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Reliabil ity and multidisciplinary design-optimization\for turbine blade
based on-decoupled method

HE Qian, L | Yuansheng, WEN Zhi-xun ,-YU E Zhufeng

(Department of Engineering Mechanics,
School of Mechanics, Civil-Engineering and Architechture,
Northwestern Polytechnical University, Xi'an 710072, China)

Abstract : A suitable reliability-based multidisciplinary design optimization (RBMDO)
framework for-turbine blade was proposed by combining inversefirst order reliability analyss
method (inverse FORM) with multidisciplinary feasble (MDF) method. The Kriging ap-
proximate model with updating function was introduced to reduce the computational cost of
MDF caused by complex structure. The proposed methodis efficient sinceit can decouple re-
liability analys s process from optimization process. A turbine blade desgn optimization was
employed to illustrate the feas bility and efficiency of the proposed method. It showsthat the
optimal results can satisy the required reliability and the efficiency is improved 63. 8 % by
the proposed method as compared with commonly used double-loop based RBMDO method.
It isfeadble and efficient to apply this method to engineering design.

Key words: multidisciplinary desgn optimization; multidisciplinary feasble method;
decoupled method; reliability analyss; Kriging approximate mode ;
turbine blade
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1
Table 1 Upper and lower |imits of design variablesand constraints
B/ () Bal ()
rn/mm @i/ () m/mm  @a/ () Umax / MM Trax | K Omax | kPa
2.000 20.000 115. 000 2.400 30. 000 115.000 0.600 1310 350000
0.500 10.000 100. 000 0.800 20.00 100. 000 0 0 0
2 RBMDO
Table 2 Comparison of results between deter ministic optimization andtwo RBMDO
RBMDO RBMDO
ro/ mm 0.974 1.192 1.235 1.212
@1/ (°) 15. 400 11.547 14.972 13.088
Bi/ () 106. 630 101. 753 103. 539 104.115
ra/ mm 1900 2.026 2.041 2.045
@4/°) 28.000 23.800 24.015 23.893
Bal (°) 106. 630 103. 541 104. 284 105.112
R % RBMDO R % RBMDO R %
Omx [ kPa 343280  342742.056 43.13 321730 9.1 322519.73 95.73
Umax / mm 0.492 0.504 99.24 0.485 1.000 0.488 1.000
Toax [ K 1300.54 1300.021 99.95 1298. 850 99. 997 1301. 225 99. 89
Poss / Pa 64519.3  60280.497 61993. 633 61481.50
t/h 385.7 139.5
35k o e
PLAkHG 401 ----- R
o — itk — s
25- 30.
201 -
g 15k £
™ 1o} -
10f
st
or oF
2% § 5 1 15 & R r— 0 5 10 15
-4 1 x/mm WL i v/mm
4 RBMDO

Fig 4 Comparison of the profile lines between before and after decoupled RBMDO
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