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Abstract The thickness of the exterior of a mobile phone is required to be 0.5~1.0 mm to achieve
reduced weight, slimness, and shortening of the development period. It is necessary to improve the
accuracy of shrinkage prediction using CAE analysis tools to secure the reliability of external
dimensions. In the present study, the responsiveness of the injection molding machine, the improvement
of the P-V-T curve, and the compressibility of molten resin were considered in the CAE analysis. Moldex
software was used as the CAE tool. An improved CAE analysis was performed on a 0.7 mm-thick
rectangular specimen to verify the performance of the analysis. The analysis measured six specimens for
four resins and four injection molding conditions. The accuracy of the CAE analysis was defined as the
ratio of the shrinkage predicted by the CAE analysis to the measured shrinkage. It was confirmed that
the CAE analysis accuracy of the specimen was 90% for the length and 84% for the width. The accuracy
of shrinkage for mass production was 81% for the length and 82% for the width. The shrinkage

prediction accuracy dropped by 2~9% for mass production due to the component's complex structure.
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Fig. 1. Schematic diagram of a flat square specimen
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Fig. 2. Photos of injection mold
() Top part of a mold (b) Bottom part of a mold
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Table 1. Injection molding conditions and resin types

Melting Mold Packing Injection Resi
No. |temperature|temperature| pressure speed ¢ esg;l
(©) (©) (MPa) (mm/s) yp
1 290
2 310 100 150 150
3 330
4 80
5 310 100 150 150 |PC+GF
—_— 0%
6 120 10%
20%
7 100 30%
8 310 100 150 150
200
10 100
11 310 100 150 150
12 200
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Fig. 3. Pressure distribution in the specimen mold
during the filling and packing stages
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Fig. 4. Pressure distribution for improved CAE
analysis reflecting the actual injection
process
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Table 2. Reliability of improved P-V-T plot on the
shrinkage between experimental and CAE
analysis results

Present P-V-T Improved P-V-T
Shrinkage | EXP-
rinkage (a) | CAE | Accuracy | CAE Accuracy
(b) | (@/b)*100%) | (o) (c/2)*100(%)
Widh ) o311 030| 80 | 033 94
(mm)
Width | 6 44 | 0.55 80 0.47 94
(%)
Length | g 61loe8| 90 |055 90
(mm)
Length c c
% 0.45 | 0.50 90 0.407 90
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from experiment and CAE analysis
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Table 3. Raw data of accuracy of CAE analysis for
the shrinkage of length and width of
specimen(L: length, W: width)

, Pe PC+ PC+ PC+

4 | Processing GF10% | GF20% | GF30%
Condition

Liw|L|w|L|w|L|W
1| Melting |[290[0:95]0.86|0.89]0.93(0.97|0.88]0.930.84
2 | temp. |300(0.89/0.93[0.89(0.91(0.89|0.75|0.89|0.85
31 © [310[087/0.73]0.73]0.87]0.86]0.76 | 0.890.94
4| Mold |.80]0.920.93]0.85]0.77(1.00/0.73|0.91|0.85
5 | temp. |100[0.98(0.86|0.84|0.78]0.89(0.81|0.92|0.97
6 © [120[0.99]0.83]0.890.81]0.95 [0.69] 0.88 | 0.88
7 | Packing | 100]090[0.95]0.84]0.76]0.97|0.910.89|0.95
8 | pressure | 150 [0.87[0.84|0.88|0.76|0.93|0.88|0.88 | 0.80
9 | MPa) [560T089]0.88[0.84]1.13|0.78 [0.76 | 0.94 | 0.74
10 | iection | 100]0-93]0.86/0.95]0.950.97]0.79|0.83 | 0.81
11| speed |150[0.91{0.79/0.91|0.91|0.93|0.86|0.84|0.69
12 | @9 00 0.86]0.82]0.87]0.87]0.90]0.79] 0.83]0.75

Table 4. Accuracy mean of CAE analysis for the
shrinkage of length and width of
specimen(L: length, W: width)

PC+
GF10%

L |W

PC+
GF20%

L | W

PC+
GF30%

LW

Resin PC Mean

Position W

Melting
temp.(C)

Mold
temp.(C)

0.90(0.84]0.84|0.90/0.91]0.80{0.90|0.88/0.89|0.85

0.96(0.87]0.87|0.79|0.95]0.74|0.90|0.90/0.92{0.83

Packing

Pres.(MPa) 0.89

0.88(0.85(0.880.89(0.85|0.90(0.83(0.88|0.86

Injection

spe.(mm/s) 0.90

0.82(0.91{0.91|0.93]0.81|0.83|0.75(0.89{0.82

Mean 0.91(0.86|0.87|0.87|0.92]0.80{0.89|0.84|0.90|0.84
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Table 5. Accuracy of shrinkage of length and width
of mass product obtained from experimental
and CAE analysis(L: length, W: width)

. CAE(%) Exp.(%) Accuracy(%)

Model |Resin L W L W L W | Mean

1 PC | 0.57 | 0.51 | 0.47 | 0.4 82 78 80

2 PC | 0.57 | 0.56 | 0.58 | 0.48 | 98 86 92

3 PC | 0.45 | 0.43 | 0.63 | 0.6 71 72 72

4 PC [ 038 | 03 | 054|044 | 70 68 69

5 PC | 046 | 0.55 | 0.6 | 0.64 | 77 86 81

6 GF30| 0.26 | 034 | 0.2 | 037 | 77 92 84

7 PC | 0.54 | 0.52 | 0.69 | 0.75 78 69 74

8 PC | 0.24 | 0.31 | 0.39 | 0.37 | 62 84 73

9 PC | 0.42 | 0.49 | 0.58 | 0.54 72 91 82

10 PC | 0.6 | 059 | 0.61 | 0.58 | 98 98 98

11 GF30| 0.12 | 0.27 | 0.09 | 0.23 | 75 85 80

12 GF10| 0.32 | 0.48 | 0.45 | 0.62 | 71 77 74

13 PC 0.5 | 047 | 047 | 0.4 94 85 90

14 PC | 0.57 | 0.56 | 0.58 | 0.48 | 98 86 92

15 PC | 0.48 | 0.35 | 0.59 | 0.56 81 63 72

16 PC [ 0.65| 0.7 | 0.64 | 0.63 | 98 90 94

Accuracy average of 16 models 81 82 82
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Fig. 10. Flow chart of injection mold design
procedure for thin-molded parts
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