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Upper-bound Finite Element Simulation Method

Chung-Ho Lee

Abstract

The estimation of the forming force required for metal forming process is unavoidable for selecting
suitable machine and dimensioning die and punch parts. For this purpose the upper-bound method
turns out to be very practical in simple two-dimensional cases under well-known boundary conditions.
However, the application of this method for complicated two- or three-dimentional cases is very limited
or practically impossible. The modified application of FEM in a manner of applying the upper bound
method (the so-called Upper-bound Finite Element Simulation Method) fortunately provides the pos-
sibility of getting important information about the forming process in a simple and quick way before
realizing the process on the machine. It is expected to function successfully even in three-dimentional
cases. The application procedure has been explained for two-dimensional cases and its usefulness

shown.
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Fig. 1 Principle of transverse-forward extrusion
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Fig. 3 FE-net for full FE-simulation of the forming process
(left:before deformation, right:after deformation)
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Fig. 4 FE-net for upper-bound FE-simulation of the
forming process(left:before loading,
right:after loading)
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Fig. 5 Force-displacement curve resulted from the
upper-bound FE-simulation
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Fig. 6 Description of flow stress curve for the
work-hardened material zone
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upper-bound FE-simulation
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