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(100). The expandable pulley (100) comprises a plurality of belt blocks (10) arranged about an axis of
block (10) bears upon a radial surface extending normally to the axis of rotation. Another surface of each belt

block (10) bears upon a conical member (16) surface which Is moveable coaxially with the axis of rotation. A spring (22) bears

upon the conical mem

radially outward to co

ber (16) which urges the conical member (16) In an axial direction, which in turn urges the belt blocks (10)
mpensate for a belt length change and to maintain a belt tension. An elastic member (24) holds the belt

blocks (10) In contact with the conical member (16).
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(54) Title: EXPANDABLE PULLEY

(57) Abstract: An expandable pulley

7 (100). The expandable pulley (100)
comprises a plurality of belt blocks (10)
@ @ arranged about an axis of rotation (A).
1 6 | Each belt block (10) bears upon a radial

surface extending normally to the axis
of rotation. Another surface of each belt
block (10) bears upon a conical member
(16) surface which is moveable coaxially
B with the axis of rotation. A spring (22)

23 2b 4

bears upon the conical member (16)
which urges the conical member (16)
5 in an axial direction, which in turn urges

@ the belt blocks (10) radially outward to
compensate for a belt length change and

3 to maintain a belt tension. An elastic

2 member (24) holds the belt blocks (10)
in contact with the conical member (16).
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Title

Expandable Pulley

Field of the Invention

" The invention ©relates to a ©pulley, and more

particularly to an expandable pulley.

10 Background of the TInvention

A continuously variable transmission pulley 1s known

from U.S. patent no. 6,379,275 Bl (2002) to Serkh which
with belt blocks

discloses a pulley having sheaves

arranged circumferentially about a sheave centerline.

15 Also representative of the art is U.S. patent no.

4,705,492 (1987) to Hattori et al. which discloses a

of drive Dblocks arranged

ageipple

pulley having a plurality

between pulley surfaces.

The prior art pulleys rely upon coaxial sheaves that

20 are axially moveable relative to one another. Such

movement requires mechanisms and equipment separate Ifrom

and in addition to the pulley. This adds complexity and

expense.
What is needed is an expandable pulley that has an

25 automatically expandable belt bearing surface. What is

needed is an expandable pulley having a belt Dbearing

surface expandable by a biasing member force applied

axially to a conical member. The present invention meets

these needs.

30

Summary of the Invention
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The primary aspect of the i1nvention is to provide

an automatically expandable pulley that has an expandable

belt bearing surface.

ﬁ

Another aspect of the invention is to provide an

5 expandable pulley having a belt bearing surface expandable
by a biasing member force applied axially to a conical

member.

An aspect of the i1nvention i1s directed to an
expandable pulley comprising: a radially extending surface; a

10 conical surface moveable relative to the radially extending

surface; a plurality of blocks arranged in a substantially

circular form, a block first surface slidingly engaged with

the radially extending surface and a block second surface

slidingly engaged with the conical surface; and a spring

15 axially urging the conical member whereby each block is

radlially moveable upon an axial movement of the conical

member.

Other aspects of the invention will be pointed out
or made obvious by the following description of the invention

20 and the accompanying drawings.

The invention comprises an expandable pulley. The

eXpandable pulley comprises a plurality of belt blocks

arranged about an axis of rotation. Each belt block bears

upon a radlal surface extending normally to the axis of

25 rotation. Another surface of each belt block bears upon a

conical member surface which is moveable coaxially with the

axlis of rotation. A spring bears upon the conical member
which urges the conical member in an axial direction, which

in turn urges the belt blocks radially outward to compensate

30 for a belt length change and to maintain a belt tension. An
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elastlc member holds the belt blocks 1n contact with the

conical member.

'

Brief Description of the Drawings

The accompanyilng drawings, which are incorporated

5 1n and form a part of the specification, 1llustrate preferred

embodiments of the present i1invention, and together with a
description, serve to explain the principles of the

invention.

8

Fig. 1 1s a diagram of a prior art belt drive

10 system.

£

Fig. 2 1is a diagram of a belt drive system with an

inventive pulley.

2a
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Fig. 3 1is a cross-sectional view of the pulley
attached to a driven shaft.

Fig. 4 is a cross—sectional view of the pulley used
as an idler.

Fig. 5 is a cross-sectional view at line 5-5 in Fig.

Fig. 6 is a cross-sectional view of -an alternate

P

embodiment of the pulley.

Fig. 7 is a detail of Fig. 6 at line 7-7.

Fig. 8 is a cut-away perspective view of a pulley.

Fig. 9 is a perspective view of the conical member.

F

Detailed Description of the Preferred FEmbodiment

Fig. 1 1s a diagram of a prior art belt drive

system. In an exemplary beltu drive system a number of

pulleys are connected Dby a belt B. A pulley is attached

ro a driven shaft on various accessories, including an

alternator 1, water pump 4, alr compressor 5 for air
conditioning, and power steering 6.

Tdler 7 is used to control belt wrap about pulleys 1
-nd 6. Tensioner 2 is used to tension belt B. Tensioner
2 comprises arm 2a that pivots about a point 2b. Pulley

2 is journaled to arm 2a. A belt tension is adjusted or

compensated by movement of arm 2a. One can appreciate

rhat movement of arm 2a requires space in the prior art
system in addition to the volume occupied by the
tensioner proper.

—

Fig. 2 is a diagram of a Dbelt drive system with an

inventive pulley. Inventive pulley 100 is shown 1n the
belt drive systemn. Pulley 100 is attached to a water
pump (W P) driven  shaft. The particular pulley

embodiment used on the water pump shaft is depicted in

Fig. 3 and Fig. 9.

PCT/US2003/022616




10

15

20

29

30

CA 02496035 2005-02-17

WO 2004/018904 PCT/US2003/022616

During initial operation, for example when the belt

is new, the pulley operates with a radius R1. As the

System operates, the belt may lengthen slightly. As the

pelt changes length, the pulley diameter expands to
accommodate the change in belt length. Consequently, the

operating radius of the pulley is expandable from R1 to

R2. The change 1in operating radius of the pulley is

automatic requiring no outside mechanism or equipment.

Further, unlike the prior art, the belt length adjustment

function 1is accomplished in a space defined solely by the

overall diameter and volume of the pulley, as opposed to

the prior art tensioner which requires space for the arm,

as well as space for the arm to move in a partial arc to

tension the belt.

ro—

Fig. 3 1s a cross-sectional view of the pulley

attached to a driven shaft. Pulley 100 is attached to a

shaft 20 by a bolt 20a. Pulley 100 comprises a plurality

of blocks 10 arranged in a cilrcle about shaft 20. Blocks
10 are radially moveable between pulley side 8 and pulley
side 14. Snap ring 28 attaches side 14 to side 8. Side

8 and side 14 are connected to shaft 20 and each extend

substantially radially with respect to a shaft axis of
rotation A-A.

Conical member 16 is axially moveable parallel to an

axis of rotation A-A, gulided in such movement by a pin

61l. Pin 61 extends through a slot 16d in conical member

lo.

Fach block 10 bears upon and 1s engaged with member

16 through slot 1l6c. Such engagement allows a torque to

be transmitted from a belt to each block, and thereby to

conical member 16. Fngagement of conical member 16 with

-

pin 61 allows transmission of torque to the shaft 20.

Fach pulley 100 may comprise one or more pins 61, orx

equivalents, engaged with conical member 16 to transmit
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torque and to guide an axial movement of conical member
16.

|

Blocks 10 are also slideably engaged with normally

extending side 8 and side 14, in addition to slots 16c in

conical member 16. Surface 16a of conical member 16

o

describes an angle 0 with an axis of rotation A-A. AS

conical member 16 is urged by spring 22 along axis A-A in

direction Ml, each belt block 10 moves radially in

direction M2. Angle 0O determines the amount of radial

movement for the blocks for a given axial movement of

conical member 16 in direction Ml. Angle 0 is selected

as needed to achieve a desired radial movement of blocks

10.

Spring or bilasing member 22 bears upon side 14

urging conical member 16 axially toward side 8. Spring

22 comprises a coil spring, but may also comprise a

g——

Belleville spring, or other form of spring suitable for

| »

this application as is known in the art. Pressure from

conical member 16 urges the belt blocks radially outward

to create a belt tension.

A belt tension is determined by the force of conical

_

member 16, which is a function of the spring rate (k) o:

p——
—

gorey

spring 22. The amount of force with which the blocks are

urged outward determines a belt tension in the system.

As such, a spring rate for spring 22 is selected based
upon the desired belt tension. A relatively higher
spring rate will result in a commensurately greater belt

tension. A relatively lower spring rate will result in a

commensurately lesser belt tension.

Nested coil springs 1n parallel, or Belleville
springs may be used to achieve a requlred spring rate as
well. An exemplary spring rate (k) 1s approximately

50N/ mm.

The spring rate for springs in parallel 1is:
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Ki= kl+k2+k3

Where:

Ky is a total spring rate; and

k1 and k2 and k3 are spring rates for each

5 spring used in parallel.

Although the force exerted upon the blocks, i1.e. the

belt tension, 1is a function of the spring rate, a

relative lengthening of the belt and thereby movement of
the blocks in most systems 1is relatively small so no

10 significant change is realized on the belt tension over

the operating range. As a result, the inventive pulley

2llows a belt tension to remain relatively constant for a

given change in length of a belt during an operating

life.

g——
o

15 During initial installation of a belt, conical

member 16 1is temporarily pinned 1in a predetermined

position wusing pin 30 wherein spring 22 is maximally
compressed. A belt is then trained about the drive
system pulleys, iﬁcluding pulley 100. Once the Dbelt 1is
20 in place pin 30 is removed, thereby releasing spring 22

to act upon conical member 16 and thereby urge belt

blocks 10 outward to tension a belt. A low friction

bushing 18 allows conical member 16 to freely slide 1in
direction MIl. A back side of belt 12 is shown engaged
25 with blocks 10. As such, the pulley 1s shown as a back-

side idler in this figure.

An elastic member 24 is engaged with each block,

thereby keeping each engaged with conical member 16

during the portion of pulley rotation where each block 1is

30 not engaged with a belt.

Fig. 4 1s a cross—sectional view of the pulley used

My

In this alternate embodiment, pulley 100 1s

as an ilidler.

a2s described in Fig. 3, with the exception that pulley

100 is rotatably mounted to a surface 30 by bolt 32. A
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bearing 26 allows free rotation of the pulley about bolt

32, as opposed to a driven shaft 1n Fig. 3. In this

configuration the pulley 1s .wused as an 1dler, for

example, as shown in place of idler 7 in Fig. 1. More
5 particularly, this idler embodiment may be used to take
the place of idler 7 in Fig. 1 while providing the

advantageous belt tensioning and belt length compensating

“unction. Belt 12 is shown engaged with the blocks 10 in

a back—-side orientation.

10 Fig. 5 is a cross-sectional view at line 5-5 in Fig.
3. Flastic member 24 is shown engaged with a pluralilty
of blocks 10. Elastic member 24 has a resilient, elastic

characteristic which allows it to resist a centripetal

force exerted on the blocks during rotation. However, a

o

15 spring rate of the elastic member is not sufficiently

large so as to completely counter a force exerted by

spring 22 on member 16, and thereby prevent member 160

from moving as needed to allow each block to move

radially in order to compensate for a belt length

90 increase. FEach block 10 slides in a respective slot lobc

as conical member 16 moves axially.

Fig. 6 is a cross-sectional view of an alternate

Lo

Tn this alternate embodiment,

embodiment of the pulley.
ends 42 of belt blocks 40 are engaged with radial slots

25 48 in side 8 and side 14. Ends 42 may be externally

lubricated, for example with oil or graphite, or may have

4 Jlow friction surface or have an internal lubricant

P

impregnated in the block itself. Each radially extending

slot may be externally lubricated, for example with oil

30 or graphite, or may have a low friction surface or have a

lubricant impregnated in the material describing the slot

=

itself.

Flastic member 24 is not used 1in this embodiment.

Instead, each tab or engagement member 44 forms an “L”
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—

shape on the base o0of each block 40 which slidingly

engages with a corresponding slot 16c in conical member

16. Tab 44 mechanically keeps each block 40 engaged with

conical member 16 against centripetal forces to maintailn

a proper clrcular arrangement of the Dblocks during

operation. As conical member 16 moves axlally parallel

to axis A-A as described herein, each of the blocks moves

radially to determine a pulley diameter and thereby a

belt tension, and to compensate for a belt length change.

A torque is transmitted from a belt to the shaft Dby

engagement of each block 10 with a slots 48. Sides 8 and

14 are connected to a shaft. Pin 61 is not required 1in

this embodiment, but may be used to augment transmission

-

of torgue 1f necessary.

In yet another alternate embodiment, each block 10

is shown with a multi-ribbed belt engaging surface 41.

Blocks 10 may have a flat profile for engaging a belt as

shown in Fig. 3 or a multi-ribbed profile as shown 1in

Fig. 6.
Fig. 7 is a detail of Fig. 6 at line 7T-7. FRach

p—
—

radially extending slot 48 on side 8 engages an end 42 of

each block 40. Tabs 44 mechanically and slidingly engage

hlock 40 with conical member 1lo.

Fig. 8 is a cut-away perspective view of a pulley.
Blocks 10 are shown circumferentially arranged about

conical member 16. Belt 12 1s shown in a back-side

orientation. Flastic member 24 holds Dblocks 10 in

contact with conical member 16.

Fig. 9 is a perspective view oOf the conical member.

16a. Slots 16c are disposed substantially parallel to a

centerline A-A.

_

Although a single form of the invention has Dbeen

described herein, it will be obvious to those skilled 1in
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the art that variations may be made in the construction

and relation of parts without departing from the spirit

and scope of the invention described hereiln.




5

10

15

2 0

2D

CA 02496035 2007-12-24

25145-420

CLAIMS:

}._l

An expandable pul

a radially extend

B

a conical surface

extending surface;

a plurality of bl

gr—

circular form, a block firs

the radially extending surt

slidingly engaged with the

ley comprising:

1ng surface;

moveable relative to the radially

ocks arranged 1n a substantially

t surface slidingly engaged with

ace and a block second surface

conical surface; and

a spring axially urging the conical member whereby

each block 1s radially move

conical member.

2 . The pulley as 1n

an elastic member

each block 18 held in conta

3. The pulley as 1n

#

able upon an axial movement of the

claim 1 further comprising:

engaged wilth each block whereby

ct with the conical surface.

claim 2, wherein each block

further comprises a belt engaging surface.

4 . The pulley as in claim 2 further comprising a

second radially extending surface disposed substantially

parallel to the radially extending surface.

5. The pulley as 1n claim 4 further comprising:

cooperating palirs

—

of radially extending grooves on

the radially extending surface and the second radially

extending surface;

r

the ends of each |

radially extending grooves;

1}

plock slidingly engaging a palr o

10
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a tab on each block slidingly engaging the conical

member.

FETHERSTONHAUGH & CO.

OTTAWA, CANADA

PATENT AGENTS
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FIG.1
(PRIOR ART)
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