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Abstract

With the goal of ensuring the safety of wheelchair users, this study was conducted using finite
element analysis, focusing on the development of a platform that can be used to evaluate safety during
the design stage. Safety evaluation criteria for wheelchairs used in vehicles are defined in ANSI/RESNA
WC19 and ISO 7176-19. Based on these standards, finite element analysis was performed to assess the
sectional forces of each component of the wheelchair and sensitivity analysis was conducted based on
the specifications. These results were used to derive equivalent composite loads for the wheelchair's
main components, determine the necessary sectional specifications for these main components in the
wheelchair design phase, and investigate the process of safety assessment verification. The study
showed that member forces vary with changes in the cross-sectional values of the wheelchair frame's
main components, with the front and rear lower members, as well as the rear upper and lower members,
requiring the highest cross-sectional values for safety design. This study offers a proactive method for
evaluating safety in the wheelchair design stage, and in future research, we plan to develop a safety
evaluation platform based on these results.
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Figure 1. Flow chart of WTS (wheelchair Transportation safety) evaluation for wheelchair design
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Figure 3. Sled impact pulse(deceleration) and corridor for frontal-impact sled analysis
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Figure 4. Wheelchair and dummy kinematics during sled test analysis
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Table 1. Wheelchair sled analysis results based on injury criteria
FE LA 2y Al 7l whe o] 34 As s A

Requirement Allowable Limit Analysis Results Regulation
Head Injury Criteria (HIC) 1000 396 FMVSS 208
Chest Acceleration(g) 60 52.2
Head Excursion(mm) 650 499
Knee Excursion(mm) 375 267 1S07176-19 & WC19
Wheelchair Excursion(mm) 200 88
Ratio of knee/wheelchair Excursion > 1.1 1.875
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Figure 7. Wheelchair tiedown belt tensile loads
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Table 2. Section forces on members for sled analysis
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Member number 8 9 13 14 15 18 19 20
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(kN) Max. 10376 11.090 10.633 9.482 8.244 17.308 14.219 10.021
Deviation Ratio (%) 17.71 19.38 14.11 10.54 18.24 5.76 15.95 12.63
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Figure 8. Member dimension requirements based on loading conditions
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