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Effect of processing parameters on warpage of flat
micro-mini parts in injection molding
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Abstract: This paper explored the warpage which has significant influence on the quality of inject
molding for flat micro-mini parts. To control the warpage to an acceptable level, the warpage of a mi-
crofluidics plate with a cross-shaped microchannel was researched and the effect of processing parame-
ters on the warpage was considered in detail. First, the generation mechanism and evolution course of
the warpage from injection molding was analyzed based on residual stress. Then, the warpage meas-
urement method was established according to simulation technologies and experimental methods. A
Si-core based injection mold was designed and fabricated and the optimum processing parameters were
obtained with orthogonal experimental method to achieve the minimum warpage. Finally, the quanti-
tative correlations between the warpage and the processing parameters were investigated by extreme

difference analysis. Experimental results indicate that the minimum warpage is 141 pm after optimum
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processing and the sequence of from strong correlation to weak correlation is:holding time, mold tem-

perature, holding pressure, melting temperature and cooling time. The result is helpful to optimize

the injection processing of polymer flat micro-mini parts.

Key words: injection molding; flat micro-mini part; warpage; extreme difference analysis
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Fig. 1 Warpage caused by residual thermal stress
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Fig.2 Flat part with a cross shaped microchannel
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Tab.1 Orthogonal experimental table

WEL KWER2 HER3 HER4 HES

e BH R RIE RIE R
W WE g BRSO R

0,/°C  0./°C p(MPa) /s t:/s
1 55 210 50 2.0 12
2 60 215 55 2.5 13
3 65 220 60 3.0 14
4 70 225 65 3.5 15
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Fig. 3 Meshing result of a flat micro-mini part
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Results of warpage from orthogonal simulation
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Fig.4 Effect of process parameters on warpage in simulation
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Fig.5 Injection mold with a silicon insert
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Fig. 6 Measurement method of warpage
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Tab. 3 Results of warpage from measurement

RE1 WNK2 HWNE3 HWE4 HWES Wp(mm)
1 1 1 1 1 0.222
1 2 2 2 2 0.167
1 3 3 3 3 0.154
1 4 4 4 4 0. 141
2 1 2 3 4 0.204
2 2 1 4 3 0.186
2 3 4 1 2 0.202
2 4 3 2 1 0.194
3 1 3 4 2 0. 162
3 2 4 3 1 0.178
3 3 1 2 4 0.195
3 4 2 1 3 0.233
4 1 4 2 3 0. 204
4 2 3 1 4 0. 209
4 3 2 4 1 0.186
4 4 1 3 2 0. 200
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