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Optimal Approximated Development of General Curved Plates
Based on Deformation Theory

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

ABSTRACT

Surfaces of many engineering structures, speciaily, those of ships and airplanes are commonly fab-
ricated as doubly curved shapes as well as singly curved surfaces to fulfill functional requirements.
Given a three dimensional design swface, the first step in the fabrication process is unfolding or planar
development of this surfaces into a planar shape so that the manufacturer can determine the initial shape
of the flat plate. Also a good planar development enables the manufacturer to estimate the strain dis-
tribution required to form the design shape. In this paper, an algorithm for optimal approximated devel-
opment of a general curved surface, including both singly and doubly curved surface is developed in the
sense that the strain energy from its planar development to the design surface is minimized, subjected
1o some constraints. The development process is formulated into a constrained nonlinear programming
problem, which is on basis of deformation theory and finite element. Constraints are subjected to char-
acteristics of the fabrication method. Some examples on typical surfaces and the practical ship surfaces
show the effectiveness of this algorithm.

Key words : general curved surface, strain energy, optimal development, deformation theory, finite
element
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Fig. 6. Distortion parameter DP4 for 4-node plate efement.
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Fig. 8. Planar Development and Principal Strain Distribution
in Convex Surface.

Table 1. Objective Function And CPU Time along the
number of Meshes in Convex Surface

RaT | B4 BTR 28 ARAT ANALE)
7 23.813 57 1.187
9 22931 79 4.469
tl 22.493 93 13.953
13 22,209 110 47.125
[5 22,063 133 155.375
17 21.956 135 335.219

Table 2. Edge Length along the number of Meshes in
Convex Surface

SH59 o B
245

Edgel Edge2 Edgel Edge2
7 108.5 103,193 | 115.576 | 108.779
9 108.591 | 103.231 | 115.666 | 108.816
11 108.633 | 103.248 | 115.759 | 108.85
13 108.656 | 103.257 | 1t5.763 | 108.867
15 108.67 103.263 | 115.781 | 108.861
17 108.679 | 103.267 | 115791 | 108.874
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Bske 2348 ATEL & 5 ok
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Fig. 10. Planar Development and Principal Strain
Distribution in Saddle Surface.
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Table 3. Objective Function and CPU Time along the
number of Meshes in Saddle Surface

f4F (53 Fagh s A F AP HE)
7 5.016 41 1.016
9 4.760 68 4.672
11 4.623 101 18.000
13 4.545 87 44.297
15 4.505 107 152.328
17 4.480 122 350.750

(b) The Planar Development

(a) The NURBS Surface
Fig. 12. The Part of Torus.

Table 6. Objective Function and CPU Time along the
number of Meshes in Torus Surface

827 |54 U5a[08 ARAZ[AALE)
7 9.704 226 5.891
9 9.274 277 22.843
(a) The NURBS Surface (b) The Planar Development 11 9.021 380 83.000
Fig. 11. The Cylindrical Surface. 13 8.877 406 254.89
15 8.795 433 742.093
8.734 23392
Table 4. Objective Function and CPU Time along the 17 625 339.281
number of Meshes in Cylindrical Surface
SET S BRI NS AVAFATNAE)] 5} gz 2eg ¢ 4 Aok webd & Yroide @
7| SIEIS i 1422 & 39 2 o3 Juid 2% 28 + Uk
9 3.344E-17 144 16.469
11 2.548E-17 285 86.422 414 7|E} 2X8H =0 9| X7
13 1.262E-16 180 162.593 o] A= EUZ(Torus)®] 3 253 2B RO

Table 5. Edge Length along the number of Meshes in
Cylindrical Surface

S I AN "
adg
Edget Edge2 Edgel Edge2
7 240 111.706 240 111.706
9 240 111.706 240 111.706
I1 240 111.706 240 H1.706
13 240 111.706 240 111.706
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Table 7. Objective Function and CPU Time along the
number of Meshes in Fashion Plate

22 |28 Faegh] v Al A 3R ThE)
7 9.011 87 1.672
9 8.208 123 6.797
i 7.775 148 22.781
13 7.540 179 68.312
15 7.386 218 232922
17 7.289 230 543.453

(a) The NURBS Surface  (b) The Planar Development

Fig. 13. The Fashion Plate.

T T T I

{a) The NURBS Surface

{b) The Planar Development
Fig. 14. The K-Plate.

Table 8. Value of Objective Function and CPU Time along
the nurmber of Meshes in K-Plate

247 |84 FFR|0S AVITARALE)
7 0.897 123 2.797
9 0.342 174 12.57
11 0.177 220 43,344
13 0.113 249 140.500
15 0.00837 406 724.297
17 0.00683 810 3238.704
HES o,

4.2.1 Fashion Plate
o djAle Al ArF YU A s JFHo|
tl o)A HHAQ BE I TS A &

% o,

4.2.2 K-Plate
o] A= AA)AM bottom tangent lineoll AX )

R|ZCAD,/CAMTE] =53 A7 A33 20023 99

e s et v et
(a) The NURBS Surface {b) The Planar Development
Fig, 15. The Part of Stern.
E o
3 U1 I
T 1 I
1 U1 117
; g 11
1
{a) The NURBS Surface (b) The Planar Development

Fig. 16. The A-Plate of Bow.
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