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(54) Foldable wheelchair

(57) The present invention provides a foldable and
preferably non-motorized wheelchair, which has an X-
shaped cross-bracing frame assembly that folds or scis-
sors to allow the side frames of the wheelchairs to be
moved between a spaced-apart deployed position for use

and a folded position for storage or transport. The inven-
tion addresses the problem of splaying or tilting of the
side frames during folding, which is the result of the ge-
ometry of the articulation provided by a link element that
pivotally connects the side frames with cross-struts of
the cross-bracing frame assembly.
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Description

Filed of the Invention

[0001] The present invention relates in general to fold-
able wheelchairs, and more particularly, to wheelchairs
which have X-shaped cross-bracing frame assemblies
that fold or scissor to allow the side frames of the wheel-
chairs to be moved between a spaced apart deployed
position for use and a folded position for storage or trans-
port.

Prior Art and the Problem Underlying the Invention

[0002] Foldable wheelchairs with cross-wise arranged
struts are disclosed in US 4,989,890 and US 6,050,582.
In wheelchairs of this type, cross-struts are pivotally at-
tached, with their bottom ends, to lower parts of a respec-
tive side frame. At their upper end, the cross-struts carry
a seat profile. Attachment of each strut to an upper, lon-
gitudinal tube of the left and right side frames, respec-
tively, is provided by means of a link element, also re-
ferred to as link plate or simply link. Each left and right
link element is pivotally attached to a longitudinal tube of
the side frame and also to the corresponding cross-strut,
so that folding of the wheelchair is allowed for by the
pivoting connections of the cross-struts to the tubes of
the left and right side frames of the wheelchair.
[0003] Foldable wheelchairs comprising a link element
as disclosed in US 4,989,890 and US 6,050,582 are dif-
ficult to fold and/or unfold. Especially for a wheelchair
user constrained to make the wheelchair ready for use
from a sitting position, unfolding is difficult. For example,
when a wheelchair user sits on the side of a bed and
prepares the wheelchair before the moving onto the
wheelchair it would be important, that unfolding is easy
to accomplish. However, even with foldable wheelchairs
commercialised in these days, the wheelchair user en-
counters the difficulty that the unfolding or folding re-
quires substantial efforts. It is observed that the geometry
of the foldable wheelchair using a link element actually
opposes or counteracts the folding and/or unfolding, and
a substantial effort is needed to unfold and/or fold the
wheelchair. In some situations, it is even necessary that
staff performs the folding / unfolding for the wheelchair
user.
[0004] As indicated, the geometry of the cross-bracing
arrangement of the foldable wheelchair is at the origin of
the exhausting folding process. More particularly, there
is the problem that during the folding process, the side
frames have the tendency not to stay in parallel but as-
sume a V-shape, with the upper side frames staying apart
from each other. This can also be referred to as a splaying
or tilting of the side frames during folding, due to the ge-
ometry of the articulation provided by the link element
together with the cross-struts, comprising as many as
seven pivoting axis. The link element experiences forces
in its longitudinal axis during folding, and thus resists to

the side frames getting together in parallel. Actually, dur-
ing folding, the distance between the two pivoting attach-
ments of an individual link element, one to the upper side
frame tube and the other to a cross-strut, is transitionally
reduced during the folding process. On the other hand,
the upholstery on the backrest may oppose to the back-
rest tubes assuming a V-shape, which means in the end
that more force has to be applied to unfold the wheelchair.
In wheelchairs with bigger seat width and, as a conse-
quence, longer cross-struts, the force to be overcome
increases and may become too hard for some wheelchair
users to overcome.
[0005] Foldable wheelchairs requiring less effort when
folding have been proposed, such as those disclosed in
DE 20112335 and US 2006/0145456, where a link ele-
ment comprising an elastic section or a spring, respec-
tively, is suggested. Upon folding, the elastic section or
the spring at least partly compensates for the reduction
of the distance between the pivoting attachments of the
link element. However, the compensation provided by an
elastic section or by the spring of the link element is lim-
ited and goes hand in hand with a decrease of the overall
stability and/or rigidity of the attachment provided by the
link element. In particular when in the folded position,
wheelchairs using a elastic link element are not stable
and constitute a shaky, waggly and unfirm device. During
transport in a folded position, for example, these wheel-
chairs may experience oscillation and/or see-sawing.
[0006] The aspect of convenience and easy manipu-
lation is a main objective underlying the present inven-
tion. It is a goal to provide a foldable wheelchair, that can
be folded and/or unfolded with less effort than any other
foldable wheelchair available on the market. Preferably,
such an effortlessly foldable and/or unfoldable wheel-
chair still presents a high stability and/or firmness, in the
unfolded position of use as well as during the folding proc-
ess and in the folded position of storage and transport.

Summary of the Invention

[0007] The present invention provides the wheelchair
a foldable wheelchair, the wheelchair comprising a pair
of left and right side frames, each side frame comprising:

- a longitudinal frame profile; and,
- a hinge with an axis of pivoting for pivotal connection

of each side frame with a cross-strut at a lower sec-
tion of said cross-strut; the wheelchair further com-
prising:

- a cross brace assembly coupling the said side
frames together for movement between a spaced
apart deployed position and a proximate folded po-
sition, said cross brace assembly comprising:

- at least two crosswise arranged struts and left
and right seat profiles with substantially horizon-
tal axis, wherein each one of said seat profiles
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is attached substantially perpendicularly to one
of said at least two cross-wise arranged struts,
and wherein said at least two struts are pivotally
connected one to the other at a central pivot axis;

wherein the wheelchair further comprises at least one
link element, pivotally connecting at least one of said side
frames with at least one of said struts.
[0008] The wheelchair of the present invention has im-
portant advantages over wheelchairs of the prior art, as
is disclosed in the detailed description herein below.
[0009] According to an embodiment, said link element
comprises a first pivotal connection to one of said side
frames and a second pivotal connection to one of said
struts, said second pivotal connection being provided at
an upper section of said strut. According to a more pre-
ferred embodiment, a pivot axis of said second pivotal
connection is situated above a plane a, said plane a being
the plane defined by the axis of pivoting of said hinge
and by said central pivot axis, said plane a extending
beyond said central pivot axis.
[0010] Further embodiments are shown in the figures
and/or are defined in the appended claims and/or de-
scribed in the detailed description herein below.

Brief Description of the Drawings

[0011] In the figures:

Figure 1 is a perspective view showing a foldable
frame assembly according to a first embodiment of
the wheelchair of the present invention in an unfold-
ed position. The left and right castor wheels are not
shown.

Figure 2 shows the same view as Figure 1, with the
frame assembly being in a completely folded posi-
tion.

Figure 3 is a front view showing a foldable frame
assembly according to the wheelchair of the first em-
bodiment in an unfolded position.

Figure 4 is the same view as Figure 3, with the frame
assembly being in a completely folded position.

Figure 5 is a perspective view showing a foldable
frame assembly according to a second embodiment
of the wheelchair of the present invention in an un-
folded position. The left and right castor wheels are
not shown.

Figure 6 shows the same view as Figure 5, with the
frame assembly being in a completely folded posi-
tion.

Figure 7 is a front view showing a foldable frame
assembly according to the wheelchair of the second

embodiment in an unfolded position.

Figure 8 is the same view as Figure 7, with the frame
assembly being in a completely folded position.

Figure 9 shows an extract of Figure 3 in an enlarged
view.

Figure 10 shows a front view of a third embodiment
of the wheelchair of the invention in an unfolded po-
sition of use.

The embodiments shown in the figures are now de-
scribed in further detail herein below for the purpose
of illustrating the present invention by way of exam-
ple, without limiting its scope.

Detailed Description of the Preferred Embodiments

[0012] The present invention concerns a foldable
wheelchair comprising two lateral side frames. Each side
frame may be substantially arranged within a plane. The
left and right side frames may be arranged in two planes
extending substantially vertically and substantially in par-
allel with each other in a rear-to-front direction.
[0013] For the purpose of the present specification, sit-
uations and directions of elements of the wheelchair are
determined by the perspective of a user seated in the
wheelchair. Accordingly, the left side of the wheelchair
corresponds to the right side of Figure 1 and vice versa.
The situations or directions "up" or "top" and "down" or
"bottom", "rear" or "back" and "front", "behind" and "in
front", "distal" and "proximal", "lateral" and "central" fol-
low the same rule. The term "substantially longitudinal"
indicates a direction of an element, such as a tube, hav-
ing, as a major direction component, the rear-to-front di-
rection. Such an element may also to some or to a minor
extent be skewed laterally and or towards the bottom or
the top.
[0014] In the figures some elements of the wheelchair
of the present invention have been removed, in order to
provide a better view to the frame assembly of the wheel-
chair. In particular in Figures 1, 2, 5 and 6, the large right
drive wheel and the small right castor wheel have been
omitted, as well as the seat plate and the back upholstery.
A left castor wheel is shown in an isolated manner, at its
approximate position when attached to the left side
frame.
[0015] In the figures, most structural elements of the
side frames of the wheelchair are shown to be tubes hav-
ing a circular profile. It is clear to the skilled person that
instead of tubes, support structures of any cross-section
can be used, not only tubes with circular and/or rectan-
gular cross-section. A "profile", for the purpose of the
present invention encompasses any three-dimensional
structure having a substantially constant cross-section
contour along at least part of its three-dimensional ex-
tension. Tubes, struts with circular, rectangular, X-
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shaped, open or closed cross-sections are examples of
typical profiles. Further examples of profiles are rail pro-
files, rim profiles and U-profiles. One, some or all of the
profiles of the wheelchair of the present invention may
be selected from the above examples, independently
from other profiles of the wheelchair. Preferably, light
construction materials and, whenever possible, alumin-
ium instead of steal is used as building material for the
profiles.
[0016] As can be seen in the view of Figure 1, the
wheelchair of the present invention comprises two lateral,
left and right side frames 3, 4, respectively connected to
each other by a cross brace assembly comprising at least
two cross struts 9, 10. The lateral side frames comprise
upper left and right side frame tubes 7, 8 and lower left
and right side frame tubes 5 and 6. A pair of upper and
lower side frame tubes of one side, for example tubes 5
and 7 of the left side, extend in parallel in a rear-to-front
direction. A pair of upper and lower side frame tubes on
each side, that is tubes 5 and 7 on the left side, as well
as tubes 6 and 8 on the right side, are connected to each
other by further lateral frame tubes. In particular, there
are left and right rear tubes 15, 16, left and right front
tubes 13, 14 and left and right intermediate tubes 17, 18.
The rear tubes 15, 16 and intermediate tubes 17, 18 are
extending in a substantially vertical direction.
[0017] As can be seen in Figures 1 and 2, said longi-
tudinal upper side frame tube 7, 8, said lower longitudinal
side frame tube 5, 6, said rear side frame tube 15, 16
and a front side frame tube 13, 14 form the sides of a
quadrilateral. The quadrilateral may more particularly be
a trapezoid.
[0018] In the embodiment shown in the figures of the
present specification, the left and right front tubes 13, 14,
connecting the upper and lower side frame tubes of their
respective side at their front end with each other, are
shown not to be exactly vertical. With respect to horizon-
tal, the front tubes 13, 14 form an angle of less than 90°
and are skewed, with their upper end, in a backward di-
rection, towards the rear end of the wheelchair. The
skilled person will understand that the exact angle of the
front tubes 13 and 14 with respect to horizontal is not
relevant for the present invention. In the embodiment
shown in the figures, the lower side frame tubes 5 and 6
thus are a bit longer than the upper side frame tubes 7,
8, which means that the castor wheels can be fixed further
to the front with respect to the seat.
[0019] In the embodiment of the invention shown in
the figures, and as is especially apparent from Figures
3, 4 and 7, 8, the lateral side frames 3, 4 are vertical and
in parallel. Similarly, the drive wheels 2, 2’ are vertical.
Furthermore, in Figure 1, the rear frame tubes 15, 16 and
the intermediate frame tubes 17, 18 are vertical and in
parallel, and the upper and lower side frame tubes 7, 8
and 5, 6, respectively, are in parallel with each other and
parallel to the floor.
[0020] However, as the skilled person is aware, many
deviations from exactly parallel, vertical and/or horizontal

arrangements can be and actually are routinely pro-
duced. For example, in many constructions, the side
frames and/or the wheels are not parallel, but skewed
with respect to each other. Furthermore, instead of
straight tubes, more or less curved profiles can be used.
[0021] In general, side frames have the purpose of pro-
viding a chassis and/or the structural support for carrying
the seat, for attaching the wheels and for further func-
tions. In the case of foldable wheelchairs, more particu-
larly, the side frames need to provide a structure 5.1, 6.1
for pivotally connecting the cross-struts 9, 10 at lower
ends of said cross-struts, and a generally longitudinal
support for stabilizing the seat tubes 11, 12 in the de-
ployed position. While these specific supporting func-
tions may impose certain limitations on the form, shape
and/or orientation that side frames can assume, there
still is room for many variations and creativity. In the last
decade, for example, for reasons of design but also for
reducing the weight and overall complexity of wheel-
chairs, constructions with fewer individual tubes and less
apparent connection structures were commercialised.
Therefore, the present invention is not intended to be
limited to any specific embodiment and/or arrangement
of side frames. Tubular arrangements, as well as ar-
rangements using other and several different support
structures of different forms are encompassed by the
present invention and may routinely be used and/or
adapted for the purpose of the present invention.
[0022] With respect to the upper and lower side frame
tubes 7, 8 and 5, 6, respectively, shown in Figure 1, some
wheelchairs use only a single lateral main profile, instead
of a pair of an upper and a lower side frame tube on each
side, said single lateral main profile extending from a rear
to front direction in a substantially longitudinal way, gen-
erally close to parallel to the ground, whereby these sin-
gle profiles may be more or less bent or assume an L-
shaped configuration, as disclosed, for example, in EP
0911009. Wheelchairs having frame structures as in EP
0911009 may be adapted for the purpose of the present
invention.
[0023] The expression "substantially" is used in the
present specification in order to express that a specific
orientation is closer to the indicated orientation than to
the respective opposed orientation. Accordingly, "sub-
stantially vertical" indicates that a respective structural
entity is in a position that is closer to vertical than to hor-
izontal. "Substantially horizontal" means closer to hori-
zontal than to vertical. "Substantially parallel" means
closer to parallel than to perpendicular, and so forth.
[0024] As mentioned above the embodiments shown
in the figures have the rear tubes 15, 16, which extend
vertically above the upper side frame tubes 7, 8, and are
then referred to as left and right rear upholstery tubes
23, 22, respectively, as they form support for attaching
the back upholstery, the latter not being shown in the
figures. At their upper ends, the left and right rear uphol-
stery tubes 23, 22 may be bent backwards (not shown)
to extend a short distance backwards so as to form left
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and right handholds or grippers.
[0025] In Figure 1, a pair of left and right drive wheel
fixing elements 19, 20 can be seen. The drive wheel fixing
elements as shown are arranged so as to allow to adjust
the fixing position of the drive wheels to the side frames
according to the user’s preferences, thereby determining
parameters such as the height of the seat surface and
the rear-to-front position of the drive wheels.
[0026] The cross brace assembly of the embodiments
shown in the figures comprises two crosswise arranged
struts 9, 10. As indicated with respect to the term "tube"
above, a "strut" may be any profile. The cross-struts 9,
10 are pivotally connected to each other at the central
pivot axis 30, which, in the embodiment shown, is located
on the vertical axis of symmetry of the wheelchair.
[0027] The central pivot axis 30 maybe arranged ex-
actly in the middle of each cross strut, but does not need
to. For example, the axis 30 may be displaced slightly
upwardly or downwardly in dependency of preferences.
In the embodiment shown in Figures 1-4, the central pivot
axis 30 is located slightly below half-way of each cross-
strut. In general, however, this displacement remains
within a few centimetres, for example, up to 10 cm from
the exact mid-point of each cross-strut.
[0028] As can best be seen in Figures 3, 4, 7 and 8,
each left and right cross-strut comprises an upper and a
lower section 43, 44 and 48, 47, respectively. For the
purpose of the present specification, the upper section
43, 44 of each cross-strut 9, 10, is the section starting
from the central pivot axis 30 and extending upwardly to
the seat tube 11, 12, whereas the lower section 47, 48
is the section starting from the central pivot point 30 and
extending downwardly to the pivotal hinge 5.1, 6.1 (indi-
cated in Figures 1 and 5), where each cross-strut is di-
rectly pivotally connected to the one of the side frames
3, 4. In the embodiment shown in the figures, the cross-
struts are pivotally attached to each side frame at the
lower end of each cross-strut 9, 10.
[0029] As can be seen in Figure 1, the left cross strut
9 is pivotally attached, at its lower end, to the right lower
frame tube 6, at the right pivotal hinge 6.1, whereas the
right cross-strut 10 is pivotally attached to the left lower
frame tube 5 at the left pivotal hinge 5.1. The left cross
strut 9 is named "left" only for purpose of definition, be-
cause it carries, at its upper end, the left seat tube 11,
whereas the "right" cross strut 10 carries the right seat
tube 12. The left and right seat tubes are attached ap-
proximately in the centre of their rear-to-front longitudinal
extension in a substantially perpendicular way to the up-
per end of each respective cross strut, thus forming a
shape reminding of the letter "T".
[0030] The above mentioned pivotal connection of the
left and right cross-struts 9, 10 at pivot axis 30 to each
other forms a scissor like articulation. This articulation is
used during the folding and unfolding process as will be
described further below, bringing the side frames 3, 4
together and deploying them, respectively. The seat
tubes 11 and 12 are provided in a way that allows the

attachment of a flexible seat surface on them.
[0031] While the embodiments shown in the figures
show a cross brace assembly with two cross-wise ar-
ranged struts, 9, 10, the present invention encompasses
assemblies comprising a total of three or four, or even
more such struts. The number and/or thickness of the
struts are variables that may be determined as a function
of the weight and/or size of a wheelchair user. Preferably,
however, only one pivotal hinge 5.1, 6.1 per side frame
is used, with one, two or more cross-struts being part of
the same pivotal hinge. In other words, a single pivotal
hinge 5.1 and/or 6.1 may be rigidly connected, for exam-
ple, welded, to more than one cross-struts of one side.
According to some prior art (for example, US 4,477,098),
complicated arrangements were sometimes used, with
two (or more) independent hinges on the same side frame
tube, for articulating two cross-struts of two separate
pairs of cross-struts on the same axis of pivoting, to one
of the side frames. This is a possible way of doing, but
not preferred.
[0032] Preferably, the pivotal hinges 5.1, 6.1 are cen-
tred or close to the centre with respect to the rear-to-front
extension of the seat tubes 11, 12, thereby enabling es-
sentially central connection of each cross-strut 9, 10 at
the respective seat tube, as mentioned above.
[0033] Each left and right cross-strut 9, 10 is pivotally
connected, by way of an oblong link element 41, 42 to
the respective left and right side frame 3, 4. Compared
to the direct connection of the cross-struts to the side
frames at hinges 5.1 and 6.1 by way of a single pivoting
articulation, the connection via the link element, requiring
two pivoting articulations, can be regarded as an "indi-
rect" pivotal connection of a cross-strut with the respec-
tive side frame.
[0034] The link elements 41, 42 are oriented perpen-
dicularly with respect to the side frames and thus extend
in a lateral-to-central direction. More particularly, the left
link element 41 is pivotally attached with its laterally out-
wardly oriented, distal end to the left upper side frame
tube 7, and with the other, proximal end, which is oriented
towards the centre of the wheelchair, to the left cross
strut 9. Accordingly, the right link element 42 (not visible
in Figure 1), is pivotally attached with its laterally out-
wardly oriented, distal end to the right upper side frame
tube 8, and with the other, proximal end, which is directed
towards the centre of the wheelchair, to the right cross
strut 10.
[0035] The link elements are relevant for the stability
of the wheelchair. If they were absent, the side frames
3, 4 would only be connected to each other by the pivotal
attachment of the cross-struts to the lower side frame
tubes 5, 6 at pivot axis 5.1 and 6.1, the cross struts being
connected at the central pivot axis 30. It is thus clear that
without link elements, the side frames would fall apart.
They would no longer be maintained in a substantially
parallel position. Preferably, each link element is a rigid
element, made of a rigid metal, such as aluminium, or of
a rigid plastic. In this way, the stability is increased.
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[0036] In the wheelchairs of the prior art, the use of
rigid link elements entails the problems of increased ef-
forts for folding and unfolding. In the present invention,
these efforts are surprisingly reduced by optimising the
position of the pivot axis 45, 46 of the second pivotal
articulations of the link elements 41, 42 to the respective
cross struts 9, 10, as described in more detail further
below. More particularly, the pivot axis 45, 46 of the piv-
otal articulations (or connections) are situated at higher
positions than corresponding pivot axis in the prior art,
that is, at a position that is closer to the seat, that is,
towards the top, of the wheelchair.
[0037] It can be seen in Figure 1 that each of the cross-
struts 9 and 10 assumes an S-shaped configuration. In
other words, each cross-strut comprises curves along its
longitudinal extension. As mentioned above, each cross
strut can be divided in two sections, that is, a lower section
47, 48 and an upper section 43, 44. It is noted that the
link elements 41, 42 of each left and right side are pivotally
attached at pivot axis 45, 46 within the upper sections
43, 44 of each respective cross strut.
[0038] Figure 2 shows the same frame assembly of
the wheelchair of the wheelchair as Fig. 1 in a folded
position. It can be seen that the left and right cross-struts
9, 10, respectively, are displaced in a rear to front direc-
tion so as not to hinder the folding process. Accordingly,
the left cross-strut 9 is pivotally attached, on the right
lower side frame tube 6 in a position that is more forward
than the pivotal attachment of the right cross-strut 10 to
the left lower side frame tube 5. The attachment of the
cross-struts 9, 10 to the seat tubes 11, 12 is accordingly
displaced in a way that said seat tubes 11, 12 are aligned
in parallel and also with respect to the rear-to-front posi-
tion next to each other. The left link element 41 is attached
in front of the left cross-strut 9, whereas the right link
element 42, is attached behind the right cross-strut 10,
so as to avoid interference between the link elements
during folding/unfolding.
[0039] In the embodiment of the wheelchair shown in
Figures 1 to 4, the S-shaped configuration of each cross-
strut 9, 10 is brought by two bends provided in each cross
strut. It can be seen in Figs 1 and 3 that each cross strut
comprises three sequential straight tube-elements,
wherein a bend element is provided between two suc-
cessive straight tube elements. Each of the two bend
elements achieves a change in the direction of the
straight elements, thereby creating a bend. The central
pivot axis 30 is provided in the central straight tube ele-
ment. Of course, it could also be envisaged to provide a
strut as a single continuous tube, said continuous tube
comprising two bends, without the use of bend elements.
[0040] The S-shaped configuration of each cross-strut
is such that the orientation of each cross-strut is closer
to horizontal towards the distal and lateral parts and/or
ends of each cross-strut, if compared to the central part,
the latter assuming a more vertical orientation than the
distal parts. The distal parts of each cross-strut 9, 10 are
the parts including the two ends of the elongated cross-

strut. Accordingly, the lower distal part includes the end
of the cross-strut where the cross-strut is pivotally at-
tached to the lower side frame tube 5, 6, at pivotal hinge
5.1 and 6.1, respectively, whereas the upper distal part
is the part close to the end of the cross-strut where it is
rigidly connected to the seat tube 11, 12.
[0041] Through the S-shaped configuration of the
cross-struts 9, 10, as shown in Figs. 1-4, the pivot axis
45, 46 of the second pivotal connection, which pivotally
connects the link element 41, 42 to the respective cross-
strut 9, 10, is displaced upwardly if compared to a pivot
axis situated on a (hypothetic) cross strut taking a straight
course between the central pivot axis 30 to the seat tube
11.
[0042] This displacement if compared to prior art fold-
able wheelchairs is illustrated in Figure 3. A straight line
referred to with letter "a" can be seen, which actually
represents a plane a extending in a direction that is per-
pendicular to the two-dimensional plane of the figure.
Plane a is the plane in which both, the axis of pivoting
9.1 of the right hinge 6.1 (hinge 6.1, not visible in Figure
3, pivotally connects the left cross strut 9 to the right side
frame 4) is situated, and, also the axis of the central pivot
axis 30 (pivot axis 30 pivotally connects the two cross-
struts 9, 10 to each other). In short, plane a is defined by
two pivotal axis, pivot axis 9.1 and pivot axis 30. Plane
a then extends beyond pivot axis 30. In the front view of
Figures 3, 7 and 9, plane a is seen as a line, because
the viewer sees plane a as cut by way of a cross-section,
said cross-section being provided in a plane that is par-
allel to the plane of the figures and perpendicular to plane
a.
[0043] Now, in prior art foldable wheelchairs, such as
those, where the cross-struts are straight tubes, an axis
of the respective cross strut would also extend in plane
a. In this case, the link element would be pivotally con-
nected to the cross strut at a pivotal connection located
on or very close to the line a as seen in Figures 3 and 9.
In contrast, according to the present invention, the pivot
axis 45 of the second pivotal connection is located at a
certain distance above plane a. This distance, in the em-
bodiment shown in Figures 3 and 9, is at least the dis-
tance b, wherein b is a distance drawn as a straight line
perpendicularly with respect to plane a, and wherein said
distance b reaches up to the pivot axis 45 of the second
pivotal connection of the link element 41. It is apparent
from Figures 3, 7 and 9, that distance b represents a
specific, limited distance. In contrast, plane a (and also
line c, length axis e and horizontal line f discussed further
below) is a theoretical tool used for illustrating a geomet-
rical configuration or situation in the wheelchair of the
present invention.
[0044] According to an embodiment, the distance b is
at least 0.5 cm, preferably at least 1 cm, more preferably
at least 1.5 cm, even more preferably at least 2 cm. Also
distances of ≥ 2.5 cm or even ≥ 3 cm are encompassed
by the present invention.
[0045] As mentioned above, in the state of the art,
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cross-struts are generally straight, but may also be bent.
When cross-struts of prior art wheelchairs are bent, they
are not bent in the same way as shown in Figures 3 and
4 and the surprising reduction in effort for folding the
wheelchair is not obtained. For example, S-shaped
cross-struts are as such disclosed in Figs. 1 and 14 of
WO 2007/007811. However, in this prior art reference
the cross-struts are bent differently from the present in-
ventions and the technical effects disclosed herein are
not obtained.
[0046] Again compared to the prior art, the pivot axis
45, 46 of the second pivotal connections of the link ele-
ments to the cross-strut according to the present inven-
tion is closer to the seat, and the link elements 41, 42 as
such extend more horizontally, that is, closer to horizon-
tal. Technically, it could also be horizontally arranged, or
even skewed upwardly towards the centre, but care must
be taken that the cross-strut and/or the link element does
not abut against the bottom side of the seat surface in
the deployed position of use, thereby affecting seat com-
fort.
[0047] The close to horizontal orientation of the link
elements 41, 42 in the deployed position of the wheel-
chair (Figs. 3, 7), is illustrated at the example of the left
link element 41 by line e in Figure 3. Line e is co-axial to
the link element 41 and, therefore, is referred to herein
as length axis e. The length axis e of the link element
thus passes through the point, which, in Figures 3 and
9, is given by the pivot axis 61 of the first pivotal connec-
tion, which pivotally connects the link element 41 to the
side frame 3, in particular at the upper side frame tube
7. Furthermore, length axis e passes through the pivot
axis 45 of the second pivotal connection. In Figure 3, a
horizontal line f is drawn, also through the pivot axis 61
of the first pivotal connection. The horizontal line f and
the length (or longiotudinal) axis of the link element 41,
corresponding to length axis e, form an angle β. Angle β
therefore illustrates the deviation from horizontal of the
length axis e of the link element in a completely deployed
position of the wheelchair. It can be seen that in the em-
bodiment shown in Figure 3, the angle β is only a few
degrees.
[0048] According to an embodiment of the present in-
vention, at least one link element 41, 42 has a length axis
e, wherein, in a position of use, said length axis e is close
to horizontal so as to include an angle β of ≤ 20°, prefer-
ably ≤ 15°, more preferably ≤ 10° and most preferably ≤
7° with respect to horizontal. The present invention more
particularly also encompasses angles β that are ≤ 6°, ≤
5°, ≤ 4°, and ≤ 3°. For example, the length axis e may be
exactly horizontal, in other words, correspond to line f in
Figures 3 and 9. The angle for a specific wheelchair will
depend on parameters of the wheelchair, such as seat
width, height, for example.
[0049] The S-shaped configuration of the cross-struts
9, 10, and also other configurations such as the one ac-
cording to the second embodiment described further be-
low, preferably result in the technical effect that the radial

distance covered by the link element 41, and in particular
by the pivot axis 45, 46 of the second pivotal connection
during the folding / unfolding process is smaller than in
prior art devices. In particular, line c in Figure 3 illustrates
the direction and/or orientation of the length axis e of the
left link element 41 when the wheelchair is in the folded
position, as shown in Fig. 4 (assuming that the left side
frame 3 did not move during folding of the wheelchair of
Figure 3). The arc of a circle d indicates the way and/or
distance along which the second pivot axis 45 travels
during folding. For the purpose of illustration, reference
numeral 45’ indicates the position of the pivot axis 45 of
the second pivotal connection in the folded position, and
angle α defines the sector that is designed by the link
element during folding and/or unfolding as described
above.
[0050] According to an embodiment of the wheelchair
of the present invention, said link element 41, 42 has a
length axis e, wherein said length axis e pivots upwards
with the wheelchair passing from said deployed position
to said folded position, thereby rotating about an angle
α, said angle being ≤ 90°, preferably ≤ 80°, more prefer-
ably ≤ 75° and most preferably ≤ 70°. The present inven-
tion more particularly encompasses angles α that are ≤
73°, ≤ 70°, ≤ 68°, ≤ 65° and ≤ 62°. The angle may be
≥40°, preferably ≥50° and most preferably ≥55°. The an-
gle α of a specific wheelchair will depend of wheelchair
parameters, such as width and height of the wheelchair.
[0051] Preferably, the left and right link elements 41,
42 are, when seen in a front view as shown in Figures 3,
4, 7 and 8, mirror-inverted at a vertical plane, said plane
extending in longitudinal, rear-to-front direction and
crossing the centre of the wheelchair (pivot axis 30), this
vertical plane is also referred to as the axis of symmetry.
Therefore, the indications in terms of angles and orien-
tation provided with respect to the left link element (plane
a, length axis e, horizontal line f, distance b, angular dis-
tance d and angles α and β) preferably also apply to the
right link element 42.
[0052] In prior art devices, the link element covers a
larger angular distance d during folding in that it starts
from a more downwardly inclined situation and ends in
a close to vertical or vertical position. In prior art devices,
the sector designed by the link element during folding
and/or unfolding is generally larger than or equal to about
90°. In contrast, in Figs. 3, 7 and 9, the sector of a circle
covered by the left link element 41, when passing from
an unfolded to a folded position of the wheelchair and
vice versa, is highlighted. The angle α of the sector is
about 60°.
[0053] The shortness of the circumference of the sec-
tor shown in Figs. 3, 7 and 9 (which equals the distance
travelled by the pivot axis 45 of the second pivotal con-
nection during folding / unfolding) reduces the efforts for
the folding and/or unfolding of the wheelchair.
[0054] Without wishing to be bound by theory, the
present inventors observed that the link elements 41, 42
may be arranged in a way that the specific position of
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compression of the link element, which was so far report-
ed in prior art wheelchairs, is circumvented. In other
words, the present inventors surprisingly found that by
suitably selecting the pivotal connections 45, 46, 61, 62
of the link element, the link element can be positioned in
a way that there is no, or nearly no, compression of the
link element any more. In this way, the efforts required
for folding and/or unfolding of the wheelchair can be dras-
tically and unexpectedly reduced, while still maintaining
the stability advantages of a rigid link element.
[0055] Figures 5-8 show a second embodiment of the
wheelchair of the present invention in views correspond-
ing to Figs. 1-4, with the same reference numbers being
used in Figs. 5-8 for the elements in common with the
first embodiment.
[0056] Accordingly, Figs. 5 and 7 show a perspective
and a front view, respectively, of the second embodiment
of the wheelchair of the invention in an unfolded position
of use. In the second embodiment, the S-shaped config-
uration of the cross-struts 9, 10 is absent, the latter ex-
tending in a substantially straight manner, similar to prior
art devices. Different from the prior art, however, the left
and right link elements 41, 42 have the same orientation
as described above with the first embodiment, in that they
are closer to horizontal than comparable prior art link
elements pivotally connecting the upper side frame tubes
7, 8 (Fig. 5) to the respective cross strut. In the second
embodiment, the position of the link element 41, 42 is
not provided by an S-shaped cross-strut, but by a protu-
berance 51, 52, rigidly attached to the cross-strut, said
protuberance extending above the otherwise uniformly
extending cross strut and providing an attachment struc-
ture for the pivot axis 45, 46 for pivotal attachment of the
proximal end of each link element 41, 42. In the precise
embodiment shown in Figures 5-8, the protuberances
51, 52 extend in a direction that is perpendicular to the
axis of cross-strut above the cross-strut. Of course, the
protuberance could have any desired orientation, as long
as the aim of the invention with respect to the location of
the pivot axis of the second pivotal connection 45, 46 is
achieved. Accordingly, as with the first embodiment, the
pivot axis 45, 46 of the second pivotal connection is dis-
placed upwardly by a distance b with respect to prior art
devices, bringing the link element into a less skewed,
close to horizontal position as shown in Figure 7. Since
the protuberances 51, 52 are rigidly secured to the re-
spective cross-struts 9, 10, for example by welding, the
pivotal attachments of the respective link element 41, 42
at 45, 46 to the respective protuberance corresponds,
from the stability point of view, to a pivotal attachment to
the cross-strut as such.
[0057] In a variant of the second embodiment, one or
both protuberances 51, 52 are a separate piece that is
not welded to the respective cross-strut 9, 10, but which
can be rigidly and detachably be secured to said cross-
struts by way of a screw and a crew nut, for example.
According to this embodiment, it is possible to apply the
protuberances to the cross-strut of a prior art wheelchair,

followed by pivotal attachment of the link elements 41,
42 to the protuberance thereby obtaining the wheelchair
of the present invention. In this way, with little adjustment
necessary, prior art devices can be conveniently modified
so as to achieve the advantages of the invention.
[0058] The elements 51, 52 are generally referred
herein as protuberances. Their function and structure can
also be described by the terms "elevations" or "elevated
structures", which are considered, for the purpose of the
present specification, as synonyms of the term "protu-
berance".
[0059] Figures 6 and 8 show the assembly according
to the second embodiment of the invention in a folded
position, for storage or transport of the wheelchair.
[0060] Figure 10 shows a front view of a third embod-
iment of the wheelchair of the invention in an unfolded
position of use. It can be seen in Figure 10, that the cross-
struts 9, 10 also carry protuberances 51 and 52 as the
second embodiment. However, the cross-struts 9, 10 of
the third embodiment are not straight as in Figures 5-8,
but each cross-strut comprises a single bend in the lower
sections 48, 47. Due to the bends in each cross-strut,
the upper section 43, 44 of each cross strut 9, 10 is slightly
steeper than in the second embodiment, and, as a result,
the distance b between plane a and the pivot axis of the
second pivotal connection 45 of the left link element is
slightly larger than in the second embodiment. The
wheelchair of the third embodiment is equally easy to
fold as the one of the first and the second embodiment.
[0061] In the two embodiments described in detail
herein above, an embodiment with S-shaped cross-
struts 9, 10 and another embodiment comprising a pro-
tuberance 51, 52 on each cross-strut are shown. Of
course, other variations can be conceived for displacing
the second pivotal connection 45, 46 in accordance with
the invention, thereby achieving the same technical result
following the principle of the present invention. An exam-
ple is the use of a cross-strut having a large surface when
seen in a front view. When the cross-strut is sufficiently
large, a protuberance is, of course, no longer needed,
as the pivot axis 45, 46 of the second pivotal connection
can be arranged at any desired position on the large sur-
face of said cross strut. In the same sense, the cross-
strut may only locally be enlarged, for example by flat-
tening of the tube, thereby creating a protuberance. It is
also possible, for example, that a combination of S-
shaped cross-struts further comprising a protuberance
is provided in a single foldable wheelchair.
[0062] According to an alternative embodiment of the
present invention (shown only in Fig. 7), plane a is the
plane defined by the central pivot axis 30 and the axis
63 being the axis of the left seat tube 11, instead of the
pivot axis 9.1 of the left cross-strut 9 and the central pivot
axis 30. This alternative embodiment does not change
anything with respect to the wheelchair shown in Figs.
5-8, because in this wheelchair, the plane a according to
the original embodiment as shown in the figures and ac-
cording to the present alternative embodiment is the
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same. More particularly, in Figure 7, plane a crosses all
points 9.1, 30 and 63. However, in the wheelchairs shown
in Figures 3 and 10, this alternative definition of plane a
changes the position of plane a in that plane a would be
oriented at a slightly steeper angle than shown in these
figures. However, also with respect to this alternative em-
bodiment, the pivot axis 45 of the second pivotal connec-
tion is above this alternative plane a. This alternative em-
bodiment is thus also encompassed by the present in-
vention and the all the indications given above, in partic-
ular those with respect to distance b, length axis e, hor-
izontal line f, angular distance d, and angles α and β
remain valid also for this embodiment.

Claims

1. A foldable wheelchair (1), the wheelchair compris-
ing:

- a pair of left and right side frames (3, 4), each
side frame comprising:

- a longitudinal frame profile (7, 8); and,
- a hinge (5.1, 6.1) with an axis of pivoting
(9.1, 10.1) for pivotal connection of each
side frame with a cross-strut (9, 10) at a low-
er section (45, 46) of said cross-strut;

the wheelchair further comprising:
- a cross brace assembly coupling the said side
frames (3, 4) together for movement between a
spaced apart deployed position and a proximate
folded position, said cross brace assembly com-
prising:

- at least two crosswise arranged struts (9,
10) and left and right seat profiles (11, 12)
with substantially horizontal axis, wherein
each one of said seat profiles (11, 12) is
attached substantially perpendicularly to
one of said at least two cross-wise arranged
struts (9, 10), and wherein said at least two
struts (9, 10) are pivotally connected one to
the other at a central pivot axis (30);

wherein the wheelchair further comprises at least
one link element (41, 42), pivotally connecting at
least one of said side frames (3, 4) with at least one
of said struts (9, 10), wherein said link element com-
prises a first pivotal connection to one of said side
frames (3, 4) and a second pivotal connection to one
of said struts (9, 10), said second pivotal connection
being provided at an upper section (43, 44) of said
strut; wherein a pivot axis (45, 46) of said second
pivotal connection is situated above a plane (a), said
plane (a) being the plane defined by the axis of piv-
oting (9.1, 10.1) of said hinge (5.1, 6.1) and by said

central pivot axis (30), said plane (a) extending be-
yond said central pivot axis (30).

2. The wheelchair of claim 1, wherein said pivot axis
(45, 46) of said second pivotal connection is at a
distance (b) above said plane (a), wherein said dis-
tance (b) is at least 0.5 cm, preferably at least 1 cm,
more preferably at least 1.5 cm and most preferably
at least 2 cm above said plane (a).

3. The wheelchair of claim 1 or 2, wherein said link el-
ement (41, 42) has a length axis (e), said axis (e)
being the line passing through the pivot axis (61, 62)
of said first pivotal connection and through the pivot
axis (45, 46) of said second pivotal connection of
said link element (41, 42), wherein, in a position of
use, said length axis (e) is close to horizontal so as
to include an angle (β) of ≤ 20°, preferably ≤ 15°,
more preferably ≤ 10° and most preferably ≤ 7° with
respect to horizontal.

4. The wheelchair of any one of claims 1-3, wherein
said link element (41, 42) has a length axis (e), said
length axis (e) being the line passing through the
axis (61, 62) of said first pivotal connection and
through said axis (45, 46) of said second pivotal con-
nection of said link element, wherein said length axis
(e) pivots upwards with the wheelchair passing from
said deployed position to said folded position, there-
by rotating about an angle (α), said angle being ≤
90°, preferably ≤ 80°, more preferably ≤ 75°, even
more preferably ≤ 70° and most preferably ≤ 65°.

5. The wheelchair of any one of claims 3 and 4, wherein
said length axis (e) extends substantially perpendic-
ularly to the longitudinal rear-to-front direction of the
wheelchair.

6. The wheelchair of any one of claims 3-5, wherein
said length axis (e) is determined from a front view
of the wheelchair.

7. The foldable wheelchair of any one of the preceding
claims, wherein an axis of pivoting (61, 62) of said
link element (41, 42) at the first pivotal connection
of the link element to the side frame (3, 4) coincides
with the axis of one of said longitudinal frame profiles
(7, 8).

8. The wheelchair of any one of the preceding claims,
wherein at least one of said cross struts (9, 10) com-
prises at least two bends one of which in said upper
section (43, 44) and one in a lower section (47, 48)
of said cross strut, and/or
wherein at least one of said cross struts (9, 10) are
S-shaped.

9. The wheelchair of claim 8, wherein the at least two
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bends of one cross strut are bends in opposite di-
rections.

10. The wheelchair of claim 8 or 9, wherein said two
bends divide said cross-strut in three successive
substantially straight strut sections, two lateral sec-
tions and one central section, wherein said straight
strut sections are separated by said two bends, with
a bend being provided between two successive
straight strut sections, wherein the central pivot point
(30) is provided at said central section of the three
sections, and/or wherein said central section is clos-
er to vertical than the two lateral sections of the cross-
strut (9, 10), the lateral sections being closer to hor-
izontal than the central section.

11. The wheelchair of any one of claims 1-7, wherein a
protuberance (51, 52) is rigidly provided on each of
said left and right cross-struts (9, 10) and wherein
said protuberance provides a support for said sec-
ond pivotal connection (45, 46).

12. The wheelchair of claim 11, wherein said protuber-
ance (51, 52) is provided on an upper section 43, 44
of said cross-strut.

13. The wheelchair of any one of claims 11 and 12,
wherein said protuberance (51, 52) is arranged in a
substantially perpendicular manner to the respective
cross-strut (9, 10).

14. The wheelchair of any one of claims 11-13, wherein
said protuberance (51, 52) displaces in an upward
direction said second pivotal connection.

15. The wheelchair of any one of claims 11-14, wherein
said protuberance (51, 52) comprises a hole, said
hole harbouring an axle for said second pivotal con-
nection.

16. The wheelchair of any one of the preceding claims,
wherein said link element is pivotally attached to said
longitudinal side frame profile, in particular to said
upper side frame profile (7, 8).
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