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(57) ABSTRACT

A continuously variable transmission driven pulley movable
sheave comprising a beveled face disk, an elongated hollow
cylindrical collar extending orthogonally from a center of
the beveled face disk, and a triangular shaped tuning pocket
disposed in the collar. The tuning pocket is structured and
operable to control axial movement of the movable sheave
on the elongated neck of the driven pulley. The tuning
pocket comprises a first gear side, an acceleration side
disposed at a positive angle relative to a reference point on
the first gear side, and a deceleration side disposed at a
negative angle relative to the reference point on the first gear

side.
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CONTINUOUSLY VARIABLE
TRANSMISSION HAVING TUNABLE
ACCELERATION AND DECELERATION

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Application No. 63/227,448, filed on Jul. 30, 2021.
The disclosure of the above application is incorporated
herein by reference in its/their entirety.

FIELD

[0002] The present teachings relate to golf and utility
vehicle power transmission and CVT clutch systems, and
more particularly to a unique design for tuning acceleration
and deceleration separately.

BACKGROUND

[0003] The statements in this section merely provide back-
ground information related to the present disclosure and may
not constitute prior art.

[0004] Internal combustion engine driven golf cars and
utility vehicles often utilize a continuously-variable-trans-
mission (CVT) system. Such CVT systems generally consist
of a driving pulley assembly, a driven pulley assembly and
a pulley belt. The driving pulley assembly is directly con-
nected to the crankshaft, or output shaft, of the engine, and
the driven pulley spins on bearings on a drivetrain or
gearbox input shaft having a clutch drum that is splined to
the CVT output shaft. When the clutch shoes on the driven
pulley move outward due to spinning inertia, the shoes
engage the drum, thereby joining the drivetrain input shaft
to the driven pulley. Both the driving and the driven pulley
assemblies have a movable and a fixed sheave. Other known
CVTs utilize a system without the clutch drum or shoes, and
without the ability of the driven pulley to rotate about the
drivetrain input shaft. In these systems, the belt is not
pinched between the driving pulley sheaves until the pulley
spins fast enough to move the sheaves together to clamp on
the sides of the belt.

[0005] Generally, as the engine output shaft rotational
speed increases the driving pulley movable sheave moves
axially along the shaft toward the driving pulley fixed
sheave, thereby forcing the pulley belt radially outward on
the driving pulley. This in turn causes the pulley belt to force
the movable sheave of the driven pulley axially away from
the driven pulley fixed sheave so that the pulley belt can
move radially inward to change the torque transfer ratio
between the driving pulley and the driven pulley from high
torque transfer ratio when the engine (and vehicle) begins to
accelerate from a stopped or slow speed status, to a lower
torque ratio as the engine (and vehicle) accelerate to a faster
or cruising speed.

[0006] To resist the movement of the driven pulley mov-
able sheave axially outward along the CVT output shaft
(away from the driven pulley fixed sheave), and thereby
produce a slower and more controlled change in torque
transfer ratio, many known CVTs include one or more helix
ramp slot disposed or formed within the collar of the driven
pulley movable sheave. Such known helix ramp slots are
typically straight slots with parallel longitudinal sides
formed at an angle within driven pulley movable sheave
collar. A roller pin disposed in, and extending outward from,
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an elongated hollow cylindrical neck of the driven pulley
fixed sheave is disposed within the helix ramp slot. There-
fore, in order for the driven pulley movable sheave to move
axially outward along the neck of the driven pulley fixed
sheave the force of the pulley belt on the driven pulley
movable sheave, pushing the driven pulley movable sheave
axially outward, must overcome the axial force inward
applied by a driven pulley spring, and the force between the
roller pin and the helix ramp slot, both resisting movement
of the driven pulley movable sheave axially outward.

[0007] As described above, such known helix ramp slots
are typically straight slots having parallel longitudinal sides.
Hence, both longitudinal sides of the helix ramp slots have
the same angle relative to an axis of the drivetrain input
shaft. During acceleration of the engine, vehicle and CVT,
the roller pin rides, rolls or slides along a first longitudinal
side of the helix ramp slot having a desired angle designed
to control axially outward movement of the driven pulley
movable sheave, and hence control the rate or speed of
change in the torque transfer ratio during acceleration.
However, since such known helix ramp slots have parallel
longitudinal sides, such helix ramp slots also generate unde-
sired resistance to the movement of the driven pulley
movable sheave radially inward (toward the driven pulley
fixed sheave) during deceleration of the engine, vehicle and
CVT. More particularly, by generating resistance to axial
inward movement of the driven pulley movable sheave
during deceleration, such known parallel sided helix ramp
slots impede the amount and control of engine braking that
can be produced. More specifically, during acceleration it is
desirable to resist and slow the axially outward movement of
the driven pulley movable sheave to provide a smoother and
more controlled torque transfer ratio during acceleration,
which known parallel sided helix ramp slots provide. How-
ever, during deceleration it is desirable that the axially
inward movement of the driven pulley movable sheave be
fast such that engine and braking can be maximized, which
is inhibited by known parallel sided helix ramp slots.

SUMMARY

[0008] In various embodiments, the present disclosure
provides a continuously variable transmission driven pulley
movable sheave comprising a beveled face disk, an elon-
gated hollow cylindrical collar extending orthogonally from
a center of the beveled face disk, and a triangular shaped
tuning pocket disposed in the collar. The tuning pocket is
structured and operable to control axial movement of the
movable sheave on the elongated neck of the driven pulley.
The tuning pocket comprises a first gear side, an acceleration
side disposed at a positive angle relative to a reference point
on the first gear side, and a deceleration side disposed at a
negative angle relative to the reference point on the first gear
side.

[0009] In various other embodiments, the present disclo-
sure provides a continuously variable transmission (CVT),
wherein the CVT comprises a driving pulley assembly
connectable to an output shaft of a prime mover of a vehicle,
and the driving pulley assembly comprising a driving pulley.
The CVT additionally comprises a driven pulley assembly
connectable to a drivetrain input shaft of the vehicle, and the
driven pully assembly comprises a driven pulley. The CVT
further comprises a drive belt disposed around the driving
pulley assembly and the driven pulley assembly to operably
connect the driving pulley assembly to the driven pulley
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shaft such that torque received from the prime mover output
shaft at the driving pulley is transferred to the driven pulley
assembly to be delivered to the drivetrain input shaft. The
driven pulley comprises a fixed sheave rotationally mount-
able to the drivetrain input shaft (i.e., mounted to, but
allowed to rotate about the drivetrain input shaft) and a
moveable sheave rotationally mounted on an elongated neck
of the fixed sheave (i.e., mounted to, but allowed to rotate
about the elongated neck). Particularly, the fixed sheave is
mounted on the drivetrain input shaft such that it is trans-
lationally constrained from longitudinal movement along
the length of the input shaft but can rotate around the input
shaft (i.e., rotate around an axis of the input shaft). The
moveable sheave is mounted on the elongated neck of the
fixed sheave such that it can move or translate longitudinally
along the length of the neck and can also rotate around the
neck (i.e., rotate around an axis of the neck). The rotational
and axial movement of the movable sheave about and along
the neck is constrained in rotation and axial translation by at
least one roller pin extending from the neck (as described
further below). In various embodiments, the moveable
sheave comprises a beveled face disk, an elongated hollow
cylindrical collar extending orthogonally from a center of
the beveled face disk, and a triangular shaped tuning pocket
disposed in the collar. The tuning pocket is structured and
operable to control axial movement of the movable sheave
on the elongated neck of the driven pulley. The tuning
pocket comprises a first gear side, an acceleration side
disposed at a positive angle relative to a reference point on
the first gear side, and a deceleration side disposed at a
negative angle relative to the reference point on the first gear
side.

[0010] In yet other exemplary embodiments, the present
disclosure provides a light-weight vehicle, wherein the
vehicle comprises a prime mover structured and operable to
generate torque utilized to provide motive force for the
vehicle, a drivetrain structured and operable to deliver the
generated torque to one or more wheel of the vehicle, and a
continuously variable transmission (CVT) operably con-
nected to the prime mover and the drivetrain to transfer the
torque generated to the drivetrain. In various embodiments,
the CVT comprises a driving pulley assembly connectable to
an output shaft of a prime mover of a vehicle, and the driving
pulley assembly comprising a driving pulley. The CVT
additionally comprises a driven pulley assembly connect-
able to a drivetrain input shaft of the vehicle, and the driven
pully assembly comprises a driven pulley. The CVT further
comprises a drive belt disposed around the driving pulley
assembly and the driven pulley assembly to operably con-
nect the driving pulley assembly to the driven pulley shaft
such that torque received from the prime mover output shaft
at the driving pulley assembly is transferred to the driven
pulley assembly to be delivered to the drivetrain input shaft.
The driven pulley comprises a fixed sheave rotationally
mountable to the drivetrain input shaft (i.e., mounted to, but
allowed to rotate about the drivetrain input shaft) and a
moveable sheave rotationally mounted on an elongated neck
of the fixed sheave (i.e., mounted to, but allowed to rotate
about the elongated neck). Particularly, the fixed sheave is
mounted on the drivetrain input shaft such that it is trans-
lationally constrained from longitudinal movement along
the length of the input shaft but can rotate around the input
shaft (i.e., rotate around an axis of the input shaft). The
moveable sheave is mounted on the elongated neck of the
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fixed sheave such that it can move or translate longitudinally
along the length of the neck and can also rotate around the
neck (i.e., rotate around an axis of the neck). The rotational
and axial movement of the movable sheave about and along
the neck is constrained in rotation and axial translation by at
least one roller pin extending from the neck (as described
further below). In various embodiments, the moveable
sheave comprises a beveled face disk, an elongated hollow
cylindrical collar extending orthogonally from a center of
the beveled face disk, and a triangular shaped tuning pocket
disposed in the collar. The tuning pocket is structured and
operable to control axial movement of the movable sheave
on the elongated neck of the driven pulley. The tuning
pocket comprises a first gear side, an acceleration side
disposed at a positive angle relative to a reference point on
the first gear side, and a deceleration side disposed at a
negative angle relative to the reference point on the first gear
side.

[0011] This summary is provided merely for purposes of
summarizing various example embodiments of the present
disclosure so as to provide a basic understanding of various
aspects of the teachings herein. Various embodiments,
aspects, and advantages will become apparent from the
following detailed description taken in conjunction with the
accompanying drawings which illustrate, by way of
example, the principles of the described embodiments.
Accordingly, it should be understood that the description and
specific examples set forth herein are intended for purposes
of illustration only and are not intended to limit the scope of
the present teachings.

DRAWINGS

[0012] The drawings described herein are for illustration
purposes only and are not intended to limit the scope of the
present teachings in any way.

[0013] FIG. 1 is a side view of a utility vehicle including
a continuously variable transmission (CVT) including an
acceleration and deceleration torque transfer tuning pocket
disposed in a driven pulley movable sheave of the CVT, in
accordance with various embodiments of the present disclo-
sure.

[0014] FIG. 2 is a schematic of a chassis, a prime mover
and a drivetrain comprising the CVT of the vehicle shown
in FIG. 1, in accordance with various embodiments of the
present disclosure.

[0015] FIG. 3 is an isometric exploded view of the tunable
CVT shown in FIGS. 1 and 2 in accordance with various
embodiments of the present disclosure.

[0016] FIG. 4 is sectional view of a driven pulley assem-
bly of the CVT shown in FIGS. 1, 2 and 3 comprising the
acceleration and deceleration torque transfer tuning pocket,
in accordance with various embodiments of the present
disclosure.

[0017] FIG. 5 is side view of a driven pulley of the driven
pulley assembly illustrating the acceleration and decelera-
tion torque transfer tuning pocket having a roller pin dis-
posed therein in a Vehicle Stopped location, in accordance
with various embodiments of the present disclosure.
[0018] FIG. 6 is a schematic of an exemplary acceleration
and deceleration torque transfer tuning pocket of the CVT
shown in FIGS. 1, 2, 3, 4 and 5, in accordance with various
embodiments of the present disclosure.

[0019] FIG. 7 is a side view of the driven pulley of the
driven pulley assembly illustrating the acceleration and
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deceleration torque transfer tuning pocket having the roller
pin disposed therein in a Vehicle Acceleration location, in
accordance with various embodiments of the present disclo-
sure.

[0020] FIG. 8 is a side view of the driven pulley of the
driven pulley assembly illustrating the acceleration and
deceleration torque transfer tuning pocket having the roller
pin disposed therein in a Vehicle Cruise location, in accor-
dance with various embodiments of the present disclosure.
[0021] FIG. 9 is a side view of the driven pulley of the
driven pulley assembly illustrating the acceleration and
deceleration torque transfer tuning pocket having the roller
pin disposed therein in a Vehicle Deceleration location, in
accordance with various embodiments of the present disclo-
sure.

[0022] Corresponding reference numerals indicate corre-
sponding parts throughout the several views of drawings.

DETAILED DESCRIPTION

[0023] The following description is merely exemplary in
nature and is in no way intended to limit the present
teachings, application, or uses. Throughout this specifica-
tion, like reference numerals will be used to refer to like
elements. Additionally, the embodiments disclosed below
are not intended to be exhaustive or to limit the invention to
the precise forms disclosed in the following detailed descrip-
tion. Rather, the embodiments are chosen and described so
that others skilled in the art can utilize their teachings. As
well, it should be understood that the drawings are intended
to illustrate and plainly disclose presently envisioned
embodiments to one of skill in the art, but are not intended
to be manufacturing level drawings or renditions of final
products and may include simplified conceptual views to
facilitate understanding or explanation. As well, the relative
size and arrangement of the components may differ from that
shown and still operate within the spirit of the invention.

[0024] As used herein, the word “exemplary” or “illustra-
tive” means “serving as an example, instance, or illustra-
tion.” Any implementation described herein as “exemplary”
or “illustrative” is not necessarily to be construed as pre-
ferred or advantageous over other implementations. All of
the implementations described below are exemplary imple-
mentations provided to enable persons skilled in the art to
practice the disclosure and are not intended to limit the scope
of the appended claims.

[0025] Unless otherwise defined, all technical and scien-
tific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
disclosure belongs. The terminology used herein is for the
purpose of describing particular example embodiments only
and is not intended to be limiting. As used herein, the
singular forms “a”, “an”, and “the” may be intended to
include the plural forms as well, unless the context clearly
indicates otherwise. The terms “comprises”, “comprising”,
“including”, and “having” are inclusive and therefore
specify the presence of stated features, integers, steps,
operations, elements, and/or components, but do not pre-
clude the presence or addition of one or more other features,
integers, steps, operations, elements, components, and/or
groups thereof. The method steps, processes, and operations
described herein are not to be construed as necessarily
requiring their performance in the particular order discussed
or illustrated, unless specifically identified as an order of
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performance. It is also to be understood that additional or
alternative steps can be employed.

[0026] When an element, object, device, apparatus, com-
ponent, region or section, etc., is referred to as being “on”,
“engaged to or with”, “connected to or with”, or “coupled to
or with” another element, object, device, apparatus, compo-
nent, region or section, etc., it can be directly on, engaged,
connected or coupled to or with the other element, object,
device, apparatus, component, region or section, etc., or
intervening elements, objects, devices, apparatuses, compo-
nents, regions or sections, etc., can be present. In contrast,
when an element, object, device, apparatus, component,
region or section, etc., is referred to as being “directly on”,
“directly engaged to”, “directly connected to”, or “directly
coupled to” another element, object, device, apparatus,
component, region or section, etc., there may be no inter-
vening elements, objects, devices, apparatuses, components,
regions or sections, etc., present. Other words used to
describe the relationship between elements, objects, devices,
apparatuses, components, regions or sections, etc., should be
interpreted in a like fashion (e.g., “between” versus “directly
between”, “adjacent” versus “directly adjacent™, etc.).
[0027] As used herein the phrase “operably connected to”
will be understood to mean two are more elements, objects,
devices, apparatuses, components, etc., that are directly or
indirectly connected to each other in an operational and/or
cooperative manner such that operation or function of at
least one of the elements, objects, devices, apparatuses,
components, etc., imparts are causes operation or function of
at least one other of the elements, objects, devices, appara-
tuses, components, etc. Such imparting or causing of opera-
tion or function can be unilateral or bilateral.

[0028] As used herein, the term “and/or” includes any and
all combinations of one or more of the associated listed
items. For example, A and/or B includes A alone, or B alone,
or both A and B.

[0029] Although the terms first, second, third, etc. can be
used herein to describe various elements, objects, devices,
apparatuses, components, regions or sections, etc., these
elements, objects, devices, apparatuses, components,
regions or sections, etc., should not be limited by these
terms. These terms may be used only to distinguish one
element, object, device, apparatus, component, region or
section, etc., from another element, object, device, appara-
tus, component, region or section, etc., and do not neces-
sarily imply a sequence or order unless clearly indicated by
the context.

[0030] Moreover, it will be understood that various direc-
tions such as “upper”, “lower”, “bottom”, “top”, “left”,
“right”, “first”, “second” and so forth are made only with
respect to explanation in conjunction with the drawings, and
that components may be oriented differently, for instance,
during transportation and manufacturing as well as opera-
tion. Because many varying and different embodiments may
be made within the scope of the concept(s) taught herein,
and because many modifications may be made in the
embodiments described herein, it is to be understood that the
details herein are to be interpreted as illustrative and non-
limiting.

[0031] Referring to FIGS. 1, 2 and 3, in various embodi-
ments, the present disclosure provides a light-weight vehicle
10 that generally includes a chassis or frame 14, a pair of
rear wheels 16 and a pair of front wheels 22 operationally
connected to the chassis 14 and/or other structure of the
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vehicle 10, and a passenger compartment 26. The vehicle 10
can be any four-wheel drive or two-wheel drive lightweight
vehicle. For example, it is envisioned that the vehicle 10 can
be a maintenance vehicle, cargo vehicle, shuttle vehicle, golf
cart, other all-terrain vehicles (ATV), utility task vehicle
(UTV), recreational off-highway vehicle (ROV), side-by-
side vehicle (SSV), worksite vehicle, buggy, motorcycle,
watercraft, snowmobile, tactical vehicle, etc. The passenger
compartment 26 generally includes a dash console 30, a
steering wheel 34, a floorboard (not shown, but understood),
and a passenger seating structure 38. The vehicle 10 addi-
tionally includes a prime mover 42 mounted to the chassis
14, and a drivetrain 44 operationally connected to at least
one of the front and/or rear wheels 22 and/or 16 and the
prime mover 42. The prime mover 42 is structured and
operable to generate torque (e.g., motive force, e.g., power)
utilized to provide motive force for the vehicle 10 via the
drivetrain 44. Although the prime mover 42 is primarily
described herein as an internal combustion engine (ICE), it
should be understood that in various embodiments the prime
mover 42 can be an electric motor, a hybrid combination of
an ICE and an electric motor, or any other suitable motor or
engine and remain within the scope of the present disclosure.

[0032] In various embodiments, the drivetrain 44 includes
a gear box 50 and a slipper-clutch continuously variable
transmission (CVT) 46 that is operably connected to the
prime mover 42 to receive torque (e.g., motive force, e.g.,
power) from the prime mover 42, and operably connected,
via the gearbox 50, to at least one of the rear and front
wheels 16 and 22 to deliver torque to at least one of the rear
and front wheels 16 and 22. In various embodiments, the
gearbox 50 can be operably connected to at least one of the
rear wheel(s) 16 and the front wheel(s) 22 via one or more
rear and/or front wheel axles 52 and/or 62. For simplicity,
the CVT 46 will be described herein as operably connected
to at least one of the rear and front wheels 16 and 22 via the
gearbox 50. The gearbox 50 can be any torque transfer
device such as a transmission and/or a differential and/or a
transaxle, etc. For example, in various implementations, the
gearbox 50 can be a multi-speed gearbox including a dif-
ferential for distributing the torque to one or more of the rear
and/or front wheels 16 and/or 22, via the rear and/or front
axles 52 and/or 62 and any other commonly known drive-
train components such as drive shaft (not shown).

[0033] In various embodiments, the CVT 46 is structured
and operable to receive torque (e.g., motive force, e.g.,
power) generated by the prime mover 42 and controllably
transfer the torque to the drivetrain 44 (e.g., to the gearbox
50). Particularly, when transferring the torque to the drive-
train 44, the CVT 46 is structured and operable to control-
lably vary the amount of torque delivered to the drivetrain 44
relative to the amount of torque received from the prime
mover 42. That is, the amount of torque delivered to the
drivetrain 44 can controllably be increased, decreased and/or
not changed via operation of the CVT 46. The drivetrain 44
can be configured to provide a 4-wheel drive (4WD) vehicle
or a 2-wheel drive (2WD) vehicle, and remain within the
scope of the present disclosure.

[0034] Referring now to FIG. 3, the CVT 46 generally
includes a primary or driving pulley assembly 70, a second-
ary or driven pulley assembly 74, a drive belt 78 that
operably connects the driving pulley assembly 70 to the
driven pulley assembly 74. The CVT 46 additionally
includes a housing 80 structured to enclose the driving
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pulley assembly 70, driven pulley assembly 74, and drive
belt 78 within an interior chamber 82 of the housing 80. The
housing 80 protects the driving pulley assembly 70, the
driven pulley assembly 74, the drive belt 78 from water,
mud, dirt and other debris present in the ambient (exterior)
environment. In various embodiments, the housing 80 com-
prises an inner cover 80A and an outer cover 80B that is
connectable to the inner cover 80A to define the interior
chamber 82. The inner cover 80A includes a torque/power
input opening 84 that is sized and shaped to allow an output
shaft 86 of the prime mover 42 to extend therethrough. The
inner cover 80A additionally includes a torque/power output
opening 90 that is sized and shaped to allow a drivetrain
input shaft 94 (e.g., a gearbox input shaft) therethrough. For
simplicity and clarity, the drivetrain input shaft 94 will be
exemplarily referred to herein as the gearbox input shaft 94.
The driven pulley assembly 74 further comprise as slipper
clutch assembly 102 that is structured and operable to
operatively connect driven pulley assembly 74 to the gear-
box input shaft 94 such that torque/power output by the
driven pulley assembly 74 is deliverable to at least one of the
rear and/or front wheels 16 and/or 22.

[0035] The driving pulley assembly 70 is mounted to the
prime mover output shaft 86 such that torque/power gener-
ated by the prime mover 42 will be delivered to the driving
pulley assembly 70, whereafter, via the drive belt 78, the
driving pulley assembly 70 will transfer torque/power to the
driven pulley assembly 74. Thereafter, via engagement of
the driven pulley assembly 74 with gearbox input shaft 94
via operation of a slipper clutch 102, the torque/power
received at the driven pulley assembly 74 will be delivered
to the gearbox input shaft 94 and subsequently to at least one
of the rear and/or front axles 52 and/or 62. The driving
pulley assembly 70 and the driven pulley assembly 74 are
structured and operable to continuously vary the torque
transfer ratio between the driving pulley assembly 70 and
the driven pulley assembly 74. That is, the driving pulley
assembly 70 and the driven pulley assembly 74 are struc-
tured and operable to continuously variably increase, main-
tain unchanged, and decrease the torque/power received at
the driving pulley assembly 70 from the prime mover output
shaft 86 and transferred to the driven pulley assembly 74.
Put another way, a torque/power transfer ratio of the torque/
power received by the driving pulley assembly 70 from the
prime mover output shaft 86 versus the torque/power deliv-
ered to the gearbox input shaft 94 by the driven pulley
assembly 74 can be continuously varied via operation of the
driving pulley and driven pulley assemblies 70 and 74.

[0036] Referring now to FIGS. 3, 4 and 5, as described
above, the CVT 46 generally comprises the driving pulley
assembly 70, the drive belt 78, and the driven pulley
assembly 74. The driving pulley assembly 70 is directly
connected to the crankshaft of the prime mover 42 and the
driven pully assembly 74 is operatively connectable to the
gearbox input shaft 94 via the slipper clutch assembly 102.
The driving pulley assembly 70 generally comprises driving
pulley 88 comprising a fixed sheave 106 and a movable
sheave 110. The driven pulley assembly 74 comprises a
driven pulley 92 comprising a fixed sheave 114 and a
movable sheave 116. The driven pulley fixed sheave 114
comprises a beveled face disk 118 and an elongated hollow
cylindrical neck 122 extending orthogonally from a center of
the beveled face disk 118. Similarly, the driven pulley
movable sheave 116 comprises a beveled face disk 126 and
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an elongated hollow cylindrical collar 122 extending
orthogonally from a center of the beveled face disk 126. The
driven pulley fixed sheave 114 is rotationally mounted to the
gearbox input shaft 94 (i.e., mounted to, but allow to rotate
about the gearbox input shaft 94) via at least one (e.g., at
least two) bi-directional bearing(s) 130 disposed between
the driven pulley fixed sheave neck 122 and the gearbox
input shaft 94 such that the fixed sheave 114 can rotate
circumferentially around the gearbox input shaft 94 (i.e.,
rotate about an axis A of the of the input shaft 94) but cannot
move axially along the length of the gearbox input shaft 94.
The driven pulley movable sheave 116 is rotationally and
axially movably mounted to the neck 122 of the fixed sheave
114 and is aligned via lubricant seals 132 disposed between
the driven pulley movable sheave collar 128 and the fixed
sheave neck 122. The rotational movement about and the
axial translation along the neck 122 is constrained by the
interoperability of a tuning pocket 138 formed in the collar
138 and a roller pin 142 disposed in the neck 122 as
described in detail below. In various embodiments, a lubri-
cant (e.g., grease) can be disposes between the driven pulley
movable sheave collar 128 and the fixed sheave neck 122 to
ease rotation of the movable sheave 116 circumferentially
around the fixed sheave neck 122 (i.e., rotate about an axis
A of the of the neck 122) and also move axially in the X+
and the X- directions along the length of the fixed sheave
neck 122. It is envisioned that in various embodiments the
grease can be replaced with a Teflon® coated bushing, or
sealed bearing, or any other means suitable to ease rotation
of the movable sheave 116 circumferentially around the
fixed sheave neck 122

[0037] As described above, the driven pulley assembly 74
comprises the slipper clutch assembly 102. The slipper
clutch assembly comprises drum 134 that is directly
mounted to the gearbox input shaft 94, and a centrifugal
force clutch mechanism 112 that is directly connected to the
elongated neck 122 of the driven pulley fixed sheave 114. In
various embodiments, the clutch drum 134 is splined to the
gearbox input shaft 94. The driven pulley assembly 74
further comprises a movable sheave biasing device 136 that
is structure and operable to bias the driven pulley movable
sheave 116 axially along the fixed sheave elongated neck
122 in the X- direction toward the driven pulley fixed
sheave 114. The movable sheave biasing device 136 can be
any biasing device suitable to bias the driven pulley movable
sheave 116 axially along the fixed sheave elongated neck
122 in in the X~ direction toward the driven pulley fixed
sheave 114 with a predetermined amount of force. For
example, in various instances the movable sheave biasing
device 136 can comprise a coil spring disposed around the
driven pulley movable sheave collar 128. Particularly, the
movable sheave biasing device 136 applies axial forces on
the movable sheave 116 biasing the movable sheave 116
axially along the fixed sheave elongated neck 122 toward the
fixed sheave 114, thereby biasing the CVT drive belt 78
radially outward in the Y+ direction. Accordingly, to change
the torque transfer ratio between the driving pulley assembly
70 and the driven pulley assembly 74 (e.g., between the
prime mover output shaft 86 and the gearbox input shaft 94),
the force generated at the driving pulley assembly 70 to
move the driving pulley movable sheave 110 axially in the
X+ direction and thereby the drive belt 78 radially outward
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in the Y+ direction must be greater than and overcome at
least the force of the driven pulley movable sheave biasing
device 136.

[0038] Referring now to FIGS. 3, 4, 5 and 6, as described
above, the driven pulley movable sheave 116 comprises a
beveled face disk 126 and an elongated hollow cylindrical
collar 128 extending orthogonally from a center of the
beveled face disk 126. Additionally, the driven pulley mov-
able sheave 116 comprises at least one acceleration and
deceleration torque transfer control or tuning pocket 138
(referred to herein as the tuning pocket 138) disposed and
formed in the movable sheave collar 128, and at least one
roller pin 142 extending from the fixed sheave elongated
neck 122 such that each roller pin 142 is disposed within a
respective tuning pocket 138. The roller pin(s) 142 and
tuning pocket(s) 138 are interoperable during acceleration
and deceleration of the prime mover 42 (and hence the
vehicle 10), as described below, to control axial movement
of the movable sheave 116 along the fixed sheave elongated
neck in the X+ and X~ directions.

[0039] In general operation of the CVT 46, when the
vehicle 10 is at rest or stopped, the driving pulley movable
sheave 110 is a maximum axial travel distance in the X-
direction away from the driving pulley fixed sheave 106. In
this configuration the drive belt 78 is disposed between a
beveled face of the fixed sheave 106 and a beveled face of
the movable sheave 11 such that the drive belt 78 has a
minimum radius defined by the fixed sheave 106 beveled
face and the movable sheave 110 beveled face. That is, the
drive belt 78 is a maximum radial distance in the Y-
direction toward a longitudinal axis of prime mover output
shaft 86. Conversely, the driven pulley movable sheave 116
is a maximum axial travel distance in the X- direction
toward the driven pulley fixed sheave 114. In this configu-
ration the drive belt 78 is disposed between a beveled face
of the fixed sheave beveled face disk 118 and a beveled face
of the movable sheave beveled face disk 126 such that the
drive belt 78 has a maximum radius defined by the fixed
sheave 114 beveled face and the movable sheave 116
beveled face. That is the drive belt is a maximum radial
distance in the Y+ direction away from a longitudinal axis of
gearbox input shaft 94.

[0040] When the prime mover 42 is operated (e.g., accel-
erated) to cause motive acceleration of the vehicle 10 the
prime mover output shaft 86 rotational speed increases,
thereby rotating the driving pulley assembly 70. As the
rotational speed of the driving pulley assembly 70 increases
the drive belt 78 transfer torque to the driven pulley assem-
bly 74 causing rotation of the driven pulley assembly 74. As
the rotational speed of the driven pulley increases, centrifu-
gal force causes the centrifugal force clutch mechanism 112
of the slipper clutch assembly 102 to engage clutch drum,
thereby operatively engaging the driven pulley assembly 74
with the gearbox input shaft 94, and thereby delivering
torque to gearbox input shaft 94 causing movement of the
vehicle 10. As the prime mover 42 continues to accelerate,
the rotational speed of the driving pulley assembly 70 (and
the driven pulley assembly 74) increases causing the driving
pulley movable sheave 110 to move axially in the X+
direction toward the fixed sheave 106. This movement
causes the radius of drive belt 78 defined by the space
between the beveled faces of the movable and fixed sheaves
110 and 106 to increase. In various embodiments, the
driving pulley movable sheave 110 comprises roller weights
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that move radially outward (e.g., radially away from a
longitudinal axis of the prime mover output shaft) on a
backing plate of the driving pulley assembly 70 as the
rotational speed of the movable sheave 110 increases. In
various instances, the backing plate is not perpendicular to
the shaft, but disposed at an angle to allow a radially outward
motion to constitute an axial movement of the roller weights,
and thus the moveable sheave 110. As the roller weights
move radially outward, they push against a back face of the
movable sheave 110 forcing the movable sheave 110 to
move axially along the prime mover output shaft 86 in the
X+ direction, thereby increasing the radius of drive belt 78
defined by the space between the beveled faces of the
movable and fixed sheaves 110 and 106.

[0041] Since the drive belt 78 has a fixed length, radially
outward movement in the drive belt 78 in the Y+ at the
driving pulley assembly 70 (i.e., increasing the radius of the
drive belt 78 at the driving pulley assembly 70) will cause
the drive belt 78 to move radially inward in the Y- direction
at the driven pulley assembly 74 (i.e., decrease the radius of
the drive belt 78 at the driven pulley assembly 74). This
decreasing in radius of the drive belt 78 at the driven pulley
assembly 74 will apply force to the beveled faces of the fixed
and movable sheave beveled face disks 118 and 126, thereby
applying axial force in the X+ direction to the movable
sheave 116 resulting in movement of the movable sheave
116. However, as described above, the movement of the
driven pulley movable sheave 116 in the X+ direction is
resisted by the biasing device 136. One skilled in the art will
readily recognize that as the drive belt 78 radius at the
driving pulley assembly 70 increases and the drive belt 78
radius at the driven pulley assembly 74 decreases during
acceleration of the prime mover 42 (and consequently
acceleration of the vehicle 10) the torque transfer ratio
between the driving and the driven pulleys 70 and 74 will
change from high torque to lower being delivered to the
gearbox input shaft 94.

[0042] During deceleration of the prime mover 42 (and
consequently acceleration of the vehicle 10) the rotational
speed of the prime mover output shaft 86 decreases causing
a decrease in the rotational speed of the driving and driven
pulleys 70 and 74. The decreasing of rotational speed of the
driving pulley movable sheave 110 allows the roller weights
to move radially inward (e.g., radially toward the longitu-
dinal axis of the prime mover output shaft) as the centrifugal
force decreases such that the driving pulley movable sheave
110 can move axially away from the fixed sheave in the X—
direction, thereby allowing the drive belt 78 radius at the
driving pulley assembly 70 to decrease. This in turn reduces
the force in the X+ direction applied by the drive belt 78 to
the driven pulley movable sheave 116 such that the driven
pulley biasing device 136 can move the movable sheave 116
in the X~ direction, thereby increasing the drive belt 78
radius at the driven pulley assembly 74. One skilled in the
art will readily recognize that as the drive belt 78 radius at
the driving pulley assembly 70 decreases and the drive belt
78 radius at the driven pulley assembly 74 increases during
deceleration of the prime mover 42 (and consequently
deceleration of the vehicle 10) the torque transfer ratio
between the driving and the driven pulleys 70 and 74 will
change from lower torque to higher being delivered to the
gearbox input shaft 94. One skilled in the art would further
readily recognize that during deceleration, specifically when
the operator of the vehicle 10 releases the accelerator pedal
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such that the prime mover 42 no longer outputs torque (e.g.,
power) to the prime mover output shaft 86 (e.g., downhill or
coasting scenarios), there is more torque applied to the
driven pulley assembly 74 from the gearbox input shaft 94
than effective torque from the prime mover 42 and driving
pulley 71, that is, rotation of the front and/or rear wheels 22
and/or 16 attempt to drive the engine. Hence, the prime
mover 42 will resist rotation of the output shaft 86, thereby
producing engine braking.

[0043] As described above, the roller pin(s) 142 and
tuning pocket(s) 138 of the driven pulley movable sheave
116 are interoperable to control axial movement of the
movable sheave 116 along the fixed sheave elongated neck
in the X+ and X~ directions during acceleration and decel-
eration of the prime mover 42 (and hence the vehicle 10).
Although, in various embodiments the driven pulley mov-
able sheave 114 can comprise more than one tuning pocket
138 and more than one roller pin 142, for clarity and
simplicity the structure and function of the tuning pocket(s)
138 and the roller pin(s) 142 will be described herein with
regard to a single tuning pocket 138 and a respective single
roller pin 142. As will be readily understood by one in the
art, by controlling axial movement of the movable sheave
116 along the fixed sheave elongated neck in the X+ and X-
directions during acceleration and deceleration of the prime
mover 42, the torque transfer ratio between the driving
pulley assembly 70 and the driven pulley assembly 74 (e.g.,
between prime mover output shaft 86 and the gearbox input
shaft 94) can be controlled or tuned. More particularly, the
tuning pocket 138 is structured and operable, via interoper-
ability of the roller pin 142 with the sides of the tuning
pocket 138, to control or tune the torque transfer ratio
between the driving pulley assembly 70 and the driven
pulley assembly 74 (e.g., between prime mover output shaft
86 and the gearbox input shaft 94) during acceleration and
deceleration of the prime mover 42.

[0044] The tuning pocket 138 is generally triangular in
shape and comprises a first gear side or face 146, an
acceleration side or face 150 that forms a positive angle with
the first gear side 146 relative to a reference point O on the
first gear side 146, and a deceleration side or face 154 that
forms a negative angle with the first gear side 146 relative
to the reference point O on the first gear side 146. Impor-
tantly, as illustrated throughout the figures, the acceleration
side 150 and the deceleration side 154 of the tuning pocket
138 are not parallel, but rather are formed to have opposing
angles relative to the first gear side 146 wherein the accel-
eration side 150 is formed to have a positive angle relative
to the first gear side 146 and the deceleration side 154 is
formed to have a negative angle relative to the first gear side
146. A rounded, curved or arcuate first gear acceleration
vertex 158 is formed at the junction of the first gear side 146
and the acceleration side 150, a rounded, curved or arcuate
cruising gear vertex 162 is formed at the junction of the
acceleration side 150 and the deceleration side 154, and a
first gear deceleration vertex 166 is formed at the junction of
deceleration side 154 and the first gear side 146. As
described above, the driven pulley fixed sheave 114 is
rotationally mounted on the gearbox input shaft 94 via
bearings 130, the driven pulley movable sheave 116 is
rotationally mounted on the fixed sheave elongated neck
122, the clutch drum 134 is fixedly mounted to the gearbox
input shaft 94, and the centrifugal force clutch mechanism
112 that is directly connected to the elongated neck 122 such
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that operation of the centrifugal force clutch mechanism 112
will engage the clutch drum 134, thereby operably connect-
ing the driven pulley assembly 74 (i.e., the fixed and
movable sheaves 114 and 116) to the gearbox input shaft 94.

[0045] Referring now to FIGS. 3, 4, 5, 6, 7, 8 and 9,
generally, when the vehicle 10 is at rest and the prime mover
is either stopped (i.e., not running) or idling and not out-
putting torque to the prime mover output shaft 86, the roller
pin 142 is disposed within the tuning pocket within the first
gear deceleration vertex 166 or along the along the first gear
side 146, as exemplarily illustrated in FIG. 5. Subsequently,
if a vehicle operator depresses the acceleration pedal of the
vehicle 10 causing the prime mover to output torque to the
prime move output shaft 86. Consequently, the driving
pulley assembly 88 will begin to rotate and will translate or
transfer rotation to the driven pulley 92 via the drive belt 78,
whereby the movable sheave 116 will rotate on the fixed
sheave elongated neck 122 causing the roller pin 142 to
travel along the first gear side 146 of the tuning pocket 138
to the first gear acceleration vertex 158. The biasing device
136 and the positive angle (e.g., a positive acute angle of less
than 90°) of the acceleration side 150 of the tuning pocket
138 relative to the first gear side 146 will resist axial
movement of the roller pin 142 along the acceleration side
150 and hence resist movement of the moveable sheave 116
away from the fixed sheave 114 in the X+ direction. When
the roller pin 142 is disposed within the first gear vertex 166,
along the first gear side 146 and within the first gear
acceleration vertex 158, the movable sheave 116 is located
at a maximum travel distance in the X~ direction such that
a gap or space G between the beveled faces of the fixed and
moveable pulley beveled face disks 118 and 126 is a
minimum limit (e.g., cannot be smaller due to the interop-
eration of the roller pin 142 within the tuning pocket 138).
Accordingly, when the roller pin 142 is so located within the
tuning pocket 138, the drive belt is disposed within the gap
G at a maximum radial distance in the Y+ direction from an
axis A of the gearbox input shaft 94. And, consequently, the
drive belt is disposed within the gap (not specifically iden-
tified in the figures, but understood by one skilled in the art)
between the beveled faces of the fixed and moveable
sheaves 106 and 110 of the driving pulley 88 at a maximum
radial distance in the Y- direction from an axis of the prime
mover output shaft 86. In this configuration the torque
transfer ratio between the driving pulley assembly 70 and
the driven pulley assembly 74 (i.e., between the prime
mover output shaft 86 and the driven pulley input shaft 94
is the highest or greatest, whereby the CVT 46 outputs the
greatest amount of torque, for a given prime mover speed, to
the gearbox input shaft 94 to initiate movement of the
vehicle 10.

[0046] As the vehicle operator continues to depress the
accelerator pedal, the rotational speed of the prime mover 42
will continue to increase, thereby increasing the rotational
speed of the driving pulley assembly 70 causing the roller
weights to move radially outward applying force to the
movable sheave 110 to move axially in the X+ direction
toward the fixed sheave 106 in order to reduce the gap
between the fixed and movable sheaves 106 and 110 and
force the drive belt to move radially outward in the Y+
direction. As described above, as the drive belt 78 moves
radially outward in the Y+ direction on the driving pulley 88,
the drive belt must move radially inward in the Y- direction
on the driven pulley 92. However, as described above,
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movement of the driven pulley movable sheave 116 away
from the fixed sheave 114 in the X+ direction, such that the
drive belt can move in the Y- direction on the driven pulley
92, is resisted by the biasing device 136 and the positive
angle of the tuning pocket acceleration side 150 relative to
the first gear side 146 that generates resistance of the roller
pin 142 along tuning pocket acceleration side 150. More
specifically, during acceleration (i.e., when the accelerator
pedal is depressed) the driven pulley movable sheave 116
will have rotational force applied to it in the N direction
(shown in FIGS. 3 and 5) due to the torque generated by
prime mover 42 being greater than the load from the gearbox
50 delivering motive power to the rear and/or front wheels
16 and/or 22. Conversely, when the accelerator pedal is
released (i.e., not depressed) the driven pulley movable
sheave 116 will have rotational force applied to it in the M
direction (shown in FIGS. 3 and 5) due to the load from the
gearbox 50 generated by unpropelled rotation of the rear
and/or front wheels 16 and/or 22 being greater than the
torque delivered to the driven pulley assembly 74 by the
prime mover 42, via the drive belt 78.

[0047] Accordingly, during acceleration the rotational
force in the N direction on the driven pulley movable sheave
116 will apply force from the acceleration side 150 of the
tuning pocket on the roller pin 142 (as shown in FIG. 7) and
the positive angle of the acceleration side 150 will apply a
force in the X~ direction on the movable sheave 116. This
force in the X~ direction generated by the positive angle of
the tuning pocket acceleration side 150 is resistive of axial
movement of the movable sheave 116 in the X+ direction
generated by radial force in the Y- direction on the movable
sheave 116 applied by the drive belt 78 as the driving pulley
88 forces the drive belt 78 radially outward in the Y+
direction on the driving pulley 88. Hence, in order for the
driven pulley movable sheave 116 to move axially in the X+
direction away from the fixed sheave 114 such that the drive
belt 78 can move radially inward in the Y- direction, thereby
changing the torque transfer ratio, the force generated at the
driving pulley 88 to move the drive belt 78 radially outward
in the Y+ direction must overcome the combined resistance
of'the biasing device 136 and movement of the roller pin 142
along the positive angled acceleration side 150 of the tuning
pocket 138. Therefore, as one skilled in the art would readily
recognize and understand, during acceleration the positive
angle of tuning pocket acceleration side 150 relative to the
tuning pocket first gear side 146 will control axial movement
or the driven pulley movable sheave 116 in the X+ and the
X~ directions.

[0048] Upon continued acceleration (e.g., upon continued
depression of the accelerator pedal) the rotational speed
(RPM) of the prime mover 42 and the prime mover output
shaft 86 will increase causing the driving pulley movable
sheave 110 to continue to axially move in the X+ direction
toward the fixed sheave 106 until the movable sheave 110
reaches a maximum X+ travel limit, whereby the drive belt
78 has radially moved outward a maximum distance in the
Y+ direction and the radius of the drive belt 78 around the
driving pulley 88 is at a maximum. As will be readily
understood by one skilled in the art, when the drive belt 78
is at the maximum radius around the driving pulley 88, the
drive belt 78 will be at a minimum radius around the driven
pulley 92, whereby the driven pulley movable sheave 116
will have moved a maximum travel limit in the X~ direction
and the tuning pocket acceleration side 150 will have moved
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along the roller pin 142 such that the roller pin 142 is located
within the cruising gear vertex 162 (shown in FIG. 8).
Consequently, the CVT 46 will be in a cruising gear con-
figuration wherein the torque transfer ratio between the
driving pulley assembly 70 and the driven pulley assembly
74 (i.e., between the prime mover output shaft 86 and the
gearbox input shaft 94) will be at a minimum.

[0049] As described above, when the accelerator pedal is
released (i.e., not depressed) the driven pulley movable
sheave 116 will have rotational force applied to it in the M
direction (shown in FIGS. 3 and 5) due to the load from the
gearbox 50 generated by unpropelled rotation of the rear
and/or front wheels 16 and/or 22 being greater than the
torque delivered to the driven pulley assembly 74 by the
prime mover 42, via the drive belt 78. This rotation of the
driven pulley movable sheave 116 in the M direction will
cause the tuning pocket to also rotate in the M direction such
that deceleration side 154 of the tuning pocket 138 will be
in contact with the roller pin 142. As will be readily
understood by one skilled in the art, when the vehicle
operator releases the accelerator pedal drag (e.g., a load) will
be applied by the prime mover 42 to the forward vehicle
movement rotation of the front and/or rear wheels 22 and/or
16, thereby causing the rotational speed (PPM) of the prime
mover 42 and the prime mover output shaft 84 will pro-
gressively slow or lessen. This is commonly referred to as
engine braking. When the rotational speed of the prime
mover output shaft 84 slows, the roller weights of the
driving pulley movable sheave 110 will move radially
inward allowing the drive belt 78 to push or move the
driving pulley movable sheave 110 axially in the X~ direc-
tion, which in turn will allow the drive belt 78 to move
radially inward in the Y- direction, thereby reducing the
radius of the drive belt 78 around the driving pulley 88.
However, in order for the drive belt 78 move radially inward
in the Y- direction on the driving pulley 88, the drive belt
78 must be also move radially outward in the Y+ direction
and increase its radius around the driven pulley 92.

[0050] In order for the drive belt 78 to move radially
outward in the Y+ direction the driven pulley movable
sheave 116 must move axially in the X~ direction toward the
fixed sheave 114. However, due to the negative angle of the
tuning pocket deceleration side 154 relative to the first gear
side 146 and the rotational force applied to driven pulley
movable sheave 116 in the M direction from the gearbox 50,
via the unpropelled rotation of the rear and/or front wheels
16 and/or 22, movement of the tuning pocket deceleration
side 154 along the roller pin 142, and hence axial movement
of the driven pulley movable sheave 116 in the X~ direction,
will be resisted. Hence, in order for the driven pulley
movable sheave 116 to move axially in the X- direction
toward the fixed sheave 114 such that the drive belt 78 can
move radially outward in the Y+ direction, thereby changing
the torque transfer ratio, the force generated at the driving
pulley 88 to move the drive belt 78 radially inward in the Y-
direction must overcome the resistance of movement of the
roller pin 142 along the negative angled deceleration side
154 of the tuning pocket 138. Therefore, as one skilled in the
art would readily recognize and understand, during decel-
eration the negative angle of tuning pocket deceleration side
154 relative to the tuning pocket first gear side 146 will
control axial movement or the driven pulley movable sheave
116 in the X+ and the X~ directions.
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[0051] Hence, as described above, during acceleration of
the prime mover 42 and vehicle 10 (i.e., when the accelera-
tor pedal is being depressed) axial movement of the driven
pulley movable sheave 116 is the X+ and X~ directions, and
hence shifting, changing or varying the torque transfer ratio,
is controlled or tuned by movement of the tuning pocket
acceleration side 150 along the roller pin 142, which is
controlled or defined by the positive angle of the accelera-
tion side 150 relative to the first gear side 146. Moreover,
during deceleration of the prime mover 42 and vehicle 10
(i.e., when the accelerator pedal is not being depressed) axial
movement of the driven pulley movable sheave 116 is the
X+ and X- directions, and hence shifting, changing or
varying the torque transfer ratio, is controlled or tuned by
movement of the tuning pocket deceleration side 154 along
the roller pin 142, which is controlled or defined by the
negative angle of the deceleration side 150 relative to the
first gear side 146.

[0052] In various embodiments, the tuning pocket accel-
eration side 150 can be generally straight having a consistent
positive angle relative to the first gear side 146 (i.e., relative
to the first gear side reference point O) such that resistance
to movement of the driven pulley movable sheave 116 in the
X+ and X~ directions is generally consistent as the tuning
pocket acceleration side 150 moves along the roller pin 142
as described above. Alternatively, in various other embodi-
ments, the tuning pocket acceleration side 150 can be
divergent in that two or more portions or lengths of the
acceleration side 150 are formed at different positive angles
relative to the first gear side 146. That is, the angle of the
acceleration side 150 relative to first gear side 146 diverges
to have two or more angles between the first gear accelera-
tion vertex 158 and the cruising gear vertex 162. For
example, as exemplarily illustrated in FIG. 6, in various
embodiments, the acceleration side 150 can have a first
portion 150A that is formed at a first positive angle o relative
to the first gear side 146, a second portion 150B that is
formed at a second positive angle f§ relative to the first gear
side 146 that is greater than the first positive angle a, and a
third portion 150C that is formed at third positive angle &
relative to the first gear side 146 that is greater than the
second positive angle (. Particularly, in various embodi-
ments the degree of divergence of the two or more angles of
the acceleration side 150 progressively increase from the
first gear acceleration vertex 158 to the cruising vertex 162.
That is, the degree of positive angle relative to the first gear
side 146 of the acceleration side divergent angles progres-
sively increases from the first gear acceleration vertex 158 to
the cruising vertex 162.

[0053] Due to the rotational force on the driven pulley
movable sheave 116 in the N direction and the positive angle
divergence of the acceleration side 150 as the first, second
and third angles o, f§ and & change from lesser to greater,
during acceleration (e.g., depression of the acceleration
pedal) resistance to axial movement of the movable sheave
116 in the X+ direction progressively decreases as move-
ment of the tuning pocket acceleration side 150 along the
roller pin 142 advances from the first portion 150A to the
second portion 150B to the third portion 150C. That is,
resistance to movement of the movable sheave 116 in the X+
direction will be greater as the acceleration side first portion
150A travels along the roller pin 142, than as the accelera-
tion side second portion 1508 moves along the roller pin
142, which in turn will be greater than as the acceleration
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side third portion 150C moves along the roller pin 142.
Accordingly, upshifting, or decreasing of the torque transfer
ratio between driving pulley assembly 70 and the driven
pulley assembly 74, will be slower as the acceleration side
first portion 150A travels along the roller pin 142, than as the
acceleration side second portion 1508 moves along the roller
pin 142, which in turn will be faster than as the acceleration
side third portion 150C moves along the roller pin 142.

[0054] The length and/or positive angle of the first, second
and third portions 150A, 1508 and 150C can respectively be
any desired length (cumulatively equaling the overall length
of the acceleration side 150) and/or have any desired first,
second and third positive angle o, p and &, such that the
torque transfer ratio, or CVT shifting, can be tuned or
controlled in accordance with any desired application of the
CVT 46. For example, in instances wherein the vehicle 10
is intended for use as a golf car, the vehicle 10 can be
configured with the CVT 46 comprising the tuning pocket
138 wherein the lengths of the acceleration side first, second
and third portions 150A, 1508 and 150C and/or the first,
second and third positive angles o, f§ and ¢ are designed for
operation of the vehicle 10 on an applicable terrain where
upshifting needs to be slower and smoother. For example, in
various embodiments of instances the acceleration side first
portion 150A can have the angle o optimized for accelera-
tion of the vehicle 10 (e.g., 1°%-4” gear) and a length
comprising 65% of the total length of the acceleration side
150, then the second portion 1508 can diverge from the first
portion 150A having the angle § designed for higher speeds
of the vehicle 10 (e.g., 5 gear) and comprising a subsequent
20% of the total length of the acceleration side 150, after
which the third portion 150C can diverge from the second
portion 1508 having the angle & designed for a cruising
speed of the vehicle 10 (e.g., 6th gear) and comprising the
final 15% of the total length of the acceleration side 150. Or,
alternatively, in instances wherein the vehicle 10 is intended
for use as an all-terrain vehicle, the vehicle 10 can be
configured with the CVT 46 comprising the tuning pocket
138 wherein the lengths of the acceleration side first, second
and third portions 150A, 150B and 150C and/or the first,
second and third positive angles o, f§ and ¢ are designed for
operation of the vehicle 10 on an applicable terrain where
upshifting needs to be more rugged and responsive.

[0055] Similarly, in various embodiments, the tuning
pocket deceleration side 154 can be generally straight hav-
ing a consistent negative angle relative to the first gear side
146 such that resistance to movement of the driven pulley
movable sheave 116 in the X* and X~ directions is generally
consistent as the tuning pocket deceleration side 154 moves
along the roller pin 142 as described above. Alternatively, in
various other embodiments, the tuning pocket deceleration
side 154 can be divergent in that two or more portions or
lengths of the deceleration side 154 are formed at different
negative angles relative to the first gear side 146. That is, the
angle of the deceleration side 154 relative to first gear side
146 diverges to have two or more angles between the
cruising gear vertex 162 and the first gear deceleration
vertex 166. For example, as exemplarily illustrated in FIG.
6, in various embodiments, the deceleration side 154 can
have a first portion 154A that is formed at a first negative
angle 0 relative to the first gear side 146, and a second
portion 154B that is formed at a second negative angle ®
relative to the first gear side 146 that is greater than the first
negative angle 0. Particularly, in various embodiments the
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degree of divergence of the two or more angles of the
deceleration side 154 progressively increase from the cruis-
ing vertex 162 to the first gear deceleration vertex 166. That
is, the degree of negative angle relative to the first gear side
146 of the deceleration side divergent angles progressively
increases from the cruising vertex 162 to the first gear
deceleration vertex 166.

[0056] Due to the rotational force on the driven pulley
movable sheave 116 in the M direction and the negative
angle divergence of the deceleration side 154 as the first and
second angles 6 and w change from lesser to greater, during
deceleration (e.g., when the acceleration pedal is not being
depressed) assistance to axial movement of the movable
sheave 116 in the X~ direction progressively decreases as
movement of the tuning pocket deceleration side 154 along
the roller pin 142 advances from the first portion 154 A to the
second portion 154B. That is, assistance to movement of the
movable sheave 116 in the X~ direction will be greater as the
deceleration side first portion 154A travels along the roller
pin 142, than as the deceleration side second portion 154B
moves along the roller pin 142. Accordingly, downshifting,
or increasing of the torque transfer ratio between driving
pulley assembly 70 and the driven pulley assembly 74, will
be faster as the deceleration side first portion 154A travels
along the roller pin 142, than as the deceleration side second
portion 154B moves along the roller pin 142.

[0057] More specifically, when the rotational force on the
driven pulley movable sheave 116 is in the M direction, as
such during a deceleration or engine-braking event, the
negative angle of the deceleration side 154 of the pocket is
in contact with the roller pin 142. During such a time, the
roller pin 142 has a normal force on the pocket which has an
axial component of the force going in the X- direction. This
axial component on the driven pulley movable sheave 116
tends to push the driven pulley movable sheave in the X-
direction. This force, combined with the movable sheave
biasing device 136, which also pushes against the driven
pulley movable sheave 116 in the X~ direction, act to move
the driven pulley movable sheave 116 in the X~ direction.

[0058] This movement allows the torque transfer ratio
between driving pulley assembly 70 and the driven pulley
assembly 74 to increase, giving more mechanical advantage
for engine braking. While the force from the movable sheave
biasing device 136 is dependent upon the driven pulley
movable sheave 116 axial position, the force from the roller
pin 142 is dependent upon the torque of the driven pulley
movable sheave 116 and the angle of the tuning pocket. As
the roller pin 142 advances from the first portion 154 A to the
second portion 154B of the tuning pocket, the first and
second angles (0 and w, respectively) change. This allows
the amount of axial force the roller pin 142 pushes against
the driven pulley movable sheave 116 in the X~ direction to
be varied. As the angle increases, as shown if FIG. 6 as the
roller pin 142 moves along the deceleration face 154 of the
pocket 138 from 154 A to 154B, the amount of force attempt-
ing to move the driven pulley movable sheave 116 in the X—
direction becomes less for the same torque applied to the
driven pulley movable sheave 116 in the M direction. In this
manner, the amount of engine braking can be tuned without
affecting the acceleration tuning. This is not possible with
known helix slots of know CVT system having walls being
parallel to one another.

[0059] The length and/or negative angle of the first and
second portions 154A and 154B can respectively be any
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desired length (cumulatively equaling the overall length of
the deceleration side 154) and/or have any first and second
negative angle 0 and , such that the torque transfer ratio,
or CVT shifting, can be tuned or controlled in accordance
with any desired application of the CVT 46. For example, in
instances wherein the vehicle 10 is intended for use as a golf
car, the vehicle 10 can be configured with the CVT 46
comprising the tuning pocket 138 wherein the lengths of the
deceleration side first and second portions 154 A and 154B
and/or the first and second negative angles 0 and w are
designed for operation of the vehicle 10 on an applicable
terrain where downshifting needs to be slower and smoother.
Or, alternatively, in instances wherein the vehicle 10 is
intended for use as an all-terrain vehicle, the vehicle 10 can
be configured with the CVT 46 comprising the tuning pocket
138 wherein the lengths of the deceleration side first and
second portions 154 A and 154B and/or the first and second
negative angles 0 and w are designed for operation of the
vehicle 10 on an applicable terrain where downshifting
needs to be more rugged and responsive.

[0060] Referring now to FIG. 4, as one skilled in the art
will readily recognize, when the vehicle 10 is stopped or is
moving slowly and the acceleration pedal not depressed, the
clutch mechanism 112 will disengage with the clutch drum
such that the gearbox input shaft 94 is disengaged from the
driven pulley fixed sheave 114. Particularly, in such sce-
narios the gearbox input shaft 94 is totally disengaged from
the driven pulley assembly 74, and hence disengaged from
the CVT 46 and the prime mover 42. More particularly, in
such instances, if the vehicle brake pedal is not depressed to
engage the vehicle brakes, the front and rear wheels 22 and
16 can turn freely and there is no resistance to movement of
vehicle. Therefore, in various embodiments, the driven
pulley assembly 74 further comprises a one-way bearing
disposed around the gearbox input shaft 94 between the
gearbox input shaft 94 and the fixed sheave elongated neck
122. Or, alternatively, in various embodiments, one or more
of the bi-directional bearings 130 can be replaced with the
one-way bearing 170.

[0061] The one-way bearing is structured and operable to
allow the driven pulley fixed sheave 114 to spin in the N
direction on the gearbox input shaft 94 during engine
acceleration until the clutch mechanism 112 engages the
clutch drum 134, thereby operably engaging the fixed
sheave 114 with the gearbox input shaft 94, but prevents the
gearbox input shaft 94 from spinning in the N direction
within the fixed sheave elongated neck 122 when the clutch
mechanism 112 is not engaged with the clutch drum 134.
That is, the one-way bearing 170 operatively couples the
gearbox input shaft 94 to the driven pulley fixed sheave 114,
which in turn operatively connects the gearbox input shaft
94 with the prime mover output shaft 86 when the clutch
mechanism 112 is not engaged with the clutch drum 134 and
the front and/or rear wheels 22 and/or 16 are rotated due to
forward movement of the vehicle 10. Therefore, the one-
way bearing 170 prevents free-wheeling forward movement
of the vehicle 10. More specifically, the one-way bearing
170 operatively engages the gearbox input shaft 94 with the
driven pulley fixed sheave 114 such that in coasting/down-
hill scenarios the prime mover is operatively coupled to the
front and/or rear wheels 22 and/or 16, thereby providing
engine braking when the clutch mechanism 112 is not
engaged with the clutch drum 134.
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[0062] The description herein is merely exemplary in
nature and, thus, variations that do not depart from the gist
of'that which is described are intended to be within the scope
of the teachings. Moreover, although the foregoing descrip-
tions and the associated drawings describe example embodi-
ments in the context of certain example combinations of
elements and/or functions, it should be appreciated that
different combinations of elements and/or functions can be
provided by alternative embodiments without departing
from the scope of the disclosure. Such variations and alter-
native combinations of elements and/or functions are not to
be regarded as a departure from the spirit and scope of the
teachings.

What is claimed is:

1. A continuously variable transmission driven pulley
movable sheave, the movable sheave, said movable sheave
comprising:

a beveled face disk;

an elongated hollow cylindrical collar extending orthogo-

nally from a center of the beveled face disk; and

a triangular shaped tuning pocket disposed in the collar,

the tuning pocket structured and operable to control

axial movement of the movable sheave on the elon-

gated neck of the driven pulley, the tuning pocket

comprising:

a first gear side;

an acceleration side disposed at a positive angle relative
to a reference point on the first gear side; and

a deceleration side disposed at a negative angle relative
to the reference point on the first gear side.

2. The movable sheave of claim 1, wherein the accelera-
tion side is straight and formed at a consistent positive angle
relative to the reference point of first gear side, and the
deceleration side is straight having a consistent negative
angle relative to reference point of the first gear side.

3. The movable sheave of claim 1, wherein the accelera-
tion side comprises a divergence of two or more angles such
that two or more portions of the acceleration side are formed
at different positive angles relative to the reference point of
first gear side, and the deceleration side is straight having a
consistent negative angle relative to reference point of the
first gear side.

4. The movable sheave of claim 1, wherein the decelera-
tion side comprises a divergence of two or more angle such
that two or more portions of the deceleration side are formed
at different negative angles relative to the reference point of
first gear side, and the acceleration side is straight having a
consistent positive angle relative to reference point of the
first gear side.

5. The movable sheave of claim 1, wherein the accelera-
tion side comprises a divergence of two or more angles such
that two or more portions of the acceleration side are formed
at different positive angles relative to the reference point of
first gear side, and the deceleration side comprises a diver-
gence of two or more angles such that two or more portions
of the deceleration side are formed at different negative
angles relative to the reference point of first gear side.

6. The movable sheave of claim 5, wherein the tuning
pocket further comprises:

a first gear acceleration vertex formed at a junction of the

first gear side and the acceleration side;

a cruising vertex form at a junction of the acceleration

side and the deceleration side; and
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a first gear vertex form at a junction of the deceleration
side and the first gear side,

wherein the degree of positive angle relative to the
reference point of the first gear side of the acceleration
side divergent angles progressively increases from the
first gear acceleration vertex to the cruising vertex, and
the degree of negative angle relative to the reference
point of the first gear side of the deceleration side
divergent angles progressively increases from the cruis-
ing vertex to the first gear deceleration vertex.

7. A continuously variable transmission, said transmission

comprising:

a driving pulley assembly connectable to an output shaft
of a prime mover of a vehicle, the driving pulley
assembly comprising a driving pulley;

a driven pulley assembly connectable to a drivetrain input
shaft of the vehicle, the driven pully assembly com-
prising a driven pulley; and

a drive belt disposed around the driving pulley assembly
and the driven pulley assembly to operably connect the
driving pulley assembly to the driven pulley shaft such
that torque received from the prime mover output shaft
at the driving pulley assembly is transferred to the
driven pulley assembly to be delivered to the drivetrain
input shaft,

the driven pulley comprising a fixed sheave mountable to
the drivetrain input shaft and a moveable sheave
mounted on an elongated neck of the fixed sheave, the
moveable sheave comprising:

a beveled face disk;
an elongated hollow cylindrical collar extending
orthogonally from a center of the beveled face disk;
and
atriangular shaped tuning pocket disposed in the collar,
the tuning pocket structured and operable to control
axial movement of the movable sheave on the elon-
gated neck of the driven pulley, the tuning pocket
comprising:
a first gear side;
an acceleration side disposed at a positive angle
relative to a reference point on the first gear side;
and
a deceleration side disposed at a negative angle
relative to the reference point on the first gear side.

8. The transmission of claim 7, wherein the tuning pocket
acceleration side is straight and formed at a consistent
positive angle relative to the reference point of first gear
side, and the tuning pocket deceleration side is straight
having a consistent negative angle relative to reference point
of the first gear side.

9. The transmission of claim 7, wherein the tuning pocket
acceleration side comprises a divergence of two or more
angles such that two or more portions of the acceleration
side are formed at different positive angles relative to the
reference point of first gear side, and the tuning pocket
deceleration side is straight having a consistent negative
angle relative to reference point of the first gear side.

10. The transmission of claim 7, wherein the tuning
pocket deceleration side comprises a divergence of two or
more angle such that two or more portions of the decelera-
tion side are formed at different negative angles relative to
the reference point of first gear side, and the tuning pocket
acceleration side is straight having a consistent positive
angle relative to reference point of the first gear side.
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11. The transmission of claim 7, the tuning pocket accel-
eration side comprises a divergence of two or more angles
such that two or more portions of the acceleration side are
formed at different positive angles relative to the reference
point of first gear side, and the tuning pocket deceleration
side comprises a divergence of two or more angle such that
two or more portions of the deceleration side are formed at
different negative angles relative to the reference point of
first gear side.

12. The transmission of claim 11, wherein the tuning
pocket further comprises:

a first gear acceleration vertex formed at a junction of the

first gear side and the acceleration side;

a cruising vertex form at a junction of the acceleration

side and the deceleration side; and

a first gear vertex form at a junction of the deceleration

side and the first gear side,

wherein the degree of positive angle relative to the

reference point of the first gear side of the acceleration
side divergent angles progressively increases from the
first gear acceleration vertex to the cruising vertex, and
the degree of negative angle relative to the reference
point of the first gear side of the deceleration side
divergent angles progressively increases from the cruis-
ing vertex to the first gear deceleration vertex.

13. The transmission of claim 7, wherein the driven pulley
assembly further comprises a one-way bearing disposed
between drivetrain input shaft and the fixed sheave elon-
gated neck.

14. A light-weight vehicle, said vehicle comprising:

a prime mover structured and operable to generate torque

utilized to provide motive force for the vehicle;

a drivetrain structured and operable to deliver the gener-

ated torque to one or more wheel of the vehicle; and

a continuously variable transmission operably connected

to the prime mover and the drivetrain to transfer the

torque generated to the drivetrain, the transmission
comprising:

a driving pulley assembly connected to an output shaft
of the prime mover, the driving pulley assembly
comprising a driving pulley;

a driven pulley assembly operationally connectable to
an input shaft of the drivetrain, the driven pully
assembly comprising a driven pulley; and

a drive belt disposed around the driving pulley assem-
bly and the driven pulley assembly to operably
connect the driving pulley assembly to the driven
pulley shaft such that torque received from the prime
mover, via the output shaft, at the driving pulley
assembly is transferred to the driven pulley assembly
to be delivered to the drivetrain, via the drivetrain
input shaft,

the driven pulley comprising a fixed sheave mountable
to the drivetrain input shaft and a moveable sheave
mounted on an elongated neck of the fixed sheave,
the moveable sheave comprising:

a beveled face disk;

an elongated hollow cylindrical collar extending
orthogonally from a center of the beveled face
disk; and

a triangular shaped tuning pocket disposed in the
collar, the tuning pocket structured and operable to
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control axial movement of the movable sheave on

the elongated neck of the driven pulley, the tuning

pocket comprising:

a first gear side;

an acceleration side disposed at a positive angle
relative to a reference point on the first gear
side; and

a deceleration side disposed at a negative angle
relative to the reference point on the first gear
side.

15. The transmission of claim 14, wherein the tuning
pocket acceleration side is straight and formed at a consis-
tent positive angle relative to the reference point of first gear
side, and the tuning pocket deceleration side is straight
having a consistent negative angle relative to reference point
of the first gear side.

16. The transmission of claim 14, wherein the tuning
pocket acceleration side comprises a divergence of two or
more angles such that two or more portions of the accelera-
tion side are formed at different positive angles relative to
the reference point of first gear side, and the tuning pocket
deceleration side is straight having a consistent negative
angle relative to reference point of the first gear side.

17. The transmission of claim 14, wherein the tuning
pocket deceleration side comprises a divergence of two or
more angle such that two or more portions of the decelera-
tion side are formed at different negative angles relative to
the reference point of first gear side, and the tuning pocket
acceleration side is straight having a consistent positive
angle relative to reference point of the first gear side.

12

Feb. 2, 2023

18. The transmission of claim 14, the tuning pocket
acceleration side comprises a divergence of two or more
angles such that two or more portions of the acceleration
side are formed at different positive angles relative to the
reference point of first gear side, and the tuning pocket
deceleration side comprises a divergence of two or more
angle such that two or more portions of the deceleration side
are formed at different negative angles relative to the refer-
ence point of first gear side.

19. The transmission of claim 16, wherein the tuning
pocket further comprises:

a first gear acceleration vertex formed at a junction of the

first gear side and the acceleration side;

a cruising vertex form at a junction of the acceleration

side and the deceleration side; and

a first gear vertex form at a junction of the deceleration

side and the first gear side,

wherein the degree of positive angle relative to the

reference point of the first gear side of the acceleration
side divergent angles progressively increases from the
first gear acceleration vertex to the cruising vertex, and
the degree of negative angle relative to the reference
point of the first gear side of the deceleration side
divergent angles progressively increases from the cruis-
ing vertex to the first gear deceleration vertex.

20. The transmission of claim 14, wherein the driven
pulley assembly further comprises a one-way bearing dis-
posed between drivetrain input shaft and the fixed sheave
elongated neck.



