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Abstract

As a passenger car is to be exported to Europe, its seat design standard must meet E-NCAP. In the
FEA analysis stage, the seat headrest is optimized for low whiplash scores. The finite element
model is established in the ANSA and the LS-DYNA software is used as the solver to simulate the
seat model to improve the FEA whiplash score. The object is carried out according to the latest
data state in order to meet the E-NCAP standard, and the whiplash performance will be further op-
timized according to the comparison results.
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Figure 1. E-NCAP low severity pulse
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Figure 2. E-NCAP medium severity pulse
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Figure 3. E-NCAP high severity pulse
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Figure 4. C-NCAP acceleration pules
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Table 1. 2018 Version E-NCAP whiplash general scoring table
% 1. 2018 KR E-NCAP #HTIR I8 R KITH &

Higher per- Lower per-

Criteria Units formance formance Capping Value EuroNCAP
limit limit Target/Test Raw Score
NIC m’s? 9.0 15.0 18.3 6.6 0.50
Nkm - 0.12 0.35 0.50 0.35 0.00
% Head rebound velocity ms™* 3.0 4.4 4.7 3.8 0.21
g Fy upper N 30 110 187 6 0.50 221
g F, upper N 270 610 734 255 0.50
- T1 acceleration* g 9.4 12.0 14.1 13.0 0.50
Time tocgi?;iciestraint ms 61 83 05 55 050
NIC m’s? 11 24 27 10.8 0.50
Nkm - 0.15 0.55 0.69 0.40 0.19
% Head rebound velocity ms™ 3.2 4.8 5.2 4.1 0.22
g Fx upper N 30 190 290 9 0.50 241
g F, upper N 360 750 900 342 0.50
= T1 acceleration® g 9.3 13.1 15.55 14.6 0.00
Time tocgﬁ::;iciestraint ms 57 82 9 50 050
NIC m’s? 13 23 255 8.9 0.50
Nkm - 0.22 0.47 0.78 0.46 0.02
@
E Head rebound velocity ms™ 41 55 6 51 0.14
g Fx upper N 30 210 364 121 0.25 1.62
2 F, upper N 470 770 1024 643 0.21
T T1 acceleration® g 12.5 15.9 17.8 20.5 0.00
Time to head restraint ms 53 80 9 47 050
contact
Total 6.24

3. BEMHTIREE RS RSH
3.1 FEA &Rz

AL FEA R AR MR BN A M 28y, W 5 fs. AR BioRID 11
NAEAY, A AR p o 4R S 2 RS 9 5 mm ) shell SOTRLL, #RIERCN MAT24, FERIFER (170
RERAPFEIRSE 8 15 mm B9 DU ik Solid #oeAdll, 7E ANSA H v st A PROCAR R - i S A
BHRMEMIR T . MR AR08 BR, R 1) DU MRS 5 78 4 T e FR L0 O 2 X 3t 5 AN J5 11 1)
H L, R R A SO S (3 = AN SR 1B, SRR LS-Dyna #EAT KAE[5]-
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3.2. FEA {FE4R

Table 2. FEA Whiplash score table
= 2. FEABTIHIG 5 v %k

Figure 5. Whiplash FEA model

5. F4T FEA 158!

i3 4 ST AT PR TR RO HBEAT (7 T, A R AR 2 B

Higher per- Lower per- Value Euro NCAP
Criteria Units formance formance Capping
e . Target/Test Raw Score
limit limit
NIC m?s 2 9.0 15.0 18.3 5.9 0.50
2 Nkm - 0.12 0.35 0.50 0.30 0.11
& Head rebound velocity ~ ms™ 3.0 4.4 4.7 3.7 0.25
2
E Fx upper N 30 110 187 5 0.50 236
3 F, upper N 270 610 734 106 0.50
§ T1 acceleration* g 9.4 12.0 141 12.7 0.00
Time to head restraint ms 61 83 95 53 050
contact
NIC m?s 2 11 24 27 5.7 0.50
2 Nkm - 0.15 0.55 0.69 0.38 0.21
E Head rebound velocity ms?t 3.2 4.8 5.2 4.2 0.19
g2 F. upper 30 190 290 4 0.50 240
g .
& F, upper N 360 750 900 206 0.50
E T1 acceleration® g 9.3 13.1 15.55 14.3 0.00
Time to head restraint
contact ms 57 82 92 49 0.50
NIC m’s? 13 23 255 7.9 0.50
g Nkm - 0.22 0.47 0.78 0.41 0.12
g Head rebound velocity ms- 41 55 6 5.4 0.04
2
é Fx upper N 30 210 364 35 0.49 214
3 F, upper N 470 770 1024 203 0.50
.';" T1 acceleration® g 125 15.9 17.8 18.9 0.00
Time to head restraint ms 53 80 92 47 0.50
contact
Total 6.90
DOI: 10.12677/m0s.2020.91007 60 AR 510 A


https://doi.org/10.12677/mos.2020.91007

BEUKTE 45

M FEA 23 g R ] LU HE =N Nkm SEA R FR 570 LB, Herh Nkm HX Neas Neps Nia
N I AE, HAH AR BT

Nep (t) — I;XP (t) + 'l\\/l/lye (t)

xp—int ye—int

N (t) _ an (t) + Mye (t)
“ I:x—int M ye—int
F. (1) M, (t
(-2 e
x—int —int

Fa(t) My (t
Nfa(t)= = ( )+ Myf( )
x—int yf —int

M2 AR DA HF2 Nkm S FiE AR K 2R A2 Fx Ml My, B 5[6] 15 4 45/ 5 Sk bz
] PR P 0 A5 Sk A5 She WA A ) B 57, A RO T S Sk 10 T 3l 2k 70 RE 08 A 2 1 P IR 98 070
(]t BE P/ N SR FH R . AR AT RN [7] 95T 2 vt 48 38 0 SR AT 0 M E RE 8 s S 045 S MR EL R A
P 3, Ao Sk P B 0 77 A s P T B NI ABL A SR B 7] 7

3.3. FEAfFELER

W LR dr, EdEdIH R AR RTE T~ , 6 REEAT DLUR P AL T 2, VAR .
1) E4 PR IO g U N S A Sk L 2 18] (4 PE 25 5 30.3 mm, B0 SRR UKL B 2 30.3 mm i3 H
21 mm, BARuE 6 fras.

Figure 6. Model optimization scheme
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Figure 7. Material stress-strain curve
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Figure 8. Headrest structure

8. kLR EE

TES/NA BN AT A TSR RIEE, ASCRA T4 S b i a Rk, i 5R K SAPHA440 42
N ST37, PERRAPRHEIR. ) RiAS - 2t Lban ] 7 o, MBI B2 RE ik ST37 ZELL SAPH440 5#1R %,
[ B AR S AT R RE T 1.6 mm 3500210 2 mm DL INS A AF NI, Jod Skt s gs t il 8 For

HRAE R IR T 28, X PR R HIEFT 477 FLASE RS AT SRAR /3 Hr , B A5 31 00 7 W 45 R S5 AR AL BT AT % LB [8],
XSS RN 3 fs, MEFTAR 40453 T AR s, B3 TR .

Table 3. Comparison of FEA scores before and after optimization
3. HALHIE FEA B XttER

Criteria Units PRALHT Gy A5 35
NIC m’s? 6.6 0.5 5.9 0.5
° Nkm - 0.35 0 0.3 0.1087
§ Head rebound velocity ms™* 38 0.2143 37 0.25
g Fx upper N 6 0.5 221 5 0.5 2.36
? F, upper N 255 05 106 0.5
- T1 acceleration® g 13 0.5 12.7 0
Time to head restraint contact ms 55 0.5 53 0.5
NIC m?s? 10.8 0.5 5.7 0.5
° Nkm - 0.4 0.1875 0.38 0.2125
§ Head rebound velocity ms™* 4.1 0.2188 4.2 0.1875
g Fx upper N 9 0.5 241 4 0.5 24
g F, upper N 342 0.5 206 0.5
= T1 acceleration® g 14.6 0 14.3 0
Time to head restraint contact ms 50 05 49 0.5

e
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Continued
NIC m’s? 8.9 0.5 7.9 0.5
° Nkm - 0.46 0.02 0.41 0.12
3
g Head rebound velocity ms™* 51 0.1429 54 0.0357
E Fx upper N 121 0.2472 1.62 35 0.4861 214
]
% F, upper N 643 0.2117 203 0.5
- T1 acceleration * g 20.5 0 18.9 0
Time to head restraint contact ms 47 05 47 0.5
Total 6.24 Total 6.90

4. WAL RIUE

JERFHESTAE FEA i EAULHIEI, M13IG e RN 3E1T, —J7axs FEA {7 B A SR TIRIE S —
J7 AR TT SR EE R T, SIS BB I 9 FR[9]. &1 A BERHILL AT JE HEAT T PRI R
WG, RIGLE R L 4 fioR. TR S FEA 07 B ALY [0 (M3 B LIRIEE 2 E— 80 kR
FHR> Z AL N ZE S, (ER M EHHT RIS 5 2] 1A st s, W TT RETT 172 IR .

Figure 9. Physical test setup
9. YIBRARE

Table 4. Comparison of physical test scores before and after optimization

= 4. MURIRIBRIE S o3It

AL BT A
W‘T'Iezlt?h Low Pulse Mid Pulse High Pulse LowPulse Mid Pulse High Pulse
Value Points Value Points Value Points Value Points Value Points Value  Points
T1 x-acc-g 12.97 0.000 12.77 0.043 17.28 0.000 13.09 0.000 14.47 0.000 16.64 0.000
Head contact 71,60 0255 6490 0342 6230 0328 5780 0500 5660 0500 5350  0.491
0.255 0.342 0.328 0.500 0.500 0.491
NIC
max-m2/s2 8.80 0.500 11.43 0.483 13.65 0.468 471 0.500 10.37 0.500 12.60 0.500
Nkm 0.32 0.065 0.30 0.311 0.51 0.000 0.25 0.221 0.25 0.380 0.40 0.145
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Continued

Rebound

head velrel 3.34 0.379 3.94 0.269 5.25 0.089 3.77 0.226 4.33 0.148 5.15 0.126

sled-m/s

UPPER

Neck Shear 0.60 0.500 0.37 0.500 0.48 0.500 0.78 0.500 0.86 0.500 0.77 0.500

(+Fx)-N

UPPER

Neck tension 155.62 0.500 320.54 0.500 207.63 0.500 50.05 0.500 212.10 0.500 34785  0.500

(+F2)-N

2.199 2.405 1.885 2.447 2.528 2.262

Dynamic

assessment

6.489 7.237
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