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Structural analysis of marine composite propeller by using FEM and
determination of optimal stacking Sequence by GA

Abdullah Eidani Nezhad"", A.Kabiri?, S.H.Dibajian®, A.Mardan?

1- Department of Science & Marine Engineering, Maleke-ashtar University of Technology, Master
degree

2- Department of Science & Marine Engineering, Maleke-ashtar University of Technology, Faculty of
Hydrodynamic Management

Abstract

There is an increasing interest in the marine industry to use composites to improve the
hydrodynamic and structural performance of naval structures. The materials used within the
composite are commercially available, and it is important the development of the right mix of
fibers, resin and laminate lay-up that provide the desired mechanical and environmental
performance for marine application. In this paper, to improve the stiffness and control the
geometry of the blades of a marine propeller made of carbon/epoxy genetic algorithm to
determination of optimal stacking Sequence is used. This method will minimize the
deformation of tip blades. The optimization process has executed by linking ABAQUS and
MATLAB software. Optimal angles of blade propeller obtained by using this process.

Keywords: Genetic algorithm, optimization, composite lay-up, marine propeller

Figure 1: The final 3D model of propeller in ABAQUS

Figure 2: Pressure Loads and meshing of propeller

Figure 3: Displacement in Z-Direction of NAB propeller

Figure 4: Von Mises Stress of NAB propeller

Figure 5: Displacement graph of the blade tip from 0 to 180 degrees

Figure 6: Displacement in Z-Direction of composite propeller

Figure 7: Maximum values obtained from Tsai-Wu failure criterion

Figure 8: Stresses in X-Direction of composite propeller

Figure 9: Stresses in Y-Direction of composite propeller

Figure 10: The first mode shape of NAB propeller

Figure 11: The first mode shape of composite propeller

Figure 12: Flowchart optimization process of stacking sequence composite blade

Figure 13: Best and mean fitness value (horm)

Figure 14: Best and mean fitness value (norm) to optimize with 8 variables

Figure 15: Best and mean fitness value (norm) to optimize with 16 variables

Figure 16: Optimal angles with the best fitness value (norm)

Figure 17: Displacement in Z-Direction of composite propeller for optimized lay-up using genetic
algorithm (with 16 variables)

Table 1: Geometric data of the propeller

Table 2: Properties of aluminum alloy

Table 3: Material properties of Hexcel IM7-8552 for composite propeller

Table 4: Results of static analysis of composite propeller with different stacking sequence
Table 5: Results of static analysis of propeller for [0/90/-77/77/90,/-77/77]s lay-up

Table 6: Natural frequencies of both propellers (composite blade with [0/90/-77/77/90,/-77/77]s lay-
up)

Table 7: Compare the results of most displacements of the propeller in different cases.
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