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Development of Outdoor Walking Aid
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Abstract: Walking aid is an automobile with wheels and an engine that can carry a major part of its user’s weight.
Therefore, automotive engineering was applied to improve walking aid design in this study. The walking aid developed can
turn in a small space such as in an elevator car, ride over gaps as curb stones, and keep straight traces without its user’s
effort on rough and slanted surfaces. The core part of this design lies in adoption of multi-functional swing-arm suspension
for front caster wheels and direct yaw moment control by rear wheel motor drives.
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Fig. 1 Bump height frequency distribution.
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Table 1 Specifications of the prototype design

Item Unit Description
Dimension(LXWxH) | mm 900 x600 x 650*
Weight kg <20 kg
Wheel base mm 500
Mass ratio 50: 50

Maximum gap
height to climb
Grip height range mm
Vibration isolation
from ground to grips
Turning radius

mm 50
600 - 1000
dB 10

On-spot turning
Electric motor reverse
torque
Push pressure
sensors on L/R grips

*Grip at minimum

Braking system

Human-machine
interface
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Fig.2 Front wheel suspension mechanism with a VV-shaped arm
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Fig.3 Effective slope reduction by front suspension swaying
motion with torsion spring
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Fig.4 Topologically optimized voxel type finite element model
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Fig.5 Photo of the prototype
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Fig.6 Grip vibration reduction in falling down a gap of 50mm
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Table 2 Parametric design of DC brushless driving motor

Parameter Symbol/Unit| Value
Number of poles P 8
Number of slots as 6
Magnet inner diameter Di, mm 150
Magnet length Lh, mm 30
Magnet thickness Lm, mm 10
Outer diameter of rotor yoke Da, mm 148
Armature core outer diameter Db, mm 137
Armature core inner diameter Dd, mm 45
Armature core length La, mm 25
Air gap dg, mm 1
— Revolution speed, rpm — - Electric current, A
£ 400 14
2350 - 112 %
3 300 110 IS
Q 250 | g g
2200 - 3
S 150 16 ¢
2 100 | 14 8
3 501 12 W
¥ 0 0

o 1 2 3 4 5 6 7
Output torque, Nm

Fig.7 Designed performance of the motor
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Fig.8 Motor control block diagram
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Fig.9 Human-machine interface on the grips and the thrust for
on-spot turning
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Fig.10 Effect of power assists in climbing a 50mm bump
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Fig.11 Multi-body dynamics model for driving on cant
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Fig.12 Effect on lateral trace deviation on cant (simulation)
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Fig.13 Detecting front wheel rolling resistance disturbance by a
sway angle sensor.

5. F&6H
PLEFRR U C & RS RICE SN T, REIEROBEHE

EMERE A NERT DOBAT IR & i Uz, (3% 3) Rk )y

ROBRIZEFEXIITS.

1) A ¥ R ¥ — Lt/ AN BRE) oA G bt
k- T, TN TET, LbIREZRNH
EVIS T -1 R AL

2) FHEEFREARTRRY AUy g v BT — X —EEENIC
Ko T, 50mm DE:ZEEEAF ITR/BOBRES L F
BElZ M 2 W) TRYMT LN TE S,

3) TL—AIHEH LT — A R —OR Y R 2

LIFE2013 20134E9 A 2 H—4 H [LEL (LELKREE)

Vg OB LY — & O T2 25 A T BR8] 4
WXV, By MEOBRETHLEITFNEZEESE D
LINTEB.

25 '
- -+ Yaw-rate without control . -

20 = =Disturbance yaw-rate
Yaw-rate with a control |

[
wn

_'_?-_ — Disturbance occurrence start |
) . .
S0 1 : :
o .V a ] o
=] i ‘Al H .’
? 5 ¥, eee : )
H H LN
Ll Y V. TR T AT (A | \——
I
5 I
-10 1
0 1 2 3 4 5
Time [s]

Fig.14 Effect of yaw stability control in overriding a bump

SEXE

(1) Masao Ishihama, Takashi Aritake, Dynamical Design of a
Outdoor Walking Aid, FISITA2006 Transactions, F2006D112T,
2007

(2) Practical Motor Design Manual, Toshiba Motor Research
Group, Sohgoh Denshi Press, 1992

(3) Makoto Kamachi, et.al., Improvement of Vehicle Dynamic
Performance by Means of In-Wheel Electric Motors,
Mitsubishi Motors Technical Review, Vol.18, p.107-113, 2006

e
ARIFRIZBNTIE, T—~ RE, BE&OEESRSITBY
ThFZ Gt LERFEROBMEEIC R -7, 22T
W DWMEERLET.

Table 3 Performance comparison with conventional motorized walking aids

rough surfacse and gaps

Performances Conventional motorized walkers Our design

Evaluation items Design target Features Score Features Score
Driving on flat .

» Easy speed control Motor driven rear wheels Good Hub-motor rear wheels Good

surfaces

L Same performance as that .

Climbing Motor driven rear wheels Good Hub-motor rear wheels Good

on a flat surface
Electric braking using a slope
Braking Automatic speed limitation Electric braking Good sensor g g P Good
. . Front wheel steering connected Automatic direct yaw
. Easy line tracabilty on . . . .
Stability to handle grips with links. Fair |moment control with hub- Good

Needs maneuvering skill.

motor rear wheels

Turning radius

Turnable in an elevator car |Front wheel steering connected

Poor |Free casters in front wheel Good

of width=1m to handle grips with links
Running over |Climbable 50 mm gap No special device for riding Poor Special front suspension Good
rough terrain |height over gaps system

Shock on handle grips
should be less than 1G

Ride

No special device for absorbing
shocks in gap over-riding system

Front & rear suspension

Poor Good

Size Width< 0.6 m, Length< 1 m

Fair WxL=0.6x0.9 Fair
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