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Solid Finite Elements Modeling of Composite Propeller Blade Based on

Draping Simulation

LI Xueqin' CHEN Ke’ GUO Shuangxi'
(1 AVIC Composite Technology Center, AVIC Composite Corporation LTD,
National Key Laboratory of Advanced Composites, Beijing  101300)
(2 Naval Research Academy,PLA,Beijing 100161)

Abstract In order to evaluate the effect of fiber direction deviation on the performance of composite propeller blades ,
a solid finite elements model was established based on the results of the draping simulation with Fibersim software. The
FEM analysis results considering fiber direction deviation was compared with the results ignoring fiber direction deviation.
The results show that the errors of natural frequencies and maximum deformation under uniformly distributed pressure are
less than 5% while ignoring fiber direction deviation. But the maximum deformation under distributed temperature field
of considering fiber direction deviation is about 2 times of that of ignoring it. Fiber direction deviations of the 0°,45°, and

—45° plies exceed 25° in partial area of the blade. The FEM analysis of composite propeller blades should be based on

the true fiber direction after draping.

Key words Marine propeller blade , Composite , Draping simulation, Solid elements, Finite elements modeling
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Tab.1 Properties of carbon fiber reinforced composite

E/ EJ G, ol /10 K-

’ v
. D xy D =3
GPa  GPa GPa  mm  g-em a, a a,

130 84 033 45 0.2 1.58 0.4 40 40
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Fig. 1 Composite marine propeller
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Fig.2 Geometric model processing of propeller blade
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Fig. 3 Finite element model of propeller blade
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Tab.2 Equivalent properties of materials
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GPa GPa Y GPa grem™ a, a, a,
73.7 21.1 0.7 19.0 1.58 03 21.1 498

2 GRS
2.1 WEHR

2K H Fibersim B8 il 7 454l 2= 1y 10 57
LA AT R A MM B . DIMA7 P i
LT 10 B 2 0 BN 4 i ol TR R R TE AN
ARl 00 B TR R LA T 4 /N o I TR R

ST T I 2 0 S ) 4 RO —— R

B4 iy b AR
Fig. 4 Ply boundaries on mid—surface of blade back
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Fig. 5 Distortion result of 0°ply draping simulation on
mid-surface of blade back
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Fig. 6 Deviation results of draping simulation on mid—

surface of blade back
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Fig. 7 Modal analysis results of propeller blade ignoring

fiber direction deviation
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Fig. 8 Modal analysis results of propeller blade

considering fiber direction deviation
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Tab.3 The results of natural frequency
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Tab. 4 Results of uniformly distributed pressure loads and
thermal loads
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(b) Considering fiber direction deviation
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Fig. 9 Results of propeller blade under uniformly

distributed pressure loads
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Fig. 10  Results of propeller blade under uniformly

distributed thermal loads
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Fig. 11 Origin and 4 markers on mid—surface of blade face
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Tab.5 True fiber angles of 3 layers at the markers
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