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The manufacturing process of composite materials leads to residual stresses and process-induced
deformations. These defects originate from the thermoset resin’s curing process, and the thermo-
elastic loads originated by the curing cycle [1]. The extent of residual stresses and deformations
can be affected by many parameters, e.g., stacking sequence, part geometry, curing cycle, tool-
part interaction, tool material. Curved parts, such as L-shaped components, undergo severe
residual deformations, referred to as spring-in angle. The prediction of these phenomena re-
quires the use of refined numerical models. The three-dimensional nature of the problem and
the multiple physical fields involved make classical models ineffective. The use of solid ele-
ments leads to accurate results but requires a very high computational cost.

An efficient numerical approach for predicting the spring-in angle of composite parts has been
presented recently [2]. The use of higher-order finite elements has been demonstrated to be as
accurate as a three-dimensional model with a fraction of the computational cost.

The present work exploits the computational efficiency of this model [3] to investigate the ef-
fects of many parameters on residual stresses and process-induced deformations of L-shaped
composite parts. A large simulation matrix has been considered, including a combination of
different stacking sequences, tool materials, curing cycles, and part geometries. The effects of
each of those parameters on the spring-in angle have been evaluated. The use of a layer-wise
model has allowed the effects of each parameter on the residual stresses to be investigated. The
large number of simulations has led to an exhaustive understanding of the phenomenon provid-
ing a few best practices for reducing defects during the manufacturing of composite parts. The
large amount of data produced could be the basis for developing future surrogate models, such
as neural networks, that can play a crucial role in virtual manufacturing applications.
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