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Optimization of windshield model based on pedestrian
protection
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Abstract: This paper had carried on the comprehensive analysis and studied to provide reference for the
pedestrian protection research through numerical simulation, experimental research and optimization design, to
achieve the purpose of protecting pedestrians. Through the tests, the windshield crack propagation map and
acceleration time history curve were obtained, and the accuracy of the simulation model was verified. The
windshield was optimized based on the index of head injury. The results indicate that the HIC value decreased
by 12.2% to optimize the parameters of windshield glass material. On the basis of material selection, with no
significant change in the total thickness of the windshield, the HIC value decreased by 26.38%, improved the
protection performance of the windshield on the pedestrian head.
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Figure 1. Adult head impactor
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Figure 2. Acceleration time history curves of model and test
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Figure 3. Acceleration time history curves of test and simulation at the same collision speed
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Figure 4. Wayne tolerance curve
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Table 1. Initial value and range of design parameters
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Figure 5. Approximate model of glass layer shear modulus M1 and glass layer tensile strength M2
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Figure 6. Approximate model of PVB layer Young's modulus A M3 and PVB layer Young's modulus B M4
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Table 2. Initial value and range of design parameters

%2 Wit MARERER

wWitZ5 FEBEEE (mm)  TFEEEERE (mm)  PVBEE (mm)

iR & T1 T2 T3
EILGE2~ 2 2 0.76
WG 1~-3 1~3 0.5~2

276 INFATS Conference in Chongging, November 15-16, 2018



BRI BT TR A O TR SR B A 1A A RS 2000 A, AR A B2l E S 3T BRI DU
HERR ) SN BB R (R o SR SR D0 TR L5 B vh i, AR Bt A8 Rk i BBy 16 WG, iR I8 i B 45
bR HIC L R A BE LR, RS BARSH S WK 3.

Table 3. Experimental design and results of optimal Latin Hypercube

&3 RAATBUSHERHTHTRRER

REmE  TL (mmd T2 (mm) T3 (mm) T0 (mm) HIC
1 3.40 1.20 2.07 6.67 466.809
2 3.80 3.40 113 8.33 560.494
3 1.80 3.60 3.00 8.40 462.781
4 2.80 2.20 2.81 7.81 494,531
5 2.00 1.00 1.69 4.69 423,833
6 4,00 2.60 2.25 8.85 668.286
7 1.20 3.20 1.88 6.28 399.425
8 1.00 1.80 0.95 3.75 356.484
9 1.40 2.00 2.63 6.03 442.463
10 1.60 3.00 0.57 5.17 394.961
1 2.60 2.40 151 6.51 578.097
12 3.60 1.60 0.76 5.96 527.939
13 2.20 1.40 0.40 3.99 436.538
14 2.40 4,00 1.32 7.72 563.085
15 3.20 3.80 2.44 9.44 493.438
16 3.40 1.20 2.07 6.67 466.809
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Figure 7. HIC responds to an approximate model of the thickness of the upper glass T1 and the thickness of the underlying glass T2
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Figure 8. TO responds to an approximate model of the thickness of the upper glass T1 and PVB layer T3
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Figure 9. HIC responds to an approximate model of the thickness of the upper glass T1 and the thickness of the underlying glass T2
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Figure 10. TO responds to an approximate model of the thickness of the upper glass T1 and PVB layer T3
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Figure 11. HIC responds to an approximate model of the thickness of the upper glass T1 and the thickness of the underlying glass T2
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Figure 12. TO responds to an approximate model of the thickness of the upper glass T1 and PVB layer T3
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Figure 13. Optimal iterative process curve of approximate model of neural network
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Figure 14. Optimal iterative process curve of approximate model of Chebyshev
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Figure 15. Optimal iterative process curve of approximate model of Kriging
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Table 4. Typical feasible solution and optimal solution of multi Island genetic algorithm

® 4 SHFEEEADTTRERMAE

EAAER TL (mm) T2 (mm) T3 (mm) TO0 (mm) HIC
RBF 1.7006 2.0353 0.9885 4.6010 430.61
Chebyshev 1.2477 1.5716 1.9665 4.8408 428.44
Kriging 2.0932 1.3146 1.6619 4.9138 444,40
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Table 5. Optimal solution parameters of MIGA and ASA under constraints

£ 5 MIGA 5 ASA EAREH TRILESH

PRACIE AT T T2 T3 HIC MR BRZE (%)
MIGA-RBF 1.70 2.04 0.99 42611 1.05
MIGA-CHE 1.25 1.57 1.97 413.84 3.41
MIGA-KRI 2.10 1.32 1.67 451.15 1.52
ASA-RBF 1.54 1.75 1.39 391.05 7.42
ASA-CHE 1.86 1.03 1.80 403.18 3.52
ASA-KRI 1.95 1.02 1.99 44050 3.16

AR R AT A T I AR B3R 25 AN R T 15% . 3@ I it = PR AR Ak 1 H AT BRAF R, RBF 5
LRI FRR 2N 4.235%, Chebyshev 7732 A XT i 24 3.465%, Kriging J7 UM XT iR 24 2.34% . =T Bl
RY ) PR X R 25 AR iz /N F- 15%,  H = /NI AR (RS B /0N s o BRI AUASE Y > 1) bL 25 J i AL 7R > e 2 o)
TR LGB X bl 6 ZH s e, B 290 e IO Wt 7 208 L Z B3 SR B R 1.54mm, R 2 B85 8 1.75mm,
PVB JEE N 1.39mm, f#if5:kE415 HIC {H 41K 26.38%.
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BH, BT REIBIEAT NSRRI M RE,  FEXT BB R M RE AT T R4k .

AR 35 1) A %6 RS B B HEAT Ak, I DU AR 0 45 SR 5405 45 RAH 2 1.3%, 17 A\ SkEB it HIC [%
KT 12.2%. 43R FHET 2 S 5k S B & N LB K FE X R4 Jm A Bk =Rl U A 348, 76
AN 2 R A B A SR A b, (RS Sk R 5 F b HIC {EFAK T 26.38%.
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