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Abstract: In order to investigate the geometrical factors that
influence the surface deflections and the influence rule, a box
shaped part with a triangular step surface was designed. The
simulation model was built and validated, and sheet forming
experiments and simulations were carried out to study the
influence of the geometrical factors on surface deflections of
The results indicate that the

geometric size factors, including the sharp angle, radius of

automobile exterior panels.

the sharp corner, depth of the step surface, and radii at the

up and down steps, will seriously affect the surface deflections
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of the box shaped part with a triangular step. However,
different geometric factors show different laws about the
influence. At the same time, it is noted that depth of the step
surface and radius of the sharp corner are the two most
sensitive factors that influence the surface deflection by
orthogonal tests. The results of this work will play a guiding
role on the control of surface deflection of automobile exterior

panels in term of the design and optimization of products.

Key words: automobile exterior panel; surface deflection;

geometrical factors; simulation analysis
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Fig.1 Shape of designed die used to reproduce

surface deflection
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Fig.2 Features and geometries of the box shaped part

with a triangular step surface (unit: mm)
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Fig.3 Five geometrical factors influencing

surface deflection
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Fig.4 Tools used to form the box shaped part with a

triangular step surface and a part with surface

deflection after stamping
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Tab.1 Mechanical properties of AA6016

used in this study

i R/ vEMEED O EMRGR bR BNE HRE
mm  B/GPa E/MPa fE/MPa /% /%

0° 0. 878 70 140 236 18 20
45° 0. 878 71 136 229 20 24
90° 0. 877 66 133 225 20 24
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Fig.6 Detection and evaluation methods of

surface deflection
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Fig.7 Finite element simulation models
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Fig.8 Springback contour of formed surface

deflection part in the simulations
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Fig.9 Influence of R on surface deflection
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Fig.10 Influence of D on surface deflection
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Fig.11 Influence of a on surface deflection
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Fig.12 Influence of r, on surface deflection
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Fig.13 Influence of r; on surface deflection
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Tab.2 List of geometrical factors and different levels

JKF  D/mm R/mm a/ ) r1/mm r2/mm
1 3.5 8 50 2.5 2.5
2 4.0 10 60 3.0 3.0
3 4.5 12 70 3.5 3.5
4 5.0 14 80 4,0 4,0
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Tab.3 Scheme of orthogonal test and results of

surface deflection simulation

W& R/mm /() D/mm r/mm r;/mm k
HED 8 50 3.5 2.5 2.5 0.013 1
HE® 8 60 4.0 3.0 3.0 0.016 8
HE® 8 70 4.5 3.5 3.5  0.0193
HED 8 80 5.0 4.0 4.0 0.021 6
HES 10 50 4.0 3.5 4.0 0.0115
FE® 10 60 3.5 4,0 3.5 0.014 0
HED 10 70 5.0 2.5 3.0 0.023 6
HES® 10 80 4.5 3.0 2.5 0.024 2
HEO® 12 50 4.5 4,0 3.0 0.0156
HEDG 12 60 5.0 3.5 2.5  0.0206
HED 12 70 3.5 3.0 4.0 0. 006 2
HEG 12 80 4.0 2.5 3.5 0.001 6
HEDQ 14 50 5.0 3.0 3.5  0.0199
HEG 14 60 4.5 2.5 40  0.0153
HEG 14 70 4.0 4.0 2.5 0.019 1
HEG 14 80 3.5 3.5 3.0 0.0189

T AR AR 2 AE 1R 4 BTR.
#4 EERMMNREE

Tab.4 Extreme values of surface deflection

caused by factors

R/mm a/ (") D/mm r1/mm rz/mm

0.029 3 0.003 9 0.036 7 0.016 7 0.022 4

TR MR E RN T %R R UK
ST AR Bl 0 8 B R A B RIS, AR AR 4% DR 2R R e A 2
{ERT L, 26 3 5 D X HE R K, 56 2 5 o R PLHIE
/N RWZH R D KAl m, T8 AL 7 3% 3l i
K BER o« B7KFAZ BN T 0 A2 3 sl /. AR I8
e 2B 0 R/ NN HE L o T W 72 852 i ) IR 4K
WHREKBN :DR.rp 11 wa

4 iR

(1) G5 SRS T T4 B0 10 W AR AP A BEIT T 1M
M A% Y 220 T AR, [] Pt A PR o 0 B R 8 v L%
T AR BLGR . A TH] WL Y 2 e AL AR S RS 2 I
BHEDH RS,

(2) 45 DICHAR K MATLAB A S B
SRR TR WG AR AT G OB AL PR BT ) B 9 i S



£ G B 3,55 LA R R XS ME 5 T AR K B IR 517

P 7= A0 FR OG0 B B IR AS PR AR 5K

() HWZEREEZY R.D.a.ri v AR H
W 3 i 2 LA JXST A AE PRI D T M A BT R /1
REPERE R 838 KM kN, BE D B3 R i 3 K5 B a
A3 RSB RGN - BE 71 B3 R SE 3 R /NI
FET P i e BRI

(4) D MR RREu i m e 21 2 R E W
JL R E TRRSEPr o ] A0 58 2% 18 Xt & B T TR S5 AN
A 4k [ £y 2 A HEAT U AE BT 2R 45 I 1T 22 15
PR,

S E 30k

C1] XUIRIR,RET, . R w RIS IE 12 R
A BERE LR, 2004,2.52.

LIU Ruitong, LIN Jianping, TIAN Haobin. The classification
and characteristics of surface dent in automotive covering part
[J]. Metal Forming Technology, 2004, 2: 52.

2] Z=ME, hubeR, (RMIR, 245, 76 B 78 25 10 o F AT s 25 SR s

T RIS LT ]. Mk TR, 2013,49(6) ; 153.
LI Shuhui, SHEN Hongging, NI Xiaofeng, et al. Mechanism
of surface low during the stamping process of automobile
exterior panels [J]. Journal of Mechanical Engineering, 2013,
49(6)>: 153.

[3] ARG, 75551 5 1 T s A8 B 32 W (8 38 0t 5 36 0 o i
WRID]. L. BiESE@RA, 2013.

NI Xiaofeng. Study on the influence factors and control method
for surface low of exterior auto-panels [ D7]. Shanghai:
Shanghai Jiao Tong University, 2013.

C4] 3, RTERE, KB, 55 T TRUE S LB B 434 FLR X

MLT]. A Tk, 2011,37(12):18.
ZHOU Chi, ZHOU Xuhui, ZHANG Saijun, et al. Analysis on
causes of partial depression after door shaping and
countermeasures | J]. Die & Mould Industry, 2011, 37
(12): 18.

[5] Z{F, 840, 7M. Rahil s d masRm o]
T EH B TR, 2014, 23(4) 17,

LUO Renping, ZHAO Jinlong, SUN Jian. Analysis on surface
dent at porthole corner of engine cover [J]. Computer Aided
Engineering, 2014, 23(4). 17.

[ 6] HANF, LIEWALD M. A new method to enhance the accuracy
of the buckling test using modified Yoshida sample [CJ//
Advanced Materials Research. [ S. 1.]: Trans Tech
Publications, 2014, 1018. 199-206.

[ 7] SCHREYER S, VOLK W. Optimization of the modified Yoshida
buckling test to investigate the influence of curvature [C]//
Advanced Materials Research. [ S. 1.]: Trans Tech
Publications, 2016, 1140, 67-74.

[8] HUY, ZHU X, LEE W. Surface low prediction using Ls-Dyna
and dynaform [ C1//Proceedings of the 7th International
Conference and Workshop on Numerical Simulation of 3D sheet
Metal Forming Processes. Interlaken:[s.n.], 2008, 779-785.

9] #R&, 2=, Bek MEB LRI CAE R Bk

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[J]. #EET,2014,40(5),22.

SUN Dongji, HE Liang, ZHAO Jinlong. CAE identification
method for automobile panel surface indentation [J]. Die &
Mould Industry, 2014, 40(5).: 22.

SHEN Hongging, LI Shuhui, CHEN Guanlong. Quantitative
analysis of surface deflections in the automobile exterior panel
based on a curvature-deviation method [ J7J. Journal of
Materials Processing Technology, 2012, 212(7): 1548.
RGN, NNDF . IREESME S TR RN B rbr e (T ]. 88
P TR, 2014,21(1) 118,

LIANG Tongsheng, LIU Fang. Study on surface deflection
detection and evaluation criterion of automobile exterior panel
[J]. Journal of Plasticity Engineering, 2014, 21(1); 18.
SRAGHL, TN, MR, 5. — R T AT Ak Y T WA AR R B T R
JrklT] TR, 2017, 24(1).207.

ZHU Chuanmin, AN Qiang, YU Mei, et al. A new evaluation
method of surface deflections in the automobile exterior panel
based on visualization [ J]. Journal of Plasticity Engineering,
2017, 24(1). 207.

IMRE, W, R RN 2% T W AR £ ) B i 5T
[J]. RELZSHH, 20045 23.

SUN Zhenzhong, XU Li, SONG Lijun. Research on surface
aberration control by taking local pressure technology [J].
Automobile Technology & Material, 2004(5); 23.

IMRE BT, RIS L, 4 AR T I R SRR LT ]
P T 23R ,2004,11(6) : 83,

SUN Zhenzhong, YANG Yuying, ZHAO Lihong, et al.
Experimental study on control measurement of surface
deflection [J]. Journal of Plasticity Engineering, 2004, 11
(6):83.

{EEE B e AR R R FUE B ST LD]. WA AR IR
BT K2, 2006.

REN Zhiguo. The experiment and numerical simulation in
surface deflection of automobile outer panels [D7. Harbin;
Harbin University of Science and Technology, 2006.

PARK C D, CHUNG W J, KIM B M. A numerical and
experimental study of surface deflections in automobhile exterior
panels [ J]. Journal of Materials Processing Technology, 2007,
187 99.

7 KE, M, B, . ETHENRERE R MAmEEE
HE R EAHA, 2015(6): 7.

SU Feiyu, YANG Xue, QIAO Xiaoyong, ef al. Investigation
on factors affecting surface low of sunroof corners based on
simulation [J]. Die and Mould Technology, 2015(6).7.
PRITER. Matlab R HAEIE TIRB AR AR IM]. % E
Z B TR W AL, 2004

CHEN Huaichen. Matlab and its application guide in science and
engineering courses [ M]. Xi’ an: Xi’ an University of
Electronic Science and Technology Press, 2004.

MO, 3kAL, B, % AutoFormd. 0 L& BUE 48T MA
FIEHEEIM]. Jbm AR T R4, 2009.

LIN Tong, ZHANG Kuan, HU Renxi, et al. AutoForm4. 0
sheet forming analysis [M]. Beijing: Mechanical Engineering
Press, 2009.

HILL R. Constitutive modeling of orthotropic plasticity in sheet
metals [J]. Journal of the Mechanics and Physics of Solids,
1990, 38(3): 405.



