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Abstract

According to the requirements of the 2021 version of C-NCAP, a 50FRB test of New Energy car
was carried out. The injury curve of the driver’s dummy was extracted through the 50FRB test,
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and the results showed that the Tibia injury of the dummy exceeded the standard. To solve this
problem, Hyperworks and Primer software were used to build the finite element model of the
vehicle constraint system. LS-DYNA is used to display the nonlinear dynamics solver, and the finite
element results are benchmarked with the experimental results. Based on the qualified finite
element model and the analysis results, selecting optimization parameters of the vehicle con-
straint system. The four parameters of seat belt limit, seat belt ignition time, friction coefficient
between dummy and seat foam, and friction coefficient between dummy and carpet were opti-
mized by orthogonal experimental design to explore the optimal design scheme. According to
the optimized results, the optimized tibia index of driver dummy decreased by 29.63%, the tibia
FZ decreased by 31.75%.
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Figure 1. Constrained system LS-DYNA finite element model
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Figure 2. Acceleration waveform under column B
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Figure 3. Unfolded airbag
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Figure 4. Airbag system
4. RESRARGL

2.3. BARM

LI RGN AR NIEEY (1 22 O B I AERA 5 75, Ve A5 R B RS B2 5 0 BT E B 8 SRR M o AR AT 2021
fix C-NCAP 3 1PN IR 5 1 4R 6 0 e N0 H A1 XYZ ABFRE 7 508 1369.75, —390, —317.7; ‘&
AN 2167 TEHATALERER, A E 25 R A =, U ESHE A AT IR AL . @
it g7 *BOUNDARY PRESCRIBED MOTION RIGID 1B AN Z 18] 5@ Ar 8% 48T, nak dh 2k
MR 8], AL, SRR RE R BN B ) BE 50 mm JREAR A I AR T (1 0 s 45 Sl it Hyperview
HATEE, TS H 2 H solver deck 5 H AR T J5 1A X 6 S 5 e e 1] B PN A BTG 7], TR 56 Fi )
R R R 1 5 TR

DOI: 10.12677/mos.2023.124379 4163 R ()


https://doi.org/10.12677/mos.2023.124379

Figure 5. Compressed foam of seat
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Figure 6. Timing diagram of dummy collision

6. R ARERTFE

DOI: 10.12677/mos.2023.124379 4164 R ()


https://doi.org/10.12677/mos.2023.124379

4
N

>
4

3.1. ARAGRIER FXHR

i LB B R 0A 7 B F2, il Hyperview #77F D3PLOT S, BEE LR RS KBl .
K 05 H A 5B BB WO . Wl 6 Fras, LR ARG Hahim 5 i sk R 4E 20 ms, 50 ms, 80 ms,
110 ms, FEARW o %R REAR I 7 961 R R AT -
3.2. BAGEZEIHR

THELAUG 1T Binout SCIFFRHUE 25 A5 #h 2 FEAT 8 S, KPR 5 106 fh 2R HEAT X bR . 0
PREGRUPE 7 2 12 P, Hort CAE J9 A BRITA BB AT 3 45 R il 26, TEST Jyfilf ik 36 i A 473 3 26
2 xR, KIURASKEBE N, B A& O, R AR A AR 4 7 (0 3t 2 5 K 2k
By & H AR, R B RUCR BT -

80

0l e, CAE

60

50

40-

Head Resultant Ar (g)

-10 - - : . : .
0 15 30 45 60 75 90 105 120
Time (ms)
Figure 7. Injury curve of head resultant acceleration
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Figure 8. Injury curve of chest resultant acceleartion
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Figure 9. Injury curve of tibia left upper index
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Figure 10. Injury curve of tibia left upper FZ
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Figure 11. Injury curve of femur left tention FZ
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Figure 12. Injury curve of tibia right upper Mx
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A 2 R AR G ARl BT RN A 55 I 2R TR A AN 11, 3 75 BEARAE 2021 iR C-NCAP Xf E BB A K+
A E AT YRS . 2021 it CNCAP A7 T 2018 Jit CNACP BN 4% 5 3F 0 HE G Bk, 4 dnfe
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Table 1. Comparison table of dummy injury scores
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fatr I {E PiFdE HPERE(E &Pk REAEL AfE
HIC15 153.99 163.92 500 700 95.11%
H3MS/g 37.08 42.64 72 80 86.97%
ChestD/mm 38.72 40.53 22 50 95.33%
VC nvs 0.27 0.31 0.5 1 87.10%
Femur 0.50 0.58 2.7 33 86.21%
Tibia Index 0.84 0.81 0.4 13 96.42%
Tibia FZ /KN 4.43 4.22 2 8 95.26%
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N0 5 AV E B . RS U B8 LU, TR A0 A1 B 22 (W) AN BRI A 2 L2052, P AR RE I
A B DA 3R BEAT PR 107 o 5 im0 ) 22 4717 BR 77 AEL P CAEREARE 5 A= B R LY/ 25 s BN R T RS sh KA A%
(B A R BR 0 A8t 2 32 P BN B s s 4 B RO B2 v o 2505 5 BB % T 22 4y UK IS ), 22 4l IR 1
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Table 2. Table of design parameters
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PSS K1 K2 K3

242 R KN 8] (ms) 11 13 15

24 R JIMEKN) 6 7 8

BN B PR R B 0.2 0.3 0.4
N P R R B 2R 8 0.1 0.2 0.3

U SR BEAT A A 75 EEHEAT 81 Yl A R LG 4 A H RORAE B KRN ) 5 B RIEA SR
I L9.3.4 IEAZ IR YeiT 2R, MICA T EHAT 9 k[11], BB 3 Pos.

Table 3. Design table of orthogonal experimental
3. EXRWRITER

R T = A B C D Tibia Index Tibia FZ
1 1 1 1 1 0.93 4.48
2 1 2 3 2 0.68 3.22
3 1 3 2 3 0.66 2.98
4 2 1 3 3 0.74 3.79
5 2 2 2 1 0.64 2.89
6 2 3 1 2 0.66 2.87
7 3 1 2 2 0.83 3.99
8 3 2 1 3 0.73 3.13
9 3 3 3 1 0.70 2.99

XFRW 9 HB T RIAT RIS, R ERECR/NR 46 1 BN Ffebn it AT 4iih, X3 3 Wiz
A RAATIRE 30T, WM R 4 Fos.

WRIEALZE AT ST A, X/ MR EGE I R R DTk 2 B> A > C>D, KA N A2B3C3D3 iX—
Wty o ZRTT T SRR A RUKITA] 13 ms, AR A 8 KN, RAL BRI ZECH 03,
N SHBEE I BERE R BN 0.3 K% T7 08 F LS-DYNA BAF#HATIE L, Ak 5 s S48 Sxt b i 5 fis.
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Table 4. Table of range analysis
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9 B I K [ ZE R IIE BN 5 Ay A R 2R 4 RN B BE AR 22 50

K1 227 25 2.32 227
K2 2.04 2.05 2.13 2.17
K3 226 2.02 2.12 2.13
k1 0.76 0.8 0.77 0.76
K2 0.68 0.68 0.71 0.72
K3 0.75 0.67 0.70 0.71

W7 1E 0.08 0.13 0.07 0.05

A& 2 3 3 3

Table 5. Comparison table of optimization

=5 GEMHETEE

ECEZ Ptk AR R4l
HICI5 163.92 156.01 4.83%
vC 0.27 0.21 22.22%
ChestD 40.53 38.24 5.65%
Tibia index 0.81 0.57 29.63%
Tibia FZ 4.22 2.88 31.75%
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AR SR X BT IR TR AR o R 3 B A R AR R, R BROT VA BEAT L,
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LA LK E], RN S (R B AR A, BN A R TR IR BE R AR B W SR IR BE T T SN
LA KN TA) 13 ms, 224 R JME 8 KN, RN SHIEEZ B R ECN 0.3, RN MR A IR EEHE R4
N 0.3. MG RN NEIEEEIR T 29.63%, /NI IESE I FEAIR 1 31.75%.
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