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Influence of Molding Conditions on Environmental Stress
Cracking Resistance of Injection Molded Part
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Abstract

Environmental Stress Cracking(ESC) is one of the most common causes of unexpected brittle failure of thermoplastic
polymers. The exposure of polymers to liquid chemicals tends to accelerate the crazing process, initiating crazes at
stresses that are much lower than the stress causing crazing in air. In this study, ESC of acrylonitirile butadiene
styrene(ABS) was investigated as a function of the molding conditions such as injection velocity, packing pressure, and
melt temperature. A constant strain was applied to the injection molded specimens through a 1.26% strain jig and a
mixture of toluene and isopropyl alcohol was used as the liquid chemical. In order to examine the effects of the molding
conditions on ESC, an experimental design method was adopted and it was found that the injection velocity was the
dominant factor. In addition, predictions from numerical analyses were compared with the experimental results. It was found
that the residual stress in the injection molded part was associated with the environmental stress cracking resistance (ESCR).
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Fig. 1 Experimental procedure for ESCR used in this
study

Table 1 Main parameters and levels for D.O.E.

Levels .
Parameters Unit
1 2 3
Injection Velocity (A) 15 | 30 | 45 | mm/s
Packing Pressure (B) 45 | 60 | 75 MPa
Barrel Temperature (C) | 180 | 200 | 220 °C

Table 2 Orthogonal array for Taguchi DOE

Case # A B C Err.
1 1 1 1 1
2 1 2 2 2
3 1 3 3 3
4 2 1 2 3
5 2 2 3 1
6 2 3 1 2
7 3 1 3 2
8 3 2 1 3
9 3 3 2 1
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Fig. 2 Dimensions of specimen (thickness = 3.17mm)

I, ~ I~ Specimen

Fig. 3 Schematic diagram of jig and specimen
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Fig. 4 Specimens of ESCR test with (a) immersing
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Table 3 Results of ESCR test

Immersing time (sec)
Case # Total
3.0 5.0
1 1 3 4
2 2 3 5
3 2 2 4
4 3 4 7
5 1 3 4
6 1 4 5
7 3 4 7
8 2 4 6
9 3 4 7

Table 4 Analysis of variance (ANOVA)

Factor | DF X0 MS F value

A 2 21.4404 | 49.5182 7.0027

B 2 3.1661 0.2811 1.0341

C 2 9.4468 17.2035 3.0855
Error 2 3.0617 32.9971
Total 8 37.1150 | 100.0000
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Fig. 7 Finite element model for numerical analysis
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Fig. 8 Residual stress distribution of each case

Table 5 Average residual stress of numerical results
Average residual stress
in the central region (MPa)
1.45
1.41
1.40
4.63
3.35
5.35
6.15
8.75
8.20

Case #
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Table 6 Analysis of variance (ANOVA)

Factor | DF X2 MS F value
A 2 332.1478 | 95.4955 | 211.9888
B 2 2.6995 0.3272 0.3272
C 2 9.7603 2.3669 2.3669

Error 2 1.5668 1.8104 1.8104

Total 8 346.1754 | 100.0000
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