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(57) Abrege/Abstract:
A pulley structure Is provided that can suppress the application of an excessive force to a coll spring to thereby prevent the

breakage of the coll spring Iitself and which can increase the degree of freedom In design by changing freely the frictional torque
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(57) Abrege(suite)/Abstract(continued):

while restricting the frictional torque to vary. A drive pulley structure 1 has a cylindrical pulley member 2 around which a
transmission belt 106 Is laid to extend, a hub structure 3 that is provided inside the pulley member 2 so as to rotate relative to the
pulley member 2, a coll spring 4 that is fixed to the hub structure 3 at one end 4a thereof, a tapering 5 to which the other end 4b of
the coll spring 4 Is fixed and which has a conical round surface as of a cone whose axis Is made up of a rotational axis J of the hub
structure 3, and a frictional member 6 that Is iInserted to be Interposed between the conical round surface of the tapering 5 and the
pulley member 2, and the coll spring 4 Is inserted to be interposed in place while being compressed in the direction of the rotational

axis J of the hub structure 3, the tapering 5, the frictional member 6 and the pulley member 2 being brought into press contact with
each other by virtue of a restoring force P of the coill spring 4.
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ABSTRACT
A pulley structure is provided that can suppress the

application of an excessive force to a coill spring to thereby

prevent the breakage of the coil spring itself and which can

increase the degree of freedom in design by changing freely
the frictional torque while restricting the frictional torque
ToO vary.

A drive pulley structure 1 has a cylindrical pulley
member 2 around which a transmission belt 106 1s laid to extend,
a hub structure 3 that i1s provided 1nside the pulley member
2 8O0 as to rotate relatlve to the pulley member 2, a coll spring

4 that 1s fixed to the hub structure 3 at one end 4a thereof,

a tapering 5 to which the other end 4b of the coil spring 4

P

1s fixed and which has a conical round surface as of a cone

whose axlis 1s made up of a rotational axis J of the hub structure

3, and a frictional member 6 that is inserted to be interposed

g

between the conical round surface of the tapering 5 and the

pulley mempber 2, and the coil spring 4 is inserted to be

interposed in place while being compressed in the direction

of the rotational axis J of the hub structure 3, the tapering

S, the frictional member 6 and the pulley member 2 being brought

into press contact with each other by virtue of a restoring

force P of the coil spring 4.

42
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DESCRIPTION

TITLE OF THE INVENTION:

PULLEY STRUCTURE

> TECHNICAL FIELD

10001 ]

The present 1nvention relates to a pulley structure
having a pulley member and a hub structure that can rotate
relative to the pulley member.

10

BACKGROUND ART

({00072 ]

In general, as a transmission mechanism for transmitting

gr—

the power of an engine of a motor vehicle, there 1s a belt

15 transmission mechanism in which a belt is looped between

pulleys. Additionally, as a pulley structure that is used in
such a belt transmission mechanism, there is known a pulley

structure having a configuration for damplng a change in

rotation when the change in rotation 1s generated in one of

20 two rotational members (for example, Patent Document 1).

[0003]

As a techniqgque of this kind, Patent Document 1 discloses

a pulley including an annular pulley member, a hub structure

(to which a shaft of an alternating current generator is fixed

25 sO as not to rotate relative thereto), and a coil spring that
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1s mounted between the annular pulley member and the hub

structure. According to this configuration, when a change in
rotatlion 1s generated 1n the hub structure, the coil spring

between the hub structure and the annular pulley member is

elastically deformed to thereby damp the change in rotation.

10004 ]

However, when the natural frequency of the pulley

described in Patent Document 1 above 1s set to be equal to or

smaller than a frequency that i1s considered from experience
to be generated by an engine revolution speed when an engine
is idling, there may be a situation in which the pulley
resonates when the engine starts to rotate or stops rotating.
As a result, the relative distortion displacement between the
annular pulley member and the hub structure 1s increased

abruptly, and an excessive force 1s applied to the coil spring,

leading to a problem that a failure of the coil spring itself
18 called for.
[0005]

To cope with this problem, there has been proposed a

pulley structure which adopts a spring clutch construction.

As ralsed in Patent Document 2, for example, in this pulley

structure, an end portion of a coil spring is not fixeddirectly

to a pulley member or a hub structure. The end portion of the

coll spring 1s elastically deformed in a radial direction and

1s then attached to the pulley member or the hub structure by
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virtue of a restoring force of the coil spring. Then, when
an input torque that exceeds a frictional torgque that 1is
generated between the end portion of the coil spring and the
pulley member or the hub structure is applied to the pulley
member or the hub structure, a slip 1s cause to occur between
the end portion of the coil spring and the pulley member or
the hub structure so as to suppress the application of an

excessive force to the coil spring, whereby the breakage of

the coil spring 1itself can be prevented.

RELATE ART DOCUMENT
PATENT DOCUMENT
[0006]

Patent Document 1: Japanese Patent No. 3268007

SUMMARY OF THE INVENTION
PROBLEMS THAT THE INVENTION IS TO SOLVE

[0007]
When a spring clutch construction like the one described

above 1s adopted, since the coil spring is produced by using

a plastic deformation technique, it is difficult to have
uniform accuracy in dimension and profile, leading to a problem
that a frictional torque generated between the end portion of

the coll spring and the pulley member or the hub structure tends
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tovaryeasily. Additionally, the frictional torque generated

between the end portion of the coil spring and the pulley member

or the hub structure iIs determined by the material and

performance of the coil spring and the pulley member or the

o hub structure. However, the selection of a material and a

performance for a coil spring to be used is limited (the degree

of freedom in design is lowered) from the viewpoint of ensuring

the elastic force of the coil spring and ensuring the strength

g

wnl—

oL the pulley member/the hub structure, resulting in a case

10  where a frictional torque demanded by the user cannot be

reallzed.

[0008]

Then, the invention has been made with a view to solving

the problems described above, and an object thereof is to

1> provide a pulley structure that can suppress the application

of an excessive force to a coil spring to thereby prevent the

breakage of the coil spring itself and which can increase the

degree of freedom in design by changing freely the frictional

torque while restricting the frictional torque to wvary.

20

MEANS FOR SOLVING TH

[0009]

PROBLEMS

L]

g

According to a first aspect of the invention, there is

provided

a

pulley structure including a cylindrical pulley

'

25 member around which a belt is laid to extend, a hub structure
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that 1s provided i1nside the pulley member so as to rotate

relative to the pulley member, a coll spring that i1s fixed to
the hub structure or the pulley member at one end thereof, =z

tapering to which the other end of the coil spring i1s fixed

and which has a conical round surface as of a cone whose axis

J—

is made up of a rotational axis of the hub structure, and a

frictional member that is inserted to be interposed between

the conical round surface of the tapering and the pulley member

or between the conical round surface of the tapering and the

hub structure, wherein the c¢oil spring 1is 1inserted to be

interposed in place while being compressed in the direction

of the rotational axis of the hub structure, and the tapering,

the frictional member and the pulley member are brought into

press contact with each other, or the tapering, the frictional
member and the hub structure are brought into press contact
with each other by virtue of a restoring force of the coil
spring.
(0010]

According to the configuration described above, the
tapering is pressed for contact by virtue of the restoring force

pr—

of the coil spring, and the conical round surface of the

tapering that is so pressed for contact is then brought into
press contact with the pulley member or the hub structure via

the frictional member. By adopting this configuration, a

frictional torque 1is generated between the conical round
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surface of the tapering and the frictional member. Then, when

an input torque that 1s larger than thilis frictional torque is

inputted fromthe pulleymember or the hub structure, a relative

slip 1s made to be generated between the conical round surface
of the tapering and the frictional member on a press contact

surface therebetween so as toprevent the coil spring frombeing

distorted to a certain level or larger. By preventing the coil

spring from being distorted to the certain level or larger in

the way described above, the durability of the coil spring can
be increased. Additilonally, the frictional member and the
tapering having the conical round surface can be produced with

good accuracy by cutting or molding using amold, and therefore,

the frictional torque can be restricted from varying. In

addition, by changing freely the material/performance of the

frictional member, a desired frictional torgue can be set,

thereby making 1t possible to increase the degree of freedom
in design.
[0011]

Additionally, according to a second aspect of the

invention, there 1s provided a pulley structure as set forth

in the first aspect of the invention, wherein the frictional

member 1s fixed to the pulley member or the hub structure, so

that the frictional member is allowed to slip relative to the
tapering only.

10012]
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According to the configuration described above, by

fixing the frictional member to the pulley member or the hub
structure, the frictional member is allowed to slip relative

to the tapering only. By adopting this configuration, a value

for the frictional torgque that 1s generated between the conical

round surface of the tapering and the frictional member can

be determined only by taking 1into consideration a static

friction coefficient value between the frictional member and

the tapering.

100131

In addition, according to a third aspect of the 1nvention,

there is provided a pulley structure as set forth in the first

or second aspect of the 1nvention, wherein as a fixing form

of the coilil spring, a form 1s adopted in which at least one

of one end and the other end of the coil spring 1s locked on

at least one of the hub structure, the pulley member and the

P

pering by virtue of the restoring force of the coil spring

Ta

| —

while being elastically deformed in a radial direction, and

a slip 1s generated when a rotational torque 1s i1nputted which

is larger than a frictional torque that 1s generated between

at least one of the one end and the other end of the coil spring

P

and at least one of the hub structure, the pulley member and

the tapering.
[0014]

According to the configuration described above, it is
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possible to generate the frictional torgue that is generated

petween the conical round surface of the tapering and the

frictional member and the frictional torqgue that is generated
between at least one of the one end and the other end of the
5 coil spring and at least one of the hub structure, the pulley

memper and the tapering. By adopting this configuration, the

value of the frictional torgue that is generated between the
coll spring and at least one of the hub structure, the pulley

member and the tapering and the value of the frictional torque

10 that 1s generated between the conical round surface of the

tapering and the frictional member can be changed freely so

as to increase the degree of freedom in design.

[0015]

Additionally, according to a fourth aspect of the

15 i1nvention, there is provided a pulley structure as set forth

1n the third aspect of the invention, wherein the

frictional

torque that 1s generated between the conical round sur:

"ace of

the tapering and the frictional member and the frictional
torque that is generated between the coil spring and at least

20 one of the hub structure, the pulley member and the tapering

have different wvalues.

' 001e6]

According to the configuration described above, by

causing the frictional torque that is generated between the

25 conical round surface of the tapering and the frictional member
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and the frictional torque that is generated between the coil

spring and at least one of the hub structure, the pulley member

and the tapering to have the different values, it 1s possible
to determine based on the magnitude of a rotational torque that
is inputted from the pulley member or the hub structure where
to cause a slip to occur, that is, either between the conical
round surface of the tapering and the frictional member or
between the coil spring and at least one of the hub structure,
the pulley member and the tapering.

In a further aspect the present invention resides in a
pulley structure comprising: a cylindrical pulley member around
which a belt 1is 1laid to extend; a hub structure that is
provided inside the pulley member so as to rotate relative to
the pulley member; a coil spring that is fixed to the hub
structure at a flrst end thereof; a tapering to which a second
end of the coil spring is contacted and which has a conical
round surface as of a cone whose axis 1is made up of a
rotational axis of the hub structure; a frictional member that
1s 1nserted to be interposed between the conical round surface
of the tapering and the pulley member; and a clutch surface on
an 1inner circumferential surface of the tapering, the inner
circumferential surface of the tapering being substantially
parallel to the rotational axis of the hub structure, wherein:
the coil spring is inserted to be interposed in place while
peing compressed in the direction of the rotational axis of the
hub structure; an axial restoring force of the coil spring
urges the tapering, the frictional member and the pulley member
into press contact with each other; the second end of the coil
spring contacts the clutch surface; and the second end of the
coll spring 1s elastically deformed in a radial direction to
urge the second end of the coil spring onto the clutch surface
due to a radial restoring force of the coil spring and the

second end of the coil spring contacts the clutch surface with

a press contact engaging force that varies based on a relation

petween an inputted rotational torque and a first frictional

torque, and wherein the first frictional torque is generated

9
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between the second end of the coil spring and the clutch

surface.

4

ADVANTAGEQUS EFFECTS OF THE INVENTION
5 [0017]

It 1s possible to provide the pulley structure that can
suppress the application of an excessive force to the coil
spring to thereby prevent the breakage of the c¢oil spring
1tself and which can increase the degree of freedom in design

10 by changing freely the frictional torque while restricting the

frictional torque to vary.

BRI.

L*J
o

F' DESCRIPTION OF THE DRAWINGS
10018]

15 Fig. 1 1s a schematic Dblock diagram of an auxiliary
driving belt system of a first embodiment.

Fig. 2 1s a plan view o¢f a drive pulley structure

according tc the first embodiment.

9a

CA 2808060 2017-12-05
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Fig. 3 1s a sectional view taken along the line A-A that

contains a rotational axis of the drive pulley structure shown

in Fig. 2.

Fig. 4 1is a diagram

showing in detail the drive pulley

5 structure shown 1in Fig. 3.

Fig. S1saplanviewof adrivepulley structure according

to a second embodiment.

FFig. 6 1s a sectional view taken along the line B-B that

contains a rotational axis of the drive pulley structure shown

10 1n Fig. 5.

Fig. 7 1s a diagram

showling in detail the drive pulley

structure shown 1in Fig. 6.

Fig. 8 1s a sectional view that contains a rotational

Jr—
p—

axlis of a drive pulley

15 embodiment.

structure according to a third

MODES FOR CARRYING OUT THE INVENTION

0019

(First Embodiment)

20 A first embodiment of the invention will be described.

As shown 1n Fig. 1, this embodiment describes an example where

the invention 1s applied to a drive pulley structure 1 that

is used 1n an auxiliary d

riving belt system 100 that drives

an auxiliary (a water pump or an alternator) by torque of an

25 output shaft 101 of amotor vehicle engine. Note that the drive

10
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pulley structure 1 1s used to suppress a variation in tension

of a transmission belt 106 that 1s attributed to a change in

rotation of the engine.

[0020]

5 (Auxiliary Driving belt system 100)

—

Fig. 1 1s a schematic block diagram of the auxiliary

—

driving belt system 100 of this embodiment. As 1s shown 1in

Fig. 1, the auxiliary driving belt system 100 has the drive

pulley structure 1 (a pulley structure) that is connected to

10 the output shaft 101 of the engine (a crankshaft of a

gubun

reciprocating engine or an eccentric shaft of a rotary engine),

driven shafts (auxiliary shafts) 102, 103 that are connected

to auxiliaries such as a water pump and an alternator, a driven
pulley structure 104 that i1s mounted on the driven shaft 102,

15 a driven pulley structure 107 that 1s mounted on the driven

shaft 103 and the transmission belt 106 that 1s looped over

the drive pulley structure 1, the driven pulley structure 104,

and the driven pulley structure 107. In this embodiment, a
V ribbed pbelt having a plurality of V-shaped ribs that extend

20 parallel to each other along a2 longitudinal direction of the
belt 1s used as the transmission belt 106.

[0021]

In the auxiliary driving belt system 100, when the drive

pulley structure 1 1s driven to rotate by the torque of the

25 output shaft 101, the transmission belt 106 is driven by virtue

11
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o~

of the rotation of the drive pulley structure 1. Then, the

driven pulley structure 104 and the driven pulley structure
107 are driven to rotate as the transmission belt 106 runs in

loop, whereby although not shown, the auxiliarles such as the

5 water pump and the alternator that are connected to the driven
shafts 102, 103 are driven.

[0022]

(Configuration of Drive Pulley Structure 1)

Next, the drive pulley structure 1 that is driven to

10 rotate by virtue of the torque of the output shaft 101 will

F

be described in detail. Fig. 2 1s a plan view of the drive

pulley structure 1. Additionally, Fig. 3 is a secticnal view
taken along the line A-A which contalins a rotation axis J of

the drive pulley structure 1 shown 1n Fig. 2. In addition,

15 Fig. 4 is adiagram showing in detail the drive pulley structure

1l shown 1n Fig. 3.
[0023]

As shown in Figs. 2 and 3, the drive pulley structure

1 has a cylindrical pulley member 2 around which the

20 transmission belt 106 is laid to extend, a hub structure 3 that

1s connected to the output shaft 101 and which 1s provided

inside the pulley member 2, a coll spring 4 that is fixed to

the hub structure 3 at one end 4a thereof, a tapering 5 to which

the other end 4b of the co1l spring 4 1s fixed and which has

25 an outer circumferential surface 5a having a conical round

12
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surrace as of part of a cone whose axis is made up of the

rotational axis J of the hub structure 3, and a frictional

member 6 that is inserted to be interposed between the outer

F

circumferential surface 5z of the tapering 5 that has the

conical round surface as of the cone and the pulley member 2.

Additionally, the pulley member 2 and the hub structure 3 are

connected so as to rotate relative to each other via a rolling

pearing 9. Further, a slide bearing 8 is provided so as to

be interposedﬁoetween*dmafm&>structure.3anmithetapering 5.

10024 ]

The pulley member 2 has a cylindrical shape, and a

plurality of pulley grooves 2a are formed in an -~ outer

circumference of the pulley member 2 so0 as to extend in a

circumferential direction thereof. Then, the transmission

P

belt 106 is laid to extend around the outer clrcumference of

the pulley member 2 in such a state that the plurality of

V-shaped ribs that are provided on an inner circumference of
the transmission belt 106 are in engagement with the

corresponding pulley grooves 2a.

(10025]

The hub structure 3 has also a cylindrical shape. The

output shaft 101 is fitted in a cylindrical interior portion
3a of the hub structure 3 so as to extend therethrough. The
output shaft 101 and the hub structure 3 are connected together

Py appropriate connecting devices such as bolts so as not to

13



10

15

20

22

CA 02808060 2013-02-11

rotate relative to each other. Additiocnally, as materials of
which the pulley member 2 and the hub structure 3 are made,

a non-magnetic material (a paramagnetic materizl, a

diamagnetic material or an anti-ferromagnetic material) 1is

-

raised for each of them. Specificzlly, as a non-magnetic

material, for example, an aluminum alloy, a titanium alloy or
a synthetic resin 1s raised. Note that the pulley member Z

and the hub structure 3 are connected together so as to rotate

relative to each other via the rolling bearing 9.

[0026]

As shown 1n Flg. 3, the tapering 5 has a substantially

U-shaped in section. An 1nner circumferential surface of the

tapering 5 has a c¢ylindrical shape, and an outer

circumferential surface 5a thereof has the conical round

surface as of part of the cone whose axis is made up of the

rotational axis J of the hub structure 3. Here, as shown in

Fig. 4, when seen in section, an angle 06 that is formed by an

il

extension 5L of the ocuter circumferential surface 5a that is

formed into the conical round surface and the rotational axis

P

J 1s set to be in the range of 1° or larger to less than 90°.

The slide bearing 8 1s interposed between the hub structure

3 and the tapering 5, and the hub structure 3 and the tapering

5 are allowed to rotate relative to each other.

[0027]

The frictional member 6 is inserted to be interposed

14
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between the outer circumferential surface 5a having the conical

round surface and the pulleymember 2, and the frictional member

© 1tself 1s fixed to the pulley member 2 so as not to rotate.

It i1is preferable that the frictional member 6 1s made oI a
5 material which is superior in wear resistance and resistance
to compression deformation. For example, metals such as brass,
plated brass, bronze and plated bronze and synthetic resins

such as polyamide, polvacetal and polyarylate are raised.

Additionally, a static friction ccocefficient between the
10 tapering 5 and the frictional member 6 1s set to a value that
enables a relative slip to be generated between the tapering

5 and the frictional member 6 when a desired 1nput torqgque 1is

received. Specifically, the static friction coefficient 1is

set based on selected materials for the frictional member 6

15 and the tapering 5, a mode of a surface finish/configuration

(forexample, a configuration inwhich recesses and projections

are arranged) of the frictional member 6 that is brought into

abutment with the tapering 5 or the angle 06 formed by the

extension 5L of the outer circumferential surface 5a and the
20 rotational axis J.

(0028 ]

Used for the coil spring 4 1s an angular coil spring in
which an elongated linear member having a substantially
rectangular cross section as shown in Fig. 3 is formed into

25 a spiral shape. Additionally, the coil spring 4 is fixed to

15
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the hub structure 3 at the one end 4a thereof and 1s fixed to
the tapering 5 at the other end 4b 1n such a state that the
co&.l spring 4 is compressed in the direction of the rotational
axis J. Then, the tapering 5 and the frictlonal member © are

brought into press contact with each other by virtue of a

restoring force P of the coil spring 4 so compressed.
[(0029]
Specifically, as shown in Fig. 4, the tapering 5> 1s

pressed for contact by virtue of the restoring force P of the

coil spring. Then, the outer circumferential surface b5a

having the conical round surface of the tapering 5 tﬁat 1S SO
pressed for contact 1is brought into press contact with the
frictional member 6 so as to press it by a vertical drag N that
is expressed by the following expression (1) in relation to
the angle 6 that is formed by the extension 5L of the outer
circumferential surface Sa and the rotational axis J when seen
in section.

N=PxsinfO ... (1)

[0030]

In addition, a frictional torgue Tf that is generated

between the outer circumferential surface 5a of the tapering

5 and the frictional member 6 when the outer circumferential

surface 5a of the tapering 5 is brought into press contact with

the frictional member © so as to press it by the vertical drag

N expressed by the expression (1) above 1s expressed by the

16
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following expression (2).

Tf=uxNxr=uxPxsinBxr ... (2)

where,

L: Static friction coefifiicient between the tapering 5 and the

frictional member 6

‘r: Average radius of the outer circumferential surface 5a

having the conical round surface.

[0031]

(Function of Drive Pulley Structure 1)

Next, the function of the drive pulley structure 1 of

this embodiment will be described. Here, the function of the
drive pulley structure 1 will Dbe described based on an
assumption that the output shaft 101 rotates when the engine
is started to rotate, whereby torgue is inputted into the drive
pulley structure 1 from a hub structure 3 side thereof via the

output shaft 101. Assuming that the torgue that 1s inputted

from the hub structure 3 side via the output shaft 101 is an

input torgque T (a variliable), when the relation between T and

Tf is something like a relation expressed by the following
expression (3), there occurs no slip on an abutment surface

between the outer circumferential surfaced Sa of the tapering

5 and the frictional member 6, and the coll spring 4 isdistorted

in a circumferential direction to thereby absorb the input

torgue T.

T<TT

(W)

17
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On the other hand, the relation between T and Tf is

something like a relation expressedby the following expression

(4), the co1l spring 4 is not distorted in the circumferential

direction, and a slip occurs on the abutment surface between

the outer circumferential surface 5a of the tapering 5 and the
frictional member 6, whereby the input torque T is absorbed
by the slip.

T>TL ... (4)

[0032]

According to the configuration described above, the

tapering 5 1s pressed for contact by the restoring force P of

the coi1il spring 4, and the outer circumferential surface 5a
having the conical round surface of the tapering 5 that is so

pressed for contact 1s brought into press contact with the

pulley member 2 via the frictional member 6 to press it. By

doing so, the frictional torque Tf is generated between the

outer circumferential surface 5a having the conical round

surface of the tapering 5 and the frictional member 6. Then,

when the iInput torque T that is larger than the frictional

torque Tf 1s inputted from the hub structure 3, a relative slip

1s caused to occur on the surface where the outer

circumferential surface 5a having the conical round surface

of the tapering 5 and the frictional member 6 are pressed for

contact with each other so that the coil spring 4 can be

prevented from being distorted to a certain level or larger.

18
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By preventing the coil spring 4 from being distorted to the

certain level or larger in this way, the durability of the coil

spring 4 can be increased. Additionally, the frictional

mempber 6 and the tapering 5 having the conical round surface

P

that generate the frictional torque Tf can be produced with

good accuracy by cutting or molding using a mold, and therefore,

Che frictional torque Tf can be restricted from varving. In

addition, by changing freely the material/performance of the

frictional member 6, a desired frictional torque Tf can be set,

thereby making it possible to increase the degree of freedom

1n design.
[0033]

Additionally, according to the configuration described

apove, by fixing the frictional member 6 to the pulley member

2 so as not to rotate, the frictional member 6 is allowed +o

slip relative to the tapering 5 only. By dolng so, a value

for the frictional torque Tf that is generated between the outer

circumferential surface 5a having the conical round surface

of the tapering 5 and the frictional member 6 can be determined

only by taking into considerationa static friction coefficient

value between the frictional member 6 and the tapering 5.

[0034]

In this embodiment, while the pulley structure according

to the invention is applied to the drive pulley structure 1

that 1s connected to the output shaft 101 of the engine, the
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pulley structure according to the invention may be applied to
the driven pulley structures 104, 107 that are mounted on the

driven shafts (the auxiliary shafts) 102, 103 that are

connected to the auxiliaries such as the water pump and the
alternator, respectively.
[0035]

As this occurs, in the auxiliary drivingbelt system 100,
wnen the drive pulley structure 1 is driven to rotate by the

torque of the output shaft 101, the transmission belt 106 is

criven by the rotation of the drive pulley structure 1. Then,

as the transmission belt 106 runs in loop, torgque is inputted

from a pulley member 2 side of the driven pulley structure 104
or the driven pulley structure 107 to which the pulley structure

according to the invention is applied. Assuming that the

torque inputted is an input torque T (a variable), when the

r—
p—

relation between T and Tf is something like the relation

expressed by the expression (3), no slip occurs on the abutment

surface pbetween the outer circumferential surface 5a of the

tapering 5 and the frictional member 6, but the coil spring

4 1s distorted in the circumferential direction to thereby

absorb the input torque T. On the other hand, when the relation

p—

petween T and Tf is something like the relation expressed by

the expression (4), the coil spring 4 is not distorted in the
circumferential direction, but a slip occurs on the abutment

surface between the outer circumferential surface 5a of the
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tapering 5 and the frictional member 6 to thereby absorb the

input torqgue T.

[00306]
(Second Embodiment)

Next, a drive pulley structure 201 according to a second

embodiment will be described mainly with respect to different

configurations from the first embodiment by omitting the

gr—.

description of similar configurations to those of the first

embodiment. Fig. 5 is aplan view of the pulley structure 201.

Additiohally, Fig. 6 1s a sectional view taken along the line

B-B that contains a rotational axis J of the drive pulley

structure 201 shown in Fig. 5. In addition, Fig. 7 1s a dlagram

showing in detail the drive pulley structure 201 shown in Fig.

6.

10037]

(Configuration of Drive Pulley Structure 201)

As shown in Figs. 5 and 6, the drive pulley structure

201 has a cylindrical pulley member 202 around which a
transmission belt 106 1s laid to extend, a hub structure 203
that is connected to an output shaft 101 and which 1s provided

inside the pulley member 202, a coll spring 204 that i1s fixed

to the pulley member 202 at one end 204b thereof, a tapering

205 to which the other end 204a of the coil spring 204 is fixed

and which has an 1nner circumferential surface 205a having a

conical round surface as of part of a cone whose axis is made
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up of a rotational axis J of the hub structure 203, and a
frictional member 206 that is 1nserted to be interposed between
the inner circumferential surface 205a of the tapering 205 that

#

has the conical round surface as of the cone and the hub

structure 203. Additionally, the pulley member 202 and the
hub structure 203 are connected so as to rotate relative to

each other via a rolling bearing 209 and a slide bearing 208.

(Q038]

As shown 1n Fig. 6, the tapering 205 hzas a substantially

cylindrical shape. The 1nner circumferential surface 205a of

the tapering 205 has the conical round surface as of part of

the cone whose axis i1s made up of the rotational axis J of the
hub structure 203. Here, as shown in Fig. 7, when seen 1in
section, an angle 0 that is formed by an extension 205L of the
inner circumferential surface 205a tha‘; has the conical round
surface and the rotational axis J is set to be 1n the range
of 1° or larger to less than 90°.

[0039]

The frictional member 2060 1s inserted to be 1nterposed
between the 1nner circumferential surface 205a having the

conical round surface and the hub structure 203, and the

frictional member 206 1tself is fixed to the hub structure 203

SC as not to rotate.
10040]

The coi1l spring 204 is fixed to the pulley member 202
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at the one end 204b thereof and is fixed to the tapering 205

st the other end 204a in such a state that the coil spring 204

1s compressed in the direction of the rotational axis J. Then,

the tapering 205 and the frictional member 206 are brought into
press contact with each other by virtue of a restoring force
P of the coil spring 204 so compressed.

[0041]

Specifically, as shown in Fig. 7, the tapering 205 is

pressed for contact by virtue of the restoring force P of the

coll spring. Then, the inner circumferential surface 2053

having the conical round surface of the tapering 205 that is

sO0 pressed for contact is brought into press contact with the

frictional member 206 so as to press it by a vertical drag N

that 1s expressed by the expression (1) described in the first

empbodiment in relation to the angle 6 that is formed by the

extension 205L of the inner circumferential surface 205a and
the rotational axis J when seen in section.

[0042]

In acdition, a frictional torque Tf that is generated

between the inner circumferential surface 205a of the tapering

205 and the frictional member 206 when the inner

circumferential surface 205a of the tapering 205 is brought
into press contact with the frictional member 206 so as to press

1t by the vertical drag N expressed by the expression (1) is

expressed by the expression (2) that is described in the first
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embodiment. In the second embodiment, M 1s a static friction

coefficient between the tapering 205 and the frictional member

206, and r 1s an average radius of the inner circumferential

surface 205a having the conical round surface.

1004 3]

(Function of Drive Pulley Structure 201)

Next, the function of the drive pulley structure 201 of

this embodiment will be described. Here, the function of the

drive pulley structure 1 will be described based on an
assumption that the output shaft 101 rotates when the engine

1s started to rotate, whereby torque is inputted into the drive

pulley structure 201 from a hub structure 203 side thereof via

the output shaft 101. Assumingthat the torque that is inputted

from the hub structure 203 side via the output shaft 101 is

an input torque T (a variable), when the relation between T

and Tf 1s something like a relation (T<Tf) expressed by the
expression (3) described above, there occurs no slip on an

abutment surface between the inner circumferential surfaced

205a of the tapering 205 and the frictional member 206, but

the coll spring 204 is distorted in a circumferential direction

to thereby absorb the input torque T. On the other hand, the

relation between T and Tf is something like a relation (T>Tf)

expressed by the expression (4) described above, the coil

spring 204 is not distorted in the circumferential direction,

but a slip occurs on the abutment surface between the inner
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circumferential surface 205a of the tapering 205 and the

frictional member 206, whereby the input torque T 1s absorbed
by the slip.

(0044 ]

e Accordlng to the configuration described above, the

tapering 205 1s pressed for contact by the restoring force P

of the coil spring 204, and the inner circumierential surface
205a having the conical round surface of the tapering 205 that

is so pressed for contact 1s brought into press contact with

10 the hub structure 203 via the frictional member 206 to press

it. By doing so, the frictional torgue Tf i1s generated between

the inner circumferential surface 205a having the conical round
surface of the tapering 205 and the frictional member 206. Then,
when the input torgque T that 1s larger than the frictional

F

15 torque Tf 1s 1nputted from the hub structure 203, a relative

slip 1s caused to occur on the surface where the inner
circumferential surface 205a having the conical round surface
of the tapering 205 énd the frictional member 206 are pressed
for contact with each other so that the coil spring 204 can

20 Dbe prevented frombelng distorted to a cexrtain level or larger.

By preventing the coil spring 204 from being distorted to the

certaln level or larger in this way, the durability of the coil

spring 204 can be increased. Additionally, the frictional

member 206 and the tapering 205 having the conical round surface

25 that generate the frictional torque Tf can be produced with
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good accuracy by cutting or molding using amold, and therefore,

| aaad

the frictional torque Tf can be restricted from varying. In

addition, by changing freely the material/performance of the

frictional member 206, a desired frictional torque Tf can be
> set, thereby making it possible to increase the degree of

freedom in design.

[0045]

Additionally, according to the configuration described

above, by fixing the frictional member 206 to the hub structure

10 203 so as not to rotate, the frictional member 206 is allowed

to slip relative to the tapering 205 only. By doing so, a value

for the frictional torque Tf that is generated between the inner

circumferential surface 205a having the conical round surface

of the tapering 205 and the frictional member 206 can be

-

15> determined only by taking into consideration a static friction

coefficient value between the frictional member 206 and the

tapering 205.
[C046]
(Third Embodiment)
20 Next, a driven pulley structure 301 (a pulley structure)

according to a third embodiment will be described mainly with

guren
—

respect to different configurations from the first embodiment

by omitting the description of similar configurations to those

of the first embodiment. As shown in Fig. 8, the driven pulley

2> structure 301 according to the third embodiment adepts a
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configuration in which a spring clutch construction is

incorporated in a portion where the coil spring 4 o:

- the drive

pulley structure 1 1is provided in the first embodiment.

Additionally, the third embodiment will be described as the

. driven pulley structure 301 according to the invention belng

mounted on the driven shaft 102 of the auxiliary driving belt

system 100 shown 1in Fig. 1 for use as a driven pulley structure.

Fi1g. 8 is a sectional view that contains a rotational axis J

of the driven pulley structure 301.

10 10047 ]

(Configursa

tion of Driven Pulley Structure 301)

In the driven pulley structure 301 according to the third

embodiment, the configuration adopted in the

first embodiment
1s not adopted in which the coil spring 4 of the drive pulley

15 structure 1 1s :

‘ixed directly to the tapering 5 at the other

end 4b thereof, but as shown 1n Flg. 8, a construction is adopted

in which the other end 304b of a coil spring 304 is elastically

de:

‘ormed 1n a radially outward direction O, so that the coil

spring 304 is locked to be mounted in a tapering 305 by virtue

20 of arestoring:

‘orce F (inaradially inwarc

' direction) thereof

Cn the other hand, one end 304a of the coil spring 304 is fixed

To a hub structure 303.

[0048]

(Function of Driven Pulley Structure 301)

25 Next, the function of the driven pulley structure 301
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of this embocdiment will be described. Firstly, the function

of the driven pulley structure 301 will be described based on

a case where an output shaft 101 rotates when the engine 1s
started to rotate and torque 1s inputted into the driven pulley
structure 301 froma pulley member 302 side of the driven pulley
structure 301 wvia the drive pulley structure 1 and the
transmission belt 106. This case 1s based on an assumption
that a rotational torgue of the pulley member 302 exceeds a
rotational torque of the hub structure 303 of the driven pulley
structure 301 when the engine 1s started to rotate.
[0049]

As in the case with the first embodiment, assuming that
the torgue that 1s input’[:ed into the driven pulley structure

301 from the pulley member 302 side 1s an input torque T (a

variable) and that a frictional torgue generated between an

outer circumferential surface 305a of the tapering 305 and a

frictional member 306 is Tf, when the relation between T and

Tf 15 something like the relation (T<Tf) expressed by the

expression (3), no slip 1s produced on an abutment surface

between the outer circumferential surface 305a of the tapering

305 and the frictional member 306. Additionally, the coil
spring 304 1s contracted in diameter as a result of the contact
with a clutch surface 305c of the tapering 305. Then, the coil
spring 304 1s distorted 1n a circumferential direction and is

kept held to the clutch surface 305¢c with a press contact
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engaging force relative to the clutch surface 305c 1ncreased,
no slip occurring, whereby the rotation of the pulley member

302 1s transmitted to the hub structure 303. Then, an auxil lary

such as a water pump or an alternator is driven which is

connected to the driven shaft 102 that is mounted on the hub

structure 303.

(0050 ]

On the other hand, when the relation between T and Tf
1s something like the relation (T>TF) expressed by the
expression (4), the coil spring 304 is contracted in diameter
as a result of the contact with the clutch surface 305¢c of the
tapering 305 and is kept held to the clutch surface 305c with

the press contact engaging force relative to the clutch surface

305c increased, no slip occurring. However, a slip occurs on

the abutment surface between the outer clrcumferential surface

305a of the tapering 305 and the fricticnal member 306 to
thereby absorb the input torque T. By apsorbing the input

torque T 1in this way, the rotation of the pulley member 302

1s not transmitted to the hub structure 303, and the pulley

member 30Z rotates freely.

(0051 ]

Next, the function of the driven pulley structure 301

will be described based on a case where although the rotational

torque of the pulley member 302 is decreased via a transmission

belt 106 when the output shaft 101 stops rotating as a result
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of the engine stopping rotating, the rotational torgque of the
hub structure 303 exceeds the rotational torgue of the pulley
member 302 due to the inertia produced when the engine rotates,

that 1s, a case where torque 1s 1nputted into the driven pulley

structure from a hub structure 303 side.

[0052]

Assuming that the torgue that is inputted i1into the driven

pulley structure 301 from the hub structure 303 side is an 1nput

torgue T (a varlable), that a frictional torque generated

between the outer circumferential surface 305a of the tapering

305 and the frictional member 306 1s Tf and that a frictional

torque generated between the coil spring 304 and the clutch

surface 305c i1s Ts, when the relation between the frictional

P

torgques 1s such that T<Ts<Tf, no slip occurs on the abutment

F
p—

surface between the outer circumferential surface 305a of the

tapering 305 and the frictional member 306. Additionally, the

coll spring 304 1s kept held to the clutch surface 305c and
no slip occurs, whereby the rotation of the hub structure 303
1s transmitted to the pulley member 302.

(0053]

In addition, when the relation between the frictional

torgues 1is such that Ts<T<Tf, no slip occurs on the abutment

surface between the outer circumferential surface 305a of the

tapering 305 and the frictional member 306. On the other hand,

the coil spring 304 1is expanded in diameter, and the press
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contact engaging force relative to the clutch surface 305¢c is

weakened, which causes a slip to occur at a contact portion

petween the coil spring 304 and the clutch surface 305c. Thus,

the rotation of the hub structure 303 is not transmitted to

> the pulley member 302, whereby the hub structure 303 rotates

freely.
10054 ]

Further, when the relation between the frictional

torques 1s such that Ts<Tf<T, the coil spring 304 is expanded

10 in dis

meter, and the press contact engaging force relative to

a—

the clutch surface 305c¢c is weakened, which causes a slip to

occur at the contact portion between the coil spring 304 and

the clutch surface 305c¢. Thus, the rotation of the hub

structure 303 1s not transmitted to the pulley member 302,

15 whereby the hub structure 303 rotates freely.
[0055]

Here, 1in the third embodiment, the relation between the

' it

frictional torque Tf that is generated between the outer

circumferential surface 305z of the tapering 305 and the

20 frictional member 306 and the frictional torque Ts that is

generated between the coil spring 304 and the clutch surface

305c 1s such that Ts<Tf. However, by setting freely the values

of the frictilonal torques Ts, Tf (setting the values of Ts and

Tf to different values), it is possible to determine based on

25> the magnitude of the input torque T where to cause a slip to

31



10

15

20

25

CA 02808060 2013-02-11

occur, that 1s, elther between the outer circumferential

surface 305a of the tapering 305 and the frictional member 306

or between the coil spring 304 and the clutch surface 305c.
10056]

For example, 1n describing a case where the rotational
torgue of the hub structure 303 exceeds the rotational torgue

of the pulley member 302 due to the inertia produced when the

engine rotates, that 1s, a case where torgque is inputted into

thedrivenpulley structure 301 fromthe hub structure 303 side,
with the relation between the frictional torgques Tf, Ts being
such that Tif<Ts, when the frictional torques are related to
the input torque T so that TE<T<Ts, the coil spring 304 is kept
neld to the clutch surface 305c with no slip caused to occur,

while a slip 1s caused to occur on the abutment surface between

the outer circumferential surface 305a of the tapering 305 and

the frictional member 306, whereby the rotation of the hub

structure 303 1s not transmitted to the pulley member 302, and

the hub structure 303 rotates freely.

[0057]

In addition, when the frictional torques are related to

the input torgue T so that TI<Ts<T, a slip is caused to occur

on the abutment surface between the outer circumferential

surface 305a of the tapering 305 and the frictional member 306,

whereby the rotation of the hub structure 303 is not transmitted

to the pulley member 302, and the hub structure 303 rotates
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—t

freely.
(0058 ]
Note that the driven pulley structure 301 functions 1in

the same way also when the driven pulley structure 301 1s

mounted on the output shaft 101 for use as a drive pulley

structure. In this case, the output shaft 101 rotates when

the engine 1s started to rotate, and torque 1s inputted into

the driven pulley structure 301 from the hub structure 303 side

via the output shaft 101, whereby the rotational torgue of the

hub structure 303 exceeds the rotational torgque of the pulley

member 302. On the other hand, when the output shaft 101 stops

——

rotating as a result of the engine stopping rotating, the

—

rotational torgue of the pulley member 302 exceeds the

rotational torgue of the hub structure 303 due to the

transmission belt 106 being driven by the inertia, whereby

torque 1is inputted i1into the driven pulley structure 301 from

the pulley member 302 side.

[0059]
Additionally, the third embodiment adopts the

construction in which the other end 304b of the coil spring

304 is elastically deformed in the radially outward direction

O so that the coll spring 304 is locked to be mounted in the

tapering 305 by the restoring force F (in the radially inward
direction) thereof. However, the invention is not limited

thereto. A construction may be adopted in which the other end
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304b of the coil spring 304 is elastically deformed in the

radlally inward direction so that the coil spring 304 is locked

-0 be mounted in the tapering 305 by a restoring force (in the
radially outward direction) thereof.

[0060]

In addition, in the third embodiment, the one end 304a

of the coil spring 304 is fixed to the hub structure 303.

e

However, as with the other end 304b of the coil spring 304,

the one end 304a of the coil spring 304 may be elastically

deformed 1n the radilally outward direction 1in place of being

fixed to the hub structure 303 so that the one end 304a of the

coll spring 304 1s locked on the hub structure 303 by a restoring

-

force (in the radially inward direction) thereof.

[0061]

Additionally, 1in the driven pulley structure 301

according to the third embodiment, the configuration is adopted

in which the spring clutch construction is incorporated at the

portion where the coil spring 4 of the drive pulley structure

1l 1s provided in the first embodiment. However, a
configuration may be adopted in which the spring clutch
construction 1s 1ncorporated at the portion where the coil

spring 204 of the drive pulley structure 201 is provided in
the second embodiment. As this occurs, the other end 204a of
the coil spring 204 is elastically deformed in the radially

outward direction so that the coil spring 204 is locked in the
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tapering 205 by a restoring force (in the radially inward

direction) thereof. Additionally, the one end 204b of the coil
spring 204 may be fixed to the pulley member 202 or may be
elastically deformed 1n the radially outward (inward)

direction, as wlth the other end 204a of the coil spring 204,

so that the one end 204b of the coil spring 204 is locked on

the pulley member 202 by a restoring force (in the radially

inward ({(outward) direction) thereof.

[0062]

According to the configuration described above, 1t 1is

possible to generate the two frictional torques which are the

frictional torgque Tf that 1is generated between the outer

circumferential surface 305a having the conical round surface

of the tapering 305 and the frictional member 306 and the

frictional torque Ts that is generated between the other end

304b of the coil spring 304 and the clutch surface 305¢ of the

tapering 305. By generating the two frictional forces in the

way described above, for example, when the driven pulley

structure 301 according to the invention 1s mounted on the

driven shaft 102 for use as the driven pulley structure, with

the input torgue T inputted from the pulley member 302 side,

in the event that the input torgue T 1is larger than the

frictional torque Tf that is generated between the outer

circumferential surface 305a of the tapering 305 and the

frictional member 306, the input torque T can be absorbed by

33



10

15

20

25

CA 02808060 2013-02-11

causing a slip to occur on the abutment surface between the

outer circumferential surface 305a of the tapering 305 and the

frictional mempber 306. On the other hand, with the input torque
T 1nputted from the hub structure 303 side, 1n the event that

the respective frictional torgues are related to the input

torque T so that Ts<T<Tf, no slip i1s caused to occur on the

abutment surface between the outer cilrcumferential surface

305a of the tapering 305 and the frictional member 306, but
a slip 1s caused to occur in the coil spring 304 at the contact

porticn between the coil spring 304 and the clutch surface 305¢.

| —

Thus, the rotation of the hub structure 303 i1is not transmitted

to the pulley member 302, whereby the hub structure 303 is

allowed to rotate freely. Further, in the event that the

respective frictional torques are related to the input torgue
T so that Ts<Tf<T, a slip is caused to occur in the coil spring
304 at the contact portion between the coil spring 304 and the

clutch surface 305¢c, and the rotation of the hub structure 303

is not transmitted to the pulley member 302, whereby the hub

structure 303 1s allowed to rotate freely. By adopting this

configuration, it is possible to increase the degree of freedom

in design by changing freely the values of the frictional torque

P

Ts that 1s generated between the other end 304b of the coil

spring 304 and the clutch surface 305c of the tapering 305 and

—

the frictional torque Tf that is generated between the puter

clrcumferential surface 305a having the conical round surface
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of the tapering 305 and the frictional member 306.
[0063]

In addition, by setting freely the wvalues of the
frictional torques Ts, Tf (setting the values of Ts and Tf to

different values), it is possible to determine based on the

magnitude of the input torque T where to cause a slip to occur,
that 1s, either between the outer circumferential surface 305a
ol the tapering 305 and the frictional member 306 or between
the coi1l spring 304 and the clutch surface 305c.

10064 ]

Thus, while the embodiments of the invention have been
described heretofore, the invention is not limited to the
embodiments described above but can be carried out by being
altered variously without departing from the scope of claims
to be described later.

[0065]

Whlle the patent application has beendescribed in detail

and by reference to the specific embodiments, it is obvious
to those skilled in the art to which the invention pertains

that various alterations and modifications can be made thereto

without departing from the spirit and scope of the invention.
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DESCRIPTION OF REFERENCE NUMERALS

(00606}

1: 201: Drive pulley structure;
2, 202, 302: Pulley member

5 3, 203, 303: Hub structure
4, 204, 304: Coil spring
5, 205, 305: Tapering
6, 206, 306: Frictional member
100 Auxiliary driving belt system

10 101, 104, 107, 301: Driven pulley structure

106: Transmission belt; J Rotational axis:
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We claim:
1. A pulley structure comprising:

a cylindrical pulley member around which a belt is laid
to extend;

a hub structure that is provided inside the pulley member
sO as to rotate relative to the pulley member;

a coll spring that is fixed to the hub structure at a
first end thereof;

a tapering to which a second end of the coil spring is
contacted and which has a conical round surface as of a cone
whose axis 1s made up of a rotational axis of the hub
structure;

a frictional member that is inserted to be interposed
between the conical round surface of the tapering and the
pulley member; and

a clutch surface on an inner circumferential surface of
the tapering, the inner circumferential surface of the
tapering being substantially parallel to the rotational axis
of the hub structure, wherein:

the coil spring is inserted to be interposed in place
while being compressed in the direction of the rotational axls
of the hub structure;

an axial restoring force of the coil spring urges the
tapering, the frictional member and the pulley member into
press contact with each other;

the second end of the coil spring contacts the clutch
surface; and

the second end of the coil spring is elastically deformed
in a radial direction to urge the second end of the coil
spring onto the clutch surface due to a radial restoring force
of the coil spring and the second end of the coil spring
contacts the clutch surface with a press contact engaging
force that varles based on a relation between an inputted
rotational torque and a first frictional tdrque, and wherein
the first frictional torque is generated between the second

end of the coi1il spring and the clutch surface.

2. The pulley structure as set forth in claim 1, wherein
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the frictional member is fixed to the pulley member so
that the frictional member is allowed to slip relative to the

tapering only.

3. The pulley structure as set forth in claim 1, wherein the
pulley structure 1s so configured that

the coil spring is urged to expand in diameter and causes
a slip at a contact point between the ccil spring and the
clutch surface when the inputted rotational torque is larger

than the first frictional torque that is generated between the

second end of the coil spring and the clutch surface.

4, The pulley structure as set forth in claim 1, wherein the
pulley structure is so configured that:

the conical round surface of the tapering and the
frictional member generate a second frictional torque
therebetween;

the second end of the coil spring and the clutch surface
generate the first frictional torque therebetween; and

the first frictional torgue and the second frictional

torque have different values.

5. The pulley structure as set forth in claim 1, wherein the

coll spring is contracted in diameter.

6. The pulley structure as set forth in claim 1, wherein

when the inputted rotational torque is less than the
first frictional torque that is generated between the second
end of the coil spring and the clutch surface, the coil spring
1s urged to contract in diameter and the press contact

engaging force between the second end of the coil spring and

the clutch surface is increased; and

when the inputted rotational torque is larger than the
first frictional torque that is generated between the second
end of the coil spring and the clutch surface, the coil spring
ls urged to expand in diameter and the press contact engaging
force between the second end of the coil spring and the clutch

surface 1s weakened.
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