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Multi-level design and optimization of turbine joint structure
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Beijing University of Aeronautics and Astronautics, Beijing 100191, China;
2. Collaborative Innovation Center for Advanced Aero-Engine, Beijing 100191, China)

Abstract: For the optimization design of aero-engine turbine joint structure, a 3-step op-
timization method was developed based on different levels and requirements: basic parameter
optimization for 2-D model of joint, joint structure optimization for 3-D model with disk and
multidisciplinary optimization of aerodynamics and structural strength for disk. The 3-step
optimization process was iterative; in the first step, the basic parameters were built; the sec-
ondary step was established on former results, while some important parameters influencing
the disk can be taken into account. When the second step cannot meet the requirements or
make the best result, the multidisciplinary optimization was conducted, the outlines of tur-
bine flow path were designed according to aerodynamics analysis, and the 3-D turbine blades
were introduced. Through the multidisciplinary optimization of aerodynamic and structural
strength, the optimum solution can be obtained to realize the relatively best result of the two
disciplines. The results show that, after the optimization the max radial stress of the joint
structure dropped by 12. 7% in the first step, the mass of turbine decreased by 6. 9% in the
second step and the comprehensive result of aerodynamic and structural strength increased by

2. 4% in the third step while meeting the requirements of design.
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Fig. 1 Flow chart of optimization of joint structure
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Table 2 Initial value and ranges of the design variables

in basic parameter optimization

Bt AE THRYE YIfE ERRE REE
W, 0. 889d d 1.056d  0.0472
T, 0. 389d 0. 4d 0.411d  0.3040

T, 0.478d 0. 489d 0.5d 0.1103

T. 0.433d 0. 444d 0.456d 0.0123
H, 0.167d 0.222d 0.278d 0.2170
H; 2.167d 2.222d 2.278d 0.1071
Ay 0. 9e e 1. 1le 0.0556
A, 0. 338e 0. 375e 0.413e 0.1747
A, 0. 25¢ 0. 275e 0. 325e 0.1564
R 0.278d 0.333d 0. 389d 0.3898
R, 0.195d 0.233d 0.272d 0.1033

R A0 2 5 88 o DU N TR 2 L 3 S Ik R
IR S] o0 29 EFR g 2. 160.
AR F S IR R R )L AR S0k
Wt KA ) B ) Cop) B2/ D9 H bR o888 45 fish Bz )
Ehz%.
AL BB AR TN T
Mine,y(X) X = (R.,W,,--,H)"
Sete Tidown << X <L Xpyp 1= 1,2,00,11
{ 0. (X) —2.166b <0
(D

A Zidown » 2o 73 A B R B BUE A T R,
ARG A i B AR e n 3k 3.
x3 FE2HMUMBERITTEETL
Table 3 Design variables before and after optimization

in the second step
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Table 6 Contractions and objective functions before and

after optimization
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Fig. 9 Flow chart of multidisciplines optimization process
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Table 7 Initial value and ranges of the design variables :
in the thrid step
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H, 4.222d 4.928d 5d Fig. 12 Turbine flow path and turbine structure
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Table 8 Comparison of design variables before and

after optimization in the third step
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n 110¢ 110.0004c  0.0004
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Table 9 Comparison of contractions before and after

optimization in the thied step

AR P fE AL fE AR/ %
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Table 10 Comparison of objective functions before and

after optimization in the thrid step
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Fig. 14 Circular stress contour after optimization

in the third step
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Table 11 Three steps in optimization
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