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Analysis of Process Parameters in the Incremental Roll Forming
Process for the Application to Doubly Curved Ship Hull Plate

D. S. Shim, S. J. Yoon, S. R. Lee, D. Y. Seong, D. Y. Yang,

Y. S. Han, M. S. Han

Abstract

In order to make a doubly-curved sheet metal effectively, the sheet metal forming process has been developed by
adopting the flexibility of the incremental forming process and the principle of bending deformation which causes slight
deformation in thickness. The developed process is an unconstrained forming process without holder. The experimental
equipment has been set up with the roll set which consists of two pairs of support rolls and one center roll. In order to
analyze process parameters in the incremental roll forming process for the application to doubly curved ship hull plate,
the orthogonal array is adopted. From the FEM results, among the process parameters, the distance between supporting

rolls in pairs along the direction of one principal radius of curvature as well as the forming depth is shown to influence the
generation of curvature in the same direction significantly. That is, the other distance between supporting rolls in pairs

which are not located in the same direction of one principal radius of curvature, does not have an significant effect on the
generation of the curvature in that direction. Also, the forming load and torque from the FEM simulation are acceptable to
the system development of the incremental roll forming process for the forming of ship hull plate.
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Fig. 1 Experimental setup and deformed workpieces
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Table 1 Level of process parameter

Parameter Level 1 Level 2 Level 3
2a (mm) 500 1000 1500
2b (mm) 500 1000 1500
d, (mm) 10 15 20
R.(mm) 250 500 700

Table 2 Experimental conditions:

L3 orthogonal array

Exp. 2a 2b d, R,

No. (mm) (mm) (mm) (mm)
1 500 500 10 250
2 500 1000 15 500
3 500 1500 20 700
4 1000 500 15 700
5 1000 1000 20 250
6 1000 1500 10 500
7 1500 500 20 500
8 1500 1000 10 700
9 1500 1500 15 250
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Fig. 3 Simulated result of one-path forming
’ (Exp. No. 3)

Table 3 characteristic values

Exp. Load Torque 6, Angle of
No. (ton) (kN*m) deformation(®)
6/ 6,)

1 64.1 24 172.41/179.51
2 60 80 168.71/179.60
3 80 170 169.22/179.49
4 90 240 178.47/167.98
5 52.5 37 176.74/175.64
6 353 25.2 175.15/179.67
7 64.5 453 172.58/179.53
8 22 21 177.64/179.69
9 28.8 7.88 177.9/178.9

Z

Fig. 4 Definition of deformation angle
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