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Abstract— We have proposed a one hand drive wheelchair with
the original manipulation mechanism and the power assist
mechanism. Recently, we have developed a new type assist unit,
which had a new ON/OFF mechanism constructed by link and
sliding mechanism, in order to realize the sure assist torque
transformation. During assist, this new assist unit surely keeps the
distance of two rollers, which transfer assist torque to tires. In this
paper, first, the assist system, including the proposed assist unit, is
explained. Furthermore, by using the prototype of the one hand
drive wheelchair, implemented new assist units, the effectiveness of
power assist function is confirmed, based on running experiments on
the flat ground. In this experiment, we have found the following
facts: For the user with enough manipulation ability, the power assist
effect is week. On the other hand, for the user with inadequate power,
the evident power assist effect is observed.

I. INTRODUCTION

BECAUSE of the elderly or the handicapped, some
persons have walking difficulty. Using wheelchairs,
they are able to get the pleasure and to live a rich life, such
that they can move freely. There exist many researches
improving wheelchairs [1-3]. In order to improve the mobility
of persons who can use only one hand for the manipulation of
the wheelchair, for example, due to the hemiplegia, various
one hand drive wheelchairs, such as a lever type and a double
ring type, are marketed. These equipments are extremely
useful and are utilized in various welfare facilities or homes,
because these equipments are effective in moving a short
distance on the flat ground with comparatively little running
resistance. However, in the outdoors, the physical load, on
using these one hand drive wheelchair, increases, because
there are rough surfaces and slopes. Therefore, we consider
that various assist functions, such as power assist function,
the reverse prevention function on the upward slope and so on,
are required to one hand drive wheelchairs, in order to use it
in the outdoors.

Our research group has produced a one hand drive wheel
-chair with newly proposed manipulation mechanism and old
type assist units, which realize some assist functions [4]. In
order to improve the running ability on the outdoor use, we
have developed new type assist unit [5]. In this investigation,
we implement the assist unit to the one hand drive
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Fig.1. A prototype of one hand drive wheelchair with new assist units

wheelchair with a triple ring (See Fig.1).In Sec.2, at first, we
explain the structure of assist system, including the improved
assist unit. New type assist unit is introduced in Sec.3.
Furthermore, by the running experiment using the one hand
drive wheelchair equipped with new type assist units, power
assist effects is verified.

II. ASSIST SYSTEM

In order to explain the assist system of our prototype of one
hand drive wheelchair, first, we introduce the manipulation
mechanism of one hand drive wheelchair with a triple ring,
which is in Fig.2. The manipulation mechanism, shown in
Fig.2, can realize all operations, such as “turn right”, “turn
left” and “go straight” by manipulating a hand rim by right
hand only. For example, a right turn hand rim, depicted in
Fig.2, is connected directly with the left wheel by an axis, so
rotating this hand rim, the left wheel rotates and the
wheelchair turns right. A left turn hand rim is mounted on the
right wheel, so rotating this hand rim, the right wheel rotates
and the wheelchair turns left. Rotating a middle hand rim, at
first, a mechanical clutch is operated and right and left wheel
unite like a spinning wheel. In this state, furthermore, rotating
a middle hand rim, the manipulation torque is transmitted to
the both wheels at the same time and the wheelchair goes
straight. This manipulation mechanism has the following
characteristics. The manipulator's intention, namely, “turn
right”, “turn left” and “go straight”, are easily obtained by
installing sensors, which observe manipulation torques, to
three hand rims. This ability of data acquisition for “the
intention of the operator” is useful for realizing assist
functions [4]. As mentioned above, in order to get excellent
manipulation performance by only one hand, the wheelchair,
shown in Fig.2, has the complicated mechanism, which unites
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Fig.2. Manipulation mechanisum of one hand drive wheelchair with a triple
ring

Table 1 Dimensions of one hand drive wheelchair

Dimension

Length 850[mm]
Height 760[mm]
Width 670[mm]
Rear wheel (diameter) 600[mm]
Left turn hand rim diameter 520[mm]
Center hand rim diameter 460[mm]
Right turn hand rim diameter 400[mm]
Total mass 38[kg]

wheels or hand rims, locating both sides of the wheelchair,
and which contains the detection sensor, sending the
manipulation torque information to controller, on three hand
rims. Hence, the running resistance is slightly larger than that
of usual wheelchair. Therefore, the power assist is useful.
The main dimensions of this wheelchair are shown in Table 1.

Fig.3 shows the structure of the assist system, which
includes a manipulation mechanism presented in Fig.2 and
assist units developed by our research and, furthermore,
includes some observation and control devices.
“Manipulation torque inputted by using the hand rim” is
acquired by the strain gauge mounted on hand rims. The
detection range of the manipulation torque is from -60[Nm]
(backward direction) to +60[Nm] (forward direction). This
manipulation torque changes into the output voltage by using
the bridge circuit of strain gauges, whose range is zero[V]
(-60[Nm] backward direction) to 5[V] (60[Nm] forward
direction). The rotary encoder, installed in right and left
wheels, acquires the rotation velocity of right and left wheels.
The output of the rotary encoder is input to the FV converter.
The output of FV converter for the forward velocity is
zero[ V] in the case where the forward velocity is zero[m/s]
and the output of FV converter for forward velocity is 5[V] in
the case where the forward velocity is 2.78[m/s]. The
backward velocity is also obtained by using the FV converter
for backward velocity.
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Fig.3. System flow of assist system

The left and right wheels both have these velocity observation
devices. Based on these manipulation torques and rotation
velocities of left and right wheels, various assist commands
are automatically produced by the controller, build on a
microcomputer H8/3048. The microcomputer controls the
assist torque provided by the motor, ON/OFF mechanism of
assist unit and ON/OFF of electromagnetic brake. Because
the signal giving manipulation torques and rotation velocities
are the analogue voltage, these observation data are acquires
through the A/D converter on the microcomputer. Motor
drivers, ON/OFF mechanism of the assist unit and
electromagnetic brakes are controlled by commands, which
are outputted from the D/A converter and the digital I/O ports.

III. ASSIST UNIT

A.  Previous Type Assist Unit

As shown in Fig.4, assist units are independently equipped
with both wheels. Hence, the DC motor can give the assist
torque to both wheels independently. Fig.5 shows the
previous type assist unit, which realizes assist functions such
as “power assist”, “maximum velocity limiting on the
downward slope” and so on. This assist unit is composed of a
DC motor (150W), an electromagnetic brake, a stepping
motor and so on. The assist torque generated by the DC motor
is transmitted to two robber rollers through belt transmission.

Previous
. assist unit
N
;!

I

Fig.4. Layout of assist unit
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Fig.5. Link mechanism in previous type assist unit

Two rubber rollers, gripping wheels, transmit the assist
torque from the DC motor to wheels. This previous type assist
unit has a link mechanism which is shown in Fig.5.By using
the link mechanism, which is driven by the stepping motor,
when the wheelchair does not need the assist torque by the
DC motor or the brake torque by the electromagnetic brake,
rubber rollers separate from the wheel, as shown in
Fig.5.(a).Hence, the DC motor and rubber rollers don't yield
the running resistance. On the other hand, while the
wheelchair needs the assist torque by the motor, rubber rollers
grip the wheel, as shown in Fig.5.(b).In this previous assist
mechanism, in which the stepping motor lifts a middle shaft
by turning the link 5, during assist on, the middle shaft
receives a downward force from the link 5 (See Fig.5). This
downward force is produced by pushing force of the tire to
rubber rollers (See Fig.5.(b)).In the previous type assist unit,
due to the above mentioned mechanical disadvantage, there
exists a case where the distance between rubber rollers spread
and the sufficient assist torque dose not transfer to tires from
rubber rollers.

B.  New Type Assist Unit

In order to solve the disadvantage of the previous type
assist units, we newly designed the ON/OFF mechanism of
the assist unit, so that the gripping power of roller does not
weaken by pushing force from tires. The new type assist unit
is depicted in Fig.6.From discussions previously presented, if
the distance between two rubber rollers doesn't spread during
assist on, the sufficient assist torque, which transfers from
rubber rollers to wheels, never weakens. Therefore, we newly
design the ON/OFF mechanism of assist unit that, during
assist on, the distance between two rubber rollers is fixed.

Of course, to realize ON/OFF of the assist by attaching or
removing a rubber roller from the tire, the mechanism, which
varies the distance between two rubber rollers is necessary.
To realize these demands, we propose the ON/OFF
mechanism shown in Figs.6 and 7.The characteristic of
proposed link is two flute link and slide link. The position of
two drive shafts 1 and 5 is fixed. Two flute links 8 and 9 can
rotate around the drive shafts. Slide shafts 6 and 7 are inserted
in flutes on flute links. The distance between two slide shafts

1: Drive shaft, 2: Bevel gear, 3: Ball screw, 4: Drive follow shaft, 5: Slide link,
6, 7: Slide shaft, 8, 9: Link, 10: Rubber roller shaft, 11: Rubber roller
Fig.6. New type assist unit

Tire
Force of
slide link

(a) Pull off state of rubber rollers (b) Put on state of rubber rollers
Fig.7. Link mechanism of new type assist unit

Opposing
force of tire

is fixed by the slide link 5. The position of the slide link
changes by the ball screw 3, which is driven by DC motor.

If the position of the slide link is the position shown in
Fig.7.(a), then two flute links are open state and rubber rollers
does not grip tires. On the other hand, if the position of the
slide link is the position shown in Fig.7.(b), then two flute
links are close state and rubber rollers grip tires. This is the
ON/OFF mechanism of improved assist unit.

The new mechanism has the following characteristics:
1) Stable gripping force of rollers: Opposing force of tire,
depicted in Fig.7.(b), never spread the distance of two rubber
rollers.
2) Easy attachment of assist unit: Assist unit doesn't change a
structure of wheelchair and the attachment of the unit is easy,
as shown in Fig.8.
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II.  DRIVE FORCE OF SLIDE LINK

A Drive Force of New Type Assist Mechanism

The slide link 5 is driven by the ball screw3.(See Fig.6.) In
order to select the ball screw and the motor, which drive the
ball screw, we calculate the power which is necessary to
move the slide link. By the movement of the slide shaft, the
distance of rubber rollers open and close. In Fig.9, F' is the
force which pushes down a slide link and W is “the opposing
force to the rubber roller axis”, which receives from the tire.
The opposing force ¥ is measured by the load meter as
about 7 =50[N]. Using this opposing force data, we calculate
necessary pushing force /. Noting that two flute links are
symmetric, we consider the balance of the moment around the
drive shaft on the left hand side (See Fig.9). By using symbols
represented in Fig.9, and considering the balance of the
moment, we obtain the following equation

_W-Acos@
—

F (1

The angles of slide shaft 61, in Fig.9, are given by
6 - sin’l(&j : )
A

where @ is the angle during assist on. The length Ri is given
by

I -1

Ry =" 3 = 6.45[mm)] 3)

(See Fig.10) In this investigation, we set the distance A4 as.
A=100mm. Substituting 4 =100[mm] into (2), we obtain
601=3.47[deg.]. Finally, substituting # =50[N], 4=100[mm],
0 =061=3.47[deg.] and x=20[mm] into (1), we obtain the
necessary pushing force F'=249[N]. Based on this calculated
force, we select the ball screw with the lead 0.2[mm] and DC
motor with the output 150[ W] (maxon RE40).

Slide shaft

Rubber roller shaft

(a) Moment balance around drive shaft (b) Position of rubber roller shaft
at assist on and off

A : Distance from drive shaft to rubber roller axis shaft
0 : Angle of slide shaft and Y axis,

X : X-coordinate of the position of the slide shaft,

F : Pushing force to slide link,

w : Opposing force to rubber roller from tire

61,02 : Angle of slide shaft and Y axis

R, R> : X-coordinate of the position of rubber roller shaft
Fig.9. Drive power of slide link
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Displacement of
slide shaft
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==

Rubberroller shaft
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llz Distance between two rubber roller shafts during assist on
},:Distance between two rubber roller shafts during assist off

é: Distance between drive shaft and driven shaft
where 4=58.9mm, [Z,=68mm and ]3:46mm.
Fig.10. Definition of [, / and J,

V. RUNNING EXPERIMENT WITH NEW ASSIST UNITS

In order to show the power assist effect by the new type
assist unit, we carried out the running experiments by using
the prototype of the one hand drive wheelchair, with and
without power assist. By analyzing the obtained data, the
decrease of physical load, that the operator feels, is
confirmed.
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A.  Experimental methodology

Experiments were carried out on the flat ground. The
operator adds a manipulation torque to hand-rims for the
going-straight and runs the distance of 25[m]. We measure
the running time of each runs, without and with power assist.
In the case of “without power assist”, rubber rollers always
separate from tires. In the case of “with power assist”, by
using newly developed assist units, if the operator adds the
manipulation torque, then assist torque, generated by DC
motors, are added to tires. Note that if the operator removes
hand rims and does not add the manipulation torque, then
rubber rollers remove from tires and assist units do not yield
the running resistance. In this experiment, the assist torque is
added only in the case where the operator add the
manipulation torque to the middle hand rim, namely, only in
the case where the operator rotates both tires by one hand and
the wheelchair goes straight. In this experiment, the assist
torque are determined by

Assist Torque = 0.5 X Manipulation Torque. @)

As shown in (4), the assist torque is proportional to the
manipulation torque, which is given by operator. The result of
experiments by 9 examinees (healthy men) is shown in Table
2, which shows the running time with physical data of
examinees.

B.  Effect of power assist

Before evaluating the effect of power assist, we examined
the correlation coefficient » of each characteristic-variable,
presented in Table 2 and we obtain Table 3. Noting that,
based on the theory of the statistical test, the correlation
coefficient » between running time without power assist and
weight satisfies that

r=0.719>r(f =9-2,0=0.05)=0.666,

therefore there exist the significant correlations between two
variables, where f is degrees of freedom and o« is the
significance level of a test.

Table 2 Results of running experiments

Table 3 Relation between each characteristic value
(Value of correlation coefficient: 7 )

W eight | Height Running time | Running time
[N] [em] without power | with  power
assist [sec.] assist [sec.]
Height[cm] 0.741 1
Running time
without power | 0.719 0.626 1
assist [sec.]
Running time
with power | 0.228 0.255 0.615 1
assist [sec.]

From Table 3, we obtain that, in case of without assist, the
single correlation between running time, which shows the
manipulation ability of the user, and the weight is significant.
Based on this result, we pay attentions to the relation between
the weight of examinee and the running time without power
assist and we obtain Fig.11.

Fig.11 shows that, in this experiment, heavy examinees
have less manipulation ability. In order to verify an assist
effect according to the examinee’s ability, the examinees
must be specified according to their ability. In this
investigation, examinees are divided into three groups with
the different ability's level. Namely, based on Fig.11, we
construct three groups, represented by Group-F, Group-M
and Group-L. Each group is constructed by 3 examinees.
Group-F is constructed by examinees with good manipulation
ability, namely, by examinees that the running speed is fast
(about 1[m/s]) and that the weight is comparatively light.
Group-M is constructed by examinees whose weight is
middle and that the running speed is also middle Group-L is
constructed by examinees whose weight is comparatively
heavy and whose running ability is comparatively less. In
order to confirm the effectiveness of the above mentioned
grouping, the variance analysis of the running time data with
and without the assist is calculated. From this variance
analysis, with a high significance level (¢=0.01), the
difference of divided groups is confirmed. Therefore, assist

Subject | Weight Height Running time | Running time
[N] [em] without with
Power Assist | Power Assist
[sec.] [sec.]
1 539 172 24 24
2 588 172 31 29
3 588 175 24 26
4 637 174 38 35
5 637 180 33 26
6 686 176 37 26
7 706 172 27 24
8 785 179 40 27
9 834 185 39 31
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effects are compared by the average running time of the group.

Fig.12 shows “the average running time of each group”,
which indicates the manipulation ability and shows that
examinees with light weight have high manipulation ability.
Fig.13 shows the relation between manipulation ability and
power assist effect. In Fig.13, whole poles show the average
running time without power assist, namely, the manipulation
ability and white poles show the assist effect, namely, the
height of white poles is

the average running time without power assist
— the average running time with power assist.

As shown in Fig.13, the power assist is effective for
examinees with low manipulation ability. Furthermore, in
every group, the average running speed approach to about 1
[m/s] which is the average walking speed of human. These
results show the effectiveness of the power assist.

VI. CONCLUSIONS

We developed a new type assist units which has a new
ON/OFF mechanism, in order to assist surely. In this paper,
we implemented the new assist unit to the developing
prototype of the one hand drive wheelchair. The running
experiments by using the one hand wheelchair, equipped with
the new type assist units, were carried out. These experiments
shows that, by using the developed new assist units, the assist
torque could be surely provided to one hand drive
wheelchairs and the comfortable running could be realized.
Furthermore, by the running experiment of the one hand drive
wheelchair, the assist effect according to the manipulation
ability was verified. The reduction in size and weight of the
assist unit is future problem.

| Experimental
result =

Average running time with assist (sec.)
b
=

0 > =
Group-F
Group-F Group-M Group-1.
0 Reduced time by assist 03 67 8
(sec.) )
B Average running time
with assist (scc.) 247 27 31

Fig.13. Manipulation ability and power assist effect
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