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Injection molding is a widely used mass production process. Damage due to

Received 20  January 2023 residual stress has been observed in mole trap parts manufactured by the mass
Revised 8 February 2023 production process. Excessive deformation of the parts due to the shortened
Accepted 13 February 2023 injection process caused the residual stress. Furthermore, the damage had
occurred in products in which the gap in the middle of the cooled parts
Keywords: exceeded 101.5 mm. This study aimed to determine the process conditions in
Injection molding which the gap would be narrower than 101.5 mm, and the process time would
Design of experiment be short. To explore the process conditions that restrict the deformation within
Productivity the tolerance range and reduce the injection process time, the experimental
Warpage design method was used. The results were used to improve the production
process through regression modeling using full factorial design.
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(b) Mole rat trap part — failure
Fig. 2 Mole rat trap part
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Fig. 4 Injection molding machine — TB120G5
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Table 3 Experimental runs and results (unit: mm)

# 1 2 3 Mean S.D.
1 102.034 | 102.032 | 102.033 | 102.032 | 0.0059
2 101.923 | 101.933 | 101.932 | 101.926 | 0.0084
3 101.988 | 101.994 | 101.997 | 101.997 | 0.0095
4 101.944 | 101.943 | 101.942 | 101.936 | 0.0068
5 101.345 | 101.335 | 101.338 | 101.333 0.008
6 101.311 | 101.308 | 101.295 | 101.294 | 0.0091
7 101.254 | 101.258 | 101.264 | 101.260 | 0.0054
8 101.132 | 101.145 | 101.144 | 101.144 | 0.0067
9 101.994 | 101.987 | 102.021 | 102.002 | 0.0124
10 101.954 | 101.945 | 101.956 | 101.948 | 0.0087
11 101.982 | 101.977 | 101.975 | 101.971 | 0.0065
12 101.921 | 101.922 | 101.924 | 101.920 | 0.0056
13 101.108 | 101.117 | 101.132 | 101.119 | 0.0089
14 101.022 | 101.021 | 101.033 | 101.021 | 0.0059
15 101.089 | 101.097 | 101.094 | 101.095 | 0.0086
16 101.055 | 101.056 | 101.042 | 101.047 | 0.0073
Table 4 ANOVA results of the dimension
Df SS MS F P
A 1 0.2043 0.2043 32473 0.000
B 1 0.0578 0.0578 919.1 0.000
C 1 25.7538 | 25.7538 | 40926 0.000
D 1 0.3988 0.3988 6337.4 0.000
AB 1 0.0003 0.0003 4.8 0.003
A:C 1 0.0005 0.0005 7.9 0.006
B:C 1 0.0117 0.0117 186.4 0.000
A:D 1 0.0032 0.0032 50.6 0.000
B:D 1 0.0226 0.0226 359.3 0.000
CD 1 0.3045 0.3045 4838.9 0.000
A:B:C 1 0.0035 0.0035 56.2 0.000
A:B:D 1 0.0044 0.0044 70.1 0.000
A:C:D 1 0.0017 0.0017 27.1 0.000
B:C:D 1 0.0424 0.0424 674.5 0.000
A:B:C:D 1 0.0172 0.0172 273.7 0.000
Resiuals 144 | 0.0091 0.0001
NPAREY ANE HiEoR A4E BAYSR S 7 QA
o] & FEIEE Fig. 9~129F Zho] vrERdth
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Fig. 5 Box diagram for dimension — packing time
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Fig. 6 Box diagram for dimension — packing pressure
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Fig. 7 Box diagram for dimension — cooling time
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