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Optimal Design of Pedestrian Head Protection for Polypropylene Composite
Material Engine Hood
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Abstract: In order to study the protection performance of vehicle engine hood to pedesirian head when
vehicle collides with pedestrian and reduce the injury degree of pedestrian in vehicle/passenger accidents,
the FE model of a pedestrian head impactor collides engine hood is established to analyze the head protection
performance when pedestrian head impactor collides the same structures of polypropylene composite and steel
engine hoods, compare the absorption characteristics of engine hoods that made of different materials, and
discuss the main influencing factors of engine hood on the head HIC value. The orthogonal test of 3 factors
and 2 levels is designed, the simulation calculation and analysis of the test is carried out in turn by LS-
DYNA, the influencing sequence of the influencing factors on the head HIC value is determined, and the
structural parameters of the composite material engine hood are optimized. In order to reduce the relative
acceleration value of head impact damage caused by composite engine hood and increase its energy absorption

characteristics, the local structural optimization design of fender is carried out. The result shows that (1)
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after local optimization, the hinge structure can keep the collision area away from the hinge edge area of

engine hood where pedestrian head collides most intensely with fender tip; (2) weakening the vertical sharp

angle of the fender side can play a certain role in energy absorption and protect pedestrians; (3) the quality

of the long glass fiber reinforced polypropylene composite engine hood is 51.5% lower than that of the

original hood, which is more conducive to satisfy the lightweight requirements of the vehicle body and

increase the vehicle fuel economy. The static stiffness of the long glass fiber reinforced polypropylene

composite engine hood is analyzed, the torsion stiffness is increased, the bending stiffness and the lateral

bending values vary within 10% and meet the design requirements.

Key words: automobile engineering; composite material; collision simulation; engine hood; pedestrian

protection
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Tab.1 FE model parameters of automobile front
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Tab.2 Parameters of head shock device for children and adults

Sy} Jii/ kg J R JEEE/ mm HNER E A%/ mm
JLE#E 3.5+0.07 14 £0.5 165 + 1
TN 4.8 0.1 14 £0.5 165 £ 1
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Fig.2 Head acceleration curves of simulation test and

real verification
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Fig.3 Dangerous collision points of engine hood
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Tab.3 Material parameters of engine hood

RS WE S Je AR5 BE /- BT e/
1R (kg+m™3)  GPa ALY MPa MPa
B180HI1 7850 210.0 0.30 230 315.3
PP +50%LGF 1310 12.8 0. 49 122 134.5
PP +30%LGF 1120 8.6 0. 47 108 122.1
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Fig. 4 Static stiffness of engine hood
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Fig. 5 Relationship between HIC value and pedestrian
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Tab. 4 Mechanical properties of glass fabric materials

with different proportions

BEFaR/% W/ (kg-m?)  EMRA/MPa  SYIHER/GPa
20 1 040 105 4 300
30 1120 108 5 500
35 1 180 110 6 500
40 1220 120 7 200
50 1 320 122 9 500




54

WEEE, AF. RNGE ARSI HLE ST A SR o e et 155

T RIS B B LT 52T 4 (LGF) &5
X HIC fE AW, el A AR 2 AR 5 AL,
A LOF SEFE LU R LS HIC (HIARAE, 4521
x5,

®5 HAGEX HIC EHIZM

Tab. 5 Influence of glass fiber content on HIC value
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Tab. 6 Relationship of distance between engine hood and

front cabin component with HIC value
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Fig. 7 Distance between engine hood and front

cabin component
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Tab.9 HIC values of dangerous points of impactor W, WA S AR R T4, W E 1L,
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M5 A1 A2 A3 A4 C1 €2 €3 C4  CS Tab. 10 Range analysis result
1 863 1793 852 862 425 895 98 965 1027 [
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4 788 1854 754 741 391 640 754 902 976 Ko Ko R Ky Kp R Ko Ko Re
— y — et m gt s A-1 813 83 50 900 775 125 826 850 24
R I 22 53 B0 7 35 0 1E S B 2 R AT 53 AT o A-21903 1744 159 1714 1934 220 1823 1824 1
BRI AR 22 RO - A-3 810 798 12 847 762 85 803 805 2
R, = max{K;| - min{K,}, (2) A-4 890 768 122 88 829 1 802 856 54
K K, 056 j SR R BUKF- i C-1 393 442 49 459 376 83 408 426 18
S, AR, TN R ZAKOSE X HIC C-2 825 663 162 790 697 93 768 720 48
{Eﬁﬁﬁ?ﬁﬂﬁ@j{o %—%’ éj\%ljifﬁﬂj A, B, C3 /l\ C-31019 825 194 941 903 38 870 974 104
N . \ C-4 915 900 15 931 884 47 934 881 53
%E%/IVJ@FT%*E%g%DL %Eﬁﬁ%ﬁ%ﬂj% C-51076 934 142 960 1050 90 1002 1009 7
HRBELCFME, LA K, K, K, ®&EH[HAE
11 fEERaRLREFR
Tab. 11 Optimization scheme of dangerous points
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Fig. 8 Acceleration curves of composite materials and

low carbon steel engine hood
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Fig. 9 Comparison of accelerations before and

after optimization
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Tab. 13 Result of static stiffness analysis
" 5 W g RS Eilkzal)Es o
Rl 1A/ Hz
NUE{F/(N'mm’I) AT/ mm IXJIJE/(N-mm’]) AR/ mm WIE/[N-+m - (0)’]] AR A/ mm
JEAGE Y 307.2 0. 651 59.2 3.378 143. 4 8. 166 46. 1
PP - LGF30 238.1 0. 843 53.76 3.724 105.3 10. 855 50.3
PP - LGF50 263. 4 0.734 54.8 3.658 112.7 9.35 48.2
4 g BTk
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