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(57) Abrégée/Abstract:

The present invention pertains to an auto-tensioner equipped with: a stationary member having a first tube part; a rotating member
having a second tube part, at least a portion of which is arranged overlapping the first tube part in the radial direction; and a water
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(57) Abrege(suite)/Abstract(continued):
discharge mechanism provided at the Interface between the first tube part and the second tube part. The water discharge

mechanism has: a water inlet that

Is formed by a gap between the outer circumferential surface of the first tube part and the outer

circumferential surface of the second tube part, and that is open In the circumferential direction; a water passage that is formed by

a gap between one of the aforem

outer circumferential surface of th

entioned tube parts and a water-retaining groove formed In the circumferential direction on the
e other of the aforementioned tube parts , and that communicates with the water Inlet; and at

least one water discharge port formed In the outside peripheral wall of the water passage In the radial direction.
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ABSTRACT

The present invention relates to an auto-tensioner including: a stationary member
having a first cylindrical portion; a rotatable member having a second cylindrical portion
of which at least a part is disposed to overlap the first cylindrical portion in a radial
direction; and a drainage mechanism provided at a boundary part of the first cylindrical
portion and the second cylindrical portion, in which the drainage mechanism includes a
water inlet configured by a gap between an outer peripheral surface of the first cylindrical
portion and an outer peripheral surface of the second cylindrical portion and being open
along a peripheral direction, a water passage which is configured by a gap between a water
collecting groove formed along the peripheral direction in the outer peripheral surface of
one of the two cylindrical portions and the other cylindrical portion, and communicates
with the water inlet, and at least one drainage port formed in a peripheral wall on an

outside 1n the radial direction of the water passage.
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DESCRIPTION
TITLE OF THE INVENTION
AUTO-TENSIONER
TECHNICAL FIELD
~ [0001]

The present invention relates to an auto-tensioner which moderately maintains the

tension of a belt.

BACKGROUND ART
[0002]
Hitherto, for example, in an auxiliary machine drive system of a vehicle engine or

the like, an auto-tensioner has been employed in order to prevent a belt slip at the time

when the tension of a belt 1s changed.

[0003]
For example, an auto-tensioner described in Patent Document 1 has a stationary

member, a rotatable member which 1s supported to be able to rotate relative to the
stationary member, and a coil spring which biases the rotatable member to rotate relative to
the stationary member. A pulley on which a belt 1s wound is mounted to the rotatable
member. The stationary member and the rotatable member have outer cylindrical
portions for accommodating the coil spring therein. Further, on the insides of the outer
cylindrical portion of the stationary member and the outer cylindrical portion of the
rotatable member, in addition to the coil spring, friction members are arranged for damping
the oscillation of the rotatable member. The friction members are allowed to slide on the
stationary member or the rotatable member when the rotatable member rotates.

[0004]

During the use of the auto-tensioner, muddy water, engine oil, and the like stick to
the outer surface of the stationary member or the rotatable member and infiltrate into the
inside through the gap between the stationary member and the rotatable member. When
the muddy water and the like infiltrate between the friction member made of a rubber or a
synthetic resin and a sliding object (the stationary member or the rotatable member), wear
of the friction member 1s accelerated, and a damping eftect 1s reduced due to a reduction in
braking force. Moreover, there was concern that the infiltrating muddy water and the like
may have an adverse effect on the durability of members other than the friction members.

10005]
As the auto-tensioner which prevents the infiltration of muddy water and the like,

for example, there 1s one disclosed in Patent Document 2. The auto-tensioner has a
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structure 1n which a lip is formed to extend outward from a part of the peripheral edge of
an opening portion of a stationary member (tensioner cup) and an outer race portion of a
rotatable member (tensioner arm) extends to cover the lip, thereby suppressing the
infiltration of muddy water and the like. The l1p 1s disposed so as to be on the upper side
when the engine is mounted. In addition, between the inner peripheral surface of the
opening portion of the stationary member and the outer peripheral surface of an inner race

portion of the rotatable member, a friction member (damping band) is disposed over the

entire periphery.

RELATED ART DOCUMENTS
PATENT LITERATURE

[0006]
Patent Document 1: JP-A-2010-112549
Patent Document 2: JP-A-2004-204937

SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

10007}
However, 1n the structure of Patent Document 2, the lip which protrudes outward

from the peripheral edge of the opening portion of the stationary member acts as a bulwark -
and can impede the infiltration of muddy water and the like, but any guide means for
actively discharging muddy water and the like is not provided. Therefore, muddy water
and the like move downward along the outer peripheral surface of the stationary member
and then easily collect between the lower portion of the outer peripheral surface of the
stationary member and the lower portion of the outer race portion of the rotatable member,

and thus there is concern that this may then infiltrate into the inside.

[0008]
Here, an object of the present invention 1s to provide an auto-tensioner capable of

suppressing the infiltration of muddy water and the like into the inside and actively
collecting and smoothly discharging the muddy water and the like.

MEANS FOR SOLVING THE PROBLEMS
10009]

An auto-tensioner of a first aspect of the present invention includes:

a stationary member having a first cylindrical portion;
a rotatable member which has a second cylindrical portion of which at least a part

is disposed to overlap the first cylindrical portion in a radial direction, and 1s supported

rotatably relative to the stationary member;
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a coil spring which 1s accommodated on insides of the first cylindrical portion and
the second cylindrical portion and has one end locked to the stationary member and the
other end locked to the rotatable member; and

a drainage mechanism provided at a boundary part of the first cylindrical portion
and the second cylindrical portion,

in which the drainage mechanism includes

a water inlet configured by a gap between an outer peripheral surface of the first
cylindrical portion and an outer peripheral surface of the second cylindrical portion and
being open along a peripheral direction,

a water passage which 1s configured by a gap between a water collecting groove
formed along the peripheral direction in the outer peripheral surface of one of the two
cylindrical portions and the other cylindrical portion, and communicates with the water

inlet, and
at least one drainage port formed 1n a peripheral wall on an outside in the radial

direction of the water passage.

[0010]
In this configuration, in a case where the auto-tensioner is disposed so that the

cylinder axial direction thereof 1s in a direction other than the upward and downward
direction (for example, substantially in a horizontal direction), muddy water and the like
flowing into the water inlet flow into the water passage provided on the inside in the radial
direction of the water inlet, move downward along the peripheral direction in the water
passage, and thereafter, are discharged to the outside from the drainage port. Therefore,
the collected muddy water and the like can be smoothly discharged while suppressing the
infiltration of the muddy water and the like into the inside of the auto-tensioner.

[0011]
According to the auto-tensioner of a second aspect of the present invention, in the

first aspect, the water collecting groove has a depth direction in a cylinder axial direction
of the cylindrical portion, and the cylindrical portion of the two cylindrical portions, in
which no water collecting groove 1s formed, has a tip end portion inserted mto the water

collecting groove.

10012]
In this configuration, since the tip end portion of the cylindrical portion in which

no water collecting groove is formed is inserted into the water collecting groove, the water
passage has a U shape. Accordingly, muddy water and the like flowing into the water
inlet flow into an outside part in the radial direction of the U-shaped water passage and
move downward along the peripheral direction in this part. Therefore, muddy water and

the like are less likely to mnfiltrate into an inside part in the radial direction of the U-shaped



10

15

20

29

30

33

CA 02834431 2013-10-25

water passage. Consequently, infiltration of muddy water and the like into the inside of

the auto-tensioner can be more reliably suppressed.

[0013]
The auto-tensioner of a third aspect of the present invention, 1n the first or second

aspect, further includes: an elastic body which has one end locked to one member of the
rotatable member and the stationary member and the other end that 1s a free end, and
extends along an inner peripheral surface of the cylindrical portion of the other member of
the rotatable member and the stationary member; and a friction member which 1s joined
immovable relative to the elastic body in the peripheral direction and comes into contact

with the inner peripheral surface of the cylindrical portion of the other member of the

rotatable member and the stationary member.

[0014]
In this configuration, when the tension of a belt 1s changed and the rotatable

member 1s rotated relative to the stationary member, the friction member slides on the
stationary member or the rotatable member. Accordingly, the oscillation of the rotatable
member can be suppressed and damped. Furthermore, friction forces generated between
the friction member and the sliding object can be made a difference between the cases
where the tension of the belt 1s increased and decreased.

[0015]
According to the auto-tensioner of a fourth aspect of the present invention, in any

of the first to third aspects, the drainage port communicates with a lower portion of the

water passage.

[0016]
In this configuration, muddy water and the like flowing into the water passage can

be reliably discharged from the drainage port.

[0017]
According to the auto-tensioner of a fifth aspect of the present invention, in the

third or fourth aspect, the drainage port 1s formed in the cylindrical portion of the other
member, and the friction member 1s not present on an inside of the cylindrical portion of

the other member in a peripheral direction range of the drainage port.

[0018]
In this configuration, even in the case where muddy water and the like infiltrate

into the inside of the cylindrical portion of the other member from the drainage port, since

the friction member is not present at the position that is most affected by the muddy water

and the like infiltrating {rom the drainage port, wear of the friction member can be

suppressed.

BRIEF DESCRIPTION OF THE DRAWINGS
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[0019]
[FIG. 1] Fig. 1 is a perspective view of an auto-tensioner of a first embodiment of

the present invention.
[FIG. 2] Fig. 2 1s a cross-sectional view of the auto-tensioner illustrated in Fig. 1.

[FIG. 3] Fig. 3 1s a cross-sectional view taken along line A-A of Fig. 2.

[FIG. 4] Fig. 4 is a diagram of a stationary member and members mounted to the
stationary member illustrated in Fig. 1, viewed from the right in Fig. 1.

[FIG. 5] Fig. 5 1s a perspective view of the stationary member 1llustrated 1n Fig. 1.

[F1G. 6] Fig. 6 1s a partial cross-sectional view of an auto-tensioner of a
modification example of the first embodiment.

[FIG. 7] Fig. 7 is a partial cross-sectional view of an auto-tensioner of a
modification example of the first embodiment.

IF1G. 8] Fig. 8 is a partial cross-sectional view of an auto-tensioner of a
modification example of the first embodiment.

[FIG. 9] Fig. 9 1s a cross-sectional view of an auto-tensioner of a second

embodiment of the present invention.
|FIG. 10] Fig. 10 is a cross-sectional view taken along line B-B of Fig. 9.

MODE FOR CARRYING OUT THE INVENTION

{0020]
<First Embodiment>

An auto-tensioner 1 according to a first embodiment of the present invention will
be described below.

The auto-tensioner 1 of this embodiment adjusts the tension of a transmassion belt

for transmitting power of the crankshaft of an engine to auxiliary machines and 1s mounted

to the engine block of a vehicle.

[0021]
As 1llustrated in Fig. 1 and Fig. 2, the auto-tensioner 1 includes a stationary

member 20, a rotatable member 30, a coil spring 4, a drainage mechanism 50, a leaf spring
(elastic body) 6, and a plurality of friction members 7. A pulley 100 on which a
transmuission belt 1s wound is to be mounted to the rotatable member 30. In addition, the
rotatable member 30 is supported rotatably relative to the stationary member 20 via a shaft
8 and bushes 9. In the following description, the direction of the rotary axis of the
rotatable member 30 (the axial direction of the shaft 8) i1s simply reterred to as an axial
direction. Incidentally, in Fig. 2, a form of the surrounding portions of the coil spring 4
and the drainage mechanism 50 viewed 1n backward of the line of sight from the cross-

section 1s also illustrated, but the other parts are illustrated only 1n cross-section. In
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addition, in Fig. 6 to Fig. 8 and Fig. 10 of a modification example and a second

embodiment described later, the same applies.

[0022]
The stationary member 20 1s fixed to a non-illustrated engine block so that the up

and down direction thereof is the upward and downward direction (arrow X: upper
direction, arrow Y: downward direction) shown in Fig. 2 and Fig. 4. The stationary
member 20 is constituted by an outer cylindrical portion (first cylindrical portion) 21, an
inner cylindrical portion 22 disposed inside the outer cylindrical portion 21, and an annular
bottom wall portion 23 connecting the outer cylindrical portion 21 and the inner cylindrical
portion 22. The inner cylindrical portion 22 1s fixed unrotatably relative to the shaft 8.
As 1llustrated in Fig. 4 and Fig. 5, substantially at the center in the axial direction of the
outer cylindrical portion 21, a substantially triangular flange portion 21a 1s provided.
Incidentally, in the specification, “upward™ and “downward” respectively mean “vertically

upward” and “vertically downward” unless otherwise noted.

[0023]
As 1llustrated 1n Fig. 4 and Fig. 5, 1in the outer peripheral surface (specifically, the

flange portion 21a) of the outer cylindrical portion 21, a water collecting groove 21b 1s
formed over the entire periphery. The depth direction of the water collecting groove 21b
1s 1n the axial direction, and a depth H (see Fig. 2) of the water collecting groove 21b 1s, for
example, 2 to 5 mm. In the case where the water collecting groove 21b 1s too deep, the
strength of the stationary member 20 cannot be maintained, and in the case where it is too
shallow, a function of collecting water is not achieved. Therefore, the depth of the water
collecting groove 21b is preferably in the above range.

[0024]
As illustrated in Fig. 1 and Fig. 5, a cutout 21c 1s formed 1n the peripheral wall

(flange portion 21a) on the outer side in the radial direction of the water collecting groove
21b. By the cutout 21c, a drainage port 53 of the drainage mechanism 50 1s configured.
As illustrated in Fig. 1 and Fig. 4, the stationary member 20 i1s installed so that the drainage
port 53 is positioned on the lower side of the water collecting groove 21b. A peripheral

direction range L of the drainage port 53 1s preferably a range of 20 degrees (o in Fig. 3)
each in the clockwise direction and the counterclockwise direction from the position

immediately below the central axis of rotation.

[0025]
The rotatable member 30 1s constituted by an outer cylindrical portion (second

cylindrical portion) 31, an inner cylindrical portion 32 disposed inside the outer cylindrical
portion 31, an annular bottom wall portion 33 connecting the outer cylindrical portion 31

and the inner cylindrical portion 32, and a pulley support portion 34. The pulley 100 is
detachably mounted to the pulley support portion 34.
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10026]
The mnner cylindrical portion 32 1s disposed side by side to the inner cylindrical

portion 22 of the stationary member 20 1n the axial direction. The inner cylindrical
portion 32 is mounted rotatably relative to the shaft 8 via the bushes 9. Accordingly, the
rotatable member 30 is rotatable relative to the stationary member 20. The inner
cylindrical portion 32 has a larger outside diameter in the right part than that in the left part
in Fig. 2. A surface of the part with the larger outside diameter and facing the coil spring
4 is formed 1n a spiral shape so as to be along the coil spring 4. Therefore, as illustrated
in Fi1g. 3, a stepped portion 32a 1s formed at the boundary of the start position and the end
position of the spiral. Incidentally, in Fig. 3, illustration of the outer cylindrical portion
31 of the rotatable member 30 is omitted.

[0027]
The outer cylindrical portion 31 1s disposed to overlap the outer cylindrical

portion 21 of the stationary member 20 1n the radial direction. Specifically, the outer
cylindrical portion 31 is disposed on the outer side in the radial direction of the outer
cylindrical portion 21 of the stationary member 20. In addition, the tip end portion of the
outer cylindrical portion 31 1s inserted into the inside of the water collecting groove 21b
formed in the outer cylindrical portion 21 of the stationary member 20. Therefore, the
gap between the water collecting groove 21b and the tip end portion of the outer
cylindrical portion 31 of the rotatable member 30 has a U shape. The U-shaped gap
forms a water passage 52 of the drainage mechanism 50. The water passage 52 i1s formed

over the entire periphery.

[0028]
In addition, a part obtained by excluding the drainage port 53 from the gap

between the outer peripheral surface of the outer cylindrical portion 21 of the stationary
member 20 and the outer peripheral surface of the outer cylindrical portion 31 of the
rotatable member 30 forms a water inlet 51 of the drainage mechanism 50. The water
inlet 51 1s open along the peripheral direction. An interval D (see Fig. 2) of the water
inlet 51 1s, for example, 1 to 3 mm. In the case where the water inlet 51 is too large, there
is a problem in that dirt easily intiltrates and the gap becomes clogged, and 1in the case
where it 1s too small, dirt is likely to collect. Therefore, the interval of the water inlet 51

is preferably in the above range.

10029]
The drainage mechanism 50 is for preventing muddy water and the like from

infiltrating into the inside of the auto-tensioner 1. The drainage mechanism 50 1s
provided at the boundary part of the outer cyhndrical portion 21 of the stationary member
20 and the outer cylindrical portion 31 of the rotatable member 30 and is constituted by the
water inlet 51, the water passage 52, and the drainage port 53 described above.
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[0030]
As 1llustrated in Fig. 2, the coil spring 4 1s disposed inside the outer cylindrical

portion 21 of the stationary member 20 and the outer cylindrical portion 31 of the rotatable
member 30. One end portion 4a (right end portion in Fig. 2) of the coil spring 4 is locked
to the rotatable member 30, and the other end portion (left end portion in Fig. 2) is locked
to the stationary member 20, so that the rotatable member 30 1s biased to rotate relative to
the stationary member 20 in one direction. The biasing direction of the coil spring 4 is a

direction in which a tension 1s to be applied to the transmission belt wound on the pulley

100.

[0031]
As 1llustrated 1n Fig. 3, the end portion 4a of the coil spring 4 presses the stepped

portion 32a of the rotatable member 30 via the leaf spring 6, and accordingly, the end
portion of the coil spring 4 is locked to the rotatable member 30. A method of locking the
end portion of the coil spring 4 to the stationary member 20 is not particularly limited.

For example, the other end portion of the coil spring 4 1s fitted into a groove portion
formed in the stationary member 20, or a bent end portion of the coil spring 4 is press-
fitted to a locking hole which is formed 1n the stationary member 20 and extends in the
radial direction or the axial direction to be locked.

[0032]
As 1llustrated 1n Fig. 3 and Fig. 4, a coil spring support member 10 for suppressing

the tilt of the position of the coil spring 4 is mounted to the coil spring 4. The coil spring
support member 10 i1s interposed between the friction member 7 and the coil spring 4 (see
Fig. 4). Incidentally, the coil spring support member 10 may not be provided.

10033 ]

As illustrated in Fig. 2 and Fig. 3, the leaf spring (elastic body) 6 1s disposed on
the inside of the tip end side part of the outer cylindrical portion 21 of the stationary
member 20 and extends along the inner peripheral surface of the outer cylindrical portion
21. Asillustrated in Fig. 3, one end portion 6a of the leaf spring 6 1s bent at 90 degrees
toward the inside in the radial direction and is nipped between the stepped portion 32a of
the rotatable member 30 and the end portion 4a of the coil spring 4. Accordingly, the end
portion 6a of the leaf spring 6 is locked to the rotatable member 30. An end portion on
the opposite end to the end portion 6a of the leaf spring 6 is a free end. In addition, in the
leaf spring 6, a plurality of mounting holes 6b to which the plurality of friction members 7
are mounted are formed side by side to the peripheral direction.

10034]

The plurality of (in this embodiment, seven) friction members 7 are arranged
between the inner peripheral surface of the outer cylindrical portion 21 of the stationary

member 20 and the leaf spring 6. The plurality of friction members 7 are arranged side
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by side to the peripheral direction outside a peripheral direction range L of the drainage
port 53. The plurality of friction members 7 are preferably arranged outside a range of 20
degrees (o in Fig. 3) each in the clockwise direction and the counterclockwise direction
from the position immediately below the central axis of rotation. The friction members 7
are fitted into the mounting holes 6b formed in the leaf spring 6 and are joined so as to be
immovable relative to the leaf spring 6 in the peripheral direction. The leaf spring 6 1s
disposed in a state of being slightly contracted in diameter, and thus the friction members 7
receive a self-elastic diameter-enlarging force of the leaf spring 6 and always come into
contact with the inner peripheral surface of the outer cylindrical portion 21 of the
stationary member 20. The friction member 7 1s formed to mainly contain, for example, a
synthetic resin such as a polyamide resin including Nylon 66, a polyacetal resin, a

polyarylate resin, a phenol resin, a polyphenylene sulfide (PPS) resin, or an ultra-high-

molecular-weight polyethylene resin.

[0035]
In a case where the tension of the transmission belt 1s increased, the rotatable

member 30 is rotated in the clockwise direction of Fig. 3 against the biasing force of the
coil spring 4. At this time, the end portion 6a of the leaf spring 6 1s moved 1n the
clockwise direction of Fig. 3 (a direction away from the free end), and thus the leaf spring
6 is entirely moved in the peripheral direction and is deformed to be slightly enlarged in
diameter. Accordingly, a force of the friction members 7 being pressed to the inner
peripheral surface of the outer cylindrical portion 21 of the stationary member 20 1s
increased, and a large frictional force 1s generated between the friction members 7 and the
outer cylindrical portion 21 of the stationary member 20. The frictional force acts as a
damping force of suppressing and damping the oscillation of the rotatable member 30.

[0036]

On the other hand, 1n a case where the tension of the transmission belt 1s reduced,
the rotatable member 30 1s rotated 1n the counterclockwise direction of Fig. 3 by the
biasing force of the coil spring 4. At this time, the end portion 6a of the leaf spring 6 is
moved in the counterclockwise direction of Fig. 3 (a direction toward the free end), and
thus the leaf spring 6 is entirely moved in the peripheral direction and is deformed to be
slightly contracted in diameter. Accordingly, a force of the friction members 7 being
pressed to the inner peripheral surface of the outer cylindrical portion 21 of the stationary
member 20 is decreased, and only a small frictional force is generated between the friction
members 7 and the outer cylindrical portion 21 of the stationary member 20.

[0037]
As described above, in the auto-tensioner 1 of this embodiment, the friction forces

generated between the friction members 7 and the outer cylindrical portion 21 of the
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stationary member 20 can be made a difference between the cases where the tension of the

belt 1s increased and decreased.

[0038]
Since the auto-tensioner 1 of this embodiment is installed so that the axaal

direction thereof 1s substantially in a horizontal direction, muddy water, engine oil and the
like that flow into the water inlet 51 flow into the water passage 52 provided on the inside
in the radial direction of the water inlet 51, move downward along the peripheral direction
in the water passage 52, and thereafter are discharged to the outside from the drainage port
53. Therefore, muddy water and the like can be smoothly discharged while suppressing
the infiliration of the muddy water and the like into the inside of the auto-tensioner 1. As
a result, acceleration 1n the wear of the friction members 7 due to the muddy water and the
like infiltrating between the friction members 7 and the sliding object can be prevented,
thereby elongating the life-span of the friction members 7.

[0039]
In addition, in this embodiment, since the tip end portion of the outer cylindrical

portion 31 1s inserted into the water collecting groove 21b, the water passage 52 has a U
shape. Accordingly, muddy water and the like flowing into the water inlet 51 flow into an
outside part in the radial direction of the U-shaped water passage 52 and move downward
along the peripheral direction in this part. Therefore, muddy water and the like are less
likely to infiltrate 1into the inside part in the radial direction of the U-shaped water passage
52. Consequently, infiltration of muddy water and the like into the inside of the auto-

tensioner 1 can be more reliably suppressed.

10040]
In addition, 1n this embodiment, since the drainage port 53 communicates with the

lower portion of the water passage 52, muddy water and the like flowing into the water
passage 52 can be reliably discharged from the drainage port 53.

10041)
In addition, in this embodiment, in the peripheral direction range L of the drainage

port 53, the friction members 7 are not present inside the outer cylindrical portion 21 of the
stationary member 20. Therefore, even when muddy water and the like are splashed by
the wheel axles from the lower portion of the vehicle, stick to the drainage port 53 and
infiltrate into the inside, since the friction members are not present at the positions that are
most affected by the muddy water and the like infiltrating from the drainage port 53, wear
of the friction members 7 can be suppressed.

10042]
In addition, 1n this embodiment, since the cutout 21c¢ that forms the drainage port

53 1s provided in the stationary member 20, the position of the drainage port 53 is constant

regardless of the rotation of the rotatable member 30.

10
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10043]
In addition, in this embodiment, since the depth direction of the water collecting

groove 21b 1s in the axial direction, compared to a case where the depth direction is in the

radial direction, a reduction in the strength of the stationary member 20 due to the water

collecting groove being provided can be suppressed.

[0044]
Incidentally, the auto-tensioner 1 of this embodiment can be put into practice in

the following modifications.

10045]
In this embodiment, all of the plurality of friction members 7 are arranged outside

the peripheral direction range L of the drainage port 53. However, any of the plurality of

friction members 7 may also be disposed inside the peripheral direction range L of the

drainage port 53.

10046}
The leaf spring 6 and the friction members 7 for damping the oscillation of the

rotatable member 30 may not be provided. In addition, the friction members 7 do not

need to be provided plurally but may also be one.

10047]
In this embodiment, the number of drainage ports 53 1s one but may also be plural.

That 1s, the number of cutouts 21¢ formed 1n the peripheral wall of the water collecting

groove 21b on the outside in the radial direction may also be plural.

[0048]
In the above embodiment, among the outer peripheral surface of the outer

cylindrical portion 21 of the stationary member 20, the part facing the inner peripheral
surface of the outer cylindrical portion 31 of the rotatable member 30 has a flat shape (the
diameter thereof 1s constant), but the embodiment is not limited to this configuration. For
example, as in an outer cylindrical portion 221 of the stationary member illustrated in Fig.
6, a groove 221d may also be formed in the pe'ripheral wall of a water collecting groove
221b on the inside 1n the radial direction. The groove 221d may be formed over the entire
region 1n the peripheral direction of the water collecting groove 221b or may also be
formed only in a part of the peripheral direction range of the water collecting groove 221b.
By providing the groove 221d, a larger amount of water can be collected by the water

passage 252, and thus infiltration of water into the inside of the auto-tensioner can be

further suppressed.

[0049]
In this embodiment, the tip end portion of the outer cylindrical portion 31 of the

rotatable member 30 1s inserted into the inside of the water collecting groove 21b formed

1in the outer cylindrical portion 21 of the stationary member 20. However, for example, as
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illustrated in Fig. 7, the tip end portion of an outer cylindrical portion 331 of the rotatable
member may not be inserted into the iside of a water collecting groove 321b formed n an
outer cylindrical portion 321 of the stationary member.

In the case of this modification example, similarly to this embodiment, a drainage
port 353 1s configured by a cutout 321c formed in the peripheral wall of the water
collecting groove 321b on the outside in the radial direction.

[0050]

In this embodiment, the water collecting groove 21b 1s formed so that the depth
direction thereof is in the axial direction. However, for example, as illustrated in Fig. 8, a
water collecting groove 421b may also be formed so that the depth direction thereof is in
the radial direction.

In the case of this modification example, a drainage port 453 is configured by the
gap between a cutout 431a formed 1n the tip end portion of an outer cylindrical portion 431
of the rotatable member and an outer cylindrical portion 421 of the stationary member.

[0051]

<Second Embodiment>
Next, an auto-tensioner 501 according to a second embodiment of the present

invention will be described. Here, those having the same configurations as in the first

embodiment are denoted by the same reference numerals, and description thereof will be

appropriately omitted.

10052]
As 1llustrated in Fig. 9 and Fig. 10, the auto-tensioner 501 of this embodiment

includes a stationary member 520, a rotatable member 530, a coil spring 4, a drainage
mechanism 550, a leaf spring (elastic body) 6, and a plurality of friction members 7.

Incidentally, in Fig. 10, illustration of an outer cylindrical portion 521 of the stationary

member 520 1s omitted.

10053 ]
The stationary member 520 1s constituted by the outer cylindrical portion (first

cylindrical portion) 521, an inner cylindrical portion 522, and a bottom wall portion 523.
The inner cylindrical portion 522 is fixed unrotatably relative to a shaft 8. The inner
cylindrical portion 522 1s formed 1n a spiral shape so that a surface thereof facing the coil
spring 4 in the axial direction 1s along the coil spring 4. Therefore, as 1llustrated in Fig.
10, a stepped portion 522a is formed at the boundary of the start position and the end

position of the sprral.

[0054]
The rotatable member 530 1s constituted by an outer cylindrical portion (second

cylindrical portion) 531, an inner cylindrical portion 532, a bottom wall portion 533, and a
pulley support portion 534. The pulley support portion 534 is formed in the same manner
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as that of the pulley support portion 34 of the first embodiment. The inner cylindrical
portion 532 1s mounted rotatably relative to the shaft 8 via bushes 9.

[0055]
The outside diameter of the outer cylindrical portion 531 on the base portion side

1s larger than that on the tip end side. The part having a larger outside diameter is referred
to as a large-diameter portion 531a. In the outer peripheral surface (specifically, the
large-diameter portion 531a) of the outer cylindrical portion 531, a water collecting groove
531b 1s formed over the entire periphery thereof. The depth direction of the water

collecting groove 531b is in the axial direction.

[0056]
As 1llustrated in Fig. 9, a cutout 531c¢ is formed in the peripheral wall on the outer

side in the radial direction of the water collecting groove 531b. By the cutout 531c, a
drainage port 553 of the drainage mechanism 550 1s configured. The auto-tensioner 501
of this embodiment 1s installed so that the cutout 531c (the drainage port 553) of the
rotatable member 530 is positioned on the lower side of the water collecting groove 3531b.
A peripheral direction range L of the drainage port 553 1s preferably a range in which a

peripheral direction angle thereof 1s 40 degrees or less. Incidentally, the oscillation angle

of the rotatable member 530 1s in a range of +15 degrees to -15 degrees.

10057]
The tip end portion of the outer cylindrical portion 531 of the rotatable member

530 1s disposed to overlap the outer cylindrical portion 521 of the stationary member 520
in the radial direction. In the first embodiment, the outer cylindrical portion 31 of the
rotatable member 30 1s disposed on the outside in the radial direction of the outer
cylindrical portion 21 of the stationary member 20. However, 1n this embodiment, the
outer cylindrical portion 521 of the stationary member 520 is disposed on the outside in the
radial direction of the outer cylindrical portion 531 of the rotatable member 530.

[0058]

The tip end portion of the outer cylindrical portion 521 of the stationary member
520 1s inserted into the inside of the water collecting groove 531b formed in the outer
cylindrical portion 531 of the rotatable member 530. Therefore, the gap between the
water collecting groove 531b and the tip end portion of the outer cylindrical portion 521 of
the stationary member 520 has a U shape. The U-shaped gap forms a water passage 552

of the drainage mechanism 550.

[0059]
A part obtained by excluding the drainage port 553 from the gap between the outer

peripheral surface of the outer cylindrical portion 521 of the stationary member 520 and
the outer peripheral surface of the outer cylindrical portion 531 of the rotatable member

530 forms a water 1nlet 551 of the drainage mechanism 550. The drainage mechanism
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550 1s constituted by the water inlet 551, the water passage 552, and the drainage port 553

described above.

10060]
Both end portions of the coil spring 4 are respectively locked to the stationary

member 520 and the rotatable member 530.  As illustrated in Fig. 10, a method of locking
the end portion of coil spring 4 to the stationary member 520 is the same as the method of
locking the end portion of coil spring 4 to the rotatable member 30 in the first embodiment.
That 1s, the left end portion 4b of the coil spring 4 in Fig. 10 is press-fitted to the stepped
portion 522a of the stationary member 520 via the leaf spring 6, and accordingly, the end
portion 4b of the coil spring 4 1s locked to the stationary member 520. A method of
locking the end portion of the coil spring 4 to the rotatable member 530 is not particularly

limited.

[0061]
In the first embodiment, the leaf spring 6 1s disposed along the inner peripheral

surface of the outer cylindrical portion 21 of the stationary member 20. However, in this
embodiment, the leat spring 6 1s disposed along the inner peripheral surface of the outer
cylindrical portion 531 of the rotatable member 530. In addition, one end portion of the
leaf spring 6 1s bent at 90 degrees toward the inside in the radial direction and is nipped
between the stepped portion 522a of the bottom wall portion 523 of the stationary member
520 and the end portion 4b of the coil spring 4. The other end portion of the leaf spring 6

1S a free end.

[0062]
In the first embodiment, the plurality of friction members 7 come into contact with

the inner peripheral surface of the outer cylindrical portion 21 of the stationary member 20.
However, 1n this embodiment, the plurality of friction members 7 come into contact with
the inner peripheral surface of the outer cylindrical portion 531 of the rotatable member
530. In addition, the plurality of friction members 7 are disposed side by side to the
peripheral direction outside a peripheral direction range L of the drainage port 553. The
plurality of friction members 7 are preferably disposed between the outer cylindrical
portion 531 and the leaf spring 6 so that the plurality of friction members 7 are positioned
outside a range of 20 degrees (o 1n Fig. 10) each in the clockwise direction and the
counterclockwise direction from the position immediately below the central axis of
rotation when the drainage port 5353 1s positioned at the lowermost portion of the water
collecting groove 531b as illustrated in Fig. 9. A method of joining the leaf spring 6 and
the friction members 7 is the same as that in the first embodiment.

10063 ]

In a case where the tension of the transmission belt is increased, the rotatable

member 530 is rotated in the counterclockwise direction of Fig. 10 against the biasing
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force of the coil spring 4. According to the rotation of the outer cylindrical portion 531 of
the rotatable member 530, the friction members 7 slide on the inner peripheral surface of
the outer cylindrical portion 531 of the rotatable member 530 and the leaf spring 6 is
deformed to be slightly enlarged in diameter. Accordingly, a force of the friction
members 7 being pressed to the inner peripheral surface of the outer cylindrical portion

531 of the rotatable member 530 1s increased, and a large frictional force is generated
between the friction members 7 and the outer cylindrical portion 531 of the rotatable
member 530. The frictional force acts as a damping force of suppressing and damping

the oscillation of the rotatable member 530.

[0064]
On the other hand, 1n a case where the tension of the transmission belt is reduced,

the rotatable member 530 is rotated in the clockwise direction of Fig. 10 by the biasing
force of the coil spring 4. According to the rotation of the outer cylindrical portion 531 of
the rotatable member 530, the friction members 7 slide on the inner peripheral surface of
the outer cylindrical portion 531 of the rotatable member 530 and the leaf spring 6 is
deformed to be slightly contracted in diameter. Therefore, a force of the friction members
7 being pressed to the inner peripheral surface of the outer cylindrical portion 531 of the
rotatable member 530 1s decreased, and only a small frictional force is generated between
the friction members 7 and the outer cylindrical portion 531 of the rotatable member 530.
Accordingly, the friction forces generated between the friction members 7 and the outer

cylindrical portion 531 of the rotatable member 530 can be made a difference between the

cases where the tension of the belt 1s increased and decreased.

[0065]
In addition, in the auto-tensioner 501 of this embodiment, muddy water and the

like flowing into the water inlet 551 flow into the water passage 552, move downward
along the peripheral direction in the water passage 552, and thereafter, are discharged to
the outside from the drainage port 553. Therefore, the collected muddy water and the like

can be smoothly discharged while suppressing the infiltration of the muddy water and the

like 1nto the inside of the auto-tensioner 501.

[0066]
In addition, 1n this embodiment, since the water passage 552 has a U shape,

similarly to the first embodiment, the infiltration of muddy water and the like into the
inside of the auto-tensioner 501 can be more reliably suppressed.

[0067]
In addition, in this embodiment, since the drainage port 553 communicates with

the lower portion of the water passage 552, muddy water and the like flowing into the
water passage 552 can be reliably discharged from the drainage port 553.

10068]
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In addition, in this embodiment, in the peripheral direction range L of the drainage
port 553, the friction members 7 are not present inside the outer cylindrical portion 531 of
the rotatable member 530. Therefore, even when muddy water and the like infiltrate into
the 1nside from the drainage port 553, since the friction members are not present at the
positions that are most affected by the muddy water and the like infiltrating from the

drainage port 553, wear of the friction members 7 can be suppressed.

10069]
In addition, the auto-tensioner 501 of this embodiment can be put into practice in

the same modifications as in the modification examples of the first embodiment described

above.

[0070]
While the present invention has been described in detail and with reference to

specific embodiments thereof, it will be apparent to one skilled in the art that various

changes and modifications can be made therein without departing from the spirit and scope

thereof.
The present application i1s based on Japanese Patent Application No. 2011-100826,

filed on April 28, 2011, and Japanese Patent Application No. 2012-52991, filed on March

9, 2012, the entirety of which 1s invoked herein by reference.

DESCRIPTION OF REFERENCE NUMERALS AND SIGNS
[0071]
1.501: auto-tensioner
4. coil spring
6: leaf spring (elastic body)
7. friction member
20, 520: stationary member
21,221, 321,421, 521: outer cylindrical portion (first cylindrical portion)
21b, 221b, 321b, 421b, 531b: water collecting groove

30, 530: rotatable member
31,331,431,531: outer cylindrical portion (second cylindrical portion)

50, 550: drainage mechanism
51, 551: water inlet
52,252,552: water passage

53, 353,453, 553: dramnage port
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CLAIMS

1. An auto-tensioner comprising:
a stationary member having a first cylindrical portion;
a rotatable member which has a second cylindrical portion of which at least a part

1s disposed to overlap the first cylindrical portion in a radial direction, and is supported
rotatably relative to the stationary member;

a coil spring which 1s accommodated on insides of the first cylindrical portion and
the second cylindrical portion and has one end locked to the stationary member and the
other end locked to the rotatable member; and

a drainage mechanism provided at a boundary part of the first cylindrical portion
and the second cylindrical portion,

wherein the drainage mechanism comprises

a water inlet configured by a gap between an outer peripheral surface of the first
cylindrical portion and an outer peripheral surface of the second cylindrical portion and

being open along a peripheral direction,
a water passage which 1s configured by a gap between a water collecting groove

formed along the peripheral direction in the outer peripheral surface of one of the two
cylindrical portions and the other cylindrical portion, and communicates with the water

inlet, and
at least one drainage port formed in a peripheral wall on an outside in the radial

direction of the water passage.

2. The auto-tensioner according to claim 1,
wherein the water collecting groove has a depth direction 1n a cylinder axial

direction of the cylindrical portion, and
the cylindrical portion of the two cylindrical portions, in which no water

collecting groove 1s formed, has a tip end portion inserted into the water collecting groove.

3. The auto-tensioner according to claim 1 or 2, further comprising:

an elastic body which has one end locked to one member of the rotatable member
and the stationary member and the other end that is a free end, and extends along an inner

peripheral surface of the cylindrical portion of the other member of the rotatable member

and the stationary member; and
a friction member which 1s joined immovable relative to the elastic body 1n the

peripheral direction and comes into contact with the inner peripheral surface of the

cylindrical portion of the other member of the rotatable member and the stationary

member.

17
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4, I'he auto-tensioner according to any one of claims 1 to 3,

wherein the drainage port communicates with a lower portion of the water
passage.

5. The auto-tensioner according to claim 3,

wherein the drainage port is formed in the cylindrical portion of the other member,
and

the friction member is not present on an inside of the cylindrical portion of the

10 other member in a peripheral direction range of the drainage port.

18
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