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A Study on Cold Forming of Curved Thick Plate by
Reconfigurable Multi-Punch Dies

Y. H. Ko, M. S. Han, J. M. Han, K. H. Kim

Abstract
Curved thick plate forming in shipbuilding industry is currently performed by a thermal process, called as Line Heating

by using gas flame torches. It was examined as an alternative way in this study to manufacture curved thick plates by the
multi-punch die forming. Experiments and finite element analyses were conducted to evaluate the feasibility of the

reconfigurable discrete die forming to the thick plates. Configuration of the multi-punch dies suitable for multi-curvature

was investigated. As a result, single step forming by reconfigurable discrete die with scale factor improved formability.

Key Words : Multi Punch Forming, Curved Surface, Scale Factor, Finite Element Analysis
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Fig. 1 Determination of upper punch location
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(a) 10 <10 punch array

Fig.3 Analysis results of curved surface

(b) 8 X8 punch array

Table 1 Comparison of measured roughness data

10x10 8X8
Max. bending stress | 356 MPa 347 MPa
Compression stress | 55 MPa 62 MPa
HAa 94 82mm 85mm

2.3 949 oM

Fig.4 FE Model for the determination of the optimum
punch pesition
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(a) Von-Mises stress  (b) Equivalent plastic strain
Fig.5 Analysis results of curved surface(1618mm)
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(a) Section diagram (b) Contour line
Fig.6 Shape deviation at unloading state(1608mm)

Similarity (%) = -]% x 100 (1)
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{b) Equivalent plastic strain

(a) YVon-Mises stress
Fig.7 Analysis resuits of curved surface(1229mm)

(a) Section diagram (b) Contour line
Fig.8 Shape deviation at unloading state(1229mm)
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Fig.9 Punch array using multi-curvature

(a) Yon-Mises stress  (b) Equivalent plastic strain

Fig.10 Analysis results of curved surface

(a) Section diagram
Fig.11 Shape deviation at unloading state
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Fig.12 Multi-point forming machine

e

(a) Experiment (b) Analysis
Fig.13 Deformed plate through MPF process

Fig.14 Comparison of deformed plate
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