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CHAPTER 7 

CONCLUSION AND SUGGESTION 

After doing all the analysis on fleet sizing using simulation approach in ARENA 

simulation software and economic profitability analysis using Microsoft® Excel, 

the conclusions of the research are drawn. Suggestion for further research in 

fleet sizing problem also explained in the last section of this chapter. 

7.1. Conclusion 

Research highlight is about determining optimum number of I-Trolley used in 

production floor to prevent waste occurred in form of waiting time of material and 

also maximize production volume. To solve this research, fleet sizing problem is 

treated same as queuing theory and solve using simulation approach due to non-

exponential in inter-arrival time of material. According to simulation result and 

profitability analysis, conclusion is drawn as follows: 

a. The optimum situation with lowest material waiting time and maximum 

production volume is reached with 14 I-Trolley with details in phase one and 

phase two need respectively six and eight I-Trolley. 

b. There is not any significance difference tested using ANOVA if another I-

Trolley added in the optimum solution. 

c. There are two methods chose to analyze economic profitability 

1. Payback period to analyze economic profitability without considering time 

value of money conclude that the payback period is between 11th and 

12th month 

2. Internal Rate of Return to analyze economic profitability with considering 

time value of money conclude that the value of IRR is 62 percent in two 

years which is larger than interest rate. 

d. The result on economic profitability analysis conclude that investment on I-

Trolley is feasible in two years, which is fulfill management requirement 

before implementing in production floor. 

e. Sensitivity analysis shows that decision on accepting investment is not 

changing if maintenance cost is 100 percent of operational cost and operator 

adjustment cost is below 96 percent of initial investment 
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7.2. Suggestion 

In this research, it is assumed that production floor is 100 percent operated due 

to high demand to see how many automated material handling can cover the 

activity. For further research, considering demand pattern in certain period is 

highly recommended since useful life of automated material handling is long 

enough. 
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APPENDIX 

 

Appendix 1. Uniformity and Sufficiency Test Loading I-Trolley 

Work Element : Loading I-Trolley

Location : Stop Point

%

95

10

Total Subgroup Average

Subgroup Average Remarks

1 7 7 6 6 7 6.6 Uniform 49 49 36 36 49

2 6 6 5 6 6 5.8 Uniform 36 36 25 36 36

3 7 6 5 6 5 5.8 Uniform 49 36 25 36 25

4 6 6 6 6 7 6.2 Uniform 36 36 36 36 49

5 8 5 6 7 6 6.4 Uniform 64 25 36 49 36

6 6 5 7 6 7 6.2 Uniform 36 25 49 36 49

Uniformity Test

Sufficiency Test

UNIFORMITY AND SUFFICIENCY TEST

Upper Control Limit

Lower Control Limit

Conclusion

Value of N Calculated

Conclusion

7.24

7%

1157

6.166667

34225

Value

2

0.1

20

30

185

0.74664

37

6Subgroup Amount

Data Amount

K/S

Parameter

Precision Level

Confidence Level

(Xi)2Xi

Data

Cycle Time

Allowance

Sum Xi2
Subgroup Average

(Sum Xi)2

Sum Xi

Standard Deviation

Deviation of Distribution Mean 0.3339

7.1684

5.1649

Uniform

Sufficient

5.668371074
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Appendix 2. Uniformity and Sufficiency Test Unloading I-Trolley 

Work Element : Unloading I-Trolley

Location : Stop Point

%

95

10

Total Subgroup Average

Subgroup Average Remarks

1 5 5 4 4 6 4.8 Uniform 25 25 16 16 36

2 5 4 5 7 5 5.2 Uniform 25 16 25 49 25

3 7 6 6 5 6 6 Uniform 49 36 36 25 36

4 6 5 4 6 5 5.2 Uniform 36 25 16 36 25

5 5 4 6 5 5 5 Uniform 25 16 36 25 25

6 4 6 5 4 6 5 Uniform 16 36 25 16 36

Uniformity Test

Sufficiency Test

UNIFORMITY AND SUFFICIENCY TEST

Upper Control Limit

Lower Control Limit

Conclusion

Value of N Calculated

Conclusion

6.27

7%

834

5.2

24336

Value

2

0.1

20

30

156

0.886683

31.2

6Subgroup Amount

Data Amount

K/S

Parameter

Precision Level

Confidence Level

(Xi)2Xi

Data

Cycle Time

Allowance

Sum Xi2
Subgroup Average

(Sum Xi)2

Sum Xi

Standard Deviation

Deviation of Distribution Mean 0.3965

6.3896

4.0104

Uniform

Sufficient

11.24260355
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Appendix 3. Uniformity and Sufficiency Test Transporting to Pack 2 

Work Element : Transport to Pack 2

Location : Pack 2

%

95

10

Total Subgroup Average

Subgroup Average Remarks

1 18 20 20 21 14 18.6 Uniform 324 400 400 441 196

2 22 19 25 23 23 22.4 Uniform 484 361 625 529 529

3 19 21 20 19 18 19.4 Uniform 361 441 400 361 324

4 17 18 17 20 24 19.2 Uniform 289 324 289 400 576

5 21 16 17 18 21 18.6 Uniform 441 256 289 324 441

6 17 18 17 20 24 19.2 Uniform 289 324 289 400 576

Uniformity Test

Sufficiency Test

UNIFORMITY AND SUFFICIENCY TEST

Upper Control Limit

Lower Control Limit

Conclusion

Value of N Calculated

Conclusion

20.64

7%

11683

19.56667

344569

Value

2

0.1

20

30

587

2.608783

117.4

6Subgroup Amount

Data Amount

K/S

Parameter

Precision Level

Confidence Level

(Xi)2Xi

Data

Cycle Time

Allowance

Sum Xi2
Subgroup Average

(Sum Xi)2

Sum Xi

Standard Deviation

Deviation of Distribution Mean 1.1667

23.0667

16.0666

Uniform

Sufficient

6.873514448
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Appendix 4. Uniformity and Sufficiency Test Transporting from Pack 2 

Work Element : Transport from Pack 2

Location : Pack 2

%

95

10

Total Subgroup Average

Subgroup Average Remarks

1 21 18 17 18 20 18.8 Uniform 441 324 289 324 400

2 16 21 24 17 20 19.6 Uniform 256 441 576 289 400

3 25 21 22 20 18 21.2 Uniform 625 441 484 400 324

4 19 15 16 15 20 17 Uniform 361 225 256 225 400

5 25 24 18 16 17 20 Uniform 625 576 324 256 289

6 16 15 20 16 15 16.4 Uniform 256 225 400 256 225

Uniformity Test

Sufficiency Test

UNIFORMITY AND SUFFICIENCY TEST

Upper Control Limit

Lower Control Limit

Conclusion

Value of N Calculated

Conclusion

19.90

7%

10913

18.83333

319225

Value

2

0.1

20

30

565

3.063504

113

6Subgroup Amount

Data Amount

K/S

Parameter

Precision Level

Confidence Level

(Xi)2Xi

Data

Cycle Time

Allowance

Sum Xi2
Subgroup Average

(Sum Xi)2

Sum Xi

Standard Deviation

Deviation of Distribution Mean 1.3700

22.9435

14.7232

Uniform

Sufficient

10.23102827
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Appendix 5. Uniformity and Sufficiency Test Transporting to Backend 

Stream Line 

Work Element : Transport to Backend Stream Line

Location : Backend Stream Line

%

95

10

Total Subgroup Average

Subgroup Average Remarks

1 30 32 27 30 31 30 Uniform 900 1024 729 900 961

2 31 30 26 27 31 29 Uniform 961 900 676 729 961

3 32 35 30 29 28 30.8 Uniform 1024 1225 900 841 784

4 27 31 35 33 34 32 Uniform 729 961 1225 1089 1156

5 32 31 30 31 31 31 Uniform 1024 961 900 961 961

6 31 30 27 27 31 29.2 Uniform 961 900 729 729 961

Uniformity Test

Sufficiency Test

UNIFORMITY AND SUFFICIENCY TEST

Upper Control Limit

Lower Control Limit

Conclusion

Value of N Calculated

Conclusion

31.40

7%

27762

30.3333333

828100

Value

2

0.1

20

30

910

2.339073

182

6Subgroup Amount

Data Amount

K/S

Parameter

Precision Level

Confidence Level

(Xi)2Xi

Data

Cycle Time

Allowance

Sum Xi2
Subgroup Average

(Sum Xi)2

Sum Xi

Standard Deviation

Deviation of Distribution Mean 1.0461

33.4715

27.1951

Uniform

Sufficient

2.299239222
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Appendix 6. Uniformity and Sufficiency Test Transporting from Backend 

Stream Line 

Work Element : Transport from Backend Stream Line

Location : Backend Stream Line

%

95

10

Total Subgroup Average

Subgroup Average Remarks

1 27 30 31 26 25 27.8 Uniform 729 900 961 676 625

2 27 28 22 27 26 26 Uniform 729 784 484 729 676

3 27 32 28 28 28 28.6 Uniform 729 1024 784 784 784

4 26 25 24 24 28 25.4 Uniform 676 625 576 576 784

5 29 33 25 31 31 29.8 Uniform 841 1089 625 961 961

6 35 36 27 28 27 30.6 Uniform 1225 1296 729 784 729

Uniformity Test

Sufficiency Test

UNIFORMITY AND SUFFICIENCY TEST

Upper Control Limit

Lower Control Limit

Conclusion

Value of N Calculated

Conclusion

29.10

7%

23875

28.0333333

707281

Value

2

0.1

20

30

841

3.210794

168.2

6Subgroup Amount

Data Amount

K/S

Parameter

Precision Level

Confidence Level

(Xi)2Xi

Data

Cycle Time

Allowance

Sum Xi2
Subgroup Average

(Sum Xi)2

Sum Xi

Standard Deviation

Deviation of Distribution Mean 1.4359

32.3411

23.7256

Uniform

Sufficient

5.072382829
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Appendix 7. Uniformity and Sufficiency Test Unloading from Lift 

Work Element : Unloading Lift

Location : Lift

%

95

10

Total Subgroup Average

Subgroup Average Remarks

1 120 122 121 130 134 125.4 Uniform 14400 14884 14641 16900 17956

2 124 131 122 102 117 119.2 Uniform 15376 17161 14884 10404 13689

3 118 115 120 132 118 120.6 Uniform 13924 13225 14400 17424 13924

4 119 122 119 120 117 119.4 Uniform 14161 14884 14161 14400 13689

5 119 120 120 120 125 120.8 Uniform 14161 14400 14400 14400 15625

6 120 120 118 130 124 122.4 Uniform 14400 14400 13924 16900 15376

Uniformity Test

Sufficiency Test

129.4201

113.1799

Uniform

Sufficient

0.962640915

Subgroup Average

(Sum Xi)2

Sum Xi

Standard Deviation

Deviation of Distribution Mean 2.7067

Conclusion

122.37

7%

442473

121.3

3639

6.052358

727.8

6Subgroup Amount

(Xi)2Xi

Data

Cycle Time

Allowance

Sum Xi2

UNIFORMITY AND SUFFICIENCY TEST

Upper Control Limit

Lower Control Limit

Conclusion

Value of N Calculated

13242321

Value

2

0.1

20

30Data Amount

K/S

Parameter

Precision Level

Confidence Level
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Appendix 8. Uniformity and Sufficiency Test Loading to Lift

Work Element : Loading Lift

Location : Lift

%

95

10

Total Subgroup Average

Subgroup Average Remarks

1 115 110 110 116 110 112.2 Uniform 13225 12100 12100 13456 12100

2 111 112 112 112 112 111.8 Uniform 12321 12544 12544 12544 12544

3 116 111 110 104 112 110.6 Uniform 13456 12321 12100 10816 12544

4 115 117 112 111 111 113.2 Uniform 13225 13689 12544 12321 12321

5 110 110 107 116 110 110.6 Uniform 12100 12100 11449 13456 12100

6 115 110 106 105 105 108.2 Uniform 13225 12100 11236 11025 11025

Uniformity Test

Sufficiency Test

115.6579

106.5421

Uniform

Sufficient

0.361548306

Subgroup Average

(Sum Xi)2

Sum Xi

Standard Deviation

Deviation of Distribution Mean 1.5193

Conclusion

112.17

7%

370631

111.1

3333

3.397261

666.6

6Subgroup Amount

(Xi)2Xi

Data

Cycle Time

Allowance

Sum Xi2

UNIFORMITY AND SUFFICIENCY TEST

Upper Control Limit

Lower Control Limit

Conclusion

Value of N Calculated

11108889

Value

2

0.1

20

30Data Amount

K/S

Parameter

Precision Level

Confidence Level
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Appendix 9. Result on Simulation Running 

Replication 

Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 Scenario 6 Scenario 7 Scenario 8 

Flow 
Time 

Production 
Volume 

Flow 
Time 

Production 
Volume 

Flow 
Time 

Production 
Volume 

Flow 
Time 

Production 
Volume 

Flow 
Time 

Production 
Volume 

Flow 
Time 

Production 
Volume 

Flow 
Time 

Production 
Volume 

Flow 
Time 

Production 
Volume 

1 18 1687 19 1662 18 1641 18 1675 19 1687 15 1693 16 1668 17 1660 

2 17 1660 18 1686 17 1663 18 1680 16 1638 20 1660 16 1680 18 1689 

3 20 1709 16 1690 18 1677 16 1669 18 1704 17 1687 20 1726 24 1686 

4 26 1677 17 1664 16 1681 17 1670 17 1661 17 1632 19 1687 17 1644 

5 19 1683 21 1664 28 1657 18 1686 18 1702 19 1645 15 1652 20 1683 

6 20 1705 15 1698 19 1732 18 1700 19 1683 17 1710 16 1729 16 1697 

7 18 1656 18 1669 18 1662 16 1702 18 1657 15 1664 17 1667 23 1697 

8 17 1671 17 1657 17 1642 16 1663 17 1642 18 1674 19 1690 16 1691 

9 19 1735 16 1656 18 1671 15 1697 17 1705 16 1695 16 1676 25 1680 

10 17 1674 17 1662 18 1652 18 1697 19 1663 18 1692 20 1684 15 1693 

11 17 1658 18 1664 18 1664 21 1651 18 1644 15 1666 22 1684 16 1658 

12 20 1661 17 1672 19 1659 17 1665 16 1688 17 1664 18 1710 15 1657 

13 23 1619 19 1660 18 1676 23 1663 21 1675 16 1677 16 1669 17 1661 

14 19 1668 17 1668 16 1659 18 1672 20 1628 17 1672 16 1679 19 1658 

15 20 1699 17 1694 16 1653 20 1642 18 1696 16 1672 16 1672 17 1654 

16 16 1668 19 1695 17 1649 20 1694 18 1649 16 1683 21 1664 22 1665 

17 19 1674 23 1656 16 1639 17 1665 18 1691 15 1662 15 1704 19 1666 

18 22 1673 21 1620 19 1673 16 1694 18 1643 17 1667 17 1676 15 1650 

19 17 1672 17 1657 17 1671 16 1705 18 1673 17 1669 17 1684 17 1672 

20 17 1655 18 1675 17 1691 16 1687 16 1677 28 1684 17 1681 17 1654 

21 20 1674 16 1637 19 1664 15 1664 22 1654 16 1697 21 1693 15 1661 

22 20 1670 20 1630 16 1665 18 1682 22 1663 19 1674 16 1686 22 1671 
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Appendix 9. Continue 

Replication 

Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 Scenario 6 Scenario 7 Scenario 8 

Flow 
Time 

Production 
Volume 

Flow 
Time 

Production 
Volume 

Flow 
Time 

Production 
Volume 

Flow 
Time 

Production 
Volume 

Flow 
Time 

Production 
Volume 

Flow 
Time 

Production 
Volume 

Flow 
Time 

Production 
Volume 

Flow 
Time 

Production 
Volume 

23 17 1673 17 1704 35 1703 17 1688 23 1680 16 1686 21 1674 18 1692 

24 21 1663 18 1654 16 1666 19 1683 19 1682 16 1697 16 1663 15 1697 

25 18 1693 17 1671 16 1706 17 1659 17 1690 20 1672 18 1684 16 1686 

26 20 1643 18 1684 20 1659 20 1671 21 1686 17 1692 18 1672 18 1663 

27 26 1695 18 1691 17 1675 16 1691 16 1693 18 1667 18 1700 17 1705 

28 18 1666 18 1651 19 1656 19 1651 16 1656 17 1675 18 1656 21 1694 

29 18 1694 21 1681 16 1687 19 1688 19 1713 17 1708 29 1689 20 1672 

30 17 1670 17 1699 18 1702 17 1682 18 1681 16 1673 17 1668 16 1673 

31 17 1636 17 1664 19 1655 23 1665 17 1643 17 1642 15 1692 15 1661 

32 18 1643 18 1653 15 1673 15 1674 17 1683 15 1678 18 1661 33 1701 

33 19 1662 16 1678 24 1642 16 1700 19 1691 17 1672 17 1692 16 1692 

34 17 1679 16 1677 18 1694 18 1663 20 1699 19 1726 18 1688 25 1707 

35 21 1672 19 1701 21 1707 19 1693 15 1709 22 1694 17 1708 16 1706 

36 18 1667 18 1689 20 1678 16 1701 17 1613 17 1681 16 1661 17 1659 

37 16 1702 17 1695 17 1661 17 1678 15 1652 16 1711 18 1676 17 1710 

38 17 1723 17 1683 25 1656 17 1673 16 1673 16 1649 17 1678 15 1681 

39 18 1685 18 1668 16 1681 16 1695 17 1706 17 1703 16 1702 16 1710 

40 18 1667 19 1651 21 1686 20 1666 19 1697 20 1643 18 1679 22 1683 

41 20 1643 18 1656 17 1690 17 1674 19 1664 18 1648 16 1682 17 1657 

42 22 1708 16 1663 18 1688 16 1654 16 1671 22 1674 18 1664 16 1702 

43 18 1686 16 1648 22 1682 14 1709 17 1653 17 1664 16 1693 20 1684 

44 17 1651 17 1711 18 1658 18 1695 19 1652 15 1699 16 1689 17 1666 
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Appendix 9. Continue 

Replication 
Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 Scenario 6 Scenario 7 Scenario 8 

Flow 
Time 

Production 
Volume 

Flow 
Time 

Production 
Volume 

Flow 
Time 

Production 
Volume 

Flow 
Time 

Production 
Volume 

Flow 
Time 

Production 
Volume 

Flow 
Time 

Production 
Volume 

Flow 
Time 

Production 
Volume 

Flow 
Time 

Production 
Volume 

45 17 1653 17 1687 18 1674 17 1677 19 1669 17 1662 17 1735 17 1660 

46 20 1705 17 1656 18 1701 20 1672 22 1695 18 1666 15 1712 21 1663 

47 23 1720 19 1679 18 1658 23 1699 21 1692 16 1700 16 1668 17 1673 

48 19 1670 17 1676 16 1635 18 1640 20 1703 17 1685 16 1657 19 1669 

49 20 1698 17 1642 16 1683 20 1685 18 1715 16 1678 16 1682 17 1654 

50 16 1657 19 1682 17 1686 20 1689 18 1693 16 1710 21 1685 22 1675 

51 19 1668 23 1667 16 1651 17 1678 18 1661 15 1632 15 1671 19 1701 

52 22 1675 21 1683 19 1664 16 1704 18 1681 17 1689 17 1717 15 1715 

53 17 1720 17 1645 17 1661 16 1690 18 1706 17 1680 17 1653 17 1659 

54 17 1686 18 1686 17 1678 16 1666 16 1696 28 1709 17 1652 17 1688 

55 20 1705 16 1669 19 1691 15 1634 22 1683 16 1648 21 1680 15 1639 

56 20 1680 20 1679 16 1704 18 1675 22 1695 19 1692 16 1655 22 1660 

57 17 1661 17 1666 35 1700 17 1666 23 1714 16 1681 21 1713 18 1708 

58 21 1668 18 1696 16 1664 19 1684 19 1695 16 1688 16 1659 15 1678 

59 18 1659 17 1678 16 1664 17 1662 17 1681 20 1667 18 1675 16 1655 

60 20 1697 18 1662 20 1670 20 1655 21 1668 17 1681 18 1680 18 1662 

61 26 1697 18 1690 17 1643 16 1688 16 1664 18 1652 18 1669 17 1703 

62 18 1688 18 1676 19 1689 19 1723 16 1654 17 1693 18 1672 21 1689 

63 18 1712 21 1722 16 1667 19 1701 19 1705 17 1653 29 1711 20 1663 

64 17 1660 17 1647 18 1667 17 1659 18 1682 16 1659 17 1692 16 1679 

65 17 1675 17 1686 19 1673 23 1684 17 1703 17 1698 15 1696 15 1674 
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Appendix 9. Continue 

Replication 
Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 Scenario 6 Scenario 7 Scenario 8 

Flow 
Time 

Production 
Volume 

Flow 
Time 

Production 
Volume 

Flow 
Time 

Production 
Volume 

Flow 
Time 

Production 
Volume 

Flow 
Time 

Production 
Volume 

Flow 
Time 

Production 
Volume 

Flow 
Time 

Production 
Volume 

Flow 
Time 

Production 
Volume 

66 18 1657 18 1649 15 1685 15 1644 17 1690 15 1641 18 1665 33 1662 

67 19 1682 16 1659 24 1718 16 1652 19 1673 17 1677 17 1684 16 1695 

68 17 1668 16 1660 18 1674 18 1695 20 1662 19 1669 18 1679 25 1670 

69 21 1660 19 1673 21 1705 19 1650 15 1669 22 1693 17 1647 16 1680 

70 18 1675 18 1679 20 1726 16 1680 17 1688 17 1680 16 1680 17 1693 

71 16 1665 17 1691 17 1694 17 1684 15 1677 16 1659 18 1684 17 1657 

72 17 1654 17 1643 25 1655 17 1645 16 1656 16 1676 17 1639 15 1654 

73 18 1684 18 1650 16 1689 16 1665 17 1712 17 1683 16 1678 16 1650 

74 18 1669 19 1663 21 1698 20 1654 19 1681 20 1681 18 1676 22 1683 

75 20 1646 18 1667 17 1646 17 1713 19 1701 18 1671 16 1668 17 1661 

76 22 1688 16 1677 18 1666 16 1667 16 1663 22 1673 18 1688 16 1646 

77 18 1687 16 1690 22 1680 14 1682 17 1687 17 1678 16 1674 20 1709 

78 17 1674 17 1660 18 1662 18 1645 19 1703 15 1646 16 1637 17 1678 

79 17 1670 17 1669 18 1665 17 1694 19 1680 17 1669 17 1711 17 1671 

80 20 1661 17 1665 18 1653 20 1654 22 1659 18 1688 15 1661 21 1665 

 

 

 


