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(54)  Vehicle with tilting suspension system
(57)  Atilting suspension system is provided for two
supporting elements of a vehicle with said module com-
prising a rigid frame adapted to be firmly fixed to the chas-
sis ofthe vehicle so as to be tilted together with the whole
vehicle. Thetilting of the rigid frame is obtained as a result
of the counter torque arising when activating actuating
means firmly fixed to the rigid frame, with said tilting
means being pivotable connected to shock absorbers
18. Thetiltingmodule furthercomprises suspension arms

|
|
!
|
|

usually connected to the rigid frame, with said suspen-
sion arms supporting, in cooperation with supporting up-
rights, the two supporting elements thus allowing both
tilting and steering of said two supporting elements.
Moreover, the supporting elements can be wheels and
electric motors may be receivedinthe hubs ofthe wheels,
thus allowing the realization of driving, steering andtilting
module adapted to be used either in hybrid vehicles or
electrically driven vehicles.
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Description
FIELD OF THE PRESENT INVENTION

[0001] The present invention relates to the field of au-
tomotive applications. In particular, the present invention
relates to a suspension tilting module for vehicles and a
vehicle equipped with such a suspension tilting module.
In more detail, the present invention relates to a suspen-
sion tilting module allowing at least two wheels or other
supporting elements of a vehicle to be tilted together with
the whole body of the vehicle. Still in more detail, the
present invention relates to a suspension tilting module
allowing both steeting and tilting of said two wheels or
other supporting elements. Furthermore, the present in-
vention relates to a suspension tilting module wherein
driving motors can be received in the hubs of two wheels
disposed on a common axle, so as to realize the active
control of the torque on the wheels of the same axle, for
example by increasing the torque on one wheel and de-
creasing the torque on the other wheel.

[0002] Moreover, the present invention relates to the
field of snow vehicles, such as snowmobiles.

DESCRIPTION OF THE PRIOR ART

[0003] Overthe pastfew years, an interest has grown
towards a vehicle with innovative configurations due to
the increasing number of vehicles and the related prob-
lems of traffic congestion and pollution. Such vehicles
are usually of small dimensions of weight and size to
minimize the parking problems and reduce the losses
due to the rolling resistance and aerodynamic drag. In
particular, the size of these vehicles is normally designed
for one or two people, thus allowing personal mobility;
moreover, the small size and weight of these vehicles
allows for the reduction of the engine power and accord-
ingly, the emissions without compromising the perform-
ance. Inparticular, overthe past years, many efforts have
been devoted by the car manufacturers for the develop-
ment of so-called tilting vehicles, namely of vehicles
wherein all or part of the vehicle is inclined inward duting
corneting so that the resultant of the gravity and the cen-
trifugal forces is kept oriented along the vertical body axis
of the vehicle. Accordingly, rollover can be avoided even
if the track of the tilting vehicle is narrow with respect to
that of conventional vehicles.

[0004] Several tilting vehicle have been proposed in
the past with three or more wheels. In some three
wheeled vehicles, the tilting is given just to the body and
the central wheel while the axis with dual wheels does
not tilt. On the contrary, in other cases, the solution is
preferred according to which all wheels tilt with the body,
since this solution allows to obtain improved performanc-
es concerning the dynamic of the vehicle.

[0005] However, in spite of all the advantages offered
by tilting vehicles, the further development of these ve-
hicles has revealed that several problems have still to be
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solved and/or overcome. For instance, it has been re-
vealed to be very difficult to obtain good tilting perform-
ances in the case of driving wheels, i.e. in the case of
wheels exploiting the traction function; in fact, in the case
of driving wheels the tilting angle obtained with the known
tilting solutions is rather limited (in the range of 35°) whilst
only tilting angles in the range of 45° rarely allow to over-
come the rollover problem. For this reason, up to now,
tilting solutions have been proposed essentially for three
cycles, wherein the mechanical transmission is connect-
ed to a central wheel (as in the case of a motor bike)
while the other two wheels are tilting but they do not ex-
ploit the driving function. To overcome this limitation, so-
lutions have been proposed according to which a differ-
ential gear is installed on a frame that can rotate with
respect to the body of the vehicle; this allows tipping the
misalignment of the ball joints to acceptable limits even
with large tilting angles of the vehicle body. However, the
resulting configuration is very complex and may be af-
fected by low efficiency and reliability, high vibration lev-
els and heavy weight.

[0006] Further problems affectingthe known tilting so-
lutions relates to the fact that these solutions have re-
vealed to be unsatisfactory when applied to steering
wheels; in particular, in the known solutions, either the
steering angle or the tilting angle is very limited whilst no
solutions are known allowing good performance con-
cerning both the steering and the tilting function. In par-
ticular, this is due to the fact that standard ball joints of
the kind used for cars suspensions cannot be used when
high titling angles have to be obtained. In fact, spherical
joints for automotive applicants are designedto allowfree
rotation about the steering axis but the tilting angles al-
lowed by spherical joints are limitedto less than 40°. How-
ever, these titling angles are not adequate for high tilting
suspension systems when rotation angles in the range
of 100° are needed.

[0007] Also in the field of snow vehicles, as snowmo-
bile a number of inventions have been presented in the
last years in order to improve the stability, as well as the
drive feeling and the comfort of these vehicles.

[0008] The patent US 6942050 B1 relates to a front
suspension system for snowmobiles. It discloses a sus-
pension system with a double wishbone configuration.
Investigations have been made on the position of the
damper, arms and shock absorber to improve the driving
feeling of the snowmobile. The proposed module is not
tilting: the shock absorbers are rigidly linked to the frame
of the vehicle and these linking points remain fixed when
the wishbones move.

[0009] The patent US 6467787 B1 discloses a mobile
steering mechanism to improve the drive feeling during
cornering. The steer mechanism allowsthe drivertomore
easily move his body sideways andthen more easily con-
trol the steering from this position. This mechanism im-
proves the drive feeling during cornering, but the driver
must move his body sideways and this effort can be con-
siderable. The vehicle is not tilting.
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[0010] The patent application WO 2006/000841 A1
discloses a suspension tilting module, which is charac-
terized by a geometry with longitudinal arms. With re-
spect to a double wishbone configuration this solution is
characterized by an increased complexity that gives way
to some weight, cost, and reliability issues . Additionally,
the longitudinal arms couple the vertical displacements
to the longitudinal forces acting on the skis such that a
variation of the longitudinal forces may produce a vertical
displacement of the vehicle body. In fact, the tilting func-
tionality is obtained by a configuration that includes many
elements such as cardan joints and pendulum arms.
Moreoverthe proposed solution allows to change the dis-
tance between the skis. If used with narrow skis, the ve-
hicle can be difficult to drive due to the possibility of lateral
instability, especially at low speed or when driving on
hard or icy tracks. Another problem that can be intro-
duced by this solution consists in the vertical displace-
ments of the snowmabile frame induced by the friction
and all longitudinal forces on the skis. Due to the sus-
pension geometry, the longitudinal forces are equilibrat-
ed by forces along the suspension rods. These forces
are not horizontal and their vertical component may in-
duce a vertical motion of the frame of the snowmobile.
This is an additional cause of instability of the snowmo-
bile.

[0011] Accordingly, in view of the problems and/or
drawbacks identified above, it is an object of the present
invention to provide a suspension tilting module allowing
to overcome the drawbacks affecting the prior art titling
solutions. Moreover, it is an object of the present inven-
tion to provide a suspension tilting module for a wheel
vehicle adapted to be implemented in the case of driving
wheels namelyin the case of wheels exploitingthe driving
and/ortractionfunction but still allowing high tilting angles
in particular, tilting angles of more than 45° on each side
of the vehicle. A further object of the present invention is
that of providing a suspension tilting module allowing to
be implemented in the case of steering wheels, namely
inthe case of wheels exploiting both the driving and tilting
function but still allowing high steering and tilting angles.
Another object of the presentinvention is that of providing
a suspension tilting module of reduced complexities, di-
mensions and weight. A further object of the present in-
vention is that of providing a suspension tilting module
adapted to be implemented not only in the case of three-
wheeled vehicles, but in any kind of vehicle comprising
at least two wheels disposed on a common axle. Still a
further object of the present invention is that of providing
a suspension tilting module allowing driving means to be
installed in the hubs of the wheels so as to realize an all-
wheel drive configuration. Still a further object of the
present invention is that of providing a suspension tilting
module in which driving means exploiting the driving and
traction function may be installed on each tilting wheel
thus allowing to control the torque generated by each
driving means so as to obtain an improved traction control
on each wheel.

10

15

20

25

30

35

40

45

50

55

SUMMARY OF THE PRESENT INVENTION

[0012] Tothis end, according to the present invention,
this is obtained by providing a suspension tilting module
adapted to supporttwo supporting elements so thattilting
of said suspension system results in said two supporting
elements being also tilted. Moreover, according to the
presentinvention, this is obtained by providing a suspen-
sion tilting module comprising innovative steering arms
or uprights adapted to support two supporting elements
of a vehicle and adapted to allow both steering and ilting
said two supporting elements.

[0013] Inparticular, accordingtothe presentinvention,
there is provided a suspension tilting module as claimed
in claim 1, namely a suspension tilting module for a ve-
hicle comprising at least two supporting elements where-
in said model comprises a suspension system adapted
to support said at least two supporting elements allowing
titling of said at least two supporting elements and where-
in said model further comprises an actuating device
equipped with tilting means connected to said suspen-
sion, so that activation of said actuating device results in
said suspension system being tilted together with said at
least two supporting elements. According to the present
invention, there is also provided a suspension tiltingmod-
ule as claimed in claim 2, namely a suspension tilting
module wherein said actuating device comprises a rotat-
able shaft firmly fixed to said tilting means. Stillaccording
to the present invention, there is provided a suspension
tilting module as claimedin claim 6, namely a suspension
tilting module comprising a rigid frame adaptedto be firm-
ly fixed to the chassis of a vehicle and wherein said rigid
frame is firmly fixed to said actuating device and pivotally
connected to suspension arms of said suspension sys-
tem so that activation of said actuating device results in
said rigid frame being tilted together with said at least
two supporting elements.

[0014] Accordingtothe presentinvention, thereisalso
provided a suspension tilting module as claimed in claim
8, namely a suspension tilting module comprising a first
steering arm or upright adapted to suppotrt a first sup-
porting element and a second upright adapted to support
a second supporting element, with said first and second
uprights allowing steering of said first and second sup-
porting elements on corresponding steering axis sub-
stantially vertical and being adapted to be tilted together
with said first and second supporting elements, respec-
tively.

[0015] Still according to the present invention, there is
also provided a suspension tilting module as claimed in
claim 15, namely a suspension tilting module wherein
said actuating device comprises at least one electric mo-
tor.

[0016] Still according to the present invention, there is
also a suspension tilting module as claimed in claim 17,
namely a suspension tilting module wherein said sup-
porting elements are skis.

[0017] There is also provided a driving titling suspen-
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sion system as claimed in claim 19, namely a driving
tilting suspension system for a wheeled vehicle compris-
ing at least two wheels disposed on a common axle and
comprising a suspension tilting module according to the
present invention.

[0018] There is also provided a driving tilting suspen-
sion system as claimed in claim 20, namely a driving
titling suspension system comprising at least two electric
motors mechanically coupled to one of said at least two
wheels so as to drive said one wheel.

[0019] There is further provided a driving tilting sus-
pension system as claimed in claim 24, namely a driving
tilting suspension system wherein said motors are re-
ceived inside the hubs of said wheels.

[0020] Furthermore, there is provided a wheeled vehi-
cle as claimed in claim 33, namely a wheeled vehicle
equipped with a driving tilting suspension system accord-
ing to the present invention.

[0021] Furthermore, there is provided a module for
snowmobile as claimed in claim 38, namely a snowmo-
bile wherein the skis are rigidly connected to each other.
[0022] Furthermore, there is provided a snowmobile
as claimed in claim 41, namely a snowmobile equipped
with a suspension tilting according to the present inven-
tion.

[0023] Further embodiments and/or details of the
present invention are defined in the dependent claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] In the following, a description will be given with
reference to the drawings of particular and/or preferred
embodiments of the present invention; it has, however,
to be noted that the present invention is not [imited to the
embodiments disclosed but that the embodiments dis-
closed only relate to particular examples of the present
invention, the scope of which is defined by the appended
claims. In particular, in the drawings:

figure 1 relates to a schematic perspective view of a
first embodiment of the suspension tilting module
and the tilting driving suspension system according
to the present invention;

figure 2a relates to a front view of the embodiment
of the present invention depicted in figure 1;

figure 2b relates to a rear view of the embodiment
of the invention depicted in figure 1;

figure 3 relates to an perspective view of both the
solution adapted to be implemented in the module
and system according to the present invention;

figure 4a relates to schematic view of the titling mod-
ule and system according to the present invention
when tilted at a predefined angle;
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figure 4b relates to a schematic view depicting the
behavior of the tilting module and system according
to the present invention when one of the wheels
crosses a bump;

figure 5 relates to a schematic view of a upright im-
plemented in the tilting module and system accord-
ing to the present invention;

figures 5a and 5b relate to corresponding cross sec-
tional views along the planes A-A and B-B depicted
in figure 1, respectively;

figure 6 relates to a top view of a further steering
solution adapted to be implemented in the tilting
module and system according to the present inven-
tion;

figure 7 relates to a schematic perspective view of a
further embodiment of the tilting module and system
according to the present invention;

figure 8 relates to a schematic top view of a further
embodiment ofthe tiltingmodule and system accord-
ing to the present invention;

figure 9 relates to a schematic view of the way driving
means may be implemented in the driving tilting
module system according to the present invention;

figure 10 relates to the schematic view of the tilting
system according to the present invention when
equipped with driving means received in the hubs of
the wheels; and

figure 11 relatesto a schematic view of a further pos-
sible electrical layout of the titing module and system
according to the present invention when equipped
with driving means received in the hubs of the
wheels;

figure 12 relatesto a schematic view of a titling snow-
mobile with a tilting suspension module according to
the present invention;

figure 13 relates to a schematic perspective view of
the tilting module for a snow vehicle according to the
present invention,;

figure 14 relates to a schematic view of the tilting
module for a snow vehicle when the module is not
tited and when it is tilted at a predefined angle ac-
cording to the present invention;

figure 15 relates to a schematic view of the skis and
their connections to the tilting module according to
the present invention.
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DETAILED DESCRIPTION

[0025] While the present invention is described with
reference to the embodiments as illustrated in the follow-
ing detailed description as well as in the drawings, it
should be understood that the following detailed descrip-
tion as well as the drawings are not intended to limit the
present invention to the particular illustrative embodi-
ments disclosed, but rather the described illustrative em-
bodiments merely exemplify the various aspects of the
present invention, the scope of which is defined by the
appended claims.

[0026] In this detailed description first will be treated
the aspect of the invention relating to a wheeled vehicle
and in the second part the aspects related to a snow
vehicle.

[0027] As apparent from the disclosure given above,
the present invention is understood to be particularly ad-
vantageous when used for application in the automotive
field; in particular, the present invention is understood to
be particularly advantageous when applied to wheeled
vehicles comprising at least two driving and steeting
wheels. For this reason, examples will be given in the
following in which corresponding embodiments of the ti-
tling modular system according to the present invention
are described in combination with steering and driving
wheels. However, it has to be noted that the present in-
vention is not limited to the particular case of a tilting
module and system for steering and driving wheels but
can be used in any other situation in which two wheels
of a vehicle disposed on a common axle need to be tilted.
Accordingly, it will become apparent from the following
disclosure that the present invention may also be used
for automotive applications in which, for instance, the
driving wheels and/or the steering wheels are not tilted.
In the following, with reference to figures 1, 2a and 2b, a
first embodiment of the tilting module and system (iden-
tified by the reference numeral 1) according tothe present
invention will be described.

[0028] Asapparentfromfigures 1,2aand2b,thetilting
module and system depicted therein comprise a suspen-
sion structure or system defined by a rigid frame 17 and
four suspension wishbone arms 10, 11, 12 and 13. In
particular, said suspension structure comprises afirst up-
per wishbone arm 12 defined by front wishbone portion
12a and rear wishbone portion 12b (see in particular fig-
ure 2b). In the same way, the suspension structure com-
prises a first lower arm 13 defined by a front wishbone
portion 13a and a rear wishbone portion 13b. Similarly,
the suspension structure comprises a second upper
wishbone arm 10 defined by a front wishbone portion 10a
and a rear wishbone portion 10b (see figure 2b). More-
over, the suspension structure comprises a second lower
wishbone arm 11 defined by the front wishbone portion
11aandarearwishbone pottion 11 b. The frontwishbone
portions 12a and 13a of the first upper arm 12 and the
first lower arm 13 are pivotally connected to the rigid
frame 17 through pivotable connections 17d and 17b,
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respectively. In the same way, the front wishbone por-
tions 10a and 11 a of the second upper arm 10 and the
second lowerarm 11, respectively, are pivotally connect-
ed to the rigid frame 17 through pivotable connections
17c and 17a, respectively. The rear wishbone portions
13b and 11 b of the first lower arm 13 and the second
lowerarm 11, respectively, are pivotally connected to the
rigid frame 17 through pivotable connections 17e and
171, respectively. The rigid frame 17 firmly supports an
actuating device comprising two electric motors 16 and
a reduction gear 15 adapted to be activated by said two
electric motors 16 through atransmission belt 15a. More-
over, the reduction gear comprises a rotatable shaft 15b
to which there is firmly fixed a tilting crank 14; as it will
become more apparent with the following disclosure, ro-
tating the rotatable shaft 15b results in the tilting crank
being tilted. The rear wishbone portions 12b and 10b of
the first upper wishbone arm 12 and the second upper
wishbone arm 10 are pivotally connected to the rotatable
shaft 15b. The suspension structure further comprises a
first upright 9 adapted to rotatably support a first wheel
2 as well as a second upright 8 adapted to rotatably sup-
port a second wheel 3. The first upright 9 is supported
by the first upper arm 12 and the first lower arm 13. In
particular, the first upright 9 is pivotally connected to the
first upper and lower arms 12 and 13 to pivotable con-
nections 9a and 9b, respectively. In the same way, the
second upright 8 is supported by the second upper arm
10 and the second lower arm 11; in particular, the second
upright 8 is pivotally connected to the second upper arm
10 an the second lower arm 11 through pivotable con-
nections 8a and 8b, respectively. As will become more
apparent with the following disclosure, the pivotable.con-
nections 9a, 9b, 8a and 8b allow both steering and tilting
of the two wheels 2 and 3. Two motors 4 and 5 are re-
ceived in the hubs of the wheels 3 and 2, respectively;
moreovet, in figure 1, reference numeral 6 identifies a
brake disk of the wheel 3. A corresponding brake disk,
even if not depicted in the drawings, is provided or the
wheel 2. The suspension structure comprises moreover
two shock absorbers 18 pivotally connected to both the
tilting actuator or crank 14 and to the upper wishbone
arms 10 and 12. In particular, a first shock absorber 18
is pivotally connected to the actuating crank 14 through
a pivotable connection 14a and to the second upper arm
10 through a pivotable connection 18b. In the same way,
a second shock absorber 18 is pivotally connected to the
pivoting actuator orcrank 14 through a pivotable connec-
tion 14b and to the first upper arm 12 through a further
pivotable connection 18a. In the embodiment depicted
in figures 2a and 2b (see in particular figure 1 and figure
2b) the two shock absorbers 18 are connectedto the rear
wishbone portions 10b and 12b, respectively; in particu-
lar, this is due to the fact that the pivoting crank 14 is
provided, in this embodiment, at the rear end portion of
the gearbox 15. However, it would also be possible to
totally connect the two shock absorbers 18 to the front
wishbone portions 12a and 10a, respectively, for in-
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stance by providing the pivoting crank 14 cnthe frontend
portion of the gearbox 15. Finally, in figures 2a and 2b,
reference numeral 20 identifies a road or ground on which
a vehicle implementing the tilting module and system de-
picted therein is assumed to travel.

[0029] Before proceeding with the description of the
way tilting is performed in the case of the tilting module
and system depicted in figures 1, 2a and 2b, an alterna-
tive solution will be described in the following with refer-
ence to figure 3 relating to the way the wishbone arms
of the suspension structure may be disposed; in partic-
ular, in figure 3, those parts already described with ref-
erence to figures 1, 2a and 2b are identified by the same
reference numerals whilst some of the parts depicted in
figures 1, 2a and 2b are omitted in figure 3 for reasons
of clarity.

[0030] The mostimportant aspects of the solution de-
picted in figure 3 relate to the fact that according to this
solution, the front wishbone portions 12a and 10a of the
first upper arm 12 and the second upper arm 10 are piv-
otally connected (not depicted in figure 3) aboutthe same
axis of the rotating shaft 15b of the gearbox 15. The so-
lution depicted in figure 3 allows to further reduce the
complexity of the suspension structure as well as its di-
mensions but the reciprocal disposition of the rear wish-
bone portions 12b and 10b, however, is not modified, as
well as the reciprocal disposition of the pivoting crank 14
and the shock absorbers 18 which, as stated above, are
pivotally connected to said pivoting crank 14 to pivotable
connections 14a and 14b.

[0031] In the following, with reference to figure 4a, a
description will be given of the tilting behavior of the tilting
module and system of figures 1, 2a and 2b; again, in
figure 4a, those component parts already described with
reference to previous figures are identified by the same
reference numerals.

[0032] As soon as tilting of the vehicle implementing
the tilting module and system depicted in figure 4a is
required (for instance, during cornering of the vehicle)
electrical current is supplied to the electric motors 16;
accordingly, the two electric motors 16 are activated, re-
sulting in the gearbox 15 being also activated through
the transmission belt 15a. That means that a rotational
impulse is given to the rotatable shaft 15b. Assuming that
said rotating impulse is such as to rotate the rotatable
shaft 15b in the direction of rotation x depicted in figure
4a, a corresponding tilting impulse is also given to the
tilting crank 14 so as to tilt this to the left in figure 4a.
Accordingly, a corresponding displacement impulse is
given to the suspension structure through the shock ab-
sorber 18. However, in view of the resistance exerted by
the suspension structure, neither the tilting actuator or
crank 14 is tilted to the left nor the suspension structure
is displaced into the same direction. However, the resist-
ance exerted by the suspension structure results in a
reverse torque arising, with said reverse torque acting
on the case of the gearbox 15, resulting in said gearbox
15 being rotated in a direction contrary to the direction x,

10

15

20

25

30

35

40

45

50

55

namely in the direction y depicted in figure 4a. Since the
gearbox 15 is firmly fixed to the rigid frame 17, also this
rigid frame 17 is rotated of an angle o as a function of
the rotating impulse originally given to the rotatable shaft
15b andtheftiltingcrank 14. As stated above, the support
arms 10, 11, 12 and 13 are either pivotally connected to
the rigid frame 17 through the pivotable connection 173,
17b, 17¢, 17d, 17e and 17f or the rotatable shaft 15b (see
in particular figure 2b). Moreover, the uprights 9 and 8
are pivotally connected to the suspension arms 12, 13
and 10, 11, respectively, through the further pivotable
connections 9a, 9b, and 8a, 8b. Finally, the shock ab-
sorbers 18 are pivotally connected to the suspension
arms 8 and 12 through corresponding pivotable connec-
tions 18b and 18a. Accordingly, the rotation of the rigid
frame 17 of an angle « on the rotatable shaft 15b results
in the whole suspension structure being tilted to the left
in figure 4a together with the wheels 3 and 2 which, as
depicted in figure 4a are also tilted of the same angle a.
Obviously, the same considerations as stated above also
apply in the case of a rotating impulse in the direction
contrary to the direction x being given to the rotatable
shaft 15b and the tilting crank 14; in this case, the sus-
pension structure would be tilted in a corresponding con-
trary direction, i.e. to the right in figure 4a.

[0033] Itresults, therefore, from the above that the tilt-
ing module and system according to the present inven-
tionis anactivetiltingmodule and system, namely amod-
ule and system wherein the tilting function is obtained
throughthe action of an actuating device which may com-
prise one or more electric motors eventually in combina-
tion with a gearbox connected to said electric motors
through a transmission belt; alternatively, different actu-
atingmeans may be used such as, for instance, hydraulic
actuating means or the like. In the same way, equivalent
transmission means may be use instead of the transmis-
sion belt 15a.

[0034] Ithas, moreover, to be appreciated that rotating
the rigid frame 17 of an angle o as depicted in figure 4a
results in the whole vehicle being tilted in the same angle
a since the rigid frame 17 is firmly fixed to the chassis or
body of the vehicle; accordingly, the result of the gravity
and the centrifugal forces is kept oriented along the ver-
tical body axis of the vehicle, thus allowing to avoid or at
least minimize the rollover risk even if the track of the
vehicle is now very curved compared to that of conven-
tional vehicles.

[0035] Forthe purpose of exploiting the tilting function,
the vehicle implementing the tilting module and/or system
according to the present invention may be equipped with
sensing means adapted to correct data relating to the
dynamic behavior of the vehicles so as to activate the
actuating means (the electric motor 16 and the gearbox
15 in the case of the system depicted in figure 4a) as a
function of the data collected. In particular, the sensing
means may be of the kind adapted to collect data relating
to the lateral acceleration and/or forces of the vehicle.
Accordingly, as soon as the vehicle approaches a curve
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or cornering and a driving action is exerted by the driver,
the resulting lateral acceleration acting on the vehicle
may be detected and measured and a corresponding sig-
nal may be sent to a central unit adapted to activate the
actuating means, thus resulting in the vehicle being tilted
so as to compensate the lateral acceleration felt by the
vehicle. This solution, in particular, allows to compensate
any lateral acceleration, i.e. also lateral acceleration aris-
ing in situation other than during cornering. For instance,
in the case of lateral wind, also resulting lateral acceler-
ation acting on the vehicle can be detected and the ve-
hicle can be tilted contrary to the lateral wind and also in
the case of the vehicle traveling on a straight road.
[0036] When one of the two wheels 2 and 3 crosses a
bump, the tilting module and/or system according to the
present invention behaves as depicted in figure 4b,
where like features depicted therein are identified by like
reference numerals.

[0037] In particular, in the example of figure 4b, it is
assumed that the wheel 2 crosses a bump 20a of the
surface r road 20; in this case, as depicted in figure 4b,
the tilting module and/or system does not work because
imposed vertical displacement of the wheel 2 is absorbed
by the shock absorber 18. In particular, this is due to the
irreversibility of the gearbox 15 connected to the tilting
crank 14, which, in turn, is connected to the shock ab-
sorber 18 through the pivotable connection 14b and 18a
(see figure 2b). Accordingly, the crank 14 is not tilted as
a consequence of the perturbation acting on the suspen-
sion structure but only the wheel 2 is lifted as depicted
in figure 4b. Accordingly, the rigid frame is not rotated
and the vehicle is not tilted.

[0038] As stated above, suspension tilting module
and/or systems must allow high rotational angle involved
during both tilting and steering. In the following, with ref-
erence to figures 5, 5a and 5b, an example of a solution
adopted in the tilting module and/or system according to
the present invention and allowing high rotational titling
and steering angles will be described; as usual, in figures
5, 5a and 5b, like features already described above with
reference to previous figures are identified by like refer-
ence numerals.

[0039] Infigures 5, 5a and 5b, there is depicted one of
the two uprights of the tilting module according to the
preset invention, namely the upright 8 adapted to rotat-
ably support the wheel 3 (the left wheel in figure 2a);
however, it has to be understood that the same consid-
erations as stated above also apply to the upright 9 adapt-
ed to rotatable support the wheel 2 (the right wheel in
figure 2a). Accordingly, a desctription of the upright 9 is
omitted. As apparent from figures 5, 5a and 5b, the up-
right 8 comprises an upper and a lower fork, each defined
by two bearing means 8ac, 8ad and 8bc, 8bd, respec-
tively. The upperbearingmeans 8ac and 8ad are adapted
to rotatably receive a rotatable shaft 8ab and define, in
combination, a hinge axis allowing rotation of the shaft
8ab. In the same way, the lower bearing means 8bc and
8bd rotatably support a lower rotatable shaft 8bb and
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define a lower hinge axis that allows rotation of the lower
shaft 8bb. It appears, therefore, clearly that the large tilt-
ing angle between the suspension arms 10 and 11 and
the upright 8 are allowed by the rotation of the two rotat-
able upper and lower shafts 8ab and 8bb about the bear-
ing means 8ac, 8ad and 8bc, 8bd, respectively. In par-
ticular, in this respect reference is made to figure 4a
showing the reciprocal disposition of the suspension
arms 10 and 11 with respect to the upright 8. Moreover,
the upper rotatable shaft 8ab comprises a receiving por-
tion 8ae shaped to rotatably receive a ball shape portion
8af of a ball joint. Moreover, a protruding portion 8ag
extends from the ball shaped portion 8af. The protruding
portion 8ag allows the ball joint and, accordingly, the up-
right 8 to be connected to the upper suspension arm 10.
Inthe same way, the lower rotatable shaft 8bb comprises
a receiving portion 8be adapted to rotatably receive the
ball shaped portion 8bf from which a protruding portion
8bg extends allowing the upright 8 to be connected to
the lower suspension arm 11. As stated above, the ball
shaped portions 8af and 8bf are rotatably received inside
the receiving portions 8ae and 8be, respectively. Accord-
ingly, this allows the rotation of the upright 8 in the direc-
tion identified by the two arrows in figure 5, i.e. on a ro-
tation axis substantially vertical and allows, therefore, the
rotations involved during steering. To this end, the rotat-
able shaft 8ab is provided with an end portion 8ah adapt-
ed to be connected with a steering rod (not depicted in
figures 5, 5a and 5b). During tilting of the suspension
module and/or system, the two ball joints are subjected
to minor rotations, forinstance to the minor rotations aris-
ing when the upright 8 is not disposed perfectly vertical.
The ball joints allow the rotations involved during steering
while the rotatable shafts 8ab and 8bb are subject to mi-
nor rotations.

[0040] In the solution described above with reference
to figures 5, 5a and 5b, the steering axis is defined by
the two ball joints upright 8. However, the location of the
steering axis is an important design feature when high
performance, such as high drive feeling and stability have
to be obtained. In fact, any factor limiting the allowable
location of the steering axis could severely influence the
performances of the vehicle. Accordingly, and still ac-
cording to the present invention, a further solution has
been proposed relating to the upright used for the sus-
pension structures; this further solution will be described
in the following with reference to figure 6, wherein like
features already described with reference to previous fig-
ures are identified by like reference numerals. Again,
whilst in the following a description will be given relating
to one upright, in particular of the upright 8 adapted to
rotatably to support the wheel 3 (left wheel in figure 2a),
it has to be appreciated that the same considerations as
stated below also apply to the second upright, namely
the upright 9 adapted to rotatably support the wheel 2
(right wheel in figure 2a). As apparent form figure 6, the
wishbone potrtions 10a and 10b of the upper wishbone
arm are not connected to each other but are both con-
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nectedto the rotatable shaft 8ab which is in turn rotatably
received inside the bearing means 8ac and 8ad. This
reciprocal disposition of the wishbone portions 10a and
10b allows to solve the problem relating to the effective
position of the bearing axis; in particular, in this way, a
virtual steering axis (perpendicular to the plane of figure
6) is created passing through the virtual point G. This
solution is more complicated that described above with
reference to figures 5, 5a and 5b since the suspension
wishbone arm cannot be realized as a single element but
two anchor points are needed on the rotatable shaft 8ab
to connect the wishbone portions 10b and 10a. These
anchor points may be ball joints allowing small rotations
and displacements during tilting. However, the solution
depicted in figure 6 may be preferred in all those situa-
tions in which the steering axis needs to be placed in part
of the wheel hub that would not be allowed in the case
of the solution depicted in figures 5, 5a and 5b.

[0041] Inthe following, afirst alternative solution of the
way the shock absorbers may be disposed in the tilting
module and/or system according to the present invention
will be described with reference to figure 7, wherein like
features already described with reference to previous fig-
ures are identified by like reference numerals.

[0042] As apparent from figure 7, in the solution de-
picted therein, the two shock absorbers are disposed
above the rigid frame 17. The two shock absorbers are
pivotally connected to the suspension system at respec-
tive opposite sides through corresponding actuating
arms 30 and 31. Moreover, the two shock absorbers are
activated by two corresponding tilting cranks adapted to
be tilted as a result of a mechanical input transmitted by
the actuating means (still disposed inside the rigid frame
17) through corresponding levels (not depicted in figure
7). That means that, during tilting, one shock absorber
is displaced along the first predefined direction whilst the
second shock absorber is displaced along a second pre-
defined direction contrary to said first predefined direc-
tion, In particular, the direction of displacement of the two
shock absorbers is parallel to the common axle of the
two wheels 2 and 3. Accordingly, as a result of the con-
trary displacement of the two shock absorbers, an action
is exerted by the two arms 30 and 31 on the suspension
structure sothat the rigid frame 17 is tilted at a predefined
angle along with the whole suspension structure, the
wheels and the vehicle. The solution depicted in figure 7
is more complicated than that described above with ref-
erence to figures 1, 2a and 2b but may be preferred in
those situation in which the aerodynamic behavior of the
suspension module and/or system has to be improved,;
in fact, this solution allows to locate the shock absorbers
on board the vehicle. The drawback of this solution is the
increased complexity due to the increased number of tilt-
ing cranks and transmission levers.

[0043] In the following, a further alternative solution of
the way the shock absorbers and the actuating device
may be reciprocally located and disposed in the tilting
module and/or system according to the present invention

10

15

20

25

30

35

40

45

50

55

will be described with reference to figures 8 and 8a,
wherein, as usual, like features and/or component parts
already described with reference to previous figures are
identified by like reference numerals.

[0044] The main difference between the solution de-
picted in figures 8, 8a and that of figures 2, 2a and 2b
relates to the fact that in the solution of figures 8 and 8a,
the actuating means (in particular, the gearbox 15) are
disposed so that the rotatable shaft 15b of the gearbox
15 lies in a vertical plane with respect to the road, i.e. in
a plane vertical with respect to figure 8. The two shock
absorbers 18 are still provided connected to the gearbox
15 through a first L-shaped arm 4a firmly fixed to the
rotatable shaft 15b. That means that as soon as the ro-
tatable shaft 15b is rotated, the L-shaped arm 4a is also
rotated so as to push one shock absorber 18 in a first
direction whilst the second shock absorber 18 is pulled
in a direction substantially contrary to said first direction.
The two shock absorbers 18 are furthermore connected
to the suspension structure through further L-shaped
arms and transmission arms. In particular, the left shock
absorber 18 in figure 8 is connected to the suspension
structure through a first L-shaped arm 41 and a trans-
mission arm 43; moreover, the L-shaped arm 41 is usu-
ally anchored to the rigid frame 17 through a pivotable
connection 46a and a connection arm 45. In the same
way, the right shock absorber 18 in figure 8 is usually
connected to the suspension structure through a second
L-shaped arm 42 and a second transmission arm 44;
again, the L-shaped arm 42 is pivotally anchored to the
rigid frame 17 through a pivotable connection 46b and
an anchoring arm 46. In figure 8, the left shock absorber
and the left L-shaped arm 41 and the transmission arm
43 are not symmetrically disposed with respect to the
right shock absorbers 18, the right L-shaped arm 42 and
the right transmission arm 44 in spite of the fact that nei-
ther the wheels 2 and 3 nor the suspension system are
tited. However, it has to be appreciated that the non-
symmetrical reciprocal disposition of the left and right
shock absorbers and the corresponding L-shaped arms
and transmission arms only arises during tilting; the pur-
pose of figure 8 is, therefore, only that of clarifying the
displacement and/or rotations of the component parts
which, as stated before, in normal conditions such as,
for instance during traveling on a straight road without
tilting, are disposed symmetrically. The right reciprocal
disposition of the shock absorbers, the L-shaped arms
under normal conditions is, therefore, that depicted in
figure Ba. It appears clearly from figure 8 that a rotation
of the rotatable shaft in the direction X results in the left
shock absorber 18 being pushed or displaced along the
direction Y whilst the right shock absorber 18 is pulled in
the direction Y’. Accordingly, the left L-shaped arm 14 is
also rotated in the X direction whilst the right L-shaped
arm 42 is rotated in the contrary direction X’. Moreover,
since also in this case, the rigid frame is firmly fixed to
the chassis of the vehicle, also the vehicle is tilted at the
same angle, thus allowing again the resultant of the grav-
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ity and the centrifugal forces to be kept oriented along
the vertical body axis of the vehicle, thus allowing to avoid
rollover.

[0045] As stated above, the suspension tilting module
and/or system according to the present invention is con-
ceived so asto allow electric motors to be receivedinside
the hubs of the wheels. Placing electric motors in the
inside of the hubs of the wheels as depicted in figures 1,
2aand 2b allows to realize a tilting driving module adapt-
ed to be used either in combination with a main drive
engine or even in addition to a main engine so as to re-
alize any bridge vehicle. In particular, several forward
train architectures are possible comprising for instance
a purely electric architecture, wherein the electric power
is stored in an appropriate system such as a battery. Al-
ternatively, the brake architecture can be realized,
wherein the primary source of energy is an internal en-
gine that can be connected in series or in parallel to the
electric motors. Moreover, suitable energy storage al-
lows to manage the power peaks required by the electric
motors. The adoption of the tilting module according to
the present invention equipped with two electric motors
on the two wheels of a common axle and the connection
of the second axis (single wheel axis in the case of a
three cycle, two wheel axis in the case of a car) to the
internal combustion engine permits to transforma vehicle
with three or four wheels in a very simple hybrid vehicle
of the mixed parallel/series type. The advantages offered
by this configuration relate to the fact that it can operate
several different modes, namely a parallel hybrid mode
and a seties hybrid mode. In the parallel mode, the elec-
tric motors and the internal combustion engine are used
to drive always at the same time. In this case, the electric
motors can be used for regenerative braking. Moreover,
an electric generator connected to the internal combus-
tion engine can be used to charge the battery or, alter-
natively, electric motors can be used for this purpose or,
alternatively, constant regenerative braking of the corre-
sponding axle is used while the internal combustion en-
gine is driving the other axis. This means that a certain
amount of power generated by the internal combustion
engine is transmitted through the road and the wheels to
the electric motors and, finally, to the battery. Inthe series
hybrid mode, the internal combustion engine generate
mechanical power that is transformed into an electtic one
by a generator. This energy is transferred entirely to the
battery as the transmission to the wheels is disengaged.
According to a further operation mode (zero emission
vehicle), the internal combustion engine is shutdown and
the electric motors are driven using the energy stored in
the battery. The relatively small amount of energy stored
inthe battery allows short range mobility usually sufficient
in the case of city centers. However, in all cases, it is
possible to take advantage from the regenerative brak-
ing. In a hill truck, the costing braking with electric motors
permits a recharge of the batteries without energy dissi-
pation on the brake. Finally, from the point of view of
vehicle stability, the introduction of an electric motor on
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each wheel allows the independent control of the torque
on each wheel with the result of obtainingthe functionality
of an electronic differential with the related advantages
of improved performances and safety.

[0046] Inthefollowing, with reference to figure 9, afirst
example of a possible electrical layout of a power train
adapted to be implemented in the tilting module accord-
ing to the present invention will be described. In particu-
lar, in figure 9, the two wheels of the tilting module are
identified by the reference numerals 2 and 3, whilst the
electric motors received in the hubs of the wheels are
identified by the reference numerals 4 and 5. On the con-
trary, the whole suspension structure of the tilting module
is not depicted in figure 9; it has, however, to be appre-
ciated that the electric layout depictedin figure 9 is adapt-
ed to be implemented in any of the tilting modules de-
scribed above.

[0047] Inthe layout of figure 9, electrical power stored
in the storing means 101 may be supplied to the electric
motor 4to the electrical connection 101b, the power elec-
tronic 107 and the final electrical connection 107a. In the
same way, electrical power may be supplied from the
storing means 101 to the electric motor 5 through the
electrical line 101 a, the corresponding power electronic
unit 106 and the final electrical connection 106a. This
configuration allows the two wheels 2 and 3 to be driven
separately and independently from each other; for in-
stance, one of the two wheels 2 or 3, let us say the wheel
3, may be driven by supplying electrical power to the
corresponding motor 4, whilst no electrical power is sup-
plied to the electtic motor 5 and so that the wheel 2 is
not driven. The contrary situation, namely the situation
that the electrical power is supplied to the electric motor
5 and not to the electric motor 4, give the result that the
wheel 2 is driven whilst the wheel 3 is not driven. More-
over, it is also possible to supply contemporatrily the two
electric motors 4 and 5 with electrical powers of corre-
spondingdifferentintensity, thus resulting in differentme-
chanical torques being applied to the wheels 3 and 2.
The supply of electrical powerto one orboth of the electric
motors 4 and 5 is controlled by the control unit 108 in
cooperation with the power electronic unit 107 and 106,
respectively. To this end, sensing means (not depicted
in figure 9) may also be used, with said sensing means
being adapted to collect data relating to the driving con-
ditions and/or the behavior of the vehicle, in particular of
the two wheels 2 and 3. The data collected are supplied
to the control unit 108 which, in turn as a function of the
data collected, controls the function of the power elec-
tronic units 107 and 1086, thus controlling the supply of
the electrical power from the storage means 101 to the
two electric motors 4 and 5, respectively. It is also pos-
sible to use the two electric motors 4 and 5 as electrical
power generating means so as to recharge the storing
means 101; forinstance, in case of braking of one orboth
of the two wheels 2 and 3, the energy generated may be
supplied from one or both of the electric motors 4 and 5
to the storing means 101 to the power electronic units
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107 and 106. The storing means may, therefore, be re-
charged and the stored energy and/or electric power may
be used forthe purpose of driving the two electric motors
4 and 5. The layout of figure 9 represents, therefore, an
electromechanical module which allows electrical power
to be transferred from one of the two electric motors 4
and 5 to the other one of said two motors, thus allowing
mechanical torque to be transferred from one of the two
wheels 2 and 3 to the other one of said two wheels; in
particular, in the case of the layout depicted in figure 9,
the electrical power generated by the two electric motors
4 and 5 is first supplied to the storing means 101 where
said electrical power is kept at disposal for the purpose
of driving said two motors. As soon as the need arises,
electrical power is supplied to either one or both of the
two motors 4 and 5. It appears, therefore, clearly that the
two electric motors 4 and 5 may be driven independently
and separately, thus allowing corresponding different
mechanical torques to be supplied to the two wheels 2
and 3. Assuming that the layout and/or the electrome-
chanical module of figure 9 is implemented in a vehicle
driven by a main engine, for instance a combustion en-
gine acting on the rear wheels, the module of figure 9
may be used for operating the front wheels, thus exploit-
ing the three functions of driving, tilting and steering the
wheels; however, the situation is also possible, wherein
the front wheels are driven by the main engine whilst the
module of figure 9 is used for operating the rear wheels.
Moreover, it is also possible to use the module of figure
9 to additionally actuate (i.e. by means of the two electric
motors 4 and 5) the wheels driven by the main engine,
namely either the front orthe rear wheels. Independently
thereon which wheels are operated by the main engine
andthe module offigure 9, the electrical operation of said
module may be summatrized as follows. In normal driving
conditions, the two electric motors 4 and 5 may either
remain inoperative or even be used for the purpose of
driving the vehicle. When the driving conditions change,
for instance when cornering fast, when obstacles are to
be avoided or in the case of slippery conditions due to
show, ice, rain or the like, a particular operation of one
orboth of the two electric motors 4 and 5 may be request-
ed, for instance to two corresponding signals supplied
by the control unit 108 to one or more of the power elec-
tronic units 107 and 106 as a function of data relating to
the driving conditions selected by the sensingmeans and
supplied to the control unit 108. Accordingly, either only
one of the two electric motors 4 and 5 may be supplied
with electrical power or one of two electric motors may
be supplied with additional electrical power resulting in
one of the two wheels 2 and 3 being supplied with addi-
tional mechanical torque. However, the same electrical
torque may also be sent to the two electric motors 4 and
5, resulting in the two wheels 2 and 3 being driven the
same way or, alternatively, the two electric motors may
even be operated so as to brake a wheel while giving
traction to the other, resulting in one of the wheels being
driven in a different direction with respect to the other.

10

15

20

25

30

35

40

45

50

55

10

With the embodiment disclosed above with reference to
figure 9, an electrical power may be reciprocally trans-
ferred between the two electric motors, thus resulting in
corresponding mechanical torque being transferred from
one motor to the other; in particular, as verified above in
the embodiment of figure 9, this is obtained by preven-
tively storing the electrical power generated by one of
both of said two motors in the storing means and by sub-
sequently supplying the stored electrical powers to one
of both of said electric motors. However, the need may
also arise of transferring electrical power directly from
one motor to the other, i.e. without preventively storing
said electrical power in the storing means. An example
of an electrical layout allowing to directly transfer energy
and/or electromechanical power between the two mo-
tors, thus allowing to directly transfer mechanical torque
between the two corresponding wheels will be disclosed
in the following with reference to figure 10, wherein com-
ponent parts already disclosed with reference to figure 9
are identified by the same reference numerals.

[0048] The electrical layout depicted infigure 10 is sim-
ilar to that disclosed above with reference to figure 9 but
different fromthat of figure 9 in that, in the layout of figure
10, the two power electronic units are directly connected
through one or more bypass connecting lines 106¢, es-
sentially adapted to allow electrical power or energy to
be directly transferred between said two power electronic
units 107 and 106. The two power electronic units 107
and 106 are still connected through connecting lines
108b and 108a through a control unit 108 adapted to
control the functioning of the two power electronic units
107 and 106, i.e. the energy transfer between said two
power electronic units 107 and 106. Accordingly, in a way
similar to that of the layout with reference to figure 9,
electrical power or energy may be transferred between
the two electric motors 4 and 5, these resulting in turn in
the possibility to transfer mechanical torque between the
two wheels 2 and 3. Again, a sensing means (not depict-
ed in figure 10) may be provided for the purpose of col-
lecting data related to the driving conditions and/or the
dynamical behavior of the vehicle and supplied to the
control unit 108 from which corresponding signals are
supplied to the two power electronic units 107 and 106,
so as to control the transfer of electrical power therebe-
tween as a result of the data collected by said sensing
means. The most advantage offered by the module of
figure 10 with respect to that of figure 9 relates to the fact
that energy used for the active differential function, i.e.
for activating two electric motors 2 and 3 so as to drive
correspondingly the two wheels 2 and 3 is easily man-
aged by the control unit 108 without involving other parts
of the electromechanical module and/or of the vehicle
such as, for example the storing means or battery pack
101. This allows, in particular, to increase deficiency of
the energy exchange in the module. The purpose of said
storing means 101 may, therefore, be limited to that of
supplying electrical power to the control unit 108 to con-
necting line not depicted in figure 10. Electrical power is,
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therefore, collected from one of the two motors (either
the motor 4 or the motor 5) and directly transferred to the
other motor without temporarily storing said electrical
power; accordingly, the electrical power transferred es-
sentially corresponds to the electrical power generated
bythe motorfrom which said electrical power is collected,
for instance during braking of one of the two wheels. It
is also possible to provide dissipating means (not depict-
ed in figure 10) between the two reversible power elec-
tronic units 107 and 106 for the purpose of passively dis-
sipatingthe electrical power generated by the two motors
4 and 5; in fact, the situation may arise in which the elec-
trical power requested for activating one electrical motor
is less than the electrical power generated by the other
motor. Accordingly, at least part of the electrical power
generated by said motor and collected from said motor
must be partially dissipated; as stated above, this can be
obtained by means of dissipating means provided be-
tween the two power electronic units 107 and 106. For
instance, said dissipating means may comprise electrical
resistance or the like.

[0049] Inallthe examplesdescribed above ofthe tilting
module according to the present invention, the driving
motors 4 and 5 received in the hubs of the wheels 2 and
3 are depicted as electric motors directly acting on the
axle of the two wheels. However, other solutions are also
possible depending on the circumstances. A possible al-
ternative solution is depicted in figure 11 and comprises
an electric motor 4 acting on cooperation with a gearbox
15 and received, together with said gearbox, in the hub
ofthe wheel 3. Moreover, infigure 11, reference numeral
6 identifies the brake disk of the wheel. The use of the
gearbox 15 according to the solution depicted in figure
11 allows to reduce the torque required to the electric
motor 4 and to increase its maximum speed. In this case,
the electric motor 4 has a radial dimension lower than
the direct drive solutions depicted in the previous figures.
It results, therefore, from the disclosure given above that
the tilting module and/or system according to the present
invention allows to overcome the drawbacks affecting
the priorarttilting systems. In particular, the tilting module
according to the present invention allows to obtain large
tilting and steering angles. Moreover, the provision of
electric motors in the two tilting wheels allows the reali-
zation of a driving electromechanical tilting module
and/or system, without these motors negatively affecting
the tilting angles. Accordingly, a high transmission effi-
ciency is obtained, moreover, the module according to
the present invention allows the realization of hybrid tilt-
ing vehicles and to implement vehicle dynamic control
controlling the torque independently on each tilting
wheel.

[0050] The suspension tilting module shown in figure
2a, 2b in the case of a wheeled vehicle, can be applied
to a snow vehicle introducing the necessary changes in
order to fix the skis to the tilting module. The functioning
of the tilting module for the snow vehicle is the same to
the functioning for the wheeled vehicle.
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[0051] Infigure 12is depicted a snowmobile according
to the present invention comprising two skis on the front
frame. In a embodiment according to the present inven-
tion the snowmobile is driven by a drive track (301). The
two skis are connected to a suspension tilting module
(302) according to the present invention.

[0052] Figure 13 showsthe modified suspensiontitling
module so that it can be applied to a snowmobile. The
reference numbers have been kept consistent with the
number already used in figures 2a, 2b. The main differ-
ence is that in the embodiment two skis replace the
wheels. The fundamental elements of the suspension
system are four arms (10, 11, 12, 13), which can be for
example wishbones arms. The arms are linked to a rigid
box (17) and to two uprights (8, 9). The two skis (2, 3)
arerigidly linkedto the uprights (8, 9) through two steering
spindles (201, 202), The rigidbox (17) is rigidly connected
to the frame of the snowmobile. Two shock absorbers
(18) are linked on one side to the end of the upper arms
(10, 12) and to the tilting crank (14) on the other side.
The tilting actuating device is of rotative type and it is
realized with an electromechanical servo-system consti-
tuted by electric motors (16) and a reduction gear (15)
linked to the tilting crank (14). The rotation of the tilting
crank (14) relative to the rigid box (17) determines a roll
of the vehicle.

[0053] The steering command is transferred from the
handlebar to the skies by two steering rods (201, 202),
connected to the uprights (8, 9) by two joints.

[0054] Figure 14 explain the kinematic behavior of the
tilting suspension system, which is analogous to the one
described previously forthe wheeled vehicle. During cor-
nering the electric motors (16) are supplied with an elec-
tric current to provide a torque to the tilting crank (14)
through the reduction gear (15). Then the tilting crank
(14) results tilt to the left. Through the shock absorbers
(18) a displacement is given to the suspension structure.
However, due to the resistance exerted by the suspen-
sion structure, neitherthe tilting actuating device or ilting
crank (14) is tilted to the left nor the suspension structure
is displaced into the same direction. However, the resist-
ance exerted by the suspension structure results in a
reverse torque arising, with said reverse torque acting
onthe case ofthe gearbox (15), resulting in said gearbox
(15) being rotated in a direction contrary to the previous
one. Since the gearbox (15) is firly fixed to the rigid
frame (17), also this rigid frame (17) is rotated of an angle
« as afunction of the torque originally given to the tilting
crank (14). Considering the connection between the sus-
pension elements, the suspension structure results tilted
to the left with the skis (2, 3) of the same angle a.. The
rigid frame (17) is firmly fixed to the chassis of the vehicle
and then the whole vehicle is tilted of the same angle a.
[0055] The kinematic characteristic of the module per-
mits to tilt the body of the snowmobile and the skis in a
curve, compensating the lateral acceleration on the driv-
er. When the vehicle approaches a curve the driver acts
on the steer system to generate lateral forces that starts
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the vehicle cornering and induces lateral accelerations
to the vehicle. The tilting angle can be governed directly
by the driver as in the motorcycle or by a control system
and a suitable tilting actuator. In the first case (passive
tilting) the tilting degree of freedom is controlled by the
driver by the steer angle and by its lateral position on the
vehicle. In the second case (controlled tilting) a closed
loop control system based on the measurement of the
lateral acceleration relative to the body acts on the tilting
actuating device so as to reduce the lateral acceleration
felt by the driver. To this end the actuator is driven so as
to rotate in the opposite direction than the body.

[0056] Thetilting actuator and the relative control sys-
tem is based on electric central units (ECUs).

[0057] If one of the skis crosses a hole, the tilting ac-
tuating device does not work because the imposed ver-
tical displacement of the ski (2, 3) is absorbed by the
shock absorbers (18). The irreversibility of the gearbox
(15) connected to the tilting crank (14) is helpful from the
point of view of the tilting control system, as this allow
the crank (14) not to move as a consequence of a per-
turbation to one of the suspensions such as a hole or a
bump on the snow.

[0058] Particularly important elements of the suspen-
sion configuration accroding to the present invention are
the spherical joints (8a, 8b, 9a, 9b) between the suspen-
sion arms (10, 11, 12, 13) and the uprights (8, 9): these
elements are necessary to reach high tilting angles 45 -
50 degrees. To insure the functionality of the suspension
the joints have to be able to allow the high rotational an-
gles involved during tilting and steering. Standard spher-
ical joints for automotive applications cannot be used.
These joints are in fact designed to allow free rotation
about the steer axis and an angle in the range or 40 de-
grees (overall) in other two directions. Although the steer
angle of automotive spherical joints is enough also for a
tilting vehicle, the other angles are not adequate for a
high tilting suspension where angles in the range of 100
degrees are needed.

[0059] The spherical joints applied in the snowmobile
are the same joints which have been described previous-
ly in detail for a wheeled vehicle.

[0060] The proposed solution integrates the tilting and
steering functions in one device. Four of these joints (8a,
8b, 9a, 9b) need to be installed on a double wishbone
suspension to allow the tilting and steering functions. The
steering rods (203) are linked to the upper joints (8a, 9a)
to command the steering angle of the skis (2, 3) around
the steering spindles (201, 202). The other side of the
rods is linked to the handlebar to complete the steeting
command. In figure 15 the connections between the skis
andthe suspension tilting module are depicted. A further
advantage of the present invention is that as the vehicle
is able to incline its body, modified skis can be used in-
stead of traditional ones. In a particular embodiment ac-
cording to the present invention the skis are similar to
commercial carving skis. These skis have a variable pro-
file along the length (408). The upright is linked to the ski
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through a steering spindle constituted by a vertical rods
(405) and a horizontal rods (404) which has two terminal
spindles (406, 403) to connect the upright to the anchor
plates (407, 401) of the ski (402). The spindle (406) is
connected fixed to the anchor plates (407) on the ski,
whilethe spindle (403) is inserted in the bore ofthe plates
(401). This bore permits longitudinal displacements of
the upright and then the inflection of the ski when the
snowmobile approaches a curve. This inflection coupled
with the variable profile of the skis (408) improves the
dynamic behavior of the vehicle during cornering respect
the traditional ski. In fact during cornering, the front part,
with carving skis does not slide as with the traditional
skis. This improves the vehicle stability in corners at high
speed and the drive feeling. The longitudinal displace-
ment of the upright is also an advantage if the ski crosses
a hole. In a further embodiment according to the present
invention a new driving track atthe rear partcan be used.
A track with a round shape as a motorcycle tire can im-
prove the behavior of the snowmobile during cornering
because it guarantees a better contact area when the
vehicle is banking to provide a better grip. This round
shape track can be used also in combination with the
previous described suspension tilting module. In a par-
ticular embodiment of the present invention the tilting ac-
tuating device employs an electromechanical tilting ser-
voactuatorto drive thefilting crank. This permits to realize
a by-wire solution for the tilting actuation where the input
command is provided by the driver with the handle bar.
The driver controls only the steering input and the by wire
system controls the stability of the snowmobile working
on the tilting actuator starting from the drive input and
the signals from the accelerometer. This solution has re-
dundancy characteristic due to the presence of two elec-
tric motors, two mechanical transmission, two power
electronics and two ECUs.

[0061] In a further embodiment according to the
presentinventionthetilting actuating device is a hydraulic
actuator. This solution replaces the electromechanical
actuator with one constituted by one electric motor, one
pump and two hydraulic cylinders. These cylinders are
linked to the tilting crank to provide the tilting torque to
bank the snowmobile. The advantages of this solution
consist inthe reduction of the weight of the tilting actuator
and in the better optimization of the vehicle layout due
to the more compactness of the hydraulic solution than
the eletromechanical one. The system remains a by wire
solution with an ECU which controls the tilting angle con-
sidering the measures of the lateral acceleration and the
driver commands.

[0062] In afurtherparticular embodiment according to
the present invention a free tilting solution for the sus-
pension of the tilting snowmobile is disclosed. Inthis case
no tilting actuator is present to command the tilting. The
driver can command the tilting of the snowmobile moving
his body such as in amotorcycle. The advantages of this
solution consist in the reduction of the overall mass on
the snowmobile and in the improved drive feeling of the
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driver. With this solution the driver can command directly
the steer and the tilt of the vehicle without closed loop
automatic system. For this reason this solution is adapt
for expert driver because there is not automatic system
which can prevent lose of control of the snowmobile. For
this embodiment, an additional device must be inserted
to lock the tilting at low speed or when the vehicle is
parking. A brake linked to the tilting crank must be insert-
ed to lock the tilting. This device can be constituted by a
brake disc linked to the tilting crank, commanded by a
caliper, a hydraulic pump and a lever. The brake disc is
rigidly linked to the tilting crank and it has been locked
bythe caliper. The caliperis actuated by a hydraulic pump
with a hydraulic circuit. The driver commands the tilting
lock device with the lever inserted on the handlebar of
the snowmaobile.

[0063] Whenthe vehicle moves at low speed or during
parking the driver can command this brake by the lever
to lock the tilting of the snowmobile. In this case the ve-
hicle is equal to a normal snowmobile, where the sus-
pensions are locked. In the previous embodiments of the
electromechanical tilting actuator and of the hydraulic tilt-
ing actuator the tilting crank can be locked respectively
by the electric motors or by an isolation valve.

[0064] Of course, it should be understood that a wide
range of changes and modifications can be made to the
embodiments described above without departing from
the scope of the present invention. It has, therefore, to
be understood that the scope fo the present invention is
not limited to the embodiments described but is rather
defined by the appended claims.

Claims

1. A suspension tilting module (1) for a vehicle com-
prising at least two supporting elements (2, 3) dis-
posed between the vehicle and the floor , said mod-
ule comprising a suspension system adapted to sup-
port said at least two supporting elements allowing
tilting of said at least two supporting elements, said
module being
characterized in that
it further comprises an actuating device equipped
with tilting means (14) pivotally connected to said
suspension system, so that activation of said actu-
ating device results in said suspension system being
tilted together with said at least two supporting ele-
ments.

2. A module as claimed in claim 1,
characterized in that
said actuating device comprises a rotatable shaft
(15b) firmly fixed to said tilting means (14).

3. A module as claimed in claim 2,
characterized in that
said rotatable shaft lies in a plane substantially hor-
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izontal.

A module as claimed in claim 2,

characterized in that

said rotatable shaft lies in a plane substantially ver-
tical.

A module as claimed in one of claims 1 to 4,
characterized in that

said tilting means (14) are pivotally connected to said
suspension system through shock absorbers (18).

A module as claimed in one of claims 1 to 5,
characterized in that

said suspension system comprises a rigid frame (17)
adapted to be firmly fixed to the chassis of said ve-
hicle, said rigid frame being firmly fixed to said actu-
ating device and pivotally connected to suspension
arms (10, 11, 12, 13) of said suspension system so
that activation of said actuating device results in said
rigid frame being tilted together with said at least
supporting elements.

A module as claimed in claim 6,

characterized in that

said suspension arms comprise afirst upperarm (12)
and a first lower arm (13) adapted to pivotally
support , in combination, a first supporting element
(2) of said at least two supporting elements, as well
as a second upper arm (10) and a second lower arm
(11) adapted to pivotally support, in combination, a
second suppotrting element (3) of said at least two
supporting elements so as to allow tilting of said first
and second supporting elements (2, 3).

A module as claimed in one of claims 1 to 7,
characterized in that

said suspension system comprises a first upright (9)
adapted to support a first supporting element (2) of
said at least two supporting elements and a second
upright (8) adapted to support a second supporting
element (3) of said at least two supporting elements,
said first and second uprights (9, 8) allowing steering
of said first and second supporting elements on cor-
responding steering axes substantially vertical and
being adapted to be tilted together with said first and
second wheels, respectively.

A module as claimed in claim 8,

characterized in that

said first upright (9) is pivotally connected to first up-
perand lowerarms (12, 13), and in that said second
upright is pivotally connected to second upper and
lower arms (10, 11).

A module as claimed in claim 9,
characterized in that
said first upright (9) comprises afirst upper pivotable



11.

12,

13.

14,

25

connection (9a) pivotably connecting said first up-
right (9) to said first upper arm (12) and a first lower
pivotable connection (9b) pivotably connecting said
first upright (9) to said first lowerarm (13) and in that
said second upright (8) comprises a second upper
pivotable connection (8a) pivotably connecting said
second upright (8) to said second upper arm (10)
and a second lower pivotable connection (8b) pivot-
ably connecting said second upright (8) to said sec-
ond lower arm (10), said first upper and lower pivot-
able connections (9a, 9b) allowing both tilting and
steering of said first upright (9), said second upper
and lower pivotable connections (8a, 8b) allowing
both tilting and steering of said second upright (8).

A module as claimed in claim 10,

characterized in that

said first upper pivotable connection (9a) comprises
a first upper tilting shaft pivotally supported by cor-
responding bearing means , in that said first lower
pivotable connection (9b) comprises a first lower tilt-
ing shaft pivotally supported by corresponding bear-
ingmeans , in that said second upper pivotable con-
nection (8a) comptrises a second upper tilting shaft
(8ab) pivotally supported by corresponding beating
means (8ac, 8ad), and in that said first lower pivot-
able connection (8b) comprises a first lower tilting
shaft (8bb) pivotally supported by corresponding
bearing means (8bc, 8bd), said first upper and lower
tilting shafts allowing tilting of said first upright (9),
said second upper and lower tilting shafts (8ab, 8bb)
allowing tilting of said second upright (8).

A module as claimed in claim 11,

characterized in that

said first upper and lower tilting shafts are pivotally
connected to said first upper and lower arms (12,
13), respectively, through corresponding first upper
and lower pivotable steering connections, and in
that said second upper and lower tilting shafts (8ab,
8bb) are pivotally connected to said second upper
and lower arms (10, 11), respectively, through cor-
responding second upper and lower pivotable steer-
ing connections (8ae, 8be), saidfirst upperand lower
pivotable steering connections allowing steering of
said first upright (9), said second upper and lower
pivotable steering connections (8ae, 8be) allowing
steering of said second upright.

A module as claimed in claim 12,

characterized in that

said first upper and lower pivotable steering connec-
tions and said second upper and lower pivotable
steering connections (8ae, 8be) comprise steeting
ball joints.

A module as claimed in claim 13,
characterized in that
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21.
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each of said ball joints comprises a substantially
spherical portion (8af, 8bf) pivotally received in a cor-
responding receiving portion (8ae, 8be) of said tilting
shafts (8ab, 8bb) and a protruding portion (8ag, 8bg)
received in a corresponding receiving portion (10c,
11¢) of said arms (12, 13, 10, 11), respectively.

A module as claimed in one of claims 1 to 14,
characterized in that

said actuating device comprises at least one electric
motor (16).

A module as claimed in one of claims 1 to 15,
characterized in that

said actuating device comprises a reduction gear
(15).

A module as claimed in one of the claims 1 to 16,
characterized in that
said supporting elements are wheels.

A module as claimed in one of the claims 1 to 16,
characterized in that
said supporting elements are skis.

A driving tiltting suspension system for a wheeled ve-
hicle comprising at least two wheels disposed on a
common axle, said system being

characterized in that

it comprises a suspension tilting module as claimed
inone of claims 1to 17 andtwo wheels (2, 3) rotatably
connected to said module.

A system as claimed in claim 19,

characterized in that

said system comprises at least two electric motors
(4, 5) each mechanically coupled to one of said at
leasttwo wheels (2, 3), so as to drive said one wheel.

A system as claimed in claim 20,

characterized in that

said system comprises means for alternatively col-
lecting electrical power from one of said two motors
and for at least partially supplying the collected elec-
trical power to the other one of said two motors so
as to alternatively drive said two motors.

A system as claimed in claim 21,

characterized in that

the electrical power selected from one of said two
motors and supplied to the other one of said two
motors, essentially correspond to the electrical pow-
er generated by said motor.

A system as claimed in one of claims 21 and 22,
characterized in that

dissipating means are further provided for at least
partially dissipating the electrical power alternatively
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collected from one of said two motors, so that the
electrical power transferred to the other one of said
two motors is lessthan the electrical power collected.

A system as claimed in one of claims 21 to 23,
characterized in that

said motors are received inside the hubs of said
wheels.

A system as claimed in claim 24,

characterized in that

said motors are mechanically coupled to said wheels
through corresponding transmission means (15)
adapted to act on corresponding driving axles me-
chanically connected to said wheels.

A system as claimed in claim 25,

characterized in that

said transmission means comprises transmission
belts.

A system as claimed in claim 25,

characterized in that

said transmission means comprises transmission
gearboxes.

A system as claimed in one of claims 21 to 27,
characterized in that

said means foralternatively collecting electrical pow-
er from one of said two motors and for supplying the
collected electrical power to the other one of said
two motors comprise at least two power electronic
units (106,107), each of said at least power electron-
ic units being electrically connected to one of said
two motors.

A system as claimed in claim 28,

characterized in that

said at least two power electronic units are recipro-
cally connected to two electrical connections (108a,
108b) adapted to allow electrical power to be trans-
ferred between said two power electronic units.

A system as claimed in one of claims 28 to 29,
characterized in that

it further comprises a control unit (108) electrically
connected to each of said power electronic units
(106,107) and adapted to control the function of said
power electronic units.

A system as claimed in one of claims 28 to 30,
characterized in that

it further comprises sensing means adapted to col-
lect matter relating to the driving characteristics of
the vehicle exploiting said system and to supply said
data to said control unit.

An electrical module as claimed in claim 31,
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characterized in that
said data comprise data relating to the behavior of
said wheels.

A wheeled vehicle comprising at least two wheels
(2 3),

characterized in that

said vehicle is equipped with a driving tilting suspen-
sion system as claimed in one of claims 19 to 32.

A vehicle as claimed in claim 33,

characterized in that

said vehicle is a four wheeled vehicle comprising two
front wheels and two rear wheels, and in that said
vehicle comprises a rear and a front system as
claimed in one of claims 19 to 32, with said rear
wheels being rotatably connected to said module of
said rear system andthe front wheels being rotatably
connected to the suspension module of said front
system.

A vehicle as claimed in claim 33,

characterized in that

said vehicle is a four wheeled vehicle comprising two
front wheels and two rear wheels, either the front
wheels or the rear wheels being driven by a main
engine, and in that the two wheels not driven by said
main engine are rotatably connected to said module
of said system.

A vehicle as claimed in claim 33,
characterized in that
said vehicle is a three wheeled vehicle.

A vehicle as claimed in claim 33 when appended to
claims 20 to 32,

characterized in that

said at least two electric motors of said system also
provide the traction torques for driving said two
wheels.

A module for a snowmobile as claimed in claim 18,
characterized in that
said skis are rigidly connected to each other.

A module as claimed in claim 6 or 7,
characterized in that

the supporting elements are skis and the suspension
arms are wishbone arms.

A module as claimed in any of the claims 8 to 14,
characterized in that

said supporting elements are skis which are rigidly
linked to said upright elements (8,9) through two
steering spindles (201, 202).

A snowmobile
characterized in that
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said snowmobile is equipped with a suspension tilt-
ing module as claimed in one of the claim 18 or 38
to 40.

A snowmobile as claimed in claim 41
characterized in that
said skis are shaped skis.

A snowmobile as claimed in claim 41
characterized in that
said skis are carving skis.

A snowmobile as claimed in claim 41 comprising a
drive track

characterized in that

drive track has a round shape to improve the stability
of the snowmobile.

Asnowmobile as claimedin one of the claims 411044
characterized in that

the tilting of the snowmobile is activated by the move-
ment of the driver's body.

Asnowmobile as claimedin one of the claims 411044
characterized in that
the tilting can be locked at low speed or when said
snowmobile is parking.
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