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Effect of structural orientation angle on the elastic properties of

biomimetic composite rotor blades

LI Qiuran, ZHANG Yanyan, YUAN Jiancheng, HAN Yinuo
(College of Aviation Engineering, Civil Aviation Flight University of China, Guanghan 618307, China)

Abstract: The structural stiffness of helicopter rotor blades plays a critical role in the flight performance and stability

of rotor systems. To investigate the effect of structural orientation angle on the elastic properties of biomimetic com-

posite rotor blades, a finite element model incorporating structural orientation was developed, inspired by the reori-

entation characteristics of insect cuticle. Based on composite mechanics theory, a predictive relationship for the

equivalent Young's modulus under different orientation conditions was derived. Numerical simulations were carried

out in ABAQUS to evaluate the mechanical responses of the blades at various structural orientation angles, and the

equivalent Young's modulus was determined from the extracted stress—strain data. The results indicate that the dis-

crepancy between finite element predictions and theoretical values is within 20% , demonstrating good model reli-

ability. Furthermore, the equivalent Young's modulus of the composite rotor blade decreases with increasing struc-

tural orientation angle, indicating that the orientation angle has a significant influence on both the equivalent

Young's modulus and structural stiffness.
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Table 1 Geometric parameters of rotor plane
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Table 2 Mesh convergence analysis results
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Table 3 Theoretical comparison of numerical
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Fig.3 Local magnified images of different structural orientation angles and Mises stress cloud maps
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Fig.4 Stress—strain diagram
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Table 4 Typical stress— strain data of rotor blades under different structural orientation angles
- B im) iy 30° im iy 35° i £y 457 1 im) £ 607 B A 75°
A% g I g VIS g VIR g PR g PRIN/
GPa GPa GPa GPa GPa
1 0. 000 0.00 0. 000 0.00 0. 000 0. 00 0. 000 0. 00 0. 000 0.00
2 0.001 0.24 0.002 0.29 0.003 0.20 0.002 0.20 0.001 0.18
3 0.006 1.44 0.011 1.76 0.015 1.24 0.012 1.22 0. 005 1.1
4 0.011 2.64 0.020 3.23 0.028 2.28 0.021 2.24 0.010 2.02
5 0.016 3.83 0.030 4.70 0. 040 3.31 0.031 3.26 0.014 2.93
6 0.021 5.03 0.039 6.17 0.053 4.35 0.041 4.29 0.019 3.85
7 0.026 6.23 0.048 7.64 0.066 5.38 0.050 5.31 0.023 4.76
8 0.031 7.43 0.058 9.11 0.078 6.42 0. 060 6.33 0.028 5.68
9 0.035 8.63 0.067 10. 60 0.090 7.45 0.070 7.35 0.032 6. 60
10 0. 040 9.83 0.076 12.00 0.103 8.49 0.080 8.37 0.037 7.51
11 0.045 11. 00 0.085 13.5 0.115 9.52 0.089 9.39 0.041 8.43
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