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Step-wise Combinded Implicit/Explicit Finite Element
Simulation of Autobody Stamping Processes

D.W.Jung*, D.Y.Yang**

ABSTRACT

An combined implicit/explicit scheme for the analysis of sheet forming problems has been proposed in this work, In finite ele~
ment simulation of sheet metal forming processes, the robustness and stability of computation are important requirernents
sinee the computation time and convergency become major points of consideration besides the solution accuracy due to the
complexity of geometry and boundary conditions. The implicit scheme employs a more reliable and rigorous scheme in consid-
ering the equilibrium at each step of deformation, while in the explicit scheme the problem of convergency is eliminated at the
cost of solution accuracy. The explicit approach and the implicit approach have merits and demerits, respectively, In order to
combine the merits of these two methods a step-wise combined implicit/explicit scheme has been developed.

In the present work, the rigid-plastic finite element method using bending energy augmented membrane
elements(BEAM) (1) is employed for computation. Computations are carried out for some typical sheet forming examples
by implicit, explicit, combined implicit/explicit schemes including deep drawing of an oil pan, front fender and fuel tank.
From the comparison between the methods the advantages and disadvantages of the methods are discussed.

Key Words : implicit(W$93), explicit(A94), rigid-plastic(F44), BEAM element () 8.4)
convergency(TEA), accuracy(F24), stability(¢H84)

Notation
C  propagation speed t.t, tangential vectors of two neighboring ele-
F, internal force term at the n-th step ments
P, external load vector at the n-th step L,,L,circumferential sheet lengths corresponding
R, contact and friction force at the n-th step to the moment arm
n, 1, normal vectors of two neighboring elements u displacement vector of a nodal point
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velocity vector of a nodal point
acceleration vector of a nodal point
Lankford value for normal anisotropy
artificial rotational damping coefficient
translational damping coefficient
rotational stiffness

effective strain increment during one step
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incremental rotated angle during one step
effective stress
density of sheet material

|

initial modulus of elasticity
rotational bending energy
reduced modulus

tangent modulus
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rotational angular velocity during one step
rotational damping energy
lumped mass matrix
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tion measurement,

(b)comparison of thickness strain distribution on the line A-A
(c)enmparison of thickness strain distribution on the line BB
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