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A study of express bus entrance system for wheelchair users

Yong-Woo Lee’, Sung-Yong Ha
Department of Mechanical and Automotive Engineering, Shinhan University

of ik I ARl F&aA A
oF AHgEkE WEPL nLH 2B o §oke
#229] o] Basteh, o|eld WAl AHEAE

6‘
2g AHaz Ml ol5AZ & A
o=

2

&}

ZwRo] GAjo] Sl AfEA o5 & = A
g7t &845 nejste] Ao A} ek
2 AMET 4 gl b ahle) so] WAtk g2 g Ao} A8 FUTE AL )E
Bles Al ik A WAL A 5 A $AE LA P, & Qe 90l A}%x}—g— A3 7T A28
ARG 73 a4 E%‘% olgd 7 AAAS Ut = a4 H 7 3 af BE Ao
BEon, Az Zedel o WgE e sAsn A

S9T Al g 2 d7Ade A xR B BANe &

O 2 RE2 de R o O
PCdporff oo

A%aE sAe. LA
.

Abstract In the rapidly aging society, the number of wheelchair users is increasing steadily. On the other hand, it
is almost impossible for a disabled person using a wheelchair to use express buses. Therefore, it is necessary to
develop an express bus that can secure the rights of wheelchair users. For these special types of express buses, it
is required to develop a special entrance and lift system. The development of a wheelchair entrance system for the
express buses requires design modification, retrofit, and reinforcement of the bus frame. This study evaluated the
structural integrity of an entrance system for wheelchair users using a finite element method. Torsional stiffness and
modal analysis were performed through structural analysis. Through sensitivity analysis, optimization was performed
to reduce the weight of the frame. These results on the wheelchair entrance system are expected to be utilized in

the vehicle modification and welfare industries.
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Fig. 3. Finite element models
(a) Base (b) Side Part removal
(c) After modification

200 kgf-m
Torque

Fig. 4. Boundary condition of torsional stiffness analysis
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Fig. 5. Displacement contour of torsional stiffness analysis
(a) Base (b) Side Part removal
(c) After modification
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Table 1. Torsional stiffness results

Model Base Side part {\ﬂer.
removal modification
Torsional Stiffness
(<10° kefmrad) 1.97 1.80 2.15

Contour Plot Step-1: : Mode
Displacement(Mag)
Analysis system
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Fig. 6. Displacement contour of torsional mode
(a) Base (b) Side Part removal
(c) After modification
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Table 3. Stiffness sensitivity per unit mass

Fr. Rr. Upr. Lwr. Door
Part V-Reinf. | V-Reinf. | H-Reinf. | H-Reinf. Frame
Mbr. Mbr. Mbr. Mbr.
A Stiffness/
Amass 1.2687 | 4.0845 | 0.3954 | 0.5814 | 1.1559
(kgf-m/rad/kg)
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Table 4. Formulation of optimum design

Find Thickness of members (t1,t2,t3,t4,t5)
Minimize total mass
Boundary 1.0 mm < t1,t2,t3,t4,t5 < 2.2 mm

Torsional stiffness > 1.97x10° kgf'm/rad
Frequency of torsional mode > 7.292 Hz
Frequency of breathing mode > 19.480 Hz

Constraint
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59k o] yepwtth HA3t 9 23 74 ot 24
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Table 5. Result of optimization

Part Fr. Rr. Upr. Lwr. D
i Ii‘n V-Reinf. | V-Reinf. | H-Reinf. | H-Reinf. Fr"::
crness Mbr. | Mbr. | Mbr. | Mbr ame
Base 22 22 22 22 22
design
Optimization |, 1.46 1.0 112 1.43
result
Final 18 16 1.0 12 1.6
design
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Fig. 10. Displacement contour of final model
(a) Torsional stiffness (b) Torsional mode
(c) Breathing mode
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