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A study on the thickness distribution and pattern deformation of films in
vacuum-assisted thermoforming
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Abstract: Vacuum-assisted thermoforming is one of the critical steps for successful application of film insert
molding(FIM) to parts of complex shape. In this study, the simulations and experiments of thermoforming processes were
performed to investigate the effects of process conditions on thickness distribution and printed pattern deformation of
films in vacuum-assisted thermoforming. The film thickness uniformity increased with decreasing film heating time,
whereas it increased with increasing vacuum delay time. After thermoforming of films with uniform pattern space of
Smm, the maximum space was 9.432mm. Based on the simulation, a modified pattern was calculated to obtain uniform
spaces after thermoforming. In the experiments for film with the modified pattern, the maximum space appeared
5.837mm. In, addition. the predicted patterns were in good agreement with the experimental results.
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Fig. 1 Schematics of model(the numbers denote measurement
positions for pattern spaces)

Table 1 Analysis conditions

Parameters Conditions
Material PP
. Thickness 0.4 mm
Film
Heat trapsfer 238 WK
coefficient
Mold Temperature 25 °C
Amb}ent Heat trapsfer 0.175 WK
air coefficient
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Fig. 2 Film temperature traces under various heating time and
vacuum delay time
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Fig. 5 Thickness distribution under various film temperatures:
(a) simulation and () experiment
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