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(57) Abrege/Abstract:
The durabillity of a frictional power transmission belt is improved. A V-ribbed belt (10) comprises an adhesion rubber portion (12)
and a compression rubber portion (14) provided below the adhesion rubber portion (12). A cord (11) that is a tension member of
the belt Is embedded In the adhesion rubber portion (12). The adhesion rubber portion (12) includes an upper layer (12A)

constituting the upper side and a lower layer (12B) constituting the lower side, which are
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ocated across the cord (11). The upper

layer (12A) and the lower layer (I2B) are obtained by vulcanizing a rubber composition including a high-viscosity elastomer such as

E

PM or

—PDM, and a low-viscosity elastomer which Is lower In Mooney viscosity than th

e high-viscosity elastomer, and contain

modified nylon microfibers as short fibers (21A), (21B), respectively. The short fibers (21A), (21B) are oriented, respectively, in the
width direction and longitudinal direction of the belt.
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Abstract

The durability of a frictional power transmission belt
is improved. A V-ribbed belt (10) comprises an adhesion rubber
portion (12) and a compression rubber portion (14) provided
below the adhesion rubber portion (12). A cord (11) that 1is
a tension member of the belt 1s embedded in the adhesion rubber
portion (12). The adhesion rubber portion (12) 1ncludes an
upper layer (12A) constituting the upper side and a lower layer
(12B) constituting the lower side, which are located across the
cord (11). The upper layer (12A) and the lower layer (12B) are

obtained by wvulcanizing a rubber composlition 1including a

high-viscosity elastomer such as EPM or EPDM, and a
low-viscosity elastomer which 1s lower in Mooney viscosity than
the high-viscosity elastomer, and contain modified nylon
microfibers as short fibers (21A), (21B), respectively. The
short fibers (21A), (21B) are oriented, respectively, 1n the

width direction and longitudinal direction of the belt.
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Description

Title of Invention: FRICTIONAL POWER TRANSMISSION BELT

Technical Field
0001 ]

The present 1i1nvention relates to a frictional power
transmission belt such as a V-ribbed belt used, for example,

under high-tension and high-load environments.

Background Art
[0002]

Frictional power transmission belts such as V-ribbed
belts have been widely used as belts for transmitting power to
auxliliaries 1n automoblle engines and the like, for example.
Recently, frictional power transmission Dbelts have been

increasingly used under high-tension and high-load

environments, because the size reduction of engines has led to
reduction in the number of ribs and the width of the belt, and
because loads due todriving of auxillaries have increased. For
this reason, frictional power transmission pelts are required
to have a rubber having a high modulus and high tear resistance

performance as an adhesion rubber located around a cord that
1s a tension member.
[0003]

Conventionally, a V-ribbed belt used under a high-load
environment 1s known 1in which a short fiber is included in at
least a part of an adhesion rubber to provide a high modulus
to the adhesion rubber, as disclosed in Patent Document 1. Here,
an ordinary nylon or aramid fiber, or a modified nylon
microfiber obtained by bonding polyolefin to a nylon fiber is

used as the short fiber. In addition, for example, EPDM is used
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as a rubber component of the adhesion rubber to improve the heat
resistance and durability.
Patent Document 1: Japanese Patent Application

Publication No. 2007-198485

summary of Invention
Technical Problems
[0004]

When an opdinary nylon or aramid fiber is included in the
adhesion rubber, as shown in Patent Document 1, it is difficult
Lo 1improve the adhesion between the adhesion rubber and the cord,
and hence cord separation in which separation occurs at the
interface between the cord and the rubber cannot be prevented

sufficiently. In addition, when an adhesion rubber having an

ordinary constitution using EPDM includes the modified nylon
microfiber in a large amount to increase the modulus, there is
a problem that the raw material rubber and the modified nylon
microfiber cannot be kneaded with each other sufficiently.
[0005]

In this respect, an object of the present invention is
to provide a frictional power transmission belt with which the
possibility of cord separation is reduced, while the modulus
and tear resistance performance of the adhesion rubber are
improved, and further with which the rubber composition of the
adhesion rubber can be kneaded appropriately.

Solution to Technical Problems
[0006]

A frictional power transmission belt according to the

present 1invention 1s a frictional power transmission belt,

which 1s formed from rubber and includes an embedded cord that
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extends in the longitudinal direction of the belt, wherein at
least a part of thé rubber surrounding the cord 1s obtailned by
vulcanizing a rubber composition that includes a high-viscosity
elastomer (a first component) and a low-viscosity elastomer (a
second component), and contains a modified nylon microfiber,
and the high-viscosity elastomer is at least one elastomer
selected from the group consisting of ethylene?propyleﬁe
copolymers and ethylene-propylene-diene terpolymers, and the
low-viscosity elastomer 1s lower 1n Moohey viscosity at 125°C

than the high-viscosity elastomer. .

[0007]

The Mooney viscosity of the low-viscosity elastomer is
preferably less than or equal to 10, and the-Mooney'viscosity
of the high-viscosity elastdmer 15 preferably greater than or
equal to 50. In addition, the weight ratio of the
high—visco'sity elastomer to the low-viscosity elastomer 'is
pfeferably 95:5 to 50:50.

[0008] '

In at least a part (rubber composition) of the rubber,
the nyloh fiber quantity of the modified nylon microfiber is
preferably not less than 10 parts by weight relative to 100 parts
by welght of the elastomers. For example, the modified nylon
microfiber is obtained by modification with at least polyolefin
and an elastomer, and a specific example thereof is a nylon fiber
to which at least polyolefin and an elastomer as a third
component are chemically bonded. .

(0009]
Further, the modified nylon microfiber may..be obtainéd

by bonding nylon fiber to a matrix composed.of polyolefin, an

elastomer and spherical silica with average particle diameter
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of 1 pm or less and moisture content of 1000 ppm or less.
[0010]

The low-viscosity elastomer is preferably at least one
elastomer selected from the group consisting of
ethylene-propylene copolymers and ethylene-propylene-diene
terpolymers. In this case, the weight ratio of the
high-viscosity elastomer to the low-viscosity elastomer is
preferably 70:30 to 50:50.

[0011]

The frictional power transmission belt may comprise an
adhesion rubber portion which contains the modified nylon
microfiber and is formed by vulcanizing the rubber composition.
In this case, the cord is preferably embedded in the adhesion
rubber portion. In addition, the frictional power
Cransmission belt comprises a compression rubber portion
provided below the adhesion rubber portion, for example. The
compression rubber portion includes a short fiber oriented in
the width direction of the belt, for example.

[0012]

The adhesion rubber portion may be composed of an upper
layer constituting the upper side and a lower layer constituting
the lower side, which are located across the cord. 1In this case,
each of the upper layer and lower layer preferably contains the
modified nylon microfiber and is formed by vulcanizing the
rubber composition. In addition, the modified nylon
microfiber contained in the upper layer is preferably oriented
in the width direction of the belt, while the modified nylon
microfiber contained in the lower layer is preferably oriented
1n the longitudinal direction of the belt.

[0013]
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Amethod of manufacturinga frictional power transmission
belt according to the present invention is a method of
manufacturing a frictional power transmission belt which is
formed from rubber and includes an embedded cord that extends
in the longitudinal direction of the belt, the method
comprising': a first step of obtaining a rubber composition by
kneading a modified nylon microfiber, a _high—viscosity.
elastomer and a low-viscosity elastomer; and a.second step
of molding the rubber composition as a rubber adhered to the
cord Dby arranging the rubber 'compdsition around the cord
followed'by' vulcanizing, wherein the high-viscosity elastomer
1s at least one elastomer selected from the group consiSting
of éthylene—-propylene copolymers and ethylene-propylene—diene |
terpolymers, and the low-viscosity elastomer is lower in Mooney
viscosity at 125°C than the high-viscosity elastomer.

[0014]

An adhesion rubber according to the present invention is
an adhesion rubber provided to surround a cord that is a tension

member of a belt, wherein at least a part of the adhésion rubber

1s obtained by vulcanizing a rubber compositio‘n that includes
é nigh-viscosity elasto}ner and a low~viscosity elastomer, and
contains a modified nylon microfiber, and the high-viscosity
elastomer 1s at least one elastomer selected from the group
consisting of ethylene-propylene copolymers and
ethylene—propylene—diene terpolymers, and the low~viscosity'

elastomer 1s loWer in Mooney viscosity at 125°C than the high-

V1isCcoslity elastomer.
[C015]

A rubber composition according to the present invention

comprises a modified nylon microfiber, ‘a high-viscosity
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elastomer and a low-viscosity elastomer, wherein the

high-viscosity elastomer is at least one elastomer selected

from the group consisting of ethylene-propylene copolymers and

ethylene-propylene-diene terpolymers, and the low-viscosity

elastomer 1s lower in Mooney viscosity at 125°C than the high-

viscosity elastomer.

Advantageous Effects of Invention

[001o]

In the present invention, the possibility of cord

separation 1s reduced, while the modulus and the tear resistance

performance of the adhesion rubber portion are improved, and

further the rubber composition of the adhesion rubber can be

kneaded appropriately.

Brief Description of Drawings

(0017] -

[Fig. 1] Fig.. -1 is a cross-sectional view of a V-ribbed belt

of an embodiment of the present invention.

[Fig. 2) Fig. 2 is a cross-sectional view showing a method of
manufacturing a V-ribbed belt of the embodiment.

[Fig. 3] Fig. 3 shows a laYout 1n a drive test.

List of Reference Numbers

[0018]

10 V—ribbed belt (frictional power transmission belt)
11 cord

12 adhesion rubber portion

12A upper layef

12B lower layer
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14 compression rubber portion

15 rib

21A, 21B short fiber (modified nylon microfiber)

Description of Embodiments
[0019]

Hereinafter, an embodiment of the present invention is
described with reference to the drawings.

Fig. 1 is a cross-sectional view showing a V-ribbed belt
according to one embodiment of the present invention. A
V-ribbed belt 10 is an endless frictional power transmission
pelt formed from rubber, and includes an adhesion rubber portion
12, a compression rubber portion 14 formed on the lower surface
of the adhesion rubber portion 12 integrally with the adhesion
rubber portion 12, and a fabric 13 attached onto the upper
surface of the adhesion rubber portion 12.

[0020]

In the adhesion rubber portion 12, a cord 11 is embedded
and 1s a tensionmember of the belt. The adhesion rubber portion
12 1s rubber which surrounds the cord 11 and which is adhered
Lo the cord 11. The cord 11 extends in the longitudinal
direction of the belt in the adhesion rubber portion 12, while
spirally wound. The compression rubber portion 14 includes
multiple (four in this embodiment) ribs 15 arranged in the width
direction. Each of the ribs 15 extends in the longitudinal
direction of the belt, and has a width that is tapered toward
the lower side of the belt. The belt 10 is used to transmit
power from the driving side to the driven side by friction
transmission achieved by engagement of the compression rubber

portion 14 with pulleys. In addition, the fabric 13 may be
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subjected to any of various impregnation treatments such as RFL
treatment and rubber cement treatment to improve the adhesion
with an upper layer 12A.
[0021]

The adhesion rubber portion 12 includes an upper layer

12A constituting the upper side of the adhesion rubber portion

12 and a lower layer 12B constituting the lower side thereof,

which are located across the cord 11. Innumerable pieces of

short fibers 21A, 21B are included substantially uniformly in
the upper layer 12A and the lower layer 12B, respectively. The
short fiber 21A in the upper layer 12A is oriented in the width
direction of the belt, whereas the short fiber 21B in the lower
layer 12B is oriented in the longitudinal direction of the belt.
The short fibers 21A, 21B are modified nylon microfibers each
obtained by modifying a nylon fiber with a polyolefin and an
elastomer. Specifically, the modified nylon microfibers are
those in which at least a polyolefin and an elastomer as a third
component are chemically bonded to a nylon fiber, as will be
described later.

[0022]

As the nylon fiber used for themodified nylonmicrofiber,
o-nylon is preferable. Alternatively, 6.6-nylon, 6.10-nylon,
or the like may also be used. Meanwhile, polyethylene is
preferably used as the polyolefin. However, the polyolefin is
not limited to polyethylene, and polypropylene or the like may
also be used.

[00Z23]

The nylon fiber in the adhesion rubber portion 12 is such

that the fiber length Ly thereof is approximately 4000 um or

less, the fiber diameter Dy thereof is approximately 1.5 um or
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less, and the value (Lg/Dr) of the aspect ratio of the fiber
length Ly to the fiber diameter Df is 10 or more. Preferably,
the fiber length Ly is 1000 um or less, the fiber diameter D;
1s approximately 1.0 um or less, and the value (Lg/Dr) of the
aspect ratio 1s in the range from 500 to 1000, both inclusive.
A large flber diameter Dr or a large fiber length Ly causes to
develop cracks or cord separation, and so that the drive
lifetime of the belt tends to decrease.

(0024 ]

In addition, the nylon fiber quantity of the modified
nylon microfiber in each of the upper layer 12A and the lower
layer 12B is not less than 10 parts by weight, and preferably
10 to 15 parts by weight, relative to 100 parts by weight of
the elastomers in the corresponding upper layer 12A and lower
layer 12B. The incorporation of 10 parts by weight or more of
the nylon fiber increases the moduli of the upper layer 12A and
the lower layer 12B, making it possible to improve the drive
lifetime of the belt. Meanwhile, incorporation of the nylon
fiber in an amount of 15 parts by weight or more may cause poor
dispersion.

[0025]

The adhesion rubber portion 12 (the upper layer 12A and
the lower layer 12B) 1is obtained by vulcanizing a rubber
composition (adhesion rubber portion rubber composition)
containing a high-viscosity elastomer as a first component, a
low-viscosity elastomer as a second component, and an elastomer
(fiber-containing elastomer) containing a modified nylon
microfiber, as a third component. The high-viscosity elastomer
1s an elastomer having a Mooney viscosity which is greater than

or equal to 50. The low-viscosity elastomer is an elastomer
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having a Mooney viscosity which is less than or equal to 10,
and 1s lower 1in Mooney viscosity than the high-viscosity
elastomer. Note that the Mooney viscosity of the
high-viscosity elastomer is preferably 50 to 150. In addition,
the Mooney viscosity 1n this description refers to a Mooney

viscosity (MLj.s, 125°C) determined according to JIS K 6300 at

125°C.
[0026]

As the high-viscosity elastomer, an ethylene-propylene
copolymer (hereinafter referred to as EPM) or an

ethylene-propylene-diene terpolymer (hereinafter referred to

as EPDM) having a Mooney viscosity which is greater than or equal
to 50, or a mixture thereof 1s used.
(0027]

Meanwhile, as the low-viscosity elastomer, EPM or EPDM
having a Mooney viscosity which is less than or equal to 10,
or a mixture thereof 1s used. Alternatively, other
ethylene-a-olefin copolymers such as ethylene-l-octene
copolymers may be used, or elastomers other than
ethylene-a-olefin copolymers may also be used. In this
embodiment, when EPM or EPDM is used as the low-viscosity
elastomer, the resultant V-ribbed belt 10 has further improved
durability.

[0028]

In this embodiment, the weight ratio represented by
high-viscosity elastomer: low-viscosity elastomer is set to
95:5 to 50:50. Such a weight ratio results in improvement in
mixability in kneading steps described later, particularly, in
secondary kneading where the kneading temperature is low, and

makes 1t possible to impart a highmodulus to the adhesion rubber

10
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portion 12. In addition, when the low-viscosity elastomer is
EPM, EPDM, or a mixture thereof, the weight ratio represented
by high-viscosity elastomer: low-viscosity elastomer 1is
preferably 70:30 to 50:50, and particularly preferably 65:35
Lo 50:45. By setting the weight ratio within such a range, the
belt lifetime can be further improved.

[0029]

The fiber-loaded elastomer contains (a) a polyolefin, (b)
an elastomer as a third component, and (c) an ultrafine nylon
fiber. The components (a) and (b) constitute a matrix. The
nylon fiber is dispersed in the matrix, and is chemically bonded
to the components (a) and (b). Here, the chemical bonding of
the nylon fiber to the components (a) and (b) is achieved by,
for example, a silane coupling agent. Such fiber-loaded
elastomers are disclosed, for example, in Japanese Patent
Application Publication No. HO07-278360 and Japanese Patent
Application Publication No. H09-59435,

[0030]

In addition, the fiber-loaded elastomer may be composed
as follows. Specifically, the fiber-loaded elastomer may also
contalin (d) a spherical silicawith an average particle diameter
of 1 um or less and a moisture content of 1000 ppm or less
(hereinafter referred to as a small-particle-diameter
spherical silica), in addition to the components (a) to (c);
the nylon fiber may be dispersed in a matrix composed of the
components (a), (b) and (d); and the nylon fiber may be
chemically bonded to the matrix. When the matrix bonded to the
nylon fiber contains the small-particle-diameter spherical
silica as described above, the strength of the modified nylon

microfiber can be further increased.

11
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[0031]

In the adhesion rubber portion rubber composition, the
polyolefin is preferably incorporated in an amount of 1 to 40
parts by weight relative to 100 parts by weight of the elastomers.
In addition, the small-particle-diameter spherical silica is
preferably 1ncorporated in an amount of 1 to 50 parts by weight
relative to 100 parts by weight of the elastomers.

[0032]

In this description, the average particle diameter refers
Lo a diameter determined by a laser diffraction/scattering
method using a laser diffraction/scattering particle size
distribution analyzer LA-750 manufactured by HORIBA, Ltd as
follows. Specifically, the concentration of a sample 1is
adjusted by gradually introducing the sample into a chemical
path for determination of the analyzer, so that the light
transmission of the sample can be a standard value. After that,
the average particle diameter 1s determined according to
automatic measurement of the analyzer. Meanwhile, the
molsture content refers to a weight loss determined as follows.
Speci1fically, 10 gof a sample is weighed into a crucible, heated
in a dryer set to 105°C for 2 hours, and subsequently cooled
in a desiccator for prevention of moisture absorption, and the
sample 1s weighed after the cooling.

[0033]

The elastomer as the third component contained in the

fiber-loaded elastomer is preferably smaller in incorporated

amount (welight) than the second component, and is preferably

EPM, EPDM, or a mixture thereof. For example, an elastomer
which 1s lower in Mooney viscosity than the high-viscosity

elastomer, and higher in Mooney viscosity than the

12
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low-viscosity elastomer is used as the elastomer of the third
component.
[0034]

Besides the high-viscosity elastomer, the low-viscosity
elastomer, and the fiber-loaded elastomer, various additives
including a large-particle-diameter silica having a larger
average particle diameter than the small-particle-diameter
spherical silica, a filler such as carbonblack, a valcanization
agent, a vulcanization aid, an antioxidant, a retarder, a metal
cross—-linking agent, and the like are incorporated into the
rubber composition (adhesion rubber portion rubber
composition) of the upper layer 12A and the lower layer 12B.
In addition, the rubber compositions used to form the upper
layer 12A and the lower layer 12Bmay have the same constitution,
or different constitutions.

[0035]

Innumerable pieces of a short fiber 21C are included
substantially uniformly in the compression rubber portion 14
to reinforce the compression rubber portionl4. The short fiber
21C 1s oriented in the width direction of the belt. Part of
the short fiber 21C is exposed on or protrudes from a surface
of the compression rubber portion 14. This makes it possible
Lo reduce the frictional coefficient of the surface of the
compression rubber portion 14, and thus reduce the possibility
of noise generation during the driving of the belt, and the like.
To sufficilently reduce the frictional coefficient, a fiber
having a larger diameter than the short fibers 21A, 21B, which
are modified nylon microfibers, is used as the short fiber 21C.
In addition, an aramid short fiber is used as the short fiber

21C when the belt 1s used under a high-load environment, whereas

13
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a nylon short fiber is used as the short fiber 21C when it is
necessary to sufficiently reduce the possibility of noise

generation during the driving of the belt, for example.

Moreover, EPM, EPDM, or the like 1s preferably used as the
elastomer of the compression rubber portion 14.
(00306]

The rubber composition of the adhesion rubber portion
according to this embodiment is prepared as follows. First,
the fiber-loaded elastomer and the unvulcanized high-viscosity
elastomer and low-viscosity elastomer are introduced together
with predetermined additives, into a kneader, and are kneaded
at a predetermined heating temperature (for example, 150°C or
above) to obtain a uniform mixture (primary kneading). Note
that additives such as a vulcanization agent, which vulcanizes
the elastomers upon heating to the heating temperature in the
primary kneading, are not introduced in the primary kneading.
The mixture obtained by kneading in the primary kneading is then
cooled to a temperature lower than the +wvulcanization
temperature of the vulcanization agent (for example, 130°C or
pelow), and then the additives such as a vulcanization agent
not added 1n the primary kneading are added, and the mixture
1s further kneaded to obtain a uniform mixture (secondary
kneading). Thus, the rubber composition of the adhesion rubber
portion is obtained. Here, thenylon fiber is finely fragmented
1n advance in the fiber-loaded elastomer. However, the nylon
fiber may be finely fragmented in the primary kneading or the
secondary kneading to produce the above described fiber
diameter Dy and fiber length Lr.

[0037]

Next, a method of manufacturing the V-ribbed belt is

14
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described by using Fig. 2. In this manufacturing method, a
rubber-provided fabric 31 1s first prepared in which an
unvulcanized rubber layer 12A’ is laminated on one surface of
the fabric 13 by using an unillustrated calendaring machine.
Specifically, while being rolled by rollers of the calendering
machine, the rubber composition of the adhesion rubber portion
1s laminated on the fabric 13 and fed in the rolling direction
by the rollers. Thereby, the rubber-provided fabric 31 1is
obtained. Here, during the rolling of the rubber composition
of the adhesion rubber portion, the short fiber 21A incorporated
1n the rubber composition is oriented in the rolling direction
(1L.e., the feeding direction of the fabric).

[0038]

Next, the rubber-provided fabric 31 is wound around the
outer periphery of a c¢ylindrical mandrel 30, with the fabric
13 being on the inner side and the rubber layer 12A’ being on
the outer side. In this case, the rubber-provided fabric 31
1s wound in such a manner that the orientation direction of the
short fiber 21A 1s the same as the axial direction of the mandrel
30. In other words, the fabric 13 is arranged in such a manner
that the feed direction of the fabric 13 in the calendering
machine extends along the axial direction of the mandrel 30.
[0039]

The cord 11 is spirally wound around the unvulcanized

rubber layer 12A’ of the rubber-provided fabric 31, and a first

rubber sheet 12B’ 1s wound around the cord 11. The first rubber
sheet 12B’ 1s obtained by rolling the rubber composition of the
adhesion rubber portion by calendering or the like, by which
the short fiber 21B (modified nylon microfiber) is oriented in

the rolling direction. On the mandrel 30, the orientation

15
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direction of the short fiber 21B is the same as the
circumferential direction of the mandrel 30. Thus, the cord
11 1s arranged so as to be sandwiched in the rubber composition
of the adhesion rubber portion.

10040 ]

A second rubber sheet 14’ is further wound around the first
rubber sheet 12B’. The second rubber sheet 14’ is obtained by
rolling a rubber composition for forming the compression rubber
portion 14 by calendering or the like, by which the short fiber
21C 1s oriented in the rolling direction. On the mandrel 30,
the orientation direction of the short fiber 21C is the same
as the axial direction of the mandrel 30.-

(0041]

Subsequently, the mandrel 30 1s placed into a

vulcanization chamber (unillustrated), and heating under

pressure 1s carried out at a predetermined temperature and

pressure. By thils pressurized heating, the fabric 13, the
rubber layer 12A’, the cord 11, and the rubber sheets 12B’, 14°
are lntegrated by being vulcanized and molded in such a manner
that the cord 11 is embedded between the integrated rubber layer
1Z2A" and rubber sheet 12B’. Thus, a flat belt-shaped vulcanized
sleeve can be obtained. The vulcanized sleeve is cut to have
a predetermined width, and ground with an unillustrated
grinding machine. Thus, the V-ribbed belt 10 (see Fig. 1) in
which the ribs 15 are formed, is obtained.
[0042]

Note that the rubber layer 12A’ and the rubber sheets 12B’,
14" form the upper layer 12A, the lower layer 12B, and the
compression rubber portion 14 in the V-ribbed belt 10,

respectively. In addition, the orientation directions of the

16
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fibers 1n the rubber layer 12A’ and the rubber sheets 12B’, 14’
are the same as the axial direction or the circumferential
direction of the mandrel 30. Hence, the orientation directions
of the short fibers 21A to 21C in the resultant V-ribbed belt
10 are the same as the width direction or the longitudinal
direction of the belt, as described above.

[0043]

As described above, in this embodiment, the low-viscosity
elastomer of lower 1n Mooney viscosity is incorporated into the
rubber composition of the adhesion rubber portion in addition
Lo the high-viscosity elastomer. Hence, even when the nylon
fiber i1s incorporated in a large amount, the rubber composition
of the adhesion rubber portion can be kneaded appropriately.
Moreover, the lncorporation of the high-viscosity elastomer in
a larger amount in the adhesion rubber portion 12 (the upper
layer 12A and the lower layer 12B), in combination with the
inclusion of a large amount of the modified nylon microfiber,
improves the modulus and the tear resistance performance of the
adheslon rubber portion 12, so that the durability of the belt
can be i1mproved.

[0044]

In addition, the use of the modified nylon microfiber as
the short fibers in the adhesion rubber portion 12 having a
predetermined constitution improves the adhesion of the rubber
with the short fibers 21A, 21B and the adhesion between the cord
11 and the adhesion rubber portion 12. For this reason, cord
separation, cracks starting from the short fiber, and the like
are effectively prevented, so that the durability of the belt
can be further improved.

10045 ]

17
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Moreover, 1n general, especially when a V-ribbed belt is
used under a high tension and a high load, the V-ribbed belt
may be broken at an early stage by a large stress which acts
on the compression rubber portion or the lower layer of the
adhesion rubber portion along the longitudinal direction of the
belt because of friction with pulleys. Meanwhile, the cord is
shifted 1in position in the width direction and a pop-out
movement 1n which the cord pops out of a side surface of the
belt and results in cord separation, tends to occur in the
adhesion rubber portion. In this embodiment, the short fiber
21B 1n the lower layer 12B oriented in the longitudinal
direction of the belt resists the above-described stress acting
along the longitudinal direction of the belt, thereby
preventing breakage of the belt. In addition, the short fiber
21A 1n the upper layer 12A oriented in the width direction of
the belt prevents the shift in position of the cord 11 in the
wldth direction, thereby preventing the cord pop-out and cord
separation. In sum, the V-ribbed belt 10 according to this
embodiment  has improved durability especially under
high-tension and high-load environments, because the short

fibers 21A, 21B are oriented in the predetermined directions.
[004 6]

Note that, 1n a case where the V-ribbed belt 10 is broken
because of rib cracking or the like, the belt breakage can be
found in advance by visual observation, because cracks or the
like occur in the rib before the breakage. On the other hand,
cord separation 1is difficult to find in advance by visual
observation because the cord separation occurs inside the belt.

Hence, cord separation tends to cause unpredictable

Lransmission failure. Therefore, when belt breakage due to
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cord separation 1s prevented as in the case of this embodiment,
the possibility of unpredictable transmission failure 1is
reduced.
10047]

Note that the orientation directions of the short fibers
21A, 21B in the adhesion rubber portion 12 are not limited to

the above-described directions. For example, the orientation

direction of the short fiber 21B in the lower layer 12B may be
made to extend along the width direction of the belt as in the

case of the upper layer 12A. In this case, the first rubber

sheet 12B’ 1s wound around the mandrel 30 in such a manner that
the orientation direction of the short fiber 21B is the same
as the axial direction of the mandrel 30 in the above-described
manufacturing method.

[0048]

Moreover, the rubber composition of the adhesion rubber
portion according to this embodiment may be used as an adhesion
rubber of other frictional power transmission belts such as
cogged V belts.

[Examples]
[0049]

Hereinafter, examples are shown as specific examples of

Lhe present l1nvention. However, the present invention is not

limited to examples shown below.

[0050]

[Example 1]
First, a pelletized fiber-loaded elastomer (nylon fiber
content: 25 % by weight) having the constitution shown in Table

1 was prepared, in which a nylon fiber was dispersed in a matrix

composed of EPDM, a high-density polyethylene, and a
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small-particle-diameter spherical silica and the nylon fiber
was bonded to the matrix.

[0051]

[Table 1]

Constitution of Fiber-Loaded Elastomer

| Parts by weight

| EDPM - - o - 100
High—den;i—t;; polyethylene o o o 26“_
SmaH—particl;diameter spheric;l silica I 26“__- )
Nylon 6 fiber 46.7

EPDM 1n Table 1 was ﬁordei IP4é40 (trade name,
manufactured by The Dow Chemical Company) having a Mooney
viscosity of 40, an ethylene content of 55%, and a diene content
of 4.9% (kind of diene: ENB).

[0052]

Next, the fiber-loaded elastomer, the high-viscosity

T
4

elastomer (EPM), the low-viscosity elastomer (EPM), and the

additives other than the peroxide vulcanization agent and the
retarder shown 1in Table 2 were kneaded in a closed-type mixer
under heating to around 160°C, and a uniform mixture thereof
was obtained (the primary kneading). Subsequently, the
kneaded mixture was transferred to an open roll, the peroxide
vulcanization agent and the retarder were added thereto, and
the mixture was kneaded at a temperature around 120°C to obtain
aunilformmixture. Thus, the rubber composition of the adhesion
rubber portion was obtained. As can be understood from Tables
1 and 2, the high-viscosity elastomer:low-viscosity elastomer
(welght ratio) was 60:40, and the nylon fiber was incorporated
1n an amount of 11.25 parts by weight relative to 100 parts by

welight of the elastomers in the rubber composition of the
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adhesion rubber portion.
[0053]

Subsequently, 1in accordance with the method of the
empodiment, a V-ribbed belt was manufactured in which the upper
layer and the lower layer of the adhesion rubber portion were
formed from the rubber composition of the adhesion rubber
portion. The V-ribbed belt was produced by carrying out
vulcanization molding in a vulcanization chamber at 180°C for
25 minutes under pressure. The manufactured V-ribbed belt was

a 3PK belt with a length of 1040 mm and a width of 10.7 mm. In

Example 1, the orientation directions of the fibers in the upper
layer, the lower layer, and the compression rubber portion were
set to be the same as the width direction of the belt, the
longitudinal direction of the belt, and the width direction of
the belt, respectively, as shown in Fig. 1. Note that a rubber
composition used for forming the compression rubber portion was
a rubber composition containing EPDM as the elastomer, and an
aramid short fiber incorporated in an amount of 6 parts by weight
relative to 100 parts by weight of the elastomer. Meanwhile,
a woven fabric, which was plain-woven fabric of a nylon fiber
and cotton, was used as the fabric, and an aramid cord was used

as the cord.

[0054]
[Table 2]
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[0055]

[Example 2]

Example 2 was carried out in the same manner as that in

-

Example 1, except that the low-viscosity elastomer (EOM) was
incorporated into the rubber composition of the adhesion rubber
portion as a substitute for the low-viscosity elastomer (EPM),
so that the weilight ratio represented by the high-viscosity
elastomer: low-viscosity elastomer was 90:10, and except for

that one change the amounts of the various additives

1ncorporated in Example 1 were adjusted as shown in Table 2.

[0000]
[

| ———

Lrample 3]

Example 3 was carried out in the same manner as that in
Example 1, except that the amounts of the high-viscosity
elastomer and the low-viscosity elastomer incorporated into the
rubber composition of the adhesion rubber portion were changed,
so that the weight ratio represented by the high-viscosity
elastomer: low-viscosity elastomer was 70:30.

[0057]

[Example 4]

Example 4 was carried out in the same manner as that in

s

Example 2, except that the orientation direction of the short
fiber (modified nylon microfiber) in the lower layer of the
adhesion rubber portion was changed to the width direction of
the belt.

[0058]

(Example 5]
Example 5 was carried out in the same manner as that in
Example 1, except that the amounts of the fiber-loaded elastomer,

the high-viscosity elastomer, and the low-viscosity elastomer
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incorporated into the rubber composition of the adhesion rubber
portion were changed, so that the weight ratio represented by
the high-viscosity elastomer: low-viscosity elastomer was
70:30, and the nylon fiber was incorporated in an amount of 5.6
parts by weight relative to 100 parts by weight of the
elastomers.

(0059]

[Comparative Example 1]

Comparative Example 1 was carried out in the same manner

as that 1n Example 1, except that no low-viscosity elastomer
was 1ncorporated, so that the weight ratio represented by the
high-viscosity elastomer: the low-viscosity elastomer was
100:0 1n the rubber composition of the adhesion rubber portion.
In this comparative example, the incorporated materials were
not successfully kneaded 1in the secondary kneading where the
kneading temperature was low, and a rubber composition of the
adhesion rubber portion was not successfully obtained. For
this reason, a V-ribbed belt was not successfully manufactured
by using the rubber composition of the adhesion rubber portion
having the constitution shown in Table 2 in this comparative

example,

[0060]

[Comparative Example 2]

Comparative Example Z was carried out in the same manner
as that 1n Example 1, except that the constitution of the rubber
composition of the adhesion rubber portion was changed as shown
in Table 2, where the silicone-modified EPDM was used as the
elastomer material of the adhesion rubber portion, and no
modified nylon microfiber was incorporated.

10061 ]
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{Comparative Example 3]

Comparative Example 3 was carried out in the same manner
as that i1n Example 1, except that no fiber-loaded elastomer was
incorporated into the rubber composition of the adhesion rubber
portion, and the incorporated amounts of the high-viscosity
elastomer and the low-viscosity elastomer were changed, so that
nomodifiednylonmicrofiber was included in the adhesion rubber
portion, and the weight ratio represented by the high-viscosity
elastomer: low-viscosity elastomer was 70:30.

[0062]
A vulcanized rubber sample of the rubber composition of

the adhesion rubber portion of each of the Examples and

Comparative Examples was prepared and evaluated for various

physical properties, and a drive test was carried out by using

the belt of each of the Examples and Comparative Examples, as
shown below. Note, however, that since the rubber composition
of the adhesion rubber portion of Example 4 was the same as that
of Example 2, the evaluation for physical properties of Example
4 was omitted. In addition, since no rubber composition of an
adhesion rubber portion was successfully obtained in
Comparative Example 1 as described above, the evaluation for

physical properties and the drive test were not carried out on

Comparative Example 1.
(0063]
[Tensile Test]
In accordance with JIS K6251, a vulcanized rubber sample

with the dumbbell shape No. 5 was pulled, and stresses (M10 to

M200) were determined at elongations of 10% to 200%. Each

rubber sample of Examples 1 to 3 and 5 where the short fiber

was 1ncluded was subjected to this test both in the case (grain)
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where the orientation direction of the short fiber was the same
as the pulling direction, and in the case (cross-grain) where
the orientation direction of the short fiber was made
perpendicular to the pulling direction. In addition, the test
was carried out under both a normal temperature environment
(23°C) and a high-temperature environment (120°C). Table 3
shows the measurement results.

(0064 ]

[Tear Test]

The tear strength of a vulcanized rubber sample, which
was prepared as "the unnicked angle-type test piece," was
determined 1in accordance with JIS K6252. Note that, for each
of Examples 1 to 3, and 5, the tear strength was determined both
in the case where the short fiber was oriented in the grain
direction and in the case where the short fiber was oriented
in the cross-grain direction under a normal temperature
environment (23°C) and a high-temperature environment (120°C),
1in this tear test as in the case of the tensile test.

[0065]
[Drive Test]

As shown in Fig. 3, the belt 50 of each of the Examples

and Comparative Examples was wound around a driving pulley 51
having a pulley diameter of 120 mm, a driven pulley 52 having
a pulley diameter of 120 mm, and a tensioner pulley 53 having
a pulley diameter of 45 mm and being arranged on the tight side
of the belt. The belt 50 was subjected to reverse bending on
the slack side with an idler pulley 54 having a pulley diameter
of 85 mm. Then, 1n a state where the belt 50 was stretched by

the tensioner pulley 53 with a force of 559 N while a load of

8.8 kWwas applied to thedrivenpulley 52, the belt 50 was driven
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by rotating the driving pulley 51 at 4900 rpm with the maximum
tension of 350 N/rib. In this test, under 100°C ambient
Cemperature conditions, the breakage time at which the belt 50
was broken to the extent that the belt 50 could no longer be
driven was regarded as the belt lifetime. Meanwhile, the time
at which an 1nitial breakage was observed in the belt 50 was

also determined, and that time was regarded as the initial

fracture time. Note that, for each of the Examples and

Comparative Examples, an observation was made for the fracture
mode in which the belt 50 reached the end of the belt lifetime
and for the fracture mode in which the initial breakage
occurred.

[0066]

[De Mattia test]

Example 1 and Comparative Example 2 were evaluated for
durabllity based on flex crack growth by carrying out the De
Mattia test in accordance with JIS K6260 by use of a vulcanized
rubber sample obtained from the rubber composition of the
adhesion rubber portion. In the evaluation of the durability
based on flex crack growth, each sample, which had a nick formed
at the center thereof and was then subjected to 25000 bending
cycles under an environment of 120°C at a bending angle of 180°,
was evaluated based on the following criteria. In addition,
Example 1 was evaluated 1n terms of durability based on
developing flex cracks by subjecting each sample, which had no
nick formed therein, to one million bending cycles under a

temperature environment of 130°C at a bending angle of 180°.

Note that, as for Example 1, both a sample (grain) in which the
fiber was orlented in the longitudinal direction of the sample

and a sample (cross-grain) in which the fiber was oriented in
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the width direction were evaluated.

[0067]

<Durability based on Flex Crack Growth>

E: The nick was not widened at all or only barely widened,
indicating that the durability based on flex crack growth was
excellent.

G: The nick was widened, but not to an end portion,
indicating that the durability based on flex crack growth was
good.

I: The nick was widened to both ends, and the test was
discontinued, indicating that the durability based on flex
crack growth was insufficient. Note that the number of times
at which the test was halted is shown in parentheses.
<Durability based on Developing Flex Cracks>

L: None or almost no cracks occurred, indicating that the
durability based on developing flex cracks was excellent.

I: A large crack occurred, indicating that the durability
based on developing flex cracks was insufficient.

[0068]
[Table 3]
[0069]
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As 1s apparent from the results shown in Table 3, as for
each of Examples 1 to 4 of the present invention, the tensile
strength and the tear strength in the grain direction were good,
and the drive lifetime of the belt was also good. In addition,
1t can be understood that the possibility of unpredictable
Cransmission failure is reduced because no cord separation

occurred. Moreover, the time from the initial fracture to the

final fracture was extended in each of Examples 1 and 3 where
the high-viscosity and low-viscosity elastomers were both EPM,
the orientation direction of the short fiber in the lower layer
was the same as the longitudinal direction of the belt, and the
orientation direction of the short fiber in the upper layer was
the same as the width direction of the belt. Hence, it can be
understood that transmission failure can be found rather easily

in each of Examples 1 and 3.

[0070]

On the other hand, in each of Comparative Examples 2 and
3 where no short fiber was incorporated into the adhesion rubber
portion, the tensile strength and the tear strength were poor,

and the durability of the belt was also poor. Moreover, since

cord separation occurred in Comparative Examples 2 and 3, it

1s concelvable that unpredictable transmission failure tends

to occur 1in Comparative Examples 2 and 3. Furthermore, in
Example 5 where the short fiber was incorporated, but the
incorporated amount thereof was less than 10 parts by weight,
the tensile strength and the tear strength were relatively good,

but the drive lifetime was at the same level as that of

Comparative Example 3 where no short fiber was incorporated,

and also cord separation did occur in Example 5. From these

results, although the reason has not been clarified, it can be
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understood that, when a large amount of a nylon fiber is not
lncorporated into the adhesion rubber, the physical properties

are 1mproved to some degree, but the belt lifetime cannot be

significantly extended in the present invention.
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[(Claim 1]

A frictional power transmission belt, which 1s formed
from rubber and includes an embedded cord that extends 1n the
longitudinal direction of the belt, wherein

at least a part of the rubber surrounding the cord 1s
obtained by vulcanizing a rubber composition that includes a
high-viscosity elastomer and a low-viscoslty elastomer, and
contalins a modified nylon microfiber, and

the high-viscosity elastomer 1s at least one elastomer
selected from the group consisting of ethylene-propylene
copolymers and ethylene-propylene-diene terpolymers, and the
low-viscosity elastomer is lower in Mooney viscosity at 125°C
than the high-viscosity elastomer.

(Claim 2]

The frictional power transmissionbelt according to claim
1, wherein the Mooney viscosity at 125°C of the low-viscosity
elastomer 1s less than or equal to 10.

[Claim 3]

The frictional power transmissionbelt according to claim
1, wherein the Mooney viscosity at 125°C of the high-viscosity
elastomer 1s greater than or equal to 50.

[Claim 4]

The frictional power transmission belt according toclaim
1, wherein 1n at least a part of the rubber, the nylon fiber
quantity of the modified nylon microfiber is not less than 10

parts by weight relative to 100 parts by weight of the

elastomers.
[Claim 5]

The frictional power transmission belt according to claim
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1, wherein the weight ratio of the high-viscosity elastomer to
the low-viscosity elastomer is 95:5 to 50:50.
[Claim 6]

The frictional power transmission belt according to claim
1, wherein the low-viscosity elastomer i1s at least one elastomer
selected from the group conslisting of ethylene-propylene
copolymers and ethylene-propylene-diene terpolymers.
[Claim 7]

The frictional power transmission belt according toclaim
6, wherein the weight ratio of the high-viscosity elastomer to
the low-viscosity elastomer 1s 70:30 to 50:50.
[Claim 8]

The frictional power transmission belt according toclaim
1, wherein

the frictional power transmission belt comprises an
adhesion rubber portion which contains the modified nylon
microfiber and 1is formed by vulcanizing the rubber composition,

and

the cord 1s embedded in the adhesion rubber portion.
[Claim 9]

The frictional power transmission belt according to claim
8, wherein the frictional power transmission belt further
comprises a compression rubber portion provided below the
adhesion rubber portion.

[Claim 10]

The frictional power transmissionbelt according to claim
9, wherein the compression rubber portion includes a short fiber
oriented 1n the width direction of the belt.

Claim 11]

The frictional power transmission belt according to claim
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9, whereiln

the adhesion rubber portion 1s composed of an upper layer
constituting the upper side and a lower layer constituting the
lower side, which are located across the cord,

each of the upper layer and lower layer contains the
modified nylon microfiber and 1s formed by vulcanizing the
rubber composition, and

the modified nylon microfiber contained in the upper
layer 1s oriented in the width direction of the belt, while the
modified nylon microfiber contalined in the lower layer 1s
oriented 1in the longitudinal direction of the belt.

[Claim 12]

The frictional power transmission belt according toclaim
1, wherein themodified nylonmicrofiber 1s obtained by bonding
nylon fiber to a matrix composed of polyolefin, an elastomer
and spherical silica with average particle diameter of 1 um or
less and moisture content of 1000 ppm or less.

[Claim 13]

Amethod of manufacturing a frictional power transmission
belt which 1s formed from rubber and includes an embedded cord
that extends 1n the longitudinal direction of the belt, the
method comprising:

afirst step of obtaining a rubber composition by kneading
a modified nylon microfiber, a high-viscosity elastomer and a
low-viscosity elastomer; and

a second step of molding the rubber composition as a rubber
adhered to the cord by arranging the rubber composition around
the cord followed by wvulcanizing, whereiln

the high-viscosity elastomer 1s at least one elastomer

selected from the group consisting of ethylene-propylene
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copolymers and ethylene-propylene-diene terpolymers, and the
low-viscosity elastomer is lower in Mooney viscosity at 125°C
than the high-viscosity elastomer.

[Claim 14]

An adhesion rubber provided to surround a cord that 1s
a tension member of a belt, whereiln

at least a part of the adhesion rubber i1s obtained by
vulcanizing a rubber composition that includes a high-viscosity
elastomer and a low-viscosity elastomer, and contains a
modifled nylon microfiber, and

the high-viscosity elastomer 1s at least one elastomer
selected from the group consisting o¢f ethylene-propylene
copolymers and ethylene-propylene-diene terpolymers, and the
low-viscosity elastomer is lower in Mooney viscosity at 125°C
than the high-viscosity elastomer.

[Claim 15]

A rubber composition, comprising a modilified nylon
microfiber, a high-viscosity elastomer and a low-viscoslty
elastomer, wherein

the high-viscosity elastomer 1s at least one elastomer
selected from the group consisting of ethylene-propylene
copolymers and ethylene-propylene-diene terpolymers, and the
low-viscosity elastomer is lower in Mooney viscosity at 125°C

than the high-viscosity elastomer.

30



1/3

B
H PR \\ \\&!ﬂ\\ .
um%~§§m$\\_u







- —trertede—"r - —

R AT SN R S AT TN

I AT I

SV v B R e e e e g el e

W S S—— N S————— — — -

CA 02831267 2013-09-24

a y &

- Figure

e

53

509N

—

Locked

HAE X1 .-;{ﬁ:;:'-;"‘-:')‘f"" Cranz el Tone g R o gumyy e -?x“w':’:l-; end "5"?40'.:\( ._:"'&'{.?,N,‘:(;Q‘\{::'_.':?E‘I'Lygi P RTOL NP

.7

v r

W Ap— - ——

e e T T

BT S V- SR PR PAPE GRS PR T W TR AR O TR I iy Sre—tenlie- i Y

3/3

- R

EL L S—




11 21A
AWi 3
O RO )

i e .
DA T TR T



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - claims
	Page 35 - claims
	Page 36 - claims
	Page 37 - claims
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - abstract drawing

