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ABSTRACT

A laminated composite can be tailored accordingly to the designer’s needs, being
orientation of the laminas, thickness and number of layers usualy the design variables.
In order to achieve the best results, optimization techniques have been developed.
Among them, the genetic algorithm (GA) has been widely used to pursue the
optimization of a given composite structure (Le Riche and Haftka, 1995).

Laminated composites failure criteria may be classified into three groups: limit or non-
interactive theories (maximum stress, maximum gtrain); interactive theories (Tsai-Hill,
Tsai-Wu); and partially interactive or failure mode-based theories (Puck).

Regarding failure criteria, it seems surprising that many scientists, when implementing
failure criteriafor brittle composites, decided to follow the yield criteria of von Mises or
Hill which hold only for ductile materials (Puck and Schirmann 1998). It seems much
more appropriate to use the failure criteria of Mohr as guidelines, these having been
developed for materials that exhibit brittle fracture characteristics. A criterion which
accomplished it isthe Puck failure criterion (PFC).

Thus, this paper aims at developing an GA to pursue the weight optimization of hybrid
laminated composite plates using on the PFC. The focus on PCF is because it seems to
be a more redlistic criterion and it has not been widely explored in optimization
problems. The orientation angles were limited to a small set of values, leading the
problem to a discrete optimization problem.

To deal with hybrid laminated composites, each individua (design) has two
chromosomes: one for materials and the other for ply orientation. Thus, the genetic
operators work simultaneously on both chromosomes. As the purpose of the
optimization process is to find the minimum weight of the laminate, two operators were
developed: one to add and another delete lamina of the laminate.

The constraints of the optimization problem were: first ply failures criterion, maximum
number of contiguous plies with the same orientation and buckling load. Also, the plates
analyzed are baanced and symmetric. In GA the most common ways of handling



congstraints are data structure, repair strategies and penalty functions. The symmetry and
balance of the laminate have been handled using the date structure strategy, which
consists in coding only half of the laminate and making each stack of the laminate be
composed by two laminas of the same orientation with opposite sign. To handle the
maximum number of contiguous plies with the same orientation, the Baldwinian repair
srategy has been used (Todoroki and Haftka, 1998). A double-multiplicative dynamic
penalty approach, which does not need tuning of the parameters, was utilized to
introduce the buckling load and failure criteriain the objective function.

A neighboring search after each generation was also implemented in order to obtain a
faster convergence. It consistsin choosing, among the best designs, two individuas and
improving them by testing some modifications on the material as well as the orientation
chromosomes.

Several optimization cases were run to validate the proposed model. The results
obtained were compared with the ones obtained in the literature.
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