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Abstract

In recent years, traffic accidents have caused tens of thousands of deaths, and reducing body mass
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to improve the range of cars without reducing the crashworthiness of the car has become a key
issue. To this end, the Composite Body Solutions (CBS) structure is introduced, and the object of this
study is a T-shaped body joint injection molded from Polyamide 6/Short Glass Fibre (PA6/SGF)
composites material. Firstly, the full matrix tensile test of four influencing factors was carried out
on the PA6/SGF composites, and the mechanical properties of the material were obtained and the
rules were analyzed. Secondly, the structural modeling and drop weight verification of the CBS
joint on the B-pillar were carried out. Finally, based on the variable density method, the topology
of the CBS structure of the B-pillar upper joint is optimized, and the NSGA-II algorithm is used for
multi-objective optimization, and the optimization results show that the maximum intrusion
amount and the peak collision force decrease by 14.5% and 59.28%, respectively, which achieves
the goal of greatly improving the crashworthiness without improving the quality. It has certain
guiding significance for improving the crashworthiness of the whole vehicle structure.
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Figure 1. Stretch samples with different fiberglass orientations
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Table 1. Dimensions of tensile test samples

= 1. Pt A R

P AFEL ) 0° 45° 90°

JR~F/mm 230*12.5%2 230%*25%2 170%*25%2

2.2. RHHIRLE

2.2.1. R HER

12 MR PAG/SGE H ML AERENT 4 FAER, LA B S B ER TP il 2t A e J 6
HILE IS 2 B 2T A AE AR D) BRI 42 i U5 f BEAS 21 i SEA oy {1 7 A2 2 T DL i i HE S0 s 4
BEATHRH . R ORSCI I HER YL, XEITA R R R AT SR PR, HT SERR A R RO 3 A,
EILPRIIE 405 VA RS . JBIE R SLI0 IS PA6/SGF H A M BHEA RIS K R 414 T RS & i
HRBRPE . PLiiom AR 2S5, VA S0 B AL B3k CBS S5k A BRTEBIR THEM AT R 24, DLE
FEMNESERI 4T i B AL B3k CBS £ K AT 4 1 RE -

Table 2. Full matrix of tensile test influencing factors

= 2. RRIE R E = £ 56

A IS 1 2 3
Ao E 20% 35% 45%
LTI 0° 45° 90°
R -20C 20°C 60°C
AL S 50/s 200/s
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Table 3. Analyzing the stress and strain curves of each glass fiber orientation
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— 0° -200/s — 0° -200/s

- 15" -50/s LT 15 s
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Table 4. Analyzing the stress and strain curves of glass fiber content
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Table 5. Analyzing the stress and strain curves of temperature
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oo —— 20C-200/s
_ —— 20C-200/s; . - L~ 050/
150 - 60050/ 150 - 150 60'C-50/s
g0 — 60°C-200/5,
—— 601C-200/s| /
o 1% © 125 , < 125
=3 100 = 100 ,I _ = 100
= - = ’ -= 77 L A B
75 75 - 75
50 | Y e 50 U B 50 emmm =TT T
, _ , ; -
1’ - y ’d
25 | ¥ 25 4 o5kt
¢ 1
f7, 3
0 L L ! 0 L 0 L L
0 1 2 3 4 5 6 8 9 10 0 1 2 3 4 5 0 1 2 4 5 6 8 9 10
i /% A%/ ISR /%

MNAFRBIR: M 3, F 4. £S5 TUSHEH: BEENZRAEIN, PA6/SGF & &M K K&k
BT SHS A B K.
3. B ¥ E3Esk CBS S E 5 7% FRIEIIE
3.1. B # b3Sk CBS St

B Je1E Hypermesh H1 5 N\ B & _F453k CBS S5 AR, 78K 4 WA AT BT JUAT TS 3, XAy ) — 2k
AE BTG, JERIEC T . 6 B A ek CBS S50 d i BEAT AR R4 G R B S ECN 16,432 A,
TAEHCN 16,1734, SFHHRICRSTN 2.5 mm, Wi 2 fis.

Figure 2. CBS finite element model
[ 2. CBS HRTHRE

R 2 I o2 B RHRIA T, BRIASCHE AL AR 280 E T HR(20°C) - AR 4E TREZ K K f
SKIHAR AT AT R 35%B LT E K PAG/SGF REMELEA RIFIME 1Ak GE . 25 b, @RIME S
HOEFFIRQOCTYRE T, 35% ML S5 B AT T A FIBEF AR R S A R (bR S K. R B A f
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Table 6. Simulation material parameters for each fiberglass orientation

6. BFWAMENTEMRSH

BT i I SRR AR EE Je I 5
0° 1.69E-09 6566 0.36 58
30° 1.69E-09 4361 0.39 46
45° 1.69E-09 3259 0.40 40
60° 1.69E-09 3322 0.33 39
90° 1.69E-09 3449 0.18 38

3.2. CBS &#Z i E

X CBS A7 BLId RS 10 2 v e o 106, SR 81 3 BRI %8 o B A X304 Sk B EH 7 4 py
Xk, ETRAEL NEEE H = 0.95 m M H, = 1.15m DA 8E L 7E 05 5 iR 5E m i CBS 4511
WIESE 4.32 m/s f1 4.75 m/s. P B AT AL 5RIG R FF—30, &N 14.22 kgo Ls-dyna HF144kR AR
MATL20, 7E05 BB S EHE N E 7 Fia. B F C X R I e B i &, 0 Zdvokx
iEESAE S

Figure 3. Directional impact simulation scheme
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Table 7. Material parameters of hammer head simulation

= 7. EAMEMNESH

peys-d AR MERVA
*h I HPER =LV =4
*MAT _RIGID TITLE 2.84e—07 210,000 0.3

YW B IF I CBS A MICHA S K SCfF, 7E MANAGER His A8 K. 7E CBS A MR ychlw 1 2 id 72
t, BRERNIZRSETE. ARG, RSN ERERES TEKMBIEE, FEE R N, ShReEE
Az ag, (AR, BREERAEAGREALN. K 4 M RER P aeRE Mz, TS
AT A R, VIR RE R RO S REE I 0.83%, FFBCA L 5%, AT BLUEBIAS 0 A
Ak

m
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Figure 4. CBS collision simulation energy curve
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P8 NEELEE H=1.15m, HLYEE V=475m/s %M T, 7£ CBS 45H 55—k Kk 2 [ml 30 e
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Table 8. Comparison diagram of test and simulation timing
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Continued

ML S WIE A 4.32 m/s 10038 BT b BRI DA 20 @ i) ik 36 B 45 1A ek 52 i 2RV 15k 627.7
/s, A7 ELUH LTINS I B 2R A A 609.8 my/s?, REGE T BB U4 2.9%, 9 T AR IERIE A AT
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ML 6 XL AT AAF 2 s 5 e ek 6 BT A5 0 Jin 39 35 i 2R DR 803.7 m/s”, 7 LTSI A5 (¥ Jon 33k 3 ity
LRIEAE N 8412 my/s®, RGBT EIF R A 4.5%, WEWIEER . @ik m etk i 507 J i 5w
T FE XS L, BRAIE 7 36 F B AP B AE L83k CBS 450 E BROCER f0 2k, v R ¢ B H: 23k CBS
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Figure 5. 4.32 m/s acceleration comparison
B 5. 4.32 m/s MRERTEE
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Figure 6. 4.75 m/s acceleration comparison
6.4.75 m/s INEBE XL

4. BT iEMERNSEIRIMIK
4.1. B # E3ESL CBS StamtiEtE o4

FERRRE P 2 F R NR ST A AL 2 0] 2 2O B 45, B 23 R 2B dr 22 4. FrbA
Fyg/b B #: BBk CBS S5 ANRE[11]. A4h, B A Bk CBS 454452 B [l g Ewk, 224

K R A B A b2k CBS S5 A4 FE AL N A fe RN AR B R VAR A AR R B o A T WL
KMk E W, BOXE0N B LRk CBS 45 ="M LB Sl 6 B BN 0 AR, Wk 7 Fios.

£ ~au

Figure 7. Settings of constraints and drop hammers

E 7. YREEENRE

AR ARSI CBS S5 M i DX 3sdh AT Y il 1 ) ) b o SR AU, 4 B R AR BRI B A bk
CBS 45452 B/ My Tk 5B L M WE E N 13,411 mm/s.

B HEAE Ls-dyna THEAG B R NMR B S5 JJ 0. 5] 8 4 CBS it NMEEAf M2k, HRNE
4 61.11 mm. [¥ 9Ky CBS Z5fanibfi /)b ik, fiffiE JJ0E{E 5 10468.5 N,
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Figure 8. Change curve of invasion volume
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Figure 9. Change curve of collision force
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4.2. GtathiMiLTE

AL R AR AL A P B ) — oo G Ve R A AR, T DR B (R, S B S
FGPIBAR, B L 2R R, BN IR, B RIEZ AR, R A TR A A
REOLS, R RE MR T, SEIAFRRRE R R HIMUCh I =2EE08: Bt R,
LVRGEAE A B FR[12]0 LRI BT — BT =Fb, r BRI 2Ifeik, AR B AT 45 i
ik, HrpAsE ik ROE .

AR LRI A AR K T K SR B AL, B S BHCR C AREE BZAE 0 3 1 2 (832 fk, DL
B B AR RO R AR R, WSS AT TOLBcE, SREDHT[13].

4.3. StathiMiLIREL
Wity EIERR B A B RSk CBS S5HAMERR (K 10)/3 3 7RISR T MBS (& 1),
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IXRE B S5 RN T A Ak 25 18] LR SR M AL B B EEE 6 T ZRHE 4 45 SR FH DU T 42K 7 7G (tetramesh) iFE4T 4%
R4y, WIS R 3 mm, 3£ 96,361 N A, 489,665 41~ G,

Figure 10. B-pillar joint CBS structure outer profile
B 10. B #F 3k CBS 45#5MERLk

Figure 11. Type T concept structure
B 11. T B L5
PRLE M S EFEMELR A MATL RN E R T 35%3 405 & 0" B 4FHUAI I PA6/SGF & & 41k
AR, BARSHINE 9 s,

Table 9. Material parameters

= 9. MEEH

W SR A B eI
1.69E-09 6566 0.36

E U ALY : 78 T BUMES S50 i X361 8 — /> REB2 .yt %F REB2 MLt fii—4 7000 N {177,
BATIE Y PIET A K CBS S5 =AM ERIR kLT, g i A B CBS 45849 X 5.

AR [ 14] 825

1) GIEERIAEE: WM RE AR B R R e, B 11 A T B8 DY T 44 5 0 % FE

2) SE SRR SRS ORI S 5 SR 1A il J9

3) LR AT REW/DN T RS E IR, @ LA R 2N T 0.3;

4) SE SR EAR: oAk HFRBEE AN Min W8, H AR BN 35 RV KNI .

[
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Min:C ={F}" {U} (1
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M FE =K
0< P <P, S1(i=1,2,--,n)

Fob, CONFE: (PG [K]ARIERRE: (U} ARBIR: v R v AR
R p, AR R AR, 8 [ o 1] 210
fRAss i e 12 AR TER BEALE 0.5 Lh_E RO e s Hh e 1.

Contour Plot
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Simple Average
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Figure 12. Topological density diagram of stiffeners
B 12. msEsiRiNEEE
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5 13 frox, BASBTEN 527.8 g

Figure 13. Optimization results
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M b AL S I CBS SR T R 4T, R T AR @, W E M CBS g5 M i vk b
[FIRE (0 5 ) s T, 293 CBS S5M =AM, I T8k 13,411 mm/s B Y HOE R pheE R8RS, nls] 14
FiR, FF4R58 Ls-dyna tHERfE. B 15 ARG H CBS SN BRI HZk, B ANREN 4921 mm;
Kl 16 NARALE ) CBS 2k di /)34 ih 28, flide Jjiqi >y 5168.13 N. FJLAE AL CBS 45 M1
BRI A TARRMRTE, ERERGRSESEIE 10), AFEREMMER. TR
LI CBS &Mk AT 2 BARAGBETE, TEASEE R R I AT 42 N 42 it 1 1k

Figure 14. Simulation of crashworthiness of CBS structure after optimization

14. f4LE CBS G AR

49.21

w i
= o
T 1

VA7 T RS AR

IS 1A]/ms
Figure 15. Intrusion change curve after optimization
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Figure 16. Collision force change after optimization

& 16. MICERIED T LRRLE

Table 10. Comparison of CBS structural parameters before and after optimization

= 10. HILRIfE CBS S5 Kttt

Jii /g RN /mm T4 77 W E/N
AL HT 518.7 61.11 10468.5
s 527.8 49.21 5168.13
RSN E L 1.8 -19.5 -50.6

4.4. BT NSGA-II EFERNZ Birtiik

FERAT RS tRAb S5 R WIS, #F B # B2k CBS S5 M2 M= ISR 4546 . ML I 45 44 DL &
WAL Z5M), & 17 Frox. ik B # b3Sk CBS 451 =3 /0 &5 - B R #A 2.5 mm.

(a) HN5E; (b) AMELZ% T (c) WBZIH

Figure 17. Optimizing the three parts of the CBS structure of the B-pillar joint
&l 17. it B # E##k CBS S =1 &%

—

Z

it
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NTARAETRAE, 1K 3 DGR R AR B ARSI, RTIHORS a2 ) VT AR o 56 Ay 45 440 J P2
fA1E 2.3~2.7 mm Z[f], HMOERTHI SR AR AE 2.7~3.3 mm Z[A], AR RS0 5 FEAR AE 2~2.3 mm Z [A].

DLPY BLZ6 T 25 ) S oy NS S5 K SR PE o AN TN A A T E 15 N BEiH AR 8, AARAL R IR i 5 M (1)
AT IR B AE B4k CBS S5t & 518.7 g AL, LINIRE L(r) (BAAL: mm)f/NIRERE I F (1) (5
fir: N/ EReREL, A B AR

Min:L(t),F(t)
M(t)<5187¢
20mm<¢ <23 mm @)

: 23mm<t¢, <2.7 mm

27 mm<¢ <3.3 mm

QPRS: A L& Mt 51N T NSGA-IL Hikxfiidk B 4 ek CBS &itgirihife, H=2E3—
A BRI 2 4% A B SR O R i M R 1) 4 By Sk o #E18 F NSGA-IL BT HS 28 25 i A0k 5L TRk
TR Z T B [ (Quadratic Polynomial Response Surface, QPRS)#) @ U IR , Sy 1 {#IF QPRS HIAEEE,
ARICR A BALhs T #8577 3056 % 11 (Optimal Latin Hypercube Design, Opt LHD) [15]%) P 45 T 4544 |5 %
N8R 7 25 P JEEPEE L AN 485 TH 235 #) 5L P A8 R X TR 80 ANFEAS £ o HF 80 MFEAR A1 =3 4 5 W () JE- B AELAR
AAL B A B4k CBS S5 TH 8, 38 11 b BIARE A 0 S R A

Table 11. Sample points and response values

=11 AR RERE

A t t f M(t) L(1) F(?)
1 2.00 2.38 3.13 521.1 50.66 4783.89
2 2.00 2.51 3.19 543.5 47.62 5823.44
3 2.01 2.46 3.05 531 49.16 5912.88
4 2.01 2.55 2.97 5422 46.66 5132.44
5 2.02 2.37 2.79 508 51.75 4871.03
6 2.02 2.63 3.06 558 45.72 6546.2
7 2.02 2.64 2.91 5543 45.66 7679.72
8 2.03 2.46 2.87 525.1 49.38 5123.4
9 2.03 2.56 2.81 538.6 46.85 5047.35
10 2.03 2.62 3.22 562.3 45.44 6917.81
71 227 2.34 3.00 515.8 51.67 4582.34
72 227 2.39 2.72 513.7 51.11 4974.87
73 227 2.40 3.12 5293 49.78 4728.05
74 2.28 2.41 2.88 5227 50.76 5368.38
75 2.28 2.51 3.09 545.6 4758 5703.32
76 2.28 2.60 2.80 549.5 4595 5356.2
77 2.29 2.56 2.94 548.4 46.14 5049.2
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Continued
78 2.29 2.58 3.21 560.9 45.6 7372.14
79 2.30 2.50 2.78 533.6 48.23 5390
80 2.30 2.66 2.96 564.8 44.96 6206.2

FEREAS 5 N Hom W AE AR QPRS #5AI[16], QPRS MM B EFRIENRG)Im. A ¢ HEZ R =#
DEHINIEERE, By B B RS, MESIAES .
f(t):ﬂ0+2ﬂi-t[+22ﬂj-ti-tj 3)

i=l j>i

ARSI B /N J7 2 (Root Mean Square Error, RMSE)SR Y6 1E QPRS A FIFE A & . RMSE I BRI E KL
NR@FTR, RMSE WMEREE 0, WL BB S Bl iy . R, B R IR R ARl 0l 3 A
Wi )3 5 () RMSE 43 7175 0.0007. 0.0381 #10.1392, KB QPRS AL 2] IR A FE, "L NSGA-II
ST RS A A BT

RMSE ={|=— 4)
NSGA-II: NSGA-IT Hik— K TR E &2, 55— R 7R H G ME, Bf
IBATIRE R, MRAEMIU S E AR 5[ 17]. NSGA-IL AL EESH AN 12 Fin.

Table 12. NSGA-II algorithm parameters
& 12.NSGA-Il EEEH

P A AL EBE RS Ao AR RAR G AT HL
20 50 0.9 10 20

2234 1000 YOE AR BB AMAETT S0 WAL TH 4504 JE 524 2.0775 mm, 158 5 4544 )& %25 2.3001 mm,
HMELZE T G584 JEEFE D 3.2996 mm. ToUIINA NA{E BT &M 516.14 g, SRR ANEAN 52.44 mm, FlEdE AR
516.14 No T B RERE FE L s AR T S2br TRERIIN T, T LA A 2% 1 45 4 SR FE L 2.07 mm, 3 A5 &5 44 )
JEHL 2.3 mm, AMEASTHSE MR 3.29 mm. 4 FIRRAL SR EAE AR B A E#Sk CBS S5
TR AR RN 517.5 g, IOKIRAEN 52.25 mm, AlEE JIE(E N 517.5 N, Wik 13 Fiox,
AL AR TR 5 T S AR XS R ZE E AR5 /N, 76T A2 I Y R A o

Table 13. Comparison of predicted and calculated values of optimization points

13, AL =RTUNES T EEXEE

4 h f M(f) L(?) F(f)

THIME 2.0775 2.3001 3.2996 516.14 52.44 516.14
HEAE 2.07 2.3 3.29 517.5 52.25 517.5
AERT R 22 (%) 0.36 0.004 0.29 0.26 0.36 0.26

4k B 1 L3k CBS Z5ifig b g5 Mt g, ST H#ETmEES . HHEERER: RAANREN
5225 mm, i B A E#3k CBS M NAR & JIRE 25t bh i i 18 o Rk JJ0&{H N 4263.26 N, 5
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Figure 18. Comparison of intrusion curves

B 18. NMREHILRILL
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Figure 19. Comparison of collision force curves

& 19. #iliiEShL 3Tt

RS SR A S5 AT E 9 B AL Bk CBS 4544 5 J5 B AT E43k CBS 4544 % TS Hoet Lh n e 14 i

REMACCTH S B A Lk CBS 45# 57 B A1 Bk CBS SifHEL, AR ERRTIE T,
B K AR AR 7 W (5 A RIR RIS, 3 1M Re . R A BHVR LS IRy, 7] DAKE R B B Sk 7
ERANE A 77, TIOR3 3

it
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Table 14. Comparison of CBS structure crashworthiness parameters before and after optimization of B-pillar joints

= 14. UALRIRE B # £33k CBS FHaMHEMER X S HXTEE

Fis/g B R NIR B /mm filf4iE U AE/N
AL HT 518.7 61.11 10468.5
s 517.5 5225 4263.26
BRSO E L -0.23 -14.5 -59.28

5. REERE
5.1. £ BE

AN RoAFEF S MPV B B #: E#23k CBS 4584, /& —/NH PA6/SGF & A FRHAE MK i i)
T REM. HETE YR CBS MMM B ) 3 2 8RBT A

1) HRPLA 8. PR DR ZIRE 4 PR, X PA6/SGF A M EHIEAT 45 B Fr fi S 56
BTS2 BEE B BUA IR, PAG/SGF E MBS TIM B ) %S5 (R R . 8RR
PURL IR ) F28/ H 0 IR PR A s Bl AT S =136 0, PA6/SGF &M LS TUM R 125
R IR K N S B AR TR, PAG/SGE &G RN & TUM Kl 715 2 08 2 128 T Uk
Ny Bl RIAEZRIGR, PA6/SGF EEMEHI & WM BL 1 S8 =G T K.

2) ASCULE MR 7 AR, ARIERLSTE B AE sk CBS 45 M EIBAF BRI A, % B R R
3k CBS Z5# 4938 5 AN XIRFF T AN AR E Y . 2 53 T BAFEUA ) B A 23k CBS S5t TH IR
JUEEAR, JRIE I R I IR T A BRI A Rt

3) i@ B A B4k CBS i T MU RORS si b S50t 5, AT R ERATIE T, &R
R EFIRESE A 73 T T 14.5%F0 59.28%. @I A4, KiEdes T B A E#Sk CBS 45
GANRTTENR R

5.2. RRE

1) A7 RS H T AR B R BRI NAR R I SGF-PA6 E A KL S ERE R,
R PAKEINE 2 (AR R . HRindin 200, 50°. 70°ZEBREFELA, 10%- 30%. S0%ZEILF& &, LK
B SHR AT E . A SCH T2 WA aA R, HEH AR A & D R AT R 525 .

2) B Bk CBS S5ty i S5 i A 5 R i g F LI AL B 5 K0, 5 25 8 B A Bk CBS 45
5 B S ETZEA PR R/, T2 — PRI

SE 3k
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