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Improved Optimal Approximated Unfolding Algorithm of a Curved
Shell Plate with Automatic Mesh Generation

Ryu, C. H.* and Shin, J. G**

ABSTRACT

Surfaces of many enginecring structurcs, especially, those of ships are commonly made out of cither
single- or double-curved surfaces to meet functional requirements. The first step in the fabrication pro-
cess of a three-dimensional design surface is unfolding or flattening the surface, otherwise known as
planar development, sa that manufacturers can determine the initial flat plate which is requircd to form
the design shape. In this paper, an algorithm for optimal approximatcd development of a general cueved
surlace. including both single- and double-curved surfaces, is established by minimizing the strain
energy of deformation from its planar development 1o the design surface. The unfolding process is for-
mulated into 3 constrained nontincar programming problem, based on the deformation theory and finite
clement. Constraints arc subjected to the characieristics of the fahrication method. And the design sur-
face, or the curved shell plate is subdivided by automatic mesh crenemnon

Key words : automatic mesh generation, optimal surface development, strain energy, nonlinear deformation

theory, finite cloment
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Fig. 5. Design model and unfolded shape of Model 4.
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Table 1. Characteristic values for verification of unfolding algorithm (unit: mm)

Model Mecthod Edgel Edge2 Edge3 Edge4 Diagl Diag2
f Yard 2292 1028 2292 864 2479 2479
‘This paper 229595 1031.12 2296.07 863.70 2482.45 2482.32
2 Yard 2674 1313 2647 1362 3038 2016
This paper 2685.79 1313.72 2659.93 1359.92 3048.95 2926.63
3 Yard 3356 2458 3269 1446 3712 3908
This paper 3377.54 244792 3280.6 1440.36 3715.08 3926.67
Table 2. Effects of initial values for automatic meshes
Model Size Cost . CASE1 . CASE2 .
(Nodes) leration Time(sec) [teration Time(sec)
1 128 11.9 396 23.7 365 18.3
142 32.1 603 479 506 355
147 43.6 730 66.0 476 31.1
€ Aoty 1 45S vlagg. Table 3. Results of structural grid
CASEL: 37 I2] 7zt A¥-2 o) £43 3} Model | Size Cost Iteration | Time(sec)
& #7130 7Ke A, F xo=X, Yo=Y, 1 nxtr | 135 278 133
CASE2: Isometric Tree Mapping?) 235 %73t 2 13x11 | 328 706 62.6
o 7 e B 3 12x12 | 49.8 1084 87.3
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