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A Method for Optimizing Contour Shape to Minimize
Stress Concentration in Flat Plates

JuNko Fukupa f

In this paper, the author presents a shape optimization method to minimize the maximum
stress around discontinuous parts of a plate without inserting a thick reinforcement plate. The
finite element method (FEM) using constant strain triangular elements is applied for calculat-
ing the displacement and stress of the structure. The improved values of the stress at nodes on
the external boundary of the domain are required in the process of the shape optimization, but
the irregular and dispersed values of FEM results include errors which are influenced sensitive-
ly by the mesh pattern. The accuracy of stresses at a node on the external boundary of the
domain which are approximated by simple averages of stresses of the adjacent elements
having the node in common, is generally known to be lower than those of internal ones. The
author proposed a smoothing method furnishing more accurate stresses at a node on the
boundary of the domain and applied this smoothing method to the optimization system for
improving the accuracy of the stress distribution obtained by FEM. Further, the author
proposed a method of automatic mesh generation which can effectively adapt to the deforma-
tion of the domain shape through the process of optimization. Consideration is taken to avoid
the formation of elements having acute angles and to control the size or distribution density
of finite elements in order to avoid the loss of numerical accuracy in the analysis. A mesh
generation method using random numbers enables generating triangular elements for arbitra-
rily shaped and multiply connected planar domains. It is shown in this paper that this method
is highly effective in reducing the stress concentration by optimizing the shape around the
discontinuous part of a ship structure and hatch opening.
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Fig.5 Refining scheme of corner shape of a perforated plate.
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Table1l The criteria of convergence for stress distribution
and the quantity of node shifting.

Method| Condition of convergence | Computation of dp%
I Ofex — min. Sok= a*(ohax— %)
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I Use Method I and then Method II
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Fig. 15 Dimensions of hatch opening and load
condition assumed for stress analysis.
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Fig. 19 Comparison of stress distributions around hatch corners.
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Fig. 22 Automatic mesh generation using random numbers.
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Fig. 23 Mesh pattern generated automatically
by IMG (Different density factors).
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Fig. 25 Internal stresses along AB in an
element and nodal forces.
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Fig. 26 Calculation method of the stress at a nodal point on
the boundary line of the domain.
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Fig.27 Calculation method of the stress at a
nodal point on the refracted boundary
of the domain.
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Fig. 28 Calculation method of the stress at a
nodal point in the domain.
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for FEM analysis.
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Table2 The mean relative errors.

Model | Mesh NOde;f%%;z?ﬁdary Nodes in domain | Ng. of | No. of
Kind . - ; - nodes |elements
On 1.25 | 0.00 | o= 1.06 | 1.01
Reg. | o0¢ 5.48 | 0.86 | oy 0.22 | 0.11 2(2(7)) 512
Tne 1.37 | 0.01 | zmy 0.19 | 0.19
4 On 0.66 | 0.00 | oz 1.06 | 1.07
Irreg. | o: 4.02 | 1.24 | oy 0.24 | 0.52 2(23) 514
Tne 1.40 | 0.01 |z 0.25 | 0.45
On 0.97 | 0.00 | ox 1.14 | 1.11
Reg. | o0¢ 4.78 | 2.47 | oy 0.32 | 0.31 1(:;) 256
Tne 2.05 0.00 | 72y 0.38 0.38
B On 1.44 | 0.00 | oz 1.85 | 1.54
Irreg. | o¢ 5.14 3.09 | oy 0.30 0.92 EZZ) 260
Tn 1.96 | 0.00 | 7z 0.55 | 0.74
On 1.84 | 0.00 | o0z 0.55 | 0.38
C Irreg. | 0. 3.96 | 1.11 | oy 0.36 | 0.43 z:i)* 1312
T 2.88 | 0.00 | tw 0.38 | 0.21

() Number of nodes on boundary of domain
% Nodes around circular hole
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