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Description

Technical Field

[0001] The present invention relates to a wheel frame
of a driving wheel of a wheelchair used in measuring a
motion of a driver, a driving wheel using the wheel frame,
a wheelchair using the driving wheel, an ergometer suit-
able for measurement using the wheelchair, and a meas-
urement system using the wheelchair and the ergometer.

Background Art

[0002] A traditionally known wheelchair includes a
strain gauge installed on each of a plurality of support
members supporting a hand rim on a wheel surface in
order to measure a driving force applied by a driver to
the wheelchair via the hand rim (a force applied to the
hand rim when operating the wheel chair) (for example,
refer to JP 2013-192875 A).
[0003] Also, when measurement is to be carried out
on a wheelchair used in track races, marathons, and the
like, a wheelchair as described in JP 2013-192875 A and
an ergometer are sometimes used in combination.
[0004] A known ergometer of this type includes a pair
of rollers arranged to contact corresponding one of a pair
of driving wheels of a wheelchair and adapted to rotate
with the rotation of the driving wheels, a detector adapted
to detect a torque, a rotation speed, and the like of the
rollers, and a motor adapted to apply driving and braking
forces to the rollers.
[0005] FR 2960421 A1 discloses a wheel frame of a
driving wheel of a wheelchair, the wheel frame compris-
ing: a cylindrical hub to which an axle extending from a
cage of the wheelchair is mounted; a six-axis force sensor
inserted into the hub; and a support member to which a
hand rim of the wheelchair is attached, the support mem-
ber extending outward in a radial direction from the six-
axis force sensor.

Summary of Invention

Technical Problem

[0006] However, since a strain gauge is used as the
detector in the conventional wheelchair driving wheels
described in JP 2013-192875 A, the magnitude of the
driving force can be measured but the direction and the
like of the force cannot be measured in detail.
[0007] In view of this, another approach is to use a six-
axis force sensor that can also measure the direction of
the force in detail as the detector instead of a strain
gauge. However, when six-axis force sensors that are
generally used are installed for each of a plurality of sup-
port members supporting the hand rim, the size of the
driving wheels increases in both the axial direction and
the radial direction, resulting in considerable increase in
its weight as well.

[0008] Also, when using multiple six-axis force sen-
sors, the force (hexaxial force) acting on the wheel frame
from the hand rim is detected as the resultant force of
those of all the six-axis force sensors. However, this re-
sultant force is easily affected by an internal force applied
to the wheel frame (e.g., an internal force generated by
deformation of the wheel frame due to road surface re-
action force and the like). Accordingly, if measurement
is performed using multiple six-axis force sensors, a
problem arises that the detection precision is degraded
unless characteristics of the individual six-axis force sen-
sors are strictly in agreement with each other.
[0009] Also, as the weight of the driving wheel increas-
es, the moment of inertia generated at the driving wheel
will have a magnitude that cannot be ignored in the meas-
urement. Accordingly, when the measurement is per-
formed by reproducing the measurement status using an
ergometer configured to correspond to a wheelchair of a
general weight, the problem arises that the reproducibility
is degraded due to the influence of the moment of inertia
and precise measurement cannot be performed.
[0010] It is therefore an object of the present invention,
which has been made in view of the above aspects, to
provide a wheel frame capable of measuring the magni-
tude and direction of driving force in detail while sup-
pressing increase in weight and size of a driving wheel,
a driving wheel using the same wheel frame, a wheelchair
using the same driving wheel, an ergometer suitable for
measurement using the same wheelchair, and a meas-
urement system using the same wheelchair and the
same ergometer.

Solution to Problem

[0011] In order to achieve the above object, the wheel
frame according to the present invention is a wheel frame
of a driving wheel of a wheelchair, the wheel frame in-
cluding a cylindrical hub into which an axle extending
from a cage of the wheelchair is inserted, wherein the
cylindrical hub is rotatably attached to the axle, a six-axis
force sensor having an insertion hole into which the hub
is inserted, and a first support member to which a hand
rim of the wheelchair is attached, the first support mem-
ber extending outward in a radial direction from a load
input section of the six-axis force sensor.
[0012] As described above, since the wheel frame of
the present invention measures the force applied to the
hand rim (i.e., the driving force) using the six-axis force
sensor, the driving force can be detected as six-compo-
nent forces (the individual forces in three orthogonal axial
directions plus the moments about the individual axes).
[0013] Also, since the hand rim is connected via the
first support member in this wheel frame, it is made pos-
sible to detect, by one single six-axis force sensor, any
force applied to any location on the hand rim. By sup-
pressing the required number of six-axis force sensors
in this way, increase in weight is suppressed in the driving
wheel configured using this wheel frame.
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[0014] In addition, since one six-axis force sensor is
used, this wheel frame is less susceptible to the influence
of an internal force even when the internal force is gen-
erated in the wheel frame due to deformation of the wheel
frame caused by the road surface reaction force or the
like when compared with a case where multiple six-axis
force sensors are used. As a result, degradation of the
detection accuracy is suppressed.
[0015] Further, this wheel frame is configured such that
the hub is inserted into the insertion hole of the six-axis
force sensor. Specifically, the six-axis force sensor is ar-
ranged at a proximate portion of the hub where the thick-
ness of the wheel frame is largest (i.e., the center portion
in the radial direction of the wheel frame). Accordingly,
the size in the axial direction of the driving wheel config-
ured using this wheel frame does not increase in size as
a result of arranging the six-axis force sensor.
[0016] As such, according to the wheel frame of the
present invention, it is made possible to measure the
magnitude and the direction of the driving force in detail
while suppressing increase in the weight and size of the
driving wheel configured by using this wheel frame.
[0017] Also, it is preferable that the wheelchair wheel
of the present invention further includes a second support
member extending outward in a radial direction from the
hub, the first support member is attached to a radially
inward portion of the six-axis force sensor, and the sec-
ond support member is attached to a radially outward
portion of the six-axis force sensor.
[0018] With this configuration, it is made possible to
concentrate the load input section of the six-axis force
sensor in the vicinity of the radial center of the wheel
frame. As a result, it is made possible to further suppress
the influence of the moment of inertia applied to the load
input section, so that the magnitude and direction of the
driving force can be measured in further detail.
[0019] Further, in the wheelchair wheel frame of the
present invention configured to include the second sup-
port member, it is preferable that the second support
member has an annular rim section an outer peripheral
surface there being fitted with a tire.
[0020] In this manner, it is made possible to further
suppress increase in the weight by integrating the second
support member for supporting the six-axis force sensor
and the member for fitting the tire with each other.
[0021] Also, it is preferable in the wheel for the wheel-
chair according to the present invention that it further
includes a second support member extending outward
in the radial direction from an end of the hub, the end
being proximal to the cage, the six-axis force sensor is
inserted via an other end of the hub, the other end being
opposite to the end of the hub proximal to the cage, an
inner diameter of the insertion hole of the six-axis force
sensor is of a size allowing creation of a predetermined
gap from an outer peripheral surface of the hub when the
hub is inserted, the first support member has a first
mounting section projecting in a direction toward the
cage, the second support member has a second mount-

ing section projecting in a direction opposite to the direc-
tion toward the cage, and the six-axis force sensor is
attached to the first support member via the first mounting
section and attached to the second support member via
the second mounting section.
[0022] With this configuration, since the contact of the
six-axis force sensor other than the mounting sections
of the first support member and the second support mem-
ber can be suppressed, the contact portion between the
six-axis force sensor and other components can be sup-
pressed and minimized. This prevents the force other
than the force of the driver input via the hand rim from
being input to the six-axis force sensor and reduces the
noise, so that the magnitude and direction of the driving
force can be measured in further detail.
[0023] Also, it is preferable in the wheel for the wheel-
chair according to the present invention that the insertion
hole of the six-axis force sensor is a through hole extend-
ing through the six-axis force sensor, and that a length
in an axial direction of the six-axis force sensor is formed
to be shorter than a length in an axial direction of the hub.
[0024] With this configuration, the six-axis force sensor
can be housed inside the wheel in the axial direction. As
a result, it is made possible to further prevent the driving
wheel from becoming larger in the axial direction. In ad-
dition, it is made possible to prevent contact of the six-
axis force sensor with the driver or the cage.
[0025] Also, it is preferable in the wheel for the wheel-
chair according to the present invention that it further
includes a second support member extending outward
in a radial direction from the hub and a transmitter con-
figured to transmit a result of detection by the six-axis
force sensor to a receiver wirelessly connected thereto,
the second support member is thinned in an axial direc-
tion, and the transmitter is arranged at a thinned portion
of the second support member.
[0026] With this configuration, since the transmitter
can be arranged inside the wheel frame, it is made pos-
sible to prevent the driving wheel from becoming large
in the axial direction as a result of arranging the trans-
mitter. Also, the signal transmitted from the transmitter
is less likely to be disturbed by the components of the
wheel frame. As a result, the detection accuracy is im-
proved, so that the magnitude and direction of the driving
force can be measured in more detail.
[0027] Also, in order to achieve the above object, a
driving wheel according to the present invention includes
any one of the above-described wheel frames.
[0028] As described above, according to the driving
wheel of the present invention, since any one of the
above-described wheel frames is used to configure the
driving wheel, it is made possible to suppress increase
in the weight and the size of the driving wheel and meas-
ure the magnitude and the direction of the driving force
in detail.
[0029] Also, in order to achieve the above object, a
wheelchair according to the present invention includes
the above-described driving wheel.
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[0030] As described above, according to the wheel-
chair of the present invention, since the above-described
driving wheels are included, it is made possible to meas-
ure in detail the magnitude and direction of the driving
force while suppressing increase in the weight and size
of the driving wheel and accordingly the wheelchair as a
whole.
[0031] Also, in order to achieve the above object, an
ergometer according to an embodiment includes a roller
arranged to contact the driving wheel of the wheelchair
and configured to rotate with a rotation of the driving
wheel, a detector configured to detect a rotational state
of the roller, a motor configured to impart a driving or
braking force to the roller, and a flywheel connected to
the roller, and the flywheel is configured to generate a
moment of inertia in a direction in which an influence due
to a weight acting on the roller is reduced.
[0032] As described above, the ergometer includes the
flywheel connected to the roller. The flywheel generates
a moment of inertia in a direction in which the influence
of the weight applied to the roller is reduced.
[0033] Specifically, the moment of inertia of the fly-
wheel is specified such that the moment of inertia gen-
erated about the axis of the driving wheel when the driving
wheel is driven on the ergometer is in agreement with
the moment of inertia generated about the axis of the
driving wheel when running the usual wheelchair that
does not include a detector on a real road surface (here-
inafter referred to as "actual running").
[0034] More specifically, the moment of inertia of the
flywheel is specified such that a value obtained by equiv-
alently converting the moment of inertia of the entire de-
vice including the flywheel into the moment of inertia
about the axis of the driving wheel of the wheelchair at
the time of the measurement is in agreement with a sum
of the value obtained by equivalently converting the mass
of the vehicle body and the driver into the moment of
inertia about the driving wheel of the wheelchair, a value
obtained by equivalently converting the moment of inertia
of the wheel(s) other than the driving wheel of the wheel-
chair into the moment of inertia about the axis of the driv-
ing wheel, and a value of the moment of inertia of the
driving wheel of the wheelchair at the time of actual run-
ning.
[0035] By virtue of this, the influence of the weight from
the driving wheel acting on the roller can be offset and
suppressed by the flywheel even when a wheelchair has
a heavier driving wheel than a driving wheel used in ac-
tual running of a wheelchair which is a measurement tar-
get (e.g., a driving wheel that includes with any one of
the above-described wheel frames).
[0036] As such, according to the ergometer, even if the
wheelchair has a heavy weight of the driving wheels as
in the above wheelchair, the influence by the weight is
suppressed and accurate measurement can be per-
formed.
[0037] Also, in the ergometer, it is preferable that the
flywheel is a variable flywheel allowing the moment of

inertia to be changed.
[0038] With this configuration, accurate measurement
can be performed for wheelchairs and drivers of various
weights.
[0039] Also, in order to achieve the above object, an
ergometer according to an embodiment includes a roller
arranged to contact the driving wheel of the wheelchair
and configured to rotate with a rotation of the driving
wheel, a detector configured to detect a rotational state
of the roller, a motor configured to impart a driving or
braking force to the roller, and a replaceable flywheel
connected to the roller, and the flywheel is one flywheel
selected from a plurality of flywheels having different mo-
ments of inertia in a direction in which an influence due
to a weight acting on the roller is reduced.
[0040] Thus, the ergometer includes the flywheel con-
nected to the roller. The flywheel generates a moment
of inertia in a direction in which the influence of the weight
applied to the roller is reduced.
[0041] As a result, even if a driving wheel heavier than
the driving wheel used in the actual running of the wheel-
chair to be measured (e.g., the one using the above-
described wheel frame) is used, the influence of the
weight applied to the roller from the driving wheel can be
offset and suppressed by the flywheel.
[0042] In addition, since a plurality of flywheels having
different moments of inertia to be generated are included
and a flywheel to be arranged between the roller and the
motor is selected from among the flywheels, the meas-
urement can be performed on wheelchairs of various
weights.
[0043] Accordingly, according to the ergometer, even
if multiple wheelchairs having driving wheels of heavy
weights, such as the wheelchair described above, are
influenced by their weights, the influence of the weights
can be suppressed and accurate measurement can be
performed.
[0044] Also, the measurement system includes the
above-described wheelchair, any one of the above-de-
scribed ergometer, a posture detector configured to de-
tect a posture of a driver of the wheelchair, and a com-
putation device, and the computation device is config-
ured to estimate a joint torque or a muscular strength of
the driver based on detection information from the six-
axis force sensor of the wheelchair, detection information
from the detector of the ergometer, and detection infor-
mation from the posture detector.
[0045] As described above, the joint torque or muscle
force of a driver can be precisely estimated by performing
measurement using the above-described wheelchair and
ergometer while simultaneously using the posture detec-
tor.

Brief Description of Drawings

[0046]

FIG. 1 is a side view illustrating a schematic config-
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uration of a measurement system according to an
embodiment.
FIG. 2 is a plan view of the measurement system of
FIG. 1.
FIG. 3 is a perspective view of a wheel frame of a
driving wheel of a wheelchair of the measurement
system of FIG. 1.
FIG. 4 is an enlarged cross-sectional view taken
along the line IV-IV of the main part of the wheel
frame of FIG. 3.
FIG. 5 is a perspective view illustrating a configura-
tion of an ergometer of the measurement system of
FIG. 1.
FIG. 6 is a block diagram of a control device of the
measurement system of FIG. 1.

Description of Embodiments

[0047] A measurement system S according to an em-
bodiment will be described hereinbelow with reference
to the drawings. While the measurement system S per-
forms measurements on a wheelchair 1 used in track
racing, marathon, and the like, the measurement system
according to the present invention is also capable of per-
forming measurements on wheelchairs other than the
wheelchairs for competition.
[0048] As illustrated in FIG.s 1 and 2, the measurement
system S includes a casing 2 on which the wheelchair 1
is placed; an ergometer 3 built in the casing 2; four cam-
eras 4 ("posture detector") for photographing a posture
of a driver of the wheelchair 1, two monitors 5, which are
display devices for allowing the driver to recognize data
such as measurement results; a fixing member 6 for fixing
the position of the wheelchair 1, a control device 7, which
is not shown in FIG. 1 (see FIG. 6); and an input terminal
8, which is not shown in FIG. 1 (see FIG. 6).
[0049] As illustrated in FIG. 1, the wheelchair 1 in-
cludes a cage 11, a vehicle body frame 12 extending in
the front side of the cage 11, a front fork 13 pivotally
supported at a front end portion of the vehicle body frame
12, a steering handlebar 14 attached to a rear end portion
of the front fork 13, a front wheel 15 held at a front end
portion of the front fork 13, a pair of rear wheels 16 ("driv-
ing wheel") attached to the left and right of the cage 11,
and a pair of hand rims 17 each attached to correspond-
ing one of the rear wheels 16 at an opposite side thereof
with respect to the cage 11.
[0050] As illustrated in FIG. 2, an upper portion of the
cage 11 is open, and a seating seat 11a on which the
driver is seated is arranged inside the cage 11.
[0051] The front fork 13 is pivotally supported at a distal
end portion of the vehicle body frame 12 so as to be
rotatable. The handlebar 14 is attached to the rear end
portion of the front fork 13. The front wheel 15 is rotatably
held at the front end portion of the front fork 13. As a
result, the wheelchair 1 is configured such that operation
of the handlebar 14 causes the direction of the front wheel
15 to be changed via the front fork 13 so that the wheel-

chair 1 can be turned in a desired direction.
[0052] The rear wheel 16 is constituted by a wheel
frame 16a and a tire 16b fitted to the wheel frame 16a.
The rear wheel 16 is rotatably attached to the cage 11
via the axle 11b (see FIG. 4) extending in the left-right
direction of the cage 11 in a state where the rear wheel
16 is inclined such that the upper portion of the rear wheel
16 becomes closer to the center portion of the cage 11.
[0053] Each of the hand rims 17 is fixed to the corre-
sponding one of the rear wheels 16 so as to be integrally
rotatable with the corresponding one of the rear wheels
16. As a result, the wheelchair 1 is configured such that
the driver can transmit the driving force to the rear wheel
16 via the hand rim 17 so as to run the wheelchair 1.
[0054] Here, the rear wheels 16 will be described in
detail with reference to FIG.s 3 and 4.
[0055] The rear wheels 16 are each constituted by a
wheel frame 16a and a tire 16b (not shown in FIG.s 3
and 4) fitted to the wheel frame 16a.
[0056] The wheel frame 16a includes, as illustrated in
FIG.s 3 and 4, a tubular hub 16c, an inner flange 16d
("second support member") which is a wheel frame body
portion that extends radially from an end of the hub 16c
on the proximal side with respect to the cage 11, an an-
nular six-axis force sensor 16e into which the hub 16c is
inserted, and an outer flange 16f ("first support member")
which is an annular cover configured to cover an area
from the vicinity of the hub 16c to the vicinity of the hand
rim 17 on the surface of the wheel frame 16a on the op-
posite side with respect to the cage 11, and a plurality of
transmitters 16g arranged at a thinned portion of the inner
flange 16d.
[0057] Although not shown in FIG.s 3 and 4, the rear
wheel 16 also includes a cover that covers the portion
on the surface of the wheel frame 16a opposite to the
cage 11, the portion extending from the region in the vi-
cinity of the hand rim 17 to the peripheral portion on the
outer side in the radial direction.
[0058] The hub 16c is a cylindrical member as illustrat-
ed in FIG. 4. The axle 11b extending from the cage 11
of the wheelchair 1 is inserted into the hub 16c. As a
result, the hub 16c (and accordingly the entire wheel
frame 16a) is rotatable about the rotational axis line a1
of the axle 11b via a bearing 18.
[0059] The inner flange 16d includes, as illustrated in
FIG.s 3 and 4, in an order with reference to the hub 16c
(inner peripheral side), a disk-shaped disk section 16d1
connected to the hub 16c, a cylindrical first rim section
16d2, a plurality of rod-shaped first rib sections 16d3 ex-
tending radially, a second annular rim section 16d4, a
plurality of rod-shaped second rib sections 16d5 extend-
ing radially, and a third annular rim 16d6, where the tire
16b is fitted to the outer peripheral surface of the third
annular rim 16d6.
[0060] The disk section 16dl is formed in a disk shape
extending radially outward from the outer peripheral sur-
face of the hub 16c and reaching a position beyond the
outer peripheral portion of the six-axis force sensor 16e.
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A first projecting section 16dla ("second mounting sec-
tion") protruding toward the side away from the cage 11
is formed on the outer peripheral portion of the disk sec-
tion 16d1.
[0061] The annular six-axis force sensor 16e is at-
tached to the first projecting section 16d1a with a plurality
of first mounting screws 19a on the surface on the prox-
imal side with respect to the cage 11 at the portion radially
outward thereof (more specifically, a mounting section
16e3 which will be described later). As a result, a gap is
formed between the surface of the six-axis force sensor
16e on the proximal side with respect to the cage 11 and
the disk section 16d1 of the inner flange 16d except for
portion where the first projecting section 16d1a is provid-
ed.
[0062] The first rim section 16d2 is formed in a tubular
shape extending in the axial direction along the outer
peripheral surface of the six-axis force sensor 16e from
the end portion on the outer peripheral side of the disk
section 16d1. In the first rim section 16d2, a second pro-
jecting section 16d2a protruding inward is formed in the
inner peripheral surface of the end portion on the side of
the cage 11 (that is, in the vicinity of the connecting por-
tion for connection with the disk section 16d1).
[0063] The annular six-axis force sensor 16e is in con-
tact with the second projecting section 16d2a only at the
outer peripheral surface of the end portion on the side of
the cage 11. As a result, between the six-axis force sen-
sor 16e and the first rim section 16d2 of the inner flange
16d, a gap is formed in a portion other than the portion
where the second projecting section 16d2a is provided.
[0064] The first rib section 16d3 is formed as a plurality
of rod-like members extending radially outward in the ra-
dial direction from the outer peripheral surface of the first
rim section 16d2. Since the first rib section 16d3 is formed
as a rod-like member, the inner flange 16d is formed in
a shape thinned in the axial direction between the first
rim section 16d2 and the second rim section 16d4.
[0065] Also, the surface of the first rib section 16d3 on
the side of the cage 11 is inclined away from the cage
11 so as to become thinner in the axial direction as the
surface extends outward in the radial direction. As a re-
sult, the wheel frame 16a as a whole is made thinner
radially outward.
[0066] The second rib section 16d5 is formed as a plu-
rality of rod-like members extending radially outward in
the radial direction from the outer peripheral surface of
the second rim section 16d4. Since the second rib section
16d5 is formed as a rod-like member, the inner flange
16d is formed in a shape thinned in the axial direction
between the second rim section 16d4 and the third rim
section 16d6.
[0067] As illustrated in FIG.s 3 and 4, the six-axis force
sensor 16e is a disk-shaped member at the center portion
of which an insertion hole 16e1 is formed, and its thick-
ness is defined to be thinner than the length in the axial
direction of the hub 16c. The six-axis force sensor 16e
includes an input section 16e2 (load input section) on the

inner peripheral side thereof, a mounting section 16e3
on the outer peripheral side thereof, and a detection sec-
tion 16e4 between the input section 16e2 and the mount-
ing section 16e3.
[0068] The insertion hole 16e1 is formed as a through
hole. The hub 16c is inserted into and passed through
the insertion hole 16e1 from the side of the cage 11. Also,
the inner diameter of the insertion hole 16e1 is sufficiently
larger than the outer diameter of the hub 16c. As a result,
when the six-axis force sensor 16e is attached to the
inner flange 16d, a predetermined interval is created be-
tween the inner peripheral surface of the insertion hole
16e1 and the outer peripheral surface of the hub 16c.
[0069] The insertion hole 16e1 in the six-axis force sen-
sor 16e is formed as a through hole, and the thickness
of the six-axis force sensor 16e is thinner than the length
in the axial direction of the hub 16c. As a result, the six-
axis force sensor 16e does not protrude from the inner
flange 16d in the axial direction but remains in a state
where it is accommodated in the wheel frame 16a.
[0070] The input section 16e2 is a portion provided in-
ward in the radial direction of the six-axis force sensor
16e. The outer flange 16f is attached to the surface of
the input section 16e2 on the side opposite to the side
of the cage 11 by a plurality of second mounting screws
19b.
[0071] The mounting section 16e3 is a portion of the
six-axis force sensor 16e provided outward in the radial
direction. The mounting section 16e3 is attached to the
inner flange 16d by the plurality of first mounting screws
19a on the surface proximal with respect to the cage 11.
[0072] As described above, in the six-axis force sensor
16e, the input section 16e2 to which the outer flange 16f
for attaching the hand rim 17 is attached is provided in-
ward in the radial direction of the six-axis force sensor
16e and the mounting section 16e3 for attaching the six-
axis force sensor 16e to the inner flange 16d is provided
outward in the radial direction of the six-axis force sensor
16e.
[0073] In other words, in the six-axis force sensor 16e,
the input section 16e2 which is the load input section is
concentrated in the vicinity of the center in the radial di-
rection of the wheel frame 16a. By virtue of this, in the
six-axis force sensor 16e, the influence of the moment
of inertia applied to the input section 16e2 is suppressed.
[0074] The detection section 16e4 is provided between
the input section 16e2 and the mounting section 16e3.
The detection section 16e4 is formed of a material having
lower rigidity than the material of the input section 16e2
and the mounting section 16e3, and a strain gauge is
provided. The strain gauge is designed to be distorted in
accordance with the force input from the hand rim 17 via
the outer flange 16f and the input section 16e2.
[0075] As described above, in the six-axis force sensor
16e, the input section 16e2 and the mounting section
16e3 used for attachment are formed of a material having
sufficiently high rigidity as compared with the detection
section 16e4 which is a section for detection. This pre-
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vents deformation of the input section 16e2 and the
mounting section 16e3, stabilizes the force transmitted
to the detection section 16e4, and thereby improves the
detection accuracy.
[0076] As illustrated in FIG.s 3 and 4, the outer flange
16f is configured as a disk-shaped member that covers
portions from the hub 16c to the inside of the second rim
section 16d4 of the inner flange 16d.
[0077] A third projecting section 16f1 ("first mounting
section") protruding toward the cage 11 side is formed
on the radially inward peripheral edge portion of the outer
flange 16f.
[0078] The annular six-axis force sensor 16e is at-
tached to the third projecting section 16f1 on the surface
on the side opposite to the cage 11 of the radially inward
portion thereof (specifically, the input section 16e2) by a
plurality of second mounting screw 19b. As a result, a
gap is created between the surface of the six-axis force
sensor 16e on the side opposite to the cage 11 and the
outer flange 16f except for the portion where the third
projecting section 16f1 is provided.
[0079] A handle rim body section 17a of the hand rim
17 is fixed to the outer peripheral portion of the outer
flange 16f via a plurality of support members 17b.
[0080] In this manner, the outer flange 16f extends ra-
dially outward from the input section 16e2 of the six-axis
force sensor 16e (i.e., toward the hand rim 17). As a
result, the force (i.e., the driving force) applied to the hand
rim 17 is input to the input section 16e2 of the six-axis
force sensor 16e via the outer flange 16f.
[0081] The transmitter 16g wirelessly transmits the de-
tection result of the six-axis force sensor 16e toward a
not-shown receiver. As illustrated in FIG.s 3 and 4, the
transmitter 16g is arranged in a thinned portion defined
by the first rim section 16d2, the first rib section 16d3,
and the second rim section 16d4 of the inner flange 16d.
[0082] In this manner, since the transmitter 16g is ar-
ranged in the thinned portion of the inner flange 16d, the
wheel frame 16a is not enlarged in the axial direction due
to the arrangement of the transmitter 16g. In addition,
the signal transmitted from the transmitter 16g is less
likely to be disturbed by the components of the wheel
frame 16a.
[0083] As described above, since the driving force is
measured by the six-axis force sensor 16e in the wheel
frame 16a of the rear wheel 16 of the wheelchair 1 of the
measurement system S, the driving force can be detect-
ed as six component forces (the individual force of three
orthogonal axial directions plus the individual moments
about the respective axes).
[0084] In addition, since the hand rim 17 is connected
via the outer flange 16f, it is made possible to detect any
force acting upon any location on the hand rim 17 using
one six-axis force sensor 16e. By suppressing the nec-
essary number of six-axis force sensors 16e in this man-
ner, increase in weight is suppressed in the rear wheel
16 configured using this wheel frame 16a.
[0085] In addition, since one six-axis force sensor 16e

is used in this wheel frame 16a, even if the wheel frame
16a is deformed due to the road surface reaction force
or the like and an internal force is generated, it is less
susceptible to the influence of the internal force com-
pared with the case of using a plurality of six-axis force
sensors. As a result of this, reduction in detection accu-
racy is suppressed.
[0086] In addition, in the wheel frame 16a, the hub 16c
is inserted into the insertion hole 16e1 of the six-axis
force sensor 16e. In other words, a six-axis force sensor
16e having a smaller thickness in the axial direction than
the length in the axial direction of the hub 16c is arranged
in the vicinity of the hub 16c where the thickness of the
wheel frame 16a is the thickest (that is, the central portion
in the radial direction of the wheel frame 16a). As a result,
the size in the axial direction of the rear wheel 16 config-
ured by using the wheel frame 16a does not increase in
size due to arrangement of the six-axis force sensor 16e.
[0087] Further, in the wheel frame 16a, a gap is created
between the hub 16c and the inner flange 16d on the
inner peripheral side, the outer peripheral side, and the
cage side of the six-axis force sensor 16e. That is, the
six-axis force sensor 16e is in contact with only the first
projecting section 16d1a and the second projecting sec-
tion 16d2a of the inner flange 16d and the third projecting
section 16f1 of the outer flange 16f.
[0088] As a result of this, a contact portion between
the six-axis force sensor 16e and other components is
minimized, and forces other than the force of the driver
input via the hand rim 17 is prevented from being input
to the six-axis force sensor 16e, and the noise is reduced.
[0089] Accordingly, in the rear wheel 16, which is con-
figured using the wheel frame 16a and accordingly the
wheelchair 1 including the rear wheel 16, it is made pos-
sible to suppress increase in the weight and the size, and
the magnitude and the direction of the driving force can
be measured in detail.
[0090] Note that the wheel frame of the rear wheel 16
of the wheelchair 1 that can be applied to the measure-
ment system S is not limited to the wheel frame 16a con-
figured as described above.
[0091] In the above-mentioned wheel frame 16a, an
annular six-axis force sensor is used as the six-axis force
sensor 16e. However, any other six-axis force sensor
may be used as long as it includes at the center portion
thereof an insertion hole into which the hub can be in-
serted.
[0092] For example, in the wheel frame 16a, the inser-
tion hole 16e1 of the six-axis force sensor 16e is formed
as a through hole, but the insertion hole may not be a
through hole as long as the axle of the wheelchair can
be inserted into it. Meanwhile, in the case of an insertion
hole not being formed as a through hole, the size in the
axial direction of the wheelchair having the driving wheel
constituted by using the wheel frame will be increased
unless the axle is shortened or any other appropriate
measure is taken as compared with a wheelchair includ-
ing driving wheels configured by using the one having
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the insertion hole in the form of a through hole.
[0093] Further, in the wheel frame 16a, a strain gauge
type sensor is used as the six-axis force sensor 16e, but
any other type may be used as long as it can detect the
six component forces of the input force. For example, a
capacitance type six-axis force sensor may be used.
[0094] Also, in the wheel frame 16a, gaps are created
between the hub 16c and the inner flange 16d on the
inner peripheral side, the outer peripheral side, and the
cage side of the six-axis force sensor 16e. However, it
is not always necessary to provide all of these gaps, and
the number or positions thereof may be appropriately
modified.
[0095] For example, in a case where a wheel frame is
formed of a material capable of sufficiently absorbing vi-
brations, the projecting section may not be formed and
the gap may not be created. In addition, in a case where
a portion where the component member is not in contact
with the six-axis force sensor is formed (for example,
when the first rim section 16d2 is not extended along the
outer periphery of the six-axis force sensor 16e) or the
like, the gap with respect to the component member that
is not in contact will be automatically omitted.
[0096] Also, in order to suppress the influence of the
moment of inertia of the wheel frame 16a, the hand rim
17 is attached to the radially inward portion of the six-
axis force sensor 16e via the outer flange 16f which is
the first support member. In other words, the load input
portion is a radially inward portion. However, the mount-
ing position of the first support member is not limited to
the radially inward portion of the six-axis force sensor.
[0097] For example, if the magnitude of the generated
moment of inertia is sufficiently small, the first support
member may be attached to the radially outer portion of
the six-axis force sensor. In other words, the load input
portion may be a radially outer portion.
[0098] Also, in the wheel frame 16a, the input section
16e2 and the mounting section 16e3 of the six-axis force
sensor 16e are formed of a highly rigid material, and the
detection section 16e4 is made of a material having low
rigidity. However, the input section, the mounting section,
and the detection section of the six-axis force sensor 16e
may all be made of the same material.
[0099] Note that, when each part of the six-axis force
sensor is formed of the same material as mentioned
above, the detection accuracy can be improved in the
same or similar manner as in the case where the parts
are formed of materials of different rigidity such that the
strain generated in the detection section, for example,
by making the detection section thin both in its thickness
and width becomes larger than the strain generated in
any other part.
[0100] Further, in the wheel frame 16a, the outer flange
16f which is the first support member is formed as a single
disk. However, as long as the shape of the first support
member is such that the input section of the six-axis force
sensor and the hand rim can be connected to each other,
the shape of the first support member may be appropri-

ately modified according to the required weight and ri-
gidity.
[0101] For example, it may be formed such that it has
a disk-shaped disk section and an outer peripheral por-
tion on the rib by cutting out the portion on the outer pe-
ripheral side. In the case of such a shape, the signal
transmitted from the transmitter 16g is not easily dis-
turbed by the first support member, so that more accurate
measurement can be performed.
[0102] Further, in the wheel frame 16a, the inner flange
16d which is the second support member is formed of a
disk-shaped disk section 16d1 and three concentric rims
(a first rim section 16d2, a second rim section 16d4, and
a third rim section 16d6) having different diameters and
a plurality of rod-like ribs (a first rib section 16d3 and a
second rib section 16d5) radially arranged between the
rims. However, the shape of the second support member
may be appropriately modified according to the required
weight and rigidity.
[0103] For example, the shapes of the rims and the
ribs, the number of the ribs, etc. may be modified or it
may be formed as a single disk.
[0104] Also, in the wheel frame 16a, the six-axis force
sensor 16e is attached to the hub 16c via the inner flange
16d which is the second support member. However, in
the case where the six-axis force sensor is directly at-
tached to the hub and the rib or the rim is provided directly
on the outer periphery of the six-axis force sensor, the
second support member may be omitted.
[0105] Further, in the wheel frame 16a, a transmitter
16g that wirelessly transmits a signal to the receiver is
arranged in the thinned portion of the inner flange 16d.
However, the configuration and position of the transmitter
are not limited to this configuration. For example, a wired
transmitter may be used, and its arrangement position
may be modified as appropriate.
[0106] Next, the ergometer 3 will be described in detail
with reference to FIG.s 1, 2, and 5.
[0107] As illustrated in FIG.s 1 and 2, as the basic con-
figuration of the ergometer 3, the ergometer 3 is arranged
at a position below the placement position of the wheel-
chair 1 so as to be fitted in the casing 2 of the measure-
ment system S.
[0108] As illustrated in FIG. 5, a pair of rollers 3b, which
are arranged so as to be in contact with corresponding
one of the rear wheels 16 of the wheelchair 1 to be meas-
ured; a motor 3c arranged on the rotation axis line a2 of
the roller 3b; a flywheel 3d arranged between the roller
3b and the motor 3c; and a torque meter 3e (detector)
arranged between the roller 3b and the flywheel 3d are
arranged inside the ergometer casing 3a of the ergom-
eter 3 (see FIG. 2).
[0109] On the upper surface of the ergometer casing
3a, two openings 3a1 are formed at positions below the
rear wheel 16 when the wheelchair 1 is placed. The rollers
3b are individually exposed via corresponding one of the
two openings 3a1.
[0110] The roller 3b rotates with the rotation of the rear
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wheel 16 in contact therewith. The rotational state
(torque, rotational speed, etc.) of the roller 3b is detected
by a torque meter 3e equipped with a rotational speed
detector and transmitted to the control device 7.
[0111] Also, driving and braking forces are applied to
the roller 3b from the motor 3c via the flywheel 3d. The
driving and braking forces applied to the roller 3b (i.e.,
the output torque of the motor 3c) are controlled by a
signal from the control device 7.
[0112] Specifically, the output torque of the motor 3c
is controlled so as to simulatively generate the running
resistance corresponding to the actual running of the rear
wheel 16 in contact with the roller 3b. More specifically,
the output torque of the motor 3c is controlled such that
the load torque generated when trying to maintain the
speed of the rear wheel 16, which is the driving wheel,
at the time of measurement using the ergometer 3 is in
agreement with the load torque generated in actual run-
ning at the same speed.
[0113] In the ergometer 3, by controlling the driving
and braking forces of the roller 3b with the motor 3c in
this manner, it is made possible to apply the same load
as that in the actual running to the arm of the driver.
[0114] The flywheel 3d generates a moment of inertia
in a direction resulting in the reduction of the influence
of the weight applied by the roller 3b. The flywheel 3d is
a variable flywheel capable of changing the generated
moment of inertia by changing the built-in additional mass
based on a signal from the control device 7.
[0115] The moment of inertia of the flywheel 3d is con-
trolled such that the moment of inertia generated about
the axis of the axle 11b when the rear wheel 16 is driven
on the ergometer 3 is in agreement with the moment of
inertia generated about the axis of the axle 11b in actual
running of the wheelchair 1.
[0116] More specifically, the moment of inertia of the
flywheel 3d is controlled such that a value obtained by
equivalently converting the moment of inertia of the entire
wheelchair 1 including the flywheel 3d at the time of
measurement into the moment of inertia about the axis
of the axle 11b is brought into agreement with a sum of
a value obtained by equivalently converting the mass of
the wheelchair 1 and the driver at the time of actual run-
ning into the moment of inertia about the axis of the axle
11b and the value obtained by equivalently converting
the moment of inertia of the front wheel 15 into the mo-
ment of inertia about the axis of the axle 11b, and the
value of the moment of inertia of the rear wheel 16.
[0117] This allows the influence of the weight to be
offset and suppressed by the flywheel 3d even when
wheelchairs and drivers of various weights are to be
measured, such as a wheelchair having a heavier driving
wheels than the driving wheels used in actual traveling
(more specifically, the wheelchair 1 including the above-
mentioned rear wheel 16).
[0118] Accordingly, the ergometer 3 suppresses the
influence of weight even when the wheelchair 1 having
the heavy rear wheels 16 is to be measured, so that ac-

curate measurement can be performed.
[0119] Note that the ergometer applicable to the meas-
urement system S is not limited to the ergometer 3 con-
figured as described above.
[0120] The above-described ergometer 3 is configured
such that, by using a variable flywheel as the flywheel
3d, the magnitude of the moment of inertia generated for
offsetting the influence of the weight in accordance with
the weight of the wheelchair can be modified. However,
any flywheel may be used as long as it can accommodate
itself to the weight to be offset.
[0121] For example, the ergometer 3 may be config-
ured such that the flywheel can be replaced, a plurality
of flywheels generating different moments of inertia are
prepared, and the one that generates an appropriate mo-
ment of inertia may be selected from among the fly-
wheels.
[0122] Also, when the weight of the wheelchair to be
measured is fixed, only the flywheel that generates the
moment of inertia suitable for this weight may be incor-
porated in the ergometer in place of the variable flywheel
or the flywheel that can be selectably replaced.
[0123] Further, the ergometer 3 uses the torque meter
3e as the detector for measuring the torque, the rotational
speed, and the like of the roller 3b. However, the detector
may be appropriately modified in accordance with the
parameters to be measured.
[0124] In addition, in the ergometer 3, the flywheel 3d
and the torque meter 3e which is the detector are ar-
ranged between the roller 3b and the motor 3c. However,
it suffices that the flywheel is connected to the roller 3b,
and any detector may be used as long as it is capable of
detecting the rotation state of the roller 3b. As a result,
the arrangement positions of the flywheel and the detec-
tor may be appropriately changed in accordance with the
size of the ergometer as a whole and the like.
[0125] Also, the ergometer 3 includes the pair of rollers
3b provided so as to contact corresponding one of the
rear wheels 16. However, any roller may be used as long
as it is capable of applying a load to the driving wheel,
and only one roller may be provided for the pair of driving
wheels.
[0126] Next, the camera 4 will be described with refer-
ence to FIG.s 1 and 2.
[0127] The measurement system S has a first camera
4a for photographing the driver from the front, a second
camera 4b for photographing the driver from above, a
third camera 4c for photographing the driver from the
right side, and a fourth camera 4d for photographing the
driver from the left side as the camera 4 for detecting the
posture of the driver aboard the wheelchair 1.
[0128] The measurement system S, by means of these
cameras 4, photographs the driver having signs attached
to various parts of the body, and computes the positions
of the driver’s neck, shoulder, hip, and elbow at each time
by the control device 7 on the basis of the photographed
moving images or the successively photographed still
images.
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[0129] Next, the monitor 5 will be described with refer-
ence to FIG.s 1 and 2.
[0130] In the measurement system S, has, as a monitor
5 for a driver riding on the wheelchair 1 to check his/her
status during the measurement, a first monitor 5a that is
slidable and movable to a position below the driver’s face
at the time of operation and a second monitor 5b fixed
to the front side of the wheelchair 1.
[0131] The posture of the driver that has been detect-
ed; the driving force computed by the control device 7;
and the joint torques, the muscular strength, and the like
of the driver are displayed on the first monitor 5a and the
second monitor 5b in addition to the measurement con-
ditions of the ergometer 3 that have been specified and
the measurement statuses such as the torque and the
rotation speed of the roller 3b of the ergometer 3.
[0132] Next, the fixing member 6 will be described with
reference to FIG.s 1 and 2.
[0133] In the measurement system S, in order to fix
the relative positions of the wheelchair 1 and the casing
2 with respect to each other (more specifically, the rela-
tive positions of the wheelchair 1 and the ergometer 3),
a fixing member 6 capable of fixing the position of the
cage 11 of the wheelchair 1 is provided in the rear of the
casing 2.
[0134] Note that the fixing member 6 is not limited to
the above-described configuration, and a fixing member
for fixing the position of the front wheel 15 of the wheel-
chair 1 may be provided, or fixing members for fixing the
front wheel and fixing members for fixing the rear wheels
may be used in combination.
[0135] Next, the control device 7 will be described with
reference to FIG. 6.
[0136] The control device 7 has functionality as a cal-
culation device and a database. The control device 7 is
configured by one or a plurality of electronic circuit units
including a CPU, a RAM unit, a ROM unit, an HDD, an
interface circuit, and the like.
[0137] As illustrated in FIG. 6, the control device 7 in-
cludes, as functions realized by the implemented hard-
ware configuration or program, a measurement condition
setting unit 71 configured to set the measurement con-
ditions, a measurement status detection unit 72 config-
ured for recognizing the status of the ergometer 3, a driv-
ing force detection unit 73 configured to detect the driving
force when the driver operates the wheelchair 1, a pos-
ture recognition unit 74 configured to recognize the pos-
ture of the driver, and a driver information estimation unit
75 configured to estimate the joint torques and the muscle
force of the driver.
[0138] The measurement condition setting unit 71 is
configured to recognize the measurement conditions on
the basis of the signal input from the input terminal 8 and
changes the torque applied to the roller 3b from the motor
3c of the ergometer 3 and the moment of inertia of the
flywheel 3d on the basis of the recognized signal. As a
result, a load similar to that when the vehicle actually
runs is applied to the arm of the driver of the wheelchair 1.

[0139] The measurement status detection unit 72 is
configured to detect a signal from the detector of the er-
gometer 3 and recognize the current measurement sta-
tus on the basis of the detection signal and the signal
from the measurement condition setting unit 71.
[0140] The driving force detection unit 73 is configured
to detect, at each point in time, the driving force applied
by the driver to the wheelchair 1 on the basis of the de-
tection signal of the driving force applied to the wheelchair
1 (the force applied by the driver to the hand rim 17 when
operating the wheelchair 1) (i.e., the detection signal of
the six-axis force sensor 16e).
[0141] The posture recognition unit 74 recognizes the
posture of the driver (more specifically, the sign attached
to various parts of the driver’s body) on the basis of the
information on the image photographed by the camera
4, and computes and recognizes the driver’s neck, shoul-
der, hip, and elbow positions at each point in time.
[0142] The driver information estimation unit 75 esti-
mates the joint torques of the driver in the respective
measurement statuses on the basis of the measurement
statuses detected by the measurement status detection
unit 72, the driving force applied to the wheelchair 1 de-
tected by the driving force detection unit 73 and the pos-
ture of the driver recognized by the posture recognition
unit 74, and computes the muscular strength of the driver
on the basis of the joint torques.
[0143] As described above, since the measurement
system S uses the wheelchair 1 and the ergometer 3 as
described above, it simulatively reproduces various sta-
tuses and can accurately measure the driving force of
the wheelchair 1 by the driver in these statuses. And the
joint torques and the muscle forces of the driver can be
precisely estimated.
[0144] It should be noted that the computation device
applicable to the measurement system S is not limited
to the control device 7 configured as described above.
Although the above-mentioned control device 7 controls
the state of the ergometer 3 by the measurement condi-
tion setting unit 71, it may be omitted if the ergometer 3
can independently specify the measurement conditions.

Reference Signs List

[0145] 1: wheelchair; 2: casing; 3: ergometer; 3a: er-
gometer casing; 3a1: opening; 3b: roller; 3c: motor; 3d:
flywheel; 3e: torque meter (detector); 4: camera (posture
detector); 4a: first camera; 4b: second camera; 4c: third
camera; 4d: fourth camera; 5: monitor; 5a: first monitor;
5b: second monitor; 6: fixing member; 7: control device
(computation device); 8: input terminal; 11: cage; 11a:
seating seat; 11b: axle; 12: vehicle body frame; 13: front
fork; 14: steering handlebar; 15: front wheel; 16: rear
wheel (driving wheel); 16a: wheel frame; 16b: tire; 16c:
hub; 16d: inner flange (second support member); 16d1:
disk section; 16d1a: first projecting section (second
mounting section); 16d2: first rim section; 16d2a: second
projecting section; 16d3: first rib section; 16d4: second
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rim section; 16d5: second rib section; 16e: six-axis force
sensor; 16e1: insertion hole; 16e2: input section (load
input section); 16e3: mounting section; 16e4: detection
section; 16f: outer flange (first support member); 16f2:
third projecting section (first mounting section); 16g:
transmitter; 17: hand rim; 17a: hand rim body section;
17b: support member; 18: bearing; 19a: first mounting
screw; 19b: second mounting screw; 71: measurement
condition setting unit; 72: measurement status detection
unit; 73: driving force detection unit; 74: posture recog-
nition unit; 75: driver information estimation unit; a1: first
axis line; a2: second axis line; S: measurement system

Claims

1. A wheel frame of a driving wheel (16) of a wheelchair
(1), the wheel frame (16a) comprising:

a cylindrical hub (16c) into which an axle (11b)
extending from a cage (11) of the wheelchair (1)
is inserted, wherein the cylindrical hub (16c) is
rotatably attached to the axle (11b);
a six-axis force sensor (16e) having an insertion
hole (16e1) into which the hub (16c) is inserted;
and
a first support member (16f) to which a hand rim
(17) of the wheelchair (1) is attached, the first
support member (16f) extending outward in a
radial direction from a load input section (16e2)
of the six-axis force sensor (16e).

2. The wheel frame according to claim 1, further com-
prising a second support member (16d) extending
outward in a radial direction from the hub (16c),
wherein
the first support member (16f) is attached to a radially
inward portion of the six-axis force sensor (16e), and
the second support member (16d) is attached to a
radially outward portion of the six-axis force sensor
(16c).

3. The wheel frame according to claim 2, wherein the
second support member (16d) has an annular rim
section (16d6) on an outer peripheral surface thereof
being fitted with a tire (16b).

4. The wheel frame according to claim 1, further com-
prising a second support member (16d) extending
outward in the radial direction from an end of the hub
(16c), the end being proximal to the cage (11),
wherein
the six-axis force sensor (16e) is inserted via an other
end of the hub (16c), the other end being opposite
to the end of the hub (16c) proximal to the cage (11),
an inner diameter of the insertion hole (16e1) of the
six-axis force sensor (16e) is of a size allowing cre-
ation of a predetermined gap from an outer periph-

eral surface of the hub (16) when the hub (16c) is
inserted,
the first support member (16f) has a first mounting
section (16f2) projecting in a direction toward the
cage (11),
the second support member (16d) has a second
mounting section (16d1a projecting in a direction op-
posite to the direction toward the cage (11), and
the six-axis force sensor (16e) is attached to the first
support member (16f) via the first mounting section
(16f2), and attached to the second support member
(16d) via the second mounting section (16dla).

5. The wheel frame according to claim 1, wherein
the insertion hole (16e1) of the six-axis force sensor
(16d) is a through hole extending through the six-
axis force sensor (16e), and
a length in an axial direction of the six-axis force sen-
sor (16e) is formed to be shorter than a length in an
axial direction of the hub (16c).

6. The wheel frame according to claim 1, further com-
prising:

a second support member (16d) extending out-
ward in a radial direction from the hub (16c); and
a transmitter (16g) configured to transmit a result
of detection by the six-axis force sensor (16e)
to a receiver wirelessly connected thereto,
wherein
the second support member (16d) is thinned in
an axial direction, and
the transmitter (16g) is arranged at a thinned
portion of the second support member (16d).

7. A driving wheel (16) comprising the wheel frame
(16a) according to claim 1.

8. A wheelchair (1) comprising the driving wheel ac-
cording to claim 7.

Patentansprüche

1. Radrahmen eines Antriebsrads (16) eines Rollstuhls
(1), wobei der Radrahmen (16a) aufweist:

eine zylindrische Nabe (16c), in die eine sich
von einem Käfig (11) des Rollstuhls (11) erstre-
ckende Achse (11b) eingesetzt ist, wobei die zy-
lindrische Nabe (16c) an der Achse (11b) dreh-
bar angebracht ist;
einen sechsachsigen Kraftsensor (16e) mit ei-
nem Einsetzloch (16e1), in das die Nabe (16c)
eingesetzt ist; und
ein erstes Tragelement (16f), an dem ein Greif-
ring (17) des Rollstuhls (1) angebracht ist, wobei
sich das erste Tragelement (16f) von einem La-
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steingabeabschnitt (16e2) des sechsachsigen
Kraftsensors (16e) in radialer Richtung aus-
wärts erstreckt.

2. Der Radrahmen nach Anspruch 1, der ferner ein
zweites Tragelement (16d) aufweist, das sich von
der Nabe (16c) in radialer Richtung auswärts er-
streckt, wobei
das erste Tragelement (16f) an einem radial einwär-
tigen Abschnitt des sechsachsigen Kraftsensors
(16e) angebracht ist, und
das zweite Tragelement (16d) an einem radial aus-
wärtigen Abschnitt des sechsachsigen Kraftsensors
(16c) angebracht ist.

3. Der Radrahmen nach Anspruch 2, wobei das zweite
Tragelement (16d) einen ringförmigen Felgenab-
schnitt (16d2) aufweist, an dessen Außenumfangs-
fläche ein Reifen (16b) montiert ist.

4. Der Radrahmen nach Anspruch 1, der ferner ein
zweites Tragelement (16d) aufweist, das sich von
einem Ende der Nabe (16c) in der radialen Richtung
auswärts erstreckt, wobei das Ende dem Käfig (11)
benachbart ist, wobei
der sechsachsige Kraftsensor (16e) über ein ande-
res Ende der Nabe (16c) eingesetzt ist, wobei das
andere Ende den dem Käfig (11) benachbarten Ende
der Nabe (16c) entgegengesetzt ist,
ein Innendurchmesser des Einsetzlochs (16e1) des
sechsachsigen Kraftsensors (16e) eine Größe hat,
die die Erzeugung einer vorbestimmten Lücke von
einer Außenumfangsfläche der Nabe (16c) erlaubt,
wenn die Nabe (16c) eingesetzt ist,
das erste Tragelement (16f) einen ersten Montage-
abschnitt (16f2) aufweist, der in einer Richtung zu
dem Käfig (11) hin vorsteht,
das zweite Tragelement (16d) einen zweiten Mon-
tageabschnitt (16d1a) aufweist, der in einer der Rich-
tung zu dem Käfig (11) hin entgegengesetzten Rich-
tung vorsteht, und
der sechsachsige Kraftsensor (16e) an dem ersten
Tragelement (16f über den ersten Montageabschnitt
(16f2) angebracht ist und an dem zweiten Tragele-
ment (16d) über den zweiten Montageabschnitt
(16d1a) angebracht ist.

5. Der Radrahmen nach Anspruch 1, wobei das Ein-
setzloch (16e1) des sechsachsigen Kraftsensors
(16d) ein Durchgangsloch ist, das sich durch den
sechsachsigen Kraftsensor (16e) hindurcherstreckt,
und eine Länge in axialer Richtung des sechsachsi-
gen Kraftsensors (16e) kürzer ausgebildet ist als ei-
ne Länge in axialer Richtung der Nabe (16c).

6. Der Radrahmen nach Anspruch 1, der ferner auf-
weist:

ein zweites Tragelement (16d), das sich von der
Nabe (16c) in radialer Richtung auswärts er-
streckt; und
einen Sender (16g), der konfiguriert ist, um ein
Ergebnis der Erfassung durch den sechsachsi-
gen Kraftsensor (16e) zu einem damit drahtlos
verbundenen Empfänger zu senden, wobei
das zweite Tragelement (16d) in axialer Rich-
tung verjüngt ist, und
der Sensor (16g) an einem verjüngten Abschnitt
des zweiten Tragelements (16d) angeordnet ist.

7. Antriebsrad (16), das den Radrahmen (16a) nach
Anspruch 1 aufweist.

8. Rollstuhl (1), der das Antriebsrad nach Anspruch 7
aufweist.

Revendications

1. Cadre de roue d’une roue motrice (16) d’un fauteuil
roulant (1), le cadre de roue (16a) comprenant :

un moyeu cylindrique (16c) dans lequel un es-
sieu (11b) s’étendant à partir d’une cage (11) du
fauteuil roulant (1) est inséré, dans lequel le
moyeu cylindrique (16c) est fixé, de manière ro-
tative, à l’essieu (11b) ;
un capteur de force à six axes (16e) ayant un
trou d’insertion (16e1) dans lequel le moyeu
(16c) est inséré ; et
un premier élément de support (16f) auquel un
cercle propulseur de roue (17) du fauteuil roulant
(1) est fixé, le premier élément de support (16f)
s’étendant vers l’extérieur dans une direction ra-
diale à partir d’une section d’entrée de charge
(16e2) du capteur de force à six axes (16e).

2. Cadre de roue selon la revendication 1, comprenant
en outre un second élément de support (16d) s’éten-
dant vers l’extérieur dans une direction radiale à par-
tir du moyeu (16c), dans lequel :

le premier élément de support (16f) est fixé à
une partie radialement interne du capteur de for-
ce à six axes (16e), et
le second élément de support (16d) est fixé sur
une partie radialement externe du capteur de
force à six axes (16c).

3. Cadre de roue selon la revendication 2, dans lequel
le second élément de support (16d) a une section
de jante annulaire (16d6) sur sa surface périphérique
externe qui est équipée d’un pneu (16b).

4. Cadre de roue selon la revendication 1, comprenant
en outre un second élément de support (16d) s’éten-
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dant vers l’extérieur dans la direction radiale à partir
d’une extrémité du moyeu (16c), l’extrémité étant à
proximité de la cage (11), dans lequel :

le capteur de force à six axes (16e) est inséré
via une autre extrémité du moyeu (16c), l’autre
extrémité étant opposée à l’extrémité du moyeu
(16c) à proximité de la cage (11),
un diamètre interne du trou d’insertion (16e1)
du capteur de force à six axes (16e) a une taille
permettant la création d’un espace prédétermi-
né par rapport à une surface périphérique ex-
terne du moyeu (16) lorsque le moyeu (16c) est
inséré,
le premier élément de support (16f) a une pre-
mière section de montage (16f2) faisant saillie
dans une direction vers la cage (11),
le second élément de support (16d) a une se-
conde section de montage (16d1a) faisant saillie
dans une direction opposée à la direction vers
la cage (11), et
le capteur de force à six axes (16e) est fixé au
premier élément de support (16f) via la première
section de montage (16f2), et fixé sur le second
élément de support (16d) via la seconde section
de montage (16d1a).

5. Cadre de roue selon la revendication 1, dans lequel :

le trou d’insertion (16e1) du capteur de force à
six axes (16d) est un trou débouchant s’étendant
à travers le capteur de force à six axes (16e), et
une longueur, dans une direction axiale du cap-
teur de force à six axes (16e) est formée pour
être plus courte qu’une longueur dans une di-
rection axiale du moyeu (16c).

6. Cadre de roue selon la revendication 1, comprenant
en outre :

un second élément de support (16d) s’étendant
vers l’extérieur dans une direction radiale du
moyeu (16c) ; et
un transmetteur (16g) configuré pour transmet-
tre un résultat de détection par le capteur de
force à six axes (16e) à un récepteur raccordé
sans fil à ce dernier dans lequel :

le second élément de support (16d) est af-
finé dans une direction axiale, et
le transmetteur (16g) est agencé au niveau
d’une partie affinée du second élément de
support (16d).

7. Roue motrice (16) comprenant un cadre de roue
(16a) selon la revendication 1.

8. Fauteuil roulant (1) comprenant une roue motrice

selon la revendication 7.
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