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(57)  Aside frame assembly (2) for a wheelchair sus-
pension includes a mainframe (3), and a front caster

frame (41) connected pivotally to both a front end of the

mainframe (3) and a front caster (42). A return spring (5)
is disposed between the front caster frame (41) and the
mainframe (3) so as to bias the front caster (42) to a
predetermined position. A drive wheel assembly (6) in-
cludes a drive wheel frame (61), a drive wheel (62) dis-

posed pivotally on the drive wheel frame (61), and a driv-
ing unit (63) operable to rotate the drive wheel (62). A
linkage (7) is connected pivotally to the mainframe (3),
the front caster frame (41) and the drive wheel frame
(61). A rear caster assembly (8) includes a rear caster
frame (81) attached to a rear end of the mainframe (3),
and arear caster (82) disposed pivotally on the rear cast-
er frame (81).
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Description

[0001] This invention relates to a wheelchair, and more particularly to a wheelchair suspension.

[0002] Referring to Figs. 1 and 2, a conventional suspension disclosed in U.S. Patent Application Publication No.
2004/0060748 A1 is incorporated in a wheelchair 100, 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 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 downwardly
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] Therearcasterassembly 12includes arear mainframe 122, afront 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 300.

[0005] The linkage 13 has two ends connected respectively and pivotally to the front caster frame 113 and the front
connecting frame 123.

[0006] The drive wheel 14 has a diameter greater than those of the front and rear casters 115, 125, and is disposed
pivotally 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 mainframe 122.

[0009] Referring to Figs. 2 and 3, because of the presence of the front and rear springs 162, 162’, the drive wheel 14
and the front and rear casters 115, 125 can be brought into contact with a horizontal surface simultaneously.

[0010] Referring to Fig. 4, when the front caster 115 climbs over an obstacle 200 in the wheelchair’s path, such as a
stair, the front and rear springs 162, 162’ are stretched so as to allow the front caster 115 to rise relative to the drive
wheel 14 and the rear caster 125. After the rear caster 125 surmounts the obstacle 200, the front and rear springs 162,
162’ return to their original shapes so as to allow the front caster 115 to contact a top surface of the obstacle 200.
[0011] To test the wheelchair 100, the following parameters were used: a radius of each of the front and rear casters
115, 125 of 75mm, a distance between the axles of the front casters 115 and the rear casters 125 of 668mm, a radius
of each of the drive wheels 14 of 130mm, a person sitting on the wheelchair 100 weighing 70 kilograms, and a total
weight of the remaining portion of the wheelchair 100 supported by the front and rear casters 115, 125 and the drive
wheels 14 of 74 kilograms. When the front casters 115 surmount different obstacles 200, corresponding inclination angle
changes of the seat 300 of the wheelchair 100 are as outlined in the following chart:

Obstacle Height (mm) 10 20 30 40 50 60
Angle Change(degrees) | 1.26 | 254 | 3.83 | 513 | 6.44 | 7.77

[0012] Inthe case where the height of the obstacle 200 is 50mm, when the front casters 115 contact the obstacle 200,
the load ratios of the front casters 115, the rear casters 125 and the drive wheels 14 are respectively 18.9%, 11.6% and
69.5%:; after the front casters 115 surmount the obstacle 200 and before the drive wheels 14 contact the obstacle 200,
the load ratios of the front casters 115, the rear casters 125 and the drive wheels 14 are respectively 16.9%, 26.8% and
56.3%; after the front casters 115 surmount the obstacle 200 and when the drive wheels 14 contact the obstacle 200,
the load ratios of the front casters 115, the rear casters 125 and the drive wheels 14 are respectively 21.4%, 34.2% and
44.4%; after the drive wheels 14 surmount the obstacle 200 and before the rear casters 125 contact the obstacle 200,
the load ratios of the front casters 115, the rear casters 125 and the drive wheels 14 are respectively 9.9%, 24.6% and
65.5%; after the drive wheels 14 surmount the obstacle 200 and when the rear casters 125 contact the obstacle 200,
the load ratios of the front casters 115, the rear casters 125 and the drive wheels 14 are respectively 0.3%, 23.5% and
76.2%; and after the rear casters 125 surmount the obstacle 200, the load ratios of the front casters 115, the rear casters
125 and the drive wheels 14 are respectively 15.4%, 21. 9% and 62.7%.

[0013] Asindicated by the test data in the chart that, even when the height of the obstacle 200 is 60mm, the inclination
angle change of the seat is only 7.77°. This poses no safety risk and provides no feeling of discomfort to the person
sitting on the wheelchair 100.

[0014] In the case where the obstacle 200 is 50mm high, however, after the drive wheels 14 surmount the obstacle
200, and when the rear casters 125 contact the obstacle 200, the load ratio of the front casters 115 is only 0.3%. Since
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load ratio is proportional to the anti-tip and supporting ability of a wheel or caster, the wheelchair 100 tends to tip or
become unstable after the drive wheels 14 surmount the obstacle 200, and when the rear casters 125 contact the
obstacle 200.

[0015] The object of this invention is to provide a wheelchair suspension that includes a front caster, which is connected
to other elements in a specific manner so as to have a large load ratio, thereby promoting the anti-tip and supporting
ability of the front caster.

[0016] According to this invention, a side frame assembly for a wheelchair suspension includes a mainframe, and a
front caster frame connected pivotally to both a front end of the mainframe and a front caster. A return spring is disposed
between the front caster frame and the mainframe so as to bias the front caster to a predetermined position. A drive
wheel assembly includes a drive wheel frame, a drive wheel disposed pivotally on the drive wheel frame, and a driving
unit operable to rotate the drive wheel. A linkage is connected pivotally to the mainframe, the front caster frame and the
drive wheel frame. A rear caster assembly includes a rear caster frame attached to a rear end of the mainframe, and a
rear caster disposed pivotally on the rear caster frame.

[0017] These and other features and advantages of this invention will become apparent in the following detailed
description of a preferred embodiment of this invention, with reference to the accompanying drawings, in which:

Fig. 1 is a perspective view of a conventional electric wheelchair;

Fig. 2 is a side view of a side frame assembly of a suspension of the conventional electric wheelchair;

Fig. 3 is a schematic side view of the side frame assembly of the suspension of the conventional electric wheelchair,
illustrating how the wheelchair moves on a horizontal surface;

Fig. 4 is a schematic side view of the side frame assembly of the suspension of the conventional electric wheelchair,
illustrating how a front caster climbs over an obstacle;

Fig. 5 is a side view of a side frame assembly of the preferred embodiment of a wheelchair suspension according
to this invention;

Fig. 6 is a schematic side view of the preferred embodiment when it moves on a horizontal surface; and

Fig. 7 is a schematic side view of the preferred embodiment when a front caster climbs over an obstacle.

[0018] A wheelchair suspension of this invention is incorporated in an electric wheelchair, and includes two side frame
assemblies. Because the two side frame assemblies are similar in construction to each other, the structure and operation
of only one side frame assembly will be described.

[0019] Referringto Fig. 5, a side frame assembly 2 of the preferred embodiment of a wheelchair suspension according
to this invention includes a mainframe 3, a front caster assembly 4, an inclined return spring 5, a drive wheel assembly
6, a linkage 7 and a rear caster 8.

[0020] The mainframe 3 has a front connecting section 311, a rear connecting section 312, and a middle section 313
interconnecting the front and rear connecting sections 311, 312 and supporting a seat (not shown) thereon.

[0021] With additional reference to Fig. 6, the front caster assembly 4 includes a front caster frame 41 and a front
caster 42. The front caster frame 41 has an upper end connected pivotally to a front end of the front connecting section
311 of the mainframe 3 at a first pivot point (P1), and a lower end connected pivotally to the front caster 42.

[0022] The return spring 5 is configured as a coiled compression spring that has a rear upper end fastened to the front
connecting section 311 of the mainframe 31, and a front lower end fastened to the front caster frame 41. As such, the
return spring 5 biases the front caster 42 to a predetermined position relative to the mainframe 3.

[0023] The drive wheel assembly 6 is disposed behind the front caster assembly 4, and includes a drive wheel frame
61, a drive wheel 62 disposed pivotally on the drive wheel frame 61, and a driving unit 63 including an electric motor
631 operable to rotate the drive wheel 62.

[0024] The linkage 7 includes a generally horizontal front link 71 and an inclined rear link 72. The front link 71 has a
front end connected pivotally to the front caster frame 41 at a second pivot point (P2), and a rear end connected pivotally
to an end of the drive wheel frame 61 at a third pivot point (P3). The drive wheel frame 61 extends rearwardly and
downwardly from the third pivot point (P3). The first pivot point (P1) is disposed in front of and above the second pivot
point (P2). The rear link 72 extends forwardly and downwardly from the mainframe 3, and has a front end connected
pivotally to the rear end of the front link 71 at the third pivot point (P3), and a rear end connected pivotally to the front
connecting section 311 of the mainframe 3 at a fourth pivot point (P4).

[0025] The rear caster assembly 8 includes a rear caster frame 81 attached fixedly to a rear end of the rear connecting
section 312 of the mainframe 3 at an upper end thereof, and a rear caster 82 disposed pivotally on a lower end of the
rear caster frame 81.

[0026] When the wheelchair suspension moves on a horizontal surface, because the return spring 5 biases the front
caster 42 to the predetermined position, a lower end of the front caster 42 can be aligned with lower ends of the drive
wheel 62 and the rear caster 82.

[0027] Referring to Fig. 7, when the front caster 42 climbs over an obstacle 200 in the wheelchair’s path, such as a
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stair, the return spring 5 is compressed. After the front caster 42 surmounts the obstacle 200, the return spring 5 returns
toits original shape so as to bring the front caster 42 into contact with a top surface of the obstacle 200, thereby preventing
the tipping of the electric wheelchair.

[0028] To test the wheelchair suspension, the following parameters are used: a radius of each of the front and rear
casters 42, 82 of 75mm, a distance between the axles of the front and rear casters 42, 83 of 668mm, a radius of the
drive wheel 62 of 130mm, a person sitting on the electric wheelchair weighing 70 kilograms, and a total weight of the
remaining portion of the electric wheelchair supported by the drive wheel 62 and the front and rear casters 42, 82 of 74
kilograms.

[0029] When the front casters 42 surmount different obstacles 200, corresponding inclination angle changes of the
seat of the electric wheelchair are as outlined in the following chart:

Obstacle Height (mm) 10 20 30 40 50 60
Angle Change (degrees) | 0.96 | 1.90 | 2.82 | 3.73 | 4.62 | 5.49

[0030] Asindicated by the data in this chart, the angle changes of the seat of the electric wheelchair incorporating the
suspension of this invention are smaller than those of the conventional wheelchair shown in Fig. 1, regardless of the
height of the obstacle 200. As such, the anti-tip effect of the wheelchair suspension is increased.

[0031] Inthe case where the height of the obstacle 200 is 50mm, when the front casters 42 contact the obstacle 200,
the load ratios of the front casters 42, the rear casters 82 and the drive wheels 62 are respectively 27.9%, 11.9% and
60.2%; after the front casters 42 surmount the obstacle 200 and before the drive wheels 42 contact the obstacle 200,
the load ratios of the front casters 42, the rear casters 82 and the drive wheels 62 are respectively 17.6%, 26.7% and
55.7%; after the front casters 42 surmount the obstacle 200 and when the drive wheels 62 contact the obstacle 200, the
load ratios of the front casters 42, the rear casters 82 and the drive wheels 62 are respectively 22.3%, 34.3% and 43.4%;
after the drive wheels 62 surmount the obstacle 200 and before the rear casters 82 contact the obstacle 200, the load
ratios of the front casters 42, the rear casters 82 and the drive wheels 62 are respectively 25.9%, 36.9% and 37.2%;
after the drive wheels 62 surmount the obstacle 200 and when the rear casters 82 contact the obstacle 200, the load
ratios of the front casters 42, the rear casters 82 and the drive wheels 62 are respectively 23.6%, 50.0% and 26.4%;
and after the rear casters 82 surmount the obstacle 200, the load ratios of the front casters 42, the rear casters 82 and
the drive wheels 62 are respectively 23.8%, 48.2% and 28.0%. The load ratios of each of the front casters 42, the rear
casters 82, and the drive wheels 62 are in all instances greater than 10%, thereby resulting in an increase in the anti-
tip and supporting ability of the wheel or caster. This improves the safety and comfort of the electric wheelchair when
encountering an obstacle.

[0032] Furthermore, use of the single spring 5 in the side frame assembly 2 results in a simple structure of the
wheelchair, and therefore reduces the manufacturing costs of the wheelchair.

Claims

1. A side frame assembly (2) for a wheelchair suspension
characterized by:

a mainframe (3);

a front caster assembly (4) including a front caster frame (41) and a front caster (42), the front caster frame
(41) having two opposite ends connected respectively and pivotally to a front end of the mainframe (3) and the
front caster (42);

a return spring (5) disposed between the front caster frame (41) and the mainframe (3) so as to bias the front
caster (42) to a predetermined position relative to the mainframe (3);

a drive wheel assembly (6) disposed behind the front caster assembly (4) and including a drive wheel frame
(61), a drive wheel (62) disposed pivotally on the drive wheel frame (61), and a driving unit (63) operable to
rotate the drive wheel (62);

a linkage (7) connected pivotally to the mainframe (3), the front caster frame (41) and the drive wheel frame
(61); and

a rear caster assembly (8) including a rear caster frame (81) attached to a rear end of the mainframe (3), and
a rear caster (82) disposed pivotally on the rear caster frame (81).

2. The side frame assembly (2) as claimed in Claim 1, characterized in that the return spring (5) is configured as a
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coiled compression spring that is inclined and that has a rear upper end fastened to the mainframe (3), and a front
lower end fastened to the front caster frame (41) .

The side frame assembly (2) as claimed in Claim 1, characterized in that the front caster frame (41) is connected
pivotally to the mainframe (3) at a first pivot point (P1), the linkage (7) including:

a front link (71) having a front end connected pivotally to the front caster frame (41) at a second pivot point (P2),
and a rear end connected pivotally to an end of the drive wheel frame (61) at a third pivot point (P3); and

an inclined rear link (72) having a front end connected pivotally to the rear end of the front link (71) at the third
pivot point (P3), and a rear end connected pivotally to the mainframe (3) at a fourth pivot point (P4).

The side frame assembly (2) as claimed in Claim 3, further characterized in that the first pivot point (P1) is disposed
in front of and above the second pivot point (P2).

The side frame assembly (2) as claimed in Claim 3, further characterized in that the front link (71) is generally
horizontal, the rear link (72) extending forwardly and downwardly from the mainframe (3), the drive wheel frame
(61) extending rearwardly and downwardly from the third pivot point (P3).
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