'[OOTHED PONER TRANSM SSI ON BELT Background of the Invention Field of the
| Avent:i*on This invention relates to power transm ssion belt FroFe
particularly, to a power transm ssion belt having regularly sBé@e%HFEﬁrT MA&@EEN
teeth thereon, that is particularly adaptable to be used ina enBEPLAGER
requiring that the belt remain flexible at |ow tenperatures

under a small |oad. Background Art Toot hed power transm ssion. belts are
used in a nunber of different environments. As exanples, it is.’cormon to
: use a toothed belt for a printer carriage belt, a bill transportation belt,

a card transportation belt, etc. It is knowm to nake the |oad carrying

cords in this type of h&QOTHEDRPOWER TRANSMISSION BELT .'

Background of the Invention
Field of the Inventi

This invention relates to power transmission belts and, more particularly, to
5 a power transmission belt having regularly spaced driving teeth thereon, that is
particularly adaptable to be used in an environment requiring that the belt remain

flexible at low temperatures vs;ith the system under a small load.

Background Art

Toothed power transmission belts are used in a number of different
10 environments. As examples, ‘it is common to use a toothed belt for a printer
carriage belt, a bill transportation belt, a card transportation belt, etc.

It is known to make the load carrying cords in this type of belt from aramid
fibers. Aramid fibers have high strength and a high modulus which gives excellent
dimensional stability in a heated environment as compared to cords made from other

15 types of organic fibers. |

In Japanese Patent Laid-Open 135954/1979, an aramid fiber load carrying
cord is shown with a twist coefficient of 1.4 - 2.6 and a diameter of 300 - 500
denier. | .

It is also known to construct a load carrying cord by bundling and twisting

20 a plurality of raw aramid fibers and applying an adhesive treatment thereto. This
incréases the cord's resistance to flexing fatigue and reduces the tendency of the
cord to fray.

While a toothed belt using load carrying cords made from aramid fiber, as
discussed above, is desirable for the reasons stated, these belts may lack the

25 requisite flexibility in environments in which there is a small shaft load, as on small

mo}_grs used vyith a printer carriage belt, a bill u'ansportaﬁon belt, a card
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tl bers . Arami d fibers have high strength and a hi gh nodul us which gives

excel | &nt dinensional stability in a heated environnent as Oﬁp@rg{ﬂ;é AS BEEN
cords made from other types of organic fibers. In Japanese at ent g 132
135954/ 1979, an aram d fiber load carrying cord is shown w

coefficient of 1.4 - 2.6 and a dianeter of 300 - 500 denier. It isSVR-3040
known to construct a |oad carrying cord by bundling and twisting a

plurality of raw aram d fibers and appl yi Bg an adhesi ve treatnment thereto.

- This increases the cord's resistance to flexing fatigue and reduces the
tendency of the cord to fray. Wi le a toothed belt using |oad carrying

cords made fyramsportation belt)eor, thedikei sAtdowdteniperaturdss tlde tipebf deltaypically

reasons st atl?eccl:omteg ?nsgehlyt3 %lgids, wnﬁch ln?a%t( retqulx?re a high starting torque and cause exertion
of a large load on pulley shafts about which the belt is trained. The result of

exerting this large load on the shaft may be excessive heat generation, abnormal

5 sound development, and/or localized abrasion in the contact areas of the belt. To
overcome these problems, shortcomings, the entire system, including the belt, may

have to be made larger than desirable. Further, due to the high required starting

torque, the capacity of the motor may have to be increased over that which is

desired, which adds to the cost of manufacture and operation of the overall system.

10 Summary of the Invention

In one form of the invention, a power transmission belt is provided having
a body with an inside and an outside, a length, and a plurality of teeth on one of the
inside and outside of the belt body and spaced in a likewise direction. A load
carrying cord is embedded in the belt body and extends lengthwise thereof. The

15 load carrying cord is made up of a first plurality of monofilament aramid fibers,
each having a denier of 0.5 to 2.0 and bundled to define a combined diameter of
0.10 to 0.20 mm. _

A toothed power transmission belt can be made, according to the invention,

so that the belt is flexible at low temperatures, can operate effectively with a small
20 shaft load (i.e. under low tension), and is operable with a relatively low starting
torque.

In one form, at least some of the monofilament aramid fibers are twisted
together. The monofilaments may be grouped to define strands which are twisted
together. The fibers may be single twisted up to 100 times per 10 cm.

25 At least some of the first plurality of monofilament aramid fibers may be
bonded together without twisting, as by using a treating solution that may be one of

a) an RFL solutlon, b) an epoxy compound, and c) an isocyanate compound.
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as:;ongsmall notors used with a printer carriage béelt, a bill .
belt, a card REPLACEMENT SHEET 2 transportation belt, or t tiarsl SHeEET kS BEEN
| ow terrperat ures, this type of belt typically becones hi ghl {f fPegir HEPLACED

may require a hi gh starting torque and cause exertion of a

pulley shafts about which the belt is trained. The result of exertfng 4@
| arge | oad on the shaft may be excessive h’/,zat gener ati on, abnor mal sound
devel opment, and/ or Iocal ized abrasion |n the contact areas of the belt. To

A.ﬂerthemonoﬁlmentmdﬁbm nrebondedmgether theymaybe
treated with one of ) an RFL treatment and b) rubber cement.

In ane form, at least some of the aramid fibers have sromatic nuclei in the
main skeleton of the molecular structure.

5 Among the suitable aramid fibers are those sold commercially under at least -
one of the trademarks CONEX™ NOMEX™, KEVLAR™ | TECANORA™ and
TWARON™, -

In one form, a cloth layer covers the teeth, Theclothlaya-maybe at least
one of 6-nylan, 6,6-nylon, polyester, and aramid fiber.
10 lhecloﬂxlayu’maybemade,upofwmpandweﬁyamsthatareatléastone
of filament yarns and spun yams,
In one form, the weft yams are at least one of woolly nylon yarns, elastic
urethane yarns, and a mixture of elastic nrethane yarns and nylon yarns,
The cloth layer may at least one of a plain weave, twill weave, and satin
15 weave fabric,
The cloth layer may be treated, as with a resorcin-formalin-latex solution.
In another form of the invention, a power transmission belt is provided
having a body with an inside, an outside, a length, laterally spaced sides, and a
plurality of teeth on the inside of the body aud spaced in 8 lengthwise direction. A
20 plurality of laterally spaced, load carrying cords are embedded in the belt body and
extend lengthwise thereof. A cloth layer is provided on the inside of the belt body
and covers the teeth, There is a coating on the cloth layer. The load carrying cords
cach are defined by a first plurality of monofilament fibers each having a denier of
0.5 t0 2.0 bundled so that the load camying cords have a combined diameter of 0.10
25 t0 0.20 mm.
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over core these problens, shortcomings, the entire system .inc
belt, *may have to be made | arger than desirable. Further, due

required starting torque, the capacity of the notor may have
I ncreased over that which is desired, which adds to the cost
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and operation of the overall system Summary of the Invention In vpeiigom
of the invention, a power transm ssion belt is provided having a body with

an inside and an outside, a length, and 4 plurality of teeth

on one of the

i nsi de and

outside of the belt body and spaced in a |ikew se direction.

| oad carrying cord is enbedded in the belt -body and extends | engthw se

t hereof Th

iefl iptii he Dri e up of a first plurality of

A

nonofil ament aram d_fibers, each haV| ng a ,denier of 0.5 to 2.0 and bundl ed
to define a combFiged it fagmentans perspestive visw of atrothed power transmission belt

10

15

20

25

according to the present invention; and
Fig. 2 is a graph illustrating the relationship between the shaft load and
variation of center distance for a toothed belt according to the present invention and

a conventional belt.

Detailed Description of the Drawings

In Fig. 1, a power transmission belt, according to the present invention, is
shown at 10. The belt 10 has a body 12 with an inside 14, an outside 16, a length
in the line of the double-headed arrow 18, and laterally spaced sides 20, 22. The
body 12 defines a plurality of laterally extending teeth 24 spaced at regular intervals
along the length of the body 12.

The body 12, including the teeth 24 and a back portion 26 of the body 12, are
preferably made from rubber. Suitable rubbers are chloroprene rubber (CR), natural
rubber (NR), millable urethane rubber, hydrogenated nitrile rubber (HNBR),
chlorosulphonated polyethylene (CSM), and alkylated chlorosulphonated
polyethylene (ACSM). The hydrogenation rate of the hydrogenated nitrile rubber
is more than 80%, and preferably more than 90%, for the rubber to have the desired
heat resistant and ozone resistant properties. If the hydrogenation rate for the
hydrogenated nitrile rubber is less than 80%, the heat and ozone resistance for the
rubber are significantly diminished.

Carbon black, zinc powder, stearic acid, plasticizer, aging inhibitor, and the
like, can be added to the rubber as a blending agent. Sulfur or organic peroxide can
be used as a vulcanizer. However, the use, and nature, of the blending agent and
vulcanizer are optional.

A cloth layer 28 is adhered to the inside surface 30 of the body 12 over the
teeth 24. A suitable material is a canvas clom%&nylon,
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relatively low starting torque. In one form at |east sone of.
monofilament aramid fibers are twi sted together. The: nonof i | anen
grouped to define strands which are tw sted tegether.
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single twisted up to-100 tines per 10 cm At | east some of the first
plurality of nonofilament aram d fibers may be bonded together without

~twisting, as b

sol-uti on,
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combination, Wa:pymsz extending laterally of the belt 10, audweﬁyams 34,
extending lengthwise of the belt 10, cooperatively define the cloth layer 28 and are
preferably filament or spun yams made of the fibers, described above. The cloth

layer 28 may be a plain weave, twill weave or satin weave. At least a portion of the .

weft is defined by shrinkable woolly nylon yams, elastic urethane yarns, or mixed
spun yarns with elastic urethane and nylon yam.

In the case of 4 plain weave canvas, the warp and wef} yams 32, 34 alternate
above and below at every crossover in both the lengthwise and a widthwise
direction of the belt 10. However, with twill or satin weave canvas, the warp and
weft yarns 32, 34 do not change relationship at every intersection, so that the

aumber of raised crossing points is less than it would be with a corresponding plain.

weave canvas,
Rubber applied to the canvas layer 28 penetrates not only the space bounded
by the yarns, but also the space between the yarns at the intersection between the
warp and wept yams 32, 34. The rubber thus maintsing & space between the yarns
32, 34 at the crossover points and thereby lengthens the beit life.
In a preferred form, the cloth layer 28 is treated principally with a resorcin-
formalin-latex (RFL) solution. The RFL solution includes an initial condensation

‘product of resorcin and formalin mixed in a latex. The latex is preferably one of

styrene-butadiene-vinylpyridine terpolymer, hydrogenated nitrile rabber,
chiorosulphonated polyethylene, and epichlorhydrin. ,

Preferably, the cloth Iayer 28 is treated only with RFL solution, with a
deposit of solid resorcin-formalin resin being adjusted to be 20 to 50% by weight.
This makes the opening bounded by the warp and weft yarns 32, 34 smaller and
less expandable so that the robber defining the teeth 24 is not exposed as to rubber

- powder that might be wom off the belt in use, Further, the solid content of the resin
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3 After.the nonofilament aram d fibers are bonded together, they may be
treated with one of a) an RFL treatment and b) rubber cenent. IfhﬁyyﬁgéyﬁﬁbhE
at | east some of the aram d fibers have aromatic nuclei in thg MINgep scen
skel eton of the nolecular structure. Anong the suitable aram
t hose sold commercially under at |east one of the trademarks [err] veprd440
[err]. In one form a cloth |layer covers the teeth. The cloth | ayer may be
at | east one of 6-nylon, 6,6-nylon, polyester, and aram d fiber. The cloth
| ayer may be nade up of warp and weft yarns that are at |east one

on the surface of the teeth 24 reduces the friction thereat to decrease noise as the
belt is operating.

Within the body 12, between the teeth 24 and the outside 16 of the body, a
plurality of laterally spaced, longitudinally extending, load carrying cords 36 are

5 embedded. In a preferred form, each cord 36 is an aramid fiber cord defined by
gathering 100 to 400 monofilaments with a denier of 0.5 to 2.0 into groups to define
strands, one or more of which are bundled to produce a combined diameter of 0.10
to 0.20 mm. The strand(s) is single twisted at no more than 100 times/10 cm.
Alternatively, monofilaments can be gathered by a bonding treatment, without

10 twisting.

If the monofilaments have a denier of less than 0.5, while the rigidity thereof
is reduced, the modulus of elasticity is also decreased. With a belt of this type used
on a printer carriage, printing accuracy may be compromised, with costs resultingly
increased. If the denier exceeds 2.0, the belt flexibility is compromlsed and the belt

15 become excessively rigid. )

If the diameter of each load carrying cord 36 is less than 0.10 mm, the
modulus of elasticity is decreased. Again, with the belt used on a printer carriage,
this may account for an unacceptable compromise in printing accuracy. The PLD
value (the distance between the pitch line passing through the center of the load

20 carrying cords and the belt bottom land) of the belt may also decrease excessively,
with the engaged length of the belt and pulley being increased.

On the other hand, if the diameter of each load carrying cord 36 exceeds 0.2
mm, the belt lacks the desired flexibility and may be highly rigid. This results in an
increase in the required starting torque for the system.

25 The invention contemplates that the strands defined by the combined
monofilaments could be bundled and primary-twisted, with a plurality of these
strands gathered and finish-twisted into an aramid fiber rope of 0.10 mm to 0.20
mm. This construction, while contemplated, is not preferred, since the rigidity of
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-uret fane. yarns and nylon yarns. The cloth [ayer may at | eas]
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I nvention, a power transm ssion belt is provided-having a body with an
inside, an outside, a length, laterally spaced sides, and a plurality of
teeth on the inside of the body and spaced in a | engthw se direction. A
plurality of lateralkly spaced,,load garrying cor e enbedded n the belt"
body and extend‘ﬁﬁﬁ&%ﬁ‘ﬁh%°ﬁf@ﬁéﬂ#&ﬂ@ﬁﬁr%@ﬁ§aw YO i de
of the belt bodgsﬁp&ﬁﬂﬁgaamgue teeth. There is a coating on the cloth

| ayer. The | oad caFryi ng cords

In the event that the manofilaments are not twisted, they can be gathered and

held together through a bonding treatment. This bonding treatment uses a treating

5 solution selected from one of RFL solution, epoxy compound, and isocysate
compound, Through this treatment, the filaments can be conveniently gathered and
are less prone to fraying, '

After this initial treatment, the load carrying cords 36 may be further treated
with rubber cement. Altematively, the RFL treatment can be climinated and rubber

10 cement used as the only treating agent, The bonding treatment with rubber cement
may be repeated several times, if necessary.

The fibers used for the load carrying cards 36 preferably are aramid having
aromatic nuclei in the main skeleton of the molecular structure. Suitable aramid
fibers are available on the market and sold commercially under the trademarks

15 CONEX™, NOMEX™, KEVLAR™, TECHNORA™ and TWARON™,

The belt, described above, can be mads to remain soft and flexible umder
normal or low temperatures, Further, since the linear expansion coefficient of the
aramid fibers is negative, tension at a low temperature, on the order of 5° to -35°C,
i3 lowered, resulting in a raduced starting torque and decreasing the load imposed

20 on the shaft, Accordingly, a smell size motor can be utilized.

By treating the cloth layer 28 with the RFL solution, the openings in the cloth
are made smaller and less expandable, to thereby prevent exposure of the rubber in
the tooth portion and migration of small rubber particles through the openings to
against the teeth. Further, the solid resin on the surface of the teeth reduces the

25 friction at that surface to decrease noise during operation. |

The effectiveness of the present invention is demonstrated by comparative
testing between the inventive belts and other belt constructions not incorporating the
present invention,
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each are defined by a first plurality of nonofilament fibers
denier ‘of 0.5 to 2.0 bundled so that the |oad carrying cords
conbi ned di aneter of 0. 10 to 0.20 mm 4 Brief Descriptio
Drawings Fig. 1 is a fragnentary perspective view of a tooth

(0]

f

t

FURS SHEET HAS BEEN

PLACED

]

transm ssion belt according to the present invention; and Fig. 2 igpaigagph
illustrating the relationship between the shaft | oad and vari ati on of
center distance for a toothed belt accordgng to the present invention and

In i - m 1 le 1

A twill weave canvas was woven with weft yarns made of 80 denier, 6-nylon

and warp yarns made of 80 denier, 6-nylon with a warp density of 250 warp yarns/5 |
cm and a weft density of 300 weft yarns/5 cm. The fabric was placed in water and
5 vibrated to shrink the width thereof to about 1/2 the original width. The canvas was

immersed in an RFL solution and thereafter squeezed between a pair of rolls at 0.5

kgf/cm (gage pressure). The canvas was again immersed in the RFL solution and

again squeezed at the same pressure and dried.

The solid deposit of resin on the teeth was about 20% based on the following

10 formula: (canvas weight after treatment - canvas weight before treatment)/(canvas

weight before treatment) x 100(%).

A predetermined amount of aramid fiber filaments, sold under the trademark

TECHNORAT™, and with a predetermined diameter, were bundled into a strand.

A single strand was finish-single-twisted 70 times/10 cm to prepare pairs of S- and

15 Z-twisted cords, which were immersed in a cement made up of an RFL solution and
dried to obtain a treated cord. The constitution of the cords is shown in Table 1,

below.

_—
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a conventional belt. Detailed Description of the Drawings In Fj
power transm ssion belt, according to the present invention, i
10. The belt 10 has a body 12 with an inside 14, an outside 1
the line of the doubl e-headed arrow 18, and laterally spaced
The body 12 defines a plurality of laterally extending teeth 24 spvpeguab
regul ar intervals along the length of the body 12. The body 12, including
the teeth 24 and a back portion 26 of the9body 12, are preferably made from
rubber. Suitable rubbers are chloroprene rubber (CR), natural rubber (NR),
m | | abl e urethane rubber, hydrogenated nitrile rubber (HNBR),

chl or osul phonat ed pol yet hyl ene (CSM, and al kyl ated chl or osul phonat ed

pol yet hyl ene (ACSM . The hydrogenation rate of the hydrogenated nitrile

r ubber TABLE 1
Inventive Sample Comparative Sample
1 2 3 1 2 3
Load Carrying Cord
1. Material Aramid | Aramid | Aramid | Aramid | Glass Glass
fiber fiber fiber fiber fiber fiber
2. Monofilament 05d 0.75d 1.5d 154 ECG150 | ECG150
5 3. Structure 200d/1 | 200d/1 | 200471 400d/1 | 3/0 2/0
4. No. of finishing 70 70 70 70 4 4
twist (no./10 cm)
5. Rope dia. (mm) 0.15 0.15 0.15 0.20 0.25 0.2
) 6. Belt 25°c |07 0.9 1.0 1.4 1.5 1.5
10 xgﬁmy -5°c |10 1.2 1.5 20 29 2.6
-35°C |15 1.8 2.1 2.9 6.4 52
7. Starting | 25°C | 80 10.0 112 14.5 148 13.5
torque
(gcm) |{5°C 9.5 115 13.5 16.0 16.4 162
15 The cloth was formed into an endless cylinder which was placed on a metal

mold. Pairs of S- and Z-twisted cords were alternatingly wound around the cloth
on the mold at a pitch of 0.4 mm under a tension 6f 10kg/load carrying cord. A
sheet of chloroprene rubber was then wrapped over the cords and vulcanized using
a conventional press fitting method.
20 The vulcanized belt sleeve was then cut to define individual belts. Each belt
had 300 teeth, a tooth pitch of 2.032 mm, and a tooth shape that was a trapezoidal
MXL tooth.
The rigidity, starting torque, and relationship between the shaft load and the

variation in the center distance were measured for each of the belts at each of the
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and Fig. 2.

To measure belt rigidity, a belt was placed on a table disposed in an oven and
mahtamedatapredetemmedtempmturethhtenteeﬂxpro&udmgﬁ'omtheend
of the table. A load was apphed on the protruding belt end, When the protruding

‘portion of the belt flexed by 435°, the load was identified.

To measure the gtarting torque, the belt was wrapped around driving and
driven pulleys, each having 20 teeth, 300g of tension was applied with a shaft load
on the driven pulley 6f 600g. The minimmm load (W) when the weight lowered by
5 e was messured. The starting torque was dstermined according to the following
equation: starting torque = (W - W) x 0.65, where W, representy the load at which
the weight lowered by § cm with the belt not mounted.

To measure the relationship between the shaft load and the variation in the

center distance, the belt was wrapped around driving and driven pulleys, each
having 20 teeth, The driven pulley was movable in a lengthwise direction. The
variation in the amount of center distance upon changing the shaft load by moving
the driven pulley was measured,

Comparative Samples 2-3
Glags fiber filaments, each having a diameter of about 9 micrometers, were
bundled to form a Ioad carrying cord strand. The strand was immersed in RFL
solution and dried at 250°C for 2 mingtes, A predetermined number of the strands
were collected and twisted at 4.0 times/10 cm to obtain the load carrying cord. The
cords produced were 150-3/0 type, with a diameter of 0.25 mm, and ECG-150-2/0

type, with 2 0.2 mm diameter. 'Ihebemwereﬂxesameasﬂ:eoﬂ:ersamples except |
- for the load carrying cords.

'Iheng:dﬂymdstmﬂngtmquafor each of the resultant belts at each of the
temperatures was measured with the resnlts being shown in Table 1.
_ I
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5 pol JESERT BY MeRaR o facapatr 1070, +1e2d-ak e, aahs CR var r“c‘fﬁsmﬁmzsa rrayssmwsed TE
al-one* or in conbination. Warp yarns 32, extending laterally of
and weft yarns 34, . extending Iengthmnse of ‘the belt 10, cooper ﬂ}m%BMEETHASBEEN
define the cloth layer 28 and are preferably filanent or spun Jéarns RERIACED

the fibers, described above. The cloth | ayer 28 may be a plain
weave or satin weave. At least a portion of the weft is defined by
shri nkabl e wool Iy nyl on yarns, elastic urgihane yarns, or mxed spun yarns
‘Wi th elastic urethane and nylon yarn. In the case of a plain weave canvas,
“the warp and weft yarns 32, 34 alternate above and bel ow at every crossover

in both the Iengt hwmﬂwﬁmwaeﬁmmmmwwxe. ver,

with twill or satin weave canvas, the warp a
-35° C). Asamd;amanersmﬁngtorquewasnecessawcomparedwﬁem-
inventive belts. The flexibility of the inventive belt can also be seen from the
relationship between the shaft load and the variation in the center distance in Fig,

S 2,

Accordingly, the inventive belt is soft and flexible at normal temperatures
and at low temperatures, Tension at low temperature i lowered, thereby enabling
application of a relatively small starting torque and decreasing the load imposed on
the shafls, as compared to the non-inventive belts, thereby obviating the need for a

10 large motoar,

The foregoing disclosure of specific embodiments is intended to be
illustrative of the broad concepts comprehended by the invention.
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wef t yarns 32, 34 do not change relatlonshlp at every interse
t he 'Mudnber of raised crossing points is less than it would be Aﬂ}MSSHEETHASBEEN
correspondi ng plain weave canvas. Rubber applied to the canva Iayems@&Acgp
penetrates not only the space bounded by the yarns, but also t .
between the yarns at the intersection between the warp and wept yar{p-3440

34. The rubber thus maintains a space between the yarns 32, 34 at the

crossover points and thereby | engthens thedelt life. In a preferred form

the cloth layer 28 is treated principally with a resorcin- formalin-I|atex

(RFL) solution. The RFL solution includes an initial condensation product

of resorcin and formalin mxed in a latex. The latex is preferably one of

st yrene- but adi ene-vi nyl pyridine terpol ynmer, hydrogenated nitrile rubber -

chl or osul phonat ed pol yet hyl ene, and epi B | .
N

2 a body having an inside and an outside, a length, and a plurality of teeth on

1. A power transmission belt comprising:

at least one of the inside and outside of the belt body and spaced in a lengthwise
4 direction; and
a load carrying cord embedded in the belt body and extending lengthwise of
6 the belt body,
wherein the load carrying cord comprises a first plurality of monofilament
8 aramid fibers each having a denier of 0.5 to 2.0 and bundled to define a combined
diameter of 0.10 to 0.20 mm.

2. The power transmission belt according to claim 1 wherein at least some
2 of the monofilament aramid fibers in the first plurahty of monofilament aramid
fibers are twisted together.

3. The power transmission belt according to claim 2 wherein the at least

2 some of the monofilament aramid fibers are single-twisted.

4. The power transmission belt according to claim 2 wherein the at least

2 some of the monofilament aramid fibers are twisted up to 100 times/10 cm.

5. The power transmission belt according to claim 1 wherein at least some
of the monofilament aramid fibers in the first plurality of monofilament aramid

fibers are bonded together without twisting. ' ,
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Preferably, the cloth layer 28 is treated only with RFL sol

. _
deposit~of solid resorcin-formalin resin being adjusted to TAGB SIQE@%AQBEEN-—
wei ght. This makes the opening bounded by the warp and weft jyarns REPLABED '

smal | er and | ess expandabl e so that the rubber defining the
exposed as to rubber powder that m ght be wo

elt
Further, the solid content of the resin 6
reduces the friction thereat to decrease n@ se ﬂ“ﬁ‘ln ﬂ‘l“l

I N use.vP-1440
\ﬁl the teeth 24
per ati ng.
Wthin the body 12, between the teeth 24 and the out-si d¢ 18 of the body, a

6. The power transmission belt according to claim 5 wherein the

2 monofilament aramid fibers are bonded together using a treating solution that is at
least one of a) an RFL solution, b) an epoxy compound, and c¢) an isocyanate
4 compound.
7. The power transmission belt according to claim 5 wherein after the
2 monofilament aramid fibers are bonded together, the monofilament aramid fibers
are further treated with one of a) an RFL treatment, and b) rubber cement.
8. The power transmission belt according to claim 1 wherein at least some
2 of the monofilament aramid fibers in the first plurality of monofilament aramid
fibers comprise aramid fibers having aromatic nuclei in the main skeleton of the
4 molecular structure.
9. The power transmission belt according to claim 1 wherein at least some
2 of the monofilament aramid fibers in the first plurality of monofilament aramid
fibers comprise aramid fibers sold commercially under at least one of the
4 trademarks CONEX™, NOMEX™, KEVLAR™, TECHNORA™ and
TWARON™,
10. The power transmission belt according to claim 1 wherein the teeth are
2 covered on the at least one of the inside and outside of the belt body with a cloth
layer.
11. The power transmission belt according to claim 10 wherein the cloth
2 layer is treated with a resorcin-formalin-latex solution.

[

as Been RepIIaced .
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plurality of laterally spaced, |ongrtudinallTy ‘extending, |oad carrying
cords' 36 are enbedded. In a preferradiifmmiimi ¥ 36 is df
cord defined by gathering 100 to 40ammwummﬂmpth a dedfi &
2.0 into groups to define strands, ore ¢r tor® of which are
produce a conbi ned diameter of 0.10 to 0.20 mm The strand(s)
twsted at no nore than 100 tinmes/10 cm Alternatively, nonofil anents can
be gathered by a bonding treatnent, withoat tw sting. If the nmonofil anents
have a denier of less than 0.5, while the rigidity thereof is reduced, the
nmodul us of elasticity is also decreased. Wth a belt of this type used on a
printer carriage, 12, i Thepowkstinsfiissityy belt acosdinmgtoscldim \#0t wheredn the cloth
resultingly increased. If the denier exceeds 2.0, the belt flexibility is
conpr @ri sed Aayertcomprises ableastrone of 6<nyilom| 6;6miydonj polyester, and aramid fiber.

13. The power transmission belt according to claim 10 wherein the cloth
2 layer comprises warp and weft yarns that are at least one of filament yarns and spun

yarns.

14. The power transmission belt according to claim 10 wherein the cloth
2 layer comprises warp and weft yarns and the weft yarns comprise at least one of
woolly nylon yarns, elastic urethane yarns and a mixture of spun elastic urethane

4 yarns and nylon yarns.

15. The power transmission belt according to claim 10 wherein the cloth

2 layer comprises at least one of a plain weave, twill weave, and satin weave fabric.

16. The power transmission belt according to claim 1 wherein at least

2 some of the monofilament aramid fibers in the first plurality of monofilament

aramid fibers are grouped to define a first strand, at least some of the monofilament

4 aramid fibers in the first plurality of monofilament aramid fibers are grouped to
define a second strand and the first and second strands are twisted together.

17. A power transmission belt comprising:

2 a body having an inside and an outside, a length, laterally spaced sides, and
, a plurality of teeth on the inside of the body and spaced in a lengthwise direction;
4 a plurality of laterally spaced, load carrying cords embedded in the belt body
and extending lengthwise of the belt body;
6 a cloth layer on the inside of the belt body covering the plurality of teeth; and
a coating on the cloth layer,
This Sheet Has Been Replaced
T




| f the di anmeter of each |oad carrying—eord—36—istess than OB—mm—the
modultis~ of elasticity is decreased. elt use MSEBHEETN/@BEEN I
carriage, this may account for an u @Eg%mm! m se inj{pri ntREPLACED ,
accur.acy. The PLD val ue (the distanc ch l'ine d
t hrough the center of the load carrying cords and the belt bottom kgiad)s

the belt may al so decrease excessively, wth the engaged | ength of the belt

and pull ey being increased. On the other bsand, if the dianeter of each | oad
carrying cord 36 exceeds 0.2 mm the belt |acks the desired flexibility and

may be highly rigid. This results in an increase in the required starting
torque for the sysiistein' the i wadncanpingorbedsdleatk Scomptisé e first lbfalitef ofied

by the conbi ned nonofil aments coul d be bundled and primary-twi sted, With a
plurality of mamefilamentfibers epshiheving adanier of G5 to 2 G bundled to have acambinéd ber

ropelc&f 0. lodlrrmto of6q0t0020mm

18. The power transmission belt according to claim 17 wherein the
2 monofilament fibers comprise aramid fibers having aromatic nuclei in the main

skeleton of the molecular structure.

19. The power transmission belt according to claim 17 wherein the

2 monofilament fibers comprise aramid fibers sold commercially under at least one
of the trademarks CONEX™, NOMEX™, KEVLAR™ | TECHNORA™ and
4 TWARONTM,

20. The power transmission belt according to claim 17 wherein the first

2 plurality of monofilament fibers is single twisted up to 100 times/10 cm.

21. The power transmission belt according to claim 17 wherein a second

2 plurality of the monofilament fibers is bonded together using a treating solution.

22. The power transmission belt according to claim 17 wherein the cloth

2 layer is treated with a resorcin-formalin-latex solution.

Thls Sheet Has Been Re m
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mm_’ Thi’s construction, while contenplated, i.s not preferred since the

ri-gidi ty of 7 a belt i ncor porating thi*s"type of load carr 1 RS SUEETIOG BEEN .
t hatpgme

i ncreased over that using a single-twi sted cord. In the even CED
nonofil aments are not twi sted, they can be gathered and held
t hrough a bondi ng treatnent. Thi s bonding treatnent uses a treati ngp-1440
solution selected fromone of RFL sol ution, epoxy conpound, and isocyanate
conmpound. Through this treatment, the filigrents can be conveniently

gat hered and are |l ess prone to fraying.

Abstract of the Disclosure
A power transmission belt having a body with an inside and an outside, a

length, and a plurality of teeth on one of the inside and outside of the belt body and
spaced in a likewise direction. A load carrying cord is embedded in the belt body

) vt

5 and extends lengthwise thereof. The load carrying cord is made up of a first
plurality of monofilament aramid fibers, each having a denier of 0.5 to 2.0 and
bundled to define a combined diameter of 0.10 to 0.20 mm.

This Sheet Has Been Reﬂlaced
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reated with rubber cenent. Alternatively, the RFL treatnent can . '
elim nated and rubber cenent used as the only treating agent.: Adi .
treatment with rubber cement may be repeated several times, if{l TUSSHEETHAS BEEN
The fibers used for the |oad-carrying cords 36 preferably areffar ani REPEAGE
aromatic nuclei in the nmain skeleton of the nolecular structure.— -
aram d fibers are available on the market and sold commercial Ty under—the
trademarks [err]. The belt, described above, can be nade to femmin soft and
flexible under normal dB=hQw tenperatyres. Further, since the}] Been Replaced
expansi on coefficient of th aid bers is negative, tensi OH' l“ﬂ”, ["
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on the'shaft. Accordingly, a small size motor can be utili @EPF ,\Eﬁgﬁgiﬁﬂ'

the e eth

mede smaller and | ess expandable, to thereby prevent expos
in the tooth,portion and mgration of small rubber. particl
4 (agalnst the teeth. Further, the solid resin on the surface of

| ayer 28"with the RFL sol ution, the openings in tjhe

openi ggs
the t eftH feduces the friction at that surface to decrease noise during -

operation,
conpar at

Ebe effectiveness of the presept invention is denpnstrated by
fe testing between the inventive belts and other belt

constructions not incorpor atl ng the present invention.

D POWER TRANSMISSION BELT

Background of the Invention
Fi Inv

This invention relates to power transmission belts and, more particularly, to
a power transmission belt having regularly spaced driving teeth thereon, that is
particularly adaptable to be used in an environment requiring that the beit remain

flexible at low temperatures with the system under a small load.

Background Art

Toothed power transmission belts are used in a number of different
environments. As examples, it is common to use a toothed belt for a printer
carriage belt, a bill transportation belt, a card transportation belt, etc.

It is known to make the load carrying cords in this type of belt from aramid

 fibers. Aramid fibers have high strength and a high modulus which gives excellent

dimensional stability in a heated environment as compared to cords made from other
types of organic fibers.

In Japanese Patent Laid-Open 135954/1979, an aramid fiber load carrying
cord is shown with a twist coefficient of 1.4 . 2.6 and a diameter of 300 - 500
denier.

It is also known to construct a load carrying cord by bundling and twisting
a plurality of raw aramid fibers and applying an adhesive treatment thereto. This
increases the cord's resistance to flexing fatigue and reduces the tendency of the
cord to fray. '

While a toothed belt using load carrying cords made from aramid fiber, as
discussed above, is desirable for the reasons stated, these belts may lack the

requisite flexibility in environments in which there is a small shaft load, as on small

~ motors used with a printer carriage belt, a bill transportation belt, a card




8 Inventive Sanples 1.3 and Conparative Sanple 1 A twill wegyRepRACEBMENTSHEET
woven With weft yans made of 80 denier, 6-nylon and warp ya made :
denier, 6-nylon with a warp density of 250 warp yarns/5-cm daﬁ,\z\gf

density of 300 weft yarns/5 cm The fabric was placed in wat-

to shrink the width thereof to about 1/2 the original wdth. The canvas was
i mrersed in an RFL solution and thereafter squeezed between a pair of rolls
at 0.5 kgf/cm (gage pressure). The canva® was again i mersed in the RFL

sol ution and agai n squeezed at the sanme pressure and dried. The solid
deposit of resin on the teeth was about 20% based on the follow ng formula

(canvas weitianspartation theltyordhe likes o A% dJowiismperatysess thist typatofebrly typicaths

wei ght bef Petomes ﬁ}gﬁ? }léldf wll(x)igﬂ%éy require a high starting torque and cause exertion
of a large load on pulley shafts about which the belt is trained. The result of
exerting this large load on the shaft may be excessive heat géneration-, abnormal
sound development, and/or localized abrasion in the contact areas of the belt. To
overcome these problems, shortcomings, the entire system, including the belt, xﬁay
have to be made larger than desirable. Further, due to the high required starting
torque, the capacity of the motor may have to be increased over that which is

desired, which adds to the cost of manufacture and operation of the overall system.

Summary of the Invention

In one form of the invention, a power transmission belt is provided having
a body with an inside and an outside, a length, and a plurality of teeth on one of the
inside and outside of the belt body and spaced in a likewise direction. A load
carrying cord is embedded in the belt body and extends lengthwise thereof. The
load carrying cord is made up of a first plurality of monofilament aramid fibers,
each having a denier of 0.5 to 2.0 and bundled to define a combined diameter of
0.10 t0 0.20 mm.

A toothed power transmission belt can be made, according to the invention,
so that the belt is flexible at low temperatures, can operate effectively with a small
shaft load (i.e. under low tension), and is operable with a relatively low starting
torque. |

In one form, at least some of the monofilament aramid fibers are twisted
together. The monofilaments may be grouped to define strénds which are twisted
together. The fibers may be single twisted up to 100 times per 10 cm.

At least some of the first plurality of monofilament aramid fibers may be
bonded together without twisting, as by using a treating solution that may be one of

a) an RFL solution, b) an epoxy compound, and ¢) an isocyanate compound.



A predeternmni ned anount of aranmid fiber filanments, sold under.
[err]; and with a predetermni ned diameter, were bundl ed into
single strand was finish-single-twisted 70 tines/10 cmto pr
S- and Z-twi sted cords, which were imersed in a cenent nad
solution and dried to obtain a treated cord. The constituti

the trademark

3 ﬁé%trie_ﬂ&gmegw' SHEET
lmtateqti ............... 9%

is shown in Table 1, bel ow. REPLACEI\/EI\FI'3SHEET 9 TABLE 1

After the monofilament aramid fibers are bonded together, they may be
treated with one of a) an RFL treatment and b) rubber cement.

In one form, at least some of the aramid fibers have aromatic nuclei in the
main skeleton of the molecular structure,

Among the Suitable aramid fibers are those sold commercially under at least
one of the trademarks CONEX™, NOMEX™, KEVLAR™ TECHNORA™ and
~ TWARONT™, _

In one form, a cloth layer covers the teeth. The cloth layer may be at least
one of 6-nylon, 6,6-nylon, polyester, and aramid fiber.

The cloth layer may be made up of warp and weft yarns that are at least one
of filament yarns and spun yarns.

In one form, the weft yarns are at least one of woolly nylon yarns, elastic
- urethane yarns, and a mixture of elastic urethane yarns and nylon yarns.

The cloth layer may at least one of a plain weave, twill weave, and satin
weave fabric.

The cloth layer may be treated, as with a resorcin-formalin-latex solution.

In another form of the invention, a power transmission belt is provided
having a body with an inside, an outside, a length, laterally spaced sides, and a
plurality of teeth on the inside of the body and spaced in a lengthwise direction. A
plurality of laterally spaced, load carrying cords are embedded in the belt body and
extend lengthwise thereof. A cloth layer is provided on the inside of the belt body
and covers the teeth. There is a coating on the cloth layer. The load carrying cords
each are defined by a first plurality of monofilament fibers each having a denier of
0.5 to 2.0 bundled so that the load carrying cords have a combined diameter of 0.10
to 0.20 mm. |



I nvent [ ve Sample Conparative Sanple 1 2 R=PL,.m=@,_NT SHEET
1 -2 3 Load Carrying Cord 1. Materi al Ar am % AN 199
Ar amd Aramd Aramid d ass .~ G ass fiber fibe Date ..... 3er"' ................
fiber fiber fiber 2. Monofil anment 0.5d 0.75

1.5d ECGL50 ECGL50 3. Structure 200d/ 1 200d/ 1 200d/ 1

400d/ 1 3/0 2/ 0 4. No. offinishing 70

70 _ 4 4 twist (no./10 cm 54 Rope dia. (m‘r) 0. 15 0.15
0.15 - 0.20 0. 25 0.2 6. Belt [err] C 0.7 0.9

1.0 1.4 1.5 15r|g|d|ty [err] 1.0 1.2

1.5 fef Descrd f theDfawin

Fig. 1 is a fragmentary perspective view of a toothed power transmission belt
according to the present invention; and

Fig. 2 is a graph illustrating the relationship between the shaft load and
variation of center distance for a toothed belt according to the present invention and

a conventipnal belt.

Detail ipti he Drawin

In Fig. 1, a power transmission belt, according to the preseht invention, is
shown at 10. The belt 10 has a body 12 with an inside 14, an outside 16, a length
in the line of the double-headed arrow 1'8, and laterally spaced sides 20, 22. The
body 12 defines a plurality of laterally eXtending teeth 24 spaced at regular intervals
along the length of the body 12. |

The body 12, including the teeth 24 and a back portion 26 of the body 12, are
preferably made from rubber. Suitable rubbers are chloroprene rubber (CR), natural
rubber (NR), millable urethane rubber, hydrogenated. nitrile rubber (HNBR),
chlorosulphonated polyethylene (CSM), and alkylated chlorosulphonated
polyethylene (ACSM). The hydrogenation rate of the hydrogenated nitrile rubber
is more than 80%, and preferably more than 90%, for the rubber to have the desired
heat resistant and ozone resistant properties. If the hydrogenation rate for the
hydrogenated nitrile rubber is less than 80%, the heat and ozbne resistahce for the
rubber are significantly diminished. '

Carbon black, zinc powder, stearic acid, plasticizer, aging inhibitor, and the
like, can be added to the rubber as a blending agent. Sulfur or organic peroxide can
be used as a vulcanizer. However, the use, and nature, of the blending agent and
vulcanizer are optional.

A cloth layer 28 is adhered to the inside surface 30 of the body 12 over the
teeth 24. A suitable material is a canvas cloth, made from 6-nylon, 6,6-nylon,



[err] ' 1.5 1.8 2.1 2.9 6.4 5,
[err]® ~ 8.0  10.0 11.2 14.5  14.8 13.
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| REPBABEMENT SHEET
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was formed into an endl ess cylinder which was placed on a
of S- and Z-tw sted cords were alternatingly wound around the cloth on t he
nold at a pitch of 0.4 mmunder a tensiongof 10kg/load carrying cord. A
sheet. of chl oroprene rubber was then w apped over the cords and vul cani zed
using a conventi onal press flttlng met hod. The vul cani zed bel t sleeve was

. . P tch

of 2. 032 PONIte B SHE, of B e, EAL VirlouB ety 76 Mo falBfiot &' ©

rigidity, stambinatiohoWip yatnsi3Z, ¥hbdridens NitBrall§t o1aRe beftel o ARGtwa R §dnAMl t he
extending lengthwise of the belt 10, cooperatively define the cloth layer 28 and are

preferably filament or spun yarns made of the fibers, described above. The cloth

layer 28 may be a plain weave, twill weave or satin weave. At least a portion of the
weft is defined by shrinkable woolly nylon yarns, elastic urethane yarns, or mixed
spun yarns with elastic urethane -and nylon yarn.

In the case of a plain weave canvas, the warp and weft yarns 32, 34 alternate
above and below at every crossover in both the lengthwise and a widthwise
direction of the belt 10. However, with twill or satin weave canvas, the warp and
weft yarns 32, 34 do not change relationship at every intersection, so that the
number of raised crossing points is less than it would be with a corresponding plain
weave canvas. _ -

Rubber applied to the canvas layer 28 penetrates not only the space bounded
by the yarns, But also the space between the yarns at the intersection between the
warp and wept yarns 32, 34. The rubber thus maintains a space between the yarns
32, 34 at the crossover points and thereby lengthens the belt life.

In a preferred form, the cloth layer 28 is treated principally with a resorcin-
formalin-latex (RFL) solution. The RFL solution includes an initial condensation
product of resorcin and formalin mixed in a latex. The latex is preferably one of
styrene-butadiene-vinylpyridine terpolymer, hydrogenated nitrile rubber,
chlorosulphonated polyethylene, and epichlorhydrin. |

| Preferably, the cloth layer 28 is treated only with RFL solution, with a.
.deposit of solid resorcin-formalin resin being adjusied to be 20 to 50% by weight.
This makes the opening bounded by the warp and weft yarns 32, 34 smaller and
less expandable so that the rubber defining the teeth 24 is not exposed as to rubber
powder that might be worn off the belt in use. Further, the solid content of the resin



TS _dt
each "of ' the REPLACEMENT SHEET 10 tenperatures identified i 1#§H‘§EMENT@"EET
results of this testing are shown in Table 1 and Fig. 2. To

variation in the center distance were neasured for each of tg
|
easur e Pl 4y

rigidity, a belt was placed on a table disposed in an oven a BR&E. nt-ar neng'sm

at a predeterm ned tenperature with ten teeth protruding fromthe end of
the table. A load was applied on the protruding belt end. Wien the
protrudi ng portion of the belt flexed by [Berr], the load was identified.

on the surface of the teeth 24 reduces the friction thereat to decrease noise as the
belt is operating.

Within the body 12, between the teeth 24 and the outside 16 of the body, a
plurality of laterally spaced, longitudinally extending, load carrying cords 36 are
embedded. In a preferred form, each cord 36 is an aramid fiber cord defined by
gathering 100 to 400 monofilaments with a denier of 0.5 to 2.0 into groups to define
strands, one or more of which are bundled to produce a combined diameter of 0.10
to 0.20 mm. The strand(s) is single twisted at no more than 100 times/10 cm.
Alternatively, monofilaments can Be gathered by a bonding treatment, without
twisting.

If the monofilaments have a denier of less than 0.5, while the rigidity thereof
is reduced, the modulus of elasticity is also decreased. With a belt of this type used
on a printer carriage, printing accuracy may be compromised, with costs resultingly
increased. If the denier exceeds 2.0, the belt flexibility is compromised and the belt

“become excessively rigid. .

If the diameter of each load carrying cord 36 is less than 0.10 mm, the
modulus of elasticity is decreased. Again, with the belt used on a printer carriage,
this may account for an unaccebtable compromise in printing accuracy. The PLD
value (the distance between the pitch line passing through the center of the load
carrying cords and the belt bottom land) of the belt may also decrease excessively,
with the engaged length of the belt and pulley being increased.

On the other hand, if the diameter of each load carrying cord 36 exceeds 0.2
mm, the belt lacks the desired flexibility and may be hxghly rigid. This results in an
increase in the reqmred starting torque for the system.

The invention contemplates that the strands defined by the combined
monofilaments could be bundled and primary-twisted, with a plurality of these
strands gathered and finish-twisted into an aramid fiber rope of 0.10 mm to 0.20
mm. This construction, -while contemplated, is not preferred, since the rigidity of



To measure the starting torque, the belt was w apped around[EF-vg—amd
dri'ven pull eys, each having 20 teeth. 300g of tension was appRFRYAGHEMENBSHEET
shaft load on the driven pulley of 600g. The m ninum | oad ( Whgirzmmm
wei ght lowered by 5 cmwas neasured. The starting torque wa ol - - b

according to the follow ng equation: startng torque = (W- [®rT]) X 0.65, -
where [err] represents the |load at which the weight Iowered by 5 cmwth
the belt not nounted. To measure the relationship between the shaft | oad
and the variation in the center distance7 the belt was w apped around
driving and driven pulleys, each having 20 teeth. The driven pulley was
novable in a Iengthmﬁse direction. The variation in the anmount of center

di stance upobelf vogpoa ethshygé of teudl dutryingicoed B64s dhidressedrver eatwiing
measured. Conparative Sanpl es
a single-twisted cord.

In the event that the monofilaments are not twisted, they can be gathered and
held together through a bonding treatment. This bonding treatment uses a treating
solution selected from one of RFL solution, epoxy compound, and isocyanate
compound. Through this treatment, the filaments can be conveniently gathered and
are less prone to fraying.

After this initial treatment, the load carrying cords 36 may be further treated
with rubber cement. Alternatively, the RFL treatment can be eliminated and rubber
cement used as the only treating agent. The bonding treatment with rubber cement
may be repeated several times, if necessary.

The fibers used for the load carrying cords 36 preferably are aramid having
aromatic nuclei in the main skeleton of the molecular structure. Suitable aramid
fibers are available on the market and sold commercially under the trademarks
CONEX™ NOMEX™ KEVLAR™, TECHNORA™ and TWARONT™M™,

The belt, described above, can be made to remain soft and flexible under
normal or low temperatures. Further, since the linear expansion coefficient of the
aramid fibers is negative, tension at a low temperature, on the order of 5° to -35°C,
is lowered, resulting in a reduced starting torque and decreasing the load imposed
on the shaft. Accordingly, a small size motor can be utilized.

By treating the cloth layer 28 with the RFL solution, the openings in the cloth
are made smaller and less expandable, to thereby prevent exposure of the rubber in
the tooth portion and migration of small rubber particles through the openings to
against the teeth. Further, the solid resin on the surface of the teeth reduces the
friction at that surface to decrease noise during operation. |

The effectiveness of the present invention is demonstrated by comparative
testing between the inventive belts and other belt constructions not incorporaﬁng the

present invention.



G ass fiber filaments, each having a dianeter of about 9 mcr
bundlied.to forma |l oad carrying cord strand. The strand was i
solution and dried at [err] for 2 minutes. A predeterm ned n
strands were collected and twisted at 4.0 tinmes/10 cmcmto

%%QE%%_HEET
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carrying cord. The cords produced were 150-3/0 type, wth a dianeter of
0.25 mm and ECG 150-2/0 type, with a 0.2 mmdianeter. The belts were the

sanme .as the other sanples except for the 8oad carrying cords.

The rigidity

and starting torque for each of the resultant belts at each of the
temperatures was nmeasured with the results being shown in Table 1.

- Vi le 1

A twill weave canvas was woven with weft yarns made of 80 denier, 6-nylon

and warp yarns made of 80 denier, 6-nylon with a warp density of 250 warp yarns/5

cm and a weft density of 300 weft yarns/5 cm. The fabric was placed in water and
vibrated to shrink the width thereof to about 1/2 the original width. The canvas was

immersed in an RFL solution and thereafter squeezed between a pair of rolls at 0.5

kgf/cm (gage pressure). The canvas was again immersed in the RFL solution and

again squeezed at the same pressure and dried.

The solid deposit of resin on the teeth was about 20% based on the following

formula: (canvas weight after treatment - canvas weight before treatment)/(canvas

weight before treatment) x 100(%).

A predetermined amount of aramid fiber filaments, sold under the trademark
TECHNORA™, and with a predetermined diameter, were buﬁdled into a strand.
A single strand was finish-single-twisted 70 times/10 cm to prepare pairs of S- and
Z-twisted cords, which were immersed in a cement made up of an RFL solution and
dried to obtain a treated cord. The constitution of the cords is shown in Table 1,

below.



REPLACEMENT SHEET 11 The inventive belts remained flexible,

tenpératures (i.e. at [err] C. As a result, a smaller start ﬁ?&gbﬁwgﬂwm
necessary conpared to the non- inventive belts. The fl exibil

of '
i nventive belt can al so be seen fromthe relationship betwe b¥Wﬁ"'§%’L§tJAN"M

| oad and the variation in the center distance in Fig. 2. Accordingly, the
I nventive belt is soft and flexible at normal tenperatures and at | ow
tenperatures. Tension at |ow tenperature Bs | owered, thereby enabling
application of a relatively small 'starting torque and decreasing the | oad

| nposed on the shafts, as conpared to the non-inventive belts, thereby
obviating the need for a | arge notor.
TABLE 1
Inventive Sample Comparative Sample
1 2 3 1 2 3
Load Carrying Cord
1. Material Aramid | Aramid | Aramid | Aramid | Glass Glass
fiber fiber fiber fiber fiber fiber
2. Monofilament 05d 0.75d 1.5d 1.5d ECGI150 ECG150
3. Structure 200d/1 200d/1 200d/1 400d/1 | 3/0 2/0
4. No. of finishing 70 70 70 70 4 4
twist (n0./10 cm)
5. Rope dia. (mm) 0.15 0.15 0.15 0.20 0.25 0.2
6. Belt 25°C ]07 0.9 10 1.4 1.5 1.5
rigidi
(g)dl o -5°C 10 1.2 15 20 29 26
-35°C | 15 1.8 2.1 29 6.4 52
7. Starting | 25°C | 80 10.0 11.2 14.5 14.8 13.5
torque
(gem) |[S5°C |95 115 135 16.0 164 16.2

The cloth was formed into an endless cylinder which was placed on a metal
mold. Pairs of S- and Z-twisted cords were alternatingly wound around the cloth
on the mold at a pitch of 0.4 mm under a tension of 10kg/load carrying cord. A

-sheet of chloroprene rubber was then wrapped over the cords and vulcanized using
a conventional press fitting method. .

- 'The vulcanized belt sleeve was then cut to define individual belts. Each belt
had 300 teeth, a tooth pitch of 2.032 mm, and a tooth shape that was a trapezoidal
MXL tooth. |

The rigidity, starting torque, and relationship between the shaft load and the

variation in the center distance were measured for each of the belts at each of the
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REPLACEVENT SHEET 12 CLAIMS 1. A power transmission belt co pb'btsei,nﬂ:ZaJmm
having an inside and an outside, a length, and a plurality Y=Y a0 ) o M- | A

| east one of the inside and outside of the belt body and spaced in a
| engt hwi se direction; and 10

temperatures identified in Table 1. The results of this testing are shown in Table 1
and Fig. 2.

To measure belt rigidity, a belt was placed on a table disposed in an oven and
maintained at a predetermined temperature with ten teeth protruding from the end
of the table. A load was applied on the prou'uding belt end. When the protruding
portion of the belt flexed by 45°, the load was identified.

To measure the starting torque, the belt was wrapped around driving and
driven pulleys, each having 20 teeth. 300g of tension was applied with a shaft load
on the driven pulley of 600g. The minimum load (W) when the weight lowered by
5 cm was measured. The starting torque was determined according to the following
equation: starting torque =(W - W,) x 0.65, where W, represents the load at which
the weight lowered by 5 cm with the belt not mounted.

To measure the relationship between the shaft load and the variation in the
center distance, the belt was wrapped around driving and driven pulleys, each
having 20 teeth. The driven pulley was movable in a lengthwise direction. The
variation in the amount of center distance upon changing the shaft load by moving
the driven pulley was measured.

les 2-

Glass fiber filaments, each having a diameter of about 9 micrometers, were
bundled to form a load carrying cord strand. The strand was immersed in RFL
solution and dried at 250°C for 2 minutes. A predetermined number of the strands
were collected and twisted at 4.0 times/10 cm to obtain the load carrying cord. The
cords produced were 150-3/0 type, with a diameter of 0.25 mm, and ECG-150-2/0
type, with a 0.2 mm diameter. The belts were the same as the other samples except
for the load carrying cords. |

The rigidity and starting torque for each of the resultant belts' at each of the

temperatures was measured with the results being shown in Table 1.



a load carrying cord embedded in the belt body and extending
t he bel4 body, wherein the |load carrying cord conprises a fi
of. nonofilament aram d fi bers each having a denier of 0.5 to
bundl ed to define a conbined dianeter of 0.10 to 0.20 mm 2.
transm ssion belt according to claim1 wherein at | east sone

Tanat
e Eﬁmﬁéusn

Ddle 2212 JAN. 5.

of the

nonofilament aramd fibers in the first plurality of nonofil ament . aramd
fibers are twi sted together. 3. The power i1ttransm ssion belt according to

claim2 wherein the at | east sone of the nonofilanent aramd

fibers are

single-twi sted. 4. The power transm ssion belt according to claim2 wherein
the at |east soneThe ihbentivebéltd reiaihed flerible, dveRat 16w eplrdtiids (Pel st 100

times/ 10 cm

-35° C). Asaresult, a smaller starting torque was necessary compared to the non-

inventive belts. The flexibility of the inventive belt can also be seen from the

relationship between the shaft load and the variation in the center distance in Fig.

2.

Accordingly, the inventive belt is soft and flexible at normal temperatures

and at low temperatures. Tension at low temperature is lowered, thereby enabling

application of a relatively small starting torque and decreasing the load imposed on

the shafts, as compared to the non-inventive belts, thereby obviating the need for a

large motor.

The foregoing disclosure of specific embodiments is intended to be

illustrative of the broad concepts comprehended by the invention.



5 The power transnission belt according to claim 1 wherein[fa-Teast —Soi

of” t He “monof i | anent aranid fibers in the first plurality ofr quEMFé‘fﬁSHEET
aram d fibers are bonded together without twisting. - REPL %15% ?

The power transm ssion belt according to claim5 wherein th an'ent-
aram d fibers are bonded together using a treating solution that 1S at

| east one of a) an RFL solution, b) an egoxy conpound, and c) an isocyanate
conmpound. 7. The power transm ssion belt @ccording to claim5 wherein after
t he -

CLanss Ly

1. A power transmission belt comprising:

a body having an inside and an oﬁtside, a length, and a plurality of teeth on
at least one of the inside and outside of the belt body and spaced in a lengthwise
direction; and

a load carrying cord embedded in the belt body and extending lengthwise of
the belt body, )

wherein the load carrying cord comprises a first plurality of monofilament
aramid fibers each having a denier of 0.5 to 2.0 and bundled to define a combined
diameter of 0.10 to 0.20 mm.

2. The power transmission belt according to claim 1 wherein at least some
of the monofilament aramid fibers in the first plurality of monofilament aramid
fibers are twisted together.

3. The power transmission belt according to claim 2 wherein the at least

some of the monofilament aramid fibers are single-twisted.

4, The power transmission belt according to claim 2 wherein the at least
some of the monofilament aramid fibers are twisted up to 100 times/10 cm.

5. The power transmission belt according to claim 1 wherein at least some
of the monofilament aramid fibers in the first plurality of monofilament aramid
fibers are bonded together without twisting.



rmnofl | ament aranid fibers are bonded together, the nonofila E @Eg)gENTSHEET
fibers "are further treated with one of a) an RFLtreatment a
cenment. 8. The power transm ssion belt according to clai'm 1 QjaeérQQtJANBm

| east some of the nonofilanment aramd fibers in the first plufteds
monofilament arami d fibers conprise aranid fibers having aro Hc nucle| in

the main skel eton of the nolecular structygye. 9. The power t H“Hﬂ""””"’

belt :according to claim 1l wherein at |east sone of the m)nofl
fibers in the first plurality of nonofilanment aram d fibers corrprlse ararii d*
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teeth are  monofilament aramid fibers are bonded together using a treating solution that is at

least one of a) an RFL solution, b) an epoxy compound, and c¢) an isocyanate

compound.

7. The power transmission belt according- to claim 5 wherein after the
monofilament aramid fibers are bonded together, the monofilament aramid fibers

are further treated with one of a) an RFL treatment, and b) rubber cement.

8. The power transmission belt according to claim 1 wherein at least some
of the monofilament aramid fibers in the first plurality of monofilament aramid
fibers comprise aramid fibers having aromatic nuclei in the main skeleton of the
molecular structure.

9. The power transmission belt according to claim 1 wherein at least some
of the monofilament aramid fibers in the first plurality of monofilament aramid
fibers comprise aramid fibers sold commercially under at least one of the
trademarks CONEX™, NOMEX™, KEVLAR™, TECHNORA™ and
TWARONT™, | | |

10. The power transmission belt according to claim 1 wherein the teeth are
covered on the at least one of the inside and outside of the belt body with a cloth

layer.

11. The power transmission belt according to claim 10 wherein the cloth

layer is treated with a resorcin-formalin-latex solution.



covered on the at |east one of the inside and outside of the bggpr@gMEmghEET

14 12. The power transnission belt according to cIa|n110 mhe
| ayer conprises at |east one of 6-nylon, 6,6-nylon, polyest

fiber. 13. The power transm ssion belt according to clalmlo |
cloth layer conprises warp and weft yans ﬁiat are at | east | ommﬂmr'"m”ml

yarns and spun

12. The power transmission belt according to claim 10 wherein the cloth

layer comprises at least one of 6-nylon, 6,6-nylon, polyester, and aramid fiber.

13. The power transmission belt according to claim 10 wherein the cloth
layer comprises warp and weft yams that are at least one of filament yarns and spun

yarns.

14. The power transmission belt according to claim 10 wherein the cloth
layer comprises warp and weft yarns and the weft yamns comprise at least one of
- woolly nylon yarns, elastic urethane yarns and a mixture of spun elastic urethane

yarns and nylon yarns.

15. The power transmission belt according to claim 10 wherein the cloth

layer comprises at least one of a plain weave, twill weave, and satin weave fabric.

16. The power transmission belt according to claim 1 wherein at least
some of the monofilament aramid fibers in the first plurality of monofilament
aramid fibers are grouped to define a first strand, at least some of the monofilament
aramid fibers in the first plurality of monofilament aramid fibers are grouped to
define a second strand and the first and second strands are twisted together.

17. A power transmission belt comprising:
a body having an inside and an outside, a length, laterally spaced sides, and
a plurality of teeth on the inside of the body and spaced in a lengthwise direction;
a plurality of laterally spaced, load carrying cords embedded in the belt body
" and extending lengthwise of the belt body;
a cloth layer on the inside of the belt body covering the plurality of teeth; and
a coating on the cloth layer,



| east one of woolly nylon yarns, elastic urethane yarns and rBa t uiZz20{JAN 18%

yarns. 14, The power transmi ssion belt according to claim10 N ME '
cl 6th' I"ayer conprises warp and weft yarns and the weft yarns go EMENT SHEET
spun el astic urethane yarns and nylon yarns. 15. The power triansSm SSTOW: -

belt according to claim10 wherein the cloth layer conpri ses at | east one

[ anshi 551 on belt according 1o claiml whiseln at | cast mmﬁmlnﬂlﬂﬂ Il

nmonofi | ament aranmid fibers in the first plurality of nonofilanent® atant
fibers are grouped to define a first strand, at |east sone of the

nmonof i | anent ar anwhefelneth;e i load hearfryingt cptdsr @ach ycahprise of i fisoepluralityniof
fibers are groupgd t fine a _second strand and the first and second
strands ar e IOR epg erscach having a denier of 0.5 to 2.0 bundled to have a combmed

diameter of 0.10 to 0.20 mm.

18.  The power transmission belt according to claim 17 wherein the
monofilament fibers comprise aramid fibers having aromatic nuclei in the main
skeleton of the molecular structure.

19.  The power transmission belt according to claim 17 wherein the
monofilament fibers comprise aramid fibers sold commercially under at least one
of the trademarks CONEX™, NOMEX™, KEVLAR™ | TECHNORA™ and
TWARON™,

20. The power transmission belt according to claim 17 wherein the first
plurality of monofilament fibers is single twisted up to 100 times/10 cm.

21. The power transmission belt according to claim 17 wherein a second

plurality of the monofilament fibers is bonded together using a treating solution.

22. The power transmission belt according to claim 17 wherein the cloth

layer is treated with a resorcin-formalin-latex solution.
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17. A power transm ssion belt conprising,_a body having an in

oufside, a length, laterally spaced sidef, NIy
S

i nside of the body and spaced in a | engt
| aterally spaced, |oad carrying cords e |
extending | engthwi se of the belt body; a cloth |ayer on the i of —t e
belt body covering the plurality of teeth;; and a coating on the cloth

| ayer, 15 wherein the | oad carrying cords each conprise a first

plurality of
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nDanllanent fi bers each having a denier of 0.5 to 2.0 bundl
conbi hed di ameter of 0.10 to 0.20 mm 18. The power transm
according to claim 17 wherein the nonofilament fibers conpri
fibers having aromatic nuclei in the main skeleton of the
structure. 19. The power transm ssion belt according to claim17 wherein
the nonofilament fibers conprise aramd fibers sold comercially under at
| east one of the trademarks [err] and [err]. 20. The power transm ssion
bel t accor dfegtied rowarransgpssidmBelle first plurality of nonofil ament

fibers is single twisted up to 120 tlrrezllo cm 21 The power transm ssion
belt according to claim17 wher 1

A power transmission belt having a body with an inside and an outside, a
length, and a plurality of teeth on one of the inside and outside of the belt body and
spaced in a likewise direction. A load carrying cord is embedded in the belt body

3| g %%}(/fEhﬁ'SHEET |

..........................

and extends lengthwise thereof. The load carrying cord is made up of a first
plurality of monofilament aramid fibers, each having a denier of 0.5 to 2.0 and
bundled to define a combined diameter of 0.10 to 0.20 mm.

Figure 1



plurality of the nonofilanent fibers is bonded together usin
22. The power transm ssion belt according to clai

sol gt i on.

is treated with a resorcin-formalin-latex sol utifp

cloth layer
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