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Optimal design of school bus intelligent airbags for enhanced safety of

middle-sized children

HONG Liang, CHEN Zhihao, LIU Peng
(School of Automotive and Traffic Engineering, Jiangsu University, Zhenjiang Jiangsu 212013, China)

Abstract; In order to mitigate biomechanical injuries sustained by middle-sized children during frontal
collisions of school buses, this study investigated the optimal design of intelligent airbags. Initially, a
validated school bus simulation model was constructed based on sled test data. Subsequently, methods for
determining head, thorax, and femur injury values for a 10-year-old THUMS dummy were established,
and the model, including the school bus restraint system, THUMS dummy and intelligent airbag, was
developed. Next, based on NSGA-III, the adaptive propagation factors were proposed, the Gaussian
mutation operator and the evolutionary mechanism of the particle swarm optimization method were
introduced, and the non-dominated sorting level was improved, thus putting forward the improved NSGA-

II. Finally, the design optimization of the intelligent airbag was conducted using the improved NSGA-III
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to determine the optimal configuration of the airbag. The results demonsirate that the improved NSGA-III
outperforms the other three state-of-the-art optimization algorithms. Under normal, 10° forward tilt, 20°
forward tilt, 5° right tilt, 10° right tilt and lying sitting postures, the head injury criterion ( HIC5),
intracranial pressure (IP), liver pressure (LP), left and right femur forces (F, and Fy, respectively) ,
and weighted injury criterion ( WICC) for middle-sized children are significantly reduced when the
proportional coefficient of the gas mass-flow rate of the inflation valve, the opening pressure and opening

coefficient of the deflation valves, and the installation height of the air bag are set at 1. 23, 1. 37x10° Pa,

2.10, and 478 mm, respectively.

Keywords: middle-sized children; school bus;
human model for safety ( THUMS ) dummy;
algorithm-IIT( NSGA-IIT)
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Fig.1 Comparison of dummy motion postures
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Fig.2 Comparison of dummy injury response

curves between test and simulation
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Fig.4 Air bag deflation unit
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Fig. 6 Iteration figure of improved NSGA-III
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Table 2 Initial and optimal values of parameters
S L GHE AUH
X 1.0 1.23
x,/Pa 1.50x10° 1.37%x10°
Xy 1.00 2.10
x,/mm 460 478

®3 6 MARTHESHILELA MESBERG ISR

Table 3 Injury criteria of head, thorax and femurs of middle-sized children under six sitting postures

JLEE AR S HIC IP/kPa THPC/mm LP/kPa F,/N F./N WICC
NP (R T4) 807. 38 372.9 2. 81 198.0 474. 55 477. 68 1.3881
NP (fEALHT) 157.29 138.5 5.54 162.2 428. 87 436. 85 0. 4976
NP (Hfb)R) 51.19 90.5 1.70 132.7 379.27 390. 65 0.2997
AL 1/ % -93. 66 -75.73 -39. 50 -32.98 -20. 08 -18.22 -78. 41
AEALER 2/ % -67. 46 -34. 66 -69. 31 -18.19 -11.57 -10. 58 -39.77
FP1O(JR T4) 754.25 293.9 1.04 151.6 459.92 462. 98 1.1717
FP10(fLfbRT) 75. 88 144. 1 3. 60 125.8 420. 11 414.50 0. 4140
FP1O(fL)) 26. 18 108.7 4.95 122. 4 377.51 368. 91 0.3196

AR 1/ % -96. 53 -63.01 +375. 96 -19.26 -17.92 -20.32 -72.72

AR 2/ % -65. 50 -24.57 +37.50 -2.70 -10. 14 -11.00 -22. 80
FP20(JE{ T HL) 501. 12 242.2 2.85 230. 4 442.75 450. 52 0. 9633
FP20(ALRT) 30. 17 129.7 10. 87 135.5 406. 12 401. 47 0.3939
FP20(flifb)E) 14. 49 90.5 11.28 101. 8 356. 12 358. 81 0.2918
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JLEE AR HIC IP/kPa THPC/mm LP/kPa F./N F./N WICC
AE 1/ % -97.11 -62. 63 +295.79 -55.82 -19.57 -20. 36 -69.71
AR 2/ % -51.97 -30.22 +3.77 -24.87 -12.31 -10. 63 -25.92
RP5(JE T.#4%) 477.99 326.8 1.34 140.9 467.74 451.71 1.0228
RP5 (fALHIT) 198. 01 158.2 6.22 148.6 412. 64 422.29 0. 5542
RP5(fifb)5) 69. 24 107.3 0.67 137.5 367. 68 371. 49 0. 3408
AR 1/ % -85.51 -67.17 -50. 00 -2.41 -21.39 -17.76 -66. 68
AR 2/ % -65.03 -32.17 -89.23 -7.47 -10. 90 -12.03 -38.51
RP10O(JHTHL) 450.91 327.8 2.37 324.7 492. 61 424.51 1.1412
RP10(EATT) 138.79 154. 6 4.19 147.5 430. 15 408. 95 0. 4958
RP10O(fEAL)E) 36. 53 94.3 0 136.5 386.71 369. 90 0.2911
AR 1/ % -91.90 -71.23 -100. 00 -57.96 -21.50 -12.86 -74.49
AR 2/ % -73.68 -39.00 -100. 00 -7.46 -10.10 -9.55 -41.29
SP(JRTHL) 598. 67 291. 4 0 166. 5 413. 41 427.02 1. 0609
SP (fLAkHT) 167.28 128.3 7.78 184. 8 389. 80 397.52 0.5123
SP(fiEAb)E) 97.08 97.0 2.08 110.0 349. 45 350. 20 0.3292
AR 1/ % -83.78 -66.71 N/A -33.93 -15.47 -17.99 -68.97
AR 2/ % -41.97 -24. 40 -73.26 -40. 48 -10.35 -11.90 -35.74
2 3 WA b T AR R e Ry R T 1.69
A A YEDR AL, T B JLEERY HIC,; IP 1P . exp[(z 4o+ 200 j 0,008 83HIC15}
F F WICC ¥ 1 2 FEAIG, 3R W18 B 28 1 DR3P &L 15
SEA ., NP FP10.FP20,RP5 . RP10 4 SP iX 6 Ff (12)
AR AR L T BR AR P8 15 4 B b L Y P.(AIS 2 2) = 0.007 7F, (13)
HIC,, 9 T B i 5 2% 9 A 67.46% ., 65.50% . Py(AIS = 2) = 0.007 7Fy (14)

51.97% .65.03% .73.68% 5 41.97% ;1P 1) T P& I
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