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Characterisation of Crash Behavior and Injury for Wheelchair User in
Train during Accidental Collision
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Crash analyses was carried out to characterize crash behavior and injury of a wheelchair user in a train during collision
based on SAFETRAIN PROJECT and AV/ST 9001, train safety regulations. There is no restraint system such as seat belt
or air-bag in train, a wheelchair user is normally injured by bumping against wall. Crash behavior and injury of a wheelchair
user was evaluated with respect to the distance (D,,) of the wheelchair from the wall and the wall foam thickness (tg).
Additional crash analysis for a wheelchair user with seat belt was also performed in order to check the significance of the
seat belt effect during crash.
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Fig. 2 FE Model with Sled and wall structure

Table 1 Mechanical properties

Materials SAPH440 Polyurethane
Young’s modulus [MPa] 210x10° 4.16
Poisson’s ratio 0.3 -
Density [kg/m?] 7850 101
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Fig. 3 Deceleration vs time plot from SAFETRAIN PROJECT &
AV/ST9001
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Table 2 Results according to distance
Dy [m] Limit* 0.5 1.5 2 4
HIC [s] <500 50393 64109 35247 68167
Head peak acc. [g] <80 792 1027 1332 1437

Neck extension

bending moment [Nm] <57 543 605 410 1238

Thorax compression <50 14 25 29 15

[mm]
Left
Femur compression 14.8 12.2 13.5 15.6
<7.58
force [kN] Right
16.1 16.5 19.0 18.4
*SAFETRAIN & AV/ST9001

Table 3 Results according to foam thickness

tr [mm] 10 50 100 200
HIC [s] 165502 58843 5549 53487
Head peak acc. [g] 1318 747 530 817

Neck extension

bending moment [Nm] 173 251 238 214.9

Thorax compression

35 52 2.7 37
[mm]
Left
Femur 12.8 8.3 10.0 5.7
compression force Rish
[KN] et
14.9 113 8.6 6.7

Fig. 4 Dummy behavior of when D,, is 0.5 m : (a) 50 ms, (b) 100
ms, (¢) 150 ms, and (d) 200 ms
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Fig. 5 Head acceleration vs time plot according to #»
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Fig. 6 Dummy’s head behavior when D,, is 2 m, tr is 100 mm : (a)
the first collision with wall of foam, (b) thrown back by the
wall of foam
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Table 4 Results of using 3point seat belt

oo D,:2m
Criteria £+ 100 mm

HIC [s] 31

Head peak acceleration [g] 16.5

Neck extension bending 8.4
moment [Nm] ’
Thorax compression [mm] 45

Left

Femur compression 1.42

force [kN] Right

1.37
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