= i F=F YT 4137 AT (19962 39)

Journal of the Korean Society of Precision Engineering Vol. 13. No. 3. March. 1996.

Development and Application of FEM/GEM Program for Evaluating
Formability of Stamping Dies

J.P. Kim*, Y.T. Keum**

ABSTRACT

A 2-dimensional FEM/GEM program was developed under the plane strain assumption using linear line ele~
ments for analyzing stretch/draw forming operations of an arbitrarily shaped draw-die. FEM formulation adopted
a new algorithm for solving force equilibrium as well as non—penetration condition simultaneously. Also, a rigid-
viscoplastic material model with Hill's normal anisotropic yield condition and rate-sensitive hardening law is
assumed, along with the Coulomb friction law in the contact regions. For the case of numerical divergence at
nearly final forming stages, geometric force equilibrium method(GEM) is also introduced. The developed program
was tested by simulating the forming processes of cylindrical punch/open die, and the drawing processes of auto-
motive oilpan and hood inner panel in order to verify the usefulness and validity of FEM/GEM formulation. The
numerical simulation verified the validity and robustness of developed program.

Key Words | FEM(#& 24%), Cemetric Force Equilibrium Method (71618H81 38 ¥4, Normal Anisotropic Yield
Condition (521144 8H2273), Plane Strain Assumption(FH# 82 7}3), Rigid-Viscoplastic(3824)
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Table 1 Material properties of benchmark test problem.

Properties Values
Normal anisotropy coefficient r=1
Hill's yield function parameter M=20

Stress-strain relation(MPa) T = 589(E +0.0001)***

Sheet thickness(mm) =1
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Fig. 10 Tooling description and geometry of
cylindrical punch/open die forming process
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Table 2 Material properties of JXR oilpan sheet

Properties Values
Plastic anisotropy parameter r=247
Hili’s yield function parameter M=20

Stress-strain relation(MPa) 5 = 505(F + 0.0001)**%
L=145

#=006

Sheat thickness(mm)
Coulomb friction coefficient

Fig.13 Sections to be analyzed at the 1st and 2nd
draw dies.
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Fig.14 Tooling geometry for analyzing section
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Table 3 Comparison of draw-in amount between
FEM and GEM in section A-A of oilpan.

— | FEM | GEM
Left draw-in amount(mm) 50.432 53.161
Right draw-in amount(mm) -69.740 | -76.625
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Table 4 Comparison of draw-in amount between
FEM and GEM in section C~C of oilpan.

FEM GEM
Left draw-in amount (mm) 98.452 | 102.604
Right draw-in amount(mm) -97.850 | -101.188
UPPER DIE
DIE‘;EC%lsON DI?\FEESCHSON
< O

Z-COORDINATE(mm)

-150 150
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Fig.16 Tooling geometry for analyzing section
C-C of oilpan.

15
0 meausment
FEM
10 H------ FEM / GEM
a
Fi
g5
=
=
=0
I
-
St o a
-10 i 1 1
-200 -100 0 100 200
X-COORDINATE(mm)

Fig.17 Comparison of sirain distribution among the
FEM and GEM and measurement in section
C-C of oilpan.
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Fig.18 View of automotive hood inner panel showing
the positions of section to be analyzed

Table 5 Material properties of the mild steel

sheet (DQSK).
Properties . Values
Plastic anisotropy parameter = 1.46
Hill's yield function parameter M=20
Stress-strain relation(MPa) T = 503(Z + 0.004)*
Sheet thickness(mm) =064
Coulomb friction coafficient =009
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Fig. 19 Tooling geometry for analyzing section A-A
of hood inner pannel.
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Fig. 20 Comparison of strain distribution among the
FEM andGEM and measurement in section
A-A of hood inner panel.
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Table 6 Comparison of draw-in amount between
FEM and GEM Section C~C of hood inner

panel.
FEM GEM
Left draw-in amount(mm) 8450 | 9.938
Right draw-in amount(mm) -10.031 | -11.438
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Tahle 7 Comparison of computation time between
FEM and FEM/GEM.

mCylindrical punch / open die 162 sec 14 sec
Qilpan (section A-A) 2175 sec 21 sec
QOilpan (section C-C) 1825 sec 15 sec
Hood inner panel (section A~A) 110 sec 13 see
Hood inner pane] (section C-C) 357 sec 17 sec
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Fig. 21 Tooling geometry for analyzing section C-C
of hood inner panel.
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Fig. 22 Comparison of strain distribution among the
FEM and GEM and measurement in section
C-C.
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