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CHAPTER 7 

CONCLUSION 

 

There are two main things in this chapter, conclusin and suggestion. Conclusion is 

generated based on the research problem and the result of the research. While the 

suggestion is the recommendation that could given to the next fleet sizing research.  

7.1. Conclusion 

Research objective is to determine the number of trolley in the production floor. To 

solve this problem, we use processing time and transportation time to know the 

lead time and finding the number of trolley. After that to prove which one is the best 

number of trolley, simulation is used. During the simulation, the fleet sizing is 

treated as the queueing theory. The result of this research is described below :  

a. Transportation model is using to determine the movement between each 

station based on the supply and demand of each station.  

b. The transportation model that generated is based on the reduced number of 

station due the limitation of ARENA software. The distance of the fused 

station is generate based on the equilibrium distance of those two station.  

c. The objective function of this research is the highest utilization, the lowest 

queue time, and the lowest queue number.  

d. The queue time and queue number for the comparisson has already been 

summed for all process in each stage.  

e. The optimum number of trolley for stage 1 is 170 trolleys. It based on the 1st 

alternative, using the requirement for the average demand condition.  

f. The optimum number of trolley for stage 2 is 154 trolleys. It based on the 1st 

alternative, using the requirement for the average demand condition. 

g. The optimum number of trolley for stage 3 is 126 trolleys. It based on the 2nd 

alternative, using the requirement for the maximum demand condition.  

h. The amount of fleet size that proposed in this research, will save the 

purchasing budget for THB 8.190.000 each two year.  

7.2. Suggestion 

In this research, it assumed that the trolley is serve only for the prime process, not 

for the rework process. For the further research, considering the rework process 
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and using software that more capable to do complex problem is highly 

recommended.  
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Appendix 1 : Operator Movement Time Observation 

Operation : Transport     
 Studied by : Eleonora Maria P 
  

                    

Product     : HDD 3,5 inch  
 

Date           : 15/05/2017  
             

Line          : - 

  

                            

               

Worker Action 
Time Observation (Min-sec) 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

                                  

1.00 Start 00.00.00 00.07.53 00.15.56 00.22.90 00.30.93 00.38.38 00.46.68 09.07.68 09.15.71 09.25.44 09.33.25 09.41.38 09.49.49 09.57.37 10.04.87 

  End 00.07.53 00.15.56 00.22.90 00.30.93 00.38.38 00.46.68 09.07.68 09.15.71 09.25.44 09.33.25 09.41.38 09.49.49 09.57.37 10.04.87 10.13.85 

  Second 00.07.53 00.08.03 00.07.34 00.08.03 00.07.45 00.08.30 08.21.00 00.08.03 00.09.73 00.07.81 00.08.13 00.08.11 00.07.88 00.07.50 00.08.98 

                                  

 Start 10.13.85 10.21.82 10.29.37 10.37.27 10.45.24 10.52.60 11.00.02 11.07.69 11.15.85 11.23.25 11.31.10 11.38.56 11.46.38 11.53.83 12.01.40 

 End 10.21.82 10.29.37 10.37.27 10.45.24 10.52.60 11.00.02 11.07.69 11.15.85 11.23.25 11.31.10 11.38.56 11.46.38 11.53.83 12.01.40 12.08.87 

 Second 00.07.97 00.07.55 00.07.90 00.07.97 00.07.36 00.07.42 00.07.67 00.08.16 00.07.40 00.07.85 00.07.46 00.07.82 00.07.45 00.07.57 00.07.47 

                 

2.00 Start 00.00.00 00.07.60 00.15.41 00.23.16 00.31.04 00.39.57 00.47.38 00.54.61 01.02.58 01.10.59 01.18.75 01.26.56 01.33.97 01.41.26 01.48.60 

  End 00.07.60 00.15.41 00.23.16 00.31.04 00.39.57 00.47.38 00.54.61 01.02.58 01.10.59 01.18.75 01.26.56 01.33.97 01.41.26 01.48.60 01.56.01 

  Second 00.07.60 00.07.81 00.07.75 00.07.88 00.08.53 00.07.81 00.07.23 00.07.97 00.08.01 00.08.16 00.07.81 00.07.41 00.07.29 00.07.34 00.07.41 

                                  

 Start 01.56.01 09.24.01 09.30.80 09.38.42 09.45.69 09.53.67 10.01.29 10.08.64 10.16.18 10.23.94 10.32.02 10.39.34 10.46.78 10.54.84 11.02.77 

 End 09.24.01 09.30.80 09.38.42 09.45.69 09.53.67 10.01.29 10.08.64 10.16.18 10.23.94 10.32.02 10.39.34 10.46.78 10.54.84 11.02.77 11.10.79 

 Second 07.28.00 00.06.79 00.07.62 00.07.27 00.07.98 00.07.62 00.07.35 00.07.54 00.07.76 00.08.08 00.07.32 00.07.44 00.08.06 00.07.93 00.08.02 

                 

3.00 Start 00.00.00 00.07.47 00.16.76 00.24.94 00.33.13 00.41.01 00.48.54 00.57.79 01.05.41 01.13.12 01.20.46 01.28.01 01.36.52 01.44.32 01.51.57 

  End 00.07.47 00.16.76 00.24.94 00.33.13 00.41.01 00.48.54 00.57.79 01.05.41 01.13.12 01.20.46 01.28.01 01.36.52 01.44.32 01.51.57 01.59.02 

  Second 00.07.47 00.09.29 00.08.18 00.08.19 00.07.88 00.07.53 00.09.25 00.07.62 00.07.71 00.07.34 00.07.55 00.08.51 00.07.80 00.07.25 00.07.45 

                                  

 Start 01.59.02 02.06.55 02.14.00 02.21.98 02.29.60 02.37.47 02.45.10 02.52.55 03.00.73 03.08.69 03.16.07 03.24.05 03.32.20 03.40.03 03.47.77 

 End 02.06.55 02.14.00 02.21.98 02.29.60 02.37.47 02.45.10 02.52.55 03.00.73 03.08.69 03.16.07 03.24.05 03.32.20 03.40.03 03.47.77 03.55.74 

 Second 00.07.53 00.07.45 00.07.98 00.07.62 00.07.87 00.07.63 00.07.45 00.08.18 00.07.96 00.07.38 00.07.98 00.08.15 00.07.83 00.07.74 00.07.97 

                 

4.00  Start  00.00.00 00.07.34 00.15.44 00.22.80 00.30.57 00.38.16 00.45.48 00.52.94 01.00.42 01.07.62 01.14.55 01.22.11 01.29.74 01.37.59 01.44.92 

   End  00.07.34 00.15.44 00.22.80 00.30.57 00.38.16 00.45.48 00.52.94 01.00.42 01.07.62 01.14.55 01.22.11 01.29.74 01.37.59 01.44.92 01.52.96 

   
Second  

00.07.34 00.08.10 00.07.36 00.07.77 00.07.59 00.07.32 00.07.46 00.07.48 00.07.20 00.06.93 00.07.56 00.07.63 00.07.85 00.07.33 00.08.04 

                 

 Start 01.52.96 02.00.20 02.07.80 02.15.36 02.22.66 02.30.03 02.38.06 02.45.96 02.53.68 03.02.13 03.09.94 03.17.61 03.25.71 03.33.15 03.42.72 

 End 02.00.20 02.07.80 02.15.36 02.22.66 02.30.03 02.38.06 02.45.96 02.53.68 03.02.13 03.09.94 03.17.61 03.25.71 03.33.15 03.42.72 03.50.50 

 Second 00.07.24 00.07.60 00.07.56 00.07.30 00.07.37 00.08.03 00.07.90 00.07.72 00.08.45 00.07.81 00.07.67 00.08.10 00.07.44 00.09.57 00.07.78 
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Appendix 2 : Operator Movement Speed 

 Operator 1 Operator 2 Operator 3 Operator 4 

Num Time 
(sec) 

Speed 
(m/s) 

Time 
(sec) 

Speed 
(m/s) 

Time 
(sec) 

Speed 
(m/s) 

Time 
(sec) 

Speed 
(m/s) 

1 7.53 1.33 7.60 1.32 7.47 1.34 7.34 1.36 

2 8.03 1.25 7.81 1.28 9.26 1.08 8.10 1.23 

3 7.34 1.36 7.75 1.29 8.18 1.22 7.36 1.36 

4 8.30 1.20 7.88 1.27 8.19 1.22 7.77 1.29 

5 7.45 1.34 8.53 1.17 7.88 1.27 7.59 1.32 

6 7.67 1.30 7.81 1.28 7.53 1.33 7.32 1.37 

7 7.81 1.28 7.23 1.38 9.25 1.08 7.46 1.34 

8 8.03 1.25 7.97 1.25 7.62 1.31 7.48 1.34 

9 9.73 1.03 8.01 1.25 7.71 1.30 7.20 1.39 

10 7.81 1.28 8.16 1.23 7.34 1.36 6.93 1.44 

11 8.13 1.23 7.81 1.28 7.55 1.32 7.56 1.32 

12 8.11 1.23 7.41 1.35 8.51 1.18 7.63 1.31 

13 7.88 1.27 7.29 1.37 7.80 1.28 7.85 1.27 

14 7.50 1.33 7.34 1.36 7.25 1.38 7.33 1.36 

15 8.98 1.11 7.41 1.35 7.45 1.34 8.04 1.24 

16 7.97 1.25 7.28 1.37 7.53 1.33 7.24 1.38 

17 7.55 1.32 6.79 1.47 7.45 1.34 7.60 1.32 

18 7.90 1.27 7.62 1.31 7.98 1.25 7.56 1.32 

19 7.97 1.25 7.27 1.38 7.62 1.31 7.30 1.37 

20 7.36 1.36 7.98 1.25 7.87 1.27 7.37 1.36 

21 7.42 1.35 7.62 1.31 7.63 1.31 8.03 1.25 

22 7.67 1.30 7.35 1.36 7.45 1.34 7.90 1.27 

23 8.16 1.23 7.54 1.33 8.18 1.22 7.72 1.30 

24 7.40 1.35 7.76 1.29 7.96 1.26 8.45 1.18 

25 7.85 1.27 8.08 1.24 7.38 1.36 7.81 1.28 

26 7.46 1.34 7.32 1.37 7.98 1.25 7.67 1.30 

27 7.82 1.28 7.44 1.34 8.15 1.23 8.10 1.23 

28 7.45 1.34 8.06 1.24 7.83 1.28 7.44 1.34 

29 7.57 1.32 7.93 1.26 7.74 1.29 9.57 1.04 

30 7.47 1.34 8.02 1.25 7.97 1.25 7.78 1.29 
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Appendix 3 : Load In for Machine X 

Observation Operator 1 Operator 2 Operator 3 Operator 4 

1 1.79 1.57 1.65 1.66 

2 1.55 1.88 1.49 1.72 

3 1.57 1.76 1.87 1.76 

4 1.92 1.48 1.56 1.65 

5 1.47 1.91 1.81 1.68 

6 1.83 1.71 1.67 1.84 

7 1.60 1.83 1.58 1.76 

8 1.77 1.87 1.53 1.48 

9 1.81 1.69 1.68 1.57 

10 1.85 1.90 1.72 1.83 

11 1.66 1.77 1.66 1.71 

12 1.77 1.47 1.63 1.62 

13 1.76 1.80 1.82 1.90 

14 1.63 1.68 1.77 1.83 

15 1.84 1.50 1.48 1.73 

16 1.66 1.84 1.66 1.48 

17 1.51 1.61 1.71 1.76 

18 1.81 1.87 1.54 1.87 

19 1.88 1.64 1.64 1.79 

20 1.51 1.81 1.68 1.76 

21 1.53 1.75 1.80 1.71 

22 1.51 1.81 1.82 1.57 

23 1.91 1.51 1.59 1.53 

24 1.73 1.83 1.80 1.51 

25 1.55 1.76 1.52 1.91 

26 1.58 1.73 1.86 1.73 

27 1.87 1.84 1.57 1.59 

28 1.67 1.78 1.81 1.59 

29 1.84 1.75 1.53 1.57 

30 1.77 1.71 1.57 1.82 
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Appendix 4 : Load Out for Machine X 

Observation Operator 1 Operator 2 Operator 3 Operator 4 

1 1.65 1.89 1.78 1.87 

2 2.13 1.73 2.06 2.04 

3 2.02 2.12 1.89 1.95 

4 1.72 2.06 1.89 1.89 

5 1.91 1.92 2.14 1.87 

6 1.57 1.88 1.57 2.00 

7 1.76 1.69 1.95 2.12 

8 2.00 1.96 1.70 1.96 

9 1.79 1.58 1.75 2.05 

10 1.90 1.72 1.94 2.00 

11 2.04 1.74 1.63 1.96 

12 2.07 1.78 1.69 1.96 

13 1.92 2.06 1.74 1.91 

14 1.70 2.19 1.94 1.71 

15 1.84 1.91 1.88 1.71 

16 1.84 1.87 1.65 2.04 

17 1.71 1.99 1.70 1.74 

18 1.61 2.01 1.97 1.78 

19 1.99 1.83 1.89 2.08 

20 1.77 1.88 2.15 1.63 

21 2.02 1.67 1.95 1.63 

22 1.83 1.64 1.75 1.80 

23 1.83 1.91 1.66 2.15 

24 2.11 1.57 1.66 1.78 

25 2.07 1.72 1.87 1.90 

26 1.73 1.89 1.91 2.05 

27 2.15 1.89 1.99 2.18 

28 2.09 1.87 2.19 1.67 

29 2.12 1.72 2.00 2.13 

30 1.65 1.86 1.85 2.07 
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Appendix 5 : Load In for Machine Y  

Observation Operator 1 Operator 2 Operator 3 Operator 4 

1 5.32 5.01 5.50 5.12 

2 5.07 5.10 5.12 5.24 

3 5.12 5.03 5.18 5.51 

4 5.57 5.11 5.11 5.44 

5 5.04 5.24 5.20 5.07 

6 4.98 5.55 5.62 5.55 

7 5.29 5.36 5.12 5.15 

8 5.38 5.35 5.28 5.51 

9 5.51 5.02 5.60 5.61 

10 5.31 4.98 5.36 5.43 

11 4.99 5.24 5.52 5.49 

12 5.17 5.38 5.56 5.17 

13 5.54 5.40 5.06 5.25 

14 5.14 5.62 5.03 5.50 

15 5.25 5.22 5.46 5.11 

16 5.11 5.06 5.19 5.21 

17 5.11 5.47 5.00 5.19 

18 5.51 5.07 5.42 5.21 

19 5.33 5.04 5.22 5.59 

20 5.38 5.07 5.06 5.32 

21 5.18 5.17 5.19 5.59 

22 5.36 5.41 5.41 5.60 

23 5.58 5.61 5.45 5.51 

24 5.19 5.58 5.40 5.32 

25 5.47 5.15 5.52 5.29 

26 5.41 5.10 5.09 5.03 

27 5.21 5.34 5.11 5.57 

28 5.23 5.04 5.02 5.60 

29 5.50 5.33 5.19 5.38 

30 5.18 5.48 5.07 5.17 

 

  



 

 

66 
 

Appendix 6 : Load Out for Machine Y 

Observation Operator 1 Operator 2 Operator 3 Operator 4 

1 3.42 3.64 3.52 3.56 

2 3.43 3.47 3.74 3.71 

3 3.32 3.57 3.61 3.63 

4 3.35 3.76 3.76 3.45 

5 3.31 3.59 3.46 3.33 

6 3.36 3.50 3.53 3.44 

7 3.40 3.57 3.77 3.67 

8 3.47 3.70 3.31 3.67 

9 3.42 3.34 3.52 3.30 

10 3.74 3.61 3.49 3.62 

11 3.60 3.45 3.55 3.66 

12 3.51 3.64 3.67 3.55 

13 3.75 3.69 3.47 3.36 

14 3.59 3.76 3.57 3.44 

15 3.71 3.75 3.48 3.45 

16 3.46 3.41 3.59 3.71 

17 3.57 3.64 3.73 3.75 

18 3.48 3.30 3.77 3.36 

19 3.53 3.56 3.76 3.71 

20 3.62 3.39 3.66 3.52 

21 3.45 3.41 3.47 3.65 

22 3.77 3.59 3.33 3.73 

23 3.38 3.36 3.52 3.69 

24 3.44 3.61 3.62 3.47 

25 3.58 3.29 3.34 3.71 

26 3.66 3.71 3.59 3.36 

27 3.40 3.74 3.69 3.40 

28 3.49 3.34 3.68 3.76 

29 3.47 3.48 3.52 3.69 

30 3.43 3.59 3.32 3.62 
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Appendix 7 : Load In for Machine P 

Observation Operator 1 Operator 2 Operator 3 Operator 4 

1 4.76 4.59 4.34 4.27 

2 4.66 4.20 4.66 4.28 

3 4.69 4.51 4.43 4.74 

4 4.53 4.57 4.51 4.45 

5 4.76 4.41 4.64 4.69 

6 4.27 4.69 4.37 4.22 

7 4.56 4.72 4.32 4.31 

8 4.58 4.47 4.66 4.50 

9 4.61 4.23 4.23 4.41 

10 4.24 4.56 4.43 4.28 

11 4.34 4.36 4.49 4.63 

12 4.59 4.31 4.33 4.60 

13 4.70 4.68 4.47 4.27 

14 4.48 4.19 4.70 4.58 

15 4.20 4.73 4.73 4.57 

16 4.76 4.52 4.30 4.28 

17 4.44 4.47 4.36 4.75 

18 4.20 4.64 4.62 4.43 

19 4.35 4.45 4.71 4.63 

20 4.56 4.71 4.46 4.66 

21 4.27 4.66 4.42 4.40 

22 4.72 4.37 4.37 4.48 

23 4.64 4.43 4.56 4.52 

24 4.28 4.26 4.36 4.68 

25 4.63 4.44 4.21 4.21 

26 4.35 4.33 4.70 4.49 

27 4.19 4.34 4.41 4.19 

28 4.34 4.29 4.29 4.67 

29 4.32 4.66 4.49 4.27 

30 4.37 4.25 4.31 4.61 
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Appendix 8 : Load Out for Machine P 

Observation Operator 1 Operator 2 Operator 3 Operator 4 

1 3.45 3.14 3.05 3.01 

2 3.46 3.42 3.03 3.55 

3 3.38 3.18 3.23 3.50 

4 3.36 3.58 3.35 3.15 

5 2.96 3.03 3.49 2.99 

6 3.15 2.97 3.46 3.41 

7 3.25 3.01 3.47 3.33 

8 3.05 3.36 3.05 2.98 

9 2.97 3.05 3.44 3.32 

10 2.98 3.52 3.40 3.45 

11 3.24 2.99 3.04 3.17 

12 3.29 2.96 3.20 3.59 

13 3.02 3.00 3.16 3.07 

14 3.45 3.63 3.60 3.30 

15 3.21 3.44 3.58 3.46 

16 3.41 3.55 3.54 3.09 

17 3.53 2.97 3.36 3.10 

18 3.17 3.27 3.06 3.03 

19 3.49 3.02 3.35 3.09 

20 3.05 3.36 3.01 3.61 

21 3.18 3.18 3.49 3.43 

22 3.36 2.99 3.04 3.54 

23 3.10 3.46 3.36 3.07 

24 3.15 3.42 3.01 3.25 

25 3.31 3.46 3.22 3.26 

26 3.30 3.49 3.32 3.49 

27 3.62 3.42 3.01 3.17 

28 3.38 3.44 3.53 3.10 

29 3.00 3.25 3.26 3.39 

30 3.03 3.45 3.58 3.46 
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Appendix 9 : Load In for Machine Q 

Observation Operator 1 Operator 2 Operator 3 Operator 4 

1 4.50 4.64 4.34 4.60 

2 4.55 4.56 4.57 4.45 

3 4.64 4.31 4.52 4.70 

4 4.34 4.59 4.48 4.56 

5 4.59 4.35 4.29 4.33 

6 4.58 4.29 4.58 4.49 

7 4.49 4.51 4.39 4.59 

8 4.57 4.50 4.67 4.44 

9 4.42 4.39 4.28 4.50 

10 4.71 4.62 4.44 4.36 

11 4.52 4.32 4.33 4.35 

12 4.69 4.28 4.36 4.65 

13 4.53 4.69 4.37 4.64 

14 4.42 4.45 4.48 4.44 

15 4.58 4.45 4.60 4.35 

16 4.62 4.52 4.33 4.64 

17 4.54 4.70 4.55 4.30 

18 4.43 4.40 4.43 4.34 

19 4.45 4.56 4.69 4.45 

20 4.61 4.57 4.59 4.29 

21 4.37 4.34 4.43 4.63 

22 4.45 4.66 4.47 4.28 

23 4.29 4.68 4.38 4.33 

24 4.34 4.61 4.31 4.70 

25 4.58 4.60 4.64 4.34 

26 4.33 4.54 4.36 4.30 

27 4.69 4.54 4.64 4.48 

28 4.54 4.50 4.71 4.51 

29 4.43 4.59 4.63 4.45 

30 4.66 4.51 4.70 4.56 

 

  



 

 

70 
 

Appendix 10 : Load Out for Machine Q 

Observation Operator 1 Operator 2 Operator 3 Operator 4 

1 3.60 3.33 3.53 3.47 

2 3.34 3.14 3.05 3.42 

3 3.07 3.23 3.62 3.10 

4 3.49 3.40 3.56 3.15 

5 3.14 3.33 3.41 3.31 

6 3.17 3.08 3.54 3.20 

7 3.62 3.53 3.46 3.17 

8 3.05 3.34 3.59 3.33 

9 3.23 3.41 3.35 3.28 

10 3.14 3.03 3.56 3.18 

11 3.52 3.33 3.44 3.33 

12 3.57 3.15 3.43 3.61 

13 3.26 3.08 3.40 3.63 

14 3.63 3.41 3.48 3.12 

15 3.11 3.60 3.18 3.63 

16 3.31 3.00 3.54 3.42 

17 3.40 3.15 3.46 3.18 

18 3.42 3.34 3.56 3.58 

19 3.25 3.23 3.34 3.61 

20 3.54 3.24 3.16 3.60 

21 3.18 3.62 3.42 3.27 

22 3.53 3.16 3.25 3.30 

23 3.52 3.46 3.40 3.51 

24 3.56 3.53 3.25 3.20 

25 3.40 3.58 3.41 3.36 

26 3.53 2.98 3.06 3.43 

27 3.63 3.43 3.26 3.54 

28 3.07 2.99 3.33 3.53 

29 3.29 3.16 3.37 3.06 

30 3.20 3.02 3.25 3.34 
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Appendix 11 : Stage 1 Part 1 Model 
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Appendix 12 : Stage 1 Part 2 Model 
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Appendix 13 : Stage 2 Part 1 Model 
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Appendix 14 : Stage 2 Part 2 Model 
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Appendix 15 : Stage 3 Model 

 

 




