DOI:10.13224/j.cnki.jasp.2012.01.018

27 1 Vol. 27 No. 1
2012 1 Journal of Aerospace Power Jan. 2012

:1000-8055(2012)01-0097-07

( , 100191)

, Pareto s
Pareto s
; ; H ; Pareto

: V2319 : A

Structural design optimization method and program

implementation for a hollow fan blade

YANG Jian-giu, WANG Yan-rong
(School of Jet Propulsion,
Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: A bi-objective optimization model for a hollow fan blade was established for
the purpose of minimizing the mass and radial displacement with the constraint of maximum
Von Mises equivalent stress, based on the structural analysis of a hollow fan blade. The
effects of design variables on the constraint function and objective functions were studied u-
sing orthogonal experimental design method, and the number of design variables was re-
duced as a result. The response surface metamodels of constraint function and objective
functions were constructed using radial basis function method so as to improve the efficiency
of structural design optimization and avoid a lot of finite element analysis during the optimi-
zation process. An example was solved for the purpose of studying the applications of meta-
models and elitist non-dominated sorting genetic algorithm (NSGA-[[ ) for the bi-objective
structural design optimization of a hollow fan blade, then a group of uniform Pareto solu-

tions and some recommended optimal results of a hollow fan blade example were obtained.
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Table 1 Structural design optimization parameters and levels

D, /mm D, /mm D;/mm D, /mm D;/mm Ds /mm D; /mm D /mm C L

1 1.2 1.2 1.0 1.0 1.0 1.0 0.8 0.8 0.2 0.2

2 1.7 1.6 1.4 1.4 1.3 1.3 1.2 0.9 0.3 0.4

3 2.2 2.0 1.8 1.8 1.6 1.6 1.6 1.0 0.4 0.6
2 ( :MPa)

Table2 Effects of design variables on the maximum Mises equivalent stress (unit: MPa)

D, D, D, D, D; Ds D; Dy C L

M, 783.56 642.63 670. 10 609. 82 634.22 642. 21 629.79 650. 44 666. 68 657. 38
M, 593.98 669. 69 639.32 673.03 663.67 654.13 662. 50 658. 27 660. 60 654. 95
M; 599.63 664. 84 667.73 694. 31 679.27 680. 8 684. 86 668. 44 649. 88 664. 83

R 189.58 27.06 30.78 84.49 45.05 38.59 55.07 18 16. 8 9. 88

3

Table 3 Effects of design variables on the maximum radial displacement

D,/mm D,/mm D;/mm  D,/mm D; /mm Ds/mm D;/mm D /mm C L

M, 1. 446 1. 453 1. 450 1. 440 1. 426 1. 413 1.394 1.423 1. 426 1. 430

M, 1.429 1.427 1.429 1.427 1.431 1.431 1.431 1.430 1.430 1.430

M; 1. 417 1. 412 1.414 1. 426 1. 436 1. 448 1. 468 1. 439 1. 436 1. 432
R 0.029 0.041 0.036 0.014 0.01 0.035 0.074 0.016 0.01 0.002
L ’ 3.3
’
2 3 ,
, 4,
5 8 ) ,
4
1 3 Table 4 Value ranges of the design optimization variables
’ D,/mm D,/mm D,;/mm C L
, 4
1.2 1.2 1.0 0.2 0.2
, R 2.2 2.0 1.8 0.4 0.6
C ,
L ,
’ ’ ~
4 8
, 1 3 , s
N C Pareto ,
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Fig. 4 Process of structural design optimization based

on response surface metamodels
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Table 5 Deviation of response surface prediction results

in the first round of design optimization

Suax/MPa U/ mm W/kg

9.94 0.00085 0.00012

4.06 0.00029  0.00005

/% 2.1 0.06 0.018
/%% 0.86 0.022 0.0081
5 ,
s 47 s
68
465 MPa ,
20 s 150
NSGA- I , 20 Pareto
s 6. Pareto
5.

6
Table 6 Deviation of response surface prediction results

in the second round of design optimization

Suax/MPa U /mm W /kg

9.14 0.001 0. 0001
4.25 0.0003  0.000025

/% 2.0 0.075 0.015
/% 0.9 0.022 0.0037
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Table 7 Pareto optimal solutions for some points
on Fig. § s
Pareto D,/mm D,/mm D;/mm C L ’
1 1.94 1.33 1.26 0.20 0.26
2 1.99 1.59 1.36  0.20 0.26
3 2.18 1. 97 1.45 0.20 0.28
4 2.20 1.99 1.78 0.20 0.28
b
, NSGA- I
NODAL SOLUTION .
STEP=1
SUB =4
TIME=1
SEQV  (AVG)
DMX =6.577
SMN =2.155 1)
SMX =466.914 ’
8
Stress/MPa 1 , 2
e I—
2.155 105.435  208.715 311.995 415274 4 8

53.795 157075  260.355 363.635 466.914

6 2
Fig. 6 Mises equivalent stress distribution for
the No. 2 optimal solution of

a hollow fan blade
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