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The Safety Assessment of Wheelchair Occupants in Road Passenger
Vehicles with the Frontal Crash: a Computer Simulation
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Abstract

With increasing need of transportation services for people with disabilities and the aged, wheelchairs
are used as their assistive devices to participate in daily and recreational activities and as seats of
motor vehicle. However, as wheelchairs are primarily designed for mobility assistive devices, not for
vehicle seats, wheelchair users may experience serious injury when they meet car crashes. To date,
neither engineering guidance for a wheelchair mounting system on the vehicle floor nor safety
assessment analysis by a car crash has been studied for the domestic users. In this paper, in
accordance with the ANSIRESNA WC-19, a fixed vehicle mounted wheelchair occupant restraint
system (FWORS), wheelchair integrated restraint system (WIRS), and wheelchair integrated x-bend
restraint system (WIXRS) subjected to frontal impact (20 g, 48 km/h) were analyzed using computer
simulations for domestic users. We present surrogate wheelchair occupant safety by head injury criteria
(HIC), motion criteria (MC), and combined injury criteria (CIC).
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Table 1 Injury and kinematic motion criteria®®

Parameter Name Variable Ali?:?t:le Reference
H%ardi t'e”rji”;y HIC 1000, 36 ms
Chest v FUVSS
. Cehest 60 g
Acceleration
FM:"Xe';" Mes 190 N
Axial 3.22 kN, O ms
N Tension Fiens 2.90 kN, 35 ms
e 1.10 kN, 45 ms
- GM~ ARV
c Axial F 4.00 kN, O ms
K | Compression come 1.10 kN, 30 ms
3.10 kN, O ms
Fc;rheeaift Fpear 1.50 kN, 25 ms
1.10 kN, 45 ms
Head Excursion Ercpoa 650 mm
Keen Excursion Excpnee 375 mm
; SAE J2249
Wheelch_alr Fic,, 200 mm
Excursion
wc{Keen | Bree / Ercinee < 1.1
Excursion Ratio
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Table 2 Results of injury and kinematic motion criteria
WIRS WIXRS

OLBR FWORS

Parameter Name Allowable Limit

case_2 |case_1|case_2

case_3 |Ref(3) |case_1|case_2|case_3|Ref(3) | case.1| case_2 | case_3

Head Injury Criteria 1000, 36 ms | 201.3 |615.0| 49.7 | 40.9 |446.7273.8{ 57.8 | 40.7 {257.3|239.2 | 56.9 52.8
Chest Acceleration 60 g 258 | 37.8]30.5|27.41485|54.3(43.3{31.8|50.0} 55.1 40.9 | 35.5
Flexion Moment 190 Nm 180.9 [147.5| 86.1 1 70.0 | 58.0 | 158.0|110.0| 85.7 | 83.0 | 142.8 924 | 85.7

Axial Tension

3.22 kN, Oms | 1.76 | 0.67 | 0.36

0.33|1.76|0.57 | 0.58 |0.29 | 2.89 | 1.37 1.25 | 0.85

Neck Axial

Compression

4.00 kN, Oms | 1.28 | 0.75| 0.60

0.2910.09|1.39|1.07|0.68|0.93} 1.98 | 1.27 | 0.53

Fore-aft Shear

3.10kN, Oms { 2.58 | 2.11| 1.23

1.00| 11612251157 |1.23|1.43| 204 | 1.32 | 1.23

Head Excursion 650 mn | 657.0 |305.5|244 4] 245.9(300.9 | 342.4|248.4 | 255.0 | 543.6 | 236.6 | 200.1 | 177.0
Keen Excursion 375 m 54.8 | 114.2]103.31101.6|208.3{105.2| 70.7 | 69.5 |256.5| 122.4 | 92.0 | 91.6
#heelchair 200 mm 24.1 132.0129.9|27.5(83.8|45.4,35.5|32.9/160.0| 56.5 | 50.0 | 47.3

Excursion
WC/Keegaf’i‘gu’sm” <11 0.44 |0.28|0.29|0.27]0.40 | 0.43|0.50 | 0.47 | 0.62 | 0.46 | 0.54 | 0.52
Motion Criteria <1.0 042 | 0.29|0.271026|0.45]0.35|0.30[0.29|0.72{ 0.35 | 0.32 | 0.31
°°g‘?}’t‘:‘r’i;’”“fy < 1.0 050 |0.6910.28|024|0.61|0621040|020]062|0865]041|0.3
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