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Process simulbations based on physical models describing the governing process phenomena have played an
importamt robe in improving the fundamemal understanding snd development of composites  fabrication
techoigues over the last decude. In the seversl ongoing research efforts directed at improving manufacturing
affordsbility of compesite materials, simulation models offer great potential for tasks such as process
optimization, robust process design, total quality manufacturing, and model-predictive on-line process contyol,
However, the computational tedinm asseciated with & rigorous numcrical process simulation hampers the
realization of the complete potential of simulation-assisted materials manufacturing, which calls bor the
simulation time scales to be comparable to these of the {abrication processes, Towards addrassing this need, this
papee presents the use of artificial neoral networks rdned using 2 physical process model as an effective substitute
{or rigorows numerical simulations in the simulation-assisted materials manufacturing endeavor. Considertng the
case of thermosatiing-matrix composites fabrication, the vse of newsral networks traincd and validated using the
physical models is shown to increase the computational speed by several orders of magnitude. Further, network
training in terms of non-dimensional groups formed of the process and product parameters is presented 45 an
effective means of betier invorposating the physical refationships among the parameters, generzliving the netwark
training across malerial systems and product specifications, and reducing the number of training parameters. The
acenracy of the newral network-based simulations is assessed for a wide range of practically relevant processing
conditions. € 1997 Elsevier Science Limited,
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NOMENCLATURE INTRODUCTION
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referred to as the cure temperature cycle, are importang

parameters influencing the cure and the product quality.
Towards better understanding and designing the fabrica-

tion processes, several research efforts bave been devoted
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