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Abstract: The casualty rate of small overlap frontal collision is quite high.In order to reduce this kind of
accident, the C-1ASI 25% overlap impact test has attracted great attention of automobile manufacturers and
consumers.Based on the demerits distribution of a vehicle 25% small overlap frontal impact,the causes of
these demerits are analyzed.Combined with the acceleration curve collected by B-pillars on both sides of the
vehicle body and the motion state of the dummy's head in the full-scale vehicle collision, the change of yaw
angle during the vehicle collision is calculated. After the simulation model of the sled is established, the
acceleration of the dummy's head, chest and pelvis, chest compression and seatbelt force are used to
benchmark the real vehicle to verify the effectiveness of the model. In the optimization process, because there
are many restraint system variables that affect the occupant's injury, the damage source and cost control of
this vehicle are comprehensively considered. Finally, in the sled test, the demerits are effectively eliminated
from three aspects: increasing the diameter of the front airbag vent hole to reduce the head injury, increasing
the seatbelt limit force to reduce the dummy's forward excursion, and delaying the seatbelt pre-tensioning
time to improve the chest viscosity index.
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Table 1. Demerits for Restraints and Dummy Kinematics
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Figure 1. Dummy Kinematics Figure 2. Curve: Dummy Forward Excursion
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Table 2. Dummy Injury
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Figure 3. Curve: Dummy Head Resultant Acceleration
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Figure 4. Curve: Dummy Chest VC
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Table 3. Vehicle Intrusion
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Figure 6. Head X Acceleration Figure 7. Chest X Acceleration
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Figure 8. Chest compression Figure 9. Pelvis X Acceleration
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Table 4. Optimization Scheme
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Table 5. Optimization Result

F+ 5. RILER
B Sk ek HICIS JI6 50 R 4 Ve EONGI (6
(g) (mm) (mm)
AL HT 72.3 503 32.8 0.9 275.3
A= 55.2 376 27.9 0.4 240.6
b3 23.7% 25.2% 14.9% 55.6% 12.6%

5 B4

RICE ST T 3 BUTE 25% /)M B AL b= A SR I BR R 20 B, BT R P AR 1 A TE T Sk 3B AR
K2, IS 70g kA N HE E A 75 Sk B AN B oy P A e g, (R B TR R PR R AR R RIS R TS S . AR E
TEERANHIRME, ot — SRR 75 5 52 T 5 800 IR Fe bR b o

B J o) 10 R ST R Rl SR A T B A T R I8 T N 4 B e e e e e (R R R 7 5, e A A Y B0 4IE 2 B DA
T 75 TR AT BN A T X A P G 8 22 1) PS5 R B AR 2 70,

55 AT T MBS B FIAS [FR A 3 A5 19 6 2 B2 R R, Sl 36 0 2 Ay PR AL B IR 22 Ay TR (]
BK 2 S BMAFL=F 5 R, SkEs A R E A HIC 437 B 23.7%. 25.2%, ERE4E =R VC 4 &M
14.9%. 55.6%, B FIHIE FEIE 12.6%, Ak 5 TG %0 b B ks .

64 INFATS Conference in Beijing, November 16-18, 2023



SE#k (References)

[1] Tan Minggang.Effect of AEB on Head and Neck Injury of Occupant in Small Offset Collision[D].Hunan University,2021
AN Mg B T AEB X 3 51 Sk AR5 1Y) 52 ma F 5 [D]. 1 R K2, 2021,

[2] China China Insurance Automotive Safety Index.https://ciasi.org.cn/upload/files/c1704f7268dc99be2d536b03b4005h03.pdf ,2023.
o [ (R R 4 22 4 5 3 https://ciasi.org.cn/upload/files/c17047268dc99be2d536003b4005b03. pdf ,2023 Jift

[3] Xu Huijie.Vehicle 25% Overlap Frontal Impact Analysis and Restraint System Optimization for Chinese Occupants Dummy[D].Chongging
University,2021.

VPR 7] v [ 3 DAARAIE TR 2258 25% ff Bl 41 77 3 2 20 R R GeffEAL [D]. 3 R K%, 2021.

[4] Liu Huilin.Simulation and Optimization Design of Frontal 25% Vehicle Small Overlap Crash[D].Southwest Jiaotong University,2022.
X VR IE TR 259% /)M B i 07 505 DL A0 BT [D]. 0 B A8 il R 2, 2022,

[5] LiJingji.Safety performance analysis and structural Improvement of an electric vehicle head-on collision[D].North University Of China,2021.
e R BRI IR T R 22 4 1 RE i 5 A5 M SO 7S [D]. Hh b R, 2021,

[6] Cui Yingying, Yi Bengang, Tian Hongsheng, Mao Lizhong, Yan Junfei.A Study of Body Structure Based on 25% Small Offset
Collision[J].Automobile Technology,2021(9):38-43.

FEEE AN, A B 5L E RGBT 25% /M B G (1 4 5 25 K 7T [J]. VR EBER, 2021(9): 38-43.

[7]1 Hao Qi, Cui Hongwei, Liu Zhengwu, Mei Jiawei.Research on the Matching of Restraint System Parameters for Mini Electric Vehicles under
Small Offset Collision[J].Mechanical Science and Technology for Aerospace Engineering,2022.

B, Ao 2 5 R TE A A A AR P ZE /M B REFRE T 290K R G S UK UL BE R 7 [D] M LBR 27 5 H0R, 2022,

[8] Yin Yunlei.Research on 25% Small-Overlap Collision Optimization of Vehicle Based on Traffic Accident[D].Chongging University,2020.
FEERIET A I LR 25% /)M B A (BT 7T [D]. 5 R K 22,2020,

[9] Kim Hee Seok,Yoon Jong Pil.System-level Sled Test Methodology to Optimize Restraints for Small Overlap Front Crash Test[J].International
Journal of Automotive Engineering,Vol.10,N0.1(2019)pp.94-99.

[10] Liu Zhixin, Zhang Yue, Lou Lei, Chen Chao.Prediction on \ehicle Acceleration and Its Application in Frontal Angular Impact Sled
Tests[J].Automotive Safety and Energy, 2013, Vol. 4 No. 3:228-231.

U5, i A, 28 7 IR . 26 B ke 2 T B L R A i & 22000 b R [3] VR 2R 22 4 51 R 2441, 2013, Vol 4 No. 3:228-231.

[11] Xu Xiaoyun.Study on the Sled Crash Method for Offset Deformable Barrier Crash Test by Using Restraint System Simulation
Analysis[D].Chongging Jiaotong University,2014.
trbe s BT AR RGN R B & ZERE A 7R 5T [D]. 3R A8 R 42,2014,

[12] Dai Jianhua.Robust Optimization Design of a Vehicle Frontal Impact Occupant Restraint System[D].Hefei University of Technology,2018.

R e S 22 IR AR AR R GRS LU BeiH[D]. & B Tk K 2,2018.

[13] Chen lJiayi.Simulation Research on Driver's Side Restraint System of a Passenger Car Frontal Impact[D].Liaoning University of
Technology,2019.

Ik 7 . o FH R AE TR 25 sk 53 (0 2 SRR SR K47 T 4L [D]. 1L T ok R 2%, 2019.

[14] HuJ, Reed M P, Rupp J D, et al. Optimizing Seat Belt and Airbag Designs for Rear Seat Occupant Protection in Frontal Crashes[C].61st Stapp
Car Crash Conference. 2017.

[15] Zhang Shizhe.Optimization of \ehicle Restraint Based on Finite Element Model of Drivers Chest in Frontal Impact[D]. Yanshan University,2021.
kAT T D T A A 25 5 A IR TR B IR R A IR R G AL [D]. 36 1L R 2, 2021,

[16] Zhou Jiawei,Wang Ximing,Zhang Sen,Shen Guangyong,Wang Liangping,Zhao Jinli.Research on Influence Factors of Chest Deflection in
Frontal Impact[C].Proceeding of the 14" International Forum of Automotive Traffic Safety,2017,pp488-493.
F%T%.I%%Z,%ﬁ.i}:ﬁ‘c%,I%%ﬂ%mIEEB‘Q%@)\H@%EEE%%W%ﬁ*ﬁﬁ%[q.%ﬂmElilﬁﬂ%$iiiﬁif<%%‘~7ﬁi@

%,2017,488-493.

[17] Zhao Hui, Xu Xiaoyun, Shao Yiming,Wang Zhi.Sled Test Design for ODB Crash Tests by Using Restraint System Simulation
Analysis[J].Automotive Safety and Energy, 2014, Vol. 5 No. 1:52-57.

X R B, £ A T A R R G 47 FLAM T I ODB flid £ I B 1 [I] 1R 4E 2 A 511244, 2014, 3 5 4 5 1 #1:52-57.

INFATS Conference in Beijing, November 16-18, 2023 65



