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Vibration Analysis and Optimal Design for Improving Ride Comfort of
Wheelchair equipped with Omni Directional Wheel

Sangwon Han" Chanmin Chung” Seungjae Min™

D2 "3 Department of Automotive Engineering, Hanyang University, Seoul 133-791, Korea

Abstract : This paper contains the contents of reducing vibrations generated from wheelchairs equipped with omni
wheels and improving ride comfort through the structural design and suspension design of omni wheels. In order to
solve the problem of existing wheelchairs, the installed omni wheels generate vibrations. The vibrations cause problems
that reduce ride comfort. In order to solve this, the structural design and suspension design of omni wheels will be
carried out to reduce vibrations and improve ride comfort.
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Fig.4 Road surface made in the shape of a sinusoid
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Fig.5 Material assigned to simulation model

Table.1 Material properties assigned to the simulation
model

| Poly | 0t abs | Lithim
Unit alluminum | steel (Rubber| .
foam | 0y plastic | battery

young’s

Mpa 125 | 68900 | 210000 | 3 2250 | 5200
modulus

shear modulus|  Mpa 30 | 26000 | 80700 | 1.01 | 900 3900

Poisson’s ratio| - 0.25 0.33 0.3 049 | 038 0.36

mass density | to/mm’ | 6.0E-11 | 2.7E-9 | 7.85E-9 | 1.1E-9 | 1.05E-9 | 5.34E-10
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Table.2 Mass assigned to simulation model parts

Table.4 RMS according to mesh size of road surface model

Part mass Part mass w4 27|
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Table.3 RMS according to mesh size of wheelchair model
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Table.5 Suspension coefficient

front rear
suspension suspension
spring
) 6700N/m 37300N/m
coefficient
damper
. 350N/(m/s) 350N/(my/s)
coefficient
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w= 2 (1)
r

®: Angular velocity of the rear wheel
V: Linear speed

7: Radius of rear wheel
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Fig.6 Wheelchair 7-DOF modeling”
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M: Mass U: Displacement a: Acceleration

K: Spring Coefficient C: Damping Coefficient

L/ W: x-axis/ y-axis distance from the center of mass of the cushion to
the suspension

s/ u: Sprung Mass/ Unsprung Mass

fr/ fl/ rr/ rl: Right Front/ Left Front/ Right Back/ Left Back

6/ ¢: Pitch Angle, Roll Angle
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Fig.7 FFT graph of vibration at initial parameter
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Fig.8 Simulation model

Filtered Vibration Signal (0.5 Hz to 80 Hz)

i }l ‘ I

2500

2000

1500 1

=i *yr ,
“w i N | i *"w

5

=}
S

|

Amplitude (mm/s?)
o

I
Ui

75 8 8.5 9 9.5 10
Time (s)

-5

S
S

il \\”

|

| H

il |

- w J

-1500

-2000

-2500
7
Fig.9 Vibration shape at initial parameter

Table.6 Vibration RMS and RMSgsgon, at the initial
parameter
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HAaw 0.5-30Hz
z7] A4H 759.43mm/s? | 752.06mm/ s’

3. AEHA YW AT

ABElol mEe) AL S S8
29 A2 25 54 vlmste] BEHA

AEZ3e] A dair= AE2S] RMSs.eou.l
gt JE7E glo] RMSE ©]&-&l vlwstich &
9 27} OFARE TR E 4kmhE 55 T Al 2z
= Whgko] 7155 RMSE €F 745.35mm/s?0] 3
= ATHY, 283 AlEElo] A BRle] -9 dkmh
B 22 28 A 23 18R] 714 RMSE 826.85

mm/s*e] 7o) F Stk

Table.7 Comparison of vibration RMS between actual and
simulation model
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25 e
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Table.8 Comparison of vibration RMS and RMSg;s.gou, of
omni wheel and circular wheel

25 B 3
= A v
Sex =43 43 HH9
RMS(mm/s?) 759.43 220.72
RMSO.S—SﬂHz
s 752.06 220.57
(mm/s%)
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Fig.10 FFT graph of vibration of omni wheel and circular
wheel
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pair: Number of pairs of Inner Roller and Outer Roller

gap: The angle between OAl and 0A2
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Table.11 Table of case study results for 16 cases (mm/s?)

m Omm 20mm 40mm 60mm
17 870.72 752.06 44156 571.04
14° 624.85 49537 356.78 447.98
1° 580.87 481.07 354.58 403.29
8 532.85 452.79 342,91 378.46
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Table.13 arbitrary suspension coefficient

front rear
suspension suspension
spring
27600N/m 32380N/m
coefficient
damper
. ON/(1v/s) ON/(mv/s)
coefficient

Table.14 Case study results with arbitrary suspension
coefficients applied (mm/s”)

m Omm 20mm 40mm 60mm
17 963.35 | 563.41 | 316.99 | 664.19
14 654.26 | 604.89 | 321.83 | 487.51
11 719.77 | 421.35 | 357.08 | 392.20
8 628.15 | 568.70 | 461.74 | 396.77
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