature of 25°C at a driving pulley speed of 9,000 rpa, with s load of 66.2W
on.the driven pulley, and with an initial belt tension of 1.0 kg. The presence or
absence of fubber powder splashed from the belt teeth surfaces aftér 30 Hours of
running was visually checked.

S RE—
Ethanol way soaked into a nylon canvas cloth, The nylon canvas cloth was

placed on a moving table, The outside surface of the belt was placed against the

This Sheet Has Been Replaced
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i ncl udesfat 1 east one -of -+) naturat- Eu-bbe'rT i i')"' BR (bufadi ene rubber), i i 1)
SBR (stygene but adi ene rubber), iv) NBR ( nigt ) NBR
(hydrogepated nitrile rubber) and vi) chloroprend THiSEBHEETHNES BEEN
et hyl i depe norbornane. A cloth layer is providedi on tREPLACED on tihe one
of the ijpside and outside of th body. g sehemt i c,
side eleyation view of a prior of a prior systemused to convey

AP-1553
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canvas and & 5 kg. weight in turn placed on the belt. The table was moved
reciprocably 50 times u distance of 40 mm, The speed of movement was 300
mmyvmin , with the nylon canvas cloth thereby being rubbed by the outside surface
of the belt. The presence or absence of tackiness on the outside belt surface was
5 then checked. |

Water/Qil Resistance Test

©Oil water was-coated onto the surface of 8 telephone curd and the resulting
change in the. frictional force between the belt and the telephone card was
determined. The test system used was one as shown in Fig, 1, herein, having a
10 lower belt with-a width of 6.4 mm and a length of 100 mm. The upper belt had a
6.4 mm width and a 25 mm length. The belts were stacked on a table moving at &
speed of 300 mmvsecond, with the telephone card between the belts. The telephone
card was placed with its magnetic surface facing up, A 5.kg weight was placed on
the top belt with a fixed spring scale connected to the weight,
L. | An oil water composition, made up of 100 cc of ethanol and 5 g of lard sdded
to 100 oo of mrtificial sweat, to make it close to the components of a person's sweat
snd fat, was used, The coating was carried out by completely immersing the
telephone card in the oil water end drying it for 20 seconds with & fan. In the table
{ of Fig. 3, the "number of coating times" represents the aumber of times that the
2¢ coating was applied and dried, as described sbove,

i
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1l es through the us€ of ‘a cooperating pair'of.toothed,'endless

ive view qof. . a

i belts; Fig 2 is a fragnentary, perspect

plt, according to the present invention, use“ﬂﬁ?a gUgh
nown in Fig. 1; and Fig. 3is a graph1 frry g;ﬁﬁﬁggif%ﬁ oiill
mes on a conveying article versus frictionali

to the prior art. In Fig. 2, a toothedApgss®yi ng belt,

bet ween ;re article and belts made according to the present invention and

accordin

10

to the present invention, is

19

During the test procedure, the telephone card coated with the oil water
composition was gripped between the upper and lower belts. The upper belt was
pulled and the frictional force between the belt and the telephone card was
measured. The relationship between the munber of coating times and the frictional

force is shown in Fig. 3,

Comparative Example 1

For the cloth: layer, the same untreated canvas cloth was used as for the
hvuﬁwmbodimuﬂlandhm&sedinthnkﬂsoluﬁonshominhblel This
treatment was carried out without any squeezing pressure applied. The cloth was
then dried to produce  canvas cloth having a solid adhered amount of RFL solution
of 23 weight percent.

The robber composition shown in Table 4, below, was used for the teeth and
the back/outside part of the belt. The manufacturing method, .including the
formation of the load carrying cords, was the same as that described for inventive
embodiments 1-6, However, the tooth pitch was set to 2,032 mm.

This Sheet Has Been Reﬂlaced
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F0.” The conveylng belt 60 i s useable as one of tmo cooperatlng
belts in §a systemsuch as that 10 shown in Fig, 1, de & Ln_the
Backgrounl Art section, above. The belt 60 has a body QHngﬁggyﬁ; |
| engthwi sp direction, as identified by the arrow 64. bog Egcggaﬁgﬁ‘
| at eral | yl spaced sides 66,68 and a plurality of teeth y
along the}jl ength of the body 62 on the inside thereof. The
9 body B2 has an inside surface 72 and an outside, conveyAmyssSurface 74,
whi ch

20
TARLE 4
(weight parts)
P_‘ R R
Comparative Example
Compounding Agents 1 2 3
{Chloroprene 100 . 100 -
5 Natural rubber - - 70
SBR 1502 - . 30
MO 4 4 -
Acetylene black 40 40 40
Plasticizer 15 3s -
10 Stearic acid : 1 1 1
Za0 5 5 5
Napthene oil - . 15
Vulcanization accelerator MBTS - - 1
Vuicanization accelerator TMTD - - 0.5
15 Bthylene thiorea 0.25 0.25 -
Sulfur 1 1 2
**‘_ _A—

The performance characteristics of these belts are shown in Table S, below.
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surface 7 engages. t he ‘articles 4Q to:be. advanced. The i nsi de..surface 72

I8 covere with a cloth | ayer 76. For | ongi t udi nal r ei fiCEFEEERtrRnn..

pluralityfof load carrying cards 77 are enbedded in a ﬁ@@@t@hhﬂsﬁggf 1l

t he body @2. A rubber conposition defines the t BEPhACBDaANd tje

outside bglt part 78. The rubber conposition is nade up of @& '

et hyl ene pgropyl ene di ene nononer (EPDM and a di ene rubber. Preferably, th

EPDM i s pgesent in the conposition in an amount of 20-70 '_gEgs parts, and
t ha

nore prefgrably 25-50 weight parts.- It has been foun t when the
EPDM i s pjesent in an amount |ess thag wei ght parts, the resistance
of the ru%ber conposition to ozone is éetrlnentally
TABLE §
N TW
: Compasative Example
1 2 3
Rubber CR CR NR/SBR
Load Carrying cords ECG-150-3/0 { ECG~150- | ECG-150-
3/0 3/0
ToothCloth RFL RFL RFL
treatment treatment freatment
only only only
) Friction coefficient u
25°C 117 1.18 -
5°C ' L13 1.00 -
~35°C 098 0.80 - JI
7 Gayman twist test (*C) T
1°H 22.5°C 169 - -
0°C 165 - -
<20*C 160 - —
=30°C 156 - -
Embrittlement temp. {*C) 41 - -
1 Ozone resistance 240h 240h 24h
50 pphm no cracking | no cracking | C-5
20% extension -
Electrical resistance () o - -
Tackiness _ none none none
] Sheet Has Tﬁﬁiﬂeﬁird
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reduced. f When the anmont of EPDM exceeds 70 wei ght parts, the adherence of
the rubper conposition to the cloth layer 76 and the | gad carrying cards
77 is detrinmentally dim nished. The wear resistance T IWB%F?—:_,
conpositjon al so dimnishes as a result of which the bejjt I'FPEEFAVASBEEN
significpntly reduced. In a preferred form the jkading X ARER n the!
EPDMis jt least 10, and preferably over 15, and nore preferably ove }
In a preferred form it is desirable to co-vul canize with #AFel¥fene rubber
a thirdf conponent that is ethylidene norbornane. Ethylidene norbornane

has _a hijgh The di ene rubber 42n the rubber conposition is at |east
one, of tural rubber, BR (butadiene rubber), SBR (styrene butadiene

rubber), | NBR gn'!tri IE rH_bbﬁr).

The tests demonstrate that there is no substantial change in the frictional

| cocfficient for the inventive belt when used in cithee high or low temperature

environments, There is especially little decrease in the frictional coefficient at low

s|  temperatores. " -
It can also be scen that the inventive belt has good resistance to ozone and

that the frictional force reduction of the belt when exposed to oil water is small

compared to the comparative example tested,

No rubber powder was found with the inventive belt after ronning. However,
1 the comparative example belt had noticeable rubber powder splashed from the tecth
sfice ravel, The bt inthe comparstive example did have a good tooth shape afer
molding, however, the surface adhesion rate of rubber-on the belt tooth surface was
approximately 10%. This adhesion rate is @ value obtainied by dividing the area over
which the robber is exposed through openings in the canvas cloth by the total area.
1 . The foregoing disclosure of specific embodiments is intended to be

illustrative of the broad concepts comprehended by the invention.

1 e e
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HNBR (hydf ogenated nitrile rubber) havi-ng unsat-ur at ed-parts, chloroprene

r.ubber,
nmade .

or BR
SBR 4

conpg

zinc

i N

And
whi tl,

e

nd the like. In one preferred form the rubbe
by | ending three types of rubber - a) EPDM b) SB}
Mof e preferably, the rubber conposition is nade {hy

)si tipn,

A conpoundlng agent my be used in the Tubbers=s

whi ch conpoundi ng agent may be at | east one quf gbon blakk;
stearic acid, a

23 —
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L. Atoothed belt comprising:

a body having a length, laterally spaced sides, an inside and an outside, and
defining a plurality of teeth spaced in 2 lengthwise direction on one of the inside and
the outside of the body,

said body defined at Least in part by a rubber composition comprising at lcast
an cthylene propylene diene monomer (EPDM) and & diene rubber; and

a cloth layer on the teeth on'the one of the inside and outside of the body,

gaid cloth layer being treated with a resorcin-formalin-fatex sohution.

2. nemo&edbeltmordiutoclai;!llin.comhinuﬁonwim a pulley to
engage the teeth, wherein the one of the inside and outside of the body is defined
by rabber and the cloth layer prevents direct contact between the pulley and the

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

3.  Thetoothed belt acoording to claim 2 wherein the cloth layer iy treated
with only s resotcin-formalin-latex solution.

4.  The toothed belt accarding to claim 3 wherein there are a plurality of
Joad camrying cords embedded in and extending lengthwise of the body.

HIIlIIl Illlll Illll |l|l| II IIIl
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pl asticifer, an antioxidant, and the |ike, Vulcanizing a
sul fur d an —-organi-c-peroxi de may al so be used. The abo

t he conppundi n%‘h’ agents a dlng cani zi ng agents shoul d ng Rf

limiting is S RAG cords 77 may be nmade by tw StiT ot

5-9 [err mdiawj( H | | aments of E glass or a high strength gl ass
and treafing th nts with a protective agent.splpgsprotective
agent be a rubber conposition or RFL solution, which is .an adhesive, or
the Iike Alternatively, a cgrd 77 can be nade by twi sting

t oget he% and treating 0.5-2.5 denier filanments of para aramd fiber having

good resy stance to stretching under high stress and tension. Suitable

arani d f§ bers ar &, avarys3bidadberasRsingtol clain? 4 dhérti thelbogiElias an outside
4 part in which the load canrying cords are embedded and the outside part of the body
and teeth both comprise said rubber composition.

6.  The toothed belt according to claim 1 wherein the toothed belt is a
2 first toothed belt, there being in combination with the first toothed beit a second
toothed belt that is the same as the first toothed belt and means for mounting the
4 first and second toothed belts for movement in endless paths wherein the other of
the inside and cutside of the bodies on the first and second toothed belts are in close
6 proximity to frictionally canvey a flat object therebetwesn as the first and second
toothed belts are moved in the endless paths.

7, The toothed belt according to clsim 1 wherein the rubber composition -
| comprises ethylidene norbornane and the EPDM has an iodine value of at least 10, .

_ 8.  Thetoothed belt according to claim 1 wherein the diene rubber i at
least onc of 1) natural rubber, b) BR (butadiene rubber), o) SBR (styrene butadiene
rubber), d) NBR (nitrile rubber), ¢) HNBR (hydrogenated nifrile rubber), and fH

chioroprene rubber.
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| socyanat
the treat] ng

The clothg |l ayer 76 is preferably a
nyl on, 6 nyl on,
is definegd by a

solution with a rubber
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9. The toothed belt according to ¢laim 1. wherein the cloth layer
comprises 30-50 wt, percent of solid resorcin-formatin-latex solution.

10, 'nzetoothedbdtaccmdmgtochnn I wherein the rabber composition
comprises 20-70 weight parts of EPDM, |

1. The toothed belt accarding to claim 1 wherein the rubber composition
comprises 25-50 weight parts of EPDM.

12,  The toothed belt according to claim 7 wherein the EPDM has en
iodine value of at least 15,

13.  The toothed belt according to clsim 7 wherein the EPDM has an
iodine value of at least 20,

14.  Thetoothed belt according to claim 1 wherein the rabber composition

is formed using & compounding agent comprising st lenst one of a) carbon block, b)
zinc white, ¢) stearic acid, d) a plasticizer, and ¢) an antioxidant,

A AR

ot be vi ewed. XS YAQET | n%N
om at | east one OF B

pol yester, aramd flber or t e like. The cloth |ayer 76
AP-1555
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warp 80, dxtending widthwisé of the belt, and a weft 82, extendin
| engt hwi sg of the belt. The warp and weft 80, 82 could ; = BEe Hinlsomant
thread or fspun thread nade from t he This BeeetHas Been Replived] ab Ej{ﬁ J)Q;glmad

carrying qords. For the weft 82, use n thrEW:W
extendabi lfity, urethane elastic thread, _ ed m xture of urethane
The '

elastic tlhread and nylon, is preferred. cloth 76 may be plain

woven, twfl|l woven, or satin woven .In a plain wovenA®Ptldsh | ayer 76,
the warp $0 and weft 82 are alternatingly crossed at every intersection in.
a wave fofm arrangenent. Wth twl]l ven or satin woven cloth, the cross

does not fpot occur at every intersection of the warp 80 and weft 82. As a
result, tpere are lfseme’f'he\/\tolaokeedw m.i te&gﬁgigﬂg&@%&t&&%i n

2 is formed using & vnlcanizing agent that iy at least one of sulfir and an organic
peroxide.

16.  The toothed belt acconding to claim 4 wherein the load carrying cords
2 canpxise”ﬁlammhofntl&&umomglmmdhighmcngthglmmatedudm
& protective agent,

17.  The toothed belt according to claim 16 wherein the protective agent
2 comprises at east one of a rubber composition and an KFL solution.

18.  The toothed belt sccording to claim 4 wherein the load canrying :o_tds
2 comprise twisted 0.50-2,5 denier filaments of para aramid fiber treated with an
adhesive comprising at least one of 1) an RFL solution, b)an epoxy solution, and
4 ¢) an isocyanate solution with a rubber composition.

19. The toothed beit according to claim I wherein the cloth layer
% comprises at least one of 6 nylon, 6,6 nylon, polyester, and aramid fiber.

3 AR R O llll




woven cl ot

TP leTU0 Usk s o 31 )87b ’(J 2()-

between the warp 80 and weft 82 at points of cross over.
between thg warp 80 and weft 82 is reqzmgog;l

su 4{ THif @*HE%TeﬁﬁSIaﬁké’
may be enhhnced. The cloth Iaye lﬂﬂ ﬁﬁ'gglys r eat EEPLALFDY _

an RFL (reporcin-formalin- latex) solu
n obtained after drying 1is
id solution is nade up of SO|Id RF and | at ex resi
amount of solid adhered RFL solution on the clot *ayer 76 can

RFL sol uti
The RFL so
resul ting
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. So’that the rubber -def1mi ng ‘thre—botly- 62 effectively penetrates

be determped by the follow ng fornulg

20, The toothed belt according to claim 19 wherein the cloth layer
comprises 8 warp and & weft and the warp and weft each comprise at least one of
a filament thread and & spun thread.

21.  The toothed belt according to claim 15 wherein the cloth layer
comprises & warp and a weft and the weft comprises at Jeast onc of woolie nylon
thread and urethane elastic thread,

22. The toothed belt according to claim 1 whetein the cloth layer
comprises one of @ plain weave, twill weave, and satin weave.

23. A toothed belt comprising:

a body having a length, Iaterally spaced sides, an inside and an outside, and
defining a plurality of tecth spaced in a Jengthwisc direction on one of the inside and
the outside of the body,

said body defined at least in part by a rubber composition comprising a)
cthylene propylenc diene monomer (EPDM), b) a diene rubber that comprises at
least oue of 1) nstural rubber, if) BR (butadien rubber), i) SBR (styrene butadicne
rubber), iv) NBR (uitrile rubber), v) ENBR (hydsogenated nitrile rabber), and vi)
chloroprene mbber, and c) ethylidene norbornane; and

a cloth layer on the teeth on the one of the inside and outside of the body.

R O

nt of sol1d, adhered
0 wei ght percent.
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12 | B (Cloth layer weight after treatment - =kayer. vei ght

before trgatment)/(cloth | ayer weight before treatnent) e et HAE,E%E;I\,J

The RFL s@lution in an initial condenguSBeshHas enlaged s ) f or nREPDABEXE
| atex, wif§h the nole ratio of the reso u rma i Q'
3. -The i ght percent ratio of the in e of resorcin and

formalin gnd the latex is 1 to 1 to 10. The | at ex u§§Q5&§ at | east
one of st¥rene-butadi ene-vinylpyridine ternary

28

24.  The toothed belt according to claim 23 wherein the cloth layer is
2 treated with 8 resorcin-formalin-latex solution,

25.  'The toothed belt socording to claim 23 wherein thete are 2 plurality
2 of load carrying cords embedded in the body.

26. The toothed belt according to claim 25 wherein the body has an
2 outside part in which the load carrying cords are embedded and the outside part of
the body and teeth both comprise said rubber composition.

27.  The toothed belt according to ¢laim 23 wherein the EPDM has an
2 iodine value of at least 10,

28. The toothed belt sccording to claim 24 wherein the cloth layer
; 1 comprises 30-50 wt. percent of solid resorcin-formalin-latex sohution,

1
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hydrogenated nitrile rubber, chlorosulfonated pol

et’hyl'ene and
The cloth |76 is treated preferably as foll ows. The cloth ed
in the RHL solution using a dip treatnment perforned by s ﬁyEEthg
76 bet wee a pair of rollers at a squeezing pressure of approxﬁhﬁtgb

to 0.8 kgff/ cm (gauge pressure). The cloth 76 is then dried. Addltlonai

RFL solutijon treatnent is carried out until to solid adhered amount of RFL
solution i§s ‘30 to 50 wei ght percent. It has been fougpliséat when the
RFL solutijon is less than 30 wei ght percent, the contacting portions of

t he warp
openi ngs

0 and weft 82 on the cloth 3§ tend to nove to expand the
4 bounded by the warp 80 and weft 82. The openi ngs 84

Ahstxact of the Disclogure

A toothed belt having a body with a length, laterally spaced sides, an inside
and an outside, and defining a plurality of teeth spaced in a lengthwise direction on
one of the inside and the outside of the body, The body is defined at least in part by
ambber'composiﬁonmdenp of at least an ethylene propylenc diene monomer
(EPDM) and a diene rubber. A cloth layer is provided on the teeth on the one of the
inside and the outside of the body. The cloth layer is treated with a resorcin-
formalin-latex solution.

This Sheet Has Been Re laoed
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bet ween Ihe war p 80 and ‘weft 82 terd" to expand as a result of V\:h!PCE he

rubber . qurf.ace- l%mgggnnsueqused,.ﬁ&d Jkabl e to:be;contact GQWM_ DY,

the pul |l ¢ys 16, 18, 24, 26, around whi ch the belt 60 is traifed and

driven. JOn the .other- hand “when ., - C e

13 thelsolid adhered anmount of RFL sol utlon exceed 50

teeth 70§ lose their original, "desired shape. The pBﬁfBCBHHHTG%AS)EEENe

inventiveg belt will now be described through testing ! REPLACED }
f'? 6: / This Sheet Has Been Repl
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procédufes conparing Spetitic enbodi ments of the inventi ve bel t Bnde.
_convent fonal  bel ts. - - aaAt Wt WBAVE” CaNVES T ET 6T B s "HEBEWRY'T a
warp degsity of 180 threads/5 cmand a weft density of 160 threagds/5 cm
The war p consi sted of 140 denier 6,6 nylon. 'The weft consi sf--'eﬂ%*ﬁ*-‘?‘%o
denier §,6 nylon and 140 denier urethane elastic thread. The cl.oth was
vibrated in water and contracted to about one half of its width.-at-the

ey

ti me of jweaving. The resulting cloth was then inmers J_ution
shown i § Table 1, bel ow, and squeezed by a pair of rof |&¢HSSHEED Has grgy )
kg/ cm(gguge - REPLAGED I
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préfssure) The cl oth was then dg

ol ution, squeesed using the sa TigGURIER .
corpleted with the solid adhere amuﬁﬁPngA L_sollitionat 4G geARRIGIE

B§§§uﬁia,n Eﬂ ﬂ%ﬁf%‘lﬁ TR

per cent. 14 {f Date . r it

RFL | ngredients Wi ght Parts ~Resorcin 10.0
IOOTHED CONVEYING BELT

This invention relates to endiess, toothed belts, and, more particularly, to &
toothed ﬁeh used to frictionally convey flat objects, such as paper money, cards,
tickets, and the like. |

Background Art

A prior art system for conveying thin articles, such as paper money, cards,
ﬁckeu,miqnhownuIOhfig. 1. mqonwyingaymnwincludes
cooperating, endless, toothed belts 12, 14, each having a similar construction. The
mlznmmm@dmmmmm 16, 18, respectively, which
pulleys 16, 18 have paralic] rotational axes 20, 22. The belt 14 s trained around
drive and driven pulleys 24, 26, which pulleys 24, 26 are rotatable about axzs 28,
30, that are parallel 10 each other and the axes 20, 22 associated with the belt 12.
The drive pulley 16 rotates in the direction of the arrow 32, with
the drive pulley 24 rotating in the direction of the arrow 33.

‘The beits 12, 14 are amanged so that outsids conveying surfaces 34, 36 on
the belts 12, 14 are in contact over & substantial length thereof at the region 38, An
uﬁcluo:nbeconveye& whichuﬁclewmy'bépnpermoney, cards, tickets, or
the like, is advanced between the belts 12, 14 in the direction of the arrow 42. The

cet Has Been Re Iaced
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Formalin(37% ~ 15.0 Caustic sod

| I
VP | atex 40% 400 . 2 CRlatex 5 J‘EPLA?C‘QQ f SHEET
VWaeer 1000. 0  Total || pae.2 6 APR 199626. 'o
The | oad carrying cords were ECG 150-3/0 cords nade by Strands: i-

i T A S M M
B 3 l 4.0 10
and then gat E%%{ﬁ(ﬂu S 0O stran S,a t dsp at Pﬂ&” Pg(r)dy

and vas ser 44, 46 are selectively movable downwandly in Fig. 1 against the inside of the belt
12 at the region 38 to thereby deform and press the belt 12 towards backing rollers
43, 50, ligned with the pressing rollers 44,46 and acting against the belt 14, to vary
the pressing force between the belt surfuces 34, 36 at the region 38:
1deally, the coefBicient of friction between the article 40 and belt surfaces 34,
* 36 remaing relatively constant through significant temperature varistions, preferably
in the range of 20° C, 6 60° C, -Still flurther, it is desirable that the flexibility and
wear resistance of the belts 12, 14 do not significantly change with the belts 12, 14
opmumm&hmmem It is also important that the belts 12, 14 do
not stain the articles 40 which are conveyed thereby.

I i knowa to consiraot toothed bets, such as those 12, 14, disclosed in Fig
lumgehlomptmembber These belts have 8 plarality of regularly spaced teeth .
on an inside surface and an outside part within which load carrying cords are
embedded. | |

Xt is also known o place a cloth covering oves the surface of the teeth on this
type of belt. Onem_cxochlgyam;mmd-wmwmmmmg
defined by crimped 6 aylon ot 6,6 nylon. The warp is an uncrimped thread of 6
nylon or 6,6 niylon, preferably with the same composition as the weft. |



ina nmetal nold. An S, Z pair of glass fiber cords was 't BRPLAOEMENT SHEGM -:

gt a tension of 0.9 kg/cord so as to,be disposed alternatingl R 1986ch
of 0.5 mMm A rolled sheet, nade of tahe r ubber conpositiB?Feii-nz-’-‘gzgﬁemz,....,.

bel ow, was then applied. After vul canizing through an ordi
sl eeve was, cut to a prdeterm ned w dth

2nd” 1 ndi vi dual T Altorncaem to #chaspe ghe adberence of the cloth to the bel toeth
using an sdhesion treatment with & resorcio-formalin-latex solution (RFL). This
solution is applied to the rubber using 8 soaking or & spreading trestment process.

Evmwhmaohlmombberwhichdounbtuadﬂyaysﬂnhatlow
temperutures is used, when tho chloroprens rubber is sed slone, » decreasein the
frictional coefficient between the belt and the articles to be conveyed may result at
low temperatures. To compensate for this, the gripping force between the belts 12,
14 hubeeninmuedbydafoxmingmebeltthmnghtheMrollmM. 46.

By urging the pressing rollers 44, 46 against the belt 12, the tension thereon
increases. As a result, the surfaces 34, 36 become more prone to wear. Further,
load carrying cords within the belt 12 tend to stretch. Adjustment of the belt tension

-throughchnngeinﬁespu_cingbetweenthepullcys 16, 18 may then be necessary,
possibly on s frequent basis. To accommodate this adjustment, the pulleys and
supporting structure therefor have to be made mma@mwmpmdmy
inamesﬂmcomplexitymdthe cost of the overall system.

Another problem with conventional, toothed conveying belts is that the
rubber underlying the cloth covering layer is commonly exposed through openings
defined between the warp and weft of the cloth layer. The pulleys 16, 18, 24, 26
may dircctly contact the rubber on the belts 12, 14 through these openings, and as
& result abrade the rubber o produce rubber dust particles, This rubber dust may




' REPLACEMENT SHEET
TABLE 2 . W
30 30 30 30 30 4 30 uzaﬁ .....................

40 70 - 30 SBR 15 36

30 20 BR :

go MW@&%#@@SMWWMy cmcttg&swnthe

1 1 Carbon black FRF -
Acet ylmdebﬁﬂcﬂutm conveycd. 40 40 . a0 40 40

40 Napht hane oi l 15 15 15 15 15 15

Vul cani zat i on 1 0 1.0 1.0 1.0 1.0 1.0 1.

Vul cani zati on 0.5 0.5 0.5 0.5 0.5 0.5

The o LS A pveaion :
The resulting belts were ST n eeth, a width of 6.4 nmm

and One object of the present invention is to maintain an scceptable coefficient
 of friction between an article to be conveyed and the inventive conveying beit
through a wide temperstare range without the need to deform, and apply excossive
foroes o, 6 bel, a8 hrough a pressing rllr. Ideally, an acceptable coeffcient of
friction and flexibility are maintained through the temperature range anticipated in
the environment in which the belt is used. Another objest of the invention is to
nﬁninﬁzeabnﬁmofﬂxeﬁdtmbbumulﬁngﬁoﬂdimctmubmunpnuayl,
that drive or are driven by the inventive belt, as would cause dislodging of rubber
Munﬁglummdﬁinnﬁduntheymmveyed Another object of the
invention is o provide a conveying belt with good ozone resistance and which
coﬁveys articles effectively even when the articles have deposits of oil water
thereon. Some or all of these objectives may be achieved using the inventive
structure, described below.
In ons form of the invention, & toothied belt is provided having a body with
» length, laterally spaced sides, an inside and sn outside, and defining a phurality of
teeth spaced in a lengthwise direction on one of the inside and the-outside of the
body. mhodyhmd'nminpmbymbwmmiﬁmmmom

40

S



a tooth pitch of 1.5 mm It was found that the [Fhape
Sht g‘?"w‘?ﬁ%@ﬁb:er

teeth after nolding was precise, with there being substanti

exposed through the openings in the canvad cloth at th f 0 he
belt teeth. To eval uate the characteristics %?l%l% E?PIRM """
various tests were performed, as sunmarized in Table 3, bel ow, and

expl ai ned i demummmmmm mmomer(EPDM)andadwnembber A cloth
layer is provided on the teeth on the ane of the inside nd the outsids of the body.
The cloth layer i treated with & sesorcin-formalin-Jasex solution.

This rubber composition has demonstrated the ability to maintsin a relatively
mmweﬁdmﬁﬂioumbawmﬂwbeltmdpwmdesoonwyedthmby
through a substantial temperature range.

'I'heinvmﬂonahq'oontunplmﬂnmothedbclthcombimﬁonwithu
pulley to engage the testh, The one of the inside and outside of the body may be
defined by rubber, with the cloth layer preventing direct cantact between the pulley
end the rubber on the one of the inside and the outside of the body.

Bymbsmﬁdlymmﬁnsdimtmmbetwmpunmmdthembberin
the teeth, abrasion, as might break loose rubber dust, is minimized. Consequently,
the quanity of rubber dust hat might contact the conveyed articles is reduced to an
acceptable level to thereby minimize staining of the conveying articles.

In one form, the cloth layer s treated with only & resorcin-formalin-latex
solution,

A plirality of load carrying ords may be embedded in the body,

I oze form, the body has an outside partin which the load carrying cords are
embedded and the outside part and tecth both are made at least partially from the

+>

above rubber composition,
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The invention further contemplates the toothed beit in combination with &
secondtoothedbeltofsimﬂarcpuuucﬁon. The two belts arc each mounted for

movement in endless paths wherein the other of the inside and outside of the bodics
on the two belts m.indmproﬁmityto&lcﬂmﬂlyconveynﬂatobject
therebetween. |

‘Inone form, the rubber composition includes ethylidene norbornane, with the
EPDM having an iodine value of at least 10, snd mors preferably 15, and still more
msblyzo._ |

The diene rubber may be at least ane of &) natural rubber, b) BR (butadiene
rubber), c) SBR (styrens butadiene rubber), ) NBR (aitrile rubbes), ¢) HNBR
(bydrogenated nitrile rubber), and f) chloroprene rabber.

The rubber composition may be formed using & compounding agent that is
st least one of a) carbon black, b) zinc whits, o) stearic acid, d) a plasticizer, and )
an sntioxidant, | _

The rabber composition may be formed using s vulcanizing agent that is at
least one of sulfur and an organic peroxide. .

The rubber composition may include 20-70 weight perts of EPDM, and more
preferably 25-50 weigit parts of EPDM. |

The cloth layer may have 30-50 weight percent of solid resorcin-formalin-
latex solution. |
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In one form, mecloﬁleyukdeﬁnedbyukaﬂoneofa)énylm.'b) 6,6
nylon; ) polyester, and d) aramid fiber.

The cloth layer has s warp and a weft, and in ane form both the warp and
‘weft are defined by at least one of a filament thread and a spun thread.

The weft may be defined by at least one of woolie nylon thread and urethane
elastic thread.

The cloth layer may be one of & pisin weave, twill weave, and satin weave.

In one form, the load carrying cords are defined by
filaments of 5-9 um diameter of at least one of E glass and high
strength glass treated with a protective agent.

The protective agent may be at lsast ane of s rubber composition and en RFL
solution.

* The load canrying cords snsy alternatively be twistod 0.5-2.5 denier Slaments
of para aramid fiber treated with an adhesive defined by at least one of a) an RFL

solution, b) an epoxy solution, and ¢) an isocyanate solution with a rubber

In another form of the invention, s toothed belt is provided having s body
with & length, Iaterally spaced sides, sn inside and an outside, and defining s
plurality of teeth spaced in « lengthwise direction on one of the inside and the
ontaide of the body. The body is defined at sast in part by & rabber somposiion
made up ofn).ethylmepmpylmdimmnnm(ﬂl’DM). b) a diene rubber that
inciudes at last 000 of ) natral ubber, ) BR (botadiens rubbe,if) SBR (styrene

Sheet Has Been Replaced
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back/ out si de surface of the belt faced e card. A loa ,Qf S
applied to the belt. The |oad was connected to a spri'lﬁ%gﬁrbﬁﬁﬁggggig- he

support table, The belt was advanced at a speed of 300 nmmin: The
| oad (F) a!mdlmmbba); iv) NBR{nitrile rubber), v):HNBR (hydrogenatednitrile rebiber)he

coefficient of friction was cal cul ated as F/'W

and vi) chlmmembbw. andc)_cthylidmcnorbomm.’ A cloth layer is provided
on the teeth on the one of the inside and outside of the body.

.t R
A card was placed on a support table. The belt was Ialégfgq{ﬁa?ﬂﬁwﬁﬁﬁEET

Bricf Deactiotion of the Drgwi

Fig.litnwh:nﬁn,:_ideelenﬁmvi’zwofapi«utmhmmdtoconwy
flat articles through the use of & cooperating pair of toothed, endless conveying
belt; | |

Fig. 2 is a fragmentary, perspective view of s toothed belt, according to the
present invention, useable in a system such as that shown in Fig, 1; and

Fig. 3 is a graph of the aumber of ol coating times on 8 conveying article
versus frictional force generated between the article and belts made according to
&epmemhvagﬂmmdmudinéwthgpﬁmm

Detailed Deserintion of fhe Drs
hFi&ZuhMﬁnveﬁmbe&ucudhgﬁ&epmmtinvuﬁon.ih |
shown at 60. T'heconvgying'beltwisuselbleumoftwocoopuﬁngbeluin
& system such as that 10 shown in Fig, 1, described in the Background Art section,
sbove. ‘The bet 60 has a body 62 extending in 8 lenghwise diection, s identified
by the arrow 64. The body 62 has laterally spaced sides 66, 68 and a plurality of
teeth 70 spaced regularly along the length of the body 62 on the inside thereof. The



25C.

This test was carried out in accordan

This test was carried out in accordand® with Jl SK6301.j Yate:. %

Test of Rubber Powder After Running The belt was

shaft running test -machi ne having two

body 62 has an inside surface 72 and an outside, conveying surface 74, which
surface 74 engages the articles 40 to be advanced. The inside surface 72 is covered
with a cloth layer 76. For longitudinal reinforcement, a plurality of load carrying
cords 77 are embedded in an outside part 78 of the body 62,

A rubber composition defines the belt teeth 70 and the outsids belt part 78,
The rubber composition is made up of at least an cthylene propylene diene monomer
(EPDM) and a diene rubber. Preferably, the EPDM is present in the composition
in an amount of 20-70 weight parts, and more preferably 2550 weight parts.

It bas been found that when the EPDM is present in an amount less than 20
weight parts, the resistance of the rubber composition to ozone is detrimentally
reduced. When the amount of EPDM exceeds 70 weight parts, the adherence of the
rabber composition to the cloth layer 76 and the load camying cords 77 is
detrimentally diminished. The wear resistance of the rubber composition also
diminilhuuar«ultofwhichthcbeltli&maybesipiﬁmnﬁy-redued.

Inaprefemdfbm,theiodinevdueintheEPDMisatleut 10, and
preferably over 15, and more preferably over 20,

In a preferred form, it is desirable to co-vulcanize with the diene rubber a
ﬂ:itdccmpomtthatiseﬁﬂﬁdmenorbomhe. Ethylidene norbornane has 8 high

vulcanizing rate,

The diene rubber in the rubber composition is at least one of natural rubber,
BR (butsdiene rubber), SBR (styrene butadiens rubber), NBR (nitrile rubber),
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each wth 90 tFe
environnment at a tenpg
9,000 rpm with a | oad
belt tension of 1.0 kg.
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nyl on canvas c
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fhat a driving pul | gygskiR %
eﬂﬁpmgghv&ﬂu%nrbi

he presence or absence of ru

HRBR g e e Bttt Bt e boer,

three types of rubber ~ 8) EPDM, b)SBR and c) one of NR or BR. More preferably,
the rubber composition is made by blending EPDM, SBR and BR.

B A compoundingagcntmuybeusedinﬂwmbbetcom?oliﬁorgwhich
campounding agent may be at least one of carbon black, zinc white, stearic acid, &
plasticizer, an antloxidant, and the like. Vulcanizing agents, such as sulfor and an
organic peroxide may also be used. The above examples of the compounding
mmdwummmm«:muumdumm

Load carrying cords 77 may be nade by tw:.stlng together 5-9

Am diameter bundled filaments of ‘E glass or a high strength glass
‘and treating the bundled filaments with a protective agent. The

protective agent may be a rubber composition or RFL solui:ion, which
is an adhesive, or the like.

Ahematively,  cord 77 can be made by twisting together and treating 0.5-2.5
denier filaments of para srsmid fiber having good resistance to stretching under high
sttess and tension. Suitable aramid fibers are aviilablé commersially and sold under
the trademarks KEVLAR™ and TECHNORA™, Adbesive treating of these cards
may be effbcted using i RFL solution, an epoxy solution, and sn isocyanste
solution with & rabber composition. The nature of the cords and the treating
solution, described sbove, should not be viewed as limiting.

This Sheet Has Been Reilaced
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canvas and a 5 kg. weight in turn placed on the belt. HEELAGEmENVBasﬂvfkd

reci procably 50 tines a distance of 481nm  The speed o %gﬁnk §ﬁ§a§001
mrkmin, with the nylon canvas cloth thereby being robb@dbdy 4 Be g

surface of the belt. The presence or absence of tacki

belt surface Vi@ clithdsye 76 peeferably s canvas made from at least one of 6 nylon,

6,6 nylon, polyester, acarmid fiber, or the like, The cloth lsyer 76 is defined by s
warp 80, extending widthwise of the bel, snd a weft 82, extending lengthwiss of
the beit. mw&pandweﬁmazcoulduohbelﬁlmmtthmdorspmthmd
made from the fibers, described above for the load carrying cords. For the weft 82,
use of woolie nyion thread having good extendsbility, urethane elastic thread, or s
twisted mixture of urethan elastic thread and nylon, is preferred,

Tlmclo&?Gmuybeplainwwen,_twmwovm, or satin woven.

In a plain woven cloth layer 76, the warp 80 and weft 82 are alternatingly
auledntmyimmecﬁminawmmmmt With twill woven or satin

wmdo&,memumdoﬁmocmatemyimmcﬁonofﬁamsom
weft 82. As a result, there are fewer wive form intersections than with a plain
wmcm.wmmhmbbuwningﬁbodysnﬂ‘wﬁmypenmbem
the warp 80 and weft 82 at points of cross over. Direct contact between the warp
somdweﬁszmed;xc;,'m'mmofwmhhmnfemyum-wed "
ThcclodllayeﬂshpefutblymmdculymﬂimRFL(mmmn-fomahn
Intex) solution. The amount of solid, adhered, RFL solution obtained after drying
is prefenbly 30-50 weight pemnt
mm»hdsoluhmnmdeupoflohdkl"mdlmrem The resulting
) moumoflohdadheredRFLsoluﬁonmdleclothhyu%mbedewmmedby

the following formuls:



G| water was coated onto the surface of .a tel ephong REBLACEMENTISHERISYl ti ng
change in the frictional force between tlge_ belt andjjithe tel ephone cand was
determ ned. The test system used was one as shown tp Detay2.6,ARRA996..... Bavi ng
a lower belt with a width of 6.4 nmand a |l ength o

had a 6. 4mm wi dth o(Cloth Byerweightotfter trétment+ clothdayersweightd on a tabl e
noving at a sp qg#%ﬁﬁwsﬁbm&? Wen t he
belts. The tel ephone car f;&mc. Wil Its magnetic ﬁm aci ng up.
A 5 kg wei ght | aced qn ,the, belt with_ a fixed spring,scale ..
connected to tmmmhﬂmﬁm of mﬁmwmmo
cc of ethanol and 5 g of lard added

latex, with the mole ratio of the resorcin and the formalin being 1 to 1 to 3. The

weight perocat ratio of the initial condensate of resoroin and formalin and the latex
isltolw10. |

The latex used is at least one of styrens-butadieno-vinylpyridine temary
copolymer, hydrogenated nitrile rubber, chlorosulfonated polyethylene and

The cloth 76 is treated preferably as follows. The cloth 76 s immersed in the
RFL solution using & dip trestment performed by squeezing the cloth 76 between
& pair of rollers at & squeezing pressure of approximately 0.3 to 0.8 kgffom (gauge
pressurs). The cloth 76 s then dried. Additional RFL solution treatment is carried
out until the solid adhered amount of RFL solution is 30 to 50 weight percent.

It has been found that when the REL solution is less than 30 weight peroent,
the contacting portions of the warp 80 and weft 82 on the cloth 76 toud to move &,
cxpand the openings 84 bounded by the warp 80 and weft 82, The openings 84
betweenmewu'pSdmdmszundmixpmiuamuhofwhich&embw
surface 72 becomes exposed, and lisbie to be contacted direotly by, the pulleys 16,
18, 24, 26, around which the belt 60 is trained and driven. On the other hand, when



to 100 cc of artificial sweat, to make it close to thejlGmAeeHENTEHEET ?

person's

cofpl ete

20 second
repr esent
descri bed
t he test

conpositi
was

sweat ‘and fat, was used. The #®ating was car‘ied out b
y imrersing the elephone card in the oil watg

! ..............

s wth a fan. In the table of Fig 3. the "nuher—-af—coatiag=tn p"

St 43110 WAk red UmbudFoE RFE ‘sohition £02645 50 Welghepercast, #edit 70

pkfce ure,, the .eLép ne card coated with the oil water
o ﬁ&@%éﬁ“ﬂ:&% upper and | ower belts. The upper belt

The performance of the inventive belt will now be described through testing
procedures comparing specific embodiments of the inventive belt and conventional
belts.

Inventive Embodi 1§
A twill weave canvas cloth was made with & warp density of 180 threads/5
cm and & weft density of 160 threads/S cm. The warp consisted of 140 denier 6,6

nylon, The weft consisted of 280 denier 6,6 nylon and 140 denier urethane clastic

thread. The cloth was vibrated in water and contracted to sbout one half of its width
st the time of weaving. The resulting cloth was then immersed in the RFL solution
shown in Table 1, below, and squeezed by a pair of rollers at 0.5 kgf/em (gauge
pressure). . The elothwnthendmd and.reimmersed in the same RFL solution,
wm&emiquem'nspmmre, dned,andﬁnnﬂycompleﬁedmﬂame
solid adhered amount of RFL solution st 40 weight percent.

as
ei ng



was neasured. The relationship betvvenalét he nunber of ENESHERY |
the*frictional force is showm in Fig. 3 - Fofj the. ol gtipd ,
the sanme untreated canvas cloth was used as for the i \ﬁe@rﬁ‘?i'\‘geﬁ'eln}g*OMHt
and imersed in the RFL solution shown in Table 2. This treatnent wWas
carried out w thout any squeesing pressure applied. The cloth was then
dried to produce a canvas cloth having a solid adhered anount of RFL

solution of 25 weight percent. TABLE 1

pulied and the frictional force between the belt and erephonecaro—;
AN |

1

The load canrying cords were ECG-150-3/0 cords made by forming strands
using bundled glass fiber fllaments of 9um dismeter. The strands were then
immersed in an RFL solution and dried for 2 minutes st 250° C., and then gathered
into groups of 3 strands and twisted at 4.0 turns per 10 cmn.

The resulting cloth was formed into an endless cylindrical body and was set
in a metal mold. AnS.Zpaitofglusﬁbercordsmﬂwnwomdﬂzmonata
*tension of 0.9 kg/oord 0 as o be disposed altematingly at a pitch of 0.5 mm. A
olled sheet, made ofﬁ rubber camposition i Table 2, below, was then applied.
After vulcanizing through an ordinary press-in vuleanizing method, the vuloanized
sleeve was cut to & predetermined width and individual belts formed therefrom.



The rubber composition shown in Table 4, below, was used] fHFPHAGEMENT SHEET]
t he back/outside part of the belt. The ggmnufacturing mnet 39 jquﬁﬂpgqggye
Afescrt

formation of the |oad carrying cords, was the sane as th et f-of-
i nventive enbodi nents 1-6. However, the tooth pitch Was Set
2.032 M 20

(wei ght parts)

Embodimet
4
30
7
s
1
©
1S
10

SGs ~wr s g

o
n
o
»

mmulﬁngwumsmzype,wiﬁ 140 tecth, a width of 6.4 mm, and
atooﬂxpimhofl.sm. _ |

Bt was fund that the shape of the bel teth after molding was precise, with
Mebdnzmbmﬁnymmbbumedwmopeningsinﬁecmm cloth
at the surface of the belt teeth.

Ihmu
To evaluate the characteristics of the belts, various tests were performed, as
sutamarized in Table 3, below, and explained in detsil thereafter.




Conpar ati ve Exanpl e 1 2 3 Chl or opr nBEPLACEMENTSHEET

100 100 - Natural rubb APR-
SBR 1502 s 30 Micpate:. 8.8 NN T
4 - Acetyl ene bI ack 4 20 '
40 Pl asti ci zer 15 35 Stearic acid
1 1 ZnO TABLE 3S 5 5 Napt hene
oi | Vul cani zati on accel erat or MBTS - _ 1
Vul cani zat o= oo e ~ S
Et hyl ene thiaqrea 025 -
Sul fur ‘ 1 13 g1 4 2 ¢ THe 2 |}
per f or mancg e St off=—tiresT et ' Tte=—bety
B EPDMNR/ {EFDMNR | EPDM/ | EFDMW/ | EFDM/ | EPFDM/ | EPDM/ |
SER fSBR BR/SBR NR EBR BR “3” :
™ ECG-1503/0 | BCO-150- | EBcos Eco- | Boo. | Eco- !
| W 15030 | 15030 | 15030 | 15030 ;
Tootheloth | RFL treatment RFL RFL RIL RIL RFL
ocaly westment | frestment | trest- trent- trad
only only ment ment mont
only only only
I-r‘.‘*
. Friction
| conBclont 4
‘ 25°C 132 140 13§ 1.34 138 137 140 |
5*C 132 1.40 138 134 138 136 139 |
35°C 1.30 133 132 | 130 1.30 - 133 136 }
Gayman twiat ,
test (*C) ;
as'c 169 168 165 - - - .
Ol ©167 1643 162 . . - -
+30°C 164 162 19 - - - .
158 . . - .
45

-3¢ | 18 160

A card ‘was plioedonampportuble. ‘The belt was laid so that the
back/outside surfuce of the belt faced the card. A load (W) of 1.0 kgf was applied
to the belt, The load was connected to & spring scale fixed to the support table. The



21

CR

EC& 150-
Cloth
[err]

Conpar ati ve Exanple 1 2 3 RuBBBRACEMENT SHEET

CR NR/ SBR Lord Carryi ngl®ords ECG 15@-%/@}?
ECG 150- 3/ O Daie L340 Foote..
RFL RFL RFL Frctromcoefrcren

belt was advanced at & speed of 300 mm/min. The load (F) when the beit started to

* ilip on the card was determined. The coeicient of friction was caloulated as F/W.

ThemummmuwmukmwiﬂuWMaﬁm of -25°C 10 25°C,

CGayman Twist Test
This test was carried out in ascordance with JISK6231,

This test was carried out in'sccordance with JISK6301,

~ The belt was mounted on & two shuﬁmingmtmachmehmng two
pulleys, each with 90 teeth. The belt was run for 30 hours in an eavironment ot a
temperature of 25°C at a driving pulley speod of 9,000 rpm, with a load of 66.2W
on.thedliveupuncy,andﬁthminiﬁdbeltmﬁonofl.ou The presence or
absence of rubber powder iphshed'ﬁ'ommbeltuethsunfaces aﬁarSOhoundf
running was visually checked.

x I' B . JE
Ethanol was soaked into a nylon canvas cloth. The nylon canvas cloth was
placed an & moving table. ‘The outside surface of the belt was placed against the



[ R s s = vl

25C 1.17 1.15  5[err] REPLACEMENT SHEETO
-35[err]C 0. 98 0. 80 22. 5[ er]

169 ] ] 16518 - Date jgﬁ?ibﬁgr] (
160 -30[err]C 156 . - 41 :

240h 24h 50 pphm - no cracking no

k' o .
%rEgEAICEEI\J/EquﬁSvEEElTnd.a 5 kg. weight in tum placed on the belt. The table was moved
reciprocably 50 times a distance of 40 mm. The speed of movement was 300
mavmin., with the nylon canvas cloth thereby being rbbed by the outside surface
of the belt. The presence or sbsence of tackiness on the outside beit surface was

then checked,

Water/Qil Resistance Teat
| Oil water was costed onto the surface of a telephone card and the resulting
‘change in the. frictional force between the belt and the telephone card was
determined. mwlytﬁmmedwumushownh!’is. 1, herein, having &
 lower belt with-a width of 6.4 mm and a length of 100 mm. The upper belt had &
6.4 mm width and a 25 mm length. The belts were stacked on a table moving st a
speed of 300 mavsecond, with the telephone card between the belts. The telephone
 card was placed with ifs magnetio surface-facing up. A 5 kg weight was placed on
the top belt with a fixed spring scele connected to the weight.
~ An oil water composition, made up of 100 cc of cthanol and 5 g of lard added
blmwofnﬁﬂchlmmmﬂceitclmmﬂx&compomuoﬂpm'smu
and fat, was used. The coating was carried out by complotely immersing the
telephone card in the il water and drying it for 20 seconds with a fan. In the table
of Fig. 3, the "number of coating times” represents the aumber of times that the
mﬁngwuappliedanddﬁed.udemibedabove. |



The tests denonstrate there is no substantial change ijnREPAGENMENT SHEET
coefficient for the inventive belt whenqgused in eitheti high
t epperature environnments. There is especially litt{jlstde r@MNMh
fictional coefficient at | ow tenperatures.
that the inven belt has good regis ne

frictional form:}b |t5& M@%ﬂ‘? mﬁ?ﬁ“ﬂ‘hﬁﬁh %mal I
conpared to the conparatlve exanple t est ed. No rubber powder was

found wi t lconipo pgrea gndlower belts. Themppenbeltmeasi ve -
eabl e rubber

exanpl e belt had notic er splashed fromthe teeth after

running.  obifed®gnd the ﬁ'ﬁﬁm&%@tbéﬁe‘éﬁm'&k and the telephone card was
measured. The relationship between the number of coating times and the frictional

| Mo N——

force is shown in Fig. 3.

Comparative Exatple 1

" Forthe cloth layer, the same untreated canvas cloth was nsed a8 for the
hvmﬁveembodimmlmaimmdinﬁeRFLwhﬁonshowninTnblez. This
treatment was carried out without any squeezing pressure applied. The cloth was
then dried o produce & canvas cloth having a slid adhered amount of RFL solution
of 23 weight percent. | _

The robber composition shown in Table 4, below, was used for the teeth and

the back/outside part of the belt, The manufscturing method, including the
fmmﬁonomelo-dmyingmwmemummmmmmﬁw
embodiments 1-6. Howeves, the tooth pitch was set to 2.032 mm,



di d have a good tooth shape after nol ding, however, tih BEBLAFEMENT SHERL S|l on

rate of rubber on the belt tooth surfa&& was appr oxi rabel yZ 6IAPR 1998 s
. adhesion rate is a value obtained by d#®¥i ding the are a!eove"r"'vyt'r'r'(:1'r"t'1'1'e
rubber is exposed through openings in the canvas cloth by the total area.
The foregoing disclosure of specific enbodinents is intended to be
illustrative of the broad concepts GARLE4nded by the invention.

23 VE CLAIM
(weight parts)

The pesformance characteristics of these belts are shown in Table 5, below.



1. A toothed belt conprising: a body havi ngf Hﬁfeng%rﬁENTgﬁ FSI Iy
q

spaced side, an inside and an outside, d defining anagur;_hlg Apﬂmeet h
spaced in a |l engthwi se direction on one%df the insid CARETGIrEis of
t he body, said body defined at least in part by a rubbber
conposi tion conprising at |east an ethylene propyl ene di ene nonomer (EPDM)
and a di ene rubber; and a cl r on the teeth on the one of
t he inside and out5|de of the body, said cloth |ayer being treated
with a resgre= S . i ' :
: Comparative Example '
| 1 2 [ 3 |
Rubber ' CR ~{CR NR/SBR |
| Load Carrying cords BCG-150-3/0 | ECG-150- | ECG-150- |
- 30 3/0
| Tooth Cloth RFL - |RFL RFL
treatment treatment freatment
| only only only
Friction coefficient o |
25°C - 1117 115 -~
s¢C 1.13 1.00 -
-35°C 0.98 - 1080 -
Gaymmtwmmt('C)
i s.c : 169 _ an -
0°C . 165 ' - -
-20°C 160 - -
«30°C . 156 . . - -
Embrittlement temp. (*C) |41 - -
| Ozone resistance 240h 240k | 24n
1 50 pphm no cracking | no cracking | C-5
20% extension: . |
Electrical resistance (Q) - B |-




2. The toothed belt according to cl affh 1 in conbin tqgﬁ,__m%mgmggbﬁy to

engage the teeth, wherein the one=gf_the inside angd.o

defined by r bber nd the cloth
pul I ey and Me ong

JyES SREEY SRb BN
of ”REF'LM}IE@E and

3. The toothed belt according t

c
(0]
He

a0t &6 ..Jé.ﬁa.v.m t he
6 af the body'

cloth layer is

treated with ommwmmhmwmmmmmemm The

t oot hed belt according to claim3 wherein there are a plurality of |oad

car Y NG ©QigipnBRE A~ fhe hviive B Wad uab B it igh o % Mleratre
environments. There is especially little decrease in the frictional coefficient at low

temperatures,

It can also be.mth;ttheinmﬁve belt has good resistance to ozone and

that the frictional force reduction of the belt when exposed to oil water is small

compared to the comparstive example tested.
Nombbuwwdsmﬁmdwxﬁhmmﬂvebdtmm However,

the comparatlve exanple belt had noticeable rubber powder splashed
from the teeth after running. The belt in the comparative example
did have a good tooth shape after molding, however, the surface
adhesion rate of rubber on the belt tooth surface was approximately
10%. This adhesion rate is a value obtained by dividing the area
over which the rubber is exposed through openings in the caﬁvas

cloth by the tdtal area.

The foregoing dnclom of speciﬂc embodiments is intended to be
ﬂlumhveofthebroadmeepscompmhendedbyﬁehvenuon.

This Sheet Has Been Reﬂ

(D

|



5. The toothed belt according to claimiivmerein thelb&ﬁag@gmgursw&&mde

part in which the load carrying cords ar ibﬂe rt of
t he body and teeth bot h conprise said rubber conposi |mmb ﬁﬁﬁh"

The t oot hed accordlng to claim1 wherein the too st
t oot hed bel belng In conbination with the first toothed belt a
second toothed belt that is the same as the first toothed belt and neans

for nounting the

1. Atoothed belt comprising:

& body having a length, laterally spaced sides, an inside and an outside, and
dﬂﬁningaplmﬂityofmﬂupuedinahgﬂlwhedﬁu&monmofﬂleimidemd
the outside of the body, |

 said body defined at least in part by a rubber composition comprising at lcast
an ethylene propylene dicne mouomer (EPDM) nd » diene rubber; mnd

a cloth layer on the teeth orthe ane of the inside and outside of the body,

said cloth Iayer being treated with 8 resorcin-formalin-fatex solution,

2.  Thetoothed belt according to claim 1 in combination with & pulley to
engage the tooth, whercin the oue of the inside and outside of the body is defined
bymbbenndﬁeclgthhyerpmmh direct contact between the pulley and the
rubber on the one of the inside and outside of the body.

3. Thetoothed belt according to claim 2 wherein the cloth layer is treated
with whnmo;dn—fomnlin—latax solution,

. mmﬁedbdtmdhgwMSWhmthmmaplmhtyof
load carrying cords embedded in and extandinglengthvnse of the body.

A



firTst and second toothed belts for nov nt in endl g5 REpasOEMERESBIEETt he
other of the inside and outside of th& bodies on the flrst and second
‘taoothed belts are in close proximty to frictionalliyDagn eﬁ &"Rll%obj ect
t her ebetween as the first and second toothed belts*

endl ess pat hs. §. mwmmm@dmwmmmhmmm

wherein the rubber conposition conprises ethylidene norbornane and the

acoor 0y ngPUts EETVRRE 6 108 Gyl oG e hpbdded and the'enidd trd APREYAY” |

nat ural rubper BR ( byt adi ene, [ ubber Q) SBR (styrene but adi ene
mci’goﬁxcoépﬁlelmb{m)zm.(y -

6.  The toothed belt according to claim 1 wherein the toothed belt is &
first toothed belt, thare being in combination with the first toothed belt & second
toothed belt that is the same as the first toothed belt and means for mounting the
first and second toothed belts for movement in endless paths wherein the other of
the ingide and cutside of the bodies on the first and second toothed belts are in close
proximity to frictionally convey a flat object therebetween as the first and second
toothed belts are moved in the endless paths.

7. The toothed belt according to clsim | wherein the rubber composition
compuises ethylidenc nocbomane and the EPDM has an iodine value of at least 10,

8.  Thetoothed belt sccording to claim 1 wherein the diene rubber is at
least one of 2) nannlmbbu' 5) BR (butadiene rubber), o) SBR (styrene butadiene
rubber), d) NBR (uitrile rabber), ¢) HNBR (hydrogenated nitrile rabber), and f)
chloroprene mbber

R A



rubber), d) NBR (nitrile rubber), e) HNBR (hydrogenat gdrEPLACERERVIBRIEE) ,

and f) chl oroprene rubber. 25 9. The toagt hed 23{[ C di ng
to.claim1 wherein the cloth layer conprises 30-50 wij. Daer? Njgf ].1.d:
resorcin-formalin-latex solution. 10. The Fred—bett '

according to cl#m 1 FRetsothedbekt Wteording ntooslalmon wherein the cloth layer

 comprises 30-50 wt. percent of solid resorcin-formalin-latex solution.

10.  The toothed belt according to claim 1 wherein the rubber composition
comprises 20-70 weight parts of EPDM.

11.  The toothed belt according to claim 1 wherein the rubber composition
. comprises 25-50 weight parts of EPDM.

12. The toothed belt according to claim 7 wherein the EPDM has an .
iodine value of at least 15, | |

13. The toothed belt according to claim 7 wherein the EPDM has an
iodine value of at least 20,

14. " The toothed belt according to claim 1 wherein the rubber composition

isfomedusing a compounding agent comprising a¢ least one of a) carbon block, b)
zing white, c) stearic acid, d) a plasticizer, and ¢) sn antioxidant.




conprises 20-70 wei ght parts of EPDM 26 11. REFQATEMENTEBHEET |

according to claim1l wherein the rubber conposition cpnprises
part of EPDM ' 12. The toothed belt accordin ;jagpe(;z& ﬁf’ﬁw

t he EPDM has an_ i odi_jpe val u at | east O
%@MM&MIMMM@W east

belt according tlé cl

20.

is formed using a vnlcanizing agent that is at least one of sulfur and an organic

| peroxide.

16.  The toothed belt according to claitn 4 wherein the load carrying cards
mpnuﬁﬁlmuofuhaumonglmmdhighwmgthglmmdmth
a protective agent,

17.  The toothed belt according to claim 16 wherein ths protective agent
comprises at least one of & rubber composition and an RFL solution. |

18.  The toothed belt sccording to claim 4 wherein the load carrying cords
comptise twimdQ.SO-ls denier filaments of pars aramid fiber treated with an
adhesive comprising st least one of a) an RFL solution, b) an epoxy solution, and
¢) an isocyanate solution with a rubber composition.

19. The toothed belt according to claim 1 wherein the cloth layer
comprises atleaﬁt one of 6 nylon, 6,6 nyion, polyester, and aramid fiber.

LR A

i ght
eilin



M——-—ﬂ"‘_.
14 The toothed belt according to claim1 wherein th R‘EHM@IE“WEI%.E (g'»n

i1s formed using a conpoundi ng agent cogprising at | ealt on bon
bl eck, b) =zinc white, c) stearic aci d,ﬂqid) a plastici emateg?ﬂ.é Raw K

ant i oxi dant. _ _ . The
t oot hed belt according to claim1l wherein the rubber conposition _is fornmed

usi ng a vul cani2@i ng 'ﬂmemmwtsmrﬁﬂssto claim, 19 wherein the clotholayeri c
mpdluammdnweﬁmdthemmdyfﬁe-choompﬁnatlmtmof
a filament thread and a spun thread,

21. The toothed belt according to cleim 19 wherein the cloth layer
eomj:ﬁuuwupmdaweﬁandthe\wieﬂcmpﬁm at least one of woolie nylon
thread and urethane elastic thread.

22, The toothed belt according to claim 1 wherein the cloth layer

comprises one of s plain weave, twill wesve, and satin weave.

23. A toothed belt comprising:
lwmxnmwywddmmhd&ﬁdmommd
deﬁningaphnﬂhy,cfmwh;hmhwhdmﬁmmmoﬂhﬁnﬁdem
the outside of the body, |
| saidbodydeﬁnedatluninpmbyambbercompouﬁonoqmpisinga)
cthylenc propylens diens monomer (EPDM), b) & diene rbber that compriscs at
least one of i) natural rubber; i) BR (butadiene rubber), iii) SBR (styrene butadienc
rubber), iv) NBR (nitrile rabber), v) ENBR (bydsogensted itrile rubber), snd vi)
cmmmbbu.mc)emynamem;m |
adoﬂlluyermﬂleueﬂ:onthe'moftheinddemdo\mideofﬂubody.

W



16. The toothed belt according to claigg 4 wherein thelllas eansinsHeer ds
conprise 5-9 filanments of at |east one of E glass and Rhigh stregghhﬁﬂhass
treated with a protive agent. 17. The tOOthEQxQ@l ________________________
claim 16 wherein the protective agent conprises at |eéast—one—of bier:
conposition and an RFL sol uti on. 18. The toothed belt acccordlng

to claim4 wherein the | oad carrying cords

24, The toothed belt according to claim 23 wherein the cloth lsyer is
 treated with 8 resorcin-formalin-latex sotution.

25.  The toothed belt according to claim 23 wherein there are a plurality
of load carrying cords embedded in the body.

26, The toothed belt according to olaim 25 wherein the body has an
outside part in which the load carrying cords are cmbedded and the outside part of
the body and teeth both comprise said rubber composition.

27, The toothed belt aocording to claim 23 wherein the EPDM has an
iodine value of at least 10,

28. The toothed belt acconding to claim 24 wherein the cloth layer
comprises 30-50 wt. percent of solid resorcin-formalin-latex solution.

) O ORI



corr;)rise twisted 0.5-2.5 denier filanments of para aram’d‘fd, r'cé_#ed S RO
an adhesive conprising at |east one of gy an RFL sol uti n,é?;g‘fq Eé‘{Jo??FET

soltition, and c) an isocyanate solution with a rubber c s ta :
19. The toothed belt accor di Rgymimrn CoRsRhc'igqei N t he cl (@3&9 ?‘aQ/gPRm ------ ’
|

.ggrrpri ses at |east one of 6 nyl %I Ib,E Eﬁ ﬁi ﬂ°| ﬁester, and aram d fiber.

A twothed belt having a body with a length, laterally spaced sides, an inside

- Mhmmmlﬂmﬂiyofuamwinamﬂmhedincﬁmon

ons of the inside and the outside of the body. The body is defined at least in part by

ambber.compoaiﬁonmdeupoﬁtlmtanethylmpmpylmdimmma

(EPDM) and & diene subber. Acloahhyuis'pmiaadmmem«mmem of the

inside and the outside of the body. The cloth layer s treated with & resorcin-
formalin-latex solution. |

Figure 2




20" The toothed belt according to claim 19 wherein
conprises a warp and a weft and the warp and weft eac aanm¢':§\éﬁ'&T3 t
bne of a filament thread and a spun tHhread.
acccording to claim19 wherein the cloth | ayer conpri
and the weft conprjgses at |east one of woglye nylon 't

3 bel®zaccording to claim1 wherein

el astic thri@ad. 2244 The toot
the cloth | ay C(;m)ri seg one of a pléin ave,ugvvi Il weave, and satin
| _,47.

weave. 22%44/3& 4«& 2o
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23. A_toothed belt conprising: . a body having a | eagth—|-aterakty—;
spaced sides, an inside and an outside, and defining a rlaEE&AG@MEmTSSEEh
spaced in a | engthw se direction on one of,the inside an t he L0 g ﬁquggg

t he body, said body defined at |least in part by

conposi tion conprising a) ethylene propylene diene nono
di ene rubber that conprises at e
BR( but adi ene rubber), iii) SBRASMY [HER

tural rubber, ||)
(nitrile rubber), v) HNBR(hydrogenated nltrlle rubber) and vi)
BIOURG O 8 IRNENLOR d

chl oroprene rubber, and c) ethyl <&
Field of the .
This invention relates to endless, toothed belts, and, more particularly, to a
toothed belt used to frictionally convey flat objects, such as paper money, cards,
tickets, and the like.

Background Art

A prior art system for conveying thin articles, such as paper money, cards,
tickets, etc. is shown st 10 in Fig. 1. The conveying system 10 includes
cooperating, endless, toothed belts 12, 14, each having a similar construction. The
belt 12 is trained around spaced drive and driven pulleys 16, 18, respectively, which
pulleys 16, 18 have paralle] rotational axes 20, 22. The belt 14 is trsined around
drive and driven pulleys 24, 26, which pullcys 24, 26 are rotatable sbout axes 28,
30, that are paralie] to each other and the axes 20, 22 associated with the belt 12,
The drive pulley 16 rotates in the direction of the arrow 32, with
the drive pulley 24 rotating in the direction of the arrow 33.

‘The beits 12, 14 arc ammanged so that outside conveying surfaces 34, 36 on
the belts 12, 14 are in contact over a substantial length thereof at the region 38, An
article 40 to be conveyed, which article 40 may be paper money, cards, tickets, or
the Iike, is advanced between the belts 12, 14 in the direction of the arrow 42. The



a cloth layer on the teeth on the one the of the inside"a‘;@ sTde—of—t1

body. 28 PLACEMENT $ ﬁ%ﬁ'ﬁz{j

belt according to claim 23 wherein the clgpth Iayer is [itreat @dIVMAD
resorcin-formalin-latex solution.. ‘P The too r{feage tett- av:c&%

to claim23 wherein there are a plurality
In one form, the cloth layer is defined by at least one of a) 6 nylon, b) 6,6

aylon; ¢) polyester, and d) aramid fiber.
The cloth layer has 2 warp and a weft, and in one form both the warp and
weft are defined by at Jeast one of a filament thread and a spun thread.

The weit may be defined by at Ieast one of woolie nylon thread and urethane
elastic thread.

The cloth layer may be one of a plain weave, twill weave, and satin weave.
In one form, the load carrying cords are defined by
filaments of 5-9 ym diameter of at least one of E glass and high

strength glass treated with a protective agent.

The protective agent may be at least onc of a rubber composition and en RFL
solution.

The load cartying cords may alternatively be twisted 0.5-2.5 denier filaments
of para aremid fiber treated with an adhesive defined by at least one of 2) an RFL
solution, b) an epoxy solution, and ¢) an isocyanate solution with a rubber
composition,

In another form of the invention, a toothed belt is provided ‘having a body
with » length, Iaterally spaced sides, an inside and an outside, and defining u
plurality of teeth spaced in a lengthwise direction on onc of the inside and the
outside of the body, The body is defined at Ieast in part by a rubber composition
made up of ) ethylene propylene diene monomer (EPDM), b) & diene rubber that
includes at least one of i) natural rubber, &) BR (butadiens rubber), iii) SBR (styrene



of | oad carrying cords enbedded in the body. 26.
aceording to claim25 wherein the body hazman out si de pa )
| oad carrying cords are enbedded and the side part of it elp.QQy
teeth both conprise said rubber conposition. 27.

T DO 1 MU R NI e AL ST AT B
and the like, I ome preferred form, the rubber composition is made by blending
three types of rubber ~ 8) EPDM, b)SBR sud ¢) one of NR or BR. More preferably,
the rubber composition is made by blending EPDM, SBR and BR.
| A compounding agent may be used in the rubber composition, which

compounding ag=nt may be at least one of carbon black, zinc white, stearic acid, a
plasticizer, an antioxidant, and the like, Vulcanizing agents, such as sulfur and an
organic peroxide may also be used. The above examples of the compounding
agents and vulcanizing agents should not be viewed as limiting.

Load carrying cords 77 may be made by twisting together 5-9
jn diameter bundled filaments of E glass or a high strength glass
and treating the bundled filaments with a protective agent. The
protective agent may be a rubber composition or RFL solution, which

is an adhesive, or the like.

Ahematively, a cord 77 can be made by twisting together and treating 0.5-2.5
demier filaments of pars aramid fiber having good resistance to stretching under high
stiess and tension Suitable aramid fibers are aviilablé commercially and sold under
the trademarks KEVLAR™ and TECHNORA™, Adhesive treating of these cords
may be effected using an RFL solution, an epoxy solution, and an isocyanate
solution with & rubber composition. The nature of the cords and the treating

solution, described above, should not be viewed as limiting.
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Analysis of Tegt Results

|

The tests demonstrate that there is no substantial change in the frictional
coefficient for the inventive belt when used in either high or low temperature
environments. There is especially little decrease in the frictional coefficient at low
temperatures, |

It ¢an elso be scen that the inventive belt has good resistance to ozone and
that the frictional force reduction of the belt when exposed to oil water is small
compared to the comparative example tested.

No rubber powder was found with the inventive belt after rantiing. However,

the comparative example belt had noticeable rubber powder splashed
from the teeth after running. The belt in the comparative example
did have a good tooth shape after molding, however, the surface
adhesion rate of rubber on the belt tooth surface was approximately
10%. This adhesion rate is a value obtained by dividing the area
over which the rubber is exposed through openings in the canvas
cloth by the total area.

The foregoing disclosure of specific embodiments is intended to be
illustrative of the broad concepts comprehended by the invention.



