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(57) Abrégée/Abstract:
A suspension system (1) for vehicles with at least two wheels comprising a rigid structure (2) supporting the axle (30) of a rear
wheel (14) of the vehicle and a damping device (6), the rigid structure (2) being connected to the chassis (3) through
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(57) Abrege(suite)/Abstract(continued):

corresponding lower and upper mechanisms (5a, 5b) that comprise corresponding connecting rods (7, 8), at least one of said
connecting rods (7, 8) forming part of a lever whose fulcrum Is the articulated joint of the connecting rod with the chassis (3) and
whose resistance Is an articulated joint with one of the ends of the damping device (6), with the arrangement and orientation of the
connecting rods (7, 8) being such that the Instant Rotation Center (IRC) of the rigid structure (2) remains, during the whole stroke
of the damping device (6), ahead of the articulated joint of the connecting rod (8) of the lower mechanism with the chassis (3).
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ABSTRACT

A suspension system for vehicles with at least two wheels comprising a
rigid structure supporting the axle of a rear wheel of the vehicle and a damping
device, the rigid structure being connected to the chassis through corresponding
lower and upper mechanisms that comprise corresponding connecting rods, at
least one of said connecting rods forming part of a lever whose fulcrum is the
articulated joint of the connecting rod with the chassis and whose resistance IS an
articulated joint with one of the ends of the damping device, with the arrangement
and orientation of the connecting rods being such that the Instant Rotation Center
(IRC) of the rigid structure remains, during the whole stroke of the damping
device, ahead of the articulated joint of the connecting rod of the lower

mechanism with the chassis.
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“A SUSPENSION SYSTEM FOR VEHICLES WITH AT LEAST TWO WHEELS”

Technical field of the invention

The invention relates to a suspension system for vehicles with at least two
wheels, such as a bicycle, of the type comprising a rigid structure adapted to
support the axle of a rear wheel of the vehicle and a damping device, said rigid
structure being connected to the chassis of the vehicle by means of
corresponding upper and lower mechanisms providing movement, in a guided

way and under the influence of the damping device, from the rigid structure with

regard to the chassis.

Background of the invention
Suspension systems applicable to two-wheel vehicles, such as mountain

bicycles, have evolved significantly. Therefore, while they initially had the sole
purpose of minimizing the effect of bumpy terrain on a cyclist, the most advanced
systems seek to achieve an optimal compromise between the effectiveness of

maximum traction and a minimum loss of power with a good damping capacity.

In suspension systems where a rigid structure supporting the axle of a rear
wheel Is connected to the vehicle chassis, with the ability to move on the chassis
plane, this movement being subject to the influence of a damping device, there is
an undesired effect produced by the increase of the chain length. This increase
can occur when the position of the rear axle changes in such a way that the
distance increases between it and the output axle of the driving mechanism of
the venhicle — the bottom bracket in the case of a bicycle. This phenomenon,
called pedal kickback, results, in the case of a bicycle, in the cranks rotating in

the direction opposite to the driving direction of the bicycle.

The patent document US 6712374 describes this phenomenon and
proposes a suspension system suitable to reduce its impact on the cyclist.
However, the described system has certain drawbacks. For example, the system

greatly interferes with braking, which is called brake-squat, with values near or
over 100%.
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Furthermore, the system described offers a backwards progression curve
from a certain point in the travel path of the rear axle, i.e. the damping effect may

drop just when it is most needed, for example, when a larger obstacle is

encountered.

In the system described in the patent document US 6712374, the rigid
structure of the rear wheel axle is connected to the chassis of the bicycle by
means of a moveable lower support. Specifically, the structure is articulated to a

rotating lower connecting rod mounted on the chassis.

There are proposals that, in order to solve the drawback of the pedal
kickback and the backwards progression curve associated with the system
according to US 6712374, suggest using a lower connecting rod of shorter length
and guiding the travel of the articulated structure on a higher point, so said lower
connecting rod changes its rotation direction during the travel path of the rear
axle. While this creates a non-backwards progression curve, it becomes too
linear. On the other hand, it would be desirable to further mitigate the pedal
kickback effect, especially in the first half of the travel path/range of the rear axle.

An example of such proposals is described in patent document US20090261556.

One of the aims of the invention is a suspension system that makes it
possible to solve at the same time the drawbacks mentioned above, specifically
to eliminate or mitigate the pedal kickback during most of the path of the rear

rotation axle and to improve the ratio between braking and shock absorption.

It 1Is also a secondary aim of the invention to achieve a system which
enables a great variety of implementation possibilities, to choose one that
provides the system with an ideal progression curve based on the profile of the
user from whom the vehicle is intended, without sacrificing the main aims of the
invention. For example, it is desirable that by modifying the geometry of the
system, it can show advantageous progression curves both with the use of spring
dampers and pneumatic dampers, while still eliminating or mitigating the pedal

kickback during most of the path of the rear rotation axle, and improving the ratio
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between braking and shock absorption with respect to the currently known

systems.

Description of the invention

The suspension system of the invention is of the sort that comprises a rigid
structure supporting the axle of a rear wheel of a vehicle and a damping device,
said rigid structure comprising a lower arm and an upper arm forming an angle,
both connected to corresponding upper and lower points of the chassis of the
vehicle through their corresponding upper and lower mechanisms that provide
movement, in a guided way and under the influence of the damping device, of the
rigid structure with regard to the chassis, of which the lower mechanism
comprises a lower connecting rod whose articulated joints with the lower arm of
the structure and the chassis are at least 20 mm apart from one another, the
articulated joint with said arm of the structure being arranged, in the forward
direction of the vehicle, ahead of or matching the vertical plane passing through
the output axle of the driving mechanism of the vehicle — the bottom bracket in
the case of a bicycle; the upper mechanism includes an upper connecting rod
with articulated joints with the upper arm of the structure and the chassis,
wherein the articulated joint with the chassis is arranged, in the forward direction
of the vehicle, ahead of or matching the vertical plane passing through the

articulated joint of the lower connecting rod with the chassis.

In this suspension system, at least one of the upper or lower connecting
rods Is part of a lever whose fulcrum is the articulated joint of the connecting rod
with the chassis, and whose resistance is an articulated joint with one of the ends
of the daamping device, with the arrangement and orientation of the upper and
lower connecting rods being such that the instant rotation center (/RC) of the rigid
structure is always ahead of the articulated joint of the lower connecting rod with

the chassis during the whole travel stroke of the axle.

The instant rotation center (/RC) is the virtual rotation point of a system, in
this case of the rigid structure supporting the axle of the rear wheel. While it

matches the main rotation point in a single-pivot system, in this case it is an
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iImaginary point that changes its position based on the instant position of the rear

wheel axle.

In a system like the one in this invention, the /RC shall be arranged at the
Intersection of the straight line passing through the articulated joints of the lower
connecting rod with the lower arm of the structure and the chassis, and the
straight line passing through the articulated joints of the upper connecting rod

with the upper arm of the structure and the chassis.

The selection of a lower connecting rod whose articulated joints with the
arm of the structure and the chassis are at least 20 mm apart from one another
efficiently helps not only to achieve the aims of the invention; they also provide
the system with the capacity to have pedaling efficiency values of over 100%
(100% anti-squat). Advantageously, this means that a high sag can be obtained,

so the rear wheel will not lift off the ground, meaning higher traction and grip.

In the context of the current invention, sag means the range of the damping

device once the rider or biker is on the vehicle.

Furthermore, the abovementioned selection, along with the other conditions
imposed by Claim 1 of the invention, make it possible to reduce the pedal

kickback during at least 70% of the path of the rear wheel axle.

According to a variant of interest, the lower connecting rod or the upper
connecting rod is used as the support of a sprocket or pulley that, acting as a

loose pulley, Is intended to support and offset a transmission chain or belt.

Advantageously, the pedal kickback effect is reduced, since the increase of
tension and therefore the stretching of the transmission chain is necessarily
absorbed by the section of the chain between this sprocket or pulley and the rear
axle. Specifically, these variants make it possible to reduce the pedal kickback

during the whole range of the axle.
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It is also of interest to select the geometry in such a way that during the
whole travel stroke of the axle, the articulated joint of the lower connecting rod

with the rigid structure stays ahead of or matching the vertical plane passing

through its articulated joint with the chassis.

Preferably, the articulated joint of the lower connecting rod with the chassis
is arranged at a distance less than or equal to 200 mm of the output axle of the

driving mechanism.

The invention takes into consideration embodiments where both the upper
and lower connecting rods rotate in opposite directions, the upper connecting rod
rotating in the same direction as the wheels in the forward direction of the vehicle
during the whole travel stroke of the axle in the compression direction of the
damping device; or alternatively where both the upper and lower connecting rods
rotate in the same direction, opposite to the rotation direction of the wheels in the
forward direction of the vehicle, during the whole travel stroke of the axle in the

compression direction of the damping device.

In the first case, the IRC can follow a backwards path during the whole
travel stroke of the axle in the direction of compression of the damping device; In
the second case, the /RC can follow an ascending path during the whole travel

stroke of the axle in the direction of compression of the damping device.

The invention also takes into consideration, besides these two cases, a
single connecting rod, or two connecting rods connecting the rigid structure with

the chassis, forming part of a lever, so only one end of the damping device or

both ends are moveable.

Brief description of the drawings

Figures 1a and 1b schematically depict a first embodiment of the
suspension system according to the invention, suitable when the damping device
is a spring damper, in its extended and compressed positions respectively,

indicating the arrangement of the Instant Rotation Center (/RC);
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Figures 2a and 2b depict a second embodiment of the suspension
system, also suitable when the damping device is a spring damper, In its
extended and compressed positions respectively, which comprises a sprocket
acting as a loose pulley, used to offset the chain, arranged on the upper
connecting rod;

Figures 3a and 3b depict a third embodiment of the suspension system,
also suitable when the damping device is a spring damper, in its extended and
compressed positions respectively;

Figures 4a and 4b depict a fourth embodiment of the suspension system,
also suitable when the damping device Is a spring damper, In its extended and
compressed positions respectively;

Figures 5a and 5b depict a fifth embodiment of the suspension system,
also suitable when the damping device is a spring damper, in its extended and
compressed positions respectively;

Figures 6a and 6b depict a sixth embodiment of the suspension system,
also suitable when the damping device is a spring damper, in its extended and
compressed positions respectively;

Figures 7a and 7b depict a seventh embodiment of the suspension
system, also suitable when the damping device is a spring damper, in its
extended and compressed positions respectively;

Figures 8a and 8b depict an eighth embodiment of the suspension
system, also suitable when the damping device is a spring damper, in its
extended and compressed positions respectively;

Figures 9a and 9b depict a ninth embodiment of the suspension system,
also suitable when the damping device is a pneumatic damper, in its extended
and compressed positions respectively, that encompasses a sprocket acting as a
loose pulley, used to offset the chain, located on the lower connecting rod;

Figures 10a and 10b depict a tenth embodiment of the suspension
system, also suitable when the damping device is a pneumatic damper, In its
extended and compressed positions respectively;

Figures 11a and 11b depict an eleventh embodiment of the suspension

system, also suitable when the damping device Is a pneumatic damper, In its

extended and compressed positions respectively;
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Figures 12a and 12b depict a twelfth embodiment of the suspension
system, also suitable when the damping device is a pneumatic damper, in its
extended and compressed positions respectively;

Figures 13a and 13b depict a thirteenth embodiment of the suspension
system, also suitable when the damping device is a pneumatic damper, Iin its
extended and compressed positions respectively;

Figures 14a and 14b depict a fourteenth embodiment of the suspension
system, also suitable when the damping device Is a pneumatic damper, In its
extended and compressed positions respectively;

Figures 15a and 15b depict the anti-squat response of the embodiments
according to figures 2 and 9, as well as other embodiments based on those
depicted by figures 2 and 9, and for systems representing the state of the art;

Figure 16 depicts the interference of braking with suspension (the brake-
squat effect) for the embodiments indicated in figures 2 and 9, as well as an
embodiment based on that shown in figure 2 and also for two systems
representing the state of the art;

Figure 17 depicts the Pedal Kickback effect for the embodiment shown in
figure 2, as well as for other embodiments based on those shown In figures 2 and
9, and also for two systems representing the state of the ar;

Figure 18 depicts the progression of the suspension system for the
embodiments shown in figures 2 and 9 of the invention, for an embodiment

based on that shown in figure 2, as well as two systems representing the state of

the art.

Detailed description of the invention

The embodiments of the suspension system 1 described below have In
common that they encompass a rigid structure 2 with two angled arms 2a and 2b

with their connecting apex supporting axie 30 of the rear wheel of the vehicle.

The figures are schematic, and each arm 2a and 2b can have a rear shape
as a fork, to arrange each branch at one side of the rear wheel, or in a simple

shape arranging it only at one side of the rear wheel.
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Also, each arm 2a and 2b can also have a front shape as a fork too, to
arrange each branch at one side of the chassis 3 of the vehicle if required to
avoid mechanical interferences with it, or a simple shape when there are no
interferences with the chassis 3 of the vehicle or arranged at one side of the
chassis 3.

In the examples the vehicle is a bicycle, although in some figures only the

essential components of system 1 are shown to understand the invention.

In all the cases, the front ends of lower and upper arms 2a and 2b,
respectively, of the rigid structure 2 are connected to chassis 3 of the bicycle
through the corresponding lower and upper mechanisms 5a and 5Sb that condition

the movement of the rigid structure 2 and therefore, of the axle 30 of the rear

wheel, when it is required by an obstacle.

The suspension system 1 is also equipped with a damping device 6,
illustrated as a spring or pneumatic damper. This shock absorber 6 can be a
metal spring or pneumatic damper. According to the embodiment adopted, one or
other option shall be the best. The function of the damping device 6 Is to

damp/reduce the effect of jerking of the rear wheel axle 30.

Of the aforementioned lower mechanism 5a and upper mechanism 3b,
lower mechanism 5a includes a lower connecting rod 7 with articulated joints 7a,
7b with lower arm 2a of the rigid structure 2 and with the chassis 3, respectively,
at least 20 mm apart from one another. Articulated joint 7a is arranged in the

forward direction of the vehicle, matching or ahead of the vertical plane passing

through the output axle 11 of the driving mechanism of the vehicle, in this case

the bottom bracket of a bicycle.

Upper mechanism 5b includes an upper connecting rod 8 with articulated

joints 8a, 8b with the upper arm 2b of the rigid structure 2 and the chassis 3,
respectively, with the articulated joint 8b arranged in the forward direction of the
bicycle ahead of or matching the vertical plane passing through articulated joint

7b of the lower connecting rod 7 with the chassis 3.
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The same numerical references have been used in the drawings to

designate the same characteristics and/or equivalent components.

For all the embodiments illustrated, whether the upper connecting rod 8 or
lower connecting rod 7, or both upper and lower connecting rods, they are part of
a lever whose fulcrum is the articulated joint of connecting rod 7 and/or
connecting rod 8 with the chassis 3 and whose resistance is an articulated joint
with one of the ends 6a or 6b of the damping device 6. These different
embodiments create systems 1 where one or both ends of the damping device 6

can be moveable, as explained below.

In any case, the arrangement and orientation of connecting rods 7 and 8
are selected so the Instant Rotation Center (/RC) of the rigid structure remains,
during the whole travel path of the damping device 6, ahead of the articulated

joint 7b of the lower connecting rod 7 with the chassis 3.

This particular configuration allows the system 1 to achieve levels of
pedaling efficiency over 100% during a great part of the travel path of the axle 30
and, at the same time, to achieve optimum levels of brake-squat. That is, with the
system of the invention, it is possible to select several geometries that make it
possible to adapt the system to the user needs regarding the brake-squat
response, with the possibility of selecting geometries with values over 100% or

values below 100%, while maintaining a high pedaling efficiency.

Embodiments one to eight, illustrated in figures 1 to 8, have in common that
the arrangement and configuration of the upper and lower connecting rods 7 and
8 ensure that the connecting rods 7 and 8 rotate in opposite directions during the
whole travel path of the axle 30 in the direction of compression of the damping
device 6. Specifically, upper connecting rod 8 will rotate in the same direction as

the wheels of the vehicle in the forward direction of the vehicle, 1.e. clockwise

according to the figures.
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Advantageously, the /RC will follow a backwards path during the whole
travel stroke of the axle 30 in the direction of compression of the damping device

6.
Figures 1a and 1b depict a first embodiment of system 1 in its empty

position, i.e. without load, and in a maximum stroke position of the axle 30,

respectively.

In this embodiment, the upper connecting rod 8 is part of the lever 10,
which is a first-class lever. Consider the fact that end 6a of the damping device 6
opposite to the one connected to the lever 10 is articulated to a fixed point of the

chassis 3, one level below the fulcrum (f’) of the lever 10.

As illustrated in figures 1a and 1b, the /RC of the rigid structure 2 remains,
during the whole working stroke of the damping device 6, ahead of the articulated

joint 7b of the lower connecting rod 7 with the chassis 3.

To further mitigate the pedal kickback effect, figures 2a and 2b depict a
particularly interesting embodiment of the invention, where upper connecting rod
8 of system 1, according to figures 1a and 1b, is used as the support of a
sprocket or pulley 12 which, working as a loose pulley, is intended to support and
offset the chain 13 which drives the rear wheel 14. This sprocket 12 allows the
tension or the tendency of chain 13 to elongate to be absorbed by the section of
the chain arranged between the axle 30 (or otherwise in the gears rotating
around the axle 30) and the sprocket 12, without transmitting it to the bottom

bracket 11 of the bicycle.

One consequence of the foregoing is that a selection of geometries can be
made giving axle 30 a not-so-vertical stroke, which can get farther away from the
bottom bracket 11 without increasing the pedal kickback effect, thus improving

the capacity of the vehicle to overcome irregularities.

The graph in figure 17 depicts the behavior of this embodiment with regard
to the pedal kickback, compared to the systems representing the state of the ar

presented and discussed in the background of the invention section.
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It is of interest that the response is as flat as possible during most of the

range of the axle 30 of the rear wheel. Values above 0 indicate that the cranks of
the bottom bracket tend to go back and values below 0 indicate a lack of traction,

as the transmission chain is left without tension.

The graph in figure 17 also indicates the response to pedal kickback of two
embodiments of the invention based on that represented by figures 2a and 2b,
but without the sprocket 12 used to offset the chain; and legend A' illustrates the
response of an embodiment of the invention similar to that of figures 2a and 2b,
where the articulated joints 7a and 7b of the lower connecting rod 7 with the rigid
structure 2 and the chassis 3, respectively, of the vehicle are arranged at a level

a little above that illustrated in figures 2a and 2b, giving the suspension system

and specifically the axle 30 a greater ability to recoill.

The graph in figure 15a depicts the pedaling efficiency or anti-squat
response of the embodiments according to figures 2a and 2b, as well as those
illustrated in figure 17 with legends A and A, discussed before, along with one of
the systems representing the state of the art, while figure 15b shows the anti-

squat response of the systems representing the state of the art.

Consider the fact that, according to the invention, it is possible to adjust the

bicycle to higher sag levels, with over 100% pedaling efficiency.

Figures 3 to 8 show other variants of the invention where the /RC will also

follow a backwards path during the whole travel stroke of the axle 30 in the

direction of compression of the damping device 6.

Out of these variants, those illustrated in figures 3a, 3b and 4a, 4b, include
a damping device 6 with only one moveable end 6b, connected through the
articulated joint 10a to the lever 10, a second-class lever in the example of

figures 3a and 3b, and a third-class lever in the example of figures 4a and 4b.
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In the variants of figures 5 to 6, both the upper and lower connecting rods 8
and 7 are part of the respective levers 10 and 9 rotating around the
corresponding fulcrums f' and f matching the articulated joints 8b and 7b of these

connecting rods 8 and 7 with the chassis 3 of the bicycle. In these cases, both

ends 6b and 6a of the damping device 6 are moveable.

Using this arrangement of the damping device 6, it is possible for the ends
6b and 6a to change their position with regard to the geometric center of the
damping device 6, while this device simultaneously moves by both ends 6b and
6a along the whole range of the suspension, where the range of the suspension
is understood to mean the whole set of different positions that all the elements of
the suspension system 1 of the invention can adopt, from the idle position without
load on the bicycle, through the idle position with the biker on the bicycle (sag
position), and overcoming bumps, to the maximum compression position of the

damping device or maximum stroke.

In the variants illustrated in figures 7a, 7b and 8a, 8b, the lower connecting
rod 7 is part of the lever 9, rotating around fulcrum f, matching the articulated joint
7b of arm 2a of the rigid structure 2 with the chassis 3. The resistance of the lever

9 is implemented by the articulated joint 9a with end 6a of the damping device 6.

In these variants, unlike the previous variants, the opposite end 6b of the
damping device 6 is articulated to the rigid structure 2, at a point behind the
articulated joint 8b of its upper arm 2b with the chassis 3 in the example of

figures 7a and 7b; and at a point ahead of the articulated joint 8b of its upper arm

2b with the chassis 3 in the example of figures 8a and 8b.

The embodiments nine to fourteen, illustrated in figures 9 to 14, have In
common the arrangement and configuration of the upper and lower connecting
rods 7 and 8, ensuring that these connecting rods rotate in the same direction,
opposite to that of the wheels in the forward direction of the vehicle, during the
whole travel path of the axle 30 in the direction of compression of the damping
device 6. Specifically, upper connecting rod 8 and lower connecting rod 7 will

rotate in counter-clockwise direction according to the figures.
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In this case, the /RC will follow an ascending stroke during the whole travel
stroke of the axle 30 in the direction of compression of the damping device 6.

This stroke is represented in figure 10a, which shows an embodiment discussed

below.

These embodiments are optimal when the damping device 6 Is a gas
device, for example an air damper.

In the variant illustrated in figures 9a and 9b, lower connecting rod 7 and
upper connecting rod 8 are part of the corresponding levers 9 and 10,
respectively. In this case the system combines a second-class lower lever 9
rotating around fulcrum f, with a first-class upper lever 10 rotating around fulcrum
f

Fulcrums f and f match articulated joints 7b and 8b, respectively, of arms
2a and 2b of the rigid structure with the chassis 3. Advantageously, the front ends
of these lower and upper arms 2a and 2b are connected between each other to
increase the rigidity of the rigid structure 2, although it is also possible for them
not to be connected to each other. As with the variants illustrated in figures 5 to 8,

both ends 6a and 6b of the damping device 6 are moveable.

It is evident that the invention takes into consideration that for all variants
the front ends of these lower and upper arms 2a and 2b are connected to each

other to increase the rigidity of the rigid structure 2, without affecting the

dynamics of the suspension system 1.

Similar to the variant illustrated in figures 2a and 2b, to mitigate even more
the pedal kickback effect, the lower connecting rod 7 of the system 1 is used as a
support for a sprocket or pulley 12 which, acting as a loose pulley, is intended to
support and offset the chain 13 driving the rear wheel 14. This sprocket 12 makes
it possible for the tension or the tendency of chain 13 to elongate to be absorbed
by the section of the chain arranged between the axle 30 (or otherwise in the

gears rotating around the axle 30) and the sprocket 12, without transmitting it to

the bottom bracket 11 of the bicycle.
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One consequence of the foregoing is that a selection of geometries can be
made giving axle 30 a not-so-vertical path, or a backwards one, which can get
farther away from the bottom bracket 11 without increasing the pedal kickback

effect, thus improving the capacity of the vehicle to overcome irregularities.

Figure 15b shows the anti-squat behavior and the pedal kickback for the
embodiments displayed in figures 9a and 9b described before, as well as a
variant of the suspension system identical to figures 9a and 9b, but without the

sprocket, identified with legend B.

In the variants of figures 10 to 13, only the end 6a of the damping device 6
IS moveable, connected by an articulated joint 9a to the lever 9, which is part of
the lower connecting rod 7. In the variants shown in figures 10 to 13, only the end
6a of the damping device 6 is moveable, connected by the articulated joint 9a to
lever 9, which is part of the lower connecting rod 7. In these cases, fulcrum f of
the lever matches the articulated joint 7b of the lower connecting rod 7 with the

lower arm 2a of the rigid structure 2.

In the variant of figures 10a, 10b and 11a, 11b, the lever 9 is a third-class
lever. In the first case, the end 6b of the damping device matches the articulated
joint 8b of the upper connecting rod 8 with the upper arm 2b of the rigid structure
2, while in the second case, the end 6b of the damping device 6 Is located at a
point above said articulated joint 8b. However, the invention takes into

consideration other locations for the end 6b.

In the variant of figures 12a and 12b, the lever 9 is a second-class lever
and the end 6b of the damping device remains articulated to the chassis 3 at a
point located above said articulated joint 8b. However, the invention takes into

consideration other locations for the end 6b.

In the variant of figures 13a and 13b, the upper connecting rod 8 is part of a
lever 10, in this case a third-class lever, rotating around fulcrum f matching the

articulated joint 8b between the chassis 3 and the upper arm 2b of the rigid
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structure 2. The end 6a opposite to the damping device is articulated to the

chassis 3 at a point above said articulated joint 8b.

The variant of figures 14a and 14b combines two levers 9 and 10, lever 9
being a third-class lever and lever 10 being a second-class lever. According to
this variant, both ends 6a and 6b of the damping device are moveable,
connected by the corresponding articulated joints 9a and 10a to levers 9 and 10,

respectively.

As an example, figure 16 illustrates the brake-squat behavior for some of

the embodiments whose response to the pedal kickback is illustrated in figure 17.

Figure 18 illustrates the leverage ratio for the same embodiments illustrated
in figure 16. Leverage ratio in the context of this invention is the ratio between the
range of the rigid structure 2 and the range of the damping device. Therefore, for
example for a bicycle with a 150 mm range using a damper with a range of 50
mm, the LR would be 150/50=3.

The variation of the LR along the range defines the behavior of the
suspension. Consider the fact that it is possible to have two systems with the
same LR, for example a value of 2.5, but the first could have a constant L. R and
the second could have a variable LR: with an initial value of 3 and final value of 2,
but with an average of 2.5. Then in both cases the average LR would be the

same (2.5), but the behavior of the system would be completely different.

Based on the type of damping device included in the suspension system or
the type of driving applied to the bicycle, it will be necessary to achieve a

leverage ratio suited to them in order to achieve the desired operation of the

suspension system.
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CLAIMS

1. A suspension system (1) for vehicles (15) with at least two wheels
comprising a rigid structure (2) supporting the axle (30) of a rear wheel of the
vehicle and a damping device (6), the rigid structure comprising a lower arm (2a)
and an upper arm (2b) angled and connected to corresponding upper and lower
points of the chassis (3) of the vehicle through corresponding lower mechanism
(5a) and upper mechanism (5b), respectively, that provide movement, in a guided
way and under the influence of the damping device (6), of the rigid structure (2)
with regard to the chassis (3), of which:

- the lower mechanism (5a) comprises a lower connecting rod (7) having
articulated joints (7a, 7b) with the lower arm (2a) of the structure and the chassis
(3) that are at least 20 mm apart from one another, the articulated joint (7a) with
said lower arm of the structure being arranged, in the forward direction of the
vehicle, ahead of or matching the vertical plane passing through the output axle
(11) of the driving mechanism of the vehicle — the bottom bracket in the case of a
bicycle —

- the upper mechanism (5b) comprising an upper connecting rod (8) having
articulated joints (8a, 8b) with the upper arm (2b) of the structure and chassis, the
articulated joint (8b) with the chassis being arranged, in the forward direction of
the vehicle, ahead of or matching the vertical plane passing through the
articulated joint (7b) of the lower connecting rod (7) with the chassis,

- at least one of the upper or lower connecting rods (7; 8) forming part of a lever
(9; 10) whose fulcrum (f; ') is the articulated joint of the connecting rod with the
chassis and whose resistance is an articulated joint (9a or 10a) with one of the
ends (6a or 6b) of the damping device (6), and

- the arrangement and orientation of the lower and upper connecting rods (7 or 8)
being such that the Instant Rotation Center (JRC) of the rigid structure (2)
remains, during the whole work stroke of the damping device (6), ahead of the

articulated joint (/b) of the lower connecting rod (7) with the chassis (3).

2. The system according to any one of the aforementioned claims,

characterized in that either the lower connecting rod (7) or the upper connecting
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rod (8) is used as the support of a sprocket or pulley (12) that, acting as a loose

pulley, is intended to support and offset a transmission chain or belt (13).

3. The system (1) according to claims 1 or 2, characterized in that
during the whole travel stroke of the axle (30) the articulated joint (7a) of the
lower connecting rod (7) of the rigid structure (2) is always ahead of or on the

vertical plane passing through its articulated joint (7b) with the chassis (3).

4. The system (1) according to any one of the previous claims,
characterized in that the articulated joint (7b) of the lower connecting rod (7) with

the chassis (3) is at a distance shorter than or equal to 200 mm from the output

axle (11) of the driving mechanism.

5. The system (1) according to any one of the previous claims,
characterized in that both the upper and lower connecting rods (7, 8) rotate In
opposite directions, with that of the upper connecting rod (8) being the same as
that of the wheels (14) in the forward direction of the vehicle (15), during the
whole travel stroke of the axle (30) in the direction of compression of the damping

device (6).

0. The system (1) according to the previous claim, characterized in
that the upper connecting rod (8) is part of said lever (10), and in that the lever

(10) 1s a second- or third-class lever.

/. The system (1) according to the previous claim, characterized in
that the end (6a) of the damping device (6) opposite to the one connected to the

lever Is articulated to a fixed point of the chassis (3), at a level above the fulcrum

(f') of the lever.

8. The system (1) according to claim 5, characterized in that the
upper lever (8) is part of a first-class lever (10); and the lower connecting rod (7)
IS part of another third-class lever (9), whose fulcrums (f', f) are the articulated

joint of said upper and lower connecting rods (8, 7) with the chassis (3) and
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whose resistances are corresponding articulated joints with the ends (6b, 6a) of

the damping device (6).

9. The system (1) according to claim 5, characterized in that the
upper connecting rod (8) is part of a third-class lever (10); and the lower
connecting rod (7) is part of another, also of third-class, lever (9), whose fulcrums
(f’, f) are the articulated joint of said upper and lower connecting rods (8, 7) with
the chassis (3) and whose resistances are corresponding articulated joints with

the ends (6b, 6a) of the damping device (6).

10. The system according to claim 5, characterized in that the upper
connecting rod (8) is part of said lever (10), in that the lever is a first-class iever
and in that the end (6a) of the damping device (6) opposite to the one connected
to the lever (10) is articulated to a fixed point of the chassis (3), at a level below

the fulcrum (f’) of the lever.

11. The system according to claim 5, characterized in that the lower
connecting rod (7) is part of said lever (9), in that the lever is a third-class lever
and the end (6a) of the damping device (6) opposite to the one connected to the

lever (9) is articulated to a fixed point of the rigid structure (2).

12. The system (1) according to any one of the claims 5 to 11,
characterized in that the /RC follows a backwards path during the whole travel

stroke of the axle (30) in the direction of compression of the damping device (6).

13. The system according any one of the claims 1 to 4, characterized
In that both the upper and lower connecting rods (7, 8) rotate in the same
direction, opposite to that of the wheels (14), in the forward direction of the

vehicle (15), during the whole travel stroke of the axie (30) in the direction of

compression of the damping device (6).

14, The system (1) according to claim 13, characterized in that the
lower connecting rod (7) is part of said lever (9), in that the lever (9) is a third-

class lever, and in that the end (6b) of the damping device (6) opposite to the one
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connected to the lever is articulated to the upper mechanism (5b), at a point of
the corresponding upper connecting rod (8) or matching the articulated joint (8b)

of said upper connecting rod (8) with the chassis (3).

15. The system (1) according to claim 13, characterized in that the
lower connecting rod (7) is part of said lever (9), and In that the articulated joint
(9a) with the end (6b) of the damping device (6) is arranged on the line
connecting the fulcrum (f) to the articulated joint (7a) with the rigid structure (2),
the lever (9) being a second or third-class lever, the end (6b) of the damping
device (6) being opposite to the one connected to the lever articulated to a fixed

point of the chassis (3).

16. The system (1) according to claim 13, characterized in that the
upper connecting rod (8) is part of said lever (10), which is a third-class lever, and
in that the end (6a) of the damping device (6) opposite to the one connected to
the lever i1s articulated to a fixed point of the chassis (3), at a level above the

fulcrum (f') of the lever (10).

17. The system (1) according to any one of the claims 13 to 15,
characterized in that the /RC follows an ascending stroke during the whole travel

stroke of the axle (30) in the direction of compression of the damping device (6).
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