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ABSTRACT:

Multiphysics Simulation and Optimization of the Curing Process of Thick Thermosetting
Epoxy Samples: Multi-Objective Genetic Algorithm and Conversion Rate Driven Strategies
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Over the last decades thermoset resin composite materials have been replacing conventional
materials in several high performance engineering applications. These composites are usually
produced in an autoclave by carrying out a cure schedule. However, for the case of thick
thermosets, the manufacturer’'s recommended cure (MRC) schedule usually results in cures either
that are unnecessarily too long or that overheat the material internally, due to the thermoactived
and exothermic aspects of the curing reaction associated to the thermal insulating property of the
thermoset [1]. This local overheating results in high gradients in the thermoset properties that may
create residual stresses and structural defects, such as bubbles and cracks. To avoid this and find
optimal cure schedules, this work simulated the cure process of a thermoset using the finite element
software COMSOL Multiphysics and implemented two optimization methods in MATLAB. The first
method is an authorial conversion rate driven (CRD) strategy based on cure kinetics, which has a
single objective: minimize the cure time. The second one is a multi-objective genetic algorithm (GA)
with three conflicting objectives: minimize cure time, minimize the gradient of degree of cure after
gel point (AGP) and minimize the gradient of temperature AGP, reflecting the existing trade-off
between manufacturing speed and product quality. Results show that, in comparison to the MRC
schedule, the CRD strategy and GA reduced the cure time by almost the same amount: 87% and
88%, respectively; whereas the gradients of degree of cure and temperature AGP were reduced
by the GA by 6% and 31%, respectively. As a consequence, the methods presented in this work
were shown to be effective tools to optimize the cure schedule of thermosets.
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