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Abstract

The layered composites have a character to change of structure stiffness with respect to the
layup angles. The deformations in the fan-blades to be initially designed by considering efficiency
and noise, etc., which arise due to the pressure during the fan operation, can make the fan
inefficient. Thus, so as to minimize the deformations of the blades, it is needed to increase the
stiffness of the blades. An investigation has been performed to develop the three dimensional
layered composite shell element with the drilling degree of freedom and the optimization module
for finding optimal layup angles with sensitivity analysis. And then they have been verified. In this
study, the analysis model is engine cooling fan of automobile. In order to analyzes the stiffness
of the composite fan blades, finite element analysis is performed. In addition, it is linked with
optimal design process, and then the optimal angles that can maximize the stiffness of the blades
are found. In the optimal design process, the deformations of the blades are considered as
multiobjective functions, and this results minimum bending and twisting simultaneously.
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Table 1 Geometrical parameters and applied

loadings of barrel vault

Radius (R) 2.5m
Longitudinal length (L) 5m
Total angle (@) 80°
Thickness (t) 0.0l m
Vertical loading (F,) 100 N
Layup sequence [0/90]«
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(a) Vertical displacements along the central sec-
tion of barrel vault
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(b) In-plane rotations along the central section of
barrel vault

Fig. 4 Verification results for laminated composite
plate element
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Table 2 Material properties of T300/5208
graphite/epoxy fiberite

Longitudinal elastic modulus (E,) 181 GPa

Transverse elastic modulus (E,) 10.3 GPa

Shear modulus (Es) 7.17 GPa

Poisson’s ratio (vy) 0.28
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