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2-Dimensional Finite Element Analysis of Forming Processes of
Automotive Panels Considering Bending Effects

ABSTRACT

A two-dimensional FEM program, which considers bending effects in the membrane formula-

tion, was developed under plane strain assumption for analyzing forming processes of an arbitrari-

ly shaped draw-die of automotive panels. For the evaluation of bending effects with membrane el-

ements, the bending equivalent forces and stiffnesses are calculated from the bending moment

computed using the changes in curvature of the formed shape of two membrane elements(called

super element) during time increment, and are added to the membrane ones. The curves depicted

with 3 nodes are described by a circle, a quadratic equation, and a cubic equation, respectively,

and in the simulation of the stretch/draw sections of an automotive inner panel, three different de-

scription results are compared each other. Also, the bending results are compared with membrane

results and measurements in order to verify the validity of the developed program.

Z=g 7|48 : Bending effects(¥£3 &%), Plane strain (HWHY), Super element(ZH84),
Curvature(3-&), Automotive inner panel( A&z} ¥ #d)
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time increrment, from time t to t+ 4.
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Table 1 Comparison of curvatures among
circle, quadratic and cubic de-
scriptions with three nodes at
the second node.

4 [olx 3AA 4R 1A

1 2 1.14

Jk
iy




2% EHE LY AT UL AW T 239 £ &4 Y

3. [EDIM YUY

4 (@2NAA &+ A vt Zo] FURS
dEE FEU3g 6Cd st Ad= ol
mEtA, FHE BAlshs Wy et S8
#% 0= ©& g vehg. 23as, & a7
dMe Al AHE Ave F4E AdY, 23 8
4, 32 WA or mAEL I AN 2
g v} Figls 2 A 23E& Ay
B S48 A3, 23 BAY, 33 BHYez
BAsEdE vag Ogolth. Table 12
Fig.29] 71 A4delAe S&8E vehd Heol
t}. Table 13} Fig.2olA £ vje} o] Jde)
¥E A wet 2 S8 Fdo Bde

e AE ¢ % AUtk
3.1 24

M BEE Ave 348 f3Ydes I¥E
T ok M AP E JHdoz FlsuEn 7
Ze] AN 22 FE WAL 7RG 23
v, tE naptgder S4E Tdde AR
te AA S4e mdg ZHskeE dodA A
ol7} Ui o ZAE TEL BAME F gtk
@3le] Aot

H AAE Avke Yo 58S vy 2
o] +& = dth.(Fig.3 #=x)

4-5

C=a-b-C

(36)

o714, a, b, ci= A AHe] o]F= Alztdl o)

Fig.3 The circumcircle radius for triangle
with nodes i-1, i, i+

Zhdel Wol@ dehin, S Al AFo) ok
219 WA ofvlaha, 1 BAE vhest 2
o] 7 % k.

1
S=-é~-a-bsin /] (37)

o714, 6 824 IdA J7Ae) ZEE ofu]
s, 0°<f<180° UufE U, 180° <<
360° o= &9 g et 974, 3
= C7b “0"elEln & | PR SWE M
o] 24 ek gl uleld, S5 o 2
o] FEE 4 Ach.

_2-sind
o c

C

(38)

=@, 3 48 4 A WolEe e
Qo AAYAL olgatel 7 4 9ok

6C _C o X 06
oM oc odu 98 o

(39)

3.2 ojx} HFY

Bef 3 E¢le] nAF Y g oo dAFH
wEEeHET] ALY AL, Ho BT HAYL
x#2 7o it 23 A Helg o
b, Al AHE Avks F4E 23 BEY e
2 719 b} 2o

f(x, z)=a-x*+b-x+c+z (40)

A71M, a, b, ci= A o] edA FaAE

Feltt.

A A AF skl FHA 234 R4
o) 74eul AAAAS L ol3} vlEgke ol 43
of gols) Tioll el FEE Foks Aol WY
sel Felohd, et 2e WAAAAe 38
& 7% % ok



Fig.4 The beam deflection caused by the
moment acting on beam.
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Table 2 Material Properties of DQSK

Steel Sheet.

Properties Value
Strength of material, K(MPa) 503
Strain rate hardening exponent, n 0.2
Pre-strain, & 0.004
Plastic anisotropy parameter, r 1.46
Hill's yield function parameter, M 2.0
Coulomb friction coefficient, u 0.09
Thickness of sheet, t(mm) 0.64
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Fig.7 Comparison of thinning distribution
among FEM simulations and mea-
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Table 3 Comparison of N-R iteration and
execution time in the stretch
section,

4 ol [ 4% [ ug
Iteration & 161 | 164 | 129 | 113
He) A7 (sec.) | 210 | 158 | 310 42
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Fig.11 Comparison of thinning distribution
among FEM simulations and mea-
surement in a draw section of
hood-panel.( u=0.12)

Table 4 Material Properties of a Hood

Inner Panel,

Properties Value
Strength of material, K(MPa) 503
Strain rate hardening exponent, n 0.2
Pre-strain, g 0.004
Plastic anisotropy parameter, r 1.46
Hill's yield function parameter, M 2.0
Coulomb friction coefficient, p 0.12
Thickness of sheet, t(mm) 0.6
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Fig.13 Comparison of thinning distribution
between bending and shell simula- -
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Table 5 Material Properties of the Mid

Steel Sheet.

Properties Value
Strength of material, K(MPa) 507
Strain rate hardening exponent, n 0.215
Pre-strain, & 0.523 %1073
Plastic anisotropy parameter, r 1.25
Hill's yield function parameter, M 2.0
Coulomb friction coefficient, g 0.1
Thickness of sheet, t(mm) 0.7
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