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Abstract: Smart systems in different application areas such as automotive, medical and consumer electronics require a 
novel manufacturing method of electronic, optical and mechanical functions into products. Traditional methods including 
mechanical assembly, bonding of plastic and electronic circuit cause the problems in large size of products and 
complicated manufacturing processes. In this study, thermoforming and film insert molding were applied to fabricate a 
dome shaped plastic part embedded with electronic circuits. The deformation of patterns printed on PET film was 
predicted by thermoforming simulation using T-SIM, and the results were compared with those by experiment. In order 
to decrease spring-back after thermoforming, the Taguchi method of design of experiment was used . Through ANOVA 
analysis, it was found that mold temperature was the most dominant parameter for spring-back. By using flow analysis, 
gate design was performed to decrease injection pressure. During film insert molding, the wash-out of ink printed on film 
occurred for Polycarbonate. When the resin was changed to PMMA, the wash-out disappeared due to low melt 
temperature. 
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Specification Detail

Film

Material PET

Temperature 100

Friction coefficient 0.5

Mold Temperature 100

Ambient air
Temperature 25

Heat transfer coefficient 0.175 W/m2K
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Alphabet Analysis Experiment Error

E

Minimum 
diameter 9.70 9.83

Maximum 
diameter 10.95 10.85

Roundness 0.62 0.51 0.11

F

Minimum 
diameter 9.80 9.83

Maximum 
diameter 10.98 10.72

Roundness 0.58 0.44 0.14
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Factors Unit Level
1 2 3

A. Mold temperature 100 115 130
B. Film heating time s 2 3 4
C. Film forming time s 10 15 20
D. Mold clamping pressure bar 80 100 120
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No
Column no. Spring back

S/N ratio
A B C D #1 #2 #3

1 1 1 1 1 6.457 6.367 6.546 -16.200
2 1 2 2 2 6.367 6.457 6.367 -16.119
3 1 3 3 3 6.008 5.829 5.919 -15.445
4 2 1 2 3 8.338 7.802 8.43 -18.270
5 2 2 3 1 7.264 7.623 7.623 -17.507
6 2 3 1 2 7.712 7.892 8.34 -18.046
7 3 1 3 2 8.399 9.148 9.264 -19.031
8 3 2 1 3 8.43 8.968 8.878 -18.851
9 3 3 2 1 8.789 8.699 8.878 -18.878

Factors
Average Sum of 

squares F value
1 2 3

A -15.92 -17.95 -19.02 14.86 40.22

B -17.94 -17.54 -17.42 0.44 1.18

C -17.71 -17.81 -17.38 0.30 0.82

D -17.53 -17.75 -17.62 0.07 0.19

Sum 15.67
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