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(54) Title: SUSPENSION SYSTEM FOR MOBILITY SYSTEMS, FOR SUPPORTS USE FOR HANDICAPPED PEOPLE

FIG. 4

(57) Abstract: A suspension system (10) for mobility systems is described, interposed between at least one suspended load and at
least one non-suspended part, comprising at least one motion guiding system (20), at least one motion transmitting system (6), at
least one dampening system (4) interposed between the motion guiding system (20) and the motion transmitting system (6), articu-
lated connecting means to such suspended load and connecting means to such non-suspended part, the motion transmitting system
(6) being interposed between the motion guiding system (20), the dampening system (4) and the articulated connecting means to
the suspended load; the suspended load is a handicapped user in his legs and the non-suspended part is at least one snow-type ski
equipped with conventional connection.
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SUSPENSION SYSTEM FOR MOBILITY SYSTEMS, FOR SPORTS

USE FOR HANDICAPPED PEOPLE

The present invention refers to a suspension
system for mobility systems, aimed for sports use
for connecting to a common ski equipped with
conventional connection and to the support of an
handicapped user suffering an invalidity or
paralysis of his/her lower limbs.

As it 1s evident, for people that suffered
lesions of their spinal column, and have partially
or completely lost the mobility of the lower part
of the column and therefore of their lower limbs,
the chances of practising winter sports and, in
particular, skiing, is constrained to the use of
unconventional structures and devices with respect
to typical tools and sportswear of a person without
handicap.

For the practice of skiing, the art proposes
some dampening systems, which allow the handicapped
athlete to be interfaced with the sports toél, in

particular a ski.
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The known system developed by Alois
PRASCHBERGER provides for the use of a single ski
with standard sizes and connections comprising a
seat for containing the pelvis and a bag, connected
to the seat itself, for supporting and protecting
the lowér limbs. Such components are connected to
the ski with a connection through a dampening
mechanism adapted to rigidly constrain the
suspended system to the ski orthogonally to the
plane aefined by the shaking direction and the
advancement direction and to allow controlling the
shaking motion of the suspended load with respect
to the fixed direction. The control of the shaking
motion of the suspended load is performed by using
an elastic and dampening element that takes care of
balancing the weight force and provides the
dampening of oscillations in the wvertical system
dynamics. In order to accommodate for the reduced
control capability through the use of the upper
part of the body, it is foreseen that the rackets
have their ends equipped with blades shaped as
skis, which the handicapped sportsman uses as
support for controlling the balance.

Such known system, though being widely used,

has however a series of objective critical points.
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In particular, the big mass and the difficulty in
using the chair-1lifts are surely the most evident
limits of such system; in fact, in order to be able
to use ‘the chair-lifts, it is necessary that the
sportsman lifts himself with the rackets and
manually actuates a disconnecting system that
allows lifting the seat up to a height which is
compatible with the chair-1lift seat: the two
operations must be performed simultaneously and
this is particularly difficult.

FR-A-2611515 instead discloses a system
comprising a supporting cradle for the handicapped
person. The suspension system is characterised by a
rigid arm and an equaliser. The skier’s seat is
constrained at its rear end to the -equaliser
(mobile'anchoring point) and at its front end to
the rigid arm. The equaliser rotates around a pin
fastened along the rigid arm and i1s connected on
its rear side to the seat and on its front side to
the fixéd arm by means of a helical spring. The
seat rotates around the connection point with the
rigid arm and the oscillation amplitude 1is
controller by the spring.

FR;A—2798072 discloses a suitably shaped rigid

support structure on which there is a second rigid
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structure whose rear part is used as seat and whose
front part is used as directional ‘rudder’. The
system is comparable with a snow scooter and has
not been designed for being used by a person with
physical handicaps.

GB~A-2340739 discloses a system composed of a
seat and a support for controlling a water ski for
users that have no chance of using their Ilower
limbs. The seat is connected to the ski through two
pairs of connecting rods. The system provides for
the use of a spring-shock absorber system arranged
longitudinally for controlling the seat movement.
In particular, the longitudinal and vertical
movements of the seat remain mutually coupled.

DE-A-3402966 discloses a system equipped with
a supporting cradle for a handicapped person. Such
cradle is constrained to the ski by means of a
cylindrical hinge that constraints the longitudinal
motion in addition to being a lever point for the
structure barycentre. The cradle motion around such
point is contrasted by two helical springs.

WO-A-9516504 discloses a system for people
with a handicap in their legs. The seat is
connected to a base plate in turn connected to the

ski by means of an arm. The arm rotates with
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respect to the base and its oscillation 1is
controlled by an interposed spring. The spring
operates both on the longitudinal and on the
vertical seat movement and such movements remain
mutually coupled.

Therefore, object of the present invention is
solving the above prior art problems by providing a
suspension system for mobility systems, for sports
use for handicapped people, which is compact and
with reduced overall spaces in height.

Another object of the present invention is
providing a suspension system, which allows the
connection Dbetween a supporting seat with a
disabled user and a conventional connection of a
common ski.

Another object of the present invention 1is
providing a suspension system, which allows a wide
rear free space for the supporting seat in order to
allow the insertion of a chair-lift seat without
interventions by the user.

Another object of the present invention is
providing a suspension system equipped with a
motion transmitting system, which allows arranging
the dampening system itself in a horizontal

position.

PCT/IT2009/000485
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Thé above and other objects and advantages of
the invention, as will appear from the following
description, are obtained with a suspension system
as claimed in claim 1. Preferred embodiments and
non-trivial variations of the present invention are
the subject matter of the dependent claims.

It will be immediately obvious that numerous
variations ahd modifications (for example related
to sha@e, sizes, arrangements and parts with
equivalent functionality) can be made to what is
described, without departing from the scope of the
invention as appears in the enclosed claims.

Thé present invention will be better described
by some preferred embodiments thereof, provided as
a non-limiting example, with reference to the
enclosed drawings, in which:

- Fiéure 1 shows a diagram which schematically
represents the dynamics of a preferred embodiment
of the suspension system according to the present
invention;

- Figure 2 shows a diagram which schematically
represents the dynamics of another preferred
embodiment of the suspension system according to
the present invention;

- Figure 3 shows a diagram which schematically

PCT/IT2009/000485
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represents the dynamics of a preferred embodiment
of a motion guiding system of the suspension system
according to the present invention;

- Figure 4 shows a side view of a preferred
embodiment of the suspension system according to
the present invention;

- Figure 5 shows a rear perspective view of the
suspension system of Figure 4;

- Figure 6 shows a perspective view of a
preferred embodiment of a motion guiding system of
the suspension system of Figure 4;

- Figure 7 shows a perspective view of a
preferred embodiment of a motion transmitting
system of the suspension system of Figure 4; and

- Figure 8 shows an exploded view of the
suspension system according to the present
invention.

With reference to the Figures, it 1s possible
to note that the suspension system 10 according to
the present invention for mobility systems arranged
to be interposed between at least one suspended
load and at least one non-suspended part, and in
particular for sports use for the connection to a
common ski equipped with conventional connections

(representing the non-suspended part) and to the

PCT/IT2009/000485
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support of a user (representing the suspended load)
having an handicap affected by invalidity or
paralysis of his lower limbs comprises:
- at.least one motion guiding system 20;
5 - at least one motion transmitting system 6;
- at least one dampening system 4 interposed
between the motion guiding system 20 and the motion
transmifting' system 6; in particular, the motion
transmitting system 6 allows placing the dampening
10 system 4 in the most suitable position for its
specific purpose of use;
- arﬁiculated connecting means to the suspended
load; and
- connecting means to the non-suspended part,
15 the motion transmitting system 6 being interposed
between the motion guiding system 20, the dampening
system 4 and the articulated connecting means to
the suspended load.
The suspension system 10 then generates the
20 relative motion of the suspended body with respect
to the non-suspended part. Depending on the type of
application, the movement needs of the suspended
load anq the encumbrance constraints, such system
100 can be preferably made through different

25 kinematism types.
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With reference, for example, to Figure 1, it

is possible to note that the suspension system 10
according to the present invention can be made as
double-pendulum kinematism. Assuming that the

5 advancement motion of the system 10 occurs along a
horizontal plane and that the shaking motion of the
suspended load occurs in a vertical plane, the
movement of the suspended load is composed of a
vertical motion coupled with a horizontal motion.

10 The horizontal motion is function of the arm length

and the vertical shaking according to the

setfi-oefemi( 3]

where 1 and z are respectively the arm length and

expression:

15 the vertical shaking.
Instead, with reference to Figure 2, it is
possible to note that the suspension system 10
according to the present invention can be made with
a simple-pendulum kinematism. In this case,
20 assuming that the advancement motion of the system
10 occurs along a horizontal plane and that the
shaking motion of the suspended load occurs in a
vertical plane, the moving part is constrained to

rotate -around the arm hinge point. Therefore, to
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the vertical movement of the suspended load a
horizontal movement is associated, which is

described by the following expression and a

.| Z
= arcsm(7)

Also in this case, 1 and z are respectively

rotation o

the arm length and the vertical shaking.

The shaking motion of the suspended load is
transformed into a motion along the working
direction of the guiding system 20 of the
suspension motion. The motion transmitting system 6
can be composed of an element with three non-
aligned: hinge points: the transmission system 6 is
then characterised by a rotation and translation
motion in the plane defined by the shaking and
advancing directions. Figure 3 shows an example of
a transmission system 6 in which the main element
transforms the vertical motion (as shown by arrows
V) into a horizontal motion (as shown by arrows H)
rotating around a fixed point O. Such transmission
system '6 can require the use of an additional
connection element for making the kinematics
compatible with the motion law of the suspended

load with respect to the non-suspended part. This

10
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allows making the suspension system 10 according to
the present invention extremely compact.

Herein below, merely as an example, a
preferred embodiment of the suspension system 10
according to the ©present invention will Dbe
described, such system aimed to be used with a
mobility system composed of at least one single
snow-type ski by users with physical handicaps
and/or scarce/absent mobility of their lower limbs.
In such specific case, the suspended load 1is
composed of the user and the system for containing
and anchoring the user (not shown), while the non-
suspended part is composed of a common mountain ski
equipped with a conventional connection for ski
boots (not shown): in this specific case, the
advanceﬁent motion of the non-suspended part (the
ski) is parallel to the ground while the shaking
motion is orthogonal therewith.

With reference then to Figures 4 to 8, it is
possiblé to note that, preferably, the articulated
connecting means to the suspended load (user) can
be made as at least one rigid structure 1, possibly
shaped according to an aerodynamic outline, on the
top of thch at least one seat of a known type (not

shown) is connected, aimed to house the user in a

11
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sitting position. In particular, the specific and
preferréd arc shape of the rigid structure 1
advantageously allows guaranteeing a wide rear free
space for the seat, in order to allow the user to

5 access without obstacles to the chair-lift seat: in
such a way, the user is not compelled any more to
perform any operation apart from the one of
arranging himself waiting for the seat to arrive
from his rear part, as do all skiers without

10 handicaps.

In this specific application, with particular
reference to Figure 7, it is possible to note that
the motion guiding system 20 comprises, or 1is
integrated with, the connecting means to the non-

15 suspended part (ski) instead made as at least one
interface base 2 equipped with at least one lower
plate 7 suitably shaped as nose 7a and heel b,
operatively and functionally compatible with a
conventional ski connection.

20 The motion guiding system 20 further comprises
at least one front bracket 8a and at least one rear
bracket 8b arranged on the upper surface of the
lower plate 7 and in opposite positions on this
latter one. In particular, the front bracket B8a

25 allows, in respective connection points, hinging

12
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the motion transmitting system 6 while the rear
bracket 8b allows hinging an end of at least one
pair of small arms 3 and hinging an end of the
dampening system 4, traditionally composed of
spring and shock-absorber, arranged horizontally
along the plate 7 and parallel to the advancement
motion direction of the non-suspended part, and in
particular the ski: the same small arms 3 are
arranged in a substantially parallel position to
the dampening system 4. A opposite end of such
small arms 3 is instead hinged to the articulated
connecting means to the suspended load, and in
particular to the rigid structure 1.

In order to make the motion guiding system 20,
preferably a kinematic scheme of the double-
pendulum type 1is realised. Due to structural and
encumbrance reasons, two pairs of parallel small
arms 3, two right and two left ones overlapping,
are hinged on the rear part of the rear bracket 8b
of the base 2 and on the front part to the
articulated connecting means to the suspended load,
and in particular to the rigid structure 1 for
connecting with the seat. It is clear that the
kinematic functionality is also guaranteed even if

the suspension is shaped with two small arms only

13
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or with many small arms.

With particular reference to Figure 7, it is
possible to note that a preferred embodiment of the
motion transmitting system 6 comprises at least one
structure substantially shaped as a triangle having
three hinge points at its vertexes: a first hinge
point 6a is a fixed point and 1is adapted for
hinging the motion transmitting system 6 itéelf to
a respective connection point of the front bracket
8a of the motion guiding system 20, a second hinge
point 6b is adapted for hinging with a free end of
the dampening system 4, a third hinge point 6c is
adapted . for hinging with at least one end of at
least one connecting rod 5, an opposite end of such
connecting rod 5 being hinged in a respective
connection point of the articulated connecting
means te the suspended load, and in particular of
the rigid structure 1. The motion transmitting
system 6 hinged to the front bracket 8a of the
guiding system 20 therefore allows transforming the
vertical shaking motion into a horizontal
advancement motion suitable for the dampening
system 4.

The connecting rods 5 guarantee the kinematic

compatibility between the motion of the

14
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transmission system 6 and the motion of the rigid
structure 1, guided by the small arms 3. For
structural and encumbrance reasons, it has resulted
convenient in the preferred embodiment of the
system 10 according to the present invention to use
a pair of double connecting rods 5, a right one and
a left one with respect to the motion transmitting
system 6.

As clearly appears from what has been
described above, the suspension system 10 according
to the present invention is a possible construction
solution optimised depending on needs of minimum
weight and maximum compactness. In particular, the
suspension system 10 according to the present
invention is compact and concentrated in a very
‘low’ position near the non-suspended part, and in
particular near the connection system to the ski.

Obviously, the range of application of the
above described suspension system 10 is merely an
example. In fact, by suitably modifying the
preferred embodiment - as described, and in
particular the type of connecting means being used,
the suspension system 10 can be used as interface
for various types of mobility systems, of suspended

loads and non-suspended parts, making, for example:

15
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- a suspension for water ski;

- a connection system between skis and

structures of airplanes arranged for mooring;

- a suspension for toboggans, towing sleighs and
5 sleighs that facilitate the motion in strongly

slanted areas;

- a suspension for snow-type ski (winter ski and

the 1like).

16
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CLAIMS

1. Suspension system (10) for mobility systems
interposed between at least one suspended load and
at leasf one non-suspended part, characterised in
that it c¢omprises at least one motion guiding
system (20), at least one motion transmitting
system (6), at least one dampening system (4)
interposéd between said motion guiding system (20)
and said motion transmitting system (6),
articulated connecting means to said suspended load
and connecting means to said non-suspended part,
said motion transmitting system (6) being
interposed between said motion guiding system (20),
sald dampening system (4) and said articulated
connectipg means to said suspended load, said
suspended load being at least one handicapped user
in his legs and said non-suspended part being at
least one snow-type ski equipped with conventional
connection.

2. Suspension system (10) according to claim 1,
characterised in that said articulated connecting
means to said suspended load are at least one rigid
structure (1) on the top of which at least one seat
is connected.

3. Suspension system (10) according to claim 1,

17
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characterised in that said connecting means to said
non—suspénded part are at least one interface base
(2) equipped with at least one lower plate (7)
suitably shaped as nose (7a) and heel (7o)
operatively and functionally compatible with said
connection of said ski.

4. Suspension system (10) according to claim 1,
characterised in that said motion guiding system
(20) comprises at least one front bracket (8a) and
at leastlone rear bracket (8b) arranged on an upper
surface of at least one lower plate (7), said front
bracket (8a) being adapted to allow hinging said
motion transmitting system (6), said rear bracket
(8b) being adapted to allow hinging an end of at
least one pair of small arms (3) and hinging an end
of said dampening system (4), said small arms (3)
having an opposite end hinged to said articulated
connecting means to said suspended load.

5. Suspension system (10) according to claim 5,
characterised in that said dampening system (4) is
horizontally arranged along said plate (7) and
parallel to a direction of the advancement motion
of said non-suspended part and said small arms (3)
are arranged in a substantially parallel position

to said dampening system (4).

18
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6. Suspension system (10) according to claim 1,
characterised in that said motion guiding system
(20) operates according to a double-pendulum
kinematic scheme.

7. Suspension system (10) according to any one of
the previous claims, characterised in that said
motion transmitting system (6) comprises at least
one structure substantially shaped as a triangle
having at its vertexes respectively a first hinge
point (6a) adapted to hinge said motion
transmitting system (6) to a respective connection
point of said front bracket (8a) of said motion
guiding system (20), a second hinge point (6b)
adapted to hinge a free end of sald dampening
system (4), a third hinge point (6c¢) adapted to
hinge at least one end of at least one connecting
rod (5), an opposite end of said connecting rod (5)
being hinged in a respective connection point of
said articulated connecting means to said suspended

load.

19
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