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ABSTRACT 

PROTOTYPE APPLICATION DEVELOPMENT FOR MACHINING 

OPTIMIZATION USING GENETIC ALGORITHM FOR DRILLING MACHINE 

 

 

 

By  

 

 

Obi Purwanto 

 

 

 

SWISS GERMAN UNIVERSITY 

Bumi Serpong Damai 

 

 

 

Dr. Ir. Prianggada Indra Tanaya, MME. 

Dr. Ir. Tutuko Prajogo, MSMfgE.  

Dr. Tanika D. Sofianti, ST, MT.  

 

 

This works talks about the optimization process which is not conducted very well in 

machining industries. Some of cutting parameters such as cutting speed (v) and feed 

(f) are chosen only by the operator’s sense or by looking at the table. This works has a 

goal to construct a software application that can be used as an optimization tool, 

where time and cost will become the target variable in the optimization process. The 

optimization method process will be using Taylor Tool Life formula and Genetic 

Algorithm Method, where at the end both of them will be compared with each other.  

Keywords: Drilling Operation, Prototype Application, Genetic Algorithm, Taylor 

Tool Life, Optimization, Cutting Parameter. 

 

 

 

 

 

  



PROTOTYPE APPLICATION DEVELOPMENT FOR MACHINING OPTIMIZATION  

USING GENETIC ALGORITHM FOR DRILLING MACHINE            Page 5 of 119 
 

 

  Obi Purwanto 

 

DEDICATION 

 

I dedicate this thesis to the most amazing family, my beloved parents who have 

become role models for me. Moreover, this thesis is also dedicated to my thesis 

advisor, who never stops encouraging, as well as to fellow readers who might benefit 

from this thesis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



PROTOTYPE APPLICATION DEVELOPMENT FOR MACHINING OPTIMIZATION  

USING GENETIC ALGORITHM FOR DRILLING MACHINE            Page 6 of 119 
 

 

  Obi Purwanto 

 

ACKNOWLEDGEMENTS 

 

First of all I would like to express my deepest gratitude to Allah SWT for every 

blessing and guidance in my journey of life, especially this last four years. 

I would also express sincere appreciation to my thesis advisor, Dr. Ir. Prianggada 

Indra Tanaya MME, who always has willingness to help and guide me during time of 

my research. His patience, brilliant ideas and words of motivation were the keys for 

my achievement. Besides, I would also like to thank Dr. Ir. Tutuko Prajogo, 

MSMfgE, as the Head of Industrial Engineering Department and other academic 

staffs for offering never – ending support in my four – year study in Swiss German 

University. I would like also to thank Dr. Tanika D. Sofianti, ST, MT as my co-

advisor who always help and guide me during my work on thesis project. To all 

lectures in SGU especially in Faculty of Engineering thank you for the lectures for 

this 4 years. 

To my family members my father, my mother, I thank you for your support. I also 

want to thank my cousins who always support me and be my companion in hard 

times. 

To my fellow FB 303 residents, whom I always working with during our thesis 

project. Also to my fellow 1wan &  Monix Tour, thank you for your support.  

Lastly, I would like to thank my Industrial Engineering colleagues at Swiss German 

University. I thank you all for this 4 years great memories. 

  



PROTOTYPE APPLICATION DEVELOPMENT FOR MACHINING OPTIMIZATION  

USING GENETIC ALGORITHM FOR DRILLING MACHINE            Page 7 of 119 
 

 

  Obi Purwanto 

 

TABLE OF CONTENTS 
 

STATEMENT BY THE AUTHOR ............................................................................... 2 

ABSTRACT ................................................................................................................... 4 

DEDICATION ............................................................................................................... 5 

ACKNOWLEDGEMENTS ........................................................................................... 6 

CHAPTER 1 - INTRODUCTION ............................................................................... 12 

1.1 Background ............................................................................................................ 12 

1.2 Thesis Description ................................................................................................. 13 

1.3 Problem Statement ................................................................................................. 13 

1.4 Thesis Purpose ....................................................................................................... 13 

1.5 Thesis Scope .......................................................................................................... 14 

1.6 Thesis Limitation ................................................................................................... 14 

CHAPTER 2 - LITERATURE REVIEW .................................................................... 15 

2.1 Introduction ............................................................................................................ 15 

2.2 General process optimization ................................................................................. 15 

2.3 Genetic Algorithm ................................................................................................. 17 

2.4 Optimization in Machining Operations.................................................................. 20 

2.5 Optimization in Drilling Operations ...................................................................... 22 

2.6 State of Art ............................................................................................................. 23 

2.7 Concluding Remarks .............................................................................................. 24 

CHAPTER 3 - RESEARCH METHODOLOGY ........................................................ 25 

3.1 Introduction ............................................................................................................ 25 

3.2 General Prototype Development Flowchart ........................................................... 25 

3.3 Prototype Application Development Process ........................................................ 28 

3.4 Product Software Architecture ............................................................................... 28 

3.5 Metal Cutting Theory ............................................................................................. 29 

3.5.1 Drilling process ........................................................................................... 30 

3.5.2 Cutting Parameter and Formulation in Drilling Process ............................. 30 

3.5.3 Process Planning ......................................................................................... 34 

3.6 Prototype Application Functional Elements .......................................................... 34 

3.6.1 Determining Basic Information .................................................................. 36 

3.6.2 Determining Cutting Parameter and other Constrains ................................ 36 

3.6.3 Determining Cutting Tool Path ................................................................... 37 

3.6.4 Finding Machining Time ............................................................................ 39 



PROTOTYPE APPLICATION DEVELOPMENT FOR MACHINING OPTIMIZATION  

USING GENETIC ALGORITHM FOR DRILLING MACHINE            Page 8 of 119 
 

 

  Obi Purwanto 

 

3.6.5 Finding Machining Cost ............................................................................. 40 

3.7 Optimization by Taylor Tool Life Method ............................................................ 42 

3.8 Optimization by Genetic Algorithm Method ......................................................... 43 

3.9 Prototype Application Conceptual Design ............................................................. 45 

3.9.1 Java Programming ...................................................................................... 46 

3.9.2 UML ............................................................................................................ 46 

3.10 GUI Design .......................................................................................................... 46 

3.11 Concluding Remarks ............................................................................................ 52 

CHAPTER 4 - DISCUSSION ..................................................................................... 53 

4.1 Introduction ............................................................................................................ 53 

4.2 Prototype Application Conceptual Design ............................................................. 53 

4.2.1 Conceptual Design of program Application ............................................... 53 

4.2.2 Conceptual Design of Database .................................................................. 59 

4.3 Prototype Application Specification Description .................................................. 60 

4.4 Prototype Application Test Run ............................................................................. 61 

CHAPTER 5 -CONCLUSION AND RECOMMENDATION ................................... 73 

5.1 Conclusion ............................................................................................................. 73 

5.2 Recommendation ................................................................................................... 74 

GLOSSARY ................................................................................................................ 75 

REFERENCES ............................................................................................................ 77 

APPENDIX A .............................................................................................................. 79 

A.1 OptiCuttingParam ................................................................................................. 80 

A.2 OptiCuttingTool .................................................................................................... 82 

A.3 OptiCostFitnessList ............................................................................................... 83 

A.4 OptiFitnessList ...................................................................................................... 83 

A.5 OptiIndividualList ................................................................................................. 83 

A.6 OptiRouletteWheel ................................................................................................ 84 

A.7 OptiCreatingParent ................................................................................................ 84 

A.8 OptiCrossover ....................................................................................................... 86 

A.9 OptiFitness ............................................................................................................ 88 

A.10 OptiGeneration .................................................................................................... 88 

A.11 OptiGeneticAlgorithm ........................................................................................ 89 

A.12 OptiIndividualGenerator ..................................................................................... 95 

A.13 OptiRouletteWheel .............................................................................................. 96 

A.14 OptiHole .............................................................................................................. 97 



PROTOTYPE APPLICATION DEVELOPMENT FOR MACHINING OPTIMIZATION  

USING GENETIC ALGORITHM FOR DRILLING MACHINE            Page 9 of 119 
 

 

  Obi Purwanto 

 

A.15 OptiLaborCost ..................................................................................................... 98 

A.16 OptiCuttingParamlist .......................................................................................... 98 

A.17 OptiMachiningList .............................................................................................. 98 

A.18 OptiDrillMachine ................................................................................................ 99 

A.19 OptiMachiningCost ........................................................................................... 100 

A.20 OptiMachiningTime .......................................................................................... 100 

A.21OptiToolPath ...................................................................................................... 102 

A.22OptiConstraint .................................................................................................... 105 

A.23 OptiCostList ...................................................................................................... 106 

A.24 OptiParameterList ............................................................................................. 106 

A.25 OptiSorting ........................................................................................................ 106 

A.26 OptiTaylorToolLife ........................................................................................... 108 

A.27 OptiMatrix ......................................................................................................... 113 

A.28 OptiWorkpiece .................................................................................................. 114 

A.29 OptiDrillMachMain .......................................................................................... 114 

CURRICULUM VITAE ............................................................................................ 118 

 

 

  



PROTOTYPE APPLICATION DEVELOPMENT FOR MACHINING OPTIMIZATION  

USING GENETIC ALGORITHM FOR DRILLING MACHINE            Page 10 of 119 
 

 

  Obi Purwanto 

 

LIST OF TABLES 

Table 3.1. Parameters Used in Drilling Process........................................................... 31 

Table 3.2. Formulation Used in Drilling Process......................................................... 33 

Table 3.3. Conceptual Design ...................................................................................... 45 

Table 4.1. Java Packages Conceptual Design .............................................................. 55 

Table 4.2. Java Packages With Classes........................................................................ 56 

Table 4.3. Specification Metric .................................................................................... 60 

Table 4.4. Input Parameter ........................................................................................... 61 

Table 4.5. Input Information for Boiler Case .............................................................. 71 

Table 4.6. Final Result Comparison ............................................................................ 72 

 

LIST OF FIGURES 

Figure 3.1. General Prototype Development Flowchart .............................................. 27 

Figure 3.2. Drilling Process (CustomPartNet, 2007) ................................................... 30 

Figure 3.3. Process Planning Ilustration ...................................................................... 34 

Figure 3.4. Prototype Application Process Flowchart ................................................. 35 

Figure 3.5. Basic Information input Process ................................................................ 36 

Figure 3.6. Cutting Constrain Input ............................................................................. 37 

Figure 3.7. Hole Making ToolPath Flowchart ............................................................. 38 

Figure 3.8. Drilling Program ToolPath (Horizontal) ................................................... 38 

Figure 3.9. Drilling Program ToolPath (Vertical) ....................................................... 39 

Figure 3.10. Time Machining Calculation ................................................................... 40 

Figure 3.11. Cost Calculation ...................................................................................... 41 

Figure 3.12. Tool Wear Graph ..................................................................................... 42 

Figure 3.13. GUI Basic Information Tab ..................................................................... 48 

Figure 3.14. ToolPath GUI Tab ................................................................................... 49 

Figure 3.15. Optimization GUI Tab ............................................................................. 50 

Figure 3.16. Final Result GUI Tab .............................................................................. 51 

Figure 4.1. Prototype Application UML Diagram ....................................................... 54 

Figure 4.2. Example of Package UML ........................................................................ 58 



PROTOTYPE APPLICATION DEVELOPMENT FOR MACHINING OPTIMIZATION  

USING GENETIC ALGORITHM FOR DRILLING MACHINE            Page 11 of 119 
 

 

  Obi Purwanto 

 

Figure 4.3. Database Conceptual Design ..................................................................... 59 

Figure 4.4. Example Java Run Input ............................................................................ 62 

Figure 4.5. Example Java Run Input Cutting Parameter ............................................. 63 

Figure 4.6. Example Java Run Output ......................................................................... 63 

Figure 4.7. Example Java Run Output ......................................................................... 64 

Figure 4.8. Example Java Run Cutting ToolPath Output ............................................ 65 

Figure 4.9. Example Java Run Machining Cost........................................................... 65 

Figure 4.10. GUI Basic Information ............................................................................ 66 

Figure 4.11. GUI ToolPath Information ...................................................................... 68 

Figure 4.12. GUI Optimization .................................................................................... 69 

Figure 4.13. GUI Final Result ...................................................................................... 70 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


