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A Study on the Formability Factors of Sheet Metal in
Deep Drawing of Square Cup by FEM
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ABSTRACT: Numerical simulation of sheet metal forming for panels as well as other components has wide acceptance in the
automotive industry. Therefore this paper was focused in the drawability factors (which are friction coefficient, radius of die and
punch) on the square cup deep drawing by the explicit finite elements code PAM-STAMP™. The computed results are compared with
the experimental results to show the validity of the analysis. In order to compare the simulation results with the experiment results
and predict the effect of drawability factors, the relationships between punch load and punch stroke, and the relationships benween
thickness strain and distance are used. According to this study, the results of simulation by using PAM-STAMP™ il give engineers

good information to access the drawabilitv of square cup deep drawing.
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2. serAsiA Table 1 Detailed characteristics used for models
punch  blank  holder die
2.1 =48 . o number of nodes 604 961 651 86l
AL 93 pd zly e 9] 94(tlo], HZH|, & S

A4S AT REF 4 e vhe) aael, ¥, A% number of elements 560 900 600 800
&, 8337t 2% wdAelng 14 RIS itk Fg .

L& tol, BA, BAasey ¥ Bexo) FE 2d 52 v foneth of xeaxis > B

U3, Fg 2& 7] A&A48E Jehd Aotk length of y-axis 35 75 125 125

length of z-axis -101.2 0 -6 100

thickness 10 1.2 10 10

element type shell shell shell shell

Table 2 Mechanical properties used for models

element blank punch, dic,
(b) Punch cQ DQ DDQ  blank ,holder
material type elastic/plastic anisotropy null
density(GPa) 7.87e-06 7.87¢-06 7.87e-06 7.87e-06
Young's mod.(GPa) 218 218 218 218
Poison’s ratio 03 03 03 03
strength coeff.(GPa) 0.5439 05557  0.5419 -
(c) Blank holder (d) Blank strain offset 00118 00063 00105 -
hardening exp. 02400 02580  0.2660 -
Fig. 1 FE models used for analysis Lankford coeff. L1149 20239 16885 -
thickness(mm) 1.2 1.2 1.2 10
z
Ey 2.2 ZAXA Y ARVEHZA
X A8 olale] si Aube dAl ¥ 34T 43
T 2Ae kG Elae 4 2R, W9 AAzge
Table 37} o] 7&2AE Rotelds, B, tho] @ Hahz
T&de] thall M Tabe 49k o] Rojals]
£ Mo A1EB ANEHZAE Table 59 o] B
o) QY& EE Tmmjsec2 SHAck
Fig. 2 FE model before deformation for FEM Table 3 Displacement boundary condition
x-trans.  y-trams.  z-trans.  Xx-rot.  y-t  z-rot.
a2la sjdel] AR A, Bz, B@asen ¥ to
o AAel QAFE Table 17 21 Al2e] EAX= A center’ fixed fixed free fixed fixed fixed
g9l Wdzw CQ, DQ, DDQ2l EAx|¢t Sdslm 1 & & x-axis fixed free free free  fixed  fixed
BAF®), BEATK), 71833 Em 2 oPAASRE y-axis free fixed free fixed free  fixed

Table 29 vtebd R} o] AR AolA Felsich
2do) 28" ARy BAAE oy iz A

Haty, AX], tho], BEPAF LT BEL null material2 M=

Stk I A Be AASL A(1)3} o] KrupkowskyZdl-S

Table 4 Rigid body boundary conditions used in the FE(die,
blank holder, punch)

ALg-5t9 ) X-trans. y-trans. Z-trans. X-rot. y-rot.  zrot.
” die fixed fixed fixed fixed fixed fixed

6=K ( eg+¢ )
holder fixed fixed free fixed fixed fixed

A71M e ARY 27 WE Folth punch  fixed fixed free fixed  fixed fixed
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Table 5 Time control conditions

- HE - R

conditions
termination time 3.32942
number of state for time history 200
number of state for plot history 10
scale factor for time step 0.9
sub-cycling no
time step large, bend
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Tablel 6 Mechanical properties of test materials

, Y.$S TS E K
2 2 2 R
el Gefimm) (fmm) (o) Ggfimm) € "
Q 2648 3650 343 555  0O0L18 0.2400 1.1149
DQ 2080 3284 415 567 00063 02580 2.0239
DDQ 1921 3016 443 553 00105 02660 1.6885
—s—CQ
—e-—DQ
50 - —a—DDQ
22
b3

T v T
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Strain{%}

Fig. 3 The curve of true stress - true strain
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Fig. 4 The square cups after forming
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Fig. 5 Grid measuring using mylor tape
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359 —e— CQ.Exp.
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Fig. 6 Relationship between punch loads and punch stroke for
CQ, DQ and DDQ
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Thickness strain(%)
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Fig. 7 Variation of thickness strain with distance at the comer
section
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Fig. 10 Punch loads for various radius of die
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Fig. 16 Variation of thickness strain with distance for various
friction coefficient up
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