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Abstract: In this study, we developed a method to predict the residual stress distribution and thermal deformation
caused by in-mold labeling (IML) processes. IML is one of the injection molding processes for injecting a material into
a cavity and subsequently inserting a decorated film. The IML process can yield products with decorations of
outstanding excellent quality in only one working step. Although the IML process has various advantages, it causes
defects such as film delamination, wash-out, and flow marks. In particular, deformation is considered to be a major
concern in terms of delamination. To validate the model, the deformation predicted by using a numerical model was
compared with experimental results, and both results showed good agreement. We verified that the developed method
can be used to obtain the design guidelines for preventing delamination in the initial design stage of the IML process.
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Fig. 1 Top and side view of model
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Fig. 2 Locations for Displacement Measurement
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Table. 1 Material properties of Film and Resin

e e,
SR EEEIE

O

dddE 2o o

R LA o W 4

.

He B4E 8N

<
T

Film Resin
(PET) (PC+ABS)
Melt temperature( C) 255 250
Specific heat(J/kg-C) 1527 1883.2
(at34.83TC) | (at2507)
2322
(at 274.76 C)
Thermal conductivity 0.3305 0.177
(W/m-T) (at0C) (at 2507C)
Melt density(g/cm’) 1.5165 0.98443
Solid density(g/cm’) 1.7554 1.0997
Elastic modulus(MPa) 11422.1 2780
Shear modulus(MPa) 2961.83 992.9
Poisson’s ratio 0.4137 0.4
CTE(10°/C) 2.283 6.7
Table 2 Rheological properties of Film and Resin
Cross-WLF model Film Resin
n 0.5269 0.4505
P (pa) 7872.14 307
D;(Pa-s) 1.43899e+026 | 8.75e+009
D,(K) 380.15 417.15
D;(K/pa) 0 0
Al 69.964 15.381
A2 51.6 51.6
Transmono 226 13
temperature( C)
Table 3 Injection molding conditions
Items Contents
Mold temperature(C) 65
Melt Temperature( C) 250
Filling control(mm/s) 80
(Absolute ram speed)
Velocity/pressure switch-over(mm)
. 13
(By ram position)
Packing time(sec) 5
Packing pressure(MPa) 140
Cooling time(sec) 12
Cycle time(sec) 40
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