
- 49 - 
 

 

Figure 7.3: Experiment Final Part Case 1 

(Left Valve Opening: 27.8
o
, Right Valve Opening: -7.2

o
)

 

Figure 7.4: MoldFlow Final Part Case 1 

(Left Valve Opening: 26.625
o
, Right Valve Opening: -7.625

o
) 
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Figure 7.5: Experiment Final Part Case 2 

(Left Valve Opening: 27.8
o
, Right Valve Opening: -7.2

o
) 

 

Figure 7.6: MoldFlow Final Part Case 2 

(Left Valve Opening: 27.8
o
, Right Valve Opening: -7.2

o
) 
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Chapter 8:  

 

Conclusion and Suggestions for Future Work 
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8.1 Conclusions 

This investigation has successfully utilized iterative learning control to move the 

weld line position to a desirable target position within 5 to 6 iterations. Such a systematic 

approach is more efficient and effective than the use of trial-and-error methods. 

A MoldFlow predictive model has been successfully constructed. The MoldFlow 

prediction model has been tested and been shown to be accurate when compared to 

experimental data using an injection molding machine with this model it is then possible 

to perform simulations without the use of the actual injection molding machine thereby 

saving plastic, energy, and time. 

A comparison between the final parts from an injection molding machine to the 

simulations from MoldFlow, the weld lines are matched exactly. In chapter 7, Figures 7.3, 

7.4, 7.5 and 7.6 shows the weld lines are matched exactly at the target position at 100mm.  
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8.2 Suggestions for Future Work 

 In the future, considering using iterative learning control to learn other inputs to the 

system is expected. Apply adaptive control to the velocity and pressure schedule is 

another ideal work. Building a more complicated geometry is another plan for the future 

work, so does changing the polystyrene to other types of resins as well. Improving on the 

valve modeling in MoldFlow is another progress to make. 
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Appendix A: Relationship between Valves in MoldFlow and the 

Valves in Experiment 

Since there has no current valve system in MoldFlow, this study is going to make a 

valve in MoldFlow runner system to imitate the valve in experimental mold. The Cut 

Area of the Valve Opening is approximately an Ellipse Shape when it turns, but in 

MoldFlow the Runner is a circle. A x B x   = r
2
 x  . 

Figure Appendix A1: Runner Area Ellipse vs. Circle 
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By examine experiment Case 1 with left valve opening at -35 degree and right valve 

opening at 0 degree. The weld line should be at 60mm. If measuring the size of the cut 

area by caliper, the radius A is 1.35mm, radius B is 0.5mm. Then the r
2
 is 0.675mm, r = 

0.822 mm. 

 However, by using 0.822 mm as the runner size, the simulation result will not give 

you the weld line at 60mm. So, there has a constant K as a relationship ratio between the 

imitated valve in MoldFlow and the valve in experiment. 

 By trying several sizes, finally, the 0.259 mm diameter valve in MoldFlow can get 

the weld line exactly at 60mm. Hence, A*B* *K = r
2
 * , K = 0.0248. 

By calculation above from the experiment part transfer into MoldFlow, the 

relationship between valve opening in experiment testing cases and the valve size in 

MoldFlow: 

0
 o
 = 6.35 mm 

10
o
 = 0.964mm 

15
o
 = 0.934mm 

30
o
 = 0.496mm 

32.5
o
 = 0.373mm 

35
o
 = 0.259mm 
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And all these data matches the test in Appendix B. With these data, it can be project 

into a diameter profile for all various theta which is shown in Table Appendix A1. 

In Table Appendix A1, the X-coordinate, theta is the valve opening (in degrees) used in 

experiment, the Y-coordinate is the diameter used in MoldFlow simulation to model the 

valve. By using the valve openings and flow diameters, 10
o
 : 0.964mm, 15

o
 : 0.934mm, 

30
o
 : 0.496mm, 32.5

o
 : 0.373mm, 35

o
 : 0.259mm, the polynomial fit is given by the 

following equation:  

 

y = 0.00001x
3
 - 0.0018x

2
 + 0.0346x + 0.7906               (A-1) 

 

The resulting magnitude is very close to all those five points and it is degradable. These 

decreasing numbers are fit to the desired prediction model. 

 

Figure Appendix A2: Polynomial A-1 

y = 1E-05x3 - 0.0018x2 + 0.0346x + 
0.7906 
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X Theta Y Diameter Polynomial  

0 6.35 6.35 

1   5.4918 

2   4.7046 

3   3.9884 

4   3.3432 

5   2.769 

6   2.2658 

7   1.8336 

8   1.4724 

9   1.1822 

10 0.964 0.9666 

11   0.96671 

12   0.96388 

13   0.95817 

14   0.94964 

15 0.934 0.93835 

16   0.92436 

17   0.90773 

18   0.88852 

19   0.86679 

20   0.8426 

21   0.81601 

22   0.78708 

23   0.75587 

24   0.72244 

25   0.68685 

26   0.64916 

27   0.60943 

28   0.56772 

29   0.52409 

30 0.496 0.4786 

31   0.43131 

32   0.38228 

32.5 0.373 0.35713125 

33   0.33157 

34   0.27924 

35 0.259 0.22535 

Table Appendix A1: Diameters for MoldFlow Valve 
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Appendix B: MoldFlow Simulation Model Test 

 According to Appendix A, the relationship between the valves in MoldFlow and the 

valves in experiment, here are four cases to exam the relationships. With both 

experimental test cases and MoldFlow simulation test cases, it can be sure that this 

prediction model is accurate and very powerful to predict the weld line position. Figure 

Appendix B1 to B24 shows all the testing results. 
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Experimental Test Case 1:  

Left Valve Opening = 35 degree, Right Valve Opening= 0 degree. 

Figure Appendix B1: Experimental Case 1.1 

Figure Appendix B2: Experimental Case 1.2 
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MoldFlow Test Case 1:  

Left Valve Opening = 35 degree (35
o
 = 0.259mm) 

Right Valve Opening= 0 degree (0
o
 = 6.35 mm) 

Figure Appendix B3:  MoldFlow Test Case 1.1 

  

In Experimental Test Case 1, shown in Figure Appendix B1 and Appendix B2, the 

weld line locates at 60mm, with left valve opening at 35 degree and right valve opening 

at 0 degree. In MoldFlow Test Case 1, shown in Figure Appendix B3, the weld line 

locates at 60mm as well, with left valve diameter in 0.259mm (35
o
 = 0.259mm), and right 

valve diameter in 6.35mm (0
o
 = 6.35 mm). The testing results shows the MoldFlow 

simulation model works properly and it can predict the weld line exactly as it will be 

molded in the experimental work. 
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Experimental Test Case 2:  

Left Valve Opening = 35 degree, Right Valve Opening = 30 degree. 

Figure Appendix B4: Experimental Case 2.1 

Figure Appendix B5: Experimental Case 2.2 
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MoldFlow Case 2:  

Left Valve Opening = 35 degree (35
o
 = 0.259mm) 

Right Valve Opening= 30 degree (30
o 
= 0.496mm) 

Figure Appendix B6: MoldFlow Test Case 2.1 

 

In Experimental Test Case 2, shown in Figure Appendix B4 and Appendix B5, the 

weld line locates at 90mm, with left valve opening at 35 degree and right valve opening 

at 30 degree. In MoldFlow Test Case 2, shown in Figure Appendix B3, the weld line 

locates at 90mm as well, with left valve diameter in 0.259mm (35
o
 = 0.259mm), and right 

valve diameter in 0.496mm (30
o 
= 0.496mm). The testing results shows the MoldFlow 

simulation model works properly and it can predict the weld line exactly as it will be 

molded in the experimental work. 
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Experimental Test Case 3:  

Left Valve Opening = 15 degree, Right Valve Opening = 30 degree. 

 

Figure Appendix B7: Experimental Test Case 3.1 

Figure Appendix B8: Experimental Test Case 3.2 
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MoldFlow Case 3:  

Left Valve Opening = 15 degree (0.934mm) 

Right Valve Opening = 30 degree (0.496mm) 

Figure Appendix B9: MoldFlow Test Case 3.1 

 

In Experimental Test Case 3, shown in Figure Appendix B7 and Appendix B8, the 

weld line locates at 127mm, with left valve opening at 15 degree and right valve opening 

at 30 degree. In MoldFlow Test Case 2, shown in Figure Appendix B9, the weld line 

locates at 127mm as well, with left valve diameter in 0.934mm (15
o
 = 0.934mm), and 

right valve diameter in 0.496mm (30
o 
= 0.496mm). The testing results shows the 

MoldFlow simulation model works properly and it can predict the weld line exactly as it 

will be molded in the experimental work. 



- 68 - 
 

Experimental Test Case 4:  

Left Valve Opening = 10 degree, Right Valve Opening = 32.5 degree. 

 

Figure Appendix B10: Experimental Test Case 4.1 

Figure Appendix B11: Experimental Test Case 4.2 
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MoldFlow Case 4:  

Left Valve Opening = 10 degree (0.964mm) 

Right Valve Opening = 32.5 degree (0.373mm) 

Figure Appendix B12: MoldFlow Test Case 4.1 

 

In Experimental Test Case 3, shown in Figure Appendix B10 and Appendix B11, the 

weld line locates at 130mm, with left valve opening at 10 degree and right valve opening 

at 32.5 degree. In MoldFlow Test Case 2, shown in Figure Appendix B12, the weld line 

locates at 130mm as well, with left valve diameter in 0.964mm (10
o
 = 0.964mm), and 

right valve diameter in 0.373mm (32.5
o 

= 0.373mm). The testing results shows the 

MoldFlow simulation model works properly and it can predict the weld line exactly as it 

will be molded in the experimental work. 
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Appendix C: SolidWork Model Setup 

 This Solidworks model (Fig. Appendix C1) is based on the molded ASTM 638 Type 

I Dog Bone (Fig. Appendix C2). By measuring the shape, angle, length, width, and height 

of the molded dog bone, then plot into the Soliworks to model the part.  

 

Figure Appendix C1: SolidWorks ASTM 638 Type I Dog Bone Model 

 

Figure Appendix C2: Molded ASTM 638 Type I Dog Bone 
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Appendix D:  

Nissei 22mm Injection Molding Machine Specs 

Machine Specs:    

NISSEI Injection Molding Machine 

Model: PS40E5ASE 

S/N: E04M235 

Injection Unit: 

Injection Capacity: 35 cm
3
/shot or 30 g/shot 

Screw DIA: 22mm 

Plasticizing Rate: 15 kg/hr 

Injection Pressure: 2610 kg/cm
2
 

Injection Rate: 51 cm
3
/sec 

Screw Stroke: 92mm 

Screw Speeds: 0~335 rpm 

Injection Force 9.9 ton 

Nozzle Touch Force: 1.7 ton 

Hopper Capacity: 15 L 
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Clamp Unit: 

Clamp Force: 40 ton 

Clamp Stroke: 300 mm 

Mold Thickness: 200 mm 

Daylight Open: 500 mm 

Distance b/w Tie Rods: (H)310 x (V)310 

Platen Size: (H)450 x (V)450 

Ejector Stroke: 60mm 

Ejector Force: 1.8 ton 

Mold Open Force: 3.0 ton 

General: 

Max Line Pressure 140 kg/cm
2
 

Pump-Elect Motor: 7.5/4 kw/pole 

Heaters: 3.77 kw 

Hydraulic Oil Req.: 240 L 

Machine Size (L x W x H): 3.07 x 0.85 x 1.82 m 

Floor Space: 2.46 x 0.73 m 

Machine Weight: 2.2 ton
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