Proceedings of the 13" International Forum of automotive Traffic Safety,2016,pp347-356
No0.ATS.2016.415

15

JEr

Crashworthiness Design of Mini Electric Vehicle for Side
Crash Structure

Yuging ZHENG?, Xicha ZHU % Honghao LING *, Xuegin DONG?, Zhixiong Ma"*
! School of Automotive Studies, Tongji University, Shanghai, China, 201804;
2 Elec-joy Vehicle Technology (Shanghai) Co., Ltd, Shanghai, China, 201806;

® Hubei Province Key Laboratory of Modern Automotive Technology, Wuhan, China, 430070
Email: 812york@tongji.edu.cn

Abstract: Mini electric vehicles become increasingly popular in the market because of their competitive
prices, small space and convenience. However, Most of them have simple configurations, resulting in little
crashworthiness. They can’t protect occupant safety in crash and need better crashworthiness design of
vehicle body. In order to satisfy the mandatory requirements of GB 20071-2006 regulation, it analyzed the
features of body structure of one mass-produced mini electric vehicle, then used two methods of numerical
simulation and crash test to complete the crashworthiness and optimization design for its side crash structure.
Finally, an optimized side protective structure was built, consisting of small square tubes and thin-walled steel
plates. It can protect the critical area of the upper part of occupant body during side crash. 50km/h side crash
simulation and test results show that new side protective structure deforms a little in side crash, which can
resist the intrusion of moving deformable barrier well. And all injury values of dummy in test meet
requirements of corresponding regulation well with the combined contribution of the interior trim panel made
of foam aluminum.

Keywords: mini electric vehicle, side structure, crashworthiness, numerical simulation, side crash test

WE B R E MRS AR E N i

MEW, KEEL, REE E#¥YC, X0
YREIGF KSR, B, %K, 201804
PORER (L) BRAF, L, $E, 201806
PR EZ IR AR WIS E o=, i, FE, 430070
Email: 812york@tongji.edu.cn

W OB MR EAHAEERIK, KA. R, RS EE SR, BERsERERE,
R SR IE % A PR L R RAE G A, Tl RO AR MLt . i GB 20071-2006 69 7K H1 kB K,
PATT —HE e A R AR, R R B A s K I8 T A 7 kAT T AR My At
BRARACT . BB T — R ARG @S 4 M b A AR R, R ACRE R R L g A
3z, SOKMIN AR 07 SAm ik 3o 25 A U0 #7409 65 49 46 4 22 00 8 AR I AE P BBE T B, AR HATR
BRADEHERORAN, LASTEABROKSERT, BASE ML BRAEEL,

KEIE: MARHAE, Mast, ek, KGR, MAEXE

=
I

o T AR AR RO PR B AR DA R A et 1 i g (e, v — A e SR gl A2 S8 i e LB 4, [l %

BIRE AR A R 5 R T BRI R Y i

INFATS Conference in Hangzhou,November 24-26,2016

347



Proceedings of the 13" International Forum of automotive Traffic Safety,2016,pp348-357
No0.ATS.2016.415

HAl, HBalREREHILTHAIARFERRA I, —RRERINREIRE, FERFHFMAE, BHIEKX

S AR K 0, ERCA A R, W S R R, BT W AR B R T S A e
TIAREAE . —RRBRUNIE, ©HAEMRE. MEEE. @GS EREHEE N 40~80 /A 5/
NI, SRBPEFERE T2 AR, S REH AT IR T AR S, A E R R RS P,

SR ERN 9, EIR2 T KZAGE, M 2010 ERYEAE 2 JIME] 2014 4P~ B B4R 20 J3,
RIBAEF IS . TR S EEARIAE LTI H: 1 A BbEED . RER. MRK; 2) %%, @
FERIE, RIS — 2 A S HLRE AT DL A B R R 3) mIE B & 220V ML JEEEAT 7 |, X Fe
BT RAG, ALEELTINAEREE; 4 WM a7 d, w3

[ AME 20 L0 Cxt 6 4y feshii M 22 A AT 1 M SR TR 07 e ARG A 72 B4, B R [
I ARG R BBV R NS IBAR R, e X FL AT TR T . DRI D A VR AT P SR B LR, 1K 2R
R ZhVR E A= fh b U 22 tERe 2. SR BRI R I8, BTl — B 2. N AR AR,
Pic B i o S TBk /NS AR T 2HRE, 1R 2 5 R B AR R 48, HH 24 A R R BT 2 B 5k ikt
— HRAEG R, TR I BT SR, R AR AT i R AT BRI A A . eAh, BRI B EhiR A
ZERIER — B BN E G MIEAE AN, RRES IR G sy 2 23t B, R xR el 395 28 465 M O Tl
BN, KA TR R atie, 0T R S Hoh gk i s, BB SRR
TSR o AR SCHUKT AR 7R P 035 20 0 000 T Rl i 20 4 5 MR AT TR 1k B 1, B A T DG 3 A2 P B HR PR B A2 T
EE[%(MDB, moving deformable barrier) (i &2 N2 3=, FRARXS 2 A 13, 45A NIBEUCHES I AR, fEBA
145 {H 3 & GB 20071-2006 ff1EE k2,

2 BENREMELSH
2.1 RiasH

ASCHH A R B S B 5, Jo AR TN s e O m Al i BEAT R, W 1 PR, B3
T RIEf2 OR P S A IR BT AT AN PR B PPN AR T 23 508 MF, Hm KT MDB mifE, AT
AERIER o RN IZIRG N T A MA, TR T AR, SRS, JoikiE e T4 St AT () i Al 4
R

HuAR B

I~ J =

Figure 1. Original side structure Figure 2. Floor structure of vehicle body
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Figure 3. Relative positon between barrier and wheel
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Figure 4. Side crash structure Figure 5. Distance between side structure and dummy
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Figure 6. Finite element model of side crash
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Figure 7. Plastic deformation of vehicle body at 60ms Figure 8. Deformation comparison of side structure before and after side crash
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Figure 9. Intrusion velocities of 3 gauging points at side structure Figure 10. Intrusion of 3 gauging points at side structure
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Figure 11. Dummy position adjusting Figure 12. Deformable barrier
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Figure 13. Deformation of vehicle body after test Figure 14. Deformation of side structure
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Figure 15. Barrier deformation comparison between simulation and test
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Figure 16. Intrusion velocities of 3 gauging points in test
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Tab.1 Intrusion comparisons between simulation and test
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Figure 17. Optimization design of side structure Figure 18. Deformation comparison of side optimized structure
before and after side crash
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Figure 19. Intrusion velocities of 3 gauging points Figure 20. Intrusion of 3 gauging points at
at side optimized structure in simulation side optimized structure in simulation
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Figure 21. Intrusion velocities of 3 gauging points at side optimized structure in test
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Tab.2 Intrusion comparison of optimized structure and original structure in test
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CFC180
UP: VC-Value Chest Rib [mis] 1 0.4450 £3[mg] yes.
Cuemeny types E5-2 CFC180
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Abdomen:
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Pelvis:
Pubic Symphysis Force (PSPF) [kN] & 3219 s3] yes

CFCE00

Figure 22. Injury value of dummy in side crash
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