DESCRIPTION
TITLE OF INVENTION
SELF-PROPELLED CARRIAGE USING SPHERICAL-BODY-DRIVEN MODULE
TECHNICAL FIELD

[0001] The present invention relates to self-propelled carriages for, for
example, conveying beds and the like, and self-propelled carriages for use in assistive
devices for walking, and relates especiaily to self-propelied carriages using

spherical-body-driven modules on the bottom of the self-propelled carriages as

traveling sources.

BACKGROUND ART

[0002] On the bottom of self-propelled carriages for conveying beds and
on the bottom of carriage frames of assistive devices for walking (see Patent
Literature 1), for example, as illustrated in FIG. 12, a driving device 201 moving on a
floor surface (traveling surface) 200 is provided. A drive mechanism 202 of this driving
device 201 has a spherical body 203, driving rotors 204 in direct contact with the
spherical body 203, arranged along an X-axis and a Y-axis orthogonal to each other at
a center of the spherical body 203, and each driving rotationally, a seat 206 below the
center of the spherical body 203 and above the floor surface 200, having the driving
rotors 204 mounted, and provided with an opening 205 making a lower portion of the
spherical body 203 project to make the lower portion of the spherical body be in direct
contact with the floor surface 200, first supporting members 208 each having a nearly
arc-like shape in a side view, each having a base side fixed to the seat 206, and each
pressing a roller 207 rotatably attached to a tip side of the first supporting member 208
to parts each on a side opposite to parts where the driving rotors 204 are in direct
contact with the spherical body 203, and a second supporting member 210 having a

base side fixed to an area on the seat 206 that is outside of an equator of the spherical
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body 203 in planar view, tilted obliquely upward in a manner that makes a tip of the
second supporting member 210 positioned above the spherical body 203, and
pressing a ball 209 rotatably provided at a tip portion of the second supporting

member 210 to a top of the spherical body 203 (see e.g., Patent Literature 2).

CITATION LIST
Patent Literature
[0003]

Patent Literature 1. Japanese Unexamined Patent Application Publication No.

2011-229838

Patent Literature 2: Japanese Unexamined Patent Application Publication No.
2004-153968

SUMMARY OF INVENTION

TECHNICAL PROBLEM
[0004] In the case of the driving device 201 in Patent Literature 2, due to

the first supporting members 208 each being curved in a nearly arc-like shape, a
contacted state between the spherical body 203 and one of the driving rotors 204 and
between the spherical body 203 and the other one of the driving rotors 204 can be
maintained by pressing the rollers 207 to the spherical body 203 by means of a
suitable bias force. Also, due to the second supporting member 210 being attached to
the seat 206 in a tilted state, the spherical body 203 can be pressed to the floor
surface 200 by means of a suitable bias force by pressing the ball 209 to the spherical
body 203 by means of a suitable bias force. Therefore, by rotating the spherical body
203, a conveyance carriage having the driving device 201 attached through the
carriage frame can be moved to a rotation direction of the spherical body 203.

[0005] However, when a weight of an object to be conveyed that is laden

on the conveyance carriage becomes heavy, the weight of the object to be conveyed
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becomes applied on the spherical body 203 through the carriage frame, making
friction force between the spherical body 203 and the floor surface 200 large. Thus, if
the friction force between the spherical body 203 and the floor surface 200 exceeds
the friction force between the spherical body 203 and one of the driving rotors 204 and
between the spherical body and the other one of the driving rotors 204 associated
with the load of pressing the spherical body 203 to the driving rotors 204 by the first
supporting means 208, the driving rotors 204 go into a slide with respect to the
spherical body 203, becoming incapable of transmitting rotary drive force to the
spherical body 203, which leads to a problem in that the conveyance carriage cannot
be moved.

[0006] Additionally, in the case of the assistive device for walking
described in Patent Literature 1, there is proposed a device having uncontrolled
wheels (casters) provided around a carriage frame. In the case of this device, the
uncontrolled wheels are structured so as not to be in constant contact with a floor
surface. However, in view of stable traveling, it is preferred that an overall load be
dispersed on the uncontrolled wheels and the spherical body by making a height of
the uncontrolled wheels small and setting the small uncontrolled wheels on the floor
surface. In this case, there is a problem in that there is a difficulty in height adjustment
between the uncontrolled wheels and the spherical body.

[0007] The present invention has been made in view of the above
circumstances, and an object thereof is to provide a self-propelled carriage that uses
spherical-body-driven modules to be attached to a base of a carriage frame having
uncontrolled wheels on a circumference, that are capable of infallibly transmitting
rotary drive force to spherical bodies regardiess of changes in load applied on the

carriage frame, and that are capable of moving the carriage frame.

SOLUTION TO PROBLEM



[0008] In order to achieve the above object, according to a first aspect of

the present invention, there is provided a self-propelled carriage having

spherical-body-driven modules attached to a base of a carriage frame, each of the
spherical-body-driven modules provided with a spherical body in direct contact with a
floor surface from above, a first drive wheel and a second drive wheel contacting a
vertically middle position of the spherical body respectively from an X-axis direction
and a Y-axis direction within a level surface, and rotationally driven respectively by a
first rotary drive source and a second rotary drive source, a first uncontrollied-ball
bearing mechanism and a second uncontrolled-ball bearing mechanism respectively
on a side opposite to the first drive wheel and on a side opposite to the second drive
wheel and respectively receiving reaction force from the first drive wheel and reaction
force from the second drive wheel, a third uncontrolled-ball bearing mechanism at a
position above the spherical body and holding the spherical body by receiving a load
applied on the spherical body, and a base at a position above the spherical body and
supporting the first and the second drive wheels and the first to the third
uncontrolled-ball bearing mechanisms, and each of the spherical-body-driven
modules is provided to the carriage frame through a plurality of suspension
mechanisms for each which an elastic material is used, and additionally, uncontrolled
wheels in direct contact with the floor surface are providéd on a circumference of the

carriage frame.

Here, the self-propelled carriage refers to a carrier device for beds and such, an
assistive device for walking and the like.

[0009] According to a second aspect of the present invention, in the
self-propelled carriage of the first aspect of the present invention, a force sensor
detecting force component in an X-axis direction and a Y-axis direction orthogonal to

each other within a level surface and a quantity of moment around a Z-axis orthogonal



to the level surface is provided.to part of the carriage frame, and the

spherical-body-driven modules move to a direction of a load applied on the carriage
frame.

Here, the part of the carriage frame refers to a part where an operation load (a
deformation load) is directly applied on a member due to an operation load from the
outside, and specifically refers to an operation handie (a grip), and an engagement
mechanism, a lifting mechanism and the like on which an object to be conveyed
becomes put.

[0010] According to a third aspect of the present invention, in the
self-propelled carriage of the first aspect of the present invention, a tower is formed
projecting on the carriage frame, the tower is provided with a grip, a force sensor
detecting force component in an X-axis direction and a Y-axis direction orthogonal to
each other within a planar surface, force component in a Z-axis direction orthogonal to
these X-axis and Y-axis directions, and a quantity of moment around the Z-axis is
provided to the tower or the grip, and the spherical-body-driven modules move along
a direction of a load detected by the force sensor.

[0011] According to a fourth aspect of the present invention, in the
self-propelled carriage of the third aspect of the present invention, the force sensor is
further provided with a sensor detecting a load in the Z-axis direction, and by
detecting a load that is equal to or more than a predetermined load in the Z-axis
direction, the spherical body stop.

[0012] According to a fifth aspect of the present invention, in the
self-propelled carriages of the first to the fourth aspects of the present invention, the
spherical body 1) has a multilayer structure having a spherical core material
consisting of hard plastic or metal, and an outer shell formed around the core material

and consisting of rubber or non-rigid plastic, or 2) consists of hard plastic, non-rigid
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plastic, rubber, or metal, each of which having a uniform structure.

[0013] According to a sixth aspect of the present invention, in the
self-propelled carriages of the first to the fifth aspects of the present invention, the
third uncontrolled-ball bearing mechanism is at a position above an equator of the
spherical body, and has a first uncontrolied-ball supporting body and a second
uncontrolled-ball supporting body simultaneously and respectively receiving reaction
force from the first drive wheel and reaction force from the second drive wheel, and a
third uncontrolied-ball supporting body eccentrically provided above the spherical
body and pressing the spherical body to the first and the second drive wheels by
receiving a load applied on the spherical body.

[0014] According to a seventh aspect of the present invention, in the
self-propelled carriages of the first to the fifth aspects of the present invention, the
third uncontrolled-ball bearing mechanism has a first uncontrolled-ball supporting
body positioned on a top of the spherical body and second uncontrolied-ball
supporting bodies'arranged in plurality and surrounding the first uncontrolled-bali
supporting body. The first uncontrolled-ball bearing mechanism and the second
uncontrolled-ball bearing mechanism respectively have a third uncontrolled-ball
supporting body and a fourth uncontrolled-ball supporting body, the third
uncontrolled-ball supporting body arranged above the fourth uncontrolied-ball
supporting body with the equator of the spherical body in between and respectively
receiving pressing force of the first drive wheel and pressing force of the second drive
wheel.

[0015] According to an eighth aspect of the present invention, in the
self-propelled carriages of the first to the seventh aspects of the present invention, a

cleaning mechanism in contact with the spherical body from a lateral direction and
removing refuse adhered to the spherical body is provided.

6



[0016] According to a ninth aspect of the present invention, in the
self-propelled carriages of the first to the eighth aspects of the present invention, a
cover preventing dropping of the spherical body is provided to the base through
supporting members.

ADVANTAGEOUS EFFECTS OF INVENTION

[0017] In the case of the self-propelled carriages according to the first to
the ninth aspects of the present invention, since the spherical-body-driven modules
are provided to the carriage frame through the suspension mechanisms for each of
which an elastic member is used, and the uncontrolled wheels in direct contact with
the floor surface are provided on the circumference of the carriage frame, a load
applied on the carriage frame can be dispersed on the spherical-body-driven modules
and the uncontrolled wheels. In this case, loads of the spherical-body-driven modules
pressing the floor surface can be adjusted by the suspension mechanisms each
having the elastic member, which enables the spherical bodies to be driven to travel
with provision of sufficient pressing force.

Also, even on an uneven floor surface, the rotating spherical bodies can infallibly be
made to be in contact with the uneven floor surface, ensuring stable traveling of the
self-propelled carriages.

[0018] Especially, in the case of the self-propelled carriage according to
the second aspect of the present invention, since the force sensor is provided to part
of the carriage frame, assisting operations for moving performed at any position of the
carriage frame can move the self-propelled carriage in a direction of assisted
movement (in a direction of a load).

[0019] Additionally, in the case of the self-propelled carriage according to
the third aspect of the present invention, since the tower provided with a grip (a

handle) is formed projecting on the carriage frame, and since the tower or the grip is
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provided with the force sensor detecting the force component in the X-axis direction
and the Y-axis direction orthogonal within the planar surface, the force component in

the Z-axis direction orthogonal to these X-axis and Y-axis directions, and the quantity

of moment around the Z-axis, when the grip is laterally pressed, the

spherical-body-driven modules move along the direction of a load detected by the

force sensor.

[0020] In the case of the self-propelled carriage according to the fourth
aspect of the present invention, since the force sensor is further provided with a
sensor detecting a load in the Z-axis direction, by detecting a load equal to or more
than a predetermined load in the Z-axis direction, for example, by pushing down the
grip, the spherical bodies stop, and the self-propelled carriage stops.

[0021] In the case of the self-propelled carriage according to the eighth
aspect of the present invention, since the cleaning mechanisms each in contact with
one of the spherical bodies from a lateral direction and removing refuse adhered to

the one of the spherical bodies are provided, the spherical bodies can constantly be

kept in a clean state.
BRIEF DESCRIPTION OF DRAWINGS
[0022]
FIG. 1 is a partially omitted explanatory diagram of a self-propelled carriage according

to a first embodiment of the present invention in a state of having

spherical-body-driven modules attached to a carriage frame through suspension

mechanisms.

FIG. 2(A) is a cross-sectional view in a direction of P to P in FIG. 1; and 2(B) is a plan

view of a cleaning mechanism.

FIG. 3 is a plan view showing a positional relationship among a spherical body and a
first to fifth uncontrolled-ball supporting body.
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FIG. 4 is a bottom view of the same self-propelled carriage.

FIG. 5 is a plan view of the same self-propelled carriage.

FIG. 6 is a partially omitted elevation view of the same self-propelled carriage.

FIG. 7 is a partially omitted side view showing a connected state of the same
self-propelied carriage and a bed.

FIG. 8 is an explanatory diagram of a spherical-body-driven module for use in a
self-propelled carriage according to a second embodiment of the present invention.
FIG. 9 is an explanatory diagram of the same spherical-body-driven module.

FIG. 10 is a partially omitted cross-sectional view of a self-propelled carriage

according to a third embodiment of the present invention.

FIG. 11 is an explanatory diagram of an electrical system of the self-propelled

carriages according to the first to third embodiment.
FIG. 12 is an explanatory diagram of a driving device using rotary drive of a spherical
body according to a conventional example.

DESCRIPTION OF EMBODIMENTS

v [0023] Next, with reference to the accompanying draWings, descriptions
will be given on embodiments of the present invention for a better understanding of
the present invention.

As illustrated in FIGs. 1, 2(A), and 4 to 7, each of spherical-body-driven modules 10
used in a self-propelled carriage 10a according to a first embodiment of the present

invention is to be attached to a bottom of a carriage frame 11 through at least two

suspension mechanisms 12.

[0024] As llustrated in FIGs. 1 and 2(A), each of the

spherical-body-driven moduies 10 has a spherical body 14 in direct contact with a
floor surface 13 from above, a first drive wheel 15 and a second drive wheel 16 in

contact with a vertically middle position (an equator) of the spherical body 14 from two
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different, for example, orthogonal, directions (directions of an X-axis and a Y-axis)
within a level surface, a first uncontrolied-ball bearing mechanism 17 and a second
uncontrolled-ball bearing mechanism 18 positioned on a side opposité to the first drive
wheel 15 and the second drive wheel 16 and respectively receiving reaction force
from the first drive wheel 15 and the second drive wheel 16, a third uncontrolied-balil
bearing mechanism 19 at a position above the spherical bddy 14 and holding the
spherical body 14 by receiving a load applied on the spherical body 14, a base 20 at a
position above the spherical body 14 and supporting the first and the second drive
wheels 15 and 16 and the first to the third uncontrolied-ball bearing mechanisms 17 to
19 in a suspended state, and a cleaning mechanism 21 in contact with the spherical
body 14 from a lateral direction and removing refuse adhered to the spherical body 14.
Also, a cover 22 preventing dropping of the spherical body 14 is provided to the base
20 through supporting members 23. Detailed descriptions will hereunder be given.
[0025] The spherical body 14 has a multilayer structure (specifically, a
double structure) having, for example, a spherical core material, and an outer shell
covering the core material and in direct contact with the floor surface 13. Here, the
core material becomes formed by, for example, hard plastic such as MC nylon or
metal, and the outer shell becomes formed by, for example, rubber such as urethane,
or polyacetal resin (an example of non-rigid plastic). A diameter of the spherical body
14 is, for example, in the range from 100 to 150 mm, and a thickness of the outer shell
formed of rubber or non-rigid plastic is from 5 to 15 mm. Due to such the structure,
deformation of the spherical body 14 can be controlled even when a load is applied on
the spherical body 14, and at the same time, slippage hardly occurs between the
spherical body 14 and the floor surface 13, and when turning force is given to the
spherical body 14, the spherical body 14 becomes capable of moving on the floor

surface 13. Here, spherical bodies can alternatively be composed of uniform plastic
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(hard plastic is desirable), non-rigid plastic such as urethane, or rubber, or metal.

[0026] As illustrated in FIG. 2(B), the cleaning mechanism 21 has a refuse
removing member 24 in direct contact with part of a surface of the spherical body 14,
a holding member 25 holding the refuse removing member 24 in a curved state having
a same curvature as that of the spherical body 14, a first attaching member 26 to be
connected to the holding member 25 through a spring (not illustrated) that is an
example of elastic materials, and a second attaching member 27 holding the first
attaching member 26 at a lower position of the base 20. Due to such the structure,
when the spring is kept in a compressed state, the holding member 25 can be biased
on the side of the spherical body 14 with respect to the second attaching member 27,
which enables pressing the surface of the spherical body 14 by means of the refuse
removing member 24, moving refuse adhered to the surface of the spherical body 14
to the side of the refuse removing member 24 and removing the refuse from the
surface of the spherical body 14. The refuse removing member 24 can be formed by a
cloth, non-woven cloth and the like.

[0027] The first drive wheel 15 and the second drive wheel 16 are in direct
contact with the spherical body 14 respectively from an X-axis direction and a Y-axis
direction that become orthogonal to each other toward a center of the spherical body
14 in planar view. The first drive wheel 15 and the second drive wheel 16 are
connected respectively with a first rotary drive source 28 and a second rotary drive
source 29, inciuding a decelerating mechanism 30. Here, an outer periphery side of
each of the first and the second drive wheels 15 and 16 in direct contact with the
spherical body 14 is arc-like in projecting cross-section, and formed of hard rubber
(e.g., urethane) or resin (e.g., polyacetal). Also, the first and the second rotary drive
sources 28 and 29 each are, for example, an electric motor provided with a brake that

brakes as soon as electricity becomes cut (the same applies to embodiments
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described below). The insides of the first and the second drive wheels 15 and 16 are

composed of metal or hard plastic.

[0028] In FIGs. 1 and 2(A), the first and the second rotary drive sources
28 and 29 including the decelerating mechanism 30 are positioned above the base 20,
and the first and the second drive wheels 15 and 16 are positioned below the base 20.
A pulley 31 attached to an output shaft of the decelerating mechanism 30 and pulleys
31a each attached to an axle of one of the first and the second drive wheels 15 and 16
are connected through a belt 31b, and the first and the second drive wheels 15 and 16
are rotationally driven respectively by the first and the second rotary drive sources 28
and 29. A first and a second rotary drive sources and a first and a second drive wheels
can be directly connected instead. When a first and a second rotary drive sources and
a first and a second drive wheels are directly connected, the first and the second
rotary drive sources and the first and the second drive wheels can be positioned on
the lower side of the base 20.

[0029] The third uncontrolled-ball bearing mechanism 19 has a first
uncontrolled-ball supporting body 32 and a second uncontrolied-ball supporting body
33 positioned above the equator of the spherical body 14 and respectively receiving
reaction force from the first drive wheel 15 and the second drive wheel 16, and a third
uncontrolled-ball supporting body 34 eccentrically provided above the spherical body
14, and pressing the spherical body 14 to the first and the second drive wheels 15 and
16 by receiving a load applied on the spherical body 14. In this embodiment, Ball Bear
(a brand name) is used as the uncontrolled-ball supporting bodies.

[0030] For example, as illustrated in FIG. 3, in planar view, when the
second drive wheel 16 is arranged at a position of 0°, and the first drive wheel 15 is
arranged at a position that is 90° anti-clockwise from the second drive wheel 16, the

second uncontrolled-ball supporting body 33 becomes arranged at an angular
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position that is 180° anti-clockwise from the second drive wheel 16, and provided that
a radius of the spherical body 14 is R, the second uncontrolled-ball supporting body
33 becomes arranged at a position ranging from 0.2 R to 0.5 R from the center of the
spherical body 14. Also, the first uncontrolied-ball supporting body 32 becomes
arranged at an angular position that is 270° anti-clockwise from the second drive
wheel 16, and within a range from 0.2 R to 0.5 R from the center of the spherical body
14. The third uncontrolled-ball supporting body 34 becomes arranged at an angular
position that is from 200° to 270° anti-clockwise from the second drive wheel 16, and
within a range from 0.05 R to 0.2 R from the center of the spherical body 14.

The third uncontrolled-ball supporting body 34 is attached to an undersurface of the
base 20 through a third attaching base 35 so as to be in direct contact with the
spherical body 14 from above and toward a vertical direction, and the first and the
second uncontrolled-ball supporting bodies 32 and 33 are aftached to the
undersurface of the base 20 through a first and a second attaching bases 36 and 37
so as to be in direct contact with the spherical body 14 toward the center of the
spherical body 14.

[0031] As illustrated in FIGs. 1 to 3, the first uncontrolled-ball bearing
mechanism 17 has a fourth uncontrolled-ball supporting body 38 provided at a part on
the equator of the spherical body 14 on a side opposite to the contact site of the first
drive wheel 15 and the equator so as to be in direct contact with the spherical body 14
toward the center of the spherical body 14, and a position adjusting mechanism 39
attached to the undersurface of the base 20, holding the fourth uncontrolied-ball
supporting body 38, and moving up and down with respect to the center of the
spherical body 14. Also, the second uncontrolled-ball bearing mechanism 18 has a
fifth uncontrolled-ball supporting body 40 provided at a part on the equator of the

spherical body 14 on a side opposite to the contact site of the second drive wheel 16
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and the equator so as to be in direct contact with the spherical body 14 toward the
center of the spherical body 14, and a position adjusting mechanism 41 attached to
the undersurface of the base 20, holding the fifth uncontrolled-ball supporting body 40,
and moving up and down with respect to the center of the spherical body 14.

[0032] By the provision of the first and the second uncontrolied-ball
bearing mechanisms 17 and 18, even when a load is applied on the spherical body 14,
the contact vbetween the spherical body 14 and the first drive wheel 15 and between
the spherical body 14 and the second drive wheel 16 can be maintained. Also, by the
provision of the third uncontrolled-ball bearing mechanism 19 (the first to the third
uncontrolled-ball supporting bodies 32 to 34), when the third uncontrolled-ball bearing
mechanism 19 receives a load applied on the spherical body 14, the spherical body
14 can be pressed to the first and the second drive wheels 15 and 16. Consequently,
even when friction force between the spherical body 14 and the floor surface 13
becomes high due to a load applied on the spherical body 14, friction force between
the spherical body 14 and the first drive wheel 15 and friction force between the
spherical body 14 and the second drive wheel 16 can be made high as well. As a
result, slippage of the first and the second drive wheels 15 and 16 with respect to the
spherical body 14 can be prevented, and rotary drive force can be infallibly

transmitted from the first and the second drive wheels 15 and 16 to the spherical body

14,

[0033] As iliustrated in FIGs. 1, and 4 to 7, in the case of the

self-propelled carriage 10a in which the spherical-body-driven modules 10 are
provided to the carriage frame 11 through the suspension mechanisms 12, one of
uncontrolled wheels 43 each in direct contact with the floor surface 13 through one of
supporting members 43a is attached to each of lower portions of both sides in a width

direction on one side of a longitudinal direction (in FIG. 4, vertical direction on paper)
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of the carriage frame 11, and one of uncontrolled wheels 44 each in direct contact with
the floor surface 13 through one of supporting members 44a is attached to each of

lower portions of both sides on the other side of the longitudinal direction of the

carriage frame 11.
[0034] Each of the spherical-body-driven modules 10 is attached between

one of the uncontrolled wheels 43 and one of the uncontrolled wheels 44 each
attached to the carriage frame 11. It is also possible to attach either the uncontrolied
wheels 43 or the uncontrolled wheels 44 to the carriage frame 11 through a lifting
mechanism (e.g., a fluid pressure cylinder). Vertical position of either the uncontrolied
wheels 43 or the uncontrolled wheels 44 can thereby be adjusted, enabling the
spherical bodies 14 of the spherical-body-driven modules 10 to infallibly be in direct
contact with the floor surface 13 together with the uncontrolied wheels 43 and 44. In
this embodiment, the carriage frame 11 was, as illustrated in FIG. 4, rectangular
(square, oblong), however, a carriage frame can be in a different shape as well.
[0035] As illustrated in FIG. 1, each of the suspension mechanisms 12 is
provided standing, through one of first fastening means (e.g., bolts) 48, on a module
frame (middle frame) 47 arranged on an upper side of the base 20 through a plurality
of supporting members 47a, and an upper part of each of the suspension
mechanisms 12 has one of core materials 48a each penetrating through the carriage
frame 11 in a manner that enables the carriage frame 11 to move up and down, one of
coil springs (an example of elastic members) 49 each attached to an outer side of one
of the core materials 48a, one of guiding members 45 each having a flange and
guiding one of the core materials 48a each projecting from the carriage frame 11, and
one of second fastening means (e.g., bolts) 46 each fixing one of the guiding

members 45 to the top of one of the core materials 48a.

[0036] The coil springs 49 become arranged in a compressed state, and
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when a heavy load is applied on the carriage frame 11, the core materials 48a and the
guiding members 45 remain at each original position, however, the coil springs 49
compress, keeping the spherical bodies 14 from receiving a large load. When
changing a load that the spherical bodies 14 receive, the coil springs 49 or the guiding
members 45 are to be changed, and which to be changed is selected based on a
material of the spherical bodies 14, and load capacity of the uncontrolied wheels 43
and 44. Generally, it is preferred that an adjustment be made so that all of the
spherical bodies 14 receive, for example, a load ranging from 0.35 to 0.8 of a load
which the carriage frame 11 receives.
Due to such the structure, even when the floor surface 13 is uneven, the spherical
bodies 14 of the spherical-body-driven modules 10 can be made to be in direct
contact with the floor surface 13 in accordance with the condition of unevenness.
[0037] A general structure of the self-propelled carriage 10a is shown in
FIGs. 4 to 7. As described earlier, two spherical-body-driven modules 10 are provided
on the bottom of the carriage frame 11, and the uncontrolled wheels 43 and 44 are
provided on the circumference of the carriage frame 11 through the supporting
members 43a and 44a.
This carriage frame 11 is for moving a bed (an example of conveyance carriages) 50
that is being used in a hospital and the like, and a lifting means 53 is provided to part
of the carriage frame 11 through an attaching member 52 also working as a guide
frame. A force sensor 51 is provided to a side (or an inside) of this lifting means 53.
[0038] On the top of the lifting means 53, a placement member 57 in
which a valley portion 56 on which a horizontal member (a frame) 55 on an end in a
longitudinal direction of the bed 50 becomes placed in a lying state is formed is

provided. The placement member 57 can be replaced by one in a different shape
depending on the type of a conveyance carriage.
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On the base side of the carriage frame 11, a grip (a handle) 58 is provided. This grip
58 has a frame body 59 consisting of a pipe material and in a- rectangular shape and a
supporting pole 60 provided on the bottom of the frame body 59, and a force sensor
61 is provided to the supporting pole 60.

[0039] The force sensors 51 and 61 detect, for example, force component
in two directions, an X-axis direction and a Y-axis direction, orthogonal to each other
within a level surface and force component in a Z-axis direction orthogonal to the level
surface, and at the same time, detect a quantity of moment around the Z-axis. By
proving the force sensor 51 to the lifting means 53 and providing the force sensor 61
to the grip 58 or to a particular position on the carriage frame 11 where deformation
occurs due to other loads, when an assisting operation for the movement of the
self-propelled carriage 10a is performed with respect to the self-propelled carriage
10a, a direction of assisted movement (a direction of a load) can be detected by the
force sensors 51 and 61. Therefore, by incorporating a control device 105 driving the
spherical-body-driven modules 10 based on output of the force sensors 51 and 61
and illustrated in FIG. 11 into the carriage frame 11, the self-propelled carriage 10a
can be moved to a direction of assisted movement.

[0040] It is also possibie to provide an auxiliary carriage to a lower portion
on one side of a bed, connect this auxiliary carriage to a self-propelled carriage having
spherical-body-driven modules from a longitudinal direction, and integrate the bed
and the self-propelled carriage. In this case, it is also possible to provide a force
sensor detecting movement of the bed to a connected portion of the bed and the
self-propelled carriage or to a carriage frame, detect a moving direction of the bed by
this force sensor, and move the self-propelled carriage to a direction into which the
bed is pushed. Here, it is preferred that a single or a plurality of force sensor(s)

detecting the moving direction of the bed be provided to a grip provided to the
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self-propelled carriage, and/or to the auxiliary carriage.

Additionally, it is preferred that a confirmation sensor or a confirmation switch

confirming the connection of the auxiliary carriage with the self-propelled carriage be

provided.
[0041] As illustrated in FIGs. 8 and 9, each of spherical-body-driven

modules 65 for use in a self-propelled carriage according to a second embodiment of
the present invention has a spherical body 66 in direct contact with the floor surface
13 from above and rotating, a first drive wheel 67 and a second drive wheel 68 in
contact with a vertically middle position of the spherical body 66 from two directions
(directions of an X-axis and a Y-axis) orthogonal within a level surface, a first
uncontrolled-ball bearing mechanism 69 on a side opposite to the first drive wheel 67
and receiving reaction force of the first drive wheel 67 and a second uncontrolied-ball
bearing mechanism 70 on a side opposite to the second drive wheel 68 and receiving
reaction force of the second drive wheel 68, and a third uncontrolied-ball bearing
mechanism 80 at a position above the spherical body 66 and receiving a load applied
on the spherical body 66. Here, the spherical body 66 can have a same structure as
those of the spherical bodies 14.

[0042] The first drive wheel 67 and the second drive wheel 68 are in direct
contact with the spherical body 66 respectively from the X-axis direction and the
Y-axis direction becoming orthogonal to each other toward a center of the spherical
body 66 in planar view. The first drive wheel 67 and the second drive wheel 68 are
respectively connected to a first rotary drive source 71 including a first decelerating
mechanism 73 and a second rotary drive source 72 including a second decelerating
mechanism 74. Here, an outer periphery side of each of the first and the second drive
wheels 67 and 68 in direct contact with the spherical body 14 is arc-like in projecting

cross-section and formed of hard rubber (e.g., urethane) or resin (e.g., polyacetal).
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Also, the first and the second rotary drive sources 71 and 72 are, for example, electric
motors.

[0043] The first uncontrolled-ball bearing mechanism 69 and the second
uncontrolied-ball bearing mechanism 70 of each of the spherical-body-driven modules
65 respectively have a third uncontrolied-ball supporting body 76 and a fourth
uncontrolled-ball supporting body 77 and respectively have a position adjusting
mechanism 78 and a position adjusting mechanism 79. The third uncontrolied-ball
supporting body 76 and the fourth uncontrolled-ball supporting body 77 are
respectively provided above an equator of the spherical body 66 and below the
equator of the spherical body 66, each being oriented toward the center of the
spherical body 66. The third and the fourth uncontrolled-ball supporting bodies 76 and
77 of the first uncontrolled-ball bearing mechanism 69 receive pressing force of the
first drive wheel 67, and the third and the fourth uncontrolled-ball supporting bodies 76
and 77 of the second uncontrolied-ball bearing mechanism 70 receive pressing force
of the second drive wheel 68. The first uncontrolled-ball bearing mechanism 69 and
the second uncontrolled-ball bearing mechanism 70 respectively have the position
adjusting mechanism 78 and the position adjusting mechanism 79, the position
adjusting mechanism 78 and the position adjusting mechanism 79 holding the third
uncontrolled-ball supporting body 76 and the fourth uncontrolled-ball supporting body
77 each moving up and down with respect to the center of the spherical body 66.
Also, the third uncontrolled-ball bearing mechanism 80 has a first uncontrolied-ball
supporting body 81 arranged on the top of the spherical body 66, at least three
second uncontrolled-ball supporting bodies 82 arranged at upper positions of the
spherical body 66 and around the first uncontrolled-ball supporting body 81 (in FIG. 8,
in planar view, each of the second uncontrolled-ball supporting bodies 82 is arranged

at one of positions dividing a circumferential direction of a circle centering on the first
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uncontrolled-ball supporting body 81 into three equal parts), an attaching base 83
holding the first uncontrolled-ball supporting body 81, and attaching bases 84 holding
the second uncontrolled-ball supporting bodies 82, each of the attaching bases 83
and 84 holding in a manner that makes a central axis of each of the first and the
second uncontrolied-ball supporting bodies 81 and 82 pass through the center of the
spherical body 66.

[0044] Due to the position adjusting mechanisms 78 and 79 of the first
and the second uncontrolled-ball bearing mechanisms 69 and 70, the third
uncontrolled-ball supporting body 76 and the fourth uncontrolied-ball supporting body
77 can infallibly be made to be in direct contact with an upper part of the equator of the
spherical body 66 and a lower part of the equator of the spherical body 66,
respectively, a directly contacted state between the spherical body 66 and the first
drive wheel 67 and between the spherical body 66 and the second drive wheel 68 can
be maintained, and at the same time, reaction force of the first and the second drive
wheels 67 and 68 can be received evenly. Rotation control of the spherical body 66
can thereby be performed stably. Aiso, since the third uncontrolled-ball bearing
mechanism 80 has the first uncontrolied-ball supporting body 81 arranged on the top
of the spherical body 66 and the three second uncontrolled-ball supporting bodies 82
arranged at the upper positions of the spherical body 66 and around the first
uncontrolied-ball supporting body 81, a load applied on the spherical body 66 can be
received in a well-balanced state, and at the same time, the spherical body 66 can be
held stably at a predetermined position.

[0045] Additionally, each of the spherical-body-driven modules 65 has a
base 85 to which the first and the second drive wheels 67 and 68 and the first to the
third uncontrolled-ball bearing mechanisms 69, 70, and 80 become attached, and a

cover 88 attached to the base 85 through a plurality of supporting members 86,
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covering the first and the second drive wheels 67 and 68 and the first to the third
uncontrolied-ball bearing mechanisms 69, 70, and 80, and concurrently exposing a
lower portion of the spherical body 66 from an opening 87 formed in an undersurface
of the cover 88.
Since the spherical-body-driven modules 65 can be used in the same way as the
spherical-body-driven modules 10, descriptions on a self-propelled carriage for which
the spherical-body-driven modules 65 are used will be omitted.

[0046] In FIG. 10, an assistive device for walking 89 that is an example of
a self-propelled carriage according to a third embodiment of the present invention is
illustrated. Each of the spherical-body-driven modules 65 (can be the
spherical-body-driven modules 10 instead) is provided to a carriage frame 91 through
a plurality (three or four is preferable) of suspension mechanisms 90, and a support
pole 92 is provided standing on the carriage frame 91. A plastic cover body 93 having
a large-diameter cylindrical lower part, a nearly conical middle part, and a
small-diameter cylindrical upper part is attached to the support pole 92 through a
plurality of supporting members 94. On the upper part of the cover body 93, a grip 95
is provided in a manner that enables the grip 95 to adjust height, and a user can hold
this grip 95. A sign 95a represents a screw (a height adjusting means) fixing a position
of the grip 95. Here, a tower 92a is formed having the support pole 92 and the cover

body 93.

| [0047] A force sensor 96 is provided to the lower portion of the support
pole 92. The force sensor 96 detects a direction in which a user pushes (a direction of
a load), and the spherical-body-driven modules 65 move in the pushed direction. A
force sensor can be provided to a grip instead. This force sensor 96 is also provided
with a sensor detecting a load in a Z-axis direction (longitudinal direction), and when

pressing force that is equal to or more than a certain amount is applied in the Z-axis
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direction, the force sensor 96 detects this, the spherical-body-driven modules 65, that
is, behaviors of the spherical bodies 66, stop, and the rotary drive sources brake.

[0048] Each of the suspension mechanisms 90 has one of core materials
97 each provided standing on the base 85, one of coil springs (an example of elastic
members) 98 each attached to one of the core materials 97, and one of double nuts
100 each working as a stopper for one of the core materials 97 each projecting from
the carriage frame 91. Uncontrolled wheels 102 are provided around the carriage
frame 91 through supporting members 101.

It is preferred that a load the spherical-body—driven modules 65 bear be from 30 to
80% with respect to a total load on the assistive device for walking 89.

[0049] In FIG. 11, a control device 105 of the self-propelled carriages
according to the first to the third embodiments of the present invention is illustrated.
For the control device 105, a programmable controller (or a microcomputer) is used,
and a first encoder provided to a rotation axis of a first rotary drive source, a second
encoder provided to a rotation axis of a second rotary drive source, a force sensor
(one that is store-bought), and a switch are connected to an input side, and the first
and the second rotary drive sources, a lifting means, a lamp and the like are
connected to an output side. Since the descriptions on the behaviors have been given
earlier, they will be omitted.

[0050] The descriptions have been given hereinbefore on the present
invention with reference to the embodiments. However, the present invention is not
limited to the structures described in the above embodiments, and includes other
embodiments and variations conceivable within the scope of matters described in the
scope of claims. Additionally, the present invention also includes those made by
combining composing elements of the first to the third embodiments.

For example, it is also possible to provide spherical-body-driven modules on a bottom
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of a carriage frame through suspension mechanisms and a force sensor.
INDUSTRIAL APPLICABILITY

[0051] In the case of the self-propelled carriages according to the present
invention for which the spherical-body-driven modules are used, since the spherical

bodies are used, a traveling direction can be changed on the spot, and especially

since the suspension mechanisms are provided in between each of the

spherical-body-driven modules and the carriage frame, loads of the
spherical-body-driven modules and the uncontrolled wheels provided around the
carriage frame can be borne, being excellent in traveling stability. Therefore, the
self-propelled carriage can be used for beds requiring frequent changes in direction,

devices for moving beds, and assistive devices for walking.

REFERENCE SIGNS LIST
[0052] 10: spherical-body-driven module, 10a: self-propelled carriage, 11:

carriage frame, 12: suspension mechanism, 13: floor surface, 14: spherical body, 15:
first drive wheel, 16: second drive wheel, 17: first uncontrolled-ball bearing
mechanism, 18: second uncontrolied-ball bearing mechanism, 19: third
uncontrolied-ball bearing mechanism, 20: base, 21: cleaning mechanism, 22: cover,
23: supporting member, 24: refuse removing member, 25: holding member, 26: first
attaching member, 27: second attaching member, 28: first rotary drive source, 29:
second rotary drive source, 30: decelerating mechanism, 31, 31a: pulley, 31b: belt,
32: first uncontrolled-ball supporting body, 33: second uncontrolled-ball supporting
body, 34: third uncontrolled-ball supporting body, 35: third attaching base, 36: first
attaching base, 37: second attaching base, 38: fourth uncontrolled-ball supporting
body, 39: position adjusting mechanism, 40: fifth uncontrolied-ball supporting body,

41: position adjusting mechanism, 43, 44: uncontrolled wheel, 43a, 44a: supporting

member, 45: guiding member: 46: second fastening means, 47: module frame, 47a:
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supporting member, 48: first fastening means, 48a: core material, 49: coil spring, 50:
bed, 51: force sensor, 52: attaching member, 53: lifting means, 55: horizontal member,
56: valley portion, 57: placement member, 58: grip, 59: frame body, 60: supporting
pole, 61: force sensor, 65: spherical-body-driven module, 66: spherical body, 67: first
drive wheel, 68: second drive wheel, 69: first uncontrolled-ball bearing mechanism,
70: second uncontrolled-ball bearing mechanism, 71: first rotary drive source, 72:
second rotary drive source, 73: first decelerating mechanism, 74: second decelerating
mechanism, 76: third uncontrolled-ball supporting body, 77: fourth uncontrolled-ball
supporting body, 78, 79: position adjusting mechanism, 80: third uncontrolled-ball
bearing mechanism, 81: first uncontrolled-ball supporting body, 82: second
uncontrolled-ball supporting body, 83, 84: attaching base, 85: base, 86: supporting
member, 87: opening, 8v8: cover, 89: assistive device for walking, 90: suspension
mechanism, 91; carriage frame, 92: support pole, 92a: tower, 93: cover body, 94:
supporting member, 95: grip, 95a: screw, 96: force sensor, 97: core material, 98: coil

spring, 100: double nut, 101: supporting member, 102: uncontrolled wheel, 105:

control device
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CLAIMS
1. A self-propelled carriage having spherical-body-driven modules attached to a base

of a carriage frame, each of the spherical-body-driven modules, comprising:

a spherical body in direct contact with a floor surface from above;

a first drive wheel and a second drive wheel contacting a vertically middie position
of the spherical body respectively from an X-axis direction and a Y-axis direction within a

level surface, and rotationally driven respectively by a first rotary drive source and a second

rotary drive source;

a first uncontrolled-ball bearing mechanism and a second uncontrolied-ball bearing
mechanism respectively on a side opposite to the first drive wheel and on a side opposite to

the second drive wheel and respectively receiving reaction force from the first drive wheel

and reaction force from the second drive wheel;

a third uncontrolled-ball bearing mgchanism at a position above the spherical body
and holding the spherical body by receiving a load applied on the spherical body; and

a base at a position above the spherical body and supporting the first and the
second drive wheels and the first to the third uncontrolied-ball bearing mechanisms, wherein

each of the spherical-body-driven modules is provided to the carriage frame
through a plurality of suspension mechanisms for each of which an elastic material is used,
uncontrolled wheels in direct contact with the floor surface are provided on a circumference
of the carriage frame, and

the third uncontrolled-ball bearing mechanism is at a position above an equator of
the spherical body, and has a first uncontrolled-ball supporting body and a second
uncontrolled-ball supporting body simultaneously and respectively receiving reaction force
from the first drive wheel and reaction force from the second drive wheel, and a third

uncontrolled-ball supporting body eccentrically provided above the spherical body and
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pressing the spherical body to the first and the second drive wheels by receiving a load

applied on the spherical body.

2. A self-propelled carriage having spherical-body-driven modules attached to a base
of a carriage frame, each of the spherical-body-driven modules, comprising:

a spherical body in direct contact with a floor surface from above;

a first drive wheel and a second drive wheel contacting a vertically middle position
of the spherical body respectively from an X-axis direction and a Y-axis direction within a

level surface, and rotationally driven respectively by a first rotary drive source and a second

rotary drive source;

a first uncontrolled-ball bearing mechanism and a second uncontrolied-ball bearing
mechanism respectively on a side opposite to the first drive wheel and on a side opposite to
the second drive wheel and respectively receiving reaction force from the first drive wheel
and reaction force from the second drive wheel,

a third uncontrolled-ball bearing mechanism at a position above the spherical body
and holding the spherical body by receiving a load applied on the spherical body; and

a base at a position above the spherical body and supporting the first and the
second drive wheels and the first to the third uncontrolled-ball bearing mechanisms, wherein

each of the spherical-body-driven modules is provided to the carriage frame
through a plurality of suspension mechanisms for each of which an elastic material is used,

uncontrolled wheels in direct contact with the floor surface are provided on a
circumference of the carriage frame, and

the third uncontrolled-ball bearing mechanism has a first uncontrolied-ball
supporting body positioned on a top of the spherical body and second uncontrolied-ball
supporting bodies arranged in plurality and surrounding the first uncontrolled-ball supporting
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body, and the first uncontrolled-ball bearing mechanism and the second uncontrolled-ball
bearing mechanism respectively have a third uncontrolled-ball supporting body and a fourth
uncontrolled-ball supporting body, the third uncontrolled supporting body arranged above
the fourth uncontrolled supporting body with the equator of the spherical body in between

and respectively receiving pressing force of the first drive wheel and pressing force of the

second drive wheel.

3. The self-propelled carriage according to claim 1 or 2, wherein

the spherical body 1) has a multilayer structure having a spherical core material
consisting of hard plastic or metal, and an outer shell formed around the core material and
consisting of rubber or non-rigid plastic, or 2) consists of hard plastic, non-rigid plastic,

rubber, or metal, each of which having a uniform structure.

4. The self-propelled carriage according to any one of claims 1 to 3, wherein

a cleaning mechanism in contact with the spherical body from a lateral direction

and removing refuse adhered to the spherical body is provided.

5. The self-propelled carriage according to any one of claims 1 to 4, wherein

a cover preventing dropping of the spherical body is provided to the base through

supporting members.

6. The self-propelled carriage according to any one of claims 1 to 5, wherein
a force sensor detecting force component in an X-axis direction and a Y-axis
direction orthogonal to each other within a level surface and a quantity of moment around a

Z-axis orthogonal to the level surface is provided to part of the carriage frame, and
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the spherical-body-driven modules move to a direction of a load applied on the

carriage frame.

7. The self-propelled carriage according to any one of claims 1 to 6, wherein

a lifting means is provided to part of the carriage frame through an attaching
member, and a valley portion on which a horizontal member on an end in a longitudinai

direction of a bed becomes placed is provided to the lifting means.

8. The self-propelled carriage according to any one of claims 1 to 5, wherein

a tower is formed projecting on the carriage frame, the tower is provided with a grip,
a force sensor detecting force component in an X-axis direction and a Y-axis direction
orthogonal to each other within a planar surface, force component in a Z-axis direction
orthogonal to these X-axis and Y-axis directions, and a quantity of moment around the
Z-axis is provided to the tower or the grip, and the spherical-body-driven modules move

along a direction of a load detected by the force sensor.

9. The self-propelled carriage according to claim 8, wherein
the force sensor is further provided with a sensor detecting a load in the Z-axis

direction, and by detecting a load that is equal to or more than a predetermined load in the

Z-axis direction, the spherical body stops.

10. An assistive device for walking, comprising:

using the self-propelled carriage according to any one of claims 1to 5, 8 and 9.
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