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(54) WHEELCHAIR OR HANDCYCLE WITH REAR SUSPENSION

(57) A wheelchair (1) or a handcycle (100) compris-
ing:
- a supporting frame (2);
- a seat (3,4,5) fixed to the supporting frame (2);
- a pair of rear wheels (6) and at least one front wheel (8) ;
- a rear suspension (10) operatively interposed between
the supporting frame (2) and the pair of rear wheels (6);

characterized in that the rear suspension (10) comprises:
- at least one leaf spring (11) coupled to the supporting
frame (2) and arranged between the pair of rear wheels;
- two wheel supporting elements (12), each of which sup-
ports a respective rear wheel (6) of the pair of rear wheels
(6) and is fixed to the leaf spring (11).
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to the technical
field of wheelchairs or handcycles and, in particular, re-
lates to a wheelchair or handcycle comprising a rear sus-
pension.

BACKGROUND ART

[0002] It is known that wheelchairs are widely used for
the transportation and ambulation of people with ambu-
latory problems, e.g., such as disabled or injured people.
[0003] Since the advent of the first wheelchairs, the
manufacturers and users of these vehicles have con-
stantly made innovations aimed at improving, for exam-
ple, the comfort, use, sturdiness, and lightness of the
vehicles. Despite these innovations, a need is still felt to
improve the performance of wheelchairs in terms of ease
of driving and reliability also in presence of particularly
difficult or rough terrains, and in terms of protecting the
user from repeated and, therefore, highly damaging
stresses.
[0004] Rigid wheelchairs, i.e., free from suspension,
which have the problem of losing contact with all support
points on the ground on imperfect surfaces, forcing the
user to compensate with the limbs and the torso (when
possible), with probable collateral damage, are still man-
ufactured and marketed today. Wheelchairs provided
with front and/or rear suspensions are also known; how-
ever, the performance of these suspensions to date is
not satisfactory in terms of cost, construction complexity,
weight, and ability to reduce stresses. For example, a
rear modular wheelchair suspension is described in the
patent application US 2012/0013098 A1.
[0005] The same needs described above concerning
wheelchairs are also felt in the field of handcycles, either
used by people with disabilities or for sports purposes by
able-bodied users.
[0006] It is a general object of the present description
to make available a wheelchair or a handcycle which al-
lows to solve the problems described above with refer-
ence to the prior art entirely or at least in part.
[0007] The aforesaid purpose, as well as other purpos-
es that will better appear below, are achieved by means
of a wheelchair or handcycle as defined in the appended
claim 1. Alternative preferred and advantageous embod-
iments of the aforesaid wheelchair or handcycle are de-
fined in the accompanying dependent claims.
[0008] The invention will be better understood from the
following detailed description of particular embodiments
thereof, given by way of a non-limiting example, with ref-
erence to the accompanying drawings briefly described
in the following paragraphs.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] In the accompanying figures:

- Figure 1 shows an isometric view of a non-limiting
example embodiment of a wheelchair;

- Figure 2 shows a further isometric view of the wheel-
chair in figure 1;

- Figure 3 shows an isometric view of the part of a
wheelchair in figure 1;

- Figure 4 shows a plan elevation view of the part of
a wheelchair in figure 3;

- Figure 5 shows a further isometric view of the part
of a wheelchair shown in figure 3;

- Figure 6 shows a plan side view of the wheelchair in
figure 1;

- Figure 7 shows a plan side view of the part of the
wheelchair in figure 1; and

- Figure 8 shows an isometric view of a non-limiting
example embodiment of a handcycle.

DETAILED DESCRIPTION

[0010] Figures 1-7 show an embodiment of a wheel-
chair 1 by way of a non-limiting example.
[0011] The wheelchair 1 comprises a supporting frame
2 and a seat 3,4,5 fixed to supporting frame 2. The seat
3,4,5 preferably comprises a seating surface 3, generally
horizontal, and a backrest 4, generally vertical. Prefera-
bly, the seat 3,4,5 comprises a supporting bracket 5 of
the backrest 4, e.g., an L-shaped bracket, operatively
interposed between the seating surface 3 and the back-
rest 4 to fix the backrest 5 to the seating surface 3, either
in a fixed manner or in a manner adjustable in height
and/or tilt. For example, the supporting bracket 5 has an
end portion fixed to the seating surface 3, e.g., by means
of mechanical coupling elements 51, such as screws,
pins, bolts, or rivets, and an opposite end portion fixed
to the backrest 4, again in this case by means of screws,
pins, bolts, or rivets.
[0012] The wheelchair 1 comprises a pair of rear
wheels 6, i.e., two rear wheels 6, and at least one front
wheel 8. The at least one front wheel 8 is preferably a
steering wheel. In the non-limiting example shown in fig-
ures 1-7, the two rear wheels 6 are the main wheels and
preferably the traction wheels of the wheelchair 1. Each
of the rear wheels 6 includes, for example, a circular grip-
ping handle, mounted laterally cantilevered with respect
the rear wheel 6 and not shown in the figures, adapted
to allow a user to apply a manual pushing force to impart
a traction torque to the rear wheels 6. In any case, the
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wheelchair 1 can be either a human-powered wheelchair
or an electric-powered wheelchair, or both a human-pow-
ered and electric-powered wheelchair.
[0013] In the particular non-limiting embodiment
shown in figures 1-7, the wheelchair 1 comprises two
steering front wheels 8 and two rear wheels 6. The two
rear wheels 6 have a larger diameter than the two front
steering wheels 8.
[0014] The wheelchair 1 further comprises a rear sus-
pension 10 operatively interposed between the support-
ing frame 2 and the pair of rear wheels 6.
[0015] The rear suspension 10 comprises at least one
leaf spring 11 coupled to the supporting frame 2 and fur-
ther comprises two wheel supporting elements 12 each
of which supports a respective rear wheel 6 and is fixed
to the leaf spring 11. The leaf spring 11 is arranged be-
tween the two rear wheels 6, in particular, the leaf spring
11 is arranged transversely, e.g., perpendicularly, to the
rear wheels 6.
[0016] According to an advantageous embodiment,
the leaf spring 11 is a plate-like spring and preferably, in
absence of external stresses, a straight and planar plate-
like spring.
[0017] According to the embodiments, the leaf spring
11 may comprise a stack of two or more mutually stacked
plate-like elastic elements. According to an embodiment,
the leaf spring 11 may further comprise a single plate-
like spring element. In the latter case, the leaf spring 11
is thus a single-leaf spring.
[0018] The one or more plate-like elastic elements of
the leaf spring 11 are advantageously made of metal ma-
terial, e.g., steel or aluminum, or a reinforced composite
material, such as carbon fiber.
[0019] The wheel supporting elements 12 are prefer-
ably plate-like elements, e.g., shaped metal plates, and
each of them is configured to constrain the hub 26 of a
respective rear wheel 6 to it so that the rear wheel 6 is
rotatably connected to the wheel supporting element 12.
In this regard, for example, each wheel supporting ele-
ment 12 comprises a through-hole 12c crossed by a hub
coupling pin 26, wherein the axis of the coupling pin de-
fines the rotation axis A of the respective rear wheel 6.
[0020] According to a particularly advantageous em-
bodiment, the leaf spring 11 comprises two end portions
11a opposite to each other, and each of the wheel sup-
porting elements 12 is fixed to a respective end portion
11a of the leaf spring 11. Advantageously, the leaf spring
11 comprises a central portion 11b, interposed with re-
spect to the two end portions 11a, fixed to supporting
frame 2. Mechanical coupling elements, preferably of a
removable type, e.g., such as screws or pins, are con-
veniently provided for fixing the wheel supporting ele-
ments 12 to the leaf spring 11. Mechanical coupling el-
ements, preferably of a removable type, such as screws
or pins, are conveniently provided for fixing the central
portion 11b of the leaf spring 11 to the supporting frame 2.
[0021] According to a particularly advantageous em-
bodiment, the at least one leaf spring 11 comprises a first

leaf spring 11 and a second leaf spring 11 mutually
spaced apart and preferably parallel to each other. In this
embodiment, it is particularly advantageous to provide
that each of the wheel supporting elements 12 comprises
a fixing portion 12a that is interposed and clamped be-
tween the first leaf 11 and the second leaf spring 11.
[0022] According to a particularly advantageous em-
bodiment, the supporting frame 2 comprises a fixing por-
tion 21 which is interposed and clamped between the
first leaf 11 and the second leaf spring 11. Conveniently,
the fixing portion 21 of the supporting frame 2 is a first
end portion of the supporting frame 2. Advantageously,
the fixing portion 21 of the supporting frame 2 comprises
at least one fixing recess adapted to receive the middle
portion 11b of said leaf spring 11. Since in the example
shown in the figures, the rear suspension 10 comprises
two leaf springs 11 mutually spaced apart, the fixing por-
tion 21 of the supporting frame 2 comprises two fixing
recesses arranged on the fixing portion 21 in mutually
opposite positions.
[0023] According to an advantageous embodiment,
the supporting frame 2 is a single-arm frame, preferably
arranged centrally with respect to the seat 3,4,5. For ex-
ample, the supporting frame 2 is manufactured by 3D
printing and is made of a metal material, or a plastic ma-
terial, or a composite material.
[0024] According to a particularly advantageous em-
bodiment, a housing compartment 22 is defined within
the supporting frame 2. The housing compartment 22 is,
for example, adapted and configured to house possible
electronic components of the wheelchair 1, and a re-
chargeable power supply battery if the wheelchair 1 is
motorized. For example, the housing compartment 22
has an access opening, which faces the fixing portion 21
of the supporting frame 2.
[0025] According to an advantageous embodiment,
the supporting frame 2 is either L-shaped or V-shaped
and for this purpose comprises a crank portion 24 ar-
ranged in an intermediate position between the fixing por-
tion 21 and a second end portion 23 of the supporting
frame 2.
[0026] According to an embodiment, the seat 3,4,5
comprises a seating surface 3 fixed to the second end
portion 23 of the supporting frame 2. Advantageously,
the seating surface 3 comprises a front portion 3a rigidly
fixed to the second end portion 23 of the supporting frame
2 and comprises a free rear portion 3b, wherein the seat-
ing surface 3 is elastically flexible so that the rear portion
3b is free to bend with respect to the front portion 3a. For
example, the seating surface 3 is made by 3D printing or
composite material, such as carbon fiber.
[0027] For example, the front portion 3a of the seating
surface 3 is rigidly fixed to the first end portion 23 of the
supporting frame 2 by means of fixing elements 31, e.g.,
such as screws, bolts, pins, or rivets.
[0028] According to a particularly advantageous em-
bodiment, the wheelchair 1 further comprises a damper
30 having a first end portion fixed to the seating surface
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3 at an intermediate position between the front portion
3a and the rear free portion 3b and a second end portion
fixed to the supporting frame 2. The aforesaid interme-
diate position is preferably an adjustable position. The
damper 30 is, for example, a pneumatic or oil-pneumatic
cylinder and preferably comprises a sleeve and a sliding
stem within the sleeve.
[0029] To allow the adjustment of the fixing position of
the first end portion of the damper 30 to the seating sur-
face 3, the first end portion of the damper 30 is, for ex-
ample, fixed to the seating surface 3 by a slider 35, which
can be moved to assume a discrete or continuous plu-
rality of fixing positions.
[0030] According to an advantageous embodiment,
the wheelchair 1 comprises a front footboard 7 fixed to
the supporting frame 2. Conveniently, the front footboard
7 is removably fixed to the supporting frame 2. According
to an embodiment, the front footboard 7 comprises an
upper portion 7a and a lower portion 7b, which are made
in two separate pieces mechanically coupled together.
For example, the upper portion 7a is conformed to have
a U- or C-shaped cross section, and the lower portion 7b
has an L-shaped profile in the vertical plane. In figures 6
and 7, footboard 7 differs slightly from the footboard
shown in figures 1 and 2. These differences are limited
to the shape of the lower portion 7b and the mutual po-
sitioning between the upper portion 7a and the lower por-
tion 7b.
[0031] Preferably, the front footboard 7, in particular
the upper portion 7a of the front footboard, is fixed to the
crank portion 24 of the supporting frame 2. For example,
a hole 25 is defined in the crank portion 24 of the sup-
porting frame 2 in which a fixing pin (not shown in the
figures) of the supporting footboard 7 is engaged, e.g.,
a pin integral with the upper portion of supporting foot-
board 7. Obviously, in a variant embodiment, the ar-
rangement of the hole 25 and the fixing pin can be mu-
tually reversed.
[0032] According to a particularly advantageous em-
bodiment, the wheelchair 1 further comprises at least one
swing arm front suspension 18, 19 adapted to constrain
said at least one front wheel 8 to the supporting frame 2.
Preferably, the aforesaid swing-arm front suspension 18,
19 is such that at least one front wheel 8 is constrained
to the front footboard 7. In the particular example shown
in figures 1-7, in which the wheelchair 1 comprises two
front wheels 8, preferably two steering front wheels 8,
the wheelchair 1 comprises two swing-arm front suspen-
sions 18, 19 each adapted and configured to constrain
a respective front wheel 8 to the front footboard 7.
[0033] The swing arm front suspension 8 advanta-
geously comprises a fork 18, which rotatably supports
the front wheel 8. The fork 18 is the swing arm of swing
arm suspension 18, 19 and can be a single-arm fork or
a double-arm fork. The fork 18 is rotatably hinged to the
front footboard 7 to rotate around a rotation axis B, which
is, for example, a horizontal rotation axis.
[0034] According to an advantageous embodiment,

the swing arm front suspension 8 further comprises a
damper 19. Preferably, the damper 19 has a first end
portion fixed to the swinging arm 18, i.e., to the fork 18,
and a second end portion fixed to the front footboard 7.
The damper 19 is, for example, a pneumatic or oil-pneu-
matic cylinder and preferably comprises a sleeve and a
sliding stem within the sleeve.
[0035] With reference to figure 6, according to a par-
ticularly advantageous embodiment, the wheelchair 1
comprises at least one traction motor 60, e.g., an electric
motor, operatively connected to the rear wheels 6. The
traction motor 60 is powered by a battery, preferably re-
chargeable, provided on board the wheelchair 1, which
is, for example, housed within a housing 22 defined within
the supporting frame 2. Conveniently, the wheelchair 1
comprises two traction motors 60, each of which is op-
eratively connected to a respective rear wheel 6. Accord-
ing to a particularly advantageous embodiment, the trac-
tion motors 60 are fixed to a respective wheel supporting
plate 12 and operationally connected to the respective
rear wheel 6 by means of a drive belt 61, such as a toothed
belt.
[0036] According to a particularly advantageous em-
bodiment, the wheelchair 1 comprises an electronic con-
trol unit (not shown in the figures). Said electronic control
unit is, for example, adapted and configured to control
the stiffness of the dampers 30, 19, e.g., actively accord-
ing to the characteristics of the surface on which the
wheelchair 1 moves and/or according to the configuration
selectable by a user. For active control of the stiffness of
the dampers, one or more sensors operatively connected
to the electronic control unit, for example, an optical sen-
sor and/or a vibration sensor can be provided. For ex-
ample, the electronic control unit is attached and config-
ured to control traction motors 60, e.g., to provide adjust-
able traction torque based on commands given by the
wheelchair user 1 or commands given by a remote control
system.
[0037] Referring now to figure 7, it can be appreciated
that the supporting frame 2 and the rear suspension 10
described above for the wheelchair 1 are also employa-
ble in a handcycle 100. In particular, the supporting frame
2 and the rear suspension 10 may constitute a modular
assembly, which can be coupled, e.g., removably, to oth-
er modules or modular assemblies to enable manufac-
turers to provide wheelchairs 1 or handcycles 100 using
the same aforesaid modular assembly and/or to enable
a user to convert a wheelchair 1 into a handcycle 100
and vice versa. The aforesaid transformation is particu-
larly easy in the embodiment in which the supporting
frame 2 is a single-arm frame.
[0038] From the above, it is apparent that a wheelchair
1 or handcycle 100 of the type described above make it
possible to fully achieve the proposed objects in terms
of overcoming the drawbacks of the prior art. Indeed, by
virtue of the special rear suspension described above, it
is possible to significantly limit the stresses to which a
user is subjected and ensure high comfort. Furthermore,
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a wheelchair 1 or handcycle 100 of the type described
above can be manufactured easily as a modular compo-
sition of parts, wherein many of those parts can be 3D
printed while also ensuring a large margin for customi-
zation and design and relatively low production costs.
[0039] Without prejudice to the principle of the inven-
tion, the embodiments and the manufacturing details may
be broadly varied with respect to the above description
merely given by way of a non-limiting example, without
departing from the scope of the invention as defined in
the appended claims.

Claims

1. A wheelchair (1) or a handcycle (100) comprising:

- a supporting frame (2);
- a seat (3,4,5) fixed to the supporting frame (2);
- a pair of rear wheels (6) and at least one front
wheel (8) ;
- a rear suspension (10) operatively interposed
between the supporting frame (2) and the pair
of rear wheels (6) ;

characterized in that the rear suspension (10) com-
prises:

- at least one leaf spring (11) coupled to the sup-
porting frame (2) and arranged between the pair
of rear wheels (6) ;
- two wheel supporting elements (12), each of
which supports a respective rear wheel (6) of
said pair of rear wheels (6) and is fixed to the
leaf spring (11).

2. A wheelchair (1) or a handcycle (100) according to
claim 1, wherein the leaf spring (11) comprises two
end portions (11a) opposite to each other and where-
in each of the wheel supporting elements (12) is fixed
to a respective end portion (11a).

3. A wheelchair (1) or a handcycle (100) according to
claim 2, wherein the leaf spring (11) comprises a
middle portion (11b) fixed to the supporting frame (2).

4. A wheelchair (1) or a handcycle (100) according to
any one of the preceding claims, wherein said at least
one leaf spring (11) comprises a first leaf spring (11)
and a second leaf spring (11) mutually spaced apart
and preferably parallel to each other.

5. A wheelchair (1) or a handcycle (100) according to
claim 4, wherein each of the wheel supporting ele-
ments (12) comprises a fixing portion (12a) which is
interposed and clamped between the first leaf spring
(11) and the second leaf spring (11).

6. A wheelchair (1) or a handcycle (100) according to
claim 4 or 5, wherein the supporting frame (2) com-
prises a fixing portion (21) which is interposed and
clamped between the first leaf spring (11) and the
second leaf spring (11).

7. A wheelchair (1) or a handcycle (100) according to
claim 6, wherein the fixing portion (21) of the sup-
porting frame (2) is a first end portion of the support-
ing frame (2) .

8. A wheelchair (1) or a handcycle (100) according to
claim 6 or 7, wherein the fixing portion (21) of the
supporting frame (2) comprises at least one fixing
recess adapted to receive the middle portion (11b)
of said leaf spring (11).

9. A wheelchair (1) or a handcycle (100) according to
any one of the preceding claims, wherein said at least
one leaf spring (11) is a plate-like spring and prefer-
ably, in the absence of external stresses, a straight
and planar plate-like spring.

10. A wheelchair (1) or a handcycle (100) according to
any one of the preceding claims, wherein the sup-
porting frame (2) is a single-arm frame.

11. A wheelchair (1) or a handcycle (100) according to
any one of the preceding claims, wherein the seat
(3,4,5) comprises a seating surface (3) fixed to a
second end portion (23) of the supporting frame (2).

12. A wheelchair (1) or a handcycle (100) according to
claim 11, wherein the seating surface (3) comprises
a front portion (3a) rigidly fixed to the second end
portion (23) of the supporting frame (2) and compris-
es a free rear portion (3b), wherein the seating sur-
face (3) is elastically flexible so that the rear portion
(3b) is free to bend with respect to the front portion
(3a).

13. A wheelchair (1) or a handcycle (100) according to
claim 12, comprising a damper (30) having a first
end portion fixed to the seating surface (3) in an in-
termediate position between said front portion (3a)
and said free rear portion (3b) and a second end
portion fixed to the supporting frame (2), wherein
said intermediate position is preferably an adjustable
position.

14. A wheelchair (1) or a handcycle (100) according to
any one of the preceding claims, further comprising
at least one front swing arm suspension (18, 19)
adapted to constrain said at least one front wheel (8)
to the supporting frame (2).

15. A wheelchair (1) or a handcycle (100) according to
any one of the preceding claims, wherein the sup-
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porting frame (2) is either L-shaped or V-shaped.
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