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(57) Abrégée/Abstract:
A drive clutch for a continuously variable transmission that includes an input shaft designed to engage with an engine. A sheave
assembly Is mounted about the input shaft. A bearing assembly separates the sheave assembly from the input shaft such that the
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(57) Abrege(suite)/Abstract(continued):
Input shaft can rotate independently from the sheave assembly. At least one sheave clutch assembly Is positioned about the input

shaft. The sheave clutch assembly Is configured to provide engagement between the sheave assembly and the Iinput shaft when
the rotation of the input shaft increases above a certain threshold value. An axial control mechanism is mounted on the input shaft
adjacent to the second sheave. The axial control mechanism controls the movement of the second sheave toward and away from
the first sheave as a function of the speed of the input shaft. A continuously variable transmission including the drive clutch and a

driven clutch Is also disclosed.



w0 20107141730 A1 | HIIHIH 641000 0 A 0 AR A

CA 02764064 2011-11-30

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization

International Bureau

(43) International Publication Date
9 December 2010 (09.12.2010)

(10) International Publication Number

WO 2010/141730 Al

(51)

(21)

(22)

(25)

(26)
(30)

(71)

(72)
(75)

International Patent Classification:
F16H 61/66 (2006.01)

International Application Number:
PCT/US2010/037269

International Filing Date:
3 June 2010 (03.06.2010)

Filing Language: English
Publication Language: English
Priority Data:

61/217,744 4 June 2009 (04.06.2009) US
Applicant (for all designated States except US). THE
HILLIARD CORPORATION [US/US]; 100 West

Fourth Street, Elmira, NY 14902-1504 (US).

Inventors; and

Inventors/Applicants (for US only). OCHAB, David, C.
[US/US]; 117 Kiser Road, Horseheads, NY 14845 (US).
COWEN, Matthew, J. [US/US]; 519 Perkins Avenue,
Horseheads, NY 14845 (US). SCHNEIDER, Scott, C.

(74)

(81)

[US/US]; 765 Powderhouse Road, Vestal, NY 13850
(US). AVERILL, Steven, M. [US/US]; 1015 Co. Road
16, Beaver Dams, NY 14812 (US). MOYER, Kenneth,
W. [US/US]; 213 E. High Street, Painted Post, NY 14870
(US). COON, William, J. [US/US]; 80 York Avenue,
Elmira, NY 14905 (US).

Agents: CANNUSCIO, Robert, E. ¢t al.; Drinker Biddle
& Reath LLP, One Logan Square, Ste. 2000, Philadel-
phia, PA 19103-6996 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AQO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
SE, SG, SK, SL, SM, ST, SV, S8Y, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

[Continued on next page]
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(57) Abstract: A drive clutch for a continuously variable transmission that -
cludes an mput shaft designed to engage with an engine. A sheave assembly is

disclosed.

mounted about the input shaft. A bearing assembly separates the sheave assem-
bly from the input shaft such that the mput shaft can rotate independently from
the sheave assembly. At least one sheave clutch assembly 1s positioned about
the mput shatt. The sheave clutch assembly 1s configured to provide engage-
ment between the sheave assembly and the mput shatt when the rotation of the
mput shaft mcreases above a certain threshold value. An axial control mecha-
nism 1s mounted on the input shaft adjacent to the second sheave. The axial con-
trol mechanism controls the movement of the second sheave toward and away
from the first sheave as a function of the speed of the mput shatt. A continuous-
ly variable transmission including the drive clutch and a driven clutch 1s also
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DRIVE CLUTCH FOR A CONTINUOUSLY VARIABLE TRANSMISSION WITH
ENGINE BRAKING AND BUILT IN BELT PROTECTION

Related Application
[0001]

Field of the Invention

[0002] The invention relates to vehicle transmission systems, and in
particular a continuously variable transmission system providing engine braking

and belt slip protection, usable on for example all terrain vehicles (ATV's) or
snowmobiles.

Background

[0003] Continuously Variable Transmissions (CVT's) are used in
applications such as snowmobiles and ATV's to alleviate the need for the drver to
shift through a set of fixed gears as the vehicle accelerates through it's range of
speeds. Typically the CVT is connected to the output shaft of the vehicle's engine,
providing a continuously variable reduction of the relatively higher engine rotation
speed, to the relatively lower rotational speed of the vehicles drive system. The
drive system could be comprised of either a direct connection from the CVT to the
drive axle, or the CVT is used in conjunction with an additional gearbox and/or
transmission. The addition of a gearbox is desirable on ATV's to permit the driver
to shift between neutral, high, low, and reverse gears. The output shaft of the CVT
is connected to the gearbox which, in turn, has an output connected by suitable
linkages to the drive axle(s) of the vehicle. Other drive train components, such as
differentials, can also be employed between the CVT and drive axle(s) to provide
further gearing reduction of the final drive ratio.

[0004] Typically a CVT is comprised of a split sheave primary clutch (drive
clutch) connected to the output shaft of a vehicle's engine and a split sheave

secondary clutch (driven clutch) connected (often through additional drive train
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components and suitable linkages) to the vehicle's axle(s). An endless, flexible,
V-shaped drive belt is disposed about the clutches. Both clutches have a pair of
complementary sheaves with one sheave being movable laterally with respect to
the other. The lateral position of the movable sheaves in each of the clutches
determines the diameter at which the drive belt resides at any moment in time,
thus determining the effective gear ratio of the CVT. The drive clutch’s sheaves
are normally biased apart, such as with a coil spring, so that when the engine is at
idle speeds the drive belt is not effectively engaged with the sheaves. As a result
there is no driving force transmitted to the driven clutch. The driven clutch's
sheaves are normally biased together (e.g., by a torsion spring working Iin
combination with a helix-type cam, as described below), so that when the engine

IS at idle speeds the belt resides at the outermost diameter of the driven clutch

sheaves.

[00035] The spacing of the sheaves on the drive clutch is usually dependent
upon centrifugal flyweights. As engine speed increases it produces an increase in
the rotational speed of the directly connected drive clutch. The increased speed
causes the flyweights to apply a force on the movable sheave to urge it towards
the stationary sheave. The two sheaves pinch onto the drive belt, causing it to
rotate. This, in turn, causes the driven clutch to begin to rotate. An increase in
engine speed thus causes a decrease in lateral distance between the drive clutch
sheaves. Any decrease in lateral distance between the drive clutch sheaves
results in an increase of the diameter at which the drive belt resides about the

drive clutch's rotational axis. The clutch, therefore, can be said to be speed

sensitive.

[0006] As the sheaves of the drive clutch pinch together and force the belt
to climb outwardly, the tension of the belt (not being stretchable) pulls itself
inwardly between the sheaves of the driven clutch, resulting in a decrease of the
diameter at which the drive belt resides about the driven clutch's rotational axis.
This smooth movement of the belt inwardly and outwardly on the drive and driven

clutches provides seamless changes in the effective gear ratio of the transmission
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in infinitely variably increments. CVT's are, thus, sometimes referred to as

infinitely variable transmissions.

[0007] The spacing of the sheaves on the driven clutch is usually controlled
by a different mechanism. Although a coil spring could be used to bias the
sheaves of the driven clutch together, typically a more sophisticated torque-
sensitive system is used to pinch the belt harder as more torque Is conveyed by
the drive belt to the driven clutch. A generally cylindrical cam with, for example,
three cam surfaces (often called ramps) on one end is secured to the output shaft
of the driven clutch. Because the ramps are generally helical in shape, this cam is
often referred to as a helix. A set of a corresponding number of cam followers
(typically buttons or rollers) is mounted to the movable sheave, and the movable
sheave Is mounted within the driven clutch so that it is free to move laterally and is
also rotatable with respect to the shaft. The buttons or rollers are mounted in
positions aligned with the ramps of the helix, and a torsion spring typically is used
to apply a force that urges the movable sheave rotationally to keep the buttons or

rollers engaged against their respective helix ramps.

[0008] As torque Is transmitted by the drive belt to the driven clutch
sheaves, the belt tends to urge the movable sheave laterally away from the
stationary sheave, and also tends to rotate the movable sheave with respect to
the shaft. Since the buttons are held against the ramps by the torsion spring, the
torque being applied by the belt to the movable sheave tends to cause the buttons
to slide up the ramps, which in turn tends to push the movable sheave toward the
stationary sheave. Thus, the helix converts the torque of the drive belt into a force
that pinches the sheaves together, providing good frictional contact between the
sheaves and the drive belt. The more torque applied by the belt to the driven
clutch, the harder the sheaves of the driven clutch pinch the belt, therefore
preventing the belt from slipping under load, and also causing the transmission to
downshift for increased power (i.e., urging the belt outwardly between the sheaves
of the driven clutch which causes the belt to move inwardly between the sheaves
of the drive clutch). Since the spacing of the sheaves in the driven clutch is

dependent upon torque, the driven clutch can be said to be torque sensitive.
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[0009] The actual position of the belt within the sheaves of the drive and
driven clutches is determined by the balance of the forces acting on the movabie
sheaves in the two clutches. In the drive clutch, these forces consist of the coll
spring urging the sheaves apart and the speed-dependent force of the centrifugal
flyweights, which urges the sheaves together. In the driven clutch, these forces
consist of the torsion spring urging the sheaves together along with the torque-

dependent force generated by the rollers on the helix ramps.

[0010] As mentioned above, the balance of forces acting on the movable
sheaves determines the position of the drive belt between the clutch sheaves. In
some situations this balance can be disrupted. For example, when the vehicle is
traveling along at a given speed and the rider momentarily lets off of the throttle,
the speed sensitive drive clutch continues to pinch to the drive belt (since the
vehicle's speed is not immediately affected and the engine rpm does not drop
instantaneously). At the same moment the torque sensitive driven clutch reduces
its pinching force on the drive belt substantially, since the engine torque output
drops rapidly. The drive clutch thus overcomes the driven clutch and causes the
CVT to tend to up shift. When the rider reapplies the throttle, torque is restored to
the driven clutch, but the transmission takes a moment to downshift to the proper
gear ratio to accelerate. This downshifting requires the belt to be forced outwardly
on the driven clutch, a movement that can be inhibited by the fact that the
movable sheave must rotate with respect to the stationary sheave as the torque
from the belt causes the rollers to move along the helix ramp. This rotation of one
sheave with respect to the other sheave while both in contact with the drive belt,
causes scrub on the sides of the drive belt and does not always happen as quickly
as would be desired. Accordingly, the vehicle takes a moment to downshift,

making it less responsive than would be desirable.

[0011] Due in part to the tendency of the CV'T to up shift when the rider lets
off of the throttle, the CVT does not provide significant engine braking by

backdriving the engine. That is, in some types of vehicle drive trains when the
vehicle is traveling at a given speed and the throttle is dropped (e.g., to an idle

speed), the rotation of the drive wheels of the vehicle will backdrive the drive train



CA 02764064 2011-11-30
WO 2010/141730 PCT/US2010/037269

5

causing the engine to rotate at a speed greater than it otherwise would (based on
throttle position). The inherent frictional forces present throughout the drive train,
including particularly the compression forces present in the engine cylinders, tend
to slow the vehicle down. This condition is commonly referred to as engine
braking, and can be a desirable and useful feature. The degree of engine braking
provided (in vehicles capable of doing so) is dependent upon the gear ratio of the
transmission - in higher gears, less braking is provided, and in lower gears
relatively more braking is provided. Thus, the tendency of the CVT to up shift
when the rider lets off of the throttle makes the CVT less effective in braking the

engine to slow the vehicle down.

[0012] Conventional CVT systems also do not provide engine braking when
the engine is at idle speed. When the engine Is simply idling, the primary drive
clutch has its sheaves biased apart by a coil spring so that the sheaves do not
effectively engage the drive belt. Usually the length of the drive belt is chosen so
that it is somewhat loose in the idle position, preventing the vehicle from
‘creeping”. A consequence of this looseness of the drive belt, however, is that the
driven clutch is not capable of backdriving the drive clutch (and, therefore, the
engine) when the belt and clutches are in the idle position. This could occur while

the vehicle is In motion, but the engine is at idle speed.

[0013] Also due to the tendencies of the conventional CVT system to up
shift with increasing engine speed, and downshift with increasing torque load,
there is a point at which the system can be overloaded and the arive belt will slip
on the sheave faces. The drive belt can only transfer a limited amount of torque
via contact between itself and the sheave faces of both the drive and driven
clutches based on the frictional forces between them. [f an overload is applied to
the system, engine speed will be higher than idle and the engine will be outputting
high torque to the CVT system. The drive clutch will attempt to push the belt
outwardly on it's sheaves, while the driven clutch will pinch the belt very tightly
and attempt to force it outwardly on it's sheaves as well. The lateral force applied
to the drive belt by the driven clutch sheaves will attempt to hold the drive belt at

the same speed as the driven clutch and subsequent drive train components
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(which are relatively slower than the rotational speed of the drive clutch and
engine speed Iin an overioad condition). This difference in rotational speed will
cause the drive belt to slip on the sheaves of one (usually the drive clutch) or both
of the clutches. Consequently the belt will burn or wear very quickly and usually
will need to be replaced in order for the CVT to return to a properly functioning

state.

[0014] A common solution to this problem is to use a wet-float centrifugal
clutch mounted on the output shaft of the vehicle's engine, located inside the
engine crankcase. [he centrifugal clutch can engage onto a drum that is
connected to the input shaft of the drive clutch on the CVT system. When the
engine rotates at a certain rpm the centrifugal clutch engages onto the clutch
drum and begins to spin the drive clutch. Under overload conditions the
centrifugal clutch will not be able to hold the torque necessary to complete a solid
connection between the centrifugal clutch shoes and the clutch drum, thus, not
connecting the engine output shaft and the drive clutch input shaft. The slipping

action of the centrifugal clutch prevents damage to the drive belt.

[0015] However, for engines that do not include a wet-float centrifugal
clutch, when it Is time to replace an existing CVT unit, the incorporation of a
centrifugal clutch is very costly and difficult. Also tuning, repair and replacement
of the centrifugal clutch in conventional wet-float systems can be expensive and

time consuming.

Summary of the Invention

[0016] The present invention is directed to a drive clutch for a continuously
variable transmission. The drive clutch includes an input shaft that is designed to
engage with an engine. A support housing is disposed about a portion of the input
shaft such that the support housing is rotatable relative to the input shaft. The
support housing has a central axis that is coincident with a rotational axis of the

input shaft.
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[0017] A first sheave is disposed about and engaged with a portion of the
support shaft so that the first sheave rotates in combination with the support shaft.
The first sheave has a rotational axis coincident with the rotational axis of the

input shaft. The first sheave has a belt-engaging surface formed on a portion of

one face.

[0018] A second sheave is disposed about the support shaft and mounted
so as to be axially movable relative to the first sheave. The second sheave has a
belt-engaging surface formed on a portion of one face that faces the belt-engaging
surface of the first sheave. The belt-engaging surfaces define a groove for
receiving a belt that is adapted to engage a driven clutch. The first and second

sheaves and the support housing form a sheave assembly.

[0019] A bearing assembly is located between the input shaft and the
sheave assembly so as to permit rotation of input shaft relative to the sheave
assembly. That is, the sheave assembly is mounted so that it does not directly

engage with the input shaft.

[0020] At least one sheave clutch assembly is positioned about the input
shaft. The sheave clutch assembly is configured to provide controlled
engagement between the sheave assembly and the input shaft. To provide
controlled engagement, the sheave clutch assembly includes a clutch hub
mounted to the input shaft, an engagement (friction or torque transfer) surface
formed on or attached to the sheave assembly, and means for engaging the
clutch hub to the engagement surface upon the input shaft rotating at a speed
relative to the sheave assembly that is above a threshold value. That Is, the
sheave clutch assembly is designed so that upon initial rotation of the input shaft,
there is no rotation of the sheave assembly until the speed of the input shaft

increase above a certain threshold value.

[0021] An axial control mechanism is mounted on the input shaft adjacent
to the second sheave. The axial control mechanism controls the movement of the

second sheave toward and away from the first sheave as a function of the speed

of the input shatft.



CA 02764064 2011-11-30
WO 2010/141730 PCT/US2010/037269

8

[0022] In one embodiment of the invention the sheave clutch assembly is a
centrifugal clutch assembly in which the means for engaging the clutch hub to the
engagement surface are a plurality of shoes and springs disposed on the clutch
hub. The shoes are radially displaceable in response to rotational motion of the
clutch hub. The springs bias the shoes radially toward the input shaft such that
the shoes are not engaging the engagement surface. The engagement surface is

preferably a drum mounted on either the first or second sheave.

[0023] Preferably there are two centrifugal clutch assemblies, one mounted
adjacent to the first sheave and the other mounted adjacent to the second sheave.
Each sheave includes a drum that is engaged by shoes in an associated clutch

assembly.

[0024] In one embodiment of the invention, a unidirectional overrunning
clutch is positioned between the input shaft and the sheave assembly. The
overrunning clutch is designed such that it does not engage the input shatft to the
sheave assembly when the input shaft is rotating faster than the sheave
assembly. However, when the sheave assembly is rotating faster than the input
shaft the overrunning clutch directly engages the input shaft to the sheave

assembly. this permits backdriving of the input shaft by the driven clutch.

[0025] The axial control mechanism is preferably a tower assembly which
includes a base disposed about the input shaft, a plurality of flyweights pivotally
attached to the base, and a spider disposed adjacent to the flyweights. The
spider includes surfaces against which the flyweights bear as the flyweights pivot.
The spider Is displaceable relative to the base and is attached to the input shaft.
A spring is mounted between the spider and a tower cover. The spring is

arranged to urge the second sheave away from the first sheave.

10026} The present invention provides a drive clutch and CVT system that
protect the drive belt from slipping and burning during an overload condition, such
as when the torque requirements of the vehicle overcome the pinch loads of the
sheaves onto the belt, causing it to slip. The drive clutch of the present invention

also preferably maintains the drive belt in constant tension between the drive and
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driven sheaves (i.e., no slack) so as to eliminate belt scrub at initial engagement

of the drive clutch.

[0027] The drive clutch of the present invention also may incorporate the
ability to use the deceleration of the engine for engine braking when needed,
allowing the CVT to use the engine compression to slow the vehicle. The
preferred construction of the drive clutch of the present invention is as a self-

contained unit, thereby facilitating retrofit onto existing vehicles.

[0028] Other objects, aspects and advantages of the present invention will
become apparent to those skilled in the art upon reading the following detailed
description, when considered in conjunction with the appended claims and the

accompanying drawings briefly described below.

Brief Description of the Drawings

[0029] For the purpose of illustrating the invention, there are shown in the
drawings embodiments that are presently preferred; it being understood, however,
that this invention is not limited to the precise arrangements and constructions

particularly shown.

[0030] Fig. 1 Is a schematic representation of a continuously variable

transmission (CVT) according to the present invention.

[0031] Fig. 2 is an exploded view of a drive clutch for the CVT of Fig. 1.
[0032] Fig. 3 Is a front view of the drive clutch of Fig. 2.

[0033] Fig. 4 is a cross-sectional view of the drive clutch taken along lines
4-4 in Fig. 3.

[0034] Fig. 5 is a rear perspective view of the drive clutch of Fig. 2.

[0035] Fig. 6 Is a front perspective view of the drive clutch of Fig. 2.

[0036] Fig. 7 is a cross-sectional view of the sheave assembly of Fig. 2.
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Detailed Description

[0037] Referring now to the drawings, which illustrate a preferred
embodiment of the invention, a continuously variable transmission (CVT) system
Is shown for use in a motorized vehicle. While the CVT is useful in many different
vehicles, the CVT has particular use on snowmobiles, ATV's and similar vehicles.
The CVT facilitates smooth and seamless engine braking at both idle and above-
idle conditions, which increases the responsiveness of the transmission during
operation. It also has a built in belt protection system, which prevents drive belt

damage if an overload were to occur.

[0038] The CVT 10 includes or is connected to a rotatable input shaft 12
connectable to an engine of a vehicle (not shown), and a rotatable split sheave
primary clutch (drive clutch) 14 connected to the input shaft 12. The drive clutch
14 has a laterally stationary sheave 16 with an inner belt-engaging surface 18 and
a laterally movable sheave 20 with a complementary inner belt engaging surface
22. As will become apparent below, the stationary sheave is only laterally
stationary since It is mounted so as to be able to, under certain circumstances,
rotate about the input shaft. The stationary sheave 16 houses or includes a drum
24 that is part of a first centrifugal clutch 26. The drum 24 may be a separate
component or may be formed integral with the stationary sheave 16. The
centrifugal clutch 26 also includes a plurality of clutch shoes 36 that are slidingly
disposed in a clutch hub 25 which is connected or engaged to the input shaft 12

through any conventional means.

[0039] The movable sheave 20 also houses or includes a drum 28 that is
part of a second centrifugal clutch 30. As with the stationary sheave, the drum 28
may be formed Iintegral with or attached separately to the movable sheave 20.
The second centrifugal clutch also includes a plurality of clutch shoes 36 and
clutch hub 35 that are indirectly connected to the input shaft 12 through a tower
assembly 32 as will be discussed below. As shown, the clutch hub 35 is bolted to
a portion of the tower assembly 32. As such, the tower assembly 32 and the

movable sheave 20 are rotationally disconnected from one another until the RPM
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of the input shaft is significant enough to cause the shoes of the second
centrifugatl clutch to engage the drum on the movable sheave. it should be readily
apparent that the first and second centrifugal clutches do not need to be the
same.

[0040] The centrifugal clutches 26, 30 are preferably tunable per each
application to achieve desired clutch performance characteristics. The centrifugal
clutches can be tuned by changing spring rates of the springs 34, shoe 36 shape,
shoe material, shoe weight, etc., to adjust the engagement speed, and torque
capacity. Tuning of centrifugal cluiches is well known in the art. One particular
tuning arrangement is described in US Patent No. 7,717,250 (Application Serial
No. 11/649,154), owned by the assignee of this application,

The centrifugal clutches can be any suitable
centrifugal clutch design, including the centrifugal clutches described in US Patent
No. 6,857,515 and US Patent No. 7,717,250.

The shoes 36 are retained in their
respective clutch hubs 25, 35 by a shoe retaining plate 38, which is typically made
of a low friction bearing material, such as Garlock’s DU® bearing material. The
low friction material is intended to limit or prevent load transfer from the centrifugal
clutch assembly through the retaining plate into the sheave. Thus, at idie when
the shoes are not engaged, the retaining plate will not cause any significant drag
on the sheave. Also, in an overload condition where the shoes are slipping on the
engagement surface, the bearing material allows the retaining plate to slip against
the sheave. It is contemplated that certain applications may require higher torque
loads, in which case the bearing material can be replaced with material having a
higher coefficient of friction to increase the clutches’ torque capacity by increasing
it's frictional forces on the sheave's drums faces by the flyweights during operation
(i.e., as the flyweights urge the tower assembly toward the movable sheave), the
shoe retaining plate 38 will press into the rear face of the movable sheave.

[0041) When the engagement or threshold speed (RPM) of the input shaft
is reached, the clutch shoes 36 translate radially until they frictionally engage the
drums 24, 28 thereby creating a connection (engagement) through their
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respective clutch hubs 25, 35 between the sheaves 16, 20 and the input shaft 12.
This results in the input shaft causing rotation of the sheaves and, thus, permitting
torque transfer to the CVT. At engine idle or low engine speeds (i.e., the RPM of
the input shaft is under the desired engagement point and the flyweights are not
pushing against the retaining plates) the centrifugal clutch shoes 36 are in a rest
or disengaged position which is retracted from the drums by springs 34 so that
they are not contacting the drums 24,28 and, thus, are not transferring torque to
the CVT system.

[0042] The spacing of the sheaves 16, 20 on the drive clutch at idle is
preset with a stop 40. In the illustrated embodiment, the stop 40 is a snap ring
attached to a retention groove 41 formed on a support housing 46, which Is
preferably tubular in shape, on the stationary sheave 16. The spacing is designed
to provide continuous engagement with the belt even at idle, thus preventing the
belt from bottoming out on the support housing 46. In order to control the spacing
between the sheaves (belt gap), it is contemplated that one or more shims may be
included between the stop 40 and the movable sheave to adjust the gap spacing.

This allows for control of the transmission ratio to be adjusted at start-up.

[0043] During engagement of the sheaves, their spacing is dependent upon
the engine RPM and the torque being transmifted. As noted above, the second,
movable sheave 20 is laterally movable relative to the input shaft and the first
sheave 16. Lateral movement of the second sheave 20 is controlled by the tower
assembly. The tower assembly includes a set of centrifugal flyweights 42,
preferably three or more, that are pivotally mounted to a tower base 43. The base
43 include sets of spaced about mounting brackets 45 between which arms of a
spider 48 are located. The spider 48 is held between the brackets 45 through a
tower cover 50 which is bolted to the brackets. The spider is engaged or
connected to the input shaft 12 though any conventional mechanism, such as

threads.

[0044] As is well known in the art, the rotational speed of the input shaft 12
causes the centrifugal flyweights 42 to pivot radially outwardly. As they do so, the
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radial motion is translated, through bearing against rollers on radial arms of the
spider 48, into an axial or lateral force on the second sheave 20 urging that
sheave toward the first sheave 16. Hence, as engine speed increases, the
flyweights 42 apply a force on the movable sheave to urge it towards the
stationary sheave. An increase in engine RPM thus causes a decrease in lateral
distance between the drive clutch sheaves. Any decrease in lateral distance
between the drive clutch sheaves results in an increase of the diameter at which
the drive belt resides about the drive clutch’s rotational axis. As such, the belt B
rides near the center of the clutch 10 when the engine (and, hence, the drive
clutch) is rotating at slow speeds. At higher speeds the centrifugal flyweights 42
urge the second sheave 20 toward the first sheave 16, thereby pinching the belt
and causing it to move outwardly between the sheaves. The centrifugal flyweights
42 can also be tuned, as is well known in the art. Different shapes and weights
can be used on the flyweights to achieve different shifting characteristics of the

second (movable) sheave.

[0045] The spider 48 is preferably threaded directly onto the input shaft 12.
A coll spring 52 is positioned between the spider 48 and the tower cover 50 and is
configured to urge the cover and, therefore, the second sheave 20 away from the
first sheave 16. Tower assemblies are well known In the art and, therefore, no

further description is necessary.

[0046] One of the unique features of the present invention is the ability to
tune the centrifugal clutches independent from the normal functioning of the CVT.
Thus the tuning of the centrifugal clutches does not affect the operation of the
flyweights or the tuning of the CVT itself. As such the centrifugal clutches can be
tuned to the desired performance of the clutches. For example, the centrifugal
clutches are preferably tuned to engage at a desired engine RPM and smoothly
transmit torque from the input shaft of the drive clutch to the sheaves, which in
turn drive the belt B. A torque curve can be specified for a given vehicle and the
clutches are tuned to hold certain desired torque values at certain engine rpm'’s.
Under overload conditions (torque values greater than the torque curve) the

centrifugal clutches are not able to transmit the required amount of torque to the
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sheave's drums in order to rotate the subsequent drive train. The pinch between
the sheaves (which is generated at least in part by the helix and spring in the
driven clutch and flyweights in the drive clutch) produces a pinching force on the
belt (generating a frictional force between the sheaves and the belt) that is greater
than the friction generated by the clutch shoes on the drum. As such, the clutch
shoes will slip on the drum surfaces, preventing sufficient torque to be transferred
to the sheaves to overcome the applied loads, thus, minimizing or eliminating the
occurrence of the belt slipping on the sheaves as currently occurs in conventional
CVT systems. In the present invention, the sheaves 16, 20 and drive belt B
remain stationary (or rotate slower than the drive clutch) with the driven clutch,
and are at this point independent of the drive clutch. When this occurs, the rider
will realize that the limits of the CVT have been exceeded for the given conditions
and can make proper adjustments (e.g., shifting the vehicle gearbox into low
gear). Slipping of the centrifugal clutches in the drums of the sheaves during
overload conditions prevents belt burn and unnecessary wear on the drive belt,

iIncreasing belt life significantly.

[0047] The sheaves 16, 20 in the resting position are in contact with the
drive belt B and stay in contact with the drive belt at all times. This protects the
belt as compared to a conventional CVT. In conventional CVT systems, as the
drive system increases from idle (where the belt is not in contact with the
sheaves) to a speed above idle (where the sheaves engage the belt to drive),

there is momentary belt scrubbing.

[0048] In the present invention, The sheave assembly (stationary and
movable sheaves) are disconnected from the input shaft 12. More particularly, a
bearing assembly 44 is positioned between the input shaft 12 and the support
housing 46. The bearing assembly 44 permits the input shaft 12 to rotate relative
to the support housing 46 and the sheave assembly 16, 20. The bearing
assembly may be a conventional caged roller bearing with an inner race or hub
mounted on the input shaft 12 and an outer race mounted to an inside diameter of

the support housing 46. Various conventional roller bearings and/or bushings can
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be used as the bearing. Rolls or bearings between the races permit the input

shaft 12 to rotate freely relative to the support housing.

[0049] In one preferred embodiment of the invention, the bearing assembly
includes a unidirectional roller clutch (often referred to as an over-running clutch).
The overrunning clutch 44 is configured to overrun during normal operation where
the drive clutch is rotating the driven clutch through the drive belt B. Thus, the
input shaft remains disengaged from the support housing during idle and normal
operation of the CVT. As such, the sheave assembly 16, 20 is permitted to
remain substantially stationary when the input shaft is rotating (i.e., the stationary
and movable sheave are disengaged from the input shaft), thereby permitting the
belt and driven clutch to remain substantially stationary when the engine is at idle
speed and the vehicle is at rest. During backdriving (when the driven clutch is
rotating faster than the drive clutch, the drive belt B will cause the stationary and
movable sheaves to engage the roller clutch 44, thus creating engagement
between the support housing 46 and the input shaft 12. This engagement permits
the belt B to backdrive the engine. Thus, the roller clutch 44 permits engine
braking when the CVT is in its idle position. As shown in Fig. 2, the roller clutch
44 is preferably positioned between an outer surface of the input shaft 12 and an
inner surface 80 of the support housing 46. The roller clutch 44 preferably
iIncludes an outer race 80 mounted to or formed integral with the support housing
46. A set of internal rolls 82 are located in clutch cavities and are designed when
wedged between the outer surface of the input shaft and the inner support
housing 46 to transmit torque between the input shaft and the inner surface of the
outerrace. The rolls 82 may be retained within a roll cage 84 as Is convention in
the art. It is contemplated that the overrunning clutch 44 may be used in
combination with a separate roller bearing in the bearing assembly. As noted
above, the incorporation of a bearing assembly between the sheaves 16, 20 and
the input shaft 12 permits the sheaves to be designed to always engage or pinch
the belt. In this design, the input shaft 12 is disconnected from the CVT, but
engageable through the centrifugal clutch.
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10050] The CVT also includes a rotatable output shaft 102 connectable to a
drive axle of the vehicle (or other driven device). A rotatable split sheave
secondary clutch (driven clutch) 100 is connected to the output shaft 102. The
driven clutch 100 has a laterally stationary sheave 104 with an inner belt-engaging
surface 106, and a laterally movabie sheave 108 with an inner belt-engaging
surface 110. The driven clutch 100 also includes a mechanism for normally
biasing the movable sheave toward the stationary sheave. In one embodiment,
the biasing mechanism includes a helix cam attached to the output shaft and
located adjacent to the movable sheave. The cam has at least one cam surface
formed on it. The cam surface is adapted to engage with cam followers on the
movable sheave. The contact and motion of the cam followers on the cam
surface produces axial translation of the movable sheave relative to the output
shaft providing torque transmission between the movable sheave and the output
shaft. The biasing mechanism also includes a spring which biases the movable
toward the stationary sheave. Driven clutch designs are well know to those skilled
in the art, including biasing arrangements for urging the movable sheave 108
toward the stationary sheave 104. See, for example, US Patent No. 6,149,540.

[0051] An endless flexible drive belt B is disposed about the drive and
driven clutches 14, 100, the belt having a pair of side drive surfaces engageable
against the inner belt-engaging surfaces of the sheaves. The size of the drive belt

is selected so that when the engine is at an idle speed the side surfaces of the
belt firmly engage the inner belt-engaging surfaces of the sheaves, and stays In

contact with the sheaves at all times.

[0052] In an alternate embodiment of the invention, the first and second
sheaves are mounted on a support housing such that the first and second
sheaves rotate in combination but the second sheave is mounted so that is can
translate axially relative to the first sheave. In one configuration, the first sheave
is attached to the support shaft and the second sheave is engaged to the support
shaft through spines so that the second sheave can move axially relative to the
first sheave. The axial translation of the second sheave is controlled by a tower
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assembly as described above. The sheave assembly (e.q., first and second
sheaves and the support shaft) are mounted to the input shaft through a bearing
assembly. As such the input shaft rotates independently from the sheave
assembly. A centrifugal clutch is included to provide engagement between the
sheave assembly and the input shaft as described above. The centrifugal clutch
may be similar to the centrifugal clutch described above with a clutch hub and
shoes mounted to the input shaft and a drum mounted to the sheave assembly
(either to the first or second sheave.) If additional torque is needed, two
centrifugal clutches can be used. An overrunning clutch can be incorporated into

this embodiment as described above to provide backdriving capability.

[0053] Although the present invention has been described as using
centrifugal clutches to engage the input shaft to the sheave assembly, it is also
contemplated that other sheave clutch assemblies may be used to engage the
sheave assembly to the input shaft. For example, it is contemplated that a clutch
pack could be incorporated into the drive clutch. The clutch pack would include a
clutch hub attached to the input shaft and an engagement surface connected to
one of the sheaves. Friction plates between the hub and the engagement surface

provide the mechanism for engaging the hub to the engagement surface.

[0054] One embodiment of the drive cutch was tested to determine its
ability to handle torque while minimizing belt deterioration. In a pull test, a vehicle
with the CVT including the drive clutch was fully loaded to maximum capacity.

The vehicle was hooked to a utility pole on a dry, rough, concrete surface, with the
tow strap length hooked low to the pole to produce the maximum traction. Vehicle
was then put into high gear and accelerated slowly from idle to full throttle for
approximately 5 to 10 seconds so as to cause all four wheels to spin or bring the

engine to stall necessitating a shift. The CVT successfully passed the test.

[0055] A durability test was conducted on a test track with a hill constructed
with two 17° inclines, 30 feet long and two 30° inclines, 15 feet long each
opposing the other. The test track surface was rough concrete for good traction.

The loop distance of the track was approximately 1.5 tenths of a mile. The
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objective was repetitive acceleration and deceleration or inclines to test durability
of the centrifugal clutches and the overrunning clutch during engine braking.
Engine braking was tested by starting at the bottom of the 30° incline and slowly
accelerating until vehicle reaches the top of ramp then let off the throttle to test the
engine braking on the downward slope. The cycle was repeated every 5th loop
on the track. The rest of the drive time was to simulate normal driving as well as
hard accelerations and coast down stops. Over 200 hours of testing was

accumulated with no reported test failures of the drive clutch.

[0056] The longevity of the drive clutch was tested by driving the vehicle for
5000 miles without maintenance. Vehicle was driven to simulate harsh customer

use. At the 5200 mile check, the drive clutch was inspected and all components

were still functional.

[0057] As discussed above, one of the benefits achieved by the present
iInvention is the reduction and preferably elimination of belt scrub at idle. Since
the first and second sheaves are disconnected from the input shaft and the tower
assembly (by the bearing assembly and centrifugal clutches), the sheaves can be
arranged so as to always be in direct contact (i.e., pinching engagement) with the
belt. Thus, there i1s no slack in the belt, thereby preventing slipping and burning.
As a result, during start-up, the belt is in positive engagement with the sheaves
once they are engaged with the input shaft. Also, the incorporation of the
overrunning clutch between the input shaft and the sheave assembly allows for

immediate engine braking from the belt to the input shaft when the driven clutch is

rotating faster than the drive clutch.

[0058] It will be apparent to those skilled in the art that various
modifications and variations can be made in the configuration of the present
invention without departing from the spirit or scope of the invention. |t is intended
that the present invention cover such modifications and variations provided they

come within the scope of the appended claims or their equivalents.
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What is claimed is:

1. A drive clutch for a continuously variable transmission comptising:

an input shaft adapted to engage with an engine drive component, the input
shaﬁ having a rotational axis; '

a support houslng disposed about a portion of the input shaft such that the
support housing is rotatable relative to the input shaft, the support housing having
a central axis coincident with the rotational axis of the input shaft;

a first sheave disposed about and engaged with a portion of a support
shaft so that the first sheave rotates in combination with the support shaft, the first
sheave having a rotational axis coincident with the rotational axis of the input
shaft, the first sheave having a belt-engaging surface formed on a portion of one
face:

a second sheave disposed about the support shaft and mounted so as to
be axially movable rélaﬁve to the first sheave, the second sheave having a belt-
engaging surface formed on a portion of one face which faces the beli-engaging
surface of the first sheave, the belt-engaging surfaces defining a groove for
receiving a belt that is adapted to engage a driven clutch;

- the first and second sheaves and the support housing defining a sheave
assembly;

a bearing assembly located between the input shaft and the sheave
assembly to permit rotation of input shaft relative to the sheave assembly,

at least one sheave cluich assembly disposed about the input shaft,
the sheave clutch assembly adapied 10 provide controlled engagement baiween
the sheave assembly and the input shaft, the sheave clutch assembly including a
ciutch hub mounted to the in‘put shaft, an engagement suriace formed on or
attached to the sheave assembly, and means for engaging the clutch hub to the

engagement surface upon the input shaft rotating at a speed relative to the
sheave assembly that is above a threshold value, the sheave centrifugal assembly
includes at least one centrifugal cluich assembly in which the means for engaging
the clutch hub to the engagement surface are a plurality of shoes and springs
disposed on the clutch hub, the shoes being radially displaceable in response to

rotational motion of the clutch hub, the springs biasing the shoes radially toward
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the input shaft, and wherein the engagement surface is a drum surface mounted

or formed within a recess in a rear face of either the first or second sheave; and

an axial control mechanism mounted on the input shaft adjacent to the
“second sheave, the axial control mechanism controlling the movement of the
second sheave toward and away from the first sheave as a function of the speec
of the input shatt.

2. The drive clutch of claim 1 wherein there are two centrifugal clutch
assemblies, one mounted within a recess formed in a rear side of the first sheave
and the other mounted within a recess formed in a rear side of the second

sheave, and wherein each sheave has a drum positioned so as to be engaged by

shoes of the associated centrifugal clutch assembly.

3. The drive clutch of claim 1 further comprising a unidirectional
overrunning clutch positioned between the input shaft and the sheave assermnbly,
the overrunning clutch configured to not engage the input shaft to the sheave
assembly when the input shaft is rotating faster than the sheave assembly, and to

engage the input shaft to the sheave assembly when the sheave assembly IS
rotating faster than the input shatt.

4. The drive clutch of claim 1 wherein the axial control mechanism
comprises a tower assembly including:

a base disposed about the input shatt,

a plurality of fiyweights pivotally attached to the base,

a spider disposed adjacent to the flyweights, the spider including
surfaces against which the flyweights bear as the flyweights pivot, the spidér
being displaceable relative to the base, the spider being attached to the input
shaftt, and

a spring mounted between the spider and a tower cover, the spring

arranged to urge the second sheave away from the first sheave.

AMENDED SHEET - IPEA/US
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5. A drive clutch for a continuously variable transmission comprising:

an input shaft adapted to engage with an engine drive component, the input
shaft having a rotational axis;

a first sheave disposed about a portion of the input shaft and having a
rotational axis coincident with the rotational axis of the input shaft, the first sheave
being rotatable relative to the input shaft, the first sheave having a belt-engaging
surface formed on a portion of one face;

a support housing extending outward from the face on the first sheave and
having a central axis coincident with the rotational axis of the input shaft

a first centrifugal clutch assembly disposed about the input shaft, the
centrifugal clutch assembly adapted to provide controlled engagement between
the first sheave and the input shaft, the centrifugal clutch assembly including a
clutch hub mounted to the input shafl, an engagement surface formed on or
attached to the first sheave, a plurality of shoes disposed in the hub and spaced
about a portion of the input shaft, the shoes mounted so as to be movable radially
outward from the input shaft upon rotation of the input shaft above a threshold
RPM, the radial translation of the shoes being restrained by springs, the shoes
being disposed within the hub subh that rotation of the input shaft produces
concurrent rotation of the shoes, the shoes having a frictional surfaée on one end
for engaging with the engagement surface on the first sheave when the shoes are
radially displaced from the input shaft;

a bearing assembly located between the input shaft and the first sheave or
support housing, the bearing assembly configured to permit the first sheave and
support housing to remain substantially disengaged from the input shaft:

a second sheave disposed about the support housing and mounted so as
{o be axially movable relative to the support housing, the second sheave having a
belt-engaging surface formed on a portion of one face and that faces the beit-
engaging surface of the first sheave, the belt-engaging surfaces defining a groove

for recelving a belt that is adapted to engage a driven clutch:
a second centrifugal clutch assembly with an engagement surface formed
on or attached to the second sheave, a centrifugal clutch hub, a plurality of shoes

located on the hub and mounted so as to be movable radially outward upon
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rotation of the input shaft above a threshold RPM, the radial movement of the
shoes being restrained by springs, the shoes being disposed within the centrifugal
clutch hub such that rotation of the input shaft produces concurrent rotation of the
shoes, the shoes having a frictional surface on one end for engaging with the
engagement surface on the second sheave when the shoes are radially displaced;
and
a tower assembly including:

a base disposed about the input shaft,

a plurality of flyweights pivotally attached to the base,

a spider disposed adjacent to the flyweights, the spider including
surfaces against which the flyweights bear as the flyweights pivot, the spider
being displaceable relative to the base, the spider being attached to the input

shaft, and
a spring mounted between the spider and a tower cover, the spring

arranged to urge the second sheave away from the first sheave.

6. A drive clutch according to claim 5 wherein the bearing assembly
includes a unidirectional overrunning clutch which is configured to overrun and
thus does not engage the input shaft and the first sheave when the RPM of the
input shaft is greater than or equal to the RPM of the first sheave, and engages
the input shaft to the first sheave when the RPM of the first sheave is greater than

the RPM of the input shaft.

7. A drive clutch according to claim 5 wherein the bearing assembly Is

mounted between an outer portion of the input shaft and an inner portion of the

support housing.

8. Adrive clutch according to claim 6 wherein the overrunning clutch (s

mounted between an outer portion of the input shaft and an inner portion of the

support housing, and includes an outer component mounted to an inner surface of

the support housing.

9. A drive clutch according to claim 6 wherein the overrunning clutch is a

roller clutch.
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10. A drive clutch according to claim § wherein the minimum spacing of the
first and second sheaves is sef by a stop mounted on the support housing that
limits axial movement of the second sheave toward the first sheave and sets the

belt gap so as to maintain substantially continuous positive engagement by the
belt engaging surfaces and the belt.

11. A drive clutch according to claim 5 wherein the engagement surfaces
of the first and second centrifugal clutches are located on the first and second
sheaves, respectively, each within a recess formed in the associated sheave on

the side opposite the belt engaging surface, the recesses defining drums for the
respective centrifugal clutches.

12. A drive clutch according to claim 5 wherein the first and second

centrifugal clutch hubs include covers for securing the shoes within the assaciated
clutch hubs.

13. A drive clutch according to claim 5 wherein the drive clutch is part of a
continuously variable transmission, the transmission including the driven clutch and
a drive belt engageable to the driven clutch and disposed between the belt

engaging surfaces of the drive clutch, the drive ciutch adapted to transmit torque
to the driven clutch through the belt.

14. A continuously variable transmission system comprising:
a drive clutch accord'ing to claim 1; |
a driven clutch cornpriéing:

3 first sheave with a belt-engaging surface, the first sheave being
disposed on an cutput shaft so as to be rotatable relative to the output shaft
and substantially inhibited from axial motion relative to the output shaft;

a second sheave with a bell-engaging surface, the belt-engaging
surface of the second sheave facing the belt-engaging surface of the first
sheave, the second sheave being disposed on the output shaft so as to be
rotatable and axially translatable relative to the output shaft;

a helix cam attached to the oufput shaft and located adjacent to the
second sheave, the cam having at least one cam surface formed thereon,
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the cam surface adapted to engage with the second sheave for controlling
the axial translation of the second sheave relative to the output shaft, the
contact between the cam surface and the second sheave permitting torque
tfransmission between the second sheave and the output shaft; and

a spring for biasing the second sheave toward the first sheave; and
an endless flexible drive belt disposed about the drive and driven clutches

and engaged with the belt engaging surfaces, the belt providing torque

transmission befween the drive and driven clutches.

15. A drive clutch for a continuously variable transmission comprising:

an input shaft adapted to engage with an engine, the input shaft having a
rotational axis;

a sheave assembly including first and second sheaves mounted on a
support housing so as o rotate in combination with the support housing, one of
the sheaves being axially movable relative {o the other, the sheave assembly
being disposed about the input shaft and being rotationally disconnected from the
input shaft;

a bearing assembly located between the input shaft and the sheave
assembly for providing some support for the sheave assembly on the input shaft
while permitting rotation of input shaft relative to the sheave assembly,

at least one centrifugal clutch assembly disposed about the input shaft, the
centrifugal clutch assembly adapted to provide controlled engagement between
the sheave assembly and the input shaft, the centrifugal clutch assembly including

a clutch hub mounted to the input shaft, a torque transfer surface formed on or

attached to the sheave assembly, and means for frictionally engaging the clutch
hub to the torque transfer surface upon the input shaft rotating at a speed relative
to the sheave assembly that is above a threshold value, the means for engaging
the clutch hub to the torque transfer surface are a plurality of shoes and springs
disposed on the clutch hub, the shoes being radially displaceable in response to
rotational motion of the clutch hub, the springs biasing the shoes radially toward
the input shaft, and wherein the torque transfer surface is a drum surface mounted

or formed within a recess in a rear face of either the first or second sheave: and
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an axial controt mechanism mounted on the input shaft adjacent to the
second sheave, the axial control mechanism controlling the movement of the

second sheave toward and away from the first sheave as a function of the speed
of the input shaft.

16. The drive clutch of claim 15 wherein there are two centrifugal clutch
assemblies, one within a recess formed in a rear side of the first sheave and the
other mounted within a recess formed in a rear side of second sheave, and

wherein each sheave has a drum positioned so as to be engaged by shoes of the
associated centrifugal clutch assembly.

17. The drive clutch of claim 15 further comprising a unidirectional
overrunning clutch positioned between the input shaft and the sheave assembily,
the overrunning clutch configured to not engage the input shaft to the sheave
assembly when the input shaft is rotating faster than the sheave assembly, and to

engage the input shaft to the sheave assembly when the sheave assembly is
rotating faster than the input shaft.

18. A drive clutch according to claim 15 wherein a minimum spacing of the
first and second sheaves is set by a stop mounted on the support housing that

limits axial movement of the second sheave toward the first sheave.
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