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Structural optimization of hollow fan-blade based on

orthogonal experimental design

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

Abstract: -Several \structural\optimization parameters for the description of the geometric
features of a hollow fan'blade were-determined, then a finite element model was established
for the parameterized hollow fan blade. And, a method was developed for automatically up-
dating high-quality finite element grid in hollow fan blade in the iterative process of design
optimization. -Based on the discrete design parameters already simplified and assumed, the
structural desigh optimization problem for a hollow fan blade based on strength constraint
and minimum mass was converted into a multi-objective optimization problem without con-

straints. Finally, the Pareto optimal solutions were found by numerical orthogonal experi-

mental design method in a several turn.
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Fig. 1 Local sketchfor crosssection of a hollow

fan blade model
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Fig.2 Typical cross section of a hollow fan
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Table 1 Structural design optimization parameters and levels for a hollow blade
5 it
K
Di/mm D;/mm D;/mm D,;/mm D;/mm Di/mm D;/mm Ds/mm C L
1 1.8 1.6 1.4 1.3 1.2 1.1 1.0 0.2 0.3
2 1.9 1.7 .55 1.45 1. 35 1.25 1. 15 1. 05 0.3 0.4
3 2.0 1.8 1.5 1.4 1.3 1.2 1.1 0.4 0.5
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Table 2 Numerical solutions for the orthogonal experimental design of a hollow blade
K RREM Bt/ o N Bt/ N RREF JBidk/
5 ¥ 71/ MPa kg = W 71/ MPa kg = [i77/MPa kg
1 383.729 0.7765 10 376.12 0.8054 19 343.750 0.8234
2 382. 44 0.7988 11 355.623 0.8222 20 375.392 0.7912
3 382. 14 0.8213 12 382.963 0.7902 21 350, 417 0. 8084
1 380. 544 0. 8008 13 353. 901 0.8240 22 370..859 0.7936
5 379.588 0. 8234 14 381.203 0.7928 23 346. 534 0.8100
6 397.533 0.79%9 15 373..201 0. 8075 24 340. 057 0.8256
7 379. 608 0.8249 16 378..363 0.7946 25 345. 461 0.8121
8 396. 866 0.7974 17 369. 983 0.8102 26 339.691 0.8281
9 394.09 0.8202 18 351. 270 0.8265 27 368. 347 0.7955
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Table 3 Visual analysis of effects of design variables on the maximum Mises equivalent stress
in the 1st round experiment design
Di/mm Dy/mm Dy/mm D;/mm Ds/mm Ds/mm D;/mm Ds/mm C L.
M 386.25  370.25  367.23  367.76 368.04  368.10  367.72  368.99  381.70  364.59
M, 369.18  369.27  369.54  369.65 369.67  369.53  369.57  370.24  368.72  369.20
M 353.39  369.30  372.05  371.41 371.11 371.18  371.53  369.59  358.40  375.03
R 32. 86 0.98 4.82 3. 65 3.07 3.08 3.81 2.52 23.3 10. 44
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Table 4 Visual analysis of effects of design variables on the blade mass in the 1st round experiment design

D, /mm D, /mm Dy /mm D, /mm D; /mm Ds /mm D; /mm Dy /mm C

M, 0. 807 0. 804 0. 806 0. 806 0. 806 0. 806 0. 806 0. 808 0.792
M, 0. 808 0. 808 0. 808 0. 808 0. 808 0. 808 0. 808 0. 808 0. 808
M; 0. 810 0.812 0. 810 0. 810 0. 810 0. 810 0. 810 0. 809 0. 824
R 0. 003 0. 008 0. 004 0. 004 0. 004 0. 004 0. 004 0. 001 0.032
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Table 7 Visual analysis of effects of design variables 0.805 k
on the maximum Mises equivalent stress w0 K
in the 2nd round experiment design ﬁ; 0.795 L
D, /mm C L 0.785}
M, 375.12 369.53 356.61 ]
0.775 - - - -
2 3
M, 358.15 358.11 358. 54 0 : I _\ | ’ 4
Ve
M. .85 48. 360. 97 b oA AP TAL Y L o
: 28 S 9609 BS54 I b (AR R
R 32.23 21.05 4.36 s lRER U S

x8 F_HBRITHERLETTENHE
REXZ M ER S
Table 8 Visual analysis of effects of design variables
on the blade mass in the 2nd round

experiment design

D, /mm C

M, 0.7922 0. 7779
M, 0.7936 0.7937
M, 0.7950 0.8093
R 0,0028 0.0314
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Fig. 7 Visual analysis of effects of design variables
on the maximum Mises equivalent stress

in the 2nd round experiment design

Fig. 8 Visual analysis of effects of design variables
on the blade mass in the 2nd round
experiment design
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Table 9 Numerical solutions for full factorial

combination experimental design

K5 IR AFALY J)/ MPa Bt/ kg
1 372.50 0.7923
2 362.73 0.8078
3 366. 34 0.7779
4 355. 46 0.7937
5 350. 28 0.7793
6 330. 83 0.8107

AR i i = 48 B e i BT A AL A
BT A 5T M R R A RN ) AT HE B o A, AT L
155 e Z 1 AR 45 i S Pareto BT, WLIEL 9. &



el

B BBk AF 2 T IE SR BT B 2 O i 2 i e it 383

M4 A Pareto [V, 0T VA b Y A5 4  E 45 ff 46
R Pareto fe L fife. 2 0L, 38 &8 W9 58 1E 28 i 50 % 11
MG —f el Faa R 7200 i
e .

0.84p
0.83F
0.82F

081F

Mass/kg

().303‘
0.79 -

0.78 ;-

0.77F

T
0.76 330

S e e |
370 390 410

SeqvMax

e e
350

K9 a0 g5 LAk et i R AE E L %
Fig. 9 Pareto solutions for structural optimization

of a hollow blade
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