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Optimization of an Electric Microwave Oven Window
Using the Kriging Based Approximation Model

M. R. Ryu', Y. H. Kim', K. H. Lee’, H. S. Park’
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Abstract

It is net easy to predict the shrinkage rate of a plastic injection mold in its design process. The
shrinkage rate should be considered as one of the important performances to produce the reliable
products. The shrinkage rate can be determined by suing the CAE tools in the design produces.
However, since the analysis can take minutes to hours, the high computational costs of performing the
analysis limit their use in design optimization. In this study, the surrogate models based on the DACE
is used in lien of the original models, facilitating design optimization.
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Table 1 Control factors and level
1 2 3 4 5
Gate Size 05 [0.6915|0.883 |1.0745| 1.266
(mm)
Runner Size | o | s | g | 91 | 102
(mm)
Sprue Size 4 | 455 | 51 | 565 | 62
(mm)
Packing Pressure| o) | 191 | 200 | 213 | 224
(Mpa)
Packing Time | o 110251 191 | 1065 | 202
(sec)
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Table 2 Arrange table and Shrinking rate (ZLy;(5°))

Ne Gate | Runner | Sprue | Packing | Packing | shrinkage | shrinkage| shrinkage | shrinkage
: Size Size Size  |Pressure| Time | (T7440) | (TSE08) | (T6252 | (T7062)
1| 05 58 4 180 18 [0.00176 |-0.3923| - 1.4287| 1.53202
2| 05 6.9 1.55 191 1855 | -0.5349|-0.8756| - 1.7102| 1.32079
3 05 8 51 202 19.1 0.9766|-1.2947| - 1.9598| 0.87211
4| 05 9.1 565 213 19.65 | -1.3624| - 1.6269| -2.1968(0.18242
5 05 10.2 6.2 224 20.2 1.6922| - 1.9306 | -2.4312| -0.631
6| 06915 | 58 1.55 202 19.65 |-0.8553|-1.1650 | -1.9695| 1.41763
7| 06915 | 69 51 213 20.2 1.3012|-1.5715{ -2.2203 | 1.10448
8| 0.6915 8 565 224 18 1.6682| - 1.9060 | -2.4531 | 0.46332
9| 06915 | 9.1 6.2 180 1855 | -0.3432|-0.6647 | - 1.4322 | 0.60968
10 06915 | 102 4 191 19.1 0.6965| - 1.0058| - 1.6920{ 029611
11 0.883 58 51 224 1855 | -1.5887|-1.8249| -2.4703| 1.28171
13 0.883 6.9 565 180 19.1 0.2791 | -0.6055| - 1.4665| 1.1769
13 0.883 8 6.2 191 1965 |-0.6732|0.98310 | -1.7083| 0.75466
14 0.883 9.1 4 202 20.2 1.0319] - 1.3296 | -1.9626| 0.51730
13 0883 | 102 1.55 213 18 1.3842| - 1.6415| -2.1954 | -0.1756
1§ 1.0745 | 58 565 191 20,2 |-0.5858|-0.8942| - 1.7345) 1.27683
17 L0745 | 69 6.2 202 18 LO017|~1.2980 | -1.9760 | 0.94084
18 10745 8 1 213 1855 | -1.3630| - 1.6138 | -2.2252 | 0,76400
19 10745 | 9.1 1.55 224 19.1 1.6935|-1.9254| -2.4516| 0.112
200 1.0745 | 102 51 180 19.65 | -0.3564| -0.6780| - 1.4262 | 0.34443
21 1.226 58 6.2 213 19.1 1.3200] - 1.5700 | -2.2330| 1.14595
22 1.226 6.9 4 224 1965 |-1.6501|-1.8804 | -2.4806| 1.03592
23 1.226 8 4.55 180 20,2 |-0.3356]-0.6413 | -1.4663| 0.96982
24 1.226 9.1 51 191 18 0.6970(-1.0021| - 1.7040| 0,49550
23 1.226 | 102 565 202 1855 | -1.0426| - 1.3465| - 19426 -0.1447

Table 3 Comparison of test and prediction (Z,,,(12%))

shrinkage shrinkage shrinkage shrinkage

o, (T7444) (T5898) (T6252) (7032)

Test | Predic. | Test Predic. Test Predic. | Test | Predic.
001 | 0002 | 0002 0.392 0.392 1.429 1429 | 1532 1.532
05 | -0.738 | -0.753 1077 1.089 1.826 1.839 | 1161 1.143
010 | -1.457 | -1.467 L7z 1722 2.261 2273 | -0.030 | -0.046
020 | -1.440 | -1.497 1.695 1.598 2.276 2196 | 0542 | 0545
050 0.713 | -0.742 1.033 0.503 1.840 1.828 1.313 1.350
075 0.258 | -0.274 0.590 0.644 1.469 1.468 1.235 1.239
100 0.807 | ~0.797 1.117 0.521 1.837 1.846 | 0962 0958
120 0.855 | ~0.834 1.165 1.047 1.809 1.816 | 0142 0.145
144 1.233 | -1.202 1510 1572 2.083 2100 | -0.138 | -0.131

868

Table 4 Error of test and prediction (Z,,,(12°))

Test calculation Prediction caleulation Error
N (5% (SS? Erpor)
001 4542 4542 0.000
005 6.388 6.441 0.003
010 10.168 10.286 0.014
020 10.420 9.912 0.258
050 6.686 5.968 0.515
075 4.096 4.181 0.007
100 6.200 5.231 0.938
120 5.380 5.109 0.073
144 8.159 8.343 0.034
Volurnetric sheinkage: Path Pl
w000 Volumelric shrinkage Path Plol ey 65.630s)
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Fig 3. Shrinkage Result of optimization
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Fig 4. Shrinkage rate of optimization
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