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Effects of Impact Angle on Head Injury in Six-Year-Old Child
Pedestrian-Car Collision
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Abstract: Objective To explore the influence of child head injury at different impact angles by applying the finite
element model of six-year-old child pedestrian as specified in the European New Car Assessment Programme
(Euro NCAP ). Methods Based on the finite element model of 6-year-old child pedestrian with detailed
anatomical structure as specified by the Euro NCAP ( TB024) , four groups of simulation experiments were set up
to explore the mechanism of head injury at different impact angles. The initial position for head mass center was
on the longitudinal center line of the car. The initial speed of the car was 40 km/h. The car contacted with the
model from the direction of the right (0°), the front (90°), the left (180°) and the back (270°). The kinematics
differences and head impact responses were compared, and injuries of the facial bone and skull were analyzed.
Results Through the analysis on head contact force, acceleration of head mass center, resultant velocity of head
mass center relative to the vehicle, head injury criterion (HIC;) , facial bone fracture and skull stress distribution,
it was found that the risk on head fracture and brain contusion under back impact and front impact was higher than
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that under side impact. The risk of head fracture and brain contusion was the highest under back impact, while

the lowest under side impact. Conclusions Child pedestrian head injury was the largest under back impact. The

results have important application values for the assessment and development of car-pedestrian collision

protection device.
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Fig.1 Finite element model (a) Child pedestrian with standing
posture, (b ) Child pedestrian with walking posture,
(¢) Simplified vehicle model
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Fig.2 Test of car-pedestrian collision at different impact angles
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Fig.3 Car-pedestrian collision at different impact angles

(a) 0° impact, (b) 90° impact, (c)180° impact,
(d) 270° impact
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Tab.1 Head response at different impact angles
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Fig.4 Kinematic response of the head (a) Contact force between head and hood, (b) Acceleration of the head mass center,

(¢) Resultant velocity of head mass center with the vehicle

2.3 EEBEI

ARG, UE A A, (R
BT, B REEA—HE(ULE 5) , 270°F190°
BT R BT R B % T P T, L sl A
B B SLIRRER FE A 4T, )8 T LeFort W48 4T,
H 270° 1A T 04 T L 90° 1E I Al i T B
JUHEE ;00 F 180°RIETE T, H7E WO iy i th BT,
A BT g R, 59 A, R R dE A
JERANTR] 5 4 flf 43 09 Sk A7 B A —FF 23 S
TATUE HE A, 4 T SR,

2.4 MENASH

Kl 6 J& 4 a1 fA T A B K von Mises f
i A, AR B, 180° Wl R A e KR A
(91 MPa) ; 0°,90° K 270° fif & F W J1 43 % N
74 .80 .83 MPa, 0°.90° 180° K 270° fif {& F i/
ﬁ%ﬁiﬁw‘z%%ﬂﬁ?Wmmﬂ%iﬁ?%fﬁn]ﬁ
WAL | B E R L AC TR T TR 4% AL | RL
B BRT 90° Rl T 3k fe KN 1A J2& H BLAE fi
B B4R T A A1 HoAth 3 bRl 4R R R ) BAE R Y
B AL,



EigE,%. 6 $ILEIT N-REE P AE f B LA R G RS0
LI Haiyan, et al. Effects of Impact Angle on Head Injury in Six-Year-Old Child Pedestrian-Car Collision 357

(a) O°HlEH
Es5 AEAERETEESESNERL

(b) 90°Fl4#

(c) 180°REH (d) 270°RE

Fig.5 Fracture of facial bones at different impact angles (a) 0° impact, (b) 90° impact, (c¢)180° impact, (d) 270° impact
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Fig.6 Maximum stress distributions of the skull at different impact angles (a) 0° impact, (b) 90° impact, (c)180°

impact, (d) 270° impact
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