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(54) A foldable wheelchair

(57) A wheelchair is made up of a pair of parallel
main frames connected to each other on the rear side
via a detachable back supporter and on the front side
via footplates foldable along a center hinge extending in
the longitudinal direction. Large wheels and a seat plate
are detachably coupled to the main frames. The seat
plate is changeable in level by leverage operation. After
detachment of the large wheels, and unlocking of the
back supporter, the wheelchair can approach very close
to a user lying on a bed. When the large wheels are
detached, the wheelchair can go through doors of ordi-
nary sizes. By folding the foot plates together, the main
frames can be put together side by side for convenience
in transportation.
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Description

Background of the invention

The present invention relates to a foldable wheel-
chair, and more particularly relates to improvement in
operability and transferability of a wheelchair which
includes a pair of main frames extending in a longitudi-
nal direction in parallel to each other, large wheels
detachably coupled to respective main frames, and a
seat plate supported by the main frames.

In the following description, a term "a user” refers to
a person such as a sick patient, an oldman or a bodily
crippled person who needs to use a wheelchair for
travel between two distant spots.

Further, a term "longitudinal direction” refers to a
horizontal direction extending front to rear on a wheel-
chair whereas a term "lateral direction” refers to a hori-
zontal direction substantially perpendicular to the
longitudinal direction.

A conventional wheelchair includes a pair of main
frames spaced in the lateral direction by two or more
transverse bars. The rear side of the wheelchair is
closed by a back upholstery spanning upright pole sec-
tions of the main frames. A pair of large wheels are cou-
pled to both lateral sides of the main frames. A pair of
casters are also coupled to the main frames on the front
sides of the associated large wheels. A pair of foot-
plates are attached to the front lower ends of the main
frames in a side-by-side arrangement whilst projecting
forwards.

For movement of a wheelchair, its user may rotate
the large wheels via push rims attached to the large
wheels. Alternatively, a helper may push the wheelchair
via handgrips attached to the back upholstery.

In either case, the relatively rigid construction of a
wheelchair and presence of large wheels cause much
inconveniencies in actual use of the wheelchair.

First, due to presence of the transverse bars span-
ning two main frames, it is almost impossible to bring
the wheelchair as close as possible to the position of a
user lying on a bed. So, for transfer of a user between a
wheelchair and a bed, two or more helpers need to
carry the user manually. This manual transfer not only
poses much load on the helpers but, depending on the
body condition of the user, caused much physical pains
of the user.

Second, due presence of the two large wheels pro-
jecting sideways from the main frame, a wheelchair can
go through only a toiled door or a bath door which is
designed specially broad enough for allowing its pas-
sage. Here again, the user needs assistance by two or
more helpers.

The relatively rigid construction and presence of
various accessories such as footplates make a wheel-
chair very unwieldy and such an unwieldy construction
causes troublesome transportation of a wheelchair.
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Summary of the invention

It is the basic object of the present invention to ena-
ble close approach of a wheelchair to a user lying on a
bed.

It is another object of the present invention to ena-
ble free passage of a wheelchair even through ordinary
door which are not specially designed for wheelchair.

It is the other object of the present invention to pro-
vide a wheelchair well suited for transportation.

In accordance with the present invention, main
frames are detachably connected to each other at their
rear ends by a back supporter which extends in a lateral
direction, a seat plate is connected to the main frames
in a vertically displaceable arrangement by assistance
of a lifter unit, the lifter unit includes a pair of lifter shafts
coupled to respective main frames in an axially turnable
arrangement and means for driving the lifter shafts for
axial turning, and the lifter shafts are connected to the
seat plate via suspension belts so that axial turning of
the lifter shafts causes vertical displacement of the seat
plate.

Brief description of the drawings

Fig. 1 is a perspective view of one embodiment of
the foldable wheelchair in accordance with the
present invention in the fully assembled state,

Fig. 2 is a side view of the foldable wheelchair,

Fig. 3 is a top plane view of the foldable wheelchair,
Fig. 4 is a fragmentary front view of the foldable
wheelchair,

Fig. 5 is an enlarged side view of the large wheel
unit used for the wheelchair shown in Fig. 1,

Fig. 6 is an enlarged side view of the caster unit
used for the wheelchair shown in Fig. 1,

Fig. 7 is a perspective view of the foldable wheel-
chair in a partly disassembled state, and

Fig. 8 is a perspective view of the foldable wheel-
chair in a fully folded state,

Fig. 9 is a side view of another embodiment of the
lifter unit used for the wheelchair of the present
invention,

Fig. 10 is a top plan view of the same arrangement,
Fig. 11 is a front view of the same arrangement,
and

Fig. 12 is a perspective view of the other embodi-
ment of the lifter unit used for the wheelchair of the
present invention.

Description of the preferred embodiments

A basic embodiment of the foldable wheelchair in
accordance with the present invention is shown in Figs.
1 through 4. As major components, the wheelchair
includes a pair of main frames 1 extending in the longi-
tudinal direction, a back supporter 6 detachably con-
necting the main frames 1 at their rear upper ends, a
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seat unit 2 including a seat plate 12, a lifter unit 3
detachably suspending the seat plate 21 from the main
frame 1, a pair of large wheel units 4 detachably cou-
pling large wheels 43 to the main frames 1, a foldable
foot unit 7 coupled to the front lower ends of the main
frames 1, and a pair of caster units 8 coupled to the rear
lower ends of the main frames 1.

As best seen in Fig. 2, each main frame 1 is made
up of a horizontal upper frame 11, a horizontal lower
frame 12 and a vertical front frame 13, all connected in
one body to each other. The rear side of the main frame
1 is left open. This rear open construction of the main
frame 1 is very important for close approach of the
wheelchair to a bed on which its user is lying. Near the
rear end, the upper frame 11 is provided with an armrest
stand 14 and an upper lock 15 for the large wheel unit 4.
Further on the rear side, the upper frame 11 is provided
with a back support stand 17. Likewise, near the rear
end, the lower frame 12 is provided with an lower lock
16 for the large wheel unit 4.

The lifter unit 3 includes a pair of lifter shafts 31
each extending in parallel to an associated upper frame
11 of the main frame 1. More specifically, each lifter
shaft 31 is held by the associated upper frame 11 via a
plurality of bosses 32 which are idly inserted over the
upper frame 11. Stated otherwise, the lifter shaft 31 is
turnable about the axis of the upper frame 11. At the
front end, each lifter shaft 31 is associated with a lifter
arm 33 radially connected thereto. Thus, when the lifter
arm 33 is manually swung in a vertical plane normal to
the longitudinal direction, an associated lifter shaft 31
turn about the axis of the upper frame 11. At distal ends,
the pair of lifter arms 33 are provided with buckles 34 for
mutual end connection.

As seen in Figs. 2 and 3, the seat unit 2 includes a
flat seat plate 21 preferably provided with a center open-
ing. Near four corners, the seat plate 21 is connected to
the lifter shafts 31 of the lifter unit 3 via suspension belts
22. Each suspension belt 22 is provided with a midway
buckle 23 so that the seat plate 21 can be detached
from the lifter unit 3 by disengaging the buckles 23. The
system is adjusted so that, when the seat plate 21 rest
at its lower position without lifting by the lifter unit 3, the
seat plate 21 should be located at the level of ordinary
western style toilet basin.

Each large wheel unit 4 includes a rim shaft 41 (see
Fig. 5). The rim shaft 41 is provided at midway with a
wheel bracket 42 which extends forwards in order to
carry a large wheel 42. Below the wheel bracket 42, a
lock sleeve 44 is idly inserted over the rim shaft 41. At
the lower end, the rim shaft 41 is provided with a lock
pin 45 extending forwards. At the upper end, the rim
shaft 41 is detachably coupled to the rear end of the
upper frame 11 of the main frame 1 by assistance of the
upper lock 15. Whereas, at the lower end, the rim shaft
41 is also detachably coupled to the rear end of the
lower frame 12 of the main frame 1 by assistance of the
lower lock 16, the lock pin 45 and the lock sleeve 44.
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Thus when unlocked at the upper and lower ends, the
rim shafts 41 can be detached from associated main
frames 1 together with the large wheels 43.

On each main frame 1, an armrest 5 is preferably
pivoted at its rear end to the armrest stand 14 on the
upper frame 11 so that it covers the upper frame 11 and
the bosses 32 in its lower position. The armrest 5 is
swung upwards in order to allow free turning of the lifter
shaft 31 about the axis of the associated upper frame
11.

A curved back supporter 6 spans the rear upper
ends of the main frames 1. More specifically, the back
supporter 6 is horizontally turnably coupled to one back
supporter stand 17 one upper frame 11 at one end. The
other end of the back supporter 6 is coupled detachably
to the other back supporter stand 17 on the other upper
frame 11 by assistance of a lock sleeve 61. When the
lock sleeve 61 rests in its lower position, the back sup-
porter 6 is firmly coupled to both main frames 1 to define
the lateral distance between the main frames 1. As the
lock sleeve 61 is moved upwards, the back supporter 61
is turnable about the one end so that the other end is
detached from the associated rear end of the other
upper frame 11.

The foot unit 7 includes a pair of parallel side plates
71 extending forwards from the rear ends of the lower
frames of the main frames 1. Each side plate 71 is con-
nected to a foot plate 72 along a side hinge 74 extend-
ing in the longitudinal direction. The two side plates 72
are connected to each other along a center hinge 72
extending in parallel to the side hinges 74. A transverse
lock arm 75 is pivoted at one end to one side plate 71.
The other end of the lock arm 75 is detachably fixed to
the other side plate 71 by assistance of a lock handle 76
and a lock hole 77 formed in the other side plate 71.
When the lock arm 75 rests in its rest position, it holds
the footplates 72 in a flat state. As the lock arm 72 is
swung to its open position as shown in Fig. 3, its allows
folding of the footplates 72 along the hinges 73 and 74.
Small wheels 78 are attached to the undersides of the
side plates 71.

The caster unit 8 is shown in detail in Fig. 6. The
caster unit 8 is fixed to the underside of the rear end of
each lower frame 12 of the main frame 1 via a bifurcate
caster frame 85 which sandwiches a caster 81. The
caster 81 is rotatably mounted on a transverse caster
shaft 82 fixedly carried by the bifurcate caster frame 85.
In an arrangement to sandwich the caster frame 85, a
bifurcate stand 83 is rotatably mounted to the caster
shaft 82. A jack lever 89 is also rotatably mounted to the
caster shaft 82 with its proximal end being in engage-
ment with the stand 83. A tension spring 88 is inter-
posed between one spring pin 86 fixed on the caster
frame 85 and the other spring pin 87 fixed on the stand
83. Usually, the jack lever 89 is swung upwards by oper-
ation of the tension spring 88 and the caster 81 rests of
the floor, the stand 83 being held above the floor. As the
jack lever 89 is manually swung downwards against the
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operation of the tension spring 88, the stand 83 rests on
the floor and the caster 81 is lifted from the floor. The
size of the stand 83 is designed so that the large wheel
43 is also lifted from the floor when it rests on the floor.
That is, the large wheel 43 is kept in a lifted position
suited for detachment from the main frame 1.

The wheelchair operates as follows.

For transfer of a user from a bed to the wheelchair,
the large wheels 43 have to be detached from the main
frames 1 first. The jack lever 89 is pushed downwards
by a helper in order to lift the large wheel 43 from the
floor. Next, by loosening the upper and lower locks 15,
16 on the main frame 1, the rim shaft 41 is detached
from the main frame 1 together with the large wheel 43
it holds (see Fig. 7). Then, the jack lever 89 is pushed
upwards to let the caster 81 rest on the floor.

The seat plate 21 is detached from the main frames
1 by disengaging the buckles 23 on the four suspension
belts 22. The lock sleeve 61 is moved upwards to
release the other end of the back supporter 6 which is
then swung rearwards to an open position about the
back supporter stand 17 holding its the other end (the
upper side end in Fig. 3). Under this condition, the pair
of main frames 1 are able to change their intermediate
distance.

The seat plate 21 is inserted below the hip of a user
lying on a bed and the upper half of the user's body is
raised with the legs extending forwards. Next, the body
of the user is turned about 90 degrees and the legs are
made to hang down from the bed while facing the
wheelchair.

The wheelchair is then moved towards the bed untill
the upper frames 11 are located on both sides of the
user now sitting on the bed. Nothing hinders this rear-
ward movement of the wheelchair because the rim
shafts 41 have already been detached from the main
frames 1 and the back supporter 6 has already swung to
the open position. The lower frames 12 are now located
under the bed. The back supporter 6 is again swung for-
wards to its closed position to connect the rear ends of
the upper frames 11 together. The feet of the user are
then placed on the footplates 72.

The armrests 5 are swung upwards about the
respective armrest stands 14 and the seat plate 21 is
connected to the lifter shafts 31 via the suspension belts
22. The lifter arms 33 are then swung upwards and con-
nected to each other via the end buckles 34. This
causes the lifter shafts 31 to turn about the axes of the
associated upper frames 11 of the main frame 1. The
seat plate 21 is now lifted from the bed whilst carrying
the user thereon. This lifting of the user from the bed
requires no strong force of the helper because it makes
use of leverage operation of the lifter arms 33.

The wheelchair is then moved forwards away from
the bed. The lifter arms 33 are disengaged from each
other and swung downwards so as to turn the lifter
shafts 31. The seat plate 21 is now located at its normal
level position which is similar to the height of an ordinary
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western style toilet basin.

Under this condition of the wheelchair, the user now
travels to a toilet by oneself or by assistance of a helper.
On arriving at the toilet, the wheelchair can smoothly go
through a toilet door of a normal size because the large
wheels 43 have already detached from the main frames
1. The seat plate 21 is now located just on a toilet basin
because of its adjusted normal level position.

Folding of the wheelchair is carried out in the follow-
ing sequence. First, the lock handle 76 of the foot unit 7
is loosened and the lock arm 75 is swung to its open
position away from the footplates 72. Next, the back
supporter 6 is unlocked and swung to its open position
about the back supporter stand 17 on one of the main
frames 1. Finally, the footplates 72 are folded together
about the hinges 73 and 74. When wanted, the large
wheel units 4 may also be detached as shown in Fig. 8.

Assembly of the wheelchair is carried out in the fol-
lowing sequence. First, the footplates 72 are unfolded
about the hinges 73 and 74 to separate the two main
frames 1 from each other and the back supporter 6 is
swung to its closed position for locked connection with
the main frames 1. Next, the lock arm 75 is swung to its
closed position to fix the position of the footplates 72
and the jack levers 89 are pushed down to lift the caster
81 from the floor (see Fig. 7). Finally, the large wheel
units 2 are attached to the respective main frames 1 and
the jack levers 89 are swung upwards to make the cast-
ers 81 and the large wheels 43 descend on the floor.

Showering by a user is carried out in the following
sequence. The user travels to a shower room by oneself
or by assistance of a helper after detachment of the
large wheel unit 4. In an alternative way, the large wheel
unit 4 may be detached on arrival at the shower room.
Because of the reduced width of the wheelchair without
the large wheel unit 4, the wheelchair can go through a
shower room door of a normal size. A simple chair is
then placed under the seat plate 21 of the wheelchair
and the lifter arms 33 of the lifter unit 3 are swung down-
wards to make the seat plate 21 descend on the simple
chair. The seat plate 21 is then disconnected from the
lifter unit and the wheelchair is taken out of the shower
room. The user can shower sitting on the simple chair
via the seat plate 21.

In accordance with the present invention, a wheel-
chair can approach very closely to a user lying on a bed
thank to the open rear construction of the wheelchair.
The wheelchair can go through various doors of normal
sizes, in particular of normal widths, thanks to the
detachable construction of the large wheel units. The
wheelchair can be transported very easily thanks to its
foldable construction. Further, use of the leverage oper-
ation for the lifter unit necessitates no strong manual
force for lifting a user from a bed. Use of the jack lever
system operable by foot action well simplifies attach-
ment and detachment of the large wheel unit.

Another embodiment of the lifter unit 3 used for the
wheelchair of the present invention is shown in Figs. 9
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to 11, in which a warm-wheel unit is used for causing
axial turning of the lifter shafts of the lifter unit.

More specifically, a wheel 111 is fixedly mounted to
the front end of each lifter shaft 31 in meshing engage-
ment with a warm 112. A driven gear 113 is coaxially
connected to the warm 112. The driven gear 113 is con-
nected in operation to a drive gear 115 by a timing belt
114. An operating lever 116 is coaxially fixed to the drive
gear 115 for manual rotation of the latter. The gear-belt
combination may be replaced by a sprocket-chain com-
bination for transmission of rotation.

As shown in Fig. 11, the lifter unit is preferably
accommodated in a closed housing 18 with the operat-
ing lever 116 projecting upwards. The housing 118 is
located on the front upper side of the main frames 1 just
in front of a user sitting on the seat plate 21. Since a
user gets on and off the wheelchair through the rear
side of the wheelchair, presence of such a housing on
the front upper side of the main frame does not hinder
smooth passage of the user into and out of the wheel-
chair.

For vertical movement of the seat plate 21, the
operating lever 116 is rotated by the user in order to
drive the lifter shafts 31 for axial turning. By the axial
turning, each lifter shaft 31 winds up or winds down the
associated suspension belt 22 to cause corresponding
vertical movement of the seat plate 21.

According to the field tests conducted by the inven-
tor, the seat plate 21 was moved up and down only for a
distance of about 120 mm, when the lifter arms 33 were
swung for about 270 degrees in the case of the first
embodiment utilizing the leverage system. When the
warm-wheel system of this embodiment was employed,
the seat plate could be moved up and down between
the floor level and any desired level.

The driving system for the lifter shafts 31 can be
changed from manual to automatic as shown in Fig. 12,
in which the drive gear 115 is fixed to the output shaft of
a drive motor 117.

When compared with the lifter arm of the first
embodiment, the warm-wheel unit of this embodiment
includes no mechanical elements which move greatly.
As a consequence, the system can operate quite freely
without any influence of space restriction. Since a gear
system is used for driving of the lifter shafts, it is possi-
ble to move the seat plate vertically with a small driving
force by properly designing gear ratios in the system.
Further, because a combination of a warm with a wheel
is used for driving the seat plate, the seat plate can be
stopped at any desired level during its vertical move-
ment.

Claims

1. A foldable wheelchair including a pair of main
frames (1) extending in a longitudinal direction in
parallel to each other, large wheels (43) detachably
coupled to respective main frames, and a seat plate
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(21) supported by the main frames characterized in

that the main frames (1) are detachably con-
nected to each other at their rear ends by a
back supporter (6) which extends in a lateral
direction,

that the seat plate (21) is connected to the main
frames in a vertically displaceable arrangement
by assistance of a lifter unit (3),

that the lifter unit includes a pair of lifter shafts
(31) coupled to respective main frames in an
axially turnable arrangement and means for
driving the lifter shafts for axial turning, and
that the lifter shafts are connected to the seat
plate (21) via suspension belts (22) so that
axial turning of the lifter shafts causes vertical
displacement of the seat plate.

A foldable wheelchair as claimed in claim 1 charac-
terized in

that the driving means includes a lifter arm (33)
which is connected to the front end of each
lifter shaft (31) whilst extending radially so that
vertical swing of the lifter arm should cause the
axial turning of the lifter shaft.

A foldable wheelchair as claimed in claim 1 charac-
terized in

that the driving mechanism includes a warm-
wheel unit connected to the front ends of the
lifter shafts (31).

A foldable wheelchair as claimed in claim 3 charac-
terized in

that the warm-wheel unit includes a wheel fixed
to the front end of each lifter shaft, a warm
arranged in meshing engagement with the
wheel and a drive source for rotation of the
warm.

A foldable wheelchair as claimed in claim 1 charac-
terized in

that the main frames (1) are associated at their
front lower ends with a foot unit (7), and

that the foot unit includes a pair of foot plates
(72) united together along a center hinge (73)
extending in the longitudinal direction.
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