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(54) Wheelchair suspension

(57) A side frame assembly (2) for a wheelchair sus-
pension includes a supporting frame unit (21) with an
rider-supporting frame (211), a front caster frame (281),
an upper link (22) having a front end connected pivotally
to the front caster frame (281), and a lower link (231)
disposed under the upper link (221) and having a front
end connected pivotally to the front caster frame (281).

A drive wheel frame (241) has a front lower end connect-
ed pivotally to a pivot portion (214) of the supporting
frame unit (21). A connecting frame (25) has an upper
pivot portion (251) connected pivotally to a rear end of
the upper link (22), a lower pivot portion (252) connected
pivotally to a rear end of the lower link (23), and a rear
pivot portion (253) connected pivotally to the rear upper
end of the drive wheel frame (241).
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Description

[0001] This invention relates to an electric wheelchair,
and more particularly to an electric wheelchair suspen-
sion.
[0002] Referring to Figs. 1 and 2, a conventional sus-
pension disclosed in U.S. Patent Application Publication
No. 2004/0060748 A1 is incorporated in an electric
wheelchair, and has two side frame assemblies 1, each
of which includes a front caster assembly 11, a rear caster
assembly 12, a linkage 13, a drive wheel assembly 14,
a driving unit 15 and a return spring unit 16.
[0003] The front caster assembly 11 includes a front
mainframe 112, a front caster frame 113 extending down-
wardly from a front end of the front mainframe 112, a
drive wheel frame 114 extending downwardly from a rear
end of the front mainframe 112, and a front caster 115
disposed pivotally on a lower end of the front caster frame
113.
[0004] The rear caster assembly 12 includes a rear
mainframe 122, a front connecting frame 123 extending
downwardly from a front end of the rear mainframe 122,
a rear caster frame 124 extending downwardly from a
rear end of the rear mainframe 122, and a rear caster
125 disposed pivotally on a lower end of the rear caster
frame 124. The rear mainframe 122 cooperates with the
front mainframe 112 to support a seat (not shown).
[0005] The linkage 13 has two ends connected respec-
tively and pivotally to the front caster frame 113 and the
front connecting frame 123.
[0006] The drive wheel assembly 14 includes a drive
wheel 141 that has a diameter greater than those of the
front and rear casters 115, 125, and that is disposed piv-
otally on the corresponding drive wheel frame 114.
[0007] The driving unit 15 includes an electric motor
151 installed on the corresponding drive wheel frame 114
and operable to rotate the corresponding drive wheel 14.
[0008] The return spring unit 16 includes a front spring
162 interconnecting the corresponding front mainframe
112 and the corresponding front connecting frame 123,
and a rear spring 162’ interconnecting the corresponding
drive wheel frame 114 and the corresponding rear main-
frame 122.
[0009] Referring to Figs. 2 and 3, because of the pres-
ence of the front and rear springs 162, 162’, the drive
wheel 141 and the front and rear casters 115, 125 can
be brought into contact with a horizontal surface simul-
taneously.
[0010] Referring to Fig. 2, when the front caster 115
climbs onto an elevated surface 200 in the wheelchair’s
path, such as a sidewalk area, the front and rear springs
162, 162’ are stretched so as to allow the front caster
115 to rise relative to the drive wheel 141 and the rear
caster 125. After the rear caster 125 surmounts the ele-
vated surface 200, the front and rear springs 162, 162’
return to their original shapes so as to allow the front
caster 115 to closely contact a top surface of the elevated
surface 200.

[0011] Fig. 4 shows a time-height curve illustrating the
elevated surface surmounting efficiency of the wheel-
chair installed with the side frame assemblies 1. As indi-
cated by the time-height curve, the wheelchair takes
about 4.6 seconds to surmount an elevated surface 200
having a height of about 60 cm. This is a significant
amount of time and is indicative of an inferior elevated
surface surmounting efficiency.
[0012] With such a configuration, when the front caster
115 comes into contact with the elevated surface 200,
impact is transmitted directly from the front caster as-
sembly 11 to the rear caster assembly 12 and, thus, to
the rider sitting on the electric wheelchair. This results in
rider discomfort. Furthermore, the maximum pivoting an-
gle of the front caster assembly 11 is large. This further
increases rider discomfort.
[0013] The object of this invention is to provide an elec-
tric wheelchair including an improved suspension that
increases the elevated surface surmounting efficiency of
the wheelchair and reduces rider discomfort when the
wheelchair climbs onto an elevated surface.
[0014] According to this invention, an electric wheel-
chair includes a suspension that has two side frame as-
semblies. Each of the side frame assemblies includes a
supporting frame unit with a rider-supporting frame, a
front caster frame, an upper link having a front end con-
nected pivotally to the front caster frame, and a lower link
disposed under the upper link and having a front end
connected pivotally to the front caster frame. A drive
wheel frame has a front lower end connected pivotally to
a pivot portion of the supporting frame unit. A connecting
frame has an upper pivot portion connected pivotally to
a rear end of the upper link, a lower pivot portion con-
nected pivotally to a rear end of the lower link, and a rear
pivot portion connected pivotally to a rear upper end of
the drive wheel frame.
[0015] These and other features and advantages of
this invention will become apparent in the following de-
tailed description of a preferred embodiment of this in-
vention, with reference to the accompanying drawings,
in which:

Fig. 1 is a side view of a side frame assembly of a
suspension of a conventional electric wheelchair;
Fig. 2 is a schematic side view of the side frame
assembly of the suspension of the conventional elec-
tric wheelchair, illustrating how a front caster climbs
onto an elevated surface;
Fig. 3 is a schematic side view of the side frame
assembly of the suspension of the conventional elec-
tric wheelchair, illustrating how a drive wheel climbs
onto an elevated surface;
Fig. 4 shows a height-time curve illustrating the ele-
vated surface surmounting efficiency of the conven-
tional electric wheelchair;
Fig. 5 is a side view of a side frame assembly of the
preferred embodiment of an electric wheelchair sus-
pension according to this invention;
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Fig. 6 is a schematic side view of the preferred em-
bodiment when a front caster is disposed on a high
area and when a drive wheel is disposed on a low
area;
Fig. 7 is a schematic side view of the preferred em-
bodiment when the drive wheel is disposed on the
high area and when a rear caster is disposed on the
low area;
Fig. 8 is a graph of a height-time curve illustrating
the elevated surface surmounting efficiency of the
wheelchair mounted with the preferred embodiment;
and
Fig. 9 is a schematic side view of the preferred em-
bodiment when the front caster is disposed on the
low area and when the drive wheel is disposed on
the high area.

[0016] A wheelchair suspension of this invention is in-
corporated in an electric wheelchair, and includes two
side frame assemblies. Because the two side frame as-
semblies are similar in construction to each other, the
structure and operation of only one side frame assembly
will be described.
[0017] Referring to Fig. 5, a side frame assembly 2 of
the preferred embodiment of a wheelchair suspension
according to this invention includes a generally inverted
U-shaped supporting frame unit 21, an upper link unit 22,
a lower link unit 23, a drive wheel assembly 24, a con-
necting frame 25, a first resilient return device 26, a sec-
ond resilient return device 27, a first caster assembly 28,
and a rear caster assembly 29. The first and second re-
silient return devices 26, 27 are configured as coiled ten-
sion springs.
[0018] The supporting frame unit 21 includes a rider-
supporting frame 211 for supporting the wheelchair rider,
an inclined frame 212 extending integrally, frontwardly,
and downwardly from a front end of the rider-supporting
frame 211, an upright frame 213 having an upper end
portion connected fixedly to a front lower end of the in-
clined frame 212, an inclined pivot portion 214 connected
fixedly to and extending rearwardly and downwardly from
a lower end of the upright frame 213, a horizontal stop
rod 215 connected integrally to an upper portion of the
pivot portion 214, and a horizontal pivot rod 216 connect-
ed fixedly to a lower portion of the pivot portion 214. The
pivot portion 214 is disposed below the rider-supporting
frame 211. The supporting frame unit 21 further includes
a spring connecting portion 218 connected fixedly to and
extending horizontally and frontwardly from a lower end
of the upright frame 213.
[0019] The front caster assembly 28 includes a front
caster frame 281 disposed in front of the first frame unit
21, and a front caster 282 disposed rotatably on the front
caster frame 281 and rotatable about a vertical axis (F).
[0020] The upper link unit 22 includes an upper link
221 having a front end connected pivotally to the front
caster frame 281.
[0021] The lower link unit 23 includes a lower link 231,

a curved limiting frame 232, and a connecting rod 233.
The lower link 231 is disposed under the upper link 221,
and has a front end connected pivotally to the front caster
frame 281 and that is disposed under the front end of the
upper link 221. The limiting frame 232 extends down-
wardly and rearwardly from a front portion of the lower
link 231, and has a rear end portion disposed under the
stop rod 215 of the supporting frame unit 21 so as to
confine the stop rod 215 between the lower link 231 and
the limiting frame 232. The spring connecting portion 218
of the supporting frame unit 21 is disposed under the
limiting frame 232. The connecting rod 233 has two ends
connected respectively and fixedly to the lower link 231
and the limiting frame 232. In this embodiment, the con-
necting rod 233 is disposed in proximity to the stop rod
215, and cooperates with the lower link 231 and the lim-
iting frame 232 so as to define a limiting space 217
(shown by the shaded area), within which the stop rod
215 is confined.
[0022] The drive wheel assembly 24 includes an elon-
gated drive wheel frame 241 having a front lower end
connected pivotally to the pivot rod 216 of the supporting
frame unit 21, a drive wheel 242 disposed rotatably on
the drive wheel frame 241, and a driving unit 243 operable
to rotate the drive wheel 242. The driving unit 243 in-
cludes an electric motor disposed on the drive wheel
frame 241.
[0023] The connecting frame 25 has an upper pivot
portion 251 connected pivotally to a rear end of the upper
link 221, a lower pivot portion 252 disposed under the
upper pivot portion 251 and connected pivotally to a rear
end of the lower link 231, and a rear pivot portion 253
disposed behind the upper and lower pivot portions 251,
252. The rear pivot portion 253 is connected pivotally to
a rear upper end of the drive wheel frame 241, and is
disposed under the rider-supporting frame 211 of the
supporting frame unit 21.
[0024] The first resilient return device 26 interconnects
the rider-supporting frame 211 and the rear pivot portion
253 of the connecting frame 25 so as to bias the rear
pivot portion 253 upwardly toward the rider-supporting
frame 211.
[0025] The second resilient return device 27 intercon-
nects the spring connecting portion 218 of the supporting
frame unit 21 and the limiting frame 232 of the lower link
unit 23 so as to bias the limiting frame 232 downwardly
toward the spring connecting portion 218.
[0026] The rear caster assembly 29 includes a rear
caster frame 291 connected fixedly to and disposed be-
hind the rider-supporting frame 211, and a rear caster
292 disposed rotatably on the rear caster frame 291 and
rotatable about a vertical axis I.
[0027] When the front and rear casters 282, 292 and
the drive wheel 242 are in contact with a horizontal sur-
face (H), the upper and lower links 221, 231 are generally
horizontal and parallel to each other, and the stop rod
215 is generally perpendicular to the upper and lower
links 221, 231.

3 4 



EP 1 832 266 A1

4

5

10

15

20

25

30

35

40

45

50

55

[0028] With further reference to Fig. 6, in the case
where the wheelchair moves from a low area (A1) onto
a high area (A2), when the front caster 282 and the drive
wheel 242 are disposed respectively on the high and low
areas (A2) (i.e., a lower end of the front caster 282 is
above that of the drive wheel 242), the upper and lower
links 221, 231 are inclined frontwardly and upwardly. As
such, the first resilient return device 26 is stretched so
as to store a return force. Subsequently, when the drive
wheel 242 moves onto the high area (A2), the first resil-
ient return device 26 returns to its original shape, as
shown in Fig. 7.
[0029] With additional reference to Fig. 9, in the case
where the wheelchair moves from a high area (A2) onto
a low area (A1), when the front caster 282 and the drive
wheel 242 are disposed respectively on the low and high
areas (A1, A2) (i.e., the lower end of the front caster 282
is below that of the drive wheel 242), the upper and lower
links 221, 231 are inclined frontwardly and downwardly.
When the front end of the lower link 231 pivots down-
wardly by a predetermined angle, the limiting frame 232
comes into contact with the stop rod 215, as shown in
Fig. 9. This prevents further downward pivoting move-
ment of the lower link 231.
[0030] Due to the presence of the connecting frame
25 and the first and second resilient return devices 26,
27, the wheelchair takes about 2.8 seconds to 3.2 sec-
onds to surmount an elevated surface having a height of
about 60 cm, as shown by the height-time curve in Fig.
8. Thus, the wheelchair configured with the suspension
of this invention has a superior elevated surface sur-
mounting efficiency over the prior art configuration shown
in Figs. 1-3.
[0031] Since the stop rod 215 is confined between the
lower link 231 and the limiting frame 232, the maximum
pivoting angles of the upper and lower links 221, 231 are
small. This reduces rider discomfort when surmounting
an elevated surface.
[0032] Furthermore, since the front caster assembly
28 is connected to the supporting frame unit 21 by the
upper and lower link units 22, 23 and the connecting
frame 25, when the wheelchair climbs onto an elevated
surface, such as a sidewalk, the wheelchair rider expe-
riences very little impact and instability.

Claims

1. A side frame assembly (2) for a wheelchair suspen-
sion
characterized by:

a supporting frame unit (21) including an rider-
supporting frame (211), and a pivot portion (214)
connected fixedly to and disposed below the rid-
er-supporting frame (211);
a front caster assembly (28) including a front
caster frame (281) disposed in front of the first

frame unit (21), and a front caster (282) disposed
rotatably on the front caster frame (281);
an upper link unit (22) including an upper link
(22) having a front end connected pivotally to
the front caster frame (28);
a lower link unit (23) including a lower link (231)
that is disposed under the upper link (221) and
that has a front end, which is connected pivotally
to the front caster frame (28) and which is dis-
posed under the front end of the upper link (221);
a drive wheel assembly (24) including a drive
wheel frame (241) having a front lower end con-
nected pivotally to the pivot portion (214) of the
supporting frame unit (21), and a rear upper end,
a drive wheel (242) disposed rotatably on the
drive wheel frame (241), and a driving unit (243)
operable to rotate the drive wheel (242); and
a connecting frame (25) having an upper pivot
portion (251) connected pivotally to a rear end
of the upper link (22), a lower pivot portion (252)
disposed under the upper pivot portion (251) and
connected pivotally to a rear end of the lower
link (23), and a rear pivot portion (253) that is
disposed behind the upper and lower pivot por-
tions (251, 252), that is connected pivotally to
the rear upper end of the drive wheel frame
(241), and that is disposed under the rider-sup-
porting frame (211) of the supporting frame unit
(21).

2. The side frame assembly (2) as claimed in Claim 1,
further
characterized by a first resilient return device (26)
interconnecting the rider-supporting frame (211) and
the rear pivot portion (253) of the connecting frame
unit (25) so as to bias the rear pivot portion (253)
upwardly toward the rider-supporting frame (211).

3. The side frame assembly (2) as claimed in Claim 1,
further
characterized by a rear caster assembly (29) that
includes a rear caster frame (291) connected fixedly
to and disposed behind the rider-supporting frame
(211), and a rear caster (292) disposed rotatably on
the rear caster frame (291).

4. The side frame assembly (2) as claimed in Claim 3,
characterized in that, when the front and rear cast-
ers (282, 292) and the drive wheel (242) are in con-
tact with a horizontal surface (H), the upper and lower
links (221, 231) are generally horizontal and parallel
to each other so that, when a lower end of the front
caster (282) is below that of the drive wheel (242),
the upper and lower links (221, 231) are inclined
frontwardly and downwardly, and when the lower
end of the front caster (282) is above that of the drive
wheel (242), the upper and lower links (221, 231)
are inclined frontwardly and upwardly.
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5. The side frame assembly (2) as claimed in Claim 4,
further
characterized in that
the pivot portion (214) of the supporting frame unit
(21) is formed with a horizontal integral stop rod (215)
that is disposed under the lower link (231) and that
is generally perpendicular to the upper and lower
links (221, 231) when the front and rear casters (282,
292) and the drive wheel (242) are in contact with
the horizontal surface (H); and
the lower link unit (23) further includes a curved lim-
iting frame (232) extending downwardly and rear-
wardly from a front portion of the lower link (231) and
having a rear end portion disposed under the stop
rod (215) of the supporting frame unit (21) so as to
confine the stop rod (215) between the lower link
(231) and the limiting frame (232), the limiting frame
(232) being positioned such that, when the front end
of the lower link (231) pivots downwardly about the
rear end of the lower link (231) by a predetermined
angle, the limiting frame (232) comes into contact
with the stop rod (215) so as to prevent further piv-
oting movement of the lower link (231).

6. The side frame assembly (2) as claimed in Claim 5,
further
characterized by a second resilient return device
(27), the supporting frame unit (21) further including
a spring connecting portion (218) connected fixedly
to the rider-supporting frame (211) and disposed un-
der the limiting frame (232) of the lower link unit (23),
the second resilient return device (27) interconnect-
ing the spring connecting portion (218) and the lim-
iting frame (232) so as to bias the limiting frame (232)
downwardly toward the spring connecting portion
(218).

7. The side frame assembly (2) as claimed in Claim 5,
wherein the lower link unit (23) further includes a
connecting rod (233) having two ends connected re-
spectively to the lower link (231) and the limiting
frame (232), the connecting rod (233) being dis-
posed in proximity to the stop rod (215) and cooper-
ating with the lower link (231) and the limiting frame
(232) so as to define a limiting space (217), within
which the stop rod (215) is confined.

8. The side frame assembly (2) as claimed in Claim 3,
further
characterized in that the rear caster (292) is rotat-
able about a vertical axis.

9. The side frame assembly (2) as claimed in Claim 1,
characterized in that the front caster (282) is rotat-
able about a vertical axis.

10. The side frame assembly (2) as claimed in Claim 1,
characterized in that the driving unit (243) is con-

figured as an electric motor.
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