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Abstract

In this study, we presented a novel size optimization framework to control the linear buckling temperature and several buckling modes of
plates, by optimizing thickness values of composite structures for practical engineering applications. Predicting the buckling temperature and
mode shape of structures is a vital research topic in engineering to achieve structural stability. However, optimizing designs of engineering
structures through engineering intuition is challenging. To address this limitation, we proposed a method that combines finite element
simulation and size optimization. Based on the idea that the structural buckling temperature and mode shape of a plate are affected by the
thickness of the structure, the thickness values of the nodes of the target structure were set as the design variables in this optimization method,
and the buckling temperature values, and buckling mode shapes were set as the objective functions. This size optimization method enabled the
determination of optimal thickness distributions, to induce the desired buckling temperature values and mode shapes. The validity of the
proposed method was verified in terms of their buckling temperature values and buckling mode shapes, using several numerical examples of
rectangular composite structures.
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2. Optimization formulation
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Optimization formulation
Computation of design variables and constraints

v

Update the
design variables

Modeling of plate using 2D shell mesh

¥

Eigen buckling analysis by applying thermal loading

¥

Compute the gradients of
the objective function and the constraints
using Finite Difference Method

Converge ?

Fig. 1 Flow chart of optimization procedure
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3. Optimization results
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- Material properties of steel

Young’s Modulus =200 GPa
Poisson’s Ratio = 0.30
Material properties of copper  Thermal expansion coefficient = 11.7x10°C"
Young’s Modulus = 128 GPa

Poisson’s Ratio = 0.36

Thermal expansion coefficient =17.0x10°°C™

100 mm

Fig. 2 Plates used for examples
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Fig. 3 Illustration of the design variables
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Table 1 FDM tests with the perturbations

Design Sensitivity with Sensitivity with Sensitivity with
Variable| A=0.Imm(°C/mm) | A=0.01mm(°C/mm)|A=0.001mm(°C/mm),

t 0.9070 0.8900 0.8800

t6 0.9070 0.8900 0.8800

tis 2.8380 2.7800 2.7000

tie 2.8380 2.7800 2.7000

1253 2.8380 2.7800 2.7000

e 1.5120 1.5000 1.4900

o 1.5120 1.5000 1.4900

131 0.9070 0.8900 0.8800
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3.2 Buckling temperature optimization
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(units: mm)
2.2797 1.2091 2.4942 2.4942 1.2091 2.2797

2.1467  0.7612 1.6941 1.6941 0.7612 2.1467
1.9002 1.0598 1.8794 1.8794 1.0598 1.9002
1.9002 1.0598 1.8794 1.8794 1.0598 1.9002
2.1467  0.7612 1.6941 1.6941 0.7612 2.1467
2.2797 1.2091 2.4942 2.4942 1.2091 2.2797

Fig. 4 Node thickness after size optimization

Fig. 5 Geometry change after size optimization
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3.3 Buckling mode optimization
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Fig. 7 Initial plate geometry and mode shape

(units: mm)
4.8276  2.6944 42935  4.2935 2.6944 4.8276
4.5405  2.5755 3.2364  3.2364 2.5755  4.5405
1.1066  2.0454 04516  0.4516 2.0454 1.1066
1.1066  2.0454 04516  0.4516 2.0454 1.1066
4.5405  2.5755 3.2364  3.2364  2.5755  4.5405
4.8276  2.6944 42935  4.2935 26944 4.8276

Fig. 8 Node thickness after size optimization
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Fig.9 Plate geometry and mode shape after size optimization
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Fig. 10 Initial mode shape and mode shape after size
optimization

3.4 Application to real-life structures
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4. Conclusion
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