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A Study on the Shape and Thickness Optimizations of Shells Using
CAGD through Minimization of Strain Energy with Volume Constraint
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Abstract

This paper describes basic procedures and results of shell optimizations. The main objective of this
study is to find the optimum shape and thickness distribution of shells under certain conditions. The
strain energy to be minimized is considered as the objective function with a volume constraint. The
computer-aided geometric design (CAGD) such as Coon patch representation is used to represent the
geometry and thickness distribution of shells. In order to measure structural response of shells, a
nine-node degenerated shell finite element” is adopted. Robust optimization algorithms available in the
optimizer DOT are used in the optimization. Finally, several numerical examples are provided to show
the efficiency of the shell optimization system.

Keywords : shell, shape and thickness optimizations, computer-aided geometric design, finite element,
strain energy
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Fig 2. An assembly of Coons patches having
(k+1) curves and (/+1) curves in
the » - and v - directions respectively:
The patch number has been assigned
under the assumption that i=/;=2
and k=1[=4
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(a) Structured finite element mesh with
Coons patches on parametric plane

(¢) Structured finite element mesh with
Coons patches in three dimension
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Parametric grid data of Coons patches

Fig 3. Coons patches in three-dimensional
space and the parametric grid data
of Coons patches
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(b) Unstructured finite element mesh with
Coons patches on parametric plane

(d) Unstructured finite element mesh with
Coons patches in three dimension

Fig 4. Two step mesh generator based on a Coons patch representation
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(b) The cylindrical shell modeled
using a set of 6X6 Coons
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cylindrical shell
patches

Fig. 6 Cylindrical shell
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(b) Vertical direction

(a) Normal direction

Fig. 7 Possible movement directions of the
design variables
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Fig. 8 Effect of perturbation of a design variable
on the shell surface and the mesh
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Table 1 The results of shape optimization of cylindrical shell

A A kil T
No. s s° SQP SLP MFFDM
1 18.000 30.000 35.000 18.000 21.581 18.000
2 18.000 30.000 35.000 20.137 22900 19.737
3 18.000 30.000 35.000 22.483 18.003 18.005
4 18.000 30.000 35.000 27.927 32.720 31.818
5 0.1200 0.2500 0.3500 0.2347 0.1447 0.1658
P(s) - - 0.0676 0.0533 0.0523
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Iteration number

Fig. 10 The iteration history of shape optimi-
zation for a cylindrical shell.
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Table 2 The results of mixed optimization of doubly curved shell

A A A %

No. st $° s Ref(8) SQP SLP MFDM
1 -1.20 -0.87 1.20 -0.37 -0.555 -0.522 -0.533
2 -1.20 -0.67 1.20 0.90 0.306 0.466 0.384
3 -1.20 -0.60 1.20 1.20 0.283 0.368 0.432
4 -1.20 -0.50 1.20 0.17 -0.093 -0.088 -0.010
5 -1.20 -0.33 1.20 0.75 0.439 0.470 0.454
6 -1.20 -0.27 1.20 1.12 0.611 0.802 0.639
7 -1.20 -0.13 1.20 1.04 0.872 1.147 0.866
8 -1.20 -0.07 1.20 1.20 1.067 0.767 1.075
9 -1.20 0.00 1.20 1.20 1.200 -0.167 1.200
10 0.10 0.20 0.30 0.30 0.300 0.300 0.300
11 0.10 0.20 0.30 0.30 0.300 0.300 0.300
12 0.10 0.20 0.30 0.10 0.100 0.100 0.100
13 0.10 0.20 0.30 0.23 0.100 0.100 0.100
14 0.10 0.20 0.30 0.30 0.172 0.130 0.178
15 0.10 0.20 0.30 0.10 0.204 0.199 0.203
16 0.10 0.20 0.30 0.10 0.300 0.300 0.300
17 0.10 0.20 0.30 0.21 0.100 0.100 0.100
18 0.10 0.20 0.30 0.10 0.100 0.100 0.100
19 0.10 0.20 0.30 0.27 0.100 0.100 0.100

w(s) - - - 0.28 0.085 0.094 0.083
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