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Table 1 Material properties of Polypropylens (PP)

Item Value Item Value
Commercial product name J-370 H.P.C || Material characteristics Crystalline
Density of solution [g/cm3] 0.687(melt) Ejected temp. [TC] 93

0.913(solid) )

Viscosity [Pa s] Cross—-WLF || Modulus of elasticity [MPa] 1,340
Recommended die temp. [T] 20~80 Shear modulus [MPa] 481.3
Recommended melt temp. [T] 200~280 Poisson ratios 0.392
Table 2 Cross-WLF model coefficients of Polypropylens (PP)

n Tau*[Pa] D1[Pa—s] DZ[K] Dg[K/Pa] Ay AZ[K]
0.4929 1248 1.03e+014 263.15 0 31.335 51.6
Table 3 The process parameters and their levels

1st Injection 2nd Injection
Process parameters Process parameters
Xt Xt X3t Xyt Xt Xt X3: Xy
Lvi Melt Ram Packing | Cooling | Lv.| Melt Ram Packing | Cooling
temp. speed pressure time temp. speed pressure time

[T [%, Max] [Mpa] [sec] [C [%, Max] | [Mpal [sec]
1| 200 | 75-70-73-65 2520 30 1| 200 25:22-15 12 25
2| 230 | 80-75-78-70 30-25 40 2| 230 30-27-20 16 35
3] 260 | 85-80-83-75 35-30 50 3| 260 35-32:25 20 45
41 280 | 90-85-88-80 40-35 60 4| 280 40-37-30 24 55
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Table 4 Orthogonal array(Lis) for experiments

Process parameters Process parameters
Xy X3 X X3
1 1 1 3

No
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Table 5 Simulation result associated with the experiments

1st Injection 2nd Injection
No Warp. [mm] Shrink.[%] S/N ratio No Warp. [mm] | Shrink. [%] | S/N ratio
1 1.819 9.681 1.111 1 1.816 9.828 0.382
2 1.983 9.591 0.869 2 1.825 9.918 0.318
3 1.975 9.587 0.891 3 1.829 9.806 0.359
4 1.935 9.586 0.961 4 1.832 9.829 0.341
5 1.952 9.682 0.878 5 1.883 10.063 0.118
6 1.942 9.623 0.927 6 1.861 10.007 0.198
7 1.934 9.627 0.934 7 1.822 9.889 0.341
8 1.933 9.607 0.949 8 1.853 10.034 0.202
9 2.139 9.748 0.511 9 1.884 10.223 0.052
10 1.864 9.623 1.064 10 1.885 10.250 0.035
11 2.280 9.712 0.279 11 1.871 10.240 0.074
12 2.045 9.693 0.709 12 1.871 10.217 0.083
13 2.373 9.604 0.158 13 1.879 10.260 0.048
14 2.425 9.689 0.026 14 1.891 10.260 0.017
15 2.287 9.602 0.316 15 1.837 10.250 0.148
16 2.150 9.566 0.582 16 1.899 10.250 0.004
100 v Melt temp. [C] Ram speed [%, Max] Packing Pressure [MPal Cooling time [sec]
0.85
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Melt temp. [TC] Ram speed [%, Max] Packing Pressure [MPa] Cooling time [sec]
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Fig. 1 Means of S/N ratios and optima of design variables-circle

Warpage [mm] Vol. Shrinkage [%] Warpage [mm)] Vol. Shrinkage [%]

(a) 1st Injection (b) 2nd Injection
Fig. 2 The analysis results through the optimum conditions
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