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(57) Abrege/Abstract:

The durabillity of a belt Is enhanced by improving the strength of rubber Iitself while enhancing its peeling strength with respect to a
cord, a fabric or a short fiber. A toothed belt (10) comprises a belt body (13) that is integrally formed by a tooth rubber (11) provided
on one surface side thereof, a backing rubber (12) provided on the other surface side, and an embedded cord (14) spirally wound
INn a boundary portion between the tooth rubber (11) and the backing rubber (12) that extends in the longitudinal direction of the
belt. A facing fabric (20) covering the tooth rubber (11) is adhered to a surface of the tooth rubber (11), or one surface of the belt
body (13) . The tooth rubber (11) Is obtained by vulcanization-molding a rubber composition including rubber such as HNBR,
resorcinol, a melamine compound, silica and the like.
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Abstract

The durability of a belt 1s enhanced by i1mproving the

gr——

strength of rubber 1tself while enhancing i1ts peeling strength

wlth respect to a cord, a fabric or a short fiber. A toothed

belt (10) comprises a belt body (13) that i1s integrally formed

by a tooth rubber (11) provided on one surface side thereof,
a backing rubber (12) provided on the other surface side, and
an embedded cord (14) spirally wound 1in a boundary portion
between the tooth rubber (11) and the backing rubber (12) that
extends 1n the longitudinal direction of the belt. A facing

fabric (20) covering the tooth rubber (11) 1s adhered to a

P

surface of the tooth rubber (11), or one surface of the belt

body (13). The tooth rubber (11) 1s obtained by

vulcanization-molding a rubber composition 1ncluding rubber

such as HNBR, resorcinol, a melamine compound, silica and the

like.
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Description

Title of Invention: TRANSMISSION BELT

Technical Field
[0001]

The present invention relates to a power transmission
belt, and particularly to a toothed belt wused 1n a

high-temperature and high-load environment.

Background Art
(0002 ]

-t

Toothed belts have been widely used for power

transmission in internal combustion engines of automobiles, and
the like. Recently, toothed belts have been increasingly used

in high-temperature and high-load environments. That 1s,

downsizing of engines or the like requires toothed belts to be
used in environments with higher temperature and to be smaller

in width. Conventionally, to enhance the durability of a

toothed belt in a high-load environment, for example, a short

fiber or the like is incorporated into the tooth rubber, and

rubber with a relatively high modulus based on a so-called

performing technology is used as the tooth rubber.

[0003]

Furthermore, 1in a high-temperature environment the

amount of deformation sustained by the teeth of a toothed belt

increases. Hence, the amount of internal heat generation 1s

increased, and consequently the toothed belt is more likely to

thermally degrade. In addition, the rubber and the fabric at
tooth root portions are repeatedly elongated to a great extent,
and consequently cracks are more likely to occur in the toothed

belt. Conventionally, the fabric, the short fiber, the cord,

and the like are subjected to surface treatment with RFL, rubber
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cement, or the like for prevention of cracks and the like, so

t+hat the adhesive forces of rubber with these members are

enhanced.

[0004 ]

Moreover, as disclosed, for example, in Patent Document

1, a V-ribbed belt is known which has such a structure that a

resorcin-formalin resin or a melamine resin 1s 1lncorporated

into an adhesion rubber to enhance the adhesive force between
the cord and the adhesion rubber in which the cord i1is embedded.
Patent Document  1: Japanese Patent Application

Publication No. 2008-2061489

Summary of Invention

Technical Problems

0005}

Recently, an increasingly higher level of durability has

been required in the market, and hence it has become difficult

to sufficiently enhance durability to meet the required level

by the use of only rubber of high strength and short fiber and
by treating the surface of various members with RFL or rubber
cement. In addition, a tooth rubber with a high modulus tends
to lose adhesion to the fabric or the short fiber and experience

weakening of the rubber at high temperature. Moreover, when

a resorcin-formalin resin or a melamine resin 1s 1lncorporated
into the adhesion rubber as disclosed in Patent Document 1, the

adhesive force can be improved, but the tear strength and the

like of the rubber itself may be compromised, so that tooth shear,

cracks, and the like are more likely to occur 1n some cases.

[0006]

In this respect, an object of the present invention 1s

to improve the adhesive force between rubber and various members,
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while enhancing the strength of the rubber itself by improving

the tear strength and the like also under high-temperature

conditions, and to thereby improve the durability of a belt used
in a high-load and high-temperature environment.

Solution to Technical Problems

[0007 ]

A power transmission belt according to the present
invention comprises a rubber portion which 1s molded by

vulcanizing a rubber composition including rubber, resorcinol

and a melamine compound.

[0008]

In general, the rubber portion is adhered to a cord or

-

fabric, or includes a short fiber embedded therein. Here, an

aramid short fiber is preferably embedded within the rubber
portion. In addition, the rubber preferably 1includes a
hydrogenated nitrile rubber. Moreover, the rubber composition

preferably further includes silica. Furthermore, at least one

of the cord, the fabric and the short fiber preferably 1s

subjected to RFL treatment, and includes RFL components adhered

onto the surface thereof.

[0009]

The power transmission belt is preferably a toothed belt
with tooth rubber. In addition, the rubber portion preferably

constitutes at least a part of the tooth rubber. Meanwhille,

a hexamethoxy methylol melamine compound is preferably used as

the melamine compound. Note that the hexamethoxy methylol

melamine compound is, for example, hexamethoxy methylol

melamine, a partial condensate oligomer thereof, or a mixture

F
p—

thereof.

[0010]
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For example, the toothed belt includes a cord, a

tooth rubber disposed on one surface side, a backing rubber

disposed on the other surface side, and a facing fabric

p—

covering the one surface side of the tooth rubber, the one

surface side and the other surface side beilng located across

the cord from one another. In thils case, at least the one

ﬁ

surface side of the tooth rubber 1s formed by the rubber

portion, and the facing fabric is adhered to the rubber

portion.

[0011] A method of manufacturing a power transmission belt

according to the present invention comprises moldlng a rubber

portion constituting at least a part of the power transmission
belt by vulcanizing a rubber composition including rubber,

resorcinol and a melamlne compound.

H

[(0011a] According to one aspect of the present invention,

gpr—

there is provided a method of manufacturing a power

transmission belt, comprising molding a rubber portion

F

constituting at least part of the power transmission belt Dby

vulcanizing a rubber composition including rubber, resorcinol
and a melamine compound; wherein the rubber portion 1ncludes a
hydrogenated nitrile rubber; and wherein the power transmission
belt 1s a toothed belt with tooth rubber, and the rubber

Jr—

portion constitutes at least a part of the tooth rubber;

ﬁ

wherein the incorporated amount by weight of the melamine

compound is less than that of the resorcinol.

P

[0011b] According to another aspect of the present 1nvention,

there is provided a power transmission belt, comprising a
rubber portion which is molded by vulcanizing a rubber

composition including rubber, resorcinol and a melamine

¥
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compound; wherein the rubber portion includes a hydrogenated
nitrile rubber; and wherein the power transmission belt 1s a
toothed belt with tooth rubber, and the rubber portion

F

constitutes at least a part of the tooth rubber; wherein the

gr—

incorporated amount by weight of the melamine compound is less

than that of the resorcinol.

"

Advantageous Effects of Invention

[0012] In the present invention, the specific internal

adhesive agents are incorporated into the rubber composition.

Hence, the durability of the belt can be improved by 1mproving

the strength of the rubber itself, while enhancing the adhesion

strength of the rubber to the cord, the fabric, the short

fiber, and the 1like.

F

Brief Description of Drawings

(0013] [Fig. 1] Fig 1 is a cross-sectional view of a toothed

belt according to a first embodiment of the present 1nvention.

F

[F1g.2] Fig. 2 is a cross-sectional view showing a method of

manufacturing a toothed belt according to the first embodiment

F

of the present 1nvention.

_—

[Fi1g 3] Fig. 3 is a cross—-sectional view of a toothed belt

4a
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according to a second embodiment of the present 1nvention.

[Fig. 4] Fig. 4 shows the layout of a high-load durability test.

[Fig. 5] Fig. 5 is a graph showing the results of the high-load
durability test.

List of Reference Numbers

(0014]
10 toothed belt (power transmission belt)
11 tooth rubber

12 backing rubber
13 belt body

14 cord

20 facing fabric (fabric)

Description of Embodiments

[0015]

Hereinafter, embodiments of the present invention are

described with reference to the drawings.

Fig. 1 shows a toothed belt of a first embodiment of the

present invention. The toothed belt 10 1s formed 1n an endless

shape, and is used by being wound around driven and driving

pulleys (not illustrated) in an internal combustion engine oOr
the like, for example. The toothed belt 10 is a timing belt
which transmits torque (driving force) from a driving pulley
to a driven pulley by synchronous power transmission.
[0016]

The toothed belt 10 includes a belt body 13 and a cord

14. The belt body 13 is integrally formed by a tooth rubber

11 provided on one surface side thereof and a backing rubber

12 provided on the other surface side. The cord 14 1s spirally
wound and embedded in a boundary portion between the tooth

rubber 11 and the backing rubber 12, and embedded to extend 1n
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the longitudinal direction of the belt. The cord 14 1s adhered

to the tooth rubber 11 and the backing rubber 12.
[0017]

In the tooth rubber 11, a tooth portion 15 and a tooth

bottom portion 16 are alternately formed on the one surface side

of the belt body 13 along the longitudinal direction of the belt.

A facing fabric (fabric) 20 covering the tooth rubber 11 (the
tooth portion 15 and the tooth bottom portion 16) 1s adhered
onto a surface of the tooth rubber 11 (1.e., one surface of the
belt body 13).

[0018]

A short fiber 25 made of a nylon fiber, a modified nylon

fiber obtained by modifying nylon, an aramid fiber, or the like,

and having a fiber length of about 0.5 to 10 mm is loaded 1n

the tooth rubber 11. An aramid short fiber 1s preferably

loaded in the tooth rubber 11, to further increase the modulus

of the tooth rubber 11. Moreover, when an aramid fiber 1s loaded,

two internal adhesive agents described later are more likely

-

to improve physical properties of the rubber such as tear

strength and adhesion strength of the rubber with the short

fiber 25 and the like. The short fiber 25 is loaded, for example,
in an amount of about 4 to 36 parts by weight, preferably about

10 to 25 parts by weight, and particularly preferably about 12
to 16 parts by weight in the tooth rubber 11, relative to 100
parts by weight of a matrix described later.

[0019]

The short fiber 25 is preferably subjected to treatment
with a treatment agent including a resin component capable of
reacting with the 1internal adhesive agents described later, and

1s preferably subjected to, for example, REL
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(resorcin-formalin-latex) treatment. The RFL treatment 1s
conducted by impregnation treatment, in which the short fiber
is immersed in an RFL treatment liquid and then dried under
heating. The RFL treatment liguid 1ncludes latex and a
resorcin-formaldehyde condensate, which are diluted with, for
example, water or the like. Moreover, the resin component may

be a urethane resin or an epoxy resin.

[0020]

The short fiber 25 1is oriented substantially 1in the

thickness direction of the belt in a central region of the tooth

portion 15. As the short fiber 25 approaches the tooth surtace

from the central region, the orientation of the short fiber 25

becomes inclined from the thickness direction so as to extend

along the tooth surface. The short fiber 25 1s oriented

P

substantially in the longitudinal direction of the belt near

the top portion of the tooth portion 15 and the tooth bottom

portion 16.
(0021]

The tooth rubber 11 is obtained by vulcanizing and molding
a rubber composition including rubber and various additives.
The rubber composition includes a hydrogenated nitrile rubber
(HNBR) as the main component of the rubber, and may include other
rubber components such as a hydrogenated carboxylic nitrile

rubber (HXNBR) and a nitrile rubber (NBR).

[0022]

The rubber composition used to mold the tooth rubber 11

preferably includes a metal o, B-ethylenic unsaturated

carboxylate as a matrix, in addition to the rubber. However,
the metal o, B-ethylenic unsaturated carboxylate does not have

to Dbe 1included. The metal «,B-ethylenic unsaturated
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carboxylate is included, for example, in an amount of about 0.2
to 0.4 relative to the matrix (the total weight of the rubber
and the metal «,B-ethylenic unsaturated carboxylate).
[0023]

The metal o,B-ethylenic unsaturated carboxylate 1s
formed by ionic bonding of an «o,pP-ethylenic unsaturated
carboxylic acid with a metal. For example, a monocarboxylic

acid such as acrylic acid or methacrylic acid, or a dicarboxylic

acid such as maleic acid, fumaric acid, 1i1itaconic acid, or
citraconic acid is used as the «,f-ethylenic unsaturated
carboxylic acid, and methacrylic acid is preferably used. For
example, zinc, magnesium, calcium, barium, titanium, chromium,
iron, cobalt, nickel, aluminum, tin, lead, or the like 1s used
as the metal, and zinc is preferably used. Thus, for example,
zinc dimethacrylate is used as the metal salt.

(0024 ]

The rubber composition used to mold the tooth rubber 11
further includes resorcinol and a melamine compound as the
internal adhesive agents. In this embodiment, the inclusion

of these compounds leads to polymerization of the melamine

il

compound and resorcinol, for example, upon the heating during
the molding by vulcanization, and in turn during construction
of a network structure. Consequently, the tear strength and

the like of the tooth rubber 11 is enhanced, and the adhesion

strength of the tooth rubber 11 to the cord 14, the facing fabric

20, and the short fiber 25 is also enhanced.

[0025]

The melamine compound 1is, for example, a melamine
compound having at least partially methoxymethylated amino

groups. Specific examples of the melamine compound 1nclude
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hexamethoxy methylol melamine compounds such as hexamethoxy

P
p—

methylol melamine, partial condensate oligomers thereof, and

mixtures thereof. The melamine compound preferably has a
viscosity at 25°C (according to DIN19268) of about 3000 to 8000

mPa -s.

[00206]

Resorcinol is incorporated in an amount of 0.3 to 8 parts

by weight, preferably 0.5 to 4.5 parts by weight, and more

preferably 1.5 to 3.0 parts by weight relative to 100 parts by

weight of the matrix of the rubber composition. In addition,

the incorporated parts (weight) of the melamine compound are

preferably smaller than those of resorcinol. The melamine
compound is incorporated in an amount of 0.2 to 5 parts by weight,
preferably 0.3 to 2.7 parts by weight, and more preferably 0.9

to 1.8 parts by weight relative to 100 parts by weight of the

matrix of the rubber composition. If the incorporated amount

of any of the melamine compound and resorcinol exceeds the
above-described range, the tear strength, breaking strength,
and the like tends to be poor. On the other hand, 1f the
incorporated amount is lower than the above-described range,

the adhesion strength is hard to 1mprove.

[0027]

The rubber composition used to mold the tooth rubber 11

preferably includes silica. Silica in the form of fine

particles, powder, or the like is used. In this embodiment,

water contained in the silica causes the melamine compound to

donate formaldehyde. Then, resorcinol is polymerized with the

formaldehyde, and the melamine compound 1is also polymerized.

Consequently, the adhesive force, tear strength, and the like

are improved as described above. The amount of the silica 1s
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5 to 50 parts by weight, and preferably 20 to 40 parts by weight,

relative to 100 parts by weight of the matrix of the rubber

composition.
[0028]

The rubber composition used to mold the tooth rubber 11
further includes known additives for rubber such as a
vulcanizing agent, a plasticizer, a lubricant, and carbon black.
In this embodiment, an organic peroxide-based vulcanizing agent

is preferably used as the vulcanizing agent.

[0029]

Although not particularly limited, the facing fabric 20

is, for example, a fabric including first threads (for example,

weft threads) extending along the longitudinal direction of the

Ll

belt and second threads (for example, warp threads) extending

along the width direction of the belt, which are woven. In the

facing fabric 20, for example, the first threads are constituted

- [~

of elastic threads, and the second threads are constituted of

non-elastic threads. Thus, the facing fabric 20 is elastic 1n

the longitudinal direction of the belt, and is more easily

molded into a corrugated shape 1in preforming. In this

embodiment, at least a part of the fiber constituting the facing

fabric 20 is preferably an aramid fiber to improve the strength

of the belt surface, and, for example, at least some of the first

threads are preferably an aramid fiber. Inaddition, the facing
fabric 20 is subjected to impregnation treatment or the like,
such as RFL treatment, 1f necessary.

[0030]

The rubber composition used to mold the tooth rubber 11

is prepared as follows. First, additives such as the short

fiber, silica and the like for the rubber composition other than

10
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the vulcanizing agent and internal adhesive agents (resorcinol

and the melamine compound), are kneaded with the rubber

preferably at a temperature higher than the temperature for the

primary kneading described below. Subsequently, the internal

adhesive agents are added, and the mixture 1s further kneaded

(primary kneading). In this primary kneading, the kneading

temperature is preferably 100°C or higher. The kneading at this

temperature results in the release of water from the silica to

the composition, and facilitates the donaticn of formaldehyde
from the melamine compound in the above-described manner.
Further, the vulcanizing agent is added to the primary kneaded
mixture, and the resultant mixture 1s kneaded at a temperature

gr—

lower than the vulcanization temperature of the wvulcanizing

agent (lower than the kneading temperature for the primary
kneading) . Thus, the rubber composition 1s obtained
(secondary kneading). The rubber composition is shaped into
a sheet, and used as a tooth rubber sheet 11’ (see Fig. 2).

However, the method of kneading the rubber is not limited to

this method, and for example, the additives other than the

vulcanizing agent may be added in the primary kneading or the

secondary kneading, as appropriate.

[0031]

As the backing rubber 12, rubber used as the backing rubber

for a conventionally known toothed belt may be used, and the

backing rubber 12 preferably does not load short fiber. In

addition, the rubber used as the backing rubber 12 is preferably

mainly made of HNBR as in the case of the tooth rubber 11, and

may include other rubber components, 1f necessary.

(0032]
Next, a method of manufacturing the toothed belt 10 ot

11
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this embodiment is descried based on Fig. 2. In this embodiment,

the facing fabric 20 subjected to the impregnation treatment

or the like is first preformed by a conventionally known method
into a corrugated shape having an alternating tooth portion 23
and tooth bottom portion 24.
[0033]

Subsequently, the tooth rubber sheet 11’ is adhered under

pressure onto one surface of the facing fabric 20 having the

corrugated shape. Thus, a rubber-provided facing fabric 26 1s

obtained. The tooth rubber sheet 11’ is pressed against the

facing fabric 20. Hence, the tooth rubber sheet 11’ adhered
under pressure is relatively thick on the tooth portion 23, and
relatively thin on the tooth bottom portion 24. Moreover, the
short fiber 25 loaded in the tooth rubber sheet 11’, which has
been incorporated along the longitudinal direction, is inclined
as appropriate while being adhered under pressure, as 1s

apparent from Fig. 2, and is oriented in substantially the same

manner as that of the short fiber in the toothed belt 10.

[0034]

The thus obtained rubber-provided facing fabric 26 1is
wound around a toothed mold 30. The toothed mold 30 has a
cylindrical shape, and has an outer peripheral surface on which

recessed portions 31 and raised portions 32 are alternately

provided along the circumferential direction. FEach tooth
portion 23 of the rubber-provided facing fabric 26 is disposed

inside a corresponding recessed portion 31. Note that, 1in

general, each tooth portion 23 of the rubber-provided facing

fabric 26 has a shape which is not completely fitted to the
recessed portion 31, and a space exists between the tooth

portion 23 and the recessed portion 31.

12
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[0035]

Subsequently, the cord 14 is spirally wound around the

tooth rubber sheet 11/, and a backing rubber sheet 12’ 1s further

wound around the cord 14. After that, the toothed mold 30 1s

housed in a vulcanization chamber (not illustrated). Note that
the tooth rubber sheet 11’ and the backing rubber sheet 12’ are
unvulcanized rubber sheets to be converted into the tooth rubber
11 and the backing rubber 12 after wvulcanization molding.
[0036]

In the vulcanization chamber, the rubber-provided facing

fabric 26 and the like, which are wound around the toothed mold

30, are heated with steam, for example, and are pressurized from
the outside to the inside with a vulcanization bag or the like
provided in the vulcanization chamber. As a result of the

pressurization and heating, the spaces inside the recessed

portions 31 are completely eliminated, and the facing fabric
20, the rubber sheets 11’ and 12’, and the cord 14 are 1ntegrated
with each other by vulcanization of the rubber sheets 11’ and
12’ and the like. Thus, a belt slab is molded. The belt slab
is demolded from the toothed mold 30, subjected as appropriate
to grinding or the like, and then cut 1nto a piece having a
predetermined width. Thus, the toothed belt 10 (see Fig. 1)
1s obtained.

[0037]

In this embodiment, the incorporation otf the

above-described two internal adhesive agents into the tooth
rubber 11 as described above improves the strength such as the
tear strength of the rubber itself, and also 1lmproves the
adhesive force to the cord 14, the facing fabric 20, and the

short fiber 25. Hence, the durability of the belt is improved

13
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-

even in a high-temperature and high-load environment.
[0038]
Fig. 3 shows a toothed belt according to a second

embodiment of the present invention. The second embodiment 1is

the same as the first embodiment, except for the structure of

the tooth rubber. Differences of the second embodiment from

the first embodiment are described below.

(0039]

In the second embodiment, the tooth rubber 11 i1ncludes
a core rubber portion 37 and a tooth surface rubber portion 38.
The core rubber portion 37 accounts for a large proportion of
the tooth portion 15, is laminated on the backiling rubber 12,
and has a shape matching the shape of the tooth portion 15. The
tooth surface rubber portion 38 is thin, is laminated on the

core rubber portion 37, and is disposed on a surface of the tooth

rubber 11. In addition, the facing fabric 20 covers and 1s

adhered to the outer peripheral surface of the tooth surface

rubber portion 38.

(0040 ]

In this embodiment, the tooth surface rubber portion 338

is obtained by molding the same rubber composition as that of

the tooth rubber 11 in the first embodiment, except that short

fiber is not incorporated. In other words, the tooth surrace
rubber portion 38 is molded by using a rubber composition 1nto
which silica, resorcinol, the melamine compound, and the like

are incorporated. On the other hand, the core rubber portion

37 is obtained by molding a rubber composition having the same

constitution as that of the tooth rubber 11 of the first
embodiment, except that resorcinol and the melamine compound

are not incorporated. Note that, since the material, the

14
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orientation, and the like of the short fiber 25 1n the core rubbér

portion are the same as those in the first embodiment,
descriptions thereof are omitted.

10041 ]

In this embodiment, the above-described two internal

adhesive agents are incorporated into the tooth surface rubber

portion 38 as described above. Hence, it is possible to improve

the adhesion strength of the tooth rubber 11 to the facing fabric

20, and also to improve the rubber strength of the tooth rubber
11 near the tooth surface. Moreover, since the tooth surface

rubber 38 is provided, the adhesion between the facing fabric

20 and the tooth rubber 11 is not obstructed by the short fiber,

and the adhesion strength in between 1s more likely to Dbe

improved.

(0042 ]

Note that, in this embodiment, the core rubber portion
37 may be obtained by molding a rubber composition 1into which

resorcinol, the melamine compound, and the like are

incorporated, as in the case of the tooth surface rubber portion

N

38. Moreover, the method of manufacturing a toothed belt of

this embodiment is the same as that of the first embodiment,

except that the two layers (the tooth surface rubber sheet and
the core rubber sheet) are adhered under pressure to the facing

fabric, instead of the rubber sheet. Hence, descriptions

thereof are omitted.

[0043]

Note that, in each of the above described embodiments,
the rubber constituting each of the tooth rubber 11 and the

backing rubber 12 may include rubber components such as EPDM

(ethylene-propylene-diene copolymer), other than HNBR, NBR,

15
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and HXNBR described above, or may include a rubber component

other than HNBR as the main component.

(0044 ]

Moreover, in each of the above-described embodiments, the

facing fabric 20 and the cord 14 each preferably have surfaces

to which a resin component capable of reacting with the internal
adhesive agents is attached by, for example, subjecting the

facing fabric 20 and the cord 14 to RFL treatment or the like,

as 1n thé case of the short fiber 25.

Examples

10045]

Examples are shown below as specific examples of the

present invention. However, the present invention 1s not

limited to the Examples shown below.

[0040]

In each of the Examples and Comparative Examples, a rubber
composition having the constitution shown in Table 1 was
obtained as follows. Specifically, the additives other than
the wvulcanizing agent and the internal adhesive agents
(resorcinol and the hexamethoxy methylol melamine compound)
shown in Table 1 were added to a matrix, and the mixture was
kneaded at 120 to 160°C. Then, the internal adhesive agents
were added thereto, and the mixture was kneaded at 100 to 130°C
(primary kneading). Further, the vulcanizing agent was added
thereto, and the mixture was subjected to the secondary kneading

below 100°C.
10047 ]

[Table 1]

16
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* ] n_m indicate that the item was not incorporated, or not

determined.

*2 The numeric value of the matrix and each of the additives
such as short fiber indicates an amount in parts by welght.
*3 The zinc dimethacrylate-containing HNBR was obtained Dby

mixing in advance zinc dimethacrylate and HNBR at a welght ratio

of 80:20. 1In addition, the HNBR had a hydrogenation percentage

of 90%.

* 4 Technora (product name), which 1s a para-type aramid

short fiber with a fiber length of 1 mm, was used as the aramid

short fiber. Note that, in Table 1, the "aramid short fiber"™

indicates an aramid short fiber subjected to RFL treatment (RF/L

weight ratio=1/5, NBR latex was used as the latex), and the
aramid short fiber (untreated) indicates an aramid short fiber
not subjected to any impregnation treatment such as RFL

Lreatment.

*5 The hexamethoxy methylol melamine compound used was a

partial condensate oligomer of hexamethoxy methylol melamine,

having a viscosity at 25°C (according to DIN19268) of 5500
mPaes.
*6 * in Table 1 indicates that an aramid cord was used as

the cord.

(0048 ]

[Evaluation of Physical Properties of Rubber Compositions]

The physical properties of the rubber composition of each

1

of the Examples and Comparative Examples were evaluated as

follows. Table 1 shows the results.

[0049]

Tensile Stress at Break (TSy) ]

Rubber samples with the dumbbell shape No. 5 were prepared

18
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by vulcanizing and molding the rubber composition of each ot

the Examples and Comparative Examples at 160°C for 20 minutes
under a pressure of 150 kgf. By using the rubber samples, the
tensile stress at break (TS,) was measured under a normal
environment (23°C) and a hot environment (120°C) in accordance
with JIS K6251. Note that the short fiber was oriented along
the direction of tension in the rubber samples.

[0050]

[Tear Strength (TR) ]

Vulcanized rubber samples, namely "unnicked angle-shaped

test pieces" were prepared from the rubber composition of each
of the Examples and Comparative Examples under the same
vulcanization conditions as those in the tensile stress at break
(TSp,) . By using the rubber samples, tear strength (TR) was

measured under a normal environment (23°C) and a hot environment

(120°C) in accordance with JIS K6252.

[0051]

[Peeling Strength to Facing Fabric (Tg) ]

Samples were each obtained by adhering an unvulcanized

rubber sheet made from the rubber composition of each of the

Examples and Comparative Examples to a facing fabric at a

vulcanization temperature of 160°C for 20 minutes under a

pressure of 40 kgf. By using the samples (25 mm in width), the
peeling strength (Tf) of the vulcanized rubber with respect to

the facing fabric was measured under a normal environment (23°C)

and a hot environment (120°C) in accordance with JIS Ko6256-1.

(0052 ]

Note that the facing fabric used 1n this measurement was
3 woven fabric in which the warp threads and the weft threads

were woven into a 2/2 twill, and which was subjected to RFL

19
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treatment (RF/L weight ratio=1/5, NBR latex was used as the

latex) . Here, the warp threads were non-elastic threads
constituted of 110-dtex nylon filament yarns. The weft threads
were elastic threads constituted of composite yarns in which
intermediate yarns made of 220-dtex para-aramid fiber yarns
(product name: Technora) were wound around core yarns made of

470-dtex urethane elastic varns, and cover yarns made of

110-dtex nylon fiber were further wound around the intermediate
yarns. Note that the weft threads extended along the
longitudinal direction of the sample, and the grain direction

of the short fiber was the same as the longitudinal direction

of the sample.
[0053]
[Peeling Strength to Cord (Tg) |

Samples were each obtained by aligning cords along the

longitudinal direction of an unvulcanized rubber sheet made

from the rubber composition of each of the Examples and

Comparative Examples, placing a supporting fabric on the cords,

and integrating these materials with each other at 160°C for

20 minutes under a pressure of 40 kgf. By using the samples

(25 mm in width), the peeling strength (Tf) of the rubber to

the cord was measured under a normal environment (23°C) and a

hot environment (120°C) in accordance with JIS KoZ256-1. Note
that aramid cords were used as the cords in Examples 11 to 13

and Comparative Examples 5 and 6, and glass cords were used as

the cords in the other Examples and Comparative Examples.

(0054 ]

[Belt Performance Evaluation]

As for each of Example 1 and Comparative Example 1, toothed

belts were prepared according to the first embodiment, and the

20
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performances of the belts were evaluated as described below.
Specifically, the same facing fabric as that used in the
above-described adhesion test was subjected to RFL treatment

in the same manner, and then preformed into a corrugated shape,

sO that the weft threads extended along the longitudinal

direction of the belt. In addition, a tooth rubber sheet made

from the rubber composition having the constitution of Table

1 was adhered under pressure to the facing fabric. Thus, a

rubber-provided facing fabric was obtained. Subsequently, the

rubber-provided facing fabric, a glass cord, and a backing
rubber sheet were wound around a toothed mold in this order,
and molded by vulcanization 1in a vulcanization chamber. Thus,
a belt slab was obtained. The belt slab was cut, and RU-toothed

belts having 92 teeth and a belt width of 19.1 mm were obtained.

e

Note that the backing rubber sheets used 1in Example 1 and

Comparative Example 1 were backing rubber sheets made from the
same rubber composition including HNBR as the rubber component,
but excluding short fiber and any internal adhesive agents
incorporated thereinto.

[0055]

[Peeling Strength of Fabric]

The toothed belt of each of Example 1 and Comparative

Example 1 was cut i1nto a strip shape, and a nick was formed 1in
the facing fabric. Then, the facing fabric was peeled from the

tooth rubber along the longitudinal direction at a tensile speed

of 50 mm/minute, and the force required for peeling at the top

of a tooth was regarded as the peeling strength of the fabric.
Table 1 shows the results.

[0056]

[High-Load Durability Test]

21
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Fach of the toothed belts of Example 1 and Comparative

v

Example 1 was evaluated for durability under high load by a

high-load durability test. Fig. 4 shows a drive test device

90 used in the high-load durability test. The drive test device

90 has a driving toothed pulley 91 having 18 teeth, a driven
toothed pulley 92 having 36 teeth, an idler pulley 93 having
a pulley diameter of 55mm, and an idler toothed pulley 94 having
18 teeth.

[0057]

In this test, the toothed belt 95 was wound around the
driving toothed pulley 91 and the driven toothed pulley 92, and

the toothed belt 95 was rotated at 4000 rpm in an ambient

temperature of 100°C. On the slack side of the belt, tension

was applied to the belt from the outside with the idler pulley
93 and from the inside with the idler toothed pulley 94. 1In
addition, while the toothed belt 95 was being rotated, a certain

load was repeatedly applied to each tooth of the belt by the

driven toothed pulley 92. 1In this test, the durability of the

belt was evaluated by counting the number of repetitions of the
applied load until tooth shear occurred in the belt. Fig. 5

shows the results.

[0058]

First, comparisons are made between Example 1 and

Comparative Example 1, between Example 2 and Comparative

Example 2, and between Example 8 and Comparative Example 3 with

reference to Table 1. These comparisons clearly show that not

F
—

only the peeling strength, but also the physical properties of

the rubber, such as the high-temperature tear strength, were

improved in each of the cases where the internal adhesive agents

(resorcinol and the hexamethoxy methylcl melamine compound)

22
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were incorporated into the rubber composition. As 1s apparent

from comparison between Example 3 and Comparative Example 4,

this trend was equally observed not only in the cases where HNBR
alone was used as the rubber component, but also in the cases

where amixture of HNBR and HXNBR was used as the rubber component.

When the peeling strength and the physical properties of the

rubber, such as the tear strength, are improved as described

above, the durability of a belt used in a high-load and

high-temperature environment can be enhanced, as shown 1n the

results of the high-load durability test in Fig. >.

[0059]

Moreover, from comparison of Examples 1, 2, 8, and 9, it
is apparent that physical properties--especially the high-
temperature physical properties--of the rubber such as the
tensile stress at break and the tear strength tended to be
enhanced when the amount of the short fiber was greater than

10 parts by weight, whereas the peeling strength tended to

slightly decrease when the amount of the short fiber was greater

than 10 parts by weight. Conceivably, it 1s most effective to

incorporate the short fiber in an amount of about 12 to 16 parts

o

by weight in consideration of both the physical properties of

the rubber and the peeling strength. Note that, presumably,
the decrease in peeling strength with the increase 1n the amount

of short fiber was caused because large amounts of adhesive

agents in the rubber near the fabric or the cord were consumed

ﬁ
-—

In addition, as is apparent from a comparison of Examples

2 and 4 to 7, the peeling strength improved with the lncrease

in incorporated amounts of the internal adhesive agent; however,

23
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the tensile stresses at break (in particular, under the hot
condition) peaked at the incorporated amounts of Example 2
(resorcinol: 1.5 parts by weight and the melamine compound: 0.9
parts by weight), and gradually decreased with increasing

amounts of the adhesive agents. Meanwhile, the tear strength

under the hot condition peaked at the incorporated amounts of

Example 5 (resorcinol: 3.0 parts by weight and the melamine

compound: 1.8 parts by weight), and gradually decreased with

further increasing amounts. For these reasons, as for the

—
o

Examples, it is conceivably most effective to incorporate the

melamine compound in an amount of about 0.9 to 1.8 parts by weight

and resorcinol in an amount of about 1.5 to 3.0 parts by weight
into the rubber composition, in consideration of the physical

properties of the rubber.

[0061]

| N

"or the rubber compositions into which the

Moreover, as

short fiber was not incorporated, the addition of the internal
adhesive agents did not substantially improve the physical

properties of the rubber themselves, as is apparent from a

comparison between Comparative Example 5 and Example 11.

Meanwhile, the peeling strength with respect to the cord was

increased by the addition of the internal adhesive agents.
However, as for the fabric, peeling did not occur at the

interface between the fabric and the rubber in any case, but

breakage of the rubber did occur, and no significant difference

was observed. For these reasons, when these results are taken

into consideration in combination with the results ot the other

Examples, it can be understood that when the short fiber 1is
incorporated, greater improvements can be expected in the

peeling strength and physical properties of the rubber with the

24
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addition of the internal adhesive agents. Moreover, from a
comparison of Examples 2 and 10 and Comparative Example 2, 1t
can be understood that the short fiber subjected to RFL
treatment more effectively improved the physical properties of
the rubber.

[0062]

Note that, as is apparent from a comparison of Examples
12 and 13 and Comparative Example 6, when the internal adhesive
agents were incorporated in relatively large amounts 1n a case

where EPDM was used as the rubber component, the tensile stress

at break, the tear strength, and the like were not sufficiently

improved, although the peeling strength was lmproved.
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CLAIMS:

P hand

1. A method of manufacturing a power transmission pelt,

comprising molding a rubber portion constituting at least part

F

of the power transmission belt by vulcanizing a rubber

composition including rubber, resorcinol and a melamlne

compound;

wherein the rubber portion includes a hydrogenated

nitrile rubber; and

wherein the power transmission belt 1s a toothed belt
with tooth rubber, and the rubber portion constitutes at least

a part of the tooth rubber;

-

wherein the incorporated amount by weight of the

pr—

melamine compound 1is less than that of the resorcinol.

2 . A power transmission belt, comprising a rubber

portion which is molded by wvulcanizing a rubber composition

including rubber, resorcinol and a melamiline compound;

wherein the rubber portion i1ncludes a hydrogenated

nitrile rubber; and

wherein the power transmlssion pbelt 1s a toothed pelt

with tooth rubber, and the rubber portion constitutes at least

o

a part of the tooth rubber;

wherein the incorporated amount by weight of the

ﬁ

melamine compound 1is less than that of the resorcinol.

3. The method according to claim 1, wherein the melamine

compound 1s a hexamethoxy methylol melamine compound.
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ﬁ

4 . The power transmission belt of claim 2, wherein the

resorcinol amount is from 0.3 to 8 parts by weight per 100

F ﬁ

parts by welght of the matrix of the rubber composition, and

the melamine compound amount 1s from 0.2 to 5 parts by weight

ﬁ

per 100 parts by weight of the matrix of the rubber

composltion.

5. The power transmission belt according to claim Z,

wherein the melamine compound 1s a hexamethoxy methylol

melamline compound.

0. The power transmission belt according to claim 2,

wherein the rubber portion is adhered to a cord or fabric, or

the rubber portion loads a short fiber embedded therein.

7. The power transmission belt according to claim o,

wherein at least one of the cord, the fabric and the short

fiber 1s subjected to RFL treatment.

8 . The power transmission belt according to claim 2,

ﬁ

wherein an aramid short fiber having a fiber length of about

0.5 to 10 mm is embedded within the rubber portion.

9. The power transmission belt according to claim 2,

wherein the rubber composition further includes silica.

10. The power transmission belt according to claim 2,

wherein the power transmission belt is a toothed belt i1ncludilng

a cord, a tooth rubber disposed on one surface side, a backing

rubber disposed on the other surface side, and a facing fabric

covering one surface side of the tooth rubber, the one surtface

side and the other surface side being located across the cord

”

from one another, and at least the one surface side of the

2]
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tooth rubber is formed by the rubber portion, and the facing

fabric is adhered to the rubber portion.

238
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