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Trends in Predicting Thermoforming-Induced Deformation of
Thermoplastic Composites: A Review

Solmi Kim****, Dong-Hyeop Kim****, Sang-Woo Kim******7 §o0-Yong Lee***

ABSTRACT: This paper presents research trends in predicting the deformation of carbon fiber reinforced
thermoplastic (CFRTP) composites during thermoforming. Various thermoforming variables that must be considered
during the CFRTP thermoforming stages are investigated, and factors influencing process-induced deformation are
analyzed. Key material behavior models, such as crystallinity and viscoelastic, which are important for predicting
thermoforming deformation, are also examined. Additionally, trends in predicting CFRTP thermoforming deformation
using finite element analysis with material behavior models and machine learning techniques are analyzed. In
summary, more precise prediction techniques for thermoforming deformation can be developed by associating them
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with material behavior models and considering thermoforming variables.
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Fig. 1. Thermoforming process for CFRTP structures
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Fig. 2. Types of thermoforming-induced deformation
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Fig. 3. Glass transition temperature of thermoplastic
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Table 3. Key parameters for each stage of thermoforming process

Processes Parameters References
Pre-consolidation| Voids [32], [33]
Pre-heating Pre-heating temperature [38], [39]
Transfer Transfer time [40], [41]
Forming pressure,
) Forming speed, [42], [43], [44],
Forming
Mold geometry, [45], [46], [47]
Mold temperature
Cooling Cooling rate [48], [50], [51]
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