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Multi-objective Optimization of a Composite Material Propeller Structure

Zhang Bihui, Li Xile, Zhou Bo

(Caihong UAV Technology Limited Company, China Academy of Aerospace Aerodynamics. Beijing 100074, China)

Abstract: Reducing the weight and increasing the torsion stiffness are the two main pursuits in the engineering
design work of propeller blade structure. And the application of composite materials has improved the design-
ability of propeller structure. An optimization process on a composite propeller blade is presented, in which the
composite layup numbers and angles are optimization parameters, the strength and bending stiffness are optimi-
zation constraints, the weight and torsion stiffness are optimization objectives. Finite element method is used for
structural analysis, and non-dominated sorting genetic algorithm (NSGA-1[ ) is adopted as the optimization
method. The Pareto front of the two objectives is gained, which means the optimization has found the best de-

signs considering both weight and torsion stiffness. Results show that the optimization method is effective.
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Fig. 1 Cross section of composite blade
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Fig. 2 Geometry model of the blade
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Table 1  Design variables
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Fig. 6 Pareto front a 2-dimension function
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Table 2 Initial value and range of the parameters
75 A TR R WA 1H
1 B_45 0.2 0.8 0.8
2 B t1/mm 0.125 2.5 1
3 B_t2/mm 0.125 2.5 0.5
4 B_t3/mm 0.125 2.5 0.5
5 B_t4/mm 0.125 2.5 0.5
6 B_t5/mm 0.125 2.5 0.5
7 D_45 0.2 0.8 0.8
8 D_t1/mm 0.125 2.5 1
9 D t2/mm 0.125 2.5 0.5
10 D_t3/mm 0.125 2.5 0.5
11 D_t4/mm 0.125 2.5 0.5
12 D_t5/mm 0.125 2.5 0.5
13 D_t6/mm 0.125 2.5 0.5
14 F 45 0.2 0.8 0.8
15 F_t1/mm 0.125 2.5 1
16 F_t2/mm 0.125 2.5 0.5
17 F_t3/mm 0.125 2.5 0.5
18 F_t4/mm 0.125 2.5 0.5
19 F_t5/mm 0.125 2.5 0.5
20 M_45 0.2 0.8 0.8
21 M_tl/mm 0.125 2.5 1
22 M_t2/mm 0.125 2.5 0.5
23 M_t3/mm 0.125 2.5 0.5
24 M t4/mm 0.125 2.5 0.5
25 M_t5/mm 0.125 2.5 0.5
26 M_t6/mm 0.125 2.5 0.5
27 U_45 0.2 0.8 0.8
28 U_tl/mm 0.125 2.5 1
29 U_t2/mm 0.125 2.5 0.5
30 U_t3/mm 0.125 2.5 0.5
31 U_t4/mm 0.125 2.5 0.5
32 U_t5/mm 0.125 2.5 0.5
33 U_t6/mm 0.125 2.5 0.5

34 [ o751/ — — 0.576 8
35 M/g — — 616
36 A/mm — 10 10. 63
37 € mas — 3500 p 1500 p
38 € max | - 2700 p 7p
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Fig. 9 Pareto front of blade mass and torsion angle

®3 I RFEERMLM S

Table 3 Parameters of the pareto samples
WA i FEA TR & /D) FEA 19CHL M /D)
B_45 0. 750 0.751
B_tl/mm 2.414 2.401
B t2/mm 2.078 2.089
B_t3/mm 1.617 1.618
B_t4/mm 0. 420 0.437
B_t5/mm 0.125 0.125
D_45 0. 288 0.278
D_t1/mm 1.516 1.951
D t2/mm 0. 447 1.042
D_t3/mm 0.411 0.529
D_t4/mm 0.371 0.578
D t5/mm 0.367 0.475
D_t6/mm 0.216 0.378
F_45 0. 328 0. 318
F_t1/mm 2.370 2.416
F_t2/mm 1.419 1.258
F_t3/mm 1.078 1.213
F t4/mm 0.675 1.025
F_t5/mm 0. 318 0. 684
M_45 0. 800 0.778
M_tl/mm 1. 856 2.225
M_t2/mm 1. 637 1. 499
M_t3/mm 1. 251 1. 377
M_t4/mm 1. 165 1. 170
M._t5/mm 1.026 1.123
M._t6/mm 0.968 0.575
U_45 0. 200 0.276
U_t1/mm 1.678 2.029
U_t2/mm 1.510 1. 872
U_t3/mm 1. 364 1. 980
U_t4/mm 1. 202 1. 321
U_t5/mm 1.182 1.234
U_t6/mm 1.132 0.868
[o.75 /(D 0.041 4 0
M/g 351 409
A/mm 4.4 3.3
€ max 0.000 658 0. 000 679
lec max | 1.3X10°° 1L1X107°
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