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Application of 3D FINAL DESIGN to Turbine Structure Optimum Design
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This paper shows application of 3D FINAL DESIGN in turbine structure optimum design; it is to solving
the shape optimization problem of blade effective part and fixed part. The design variables are proposed
basis vector coefficient to express the structure shape changes. Impose displacement and stress of
constrained conditions; Let stress be the objective function to make blade stress decentralize. Two
application examples that searched for the optimization shape of turbine blades are reported.

Key Words: Optimal Design, Finite Element Method, Basis Vector Method, Turbine Design,
Shape Optimization, Sensitivity Analysis.
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(a)

Fig.1 The Moving Blade of Steam Turbine
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Fig.2 FEM Model for Effective part of the Blade
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Fig.3 Basis Vectors to Change Shape of Effective part
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(c). Case 2
Fig.4 Shape and Stress Distribution of Effective part



Table.1 Comparison of Stress Difference in Case 1 0o00oDoDOO000ooooooooooooAeOOOO

Section | Limit | Initial |Optimum| Change O00000Ar 0000000000000000000
1 5.00 7.76 499 -35.7% o0ooo

2 5.00 5.55 500/  -9.8% 00000000000000000000000000

3 5.00 8.08 9.00] -38.1% 000000000000000000000000000

4 5000 684 1.12) -837% 0000000000000 000000000000000

5 500 548 005] ~99.1% 000000000000000000000000000

0000000000000000
Table.2 Comparison of Stress Difference in Case 2 0000000000000 000 Pentiuml  450MHz0
Section Limit Initial | Optimum| Change 0000300000 7000000000000000

1 5.00 7.76 500| -35.6%
5.00 5.55 5.00 -9.9% Contrifugal Force
5.00 8.08 295 -63.5% ﬁ
5.00 6.84 501| -26.8% g

5.00 5.48 5.00 -8.8%
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Fig.5 FEM Model for Fixed part of the Blade

40000000000000
0000000000 FEMOOOOOO00000000
000000000000000000000000000
00000000 6560000 55900000000000
000000000000000000000000000
000000000000000000000000000
000000000000000000000000000
0oooooo
000000000000000000000000000
0000D0000000000000000000000
00000D0000000000000000000000
00000000000000000000
00000000000000000000000000
000000000000000000000000000
0000D00000000000000000000000
000000000000000000000000000
0000D0000000000000000 2700000
00000000000000000000000000 ae 8y
0000D00000000000000000AaOOO B4 o5 Bv.6
ALOOOAHOOODOOOABOODOODDOAY O
0000D00000000000000000000000

BvV.3

AB

AR Ay

Fig.6 Basis Vectors to Change Shape of Fixed part
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Fig.7 Shape and Stress Distribution of Fixed part of Blade

Table.3 Change of Design Variable Coefficients

Variable |Low Limit| Up Limit | Initial Optimal
Aa -1.00 1.00 0.00 -0.401
AL -1.00 1.00 0.00 0.745
AH -1.00 1.00 0.00 1.000
AB -1.00 1.00 0.00 -0.573
Ay -1.00 1.00 0.00 0214
A6 -1.00 1.00 0.00 1.000
Ar -1.00 1.00 0.00 0.956
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Fig.8 Stress Distribution along Face of Blade Side

‘ ------- initial

optirmal ‘ H

T

JEE AR
(A AN AN
| R

Py

fook 1 fook 2 fook 3 fook 4
Fig.9 Stress Distribution along Face of Rotor Side
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