5328 12 W = hE#R Vol. 32 No. 12
2017 & 12 H Journal of Aerospace Power Dec. 2017

XEHS :1000-8055(2017)12-2824-11 doi:10. 13224/j. cnki. jasp. 2017. 12, 002

MEEZPXEH FERESEEIZITSHH

£ #m, KERKR. BH=E, & #
Copr [ f 2 s LA AT R 2 7 3 PR %5 42 B BLAT BR ST 24
R OHLR S HL TR AR BT L, 11 200241

i B RR T AU R AR B AL e A B O i A E TR R R B S R AR R A
DU KU I PR Sl R PE A B BGE o T AT AR A1 A B B B 28 NURBS (non-uniform rational B-spline)
A e 1 2 9 o AR B 2 5 vk » S BBl I B 5 Sk O T T ) D' T T 5 3 e o AT A ) DO A £ S
I AR B 3 B 4 S B BT R AE A DGR B A 1 O B Al B R T 5 4 SCAR R B B BT Y 8 AN BT AR A
DAKU R L5 B die KA ATE Sy (e AR B B3 B A o 76 4% 1) 6 56 4 4% (RBEND 55 k; T (PSOD 85 1 A B iy 1
FEST T AR B v A AL B TR R A v RBEIN 3T R0 ASE 780 08 38 3/ A J0I IR i B L R AR 5 AR B
Btz B [ 14 B 3 AR B8 75 LR Rl _E 6T PSO B 18 R AT SRR 2 3 21 KA i AR B B R e A
SRR ORI L B 5% XU R SR T b 3R AR 3 5 D A e AR B s R KU B v A il g — A A R
HAFFN R R 3 TR 18] LR A B AR 2 204

X 8 W KA izl MAREBG SRR BRI (RBFN); K1 (PSO)

FE KT V231.95; 0346.2 NEkFRER: A

Shape design and optimization for shank of aeroengine fan blade
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Abstract: The optimization method for designing the shape of the shank of an aero-
engine fan blade was explored, and it was used to improve the vibration property of the fan
blade without changing the aerodynamic design of the blade. First, the method for designing
the shape of shank based on NURBS (non-uniform rational B-spline) bridging curves was es-
tablished, and the smooth connection between the passage blade and the tenon sides was
achieved. Then the parametric design of the shank shape was accomplished by adjusting the
positions of the control points of the bridging curves, and 8 design variables which were re-
quired to completely define the shape of the shank were extracted on the basis of related as-
sumptions. The maximization of resonance margin of the fan blade was chosen as the objec-
tive of shank design; the optimization process of shank shape design was established based
on radial basis function network (RBFN) and particle swarm optimization (PSO), and the
principle is that an RBFN meta-model is constructed to approximate and predict the implicit

objective function whose input and output are design variables of the shank and resonance
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margin of the fan blade respectively, and that PSO is used to find the best combination of

shank design variable which achieves the maximum resonance margin. The above process

was used in the design of a high bypass ratio wide-chord fan blade, and the shank shape was

optimized so that the natural frequency of the axial first order bending mode for the fan blade

was increased and that the resonance margin for the excitation frequency that was the triple

of the rotation speed was increased by about 2%.
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Fig. 1 Fan blade and its assembly relation with other parts in an aeroengine low pressure compressor system
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the shank surface based on NURBS bridging curves
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Fig.4 Shape of bridging curves that are controlled by

the values of the functions f(wv) and g(wv)
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Table 1 Design variables for the shank of a high bypass

ratio wide-chord fan blade
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fa/mm 17 14 20
w 0.5 0.4 0.6
Jv/mm 30 20 40
Se/mm 55 40 70
ga/mm 11.5 9.5 13.5
v, 0.5 0.4 0.6
g./mm 30 20 40
g¢/mm 55 40 70
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Fig. 9 Shank-surface shape and the finite element mesh

of the fan blade that are generated by the program
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Fig. 10 Vibration mode and stress distribution of the fan

blade for the first axial bending modal
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Fig. 11 Variation curve of the best resonance margin

in the swarm versus iteration number
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Table 2 PSO results of the design variables for
the fan blade shank
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f./mm 17 14. 39

v, 0.5 0.5858
Sv/mm 30 20. 65
fe/mm 55 38. 68
g4/mm 11.5 13.12

Ve 0.5 0.4187
g./mm 30 38.53
gi/mm 55 61. 66
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Fig. 12 f(v). g(v) curves for the original design and
the optimized design of the fan blade shank
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Fig. 13 Comparison for the section profiles of the

(d)v=1.0

fan blade shank before and after optimization
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Table 3 Variation of resonance margin for the first three

modes of the fan blade before and after the optimization
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