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Vibration Analysis and Ride Comfort Improvement of
Wheelchair with Omni Directional Wheels

Chanmin Chung” Sangwon Han” Seungjae Min™

D2 ") Department of Automotive Engineering, Hanyang University, Seoul 04763, Korea

Abstract : The demand for electric wheelchairs has been increasing due to an aging population. Joystick-operated
models are now mainstream, and models with Omni-wheels on the front have a less turning radius and improve
maneuverability compared to ordinary Handle-operated models. However, the structural gaps in Omni-wheels
inherently generate vibrations, decreasing ride comfort. This study aims to minimize these vibrations by optimizing the
design of omni-wheel structures and the height attachment of the front suspension system. The results demonstrate that
the combination of these two factors reduces vibrations and improves the overall riding experience.
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Fig.1 2DOF suspension model (sample)
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Steel

¥e rﬂ

Rubber

Mass Total 51.9kg
Tire Diameter Lithium
257/ 265
(Front/ Rear ) [mm]
Tire Width
S [mm,
(Front/ Rear ) SUASST 1
Spring Coefficient
6.7/ 37.3 [N/
(Front/ Rear ) [N/mm]
Damping
Coefficient 0.35 [IN/(mm/s)]
(Front/ Rear same )
Table.1 Wheelchair specs Fig.4 Model with material Property



Mesh size Smm 30mm 50mm
(nlffl“l/iz) 202.05 219.32 680.45
(a) RMS difference (road)
Mesh size Smm 7.5mm
(mz) 219.32 615.57

(b) RMS difference (wheelchair)

Table.2 RMS difference by mesh size
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(b) Mesh se ="7.5mm

(a) Mesh size = Smm

Fig.5 Mesh generate result
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Fig.6 Analysis condition
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(b) FFT Initial RMS;,

Fig.7 The result of RMS;,, at Initial condition
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Omni
Circular wheel
wheel
Z- axis
acceleration 759.43 220.72
RMS(mm / s%)
(a) Difference by gap
Real model Simulation
(WHILL C2) model
Z - axis
acceleration 745.35 826.85
RMS(mm / s?)
Relative
9.86%
error rate
(b) Compare with Prior research

Table.3 Verification for analysis
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(a) Structure
Fig.9 About Omni wheel
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(¢) H=40mm (d) H=60mm
Fig.12 Models with H applied
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Fig.13 Tendency by changing 6
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(b) FFT graph when H =0, 60mm

Fig.14 Tendency by changing H
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Case Study Result
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Fig.15 RMS;, result by combination of 6 - H

20mm 40mm 60mm

OH Omm

o

17 870.72 752.06 | 441.56 | 571.04

14 624.85 495.37 356.78 | 447.98

11 589.87 481.07 354.58 | 403.29

8° 532.85 452.79 342.91
Table.4 RMS;;, of case study
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Notes

1) AltairA} HyperMesh help page:

https://2022.help.altair.com/2022. 1/hwdesktop/hm/topics
/c_hagter heads/whats _new_rhtm
(FHA= A @A 2024/11726)

T2) AltairA}  MotionView help page:
https://2022.help.altair.com/2022.1/hwdesktop/altair_hel
p/togics/release_notes/rn_2022_1_motionview_r.htm
HF A I 2024/11/26)
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