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Shape Optimization with Consideration to Static and Dynamic Characteristics
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An almost machine structure has needed the demand from the static and dynamic characteristics. It is very important to examine
for the optimum structure composition, when satisfying each of constrained conditions. In this paper, report how to analyze the
optimization problem that take into consideration of static and dynamic characteristic simultaneously and some results, using
structure optimum design system 3D FINAL DESIGN. Two application examples are calculated, the first example is the clamped
beam structure shape optimization problem, and the second example is a gas-turbine compression machine blade shape optimization
problem. By those results verified the validity of present methods and system functions.
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Fig.1 Flowchart of the 3D FINAL DESIGN System
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Fig.2 Clamped Beam Structure and Load Cases
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Table.1 Basis Shapes for Clamped Beam Optimization

Basis Shape 1 Basis Shape 2

Basis Shape 3 Basis Shape 4
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Table.2 Comparison of Basis Coefficients

Basis Coefficient 1 2 3 4

Initial Shape 0.0 0.0 0.0 0.0

Optimal Shape 1.000 -0.939 0.046 -0.128
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Table.3 Structure Shape and Natural mode of Vibration
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4th Natural Mode 4th Natural Mode
1240.6Hz 1476.2Hz
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Fig.4 Structure of Gas Turbine Compressor Blade

Fig.5 Basis Vectors of the Blade Shape Change
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Table.4 Changes of some constrained stress (kg/mm?)

Part EL. Limit | Initial | Optimum | Change (%)
El 30.0 34.77 22.88 -34.22

Root
E3 30.0 31.56 28.16 -10.77
E4 30.0 34.16 21.47 -37.14
ES 25.0 26.54 21.00 -20.86

Surface E6 25.0 27.65 22.44 -18.84
E7 25.0 28.63 23.19 -19.01
E8 25.0 29.36 23.07 -21.42
E9 25.0 29.05 22.67 -21.97
E10 25.0 27.63 22.25 -19.45
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(a). Initial Shape (Right: Back Side, Left: Belly Side)
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(b). Optimal Shape (Right: Back Side, Left: Belly Side)

Fig.6 Mises Stress Distribution of blade
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