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ABSTRACT

The customer demand for diverse colors in home appliances has increased. However, this has led to issues
for manufacturers, such as ensuring cost effectiveness and high-level quality control. To resolve these issues,
production engineers utilize computer-aided engineering (CAE) tools for injection-molding processes and assess
the suitability of process parameters for products manufactured using the in-mold labeling method. CAE can
solve various problems in manufacturing processes, thereby increasing production efficiency and decreasing
manufacturing cost. In addition, it can be used analyze customer complaints related to surface defects, such
as part differences and irregular spacing between parts, and ultimately reduce product returns. In this study,
CAE was used to solve quality problems and implement the most economical manufacturing process.

Keywords : In-mold Labeling Film Injection(IML Z& AlE), Injection Molding(AFE &), Computer-aided
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Table 1 Cross-WLF model coefficient values of film

Plastics
and resin & & o
Cross-WLF Model Film (PET) resin (ABS)
n 0.5269 0.4505
P (Pa) 7872.14 307 Ef%;,t_
D, (Pa-s) 1.43899¢+026 | 8.75¢+009 i GAE Maldfiow]
D; (K) 380.15 417.15 '
D; (K/Pa) 0 0 '
A, 69.964 15.381 .
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Mesh Size : 4.0mm Tetrahedras.

Entity counts
Tetrahedra 1284522
Connected nodes 233439
Connectivity regions 1

Velume by element types:
(Mold blocks and cooling channels are not included)

Tetra: 291.316 cm"3

Total 534.466 cm"3
Volume by components:

Cavity: 291.316 cm"3
Inserts: 0cm"3

Mald blocks: 0 cm*3
Aspect ratio:
Maximum Average Minimum
9976 1360 1.16

Maximum dihedral angle: 178.0

Fig. 2 Modeling information used for experiment

Table 2 Experimental data analysis

Division Check Contents
Product Size (mm) 687.4 x 100.5
Raw Material Name
(Grade) ABS XG 569C
Raw Material Additives | Unfilled

Built-in

Product Specifications product/exterior/opaque/

transparent/matte/glossy

Surface Treatment

IML Film

Gate Type 3 point valve gate
Gate Size $3.0 mm
Weight 336 g
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Fig. 4 CAE analysis: first trial
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Fig. 5 Tendency of deformation
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Fig. 6 Optimization of rib side structures
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Table 4 Shrink appearance optimization

Thickenss: 2.0 mm
(left/right corner)

Thickness: 2.5
mm (standard)
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Fig. 9 First cold and heat resistant product deformation
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Fig. 10 Three significant factors affecting deformation
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Table 4 3 factor 2 level fully placed DOE

division 1" DOE

CI=T C2T
Factor Name
A Rib incision height
B Rib incision location
c Increased thickness

C3-T| CAT | C&T
Type Level -1 Level -2
Text  Full Half
Text |End Middle
Text (01T 05T

C1 C2-T C3T C4-T C5 C6
Run order incision height incision location increased thickness Left response Right response
1 Ful end 0.1'mm 086 0%
2 Haff end 0.1'mm 064 073
3 Full middle 0.1 mm 093 1.00
4 Half middle 0.1 mm 066 0.75
5 Full end 05mm 0.58 067
6 Half end 05mm 045 055
7 Full middle 05mm 0.64 0.75
8 Half middle 05mm 044 0.55

DOE
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