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DESCRIPTION
“CONTINUOUS VARIATION TRANSMISSION DEVICE WITH ADJUSTMENT
DEVICE”

The present invention relates to a transmission system, in particular a transmission
system for motorcycles of the continuous variation type, provided with a device for
varying the change curve.

The term “motorcycles” in this document means a tilting or non-tilting two, three or
four-wheel vehicle, such as the vehicle Vespa®, Ape® o MP3® sold by the Applicant.
The expandable-pulley and V-belt continuously variable gearbox (or CVT,
Continuously Variable Transmission) is a type of automatic gearbox for vehicles in
which the gear ratio may continuously vary between two limit values. The
continuously variable gearbox is commonly used in vehicles with small and medium-
sized cylinder capacity, in particular in motor scooters.

The variation of the gear ratio in a traditional CVT occurs by varying the winding
diameters of the belt on two pulleys, one of which is motor and the other is driven,
and at least one of which has the possibility of juxtaposing or moving away the two
parts or semi-pulleys it is formed by.

Typically, the drive pulley comprises a speed controller made with centrifugal
masses, generally referred to as “rollers”, aiming at axially juxtaposing the respective
semi-pulleys, passing from the low gear condition (distant semi-pulleys) to the high
gear condition (juxtaposed semi-pulleys).

Therefore, once the physical and geometrical features of the system are set in a
traditional CVT, the gear ratio depends on the number of engine revolutions and on
the torque required.

The need exists to provide a CVT transmission system in which the change curve
may be significantly modified according to the torque need required by the driver.

In other words, the need exists to provide a CVT transmission system which for
example, if the driver suddenly requests more or less torque starting from a given
condition, adapts and meets such a request.

International Applications WO-A1-2017/098378, WO-A1-2017/098379, WO-A1-
2017/098381 and International Application PCT/IB2017/055668 to the Applicant,
already deal with such a need and disclose related solutions.

However, the solutions of the prior art have shown the drawback of a sometimes
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significant noisiness. It is the object of the present invention to improve the known
solutions by overcoming the drawback mentioned above.

Such an object is achieved by a transmission device manufactured according to
claim 1. The dependent claims describe constructional variants.

The features and advantages of the transmission device according to the invention
will become apparent from the following description, given by way of non-limiting
example, according to the accompanying drawings, in which:

- figure 1 shows a longitudinal cross-section of a transmission device according to
one embodiment of the present invention;

- figure 2 depicts a partial sectional view of a pulley of the transmission device in
figure 1, in a low gear configuration;

- figure 3 depicts an assembly in the low gear configuration comprising a fixed
bushing and a movable bushing of the device according to the invention, according to
one embodiment;

- figure 4 depicts a partial sectional view of the pulley in figure 2, in a high gear
configuration;

- figure 5 depicts the fixed bushing-movable bushing assembly in figure 3, in the high
gear configuration;

- figure 6 shows a sectional view of the assembly in figure 5, according to a sectional
plane orthogonal to the rotation axis;

- figure 7 depicts an enlargement of an area of the cross-section in figure 6; and

- figure 8 is a graph depicting the engine revolutions of a drive pulley and of a driven
pulley, for a traditional CVT system and for a CVT system according to the present
invention.

With reference to the accompanying drawings, 1 indicates a continuous variation
transmission device as a whole, configured to preferably be applied on a two/three-
wheel motorcycle, engaged with a drive shaft 2 which defines a rotation axis X.

The transmission device 1 comprises a first drive pulley 4, rotationally operated by
the drive shaft 2 about said rotation axis X, and a second driven pulley (not depicted),
which are connected to each other by a V-belt 6.

The drive pulley 4 consists of a first half-pulley 8 and a second half-pulley 10
provided with facing active surfaces 8a, 10a, respectively, having the shape of a
truncated cone, sliding along said rotation axis X so as to juxtapose and move away
the active surfaces 8a, 10a, and rotationally integral with each other.
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The first half-pulley 8 in particular comprises

- a movable bushing 9, which carries the active surface 8a and provides a bushing 8b
which is coaxial to the drive shaft 2, and

- a speed controller 12 comprising a container 14 supported by the movable bushing
9 and provided with a shaped seat 16 and a plurality of rollers 18 accommodated in
seat 16.

The rollers create centrifugal masses which push the first half-pulley 8, and in
particular the movable bushing 9, towards the second half-pulley 10 as the number of
engine revolutions increases.

Thereby, the winding diameter of belt 6 on the drive pulley 4 increases and not being
able to extend, such a belt operates to decrease the winding diameter on the driven
pulley, thus increasing the gear ratio (high gear).

The drive pulley 4 further comprises a fixed bushing 11 having main extension along
the rotation axis X coaxial to the drive shaft 2 and rotationally coupled therewith, for
example by means of a grooved profile, so as to keep a secure position thereon.
Preferably, the movable bushing 9 comprises a main wall 91, which is annular with
respect to the rotation axis X, the main wall being defined between an inner
cylindrical surface 91a and an outer surface 91b.

Preferably, the movable bushing 9 further comprises at least one projection 93
projecting radially outwards from the outer surface 91b and provided with a
predefined axial extension. For example, there are provided three projections 93
arranged angularly equispaced from one another.

Said projections 93 engage container 14 so as to secure it to the movable bushing 9.
Moreover, the movable bushing 9 comprises at least one driven cam portion 95,
which is shaped so as to create surfaces which define a driven cam profile 97.
Preferably, each driven cam portion 95 comprises a respective recess 99, which is
lowered with respect to the outer surface 91b of the main wall 91; the fixed bushing
11 slidingly penetrates the recesses 99.

The fixed bushing 11 in turn has at least one drive cam portion 111, which is shaped
s0 as to create surfaces which define a drive cam profile 113.

The drive cam portion 111 axially projects and is suitable for interpenetrating the
movable bushing 9, namely such as to be inserted into the respective recess 99 of
the driven cam portion 95 of the movable bushing 9.

In particular, said drive cam portion 111 comprises a tooth 115 with mainly axial
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extension, which is slidingly inserted in recess 99 of the driven cam portion 95.

Tooth 115 is delimited by lateral sides 115a, 115b which define the circumferential
width thereof (figures 6 and 7).

Particulaly, the recess 99 and the tooth 115 have each other a complementary
shape. Such complementary shape is kept in any movement of the tooth 115 with
respect to the recess 99.

More particularly, recess 99 and tooth 115 have respective sides 99a, 99b; 115a,
115b which form a shape coupling with each other to guide the relative movement
between the movable bushing 9 and said fixed bushing 11 so as to limit the
noisiness.

Within the scope of the present description, shape coupling means a coupling
between tooth and recess, in which the sides of the recess are both substantially in
contact with each other. Said tooth and said recess are complementary each other,
i.e. provided of shapes which match each other, unless there is a circumferential
clearance which allows the mutual axial sliding thereof.

The relative movement between fixed bushing and movable bushing is of the rotary-
translating type and therefore comprises an axial component along the axis of the
bushings, and a circumferential component about the axis of the bushings.
Dimensionally, the circumferential clearance G defined between the sides of the
recess and the sides of the tooth in the coupled configuration is between 0.1 to 0.7
millimeters, preferably between 0.2 to 0.5 millimeters (figure 7).

Thereby, a coupling is obtained which ensures an increased operating reliability and
accuracy.

In particular, the active side, which transmits the motion, is substantially in contact
with the passive side. In other words, the present invention creates a cam-counter
cam solution with a shape coupling between recess and tooth.

Advantageously, this allows lubrication and greasing between tooth and recess to be
avoided, with subsequent manufacturing simplicity and affordability due to the
absence of grease-oil seals.

Moreover, in the absence of said seals, the axial and radial volume of the device
according to the invention advantageously is also particularly reduced, so as to allow
the use also in particularly compact transmission systems.

Said lateral sides 115a, 115b each have - on an imaginary plane orthogonal to the
main axis X - a cross-section with straight profile for contact with the respective faces
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of recess 97a. Correspondingly, said recess 99 has lateral sides 99a, 99b with
straight profile.

Tooth 115 axially extends along a substantially straight tooth axis B which is inclined
with respect to the main axis X (figures 2 and 4).

Said lateral sides 115a, 115b of tooth 115 each have - on a further imaginary plane
parallel to the main axis X - a cross-section with straight profile; said profiles are
parallel to each other and parallel to the tooth axis B (figures 3 and 5).
Correspondingly, said recess 99 has lateral sides 99a, 99b with straight profiles,
which are parallel to each other and parallel to the tooth axis B.

Such a geometry of the tooth and of the recess allows particularly close
circumferential contact surfaces to be made between tooth and recess under all
conditions of use of the CVT device, thereby contributing to significantly limiting the
noisiness of the device.

Preferably, the lateral sides of the recess and the lateral sides of the tooth are
permanently in contact to guide the relative movement between the movable bushing
and the fixed bushing so that the noisiness is practically null because no impact
occurs in the relative movement between the two bushings.

The transmission device 1 therefore comprises an operating cam system between
the fixed bushing 11 and the movable bushing 9, comprising the driven cam portions
95 and the respective driven cam profiles 97, and the drive cam portions 111 and the
respective drive cam profiles 113, which have a mutual rotary-translating movement.

Said cam system is suitable for transmitting the rotation between fixed bushing 11
and movable bushing 9 and is configured to obstruct the juxtaposition between the
active surfaces 8a, 10a.

In the normal operation of the transmission device 1, in case of active torque
transmitted by the drive shatft, in case of request of an increased torque from a low
gear, the cam system opposes an advancement of the active surface 8a of the first
half-pulley 8 towards the active surface 10a of the second half-pulley 10, whereby the
change is delayed and the behavior of the transmission device is more sporty with
respect to a standard CVT.

In the case instead of braking torque transmitted by the drive shaft, for example in
the case of request of a lower torque by the driver who releases the gas handle or
brakes, or with vehicle descending, from a high gear the cam system facilitates the
moving away of the active surface 8a of the first half-pulley 8 from the active surface
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10a of the second half-pulley 10, whereby the passage to the low gear and therefore
a significantly lower gear with respect to a standard CVT, is facilitated.

In particular, the Applicant has noted how the extremely reduced clearance that may
be obtained between the sides of recess 99 and tooth 115 significantly contributes to
reducing the noisiness of the CVT device.

Innovatively, the above-described transmission device allows the need mentioned to
be met because it allows the driver's desire of having more or less torque to be
satisfied and simultaneously it is capable of significantly reducing the noisiness of the
CVT device.

Moreover, by conveniently shaping the profiles of the cam system, a transmission
device may advantageously be designed which more or less abruptly meets a
request for more or less torque.

For example, figure 8 shows the engine revolutions of the drive pulley and of the
driven pulley, for a traditional CVT transmission system and for a CVT transmission
system according to the present invention. The latter clearly has increased
hysteresis.

According to a further advantageous aspect, the device according to the invention
can be mounted with significant ease.

It is apparent that those skilled in the art may make modifications to the above-
described transmission device in order to meet contingent needs, without departing
from the scope of protection defined by the appended claims.

In another embodiment, a continuous variation transmission device for a motorcycle
with two / three / four-wheels, connectable to a drive shaft (2), comprises:

- a drive pulley 4 having an axis of rotation X, provided with active surfaces 8a, 10a
for a V-belt 6, provided with a movable bushing 9 bearing one of said active surfaces
8a, said movable bushing 9 sliding axially under the action of rollers 18 of a speed
controller 12 to obtain a change between a low gear and high gear;

- a fixed bushing 11 which can be fixed and is coaxial to the drive shaft 2;

- a cam system 95,111; 97,113 operating between the fixed bushing 11 and the
movable bushing 9 suitable to transmit the rotation between the fixed bushing 11 and
the movable bushing 9, configured to obstruct the juxtaposition between the active
surfaces 8a, 10a, comprising at least a driven cam portion 95 of the movable bushing
9 and a drive cam portion 111 of the fixed bushing 11;

wherein said driven cam portion 95 comprises at least one recess 99 and said drive
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cam portion 111 comprises at least one tooth 115 or vice versa, said tooth sliding
axially in said recess 99, and

wherein said recess 99 and said tooth 115 have respective sides 99a, 99b; 115a,
115b which form a shaped coupling with each other to guide the relative movement
between said movable bushing 9 and said fixed bushing 11.
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CLAIMS
1. A continuous variation transmission device (1) for a motorcycle with two / three /
four-wheels, connectable to a drive shaft (2), comprising
- a drive pulley (4) having an axis of rotation (X), provided with active surfaces (8a,
10a) for a V-belt (6), provided with a movable bushing (9) bearing one of said active
surfaces (8a), said movable bushing (9) sliding axially under the action of rollers (18)
of a speed controller (12) to obtain a change between a low gear and high gear;
- a fixed bushing (11) which can be fixed and is coaxial to the drive shaft (2);
- a cam system (95,111; 97,113) operating between the fixed bushing (11) and the
movable bushing (9) suitable to transmit the rotation between the fixed bushing (11)
and the movable bushing (9), configured to obstruct the juxtaposition between the
active surfaces (8a, 10a), comprising at least a driven cam portion (95) of the
movable bushing (9) and a drive cam portion (111) of the fixed bushing (11);
wherein said driven cam portion (95) comprises at least one recess (99) and said
drive cam portion (111) comprises at least one tooth (115) or vice versa, said tooth
sliding axially in said recess (99), and
wherein said recess (99) and said tooth (115) are each other so shaped to be
complementary in any relative movement for guiding the relative movement between
said movable bushing (9) and said fixed bushing (11).
2. A transmission device according to claim 1, wherein between said lateral sides
(115a, 115b) of the tooth (115) and said lateral sides (99a, 99b) of the recess (99)
there is a circumferential clearance between 0.1 - 0.7 mm, preferably between 0.2 -
0.5 mm.
3. A transmission device according to claim 1 or 2, wherein, having defined an
imaginary plane orthogonal to the axis of rotation (X), said lateral sides (115a, 115b)
of the tooth (115) and said lateral sides (99a, 99b) of the recess (99) each have a
cross-section with a straight profile.
4. A transmission device according to any one of the preceding claims, wherein the
tooth (115) and the recess (99) extend along a substantially straight tooth axis (B)
inclined with respect to the rotation axis (X).
5. A transmission device according to any one of the preceding claims, in which each
point of said lateral sides (115a, 115b) of the tooth (115) and each point of said
lateral sides (99a, 99b) of the recess (99) lies on a plane passing through the axis of
rotation (X).
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6. A transmission device according to any one of the preceding claims, wherein the
movable bushing (9) supports a container (14) of the speed controller (12).

7. A transmission device according to any one of the preceding claims, wherein the
movable bushing (9) comprises at least one axial projection (93) projecting radially
outwards from an outer surface (91b), which engages the container (14) so as to
secure it to the movable bushing (9).
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