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Influence of the seatbelt on passenger injury during bus rollover
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Abstract: Finite element models about bus rollover and passenger restraint system were created according
to ECE R66 requirements. Simulation and experimental study on the rollover test for bus and the dynamic
test for bus seats were performed. The good agreement between the simulation results and the experimental
data proves the accuracy of the finite element models used in the rollover simulation study. 4 Hybrid III
50% dummies were placed at the structurally weakest body section of the bus. And the injury risk of
dummies with three different passenger restraint systems(no seatbelt, two-point seatbelt and three-point
seatbelt) was respectively evaluated during bus rollover. Simulation results illustrate that the dummies with
no seatbelt protection suffer great risk of head and neck injury. Two and three point safety belts provide
somewhat similar protection of neck and chest for all the dummies. Most of the dummy heads are well
protected by two-point seatbelts except the one that is placed in the outboard seating position on the struck
side of the bus.
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Fig.1 Residual space (Unit of measurement distance: mm)
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Fig.2 Test and simulation results of bus rollover
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Table 1 The distance from side wall pillar to

the top edge of residual space

VHEFS A B C D E F

LR 286.0 267.0 264.0 240.0 237.0 223.0

A H 284.1 258.8 245.2 229.6 230.4 211.0
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Fig.3 Position of dummies in the bus
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Fig.4 Model of the dummies with two-point seatbelt
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Fig.5 Dynamic test of bus seats
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Fig.6 Dynamic test of bus seats
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Fig.7 Sequential pictures of bus rollover simulation
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HIC, ¥ #1000 M, RASLIRIGE M, BT #F & A Rl 18 , S8 F5 8 ) 0] 7 25 36 5 BE 25 Al 43 0] 5 38 1 ML,
BN Sk T 4 35 (B2 HICs, BRAE Y 8.5 F% . 2 s 24 v LU W A REAR M, (M, RN Sk 3805 (8 1 T M,
AT M, BN S8 & A w4 L A 45 M, B HIC,, {8t o4& 2l 2 SR i 1.7 A%, 3 s X% iy T LUA &L
R AT AR N 1 Sk 0 460 405 XU
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Table 2 HIC; values for dummies

BA P 2 % e 3 e

e HIC,; t/s HIC,; t/s HICy; t/s
M, 1019 1.323 2 717 1.397 63 1.334
M, 2 404 1.364 888 1.397 56 1.362
M, 1 305 1.389 66 1.371 67 1.362
M, 8523 1.459 83 1.426 63 1.362

3.2 FEHBESN
3 A A A T RN S B S8 N, B RS UL T3 3. J0 2 Al 24 SR, B 2 Al 48 0] 30 14 {1
N SR A LA e ML, BN SRR N (L AR 32 BRI . 2 5 U 3 i a2 42l B A 2%
I8 AR 3T 3 SR 401 45 KU EL 220 AN K
x3 BATBMBHTNSH NI E

Table 3 N;; for dummies

A o 4 2 | A 3\ Al

b= N, /s N, /s N, /s
M, 0.34 1.368 0.29 1.401 0.16 1.350
M, 0.73 1.366 0.17 1.413 0.28 1.363
M; 0.90 1.394 0.18 1.422 0.23 1.383
M, 2.64 1.462 0.21 1.444 0.28 1.377

3.3 KEHmG o0
3SAMARZMTHAMT 3 ms ERUNEEMA, MFE 4 Fin., BATE 3 MARZMT HHBE 3 ms &L
TN A /NT 60 g0 M, R ANFETC %2 AR B DL BB 3 ms & OIE EERE K., 52 A%
AL 3 25 22 4 A REATG 3R B3 e 3505 453 405 T T A5 SR WG 22 L 3K 2t T B 0 28 e X IR B R 24 51 i 1Y .
£4 BAME3 ms &R EEE

Table 4 The resultant acceleration of chest for dummies

(CIN T4 2 MR E Al 3 MR & e

F5 A./g t/s A/g t/s A/g t/s
M, 24 1.377 11 1.333 15 1.341
M, 34 1.364 16 1.411 19 1.341
M; 27 1.389 16 1.392 31 1.360

M, 54 1.459 18 1.384 25 1.360
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