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The Optimal Design of Preform in 3-D Forging
by using Electric Field Theory

H. K. Shin, S. R. Lee, C. H. Park and D.Y. Yang

Abstract

The preform design of forging processes plays a key role in improving product qualities, such as
defect prevention, dimensional accuracy and mechanical strengths. In the industry, preforms are generally
designed by the iterative trial-and-error approach, but it results in significant tooling cost and time. It is

thus necessary to minimize lead-time and human intervention through an effective preform design
method. In this paper, the equi-potential lines designed in the electric field are introduced to find the
preform shape, and then the optimization process is used to choose the equi-potential lines that will keep
the die wear to a minimum. Because, in the forging process, the die wear is a function of various

important factors, such as forming stress and strain, microstructure and mechanical properties of a

product.
Key Words : Forging, Preform, Equi-potential line
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Fig. 1 Equi-potentail lines generated between two conduc
-tors

------ Minmum work path

— Equi-potential line

Fig. 2 Comparison of equi-potential lines and minimum
work paths
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Fig. 4 Final equi-potential surface by triangular patches

Fig. 5 (a) Surface patches of bad conditions
(b) Surface patches after reconstruction
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Fig. 6 Shape of example forging product
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Fig. 7 Equi-potentail lines generated between initial and

final shape
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Shape Complexity

Fig. 8 Shape complexity of example
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Fig. 9 Linearization of shape complexity
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Table 1 FEM analysis results - Max. effective strain

Volt(V) | Preform forrring Final forring
0.04 Foldng defect 1.29
0.1 1.378 1.59
0.4 0.93 1.92
Table 2 & 23 && A4kl dxjolr},

Table 2 FEM analysis results - Filling ratio

Volt(V) | Preform forming Final forming
0.04 Folding defect 1.0717
0A1 1.0158 1.0336
0.4 1.0534 0.9416
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Fig. 10 FEM analysis results - Filling ratio and range
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