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(57) Abstract: An electrically assisted or actuated continuously variable
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transmission (CVT) with a first pulley having a first pulley portion for fixed
connection to an engine shaft and an axially movable second pulley portion
for placement about the engine shaft. A mechanism for assisting a mechan-
ically-actuated CVT includes a nut connected to the movable portion and

an electric motor having a screw that is engaged with the nut. The nut is
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moved axially by rotation of the screw with respect to the nut, assisting me-
chanical actuators in changing axial spacing between the pulley portions.
A variable actuator for actuating a CVT includes a pair of disks coaxially
engaged with the pulley portions, and a roller for contacting the disks at
varying inclinations. An electric motor tilts the roller along the axis of ro-
tation, causing the disks to rotate at differing rates to effect a change in axial
spacing between the pulley portions.
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DEVICES FORELECTRICALLY ASSISTING AND ACTUATING
CONTINUOUSLY VARIABLE TRANSMISSIONS

CROSS REFERENCE TO RELATED APPLICATION

This application claims the benefit of U.S. Provisional Patent Application Serial
No. 60/676,904, filed May 2, 2005.

TECHNICAL FIELD OF THE INVENTION

This invention relates generally to transmissions, and more particularly to methods

and apparatus for actuation of continuously variable transmissions.

BACKGROUND OF THE INVENTION

Transmissions are devices that transform the speed and torque in vehicles using gears,
belts, or other drive components. Most transmission designs use discrete speed ratios: low
ratios for acceleration, hill climbing, and heavy hauling, and high ratios for higher-speed
travel. They use multiple parallel gear sets between input and output shafts. By changing
which gear set carries the loads between the shafts, the speed ratio between the input and
output shafts is altered.

Transmissions have also been designed that are continuously variable (CVTs). These
generally use friction to transfer load from an input shaft to an output shaft. By altering the
radial position of friction rollers, belts, or other components, the speed ratio is changed.

A typical CVT design 10 is shown in FIGS. 1 and 2. It uses a driving (primary)
pulley 12, a wide v-belt 14, and a driven (secondary) pulley 16. The speed ratio is adjusted
by altering the width of the driving 12 and driven 16 pulleys, so that the v-belt 14 contacts at
varying radii on the pulleys 12 and 16. FIG. 1 shows the CVT 10 operating at a lower speed
ratio where the driving pulley halves 22 and 24 are separated and the v-belt 14 contacts the
pulley halves 22 and 24 at a small radius. The driven pulley halves 18 and 20 are squeezed
together by a spring under these conditions, forcing the belt 14 at the output end to contact at
a large radius. This configuration offers maximum torque magnification and speed reduction.
FIG. 2 shows the CVT operating in a higher speed ratio where the pulley halves 22 and 24 of
the driving pulley 12 are positioned close together, forcing the v-belt 14 to contact the pulley

halves 22 and 24 at a larger radius and increasing the velocity of the v-belt 14. The increased
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velocity Of thie"v-belt 14 woirks against the spring force of the driven pulley 16, forcing the
driven pulley halves 18 and 20 apart where the v-belt 14 contacts the driven pulley halves 18
and 20 at a smaller radius. This configuration offers maximum speed magnification.

Most current CVTs rely upon fixed-design mechanical or hydraulic actuation that
cannot be easily changed to respond to differing demands, such as varying vehicle cargo
loads and operator performance demands. Accordingly, there is need for a CVT actuation

system that is more flexible and adaptable than the current state of technology.
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SUMMARY

According to one aspect of the present invention, an assist mechanism is provided for a
mechanically-actuated continuously variable transmission (CVT) with first and second pulleys
interconnected by a belt. The first pulley is connected to an engine shaft and has a first pulley
portion and a second pulley portion axially movable with respect to the first pulley portion.
The CVT includes an actuator configured to move the second pulley portion axially. A first
engagement means is provided for connection to the second pulley portion said first
engagement means configured to cooperate with the actuator and an electric motor that has a
second engagement means for coaxially engaging the first engagement means causes axial
movement of the first engagement means when it is rotated. Rotation of the second
engagement means with respect to the first engagement means causes the first engagement
means to move axially, so that the mechanism assists the actuator in moving the second pulley
portion with respect to the first pulley portion to change an axial spacing therebetween.

According to another aspect of the present invention, a method of electrically assisting a
mechanically-actuated continuously variable transmission having first and second pulleys
interconnected by a belt is provided. The first pulley is adapted for mounting on an engine shaft
and has a first pulley portion and a second pulley portion axially movable with respect to the
first pulley portion. A first engagement means is provided for fixed coaxial connection to the
second pulley portion. The first engagement means is axially and rotatable fixed with respect to
the second pulley portion. An electric motor is provided having a second engagement means
coaxially engaged with said first engagement means so as to move said first engagement means
axially in response to rotation of said second engagement means with respect thereto is
provided. Energizing the electric motor causes the second engagement means to move the first
engagement means axially, so that it assists the mechanically-actuated continuously variable
transmission in moving the second pulley portion with respect to the first pulley portion,
changing an axial spacing therebetween.
According to a further aspect of the present invention, an electrically-assisted mechanically-
actuated continuously variable transmission has a first pulley with a first pulley portion for
fixed connection to an engine shaft, an axially movable second pulley portion for placement
about the engine shaft, and a mechanical actuator connected to the second pulley portion. An
electric motor is coaxially engaged with the second pulley portion such that it assists the
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provided, whete-ttie! fit'st puilley-is tdnrected to an engine shaft and has a first pulley portion
and a second pulley portion axially movable with respect to the first pulley portion. A pair of
disk for connection about the engine shaft is provided, with one being adapted for axially
moving the second pulley portion. A roller, having a spin axis and adapted to fit at least
partially between the disks, that is supported by a roller support is provided. The roller
support is adapted to tilt the spin axis of the roller with respect to the axis of the disks, such
that tilting the roller support during use rotates one disk with respect to the second pulley
portion, axially moving the second pulley portion to change an axial spacing between the first
and second pulley portions.

According to further aspect of the present invention, a method of actuating a
continuously variable transmission having first and second pulleys interconnected by a belt is
provided. The first pulley is adapted for mounting on an engine shaft and has a first pulley
portion and an axially movable second pulley portion. A pair of disks are provided for
connection about the engine shaft, with one being rotatably engaged with the second pulley
portion so as to move the second pulley portion axially with respect to the first pulley portion
in response to relative rotation between the disk and the second pulley portion. A roller
having a spin axis and adapted to fit at least partially between the disks is provided. A roller
support for tilting the spin axis of the roller with respect to the axis of the disks is also
provided. Tilting the roller support causes one of the disks to rotate relative to the first pulley
and thereby change an axial spacing between the first and second pulley portions.

According to an even further aspect of the present invention, a continuously variable
transmission having a first pulley with a first pulley portion for fixed connection to an engine
shaft and an axially movable second pulley portion for placement about the engine shaft is
provided. The actuator has a first disk for fixed connection about the engine shaft and a
second disk coaxially engaged with the second pulley portion to move the second pulley
portion with respect to the first pulley portion when the second disk rotates with respect to the
second pulley portion.

The objects and advantages of the present invention will be more apparent upon

reading the following detailed description in conjunction with the accompanying drawings.
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BRIEFDESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a continuously variable transmission of the prior art at
a lower speed ratio.

FIG. 2 is a perspective view of a continuously variable transmission of the prior art at
a higher speed ratio.

FIG. 3 is a cross-sectional view of a mechanically-actuated CVT having an assist
mechanism in accordance with one embodiment of the present invention, in a lower speed
ratio configuration.

FIG. 4 is a cross-sectional view of the CVT of FIG. 3, shown in a higher speed ratio
configuration.

FIG. 5 shows a cross-sectional view of an embodiment of a variable actuator in
accordance with the present invention.

FIG. 6 shows a side elevation view of the motor and yoke structure of the variable
actuator of FIG. 5.

FIG. 7 is a cross-sectional view of the variable actuator of FIG. 5, in a lower speed
ratio configuration.

FIG. 8 is a cross-sectional view of the variable actuator of FIG. 5, shown in a higher
speed ratio configuration.

FIG. 9 graphically illustrates one example of a control strategy that may be used in

accordance with the present invention.
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For the purpose of promoting an understanding of the principles of the invention,
reference will now be made to the embodiments illustrated in the drawings and specific
language will be used to describe the same. It will nevertheless be understood that no limitation
of the scope of the invention is thereby intended, such alterations and further modifications in
the illustrated device and such further applications of the principles of the invention as
illustrated therein being contemplated as would normally occur to one skilled in the art to which
the invention relates.

FIGS. 3 and 4 show a pulley 26 and an assist mechanism 28 for assisting a
mechanically-actuated continuously variable transmission (CVT), in accordance with one
embodiment of the present invention, which adds to or subtracts from the mechanical actuation
of the CVT. The pulley has a fixed pulley half or portion 30 that is fixed to engine shaft 32, and
a movable pulley half or portion 34 that is axially movable with respect to the fixed pulley half
in response to spring forces exerted by actuation spring 36 and centrifugal movement of
flyweights 38 during use.

The assist mechanism 28 includes a first engagement means 40, shown as a threaded
aperture or nut that is positioned axially with respect to pulley 26 and connected to the movable
pulley half 34 by plate 42 and spacers 44, a second engagement means 46 engaging the nut,
shown as a threaded shaft or screw, and an electric control motor 48, shown coaxially mounted
with the engine shaft, outboard from the engine 50. The nut and screw combination preferably
has a left-handed thread, but a right-handed thread may be used in certain applications.

During operation, the nut 40 and screw 46 normally rotate at the same rate as engine
shaft 32 when no assistance in changing the axial spacing between the pulley halves 30 and 34
is initiated by the control system (described below). When the assist mechanism 28 is initiated
to assist in moving the pulley 26 to a lower speed ratio position, as shown in FIG. 3, the control
motor 48 slows rotation of the screw, which causes the nut to pull the movable pulley half away
from the fixed pulley half. This assists the actuation spring 36 in increasing the axial spacing
between the pulley halves, allowing the belt 52 to contact the pulley at a small radius. When the
assist mechanism is initiated to assist in moving the pulley to a higher speed ratio position, as
shown in FIG. 4, the control motor rotates the screw faster than the engine shaft, which causes
the nut to push the movable pulley half toward the fixed pulley half. This assists the flyweights
38 in decreasing the axial spacing between the pulley halves, forcing the belt to contact the
pulley at a large radius.

A comparison between FIG 3 and FIG 4 shows that the spring 36 is arranged to
increase the spacing between the fixed pulley half 30 and the movable pulley half 34. The
flyweights 38 respond to centrifugal forces to decrease the spacing between the fixed pulley
half 30 and the movable pulley half 34 against operation of the spring 36 at higher speeds. At
lower speeds and thus lesser centrifugal forces, the flyweights 38 oppose the operation of the
spring 36 to a lesser degree. The spring 36 and flyweights 38 thus form an actuator of the pulley

5935180-1
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26, capable of axially moving the movable pulley half 34 with respect to the fixed pulley half
30.

Another aspect of the present invention involves a variable actuator for actuating a CVT
having a pulley with a fixed pulley half and a movable pulley half. FIGS. 5 and 6 show one
embodiment of the variable actuator 54 in accordance with the present invention, where the
movable pulley half 56 has a threaded portion 58. The threaded portion may alternatively be
incorporated into the fixed pulley half 60 in certain applications.

The actuator 54 shown includes a first disk 62 fixed to the fixed pulley half 60, a second
disk 64 adjacent the first, a nut 66 engaged with the threaded portion 58 of the movable pulley
half 56, a roller 68 positioned adjacent the disks, an electric control motor 70 coupled to a roller
support yoke 72, and a wave washer 74 positioned between the second disk and the nut. The
disks are preloaded against the roller by the wave washer, which is a compliant spring that is
sized to provide enough tractive force to prevent the roller from slipping on the disks, and to
actuate the pulley halves in opposition to forces in the system. Yoke 72 is rotatably mounted on
the motor shaft, and roller 68 is rotatably mounted in the yoke with its spin axis perpendicular
to the axis of the motor shaft and yoke. The spin axis of the roller is normally parallel to the
engine shaft axis, but its inclination angle is controlled by the motor through the yoke 72. That
is, the motor turns the yoke and thereby tilts the spin axis of the roller as shown in FIGS. 7 and
8. The yoke is held in place by ring 76 and rollers 78 that fit into the annular space between the
disks.

During operation, the second disk 64 and nut 66 of the actuator 54 normally rotate at the
same rate as the engine shaft (not shown) when no change in axial spacing between the pulley
halves 60 and 62 is initiated by the control system. When the actuator is actuated to move the
pulley to a lower speed ratio position, as shown in FIG. 7, the control motor 70 tilts the axis of
roller 68 so that the roller slows rotation of the second disk, causing the nut to rotate relative to
threaded portion 58 and pull the movable pulley half away from the fixed pulley half. This
allows the belt 80 to contact the pulley at a small radius, as shown. When the actuator is
actuated to move the pulley to a higher speed ratio position, as shown in FIG. 8, the control
motor tilts the roller axis so that the roller rotates the second disk faster than the engine shaft,
which causes the nut to rotate relative to threaded portion 58 and push the movable pulley half
toward the fixed pulley half. This forces the belt to contact the pulley at a large radius, as
shown.

An advantage of the embodiment shown in FIGS. 5-8 is that the power requirements for
the control motor are much less than the power requirements for the assist mechanism

5935180-1
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sHowti ih FIGS:"3"4nd 4. Thémajotity ot the power needed to shift the pulley halves comes
from the engine, and the control motor provides only the small amount of power needed to
tilt the roller on the disks.

With either embodiment, a control system may use throttle position to set a desired
engine speed and then adjust the speed ratio of the CVT as necessary to maintain the desired
engine speed. One example control strategy is shown graphically in FIG. 9. A given throttle
position determines an engine speed setpoint, and the control system determines a desired
CVT ratio based on the difference between that setpoint and the actual engine speed. For
example, the CVT may start with a low ratio (steep slope in FIG. 9), and then, if vehicle
speed increases and the engine speed correspondingly increases, the control system upshifts
the CVT toward a higher speed ratio (shallower slope in FIG. 9) to increase the load on the
engine thereby tending to hold the engine speed relatively constant. For a fixed throttle
setting, e.g., part throttle, the control system may cause the CVT speed ratio to continuously
vary with vehicle speed, from the low ratio end to the high ratio end of the “part throttle”
horizontal line on the graph, while the engine speed stays relatively constant. If the engine
speed drops below the setpoint, due to increased load from climbing a hill, for example, the
control system downshifts the CVT ratio toward a lower speed ratio (steeper slope in FIG. 9.)
to decrease the load on the engine and thereby, again, tends to hold the engine speed
relatively constant. If desired, the engine speed setpoint may be based on throttle position
and on vehicle speed such that engine speed is allowed to increase somewhat with vehicle
speed. One example control system is disclosed in U.S. Patent No. 4,811,225, which is
hereby incorporated by reference.

While the invention has been illustrated and described in detail in the drawings and
foregoing description, the same is to be considered as illustrative and not restrictive in
character, it being understood that only the preferred embodiment has been shown and
described and that all changes and modifications that come within the spirit of the invention

are desired to be protected.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:
1. An assist mechanism for a mechanically-actuated continuously variable
transmission (CVT) having first and second pulleys interconnected by a belt, the first
pulley connected to an engine shaft and having a first pulley portion (30) and a second
pulley portion (34) axially movable with respect to the first pulley portion, the CVT
including an actuator (36, 38) configured to move the second pulley portion axially, said
assist mechanism comprising:

a first engagement means (40, 42, 44) for connection to the second pulley portion,
said first engagement means configured to cooperate with the actuator; and

an electric motor (48) having a second engagement means (46) for coaxially
engaging said first engagement means (40) and causing axial movement of the first
engagement means when rotated,

wherein rotation of said second engagement means with respect to said first
engagement means causes said first engagement means to move axially, assisting the
actuator in moving the second pulley portion with respect to the first pulley portion to

change an axial spacing therebetween.

2. The assist mechanism of claim 1, wherein said first engagement means is adapted
for axially and rotatably fixed coaxial connection to the second pulley portion such as to

move axially and rotate therewith.

3. The assist mechanism of claim 2, wherein said electric motor is adapted for

coaxial mounting with the first pulley.

4. The assist mechanism of claim 3, wherein said second engagement means

comprises a threaded shaft.

5. The assist mechanism of claim 4, wherein said first engagement means comprises

a threaded aperture.

6. A method of electrically assisting a mechanically-actuated continuously variable
transmission having first and second pulleys interconnected by a belt, said first pulley
adapted for mounting on an engine shaft and having a first pulley portion and a second
pulley portion axially movable with respect to the first pulley portion, said method

comprising:

6014161-1
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providing a first engagement means fixedly coaxially connected to the second
pulley portion, said first engagement means being axially and rotatably fixed with respect
to the second pulley portion;

providing an electric motor having a second engagement means coaxially engaged
with said first engagement means so as to move said first engagement means axially in
response to rotation of said second engagement means with respect thereto; and

energizing said electric motor to cause said second engagement means to move
said first engagement means axially, assisting the mechanically-actuated continuously
variable transmission in moving the second pulley portion with respect to the first pulley

portion, changing an axial spacing therebetween.

7 The method of claim6, wherein said electric motor is coaxially mounted with the
first pulley.
8. An assist mechanism being substantially as hereinbefore described with reference

to any one of the embodiments as that embodiment is shown in Figs. 3-4.

9. A method of electrically assisting a mechanically-actuated continuously variable
transmission being substantially as hereinbefore described with reference to any one of

the embodiments as that embodiment is shown in Figs. 3-4.

Dated this seventeenth Day of February, 2012
Purdue Research Foundation
Patent Attorneys for the Applicant/Nominated Person
SPRUSON & FERGUSON
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