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Optimal Design of the Stacking Sequence on a Composite Fan Blade
Using Lamination Parameter
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In this paper,

ABSTRACT

approximation and optimization methods

are proposed for the structural

performance of the composite fan blade. Using these methods, we perform the optimal design of the
stacking sequence to maximize stiffnesses without changing the mass and the geometric shape of the
composite fan blade. In this study, the lamination parameters are introduced to reduce the design
variables and space. From the characteristics of lamination parameters, we generate response surface
model having a high fitness value. Considering the requirements of the optimal stacking sequence,
the multi-objective optimization problem is formulated. We apply the two-step optimization method
that combines gradient-based method and genetic algorithm for efficient search of an optimal
solution. Finally, the finite element analysis results of the initial and the optimized model are
compared to validate the approximation and optimization methods based on the lamination

parameters.
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Fig. 1. Configuration of composite fan blade
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Fig. 5. Finite element model of the composite fan blade
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Table 1. Material properties of composite fan blade

Property Value Property Value
E, (MPa) 159000 X, (MPa) 1827
E, (MPa) 8960 X, (MPa) 1236
G, (MPa) 4690 Y, (MPa) 441
Vyg 0.316 Y, (MPa) 199

(kg/m®) 1580 S (MPa) 84.7

Table 2. Magnitude and location of loads and
boundary conditions

Type Magnitude Location
DOF e Bottom of
constraint Ux=Uy=Uz=0 dovetail
Aero. load | Total 470 N in y direction o
oty , — Airfoil
(distributed) | Total 650 N in z direction
Rotathnal 7000 RPM Rotation
velocity center
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Table 3. Comparison of the results between the
finite element analysis and the
response surface method

Error (%)
Case Compliance [Tip disp. Fiﬁglé;e Nﬁtelifl
1 1.58 12.84 15.12 0.86
2 2.12 10.11 12.59 0.95
3 0.23 2.76 13.76 0.95
4 2.26 7.21 9.89 0.26
5 476 3.39 1.86 2.16
mean 2.19 757 10.64 1.04

Table 4. The results of 1st step optimal design
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Table 5. The FEM results of optimal staking
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