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DESCRIPTION
"Suspension group in particular for motorised vehicles"

Field ofvapplication

[0001] The present invention relates to a suspension group,
in particular for motorised vehicles.

State of the art

[0002] As is known, in motorised land vehicles making use
of wheels, the lack of contact.of one or more wheels with
the ground causes serious problems of driveabilty and of
traction. The cause of the phenomenon may reside in the
conformation of the terrain or in the dynamics of the
vehicle. Known examples of this phenomenon are:

[0003] - in a four-wheeled vehicle which takes a curve at
high speed such as for example a racing car, one or both
wheels on the inside of the curve may lose contact with
thevground as a result of the roll of the vehicle,

w004]— in an off-road vehicle travelling over uneven
terrain, such as for example a rally car, a wheel may
lose contact with the ground as a result of a hole which
is too deep for the maximum admissible wheel stroke-
[0005] - in a vehicle which travels over the brow of a hill
or an obstacle at high speed, such as for example a
racing car, the 1lifting motion resulting from the
suspended mass may lead to a loss of contact of one or

more wheels with the ground, giving rise to problems of
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directionality and traction

[0006] - in two-wheeled vehicles, such as for example a
racing bike , the back wheel may lose contact with the
ground upon braking, or the front wheel may lose contact
with the ground upon accelerating. |

[0007] In most of these cases the loss of contact with the
ground is caused by reaching the maximum extension of the
suspension. In many suspension systems the function of
generating the elastic force is attributed to a single
subsystem (with linear or rotary excursion) which is
connected to the remaining parts of the suspension system
and to the suspended mass of the vehicle at its two ends.
[0008] For these vehicles frequently the condition of
maximum extension of the suspension and thus of
detachment from the ground of the relative wheel occurs
when said sub-system reaches its limit stop position at
maximum extension. In many vehicles said elastic sub-
system exercises a thrust force (which thus tends to make
the ends thereof move away from each other) until it
reaches its limit stop position at maximum extension ,
but in some solutions close to this condition the force
exercised by the elastic sub-system becomes a traction
force, it thus becoming necessary to exercise a traction
force on the subsystem from the outside to extend it

completely. In such latter case it will be the weight of
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the non-suspended mass which exercises this traction
force on the subsystem near the condition of maximum
extension of the.suspension, that is near the condition
of detachment of the wheel from the ground, and it may
happen that the detachment of the wheel from the ground
occurs before effectively reaching the 1limit stop

condition in extensiorn, simply because the weight of the

'non—suspended mass 1s not sufficient to completely extend

the elastic subsystem. For the purposes of the invention
in question, the condition of maximum extension is equal
to the so called rest length of the spring, that is the
length or extension whiéh the spring assumes when it is
free to extend inasmuch as subjected solely to the pre-
load but not to the weight deriving from the suspended
mass. 1In other words, when the wheel tends to 1lift off
the ground, the spring is no longer compressed by the
weight deriving from the suspended mass but is free to
extend as a function merely of the compression pre-load
and of the welight of the non-suspended mass.
Consequently, the 1length assumed by the spring in
detached conditions of the wheel is due to its rigidity
and the pre-load imposed on 1it; such length may be
defined as rest length, that is, in unloaded conditions
of the spring except for its possible pre-load.

Presentation of the invention
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[0009] To resolve the aforesaid problems, as of today some
solutions have been used in the prior art. For example,
in the current state of the art two types of solution are
used able to reduce the aforesaid phenomena of detachment
of a wheel from the ground, that is, the so-called
counter-spring and the so-called "helper-spring”.
KMIO]The so-called "counter-spring” or contractor™ spring
(fig.la-1b), that is a spring located inside the body of
the shock absorber is such as to be completely compressed
when the elastic sub-system is completely extended: the
effect is to substantially reduce the elastic force near
the entirely extended position of the elastic subsystem,
opposing the force of the main spring , which is usually
pre-loaded even in the position of maximum extension of
the elastic sub-system. To such purpose see the graph in
figure 1b, showing the force-excursion diagram of the
elastic subsystem: the effect of the counter spring is to
modify the force curve so as to make it pass from the
section ED to the section FD (without counter spring).
The graph in figure 1b shows the condition in which by
effect of the counter spring being mounted, thé‘elastic
subsystem in its position of equilibrium (point 0.0 of
the graph, null force at the ends) is not in its position
of maximum extension (coinciding with the point F).

[0011] Such solution (counter spring) significantly reduces
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the forces which tend to completely extend the suspension
in a very short section of excursion, close to the fully
extended position, but, as may be seen from the graph in

figure 1b, significantly increases the rigidity of the

elastic subsystem in such section: in the case in which

the counter spring permits a further extension after the
force has been annulled (section from 0,0 to‘point F); in
any case with little excursion, it will develop a high
traction force and will rapidly be able to 1lift the wheel
from the ground.

[0012] As regards the ‘helper spring’ (or "assist-spring”
or "tender-spring", fig. 2a-2b), this 1is a spring
installed in series with the main spring of the elastic
subsystem, of much lower rigidity, so as to generate a
force-excursion diagram of the elastic sub-system of the
bilinear type, such that in the first part of stroke from
it position of maximum extension the elastic subsystem
has a much lesser rigidity. To such purpose see the graph
in figure 2b, ‘the section interested by the "helper-
spring"” is the section ED. This type of solution is used
when upon full extension of the suspension (usually
determined by the full extension of the shock absorber)
the main spring 1s mounted with clearance in its
direction of movement, that is to say, housed in a bigger

space than its free length: the function of the "helper-
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spring" is, as the name would suggest, to keep the main
spring in its seat without letting it jerk.

[0013] Such second sclution instead maintains a very low
rigidity in the first section, but cannot be used in
conjunction with the counter-spring and requires the use
of shock absorbers with a lot of excursion which are thus
longer and occupy more 'space, and thus heavier and not
always possible to install. In addition, for the entire.
section which goes from point A to point E of the graph
it is not possible to brusquely lower the force of the
suspension asbin the case of the counter-spring.

[0014] The need is therefore felt to resolve the drawbacks
and limitations mentioned above with reference to the
prior art.

[0015] Such purpose is achieved by a suspension group
according to claim 1.

Description of the drawings

[0016] Further characteristics and advantages of  the
present invention will be more clearly comprehensible
from fhe description given below of its preferred and
non-limiting embodiments, wherein:

[0017] figures 1la-1b respectively represent an assembly
diagram of a suspension with counter-spring and the

relative force-excursion diagram according to a solution

-0f the prior art;
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[0018] figures 2a-2b respectively represent an assembly
diagram of a suspension with helper-spring and the
relative force-excursion diagram according to a further
solution of the prior art;

[0019] figure 3a,3b - 8a, 8b show variants of suspension
groups‘according to the present inveﬁtion , in which each
suspension group 1is shown both in the compressed
configuration (figures "a") and in the fully extended
configuraﬁion (figures "b");

[0020] figure 9a,9 - 1l4a, 14b show variants of the
suspension groups in figures 3a,3b - 8a,8b, in which each
suspension group 1is shown both in the compressed
configuration (figures "a") and in the fully extended
configuration (figures "b");

[0021] figures 15a-15c show the force-excursion diagrams
relative to the construction solutions illustrated in
figures 3a,3b - 8a, 8b;

[0022] figures 1l6a-16c show the force-excursion diagrams
relative to the construction soclutions illustrated in
figures 9a,% - 1l4a,14b;

[0023] figures 17-20 show variants of components of
suspension groups according to the present invention.
[0024] The elements or parts of elements common to the
embodiments described below will be indicated using the

same reference numerals.
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Detailed description

[0025] with reference to the aforementioned figures,
reference numeral 4 globally denotes an overall schematic
view of suspension group for motorised vehicles according
to the present invention.

[0026] For the purposes of the present invention it must be
specified that the term motorised vehicle must considered
in a broad sense, comprising any nmtorcycie having at
least two wheels, that is a front wheel and a back wheel.
Such definition thus encompasses motor cycles having
three wheels, of which for example two paired and
steering wheels on the front axle and one drive wheel, on
the rear axle, but also motorcycles which comprise a
sihgle steering wheel on the front axle and two drive
wheels on the rear axle. Lastly, such definition also
comprises so-called quad bikes having two wheels on the
front axle and two wheels on the rear axle.

[0027] Preferably, the term suspension group 4 is
understood to mean preferably but not exclusively, a rear
suspension, that 1is placed between the rear axle or
swingarm 8, having one or more wheelé, and the frame 12
operatively connected to said suspension.

[0028] The frame 12 may be in one piece or in several
parts: generally the portion of frame 12 interfacing with

the swingarm 8 supports the saddle for the rider and/or
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passenger. The swingarm 8 is hinged to said portion of
frame 12 of the motorcycle in relation to. at least one
hinge pin, not shown. It is to be specified that, the
connection between the swingarm 8 and the frame 12 may be
direct, by means of direct hinging, or may also be made
by the interposition of 1linkages and/or intermediate
subframes.

[0029] Both the rear swingarm 8 and the frame 12 may be of
any shape or dimension and may for example be of the
trellis type, box type, die-cast and so forth.

[0030] In any case the present invention is also applicable
to a front suspension in which the suspension group 1is
placed between the front wheel and a front portion of the
frame; in such application the suspension group may for
example be incorporated on the stems of the front fork or
even at the steering tube so as to damp the front wheel
group in relation to said tube or to an adjacent portion
of the front frame of the motor vehicle.

[0031] The suspension groﬁp 4 for motor vehicles comprises
a main spring 16 which extends between a first and a
second end 20, 24 of the group, influencing them
elastically along é working axis X-X.

[0032] The main spring 16 may be for example a cylindrical
and/or conical spring with a constant or variable pitch;

in addition the spring may be made of metal and/or
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polymer material. The main spring 16 may consist of any
other elastic means suitable to apply an elastic force
between the components it connects; so the main spring
may also be a pneumatic and/or hydraulic spring.

[0033] The first and the second ends 20, 24 are
kinematically connected to a first and second mass 28, 32
of the motorised vehicle respectively.

[0034] Such connection may be direct or provide for the
interposition of linkages according to various solutions
in use in the prior art. Such linkages are for example
used to modify the usually linear behaviour of the spring
depending on its effective lenqth; both in extension and
in compression.

[0035] Such kinematic connection is realised for example by
means of the interposition of hinges 36 having hinge axes
Y-Y parallel to each other and perpendicular to the
working axis X-X. Preferably, said hinges 36 are directed
along transversal hinge axes Y-Y, that 1is directed
perpendicular to the direction of movement of the
motorised vehicle. The preseﬂce.of the hinges enables the
suspension group to work mechanically adapting to the
rotations of the swingarm aﬁd/or forkvduring the movement
of the vehicle. In other words, the swingarm group acts
as a connecting rod which suspends and dampens the

relative movements between the first and the second mass
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11
28, 32.
[0036] The first mass 28 1s a mass suspended by the
suspension group 4 and the second mass 32 1is a non-
suspended mass.
[0037] The suspended mass 28 usually comprises a portion of
saddle and of frame of the motor vehicle, which in fact
weighs on the suspension group. In the case of the rider
and/or passenger vbeing on board the wvehicle, such
additional masses constitute suspendedb masses. The
definition of suspended mass applies both in the case of
a front suspension group and in the case of a rear
suspension group.
[0038] The non-suspended mass 32 is commonly called ground
mass, in that it is a mass which discharges its weight on
the ground through the tyre; typically the non-suspended
mass 32 comprises the wheel or a portion of
connection/support to a wheel of the motor vehicle. In
addition, the non-suspended mass 32 comprises the
swingarm or support fork of the wheel and any further
accessories such as for example the braking devices
directly connected to said wheel.
[0039] According to one embodiment, the main spring 16 is
pre-loaded by pre-loading means (not shown) which
togéther influence the spring 16 in compression and

impose a rest 1length thereon 1L;, namely the length
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assumed by the spring 16 when there are no further
external loads on the first and/or on the second end 20,
24 of the group except for the‘pre—load caused by said
pre-loading méans.

[0040] In other words, the main spring 16 of the‘suspension
group 4 is pre-lcaded in compression by the pre—lbading
means which may for example comprise a mechanical ring-
nut in the known manner. Such pre-loading means impose a
rest 1length L, on the main spring 16 whiech is that
assumed by the spring in the absence of further external
loads such as for example the loads deriving from the
suspended and/or non-suspended mass. For example, such
rest length IL; is thaf which the spring aséumes when it
is subjected solely to pre-loading compression and not to
the weight force deriving from the suspended and/or non-
suspended mass.

t0041]According to one embodiment, the suspension group
further comprises a main damper 40 connected in parallel
to said main spring 16 so as to exercise a damping action
of the relative movement between said first and secgnd
ends 20,24, induced and/or countered by the main spring
16. |

[0042] The main damper 40 is thus mechaﬁically connected to
said first and second end 20, 24.

[0043] Connection 1in parallel is taken to mean that both



10

15

20

25

WO 2014/125404 PCT/IB2014/058857

13

the main spring 16 and the main damper 40 are connected
to the same ends 20, 24 so as to act mechanically on the
same strokes and speed of movement between said ends 20,2
4,

[0044] According to one embodiment, the main damper 40 is
positioned coaxially in relation to the main spring 16
and is thus directed parallel to said working axis X-X.
[0045] Advantageously, between at least one of said first
and second ends 20, 24 and the respective suspended/n§n—
suspended mass 28, 32 at least one kinematism 44 1is
placed, in series with the main spring 16 which permits a
supplementary stroke S between the end 20, 24 to which it
is attached énd the relative adjacent suspended/non-
suspended mass 28,32, said supplementary stroke S
increasing the distance between the suspended andvnoq—
suspended mass 28,32 imposed by the extension of the main
spring 16. |

[0046] The kinematism 44 is influenced by the load of the
suspended mass 28, so as tb prove retracted, namely not'
to provide any supplementary stroke S, until the length
of the main spring 16 is less than or equal to the rest
length Lp, and so as to extend under the effect of the
non-suspended mass 32, providing a supplementary stroke
S, after the main spring 16 has extended reaching its

rest length Lg.
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[0047] The passage of the kinematism 44 from the retracted
condition to the elongated or extraction condition may
also occur before the main spring 16 has exactly reached
its rest 1length Ly, for example as a result of the
presence of a counter-spring 68 or even-merely by effect
of vibrations or inertia of the suspended and non-
suspeﬁded masses subject to oscillations.

[0048] It is clear that the kinematism 44 is able to freely
and thus completely extend only when the main spring 16
is extended, reaching its rest length I1,, that is when
the non-suspended mess 32 tends to detach itself from the
ground; despite which tolerances of the extended
condition of the kinematism 44 are admitted which may
therefore also occur when the length of the main spring
is approximately 3% less than the nominal wvalue of the
rest length Lg.

[0049] In other words, when the suspended mass and/or any
additional masses (due for example to the rider and
passenger) weigh on the main spring 16, this 1is
compressed assuming an effective length less than that of
the rest length Lg.

[0050] In such condition, the kinematism 44 is retracted in
its closed condition; consequently it does not provide
any supplementary stroke compared to the action and to

the distance between the masses imposed by the main
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spring 16. The retraction of the kinematism 44 is caused
by the action of the weight due to the suspended mass
which closes it completeiy

[0051] When the main spring 16 extends, reaching its rest
length Ly, the kinematism is free to extend providing the
supplementary stroke S. The extended condition of the
main spring 16 until it reaches the rest length Ly occurs
when, on'account of the jumps caused by the asperities of
the terrain or on account of the dynamic transfers of the
load, the non-suspended mass tends tc lose contact with
the ground: in such condition, the main spring 16 is
subject only to its pre-load and can thus extend to reach
its rest length Lg. In such condition the kinematism is
no longer flattened by the suspended mass 28 and is thus
in turn free to extend, providing the supplementary
stroke S which enables the wheel to maintain contact with
the ground.

[0052] It is evident that such contact is ensured as long
as the lifting of the wheel is less than or equal to the
supplementary stroke S provided by the kinematism 44.
[0053] The kinematism 44 also extends merely thanks to the
thrust action of the non-suspended mass 32 to which it is
kinematically connected If the kinematism 44 is applied
to the second end 24, such non-suspended mass 32

comprises for example the wheel and its support; if the
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kinematism 44 is applied to the first end 20, such non-
suspended mass 32 also comprises the mass of the main
spring 16 and of the main damper 40."

[0054] Preferably, the main spring 16 guarantees a main
stroke equal to at least 2.5 times the supplementary
stroke S due to the kinematism 44; in pa:ticular, the
main stroke 1is defined by the difference between the
length at rest Ly of the main spring 16 and the minimum
length of the main spring 16 achieved in conditions of
maximum admissible load in compression.

[0055] According to one .embodiment, the kinematism 44
comprises“at least one secondary spring 48 which
influences the kinematism 44 in extension so as to pass
from the retracted configuration to the extracted
configuration, said secondary spring 48 extending the
kinematism 44 affer the main spring hgs extended reaching
its rest length Lg.

[0056] Preferably, the.rigidity of the main spring 16 is at
least 8 times the rigidity of the secondary spring 48.
[0057] Rigidity of the main spring is taken to mean the
overall rigidity of the elastic system comprising the
main spring 16 plus a possible counter-spring 68 further
described below.

[0058] According to one embodiment, said kinematism 44

comprises at least one secondary damper 52 suitable for
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damping the compression and extension movement of the
kinematism.

[0059] The seconda:y damper 52 may for example be of the
pneumatic, hydraulic or even friction type.

[0060] Preferably, the secondary damper 52 influences the
kinematism 44 mainly in compression so as to damp the
reclosing stroke of said kinematism. In other words, the
behaviour of the damper of the kinematism is highly
asymmetric given that it is minimum in extension of the
kinematism and is maximum in compression of said
kinematism. This way, the extension of the kinematism in
the 1lifting step of the non suspended mass 32 1is
facilitated and the support of the wheel resting on the
ground 1s also facilitated, once said kinematism 1is
extended.

[0061] Various implementations of solutions of kinematisms
fitted with a secondary spring 48 and/or secondary damper
52 are possible, using as secondary springs 48,
mechanical springs of various types such as helical
traction springs (fig.18b), compression (fig. 17a, b and
c, fig. 18 a) or torsion (fig. 18 c) , spring washers or
pneumatic springs (fig.17d). The arrangement of said
secondary springs 48 may be such as to tend to make the
aforesaid kinematism remain at a degree of freedom in its

position of maximum extension or in its closed position,
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or in equilibrium in an intermediate position:

[0062] - should it tend to keep the kinematism in the
closed position, the rigidity is chosen in such a way
that said kinematism 44 extends completely or almost
under the action of the non suspended mass 32 (or of the
relative wheel and all the elements of the éuspension
connected between the wheel and sald kinematism) when the
vehicle is 1lifted so that the wheels detach from the
ground.

[0063] ‘should it instead tend to keep the kinematism
44 1in the completely extended or intermediate position,
the rigidity must be chosen in such a way that the main
elastic subsystem of the suspension proves compressed by
a‘practically negligible entity when the force needed to
bring it into a closed position is applied to the
kinematism.

[0064] As regards the secondary damping this may be
realised by means of friction inside the kinematism 44
along its direction of permitted movement or with the
usual means for realising hydraulic or pneumatic dampers.
that is, making two fluid chambers separated by a mobile
piston (fig.1l9%a,b and c¢) and interconnected by means of
valves or passages of é greatly reduced size, in such a
way that during its movement the kinematism forces the

piston to move inside the aforesaid chambers, forcing the
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fluid to circulate from one to the other. The fluid,
passing through the aforesaid wvalves or passages,
undergoes a pressure variation, so that the difference in
pressure of the fluid of the two chambers exercises .a
thrust resulting on the mobile piston in a direction such
as to oppose the movement thereof.

HX%S]With these means it is possible to realise one-way
dampers, that is which provide much more damping in one
direction than in another (fig. 19 c). It is preferable
in such <case to provide a greater damping in the
direction from the position of maximum extension of the
kinematisn{ 44 to fhe closed position, to reduce the
effect of the sudden reclosing the kinematism 44 which
invokes the elastic subsystem with an impulsive stress
when the vehicle resumes loading the weight on the wheel.
[0066] In a particular application (fig. 20 a, b and c) the
fluid used 1is the atmospheric air and the kinematism

consists of a prismatic torque made at one end of the

+ elastic subsystem in the form of a cylindrical body

separated into two chambers by a piston, to which a stem
is connected which at the other end is conneéted to the
remaining components of the suspension system. The
devices aspirates air in the upper chamber through a
check valve when the kinematism extends and then expels

it through a <calibrated discharge hole when the
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kinematism returns towards the closed position. At most
the realisation of the calibrated discharge hole may be
omitted, should the system seeb air on account of an
imperfect seal of the chamber or of the check wvalve.
[006T]Limit stop pads in elastomeric material may be
provided for, so that when the kinematism reaches its
closed position or its maximum extension no violent
impacts between metal parts are triggered, which could
cause damage to the system or unpleasant sensations for
the driving of the vehicle.

[0068] According to one embodiment, the kinematism 44
compiises a prismatic guide 56 which permits a
reciprocating rectilinear movement along a kinematism
axis W-W parallel to said working axis X-X of the main
spring 1l6.

[0069] For example, salid prismatic guide 56 comprises a
stem 58 sliding inside a lining 60.

[0070] The secondary spring 48 and/or the secondary damper
52, if provided for, are housed inside said lining.

[0071] According to a further embodiment, the kinematism 44
comprises a connecting rod 64 which connects the reiative
end 20, 24 with the suspended/non-suspended mass 28, 32.
[0072] The kinematism 44 may comprise a secondary spring 48
having one end connected to the rod 64 and one end

connected to the relative suspended/non-suspended mass
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28, 32 so as to influence the kinematism 44 in extension,
that is; to open.

[0073]Thev suspension group 4 according to the present
invention may élso comprise two kinematisms 44', 44"
positioned in series between each of said first and
second ends 20, 24 and the respective suspended/noh-
suspended mass {28, 32); this way each kinematism permits
a supplementary stroke S', S" between the ends 20, 24 to
which it is applied and the relative adjacent

suspended/non-suspended mass 28, 32. In particular, each

kinematism 44’, 44'’ is influenced by the load of the

suspended mass 28, so as to prove retracted, namely not

to provide any supplementary stroke S', S", until the
length of the main spring 16 has reached its rest length
Ly, and so as to extend under the thrust of the non-
suspended mass 32, providing said supplementary stroke
S', S" after the main spring 16 has reached its rest
length Lg.

IDO74]A¢cording to a possible embodiment, the pre-loading
means comprise a counter-spring 68 which acts so as to
influence the main spring 16 in extension, that is which
opposes the elastic action of the main spring 16 (figures
9a 14b).

[0075] As described above, the pfe—loading means together

influence the spring 16 in compression and impose a
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specific rest length thereon Ly. Consequently the counter
sprihg 68, while pre-loading in extension, does not
modify the overall pre-load of the main spring 16 which
is in any case an overall pre-load of compression.

[0076] According to a possible embodiment, the counter-
spring 68 is housed inside the main damper 40.

[0077] The functioﬁing and thus the regulation of a
suspension group for motor cycles according to the
present invention will now be described.

[0078] In particular, in conditions of normal use, namely
when the motorised vehicle has the non suspended mass in
contact with the ground, the kinematism. is in the closed
position. Consequently, the kinematism does not provide
any supplementary stroke over the stroke or distance
imposed by the main spring to the suspended and non-
suspended masses.

[0079] Such functioning condition is., for example
illustrated in figures 3a-l4a. As may be seen in such
figures 3a-14a, the kinematism is always closed under the
load of the suspended mass, that is does not provide any
supplementary stroke S, while the main spring 16 is at
least partially compressed compared to its rest
condition; in other words, the main spring has a length L
less than its rest length Lg.

[0080] In such condition the kinematism does not influence
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the behavicur of the suspension and thus the rigidity and
overall damping of the suspension group, In such
condition the length of the main spring is less than the
rest length Ly given that the load of the suspended mass
which is usually greater than the pre-locad imposed by the
pre-loading means, weighs on such main spring.

[0081] When for example due to a sudden transfer of load (
for examplé upon braking) the rear suspension group tends
to unload, the main spring being relieved of the load
deriving from the suspended mass, tends to extend until
it reaches 1its rest length Lp, that 1s the length
deriving solely from the pre-load imposed. 1In this
condition, as shown for example in figureé 3b- 14b, the
non-suspended mass, namely the rear wheel would tend to
lose contact with the ground, putting fhe dynamics of the
motorised vehicle in a critical situation.

[0082] As may be seen 1in such figures 3b-14b, the
kinematism 44 is open, that is, extended under the load
of the non-suspended mass, namely, provides the
supplementary stroke S, while the main spring 16 is
extended as far as to reach its rest condition; in other
words, the main spring has a length equal to its rest
length Lg.

[0083] In such condition, as soon as the spring reaches its

rest length Ly, that is as soon as the spring extends
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concurrently with the detachment of the wheel from the
ground (which coincides with the loss of the loqd‘due to
the suspended mass), the kinematism extends permitting
the rear wheel to recover contact with the ground and
thereby improve the dynamics of the motorised vehicle. It
is evident that the kinematism extends thanks to the
action of the load deriving from the non-suspended mass
which always tends to extend it, as well as thanks to the
action of the possible secondary spring.

[0084] This way, the winding motion and loss of adherence
for example of the rear wheel is significantly limited
when, on account of a sudden transfer of 1load, for
example when braking or on account of an uneven road
surface, such wheel would tend to detach from the ground.
The kinematism is thus able toc ensure contact with the
ground as long as the lifting of the rear wheel is less
than or equal to the supplementary stroke supplied by
said kinematism.

[0085] The functioning of the suspension group according to
the present invention can also be seen in schematic form
in the force-excursion diagrams shown in figures 15 and
le.

[0086] For example, figures 15a-15c¢c show force-excursion
diagrams of suspension groups according to the present

invention, but without a counter-spring.
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[0087] It is to be specified that, the y-axis shows the
elastic force exercised between said ends 20,24 and thus
the suspended mass and the non-suspended mass 28,32 (
without the interposition between said ends 20,24 and the
masses 28,32 of linkages, as used in the prior art).
IDOSS]Thé x-axis shows the excursion of the main spring 16
compared .to its rest length L, corresponding to point
0,0. Consequently a positive excursion (in relation to
the diagram) corresponds to a compression of the main
spring 16 in relation to its rest length Lg; in the same
way, a negative excursion, that is the negative x-axis of
the graph, corresponds to a lengthening or extension of
the kinematism 44.

[0089] The points A,B,C on the graphs represent design
parameters, that is values which are pre-set depending on
the type of motorised vehicle; point A for example
represents the load condition due to the weight of the
vehicle, that is the design suspended mass.

[0090] The graph in figure 15b shows the behaviour of the
suspension group 4 wherein the kinematism 44 is 1lacking
any secondary spring (the graphs show static conditions
there is therefore no point in speaking of the‘effect of
a possible secondary damper).

[0091] As may be seen, the absence of any secondary spring

makes the force decline nominally to zero, at the moment
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in which the main spring reaches its rest 1length Lp (
corresponding to point 0 on the x-axis). In this
condition, the kinematism 44 extends under the thrust of
the non-suspended mass.

- [0092] The presence of a secondary spring 48 slightly
modifies the graph. For example, the graph in figure 1ba
shows the suspension group of figure 15b‘also comprising
a secondary spring 48 acting in traction, that is tending
to counter the extension of the kinematism 44. Such
condition determines the section GO along which the
spring 48 applies a force which tends to 1lift the non-
suspended mass from the ground, said force gradually
increasing as the excursion S increases. The force of
contact on the ground of the corresponding wheel will
thus gradually fall to =zero. Such condition is in any
case preferable to the brusque annulment of the load
which occurs in the solutions of the prior art, that is
which do not use the kinematism 44. Instead, the graph
in figure 15c shows the suspension group of figure 15b
also comprising a secondary spring 48 acting in
compression, that is tending to facilitate the extension
of‘ the kinematism 44. Such condition determines the
section E'F which has a positive effect on the behaviour
of the suspension given that it tends to counter the

detachment of the wheel from the ground, as may be seen
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by the fact that the force, .once reaching the point 0,0
does not invert direction: the wheel is thus pushed
against the ground. The stroke corresponding to the
section OF is eéual to the supplementary stroke S given
by said kinematism.

[0093] The graphs in figures 16a-16c correspond to the same
functioning conditioné as the graphs in figures 155—15c
except for the fact that the suspension group is fitted
with a counter-spring 68.

[0094] As may be seen, the effect of such counter spring 68
may be seen in the section which goes from the origin 0,0
aé far as point D. Such section prevents sudden drops in
force given that the main spring tends to extend as far
as it rest length Lg;. This way, the behaviour of the
sprihg.is much more progressive and counters any brusque
transfers of load. The condition of figure 16b provides
for the absence of any secondary spring 48; figure 16a
provides for a secondary spring 48 acting in traction (as
in figure 15a) and figure lé6c provides for a secondary
spring 48 acting in compression {(as in figure 15c).

[0095] The suspension.group described may also be applied
to a front wheel of a vehicle. 1In such .case the
detachment phenomena of the wheel.from'the ground may be
due for example to an uneven road surface or for example

to sudden transfers of load due to sudden accelerations.
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In both situations, the kinematism is able to ensure the
contact of the wheel with the ground making it possible
to achieve the directiohality of the vehicle as long as
the 1lifting stroke does not exceed the supplementary
stroke provided by said kinematism;

[0096] As may be seen from the description, the suspension
according to the invention makes it possible to overcome
the drawbacks of the prior art presented.

[0097] In particular, the solution according to the present
invention makes it possible to ensure the contact of the
wheel with the ground even in conditions of elevated
transfers of load due to energetic braking and/or to
jumping of the wheel due to an uneven road surface.
[0098]T£e kinematism does not influence or modify the
functioning parameters of the suspension as long as it
remains in the retracted or closed condition; this way
the kinematism does not prove invasive and does not
influénce the design parameters of the suspension

Km99]At the same time, the kinematism automatically
intervenes in the functioning of the suspension only in

critical conditions, that is to say when the wheel begins

to jump due for example to transfers of load when braking

and/or to an uneven road surface. The intervention of the
kinematism considerably improves the stability of the

motorised vehicle given that it always guarantees a
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margin of traction and/or of directionality of the wheel
thanks to the recovery of contact with the road surface
thereof.

[00100] In any case, upon cessation of the
jumping/detachment phenomenon of the wheel the kinematism
automatically returns to its closed condition so as not
to interfere with the functioning parameters of the
suspension group.

[00101] The kinematism is of such dimensions and weight
as  to be substantially negligible compared to the
dimensions and weight of the spring and of the main
damper.

[00102] The kinematism significantly improves the
stability and thus the safety of the motorised vehicle in
all conditions of potential detachment of the wheel from
the ground.

[00103] The kinematism allows for greater design
freedom in the choice of the main parameters of the
suspension group, that is, of the spring and of the main
damper.

[00104] In fact, in the absence of the kinematism the
extension of the main spring due to the load of the non-
suspended mass would be extremely limited if not null on
account of the fact that such spring must normally be

extremely rigid. Such elevated rigidity in fact prevents
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the lengthening of the spring beyond its rest length Lg.
[00105] The addition of the kinematism in fact makes it
possible not to modify the rigidity of the main spring
and at the same time to permit a recovery of the lifting
stroke of the wheel thanks to the supplementary stroke
provided by said kinematism.

[00106] A person skilled in the art may make numerous
modifications and wvariations to the suspension groups
described above so as to satisfy contingent and specific
requirements, while remaining within the sphere of
protection of the invention as defined by the following‘

claims.



10

15

20

25

WO 2014/125404 PCT/IB2014/058857

31

Claims
1. Suspension group (4) for motor vehicles comprising
- a main spring (16) which extends between a first and a
second end (20,24) of the group (4), influencing them
elastically aléng a working axis (X-X),
- a main damper (40) connected in parallel to said main
spring (16) so as to exercise a damping action of the
relative movement between said first and second ends
(20,24), induced and/or countered by the main spring
(16),
- said main spring (16) being pre-loaded by pre-loading
means which together influence the spring (16) in
compression and impose a rest length thereon (Lg), namely
the length assumed by the spring (16) when there are no
further external locads on the first and/or on the second
end (20, 24) of the group (4) except for the pre-load
caused by the pre-loading means, |
- in which the first and second end (20, 24) are
connected kinematically to a first and a second mass
(28,32) of the motor vehicle respectively, the first mass
(28) being a mass suspended by the suspension group (4)
and the second mass (32) being a non-suspended mass and
comprising a wheel or a portion of connection/support to
a wheel of the motor vehicle,

characterised in that
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- between at 1least one of said first and second ends
(20,24) and the respective suspended/non-suspended mass .
(28,32) at least one kinematism (44)is placed, in series
with the main spring (16) which permits a supplementary
stroke (S) between the end (20,24) to which it is
attached and the relative adjacent suspended/non-
suspended mass (28,32), said supplementary stroke (S)
increasing the distance between the suspended and non-
suspended mass (28,32) imposed by the extension of the
main spring (16), |

- wherein the kinematism (44) is influenced by the load
of the suspended mass (28), so as to prove retracted,
namely not to provide any supplementary stroke, until the
length of the main spring (16) 1is less than or equal to
the rest 1length (Lp), and so as to extend under the
effect of the non—suspendea mass (32), providing a
supplementary stroke (S), after the main spring (16) has
extended reaching its rest length (Lm.

2. Suspension group (4) according to claim 1, wherein
the kinematism (44) comprises at least one secondary
spring (48) which influences the kinematism (44) in
extension so as to pass from the retracted configuration
to the extracted configuration, said secondary spring
(48) extending the kinematism (44) after the main spring

(16) has extended reaching its rest length (Lg).
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3. Suspension group (4) according to claim 1, wherein the
kinematism (44) comprises at least one secondary spring
(48) which influences the kinematism (44) in traction so
as to pass from the extracted configuration to the
retracted configuration.

4. 'Suspension group (4) according to claim 1, 2 or 3,
wherein said kinematism- - (44) comprises at least one
secondary damper (52) suitable for damping the
compression and extension movement of the kinematism
(44).

5. Suspension group (4) according to any of the

previous claims wherein the kinematism (44) comprises a

prismatic guide (56) which permits a reciprocating
rectilinear movement along a kinematism axis (W-W)
parallel to said working axis (X-) of the main spring
(16) .

6. Suspension group (4) according to claim 5, when

dependent on claim 2, 3, or 4, wherein said prismatic
guide (56) comprises a stem (58) sliding inside a lining
(60), wherein the secondary spring (48) and/or the
secondary damper (52) are housed inside said lining (60).
7. Suspension group (4) according to any of the
previous claims, wherein the kinematism (44) comprises a
connecting rod (64) which connects the relative end

(20, 24) to which the suspended/ non-suspended mass
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(28,32) is applied.
8. Suspension group (4) according to claim 7, wherein

the kinematism (44) comprises a secondary spring (48)
having one end connected to the rod (64) and one end
connected to the relative suspended /non-suspended mass
(28, 32) so as to influence the kinematism (44) in
extension.

9. Suspension group (4) according to any of the
previous cléims, wherein said pre—loadiﬁg means comprise
a counter-spring (68) which acts so as to inflﬁenée the
main spring (16)in extension, that is which opposes the
elastic action of the main spring (16).

10. Suspension group (4) according to claim 9, wherein

said counter-spring (68) ‘is housed inside the main damper

(40) .
11. Suspension group (4) according to any of the
previous claims, wherein the main damper (40) is

mechanically connected to said first and second ends (20,

24) .
12. Suspension group (4) according to any of the
previous claims, wherein the main damper (40) is

positioned coaxially in relation to the main spring (16).
13. Suspension group (4) according to any of the
previous claims, wherein between each of said first and

second ends (20, 24) and the respective suspended/ non-
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suspended mass (28, 32)a kinematism (44’,44’'’)is placed,
in series, which permits a supplementary stroke (S)
between the ends (20,24) to which it is applied and the
rélative adjacent suspended/ non-suspended mass (28, 32),
each kinematism (44’,44’’) being influenced by the load
of the suspended mass (28), so as to prove retracted,
namely not to provide any supplementary stroke, until the
length of the main spring (16) is less than or equal to
the rest 1length (Lg), and so as to extend under the
effect of the non-suspended mass (32), providing a
supplementary stroke (S), after the main spring (16) has
extended reaching its rest length (Lg).

14. Suspension group (4) according to any of the
previous claims, wherein the first and the second end
(20, 24) are kinematically connected to the first and to
the second mass (28, 32) of the motor vehicle
respectively by means of hinges (36) having hinge axes
(Y-Y) parallel to each other and perpendicular to the
working axis (X-X).

15. Suspension group (4) according to any of the
previous claims, wherein the kinematism (44) comprises at
least one secondary spring (48) which influences the
kinematism (44) in extension, and wherein the rigidity of
the main spring (16), if applicable also comprising fhe

rigidity of any counter-spring (68) 1is at least 8 times
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the rigidity of the secondary spring (48).

16. Suspension group (4) according to any of the
previous claims, wherein the main spring (16) guarantees
a main stroke equal to at least 2.5 times the
supplementary stroke (S) due to the kinematism (44), the
main stroke being defined by the difference between the
length at rest (Lo) of ‘the main spring (16) and the
minimum length of the main spring (16) achieved in
conditions of maximum admissible load in compression.

17. Suspension group (4) according to any of the
previous claims, wherein the kinematism (44) comprises at
least one secondary damper (52) which influences the
kinematism (44) in compression to damp the reclosing
stroke of the kinematism (44).

18. Suspension group (4) according to any of the
previous claims, wherein the non-suspended mass (32)
comprises a rear wheel of the motor vehicle and part of
the fork supporting said rear wheel and wherein the
suspended mass (28) comprises or is mechanically attached
to the support frame of the saddle of the motor vehicle.
19. Motor vehicle comprising a suspension group (4)

according to any of the previous claims,
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