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ABSTRACT 

 

This project proposed a new optimization technique based on the ant colony 

algorithm for solving single-pass turning optimization problems. The cutting process has 

focus on roughing stages. There are enough handbooks to provide recommended cutting 

parameters and not consider the economic aspects of machining. The cost of machining 

on these machines is sensitive to the machining variable.  The project objectives are to 

develop Ant Colony Optimization (ACO) algorithm for CNC turning process and to 

optimize turning parameters for minimized production cost per unit. Method used for 

this project is Ant Colony Optimization. This method consists of many steps will 

elaborate detail in this thesis. The machining parameters are determined by minimized 

production cost per unit, subject to various practical machining constraints. The results 

indicate that the proposed ant colony framework is effective to optimized turning 

parameter. Lastly, ACO algorithm was successfully optimize depth of cut, cutting speed, 

feed rate and minimized production cost per unit. 
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ABSTRAK 

 

Projek ini mencadangkan teknik baru berdasarkan kepada “Ant Colony 

Optimization” untuk meyelesaikan masalah permulaan untuk mengunakan mesin larik. 

Process pemotongan hanya difokuskan kepada process permulaan. Terdapat pelbagai 

buku-buku panduan untuk proses pemotongan yang mencadangkan pembolehubah 

permotongan dan tidak mempertimbangkan aspek ekonomi pada mesin. Kos mesin ini 

adalah sensetif dengan pembolehubah mesin. Objektif projek ini adalah untuk 

menghasilkan “Ant Colony Optimization” untuk proses mesin larik dan mengurangkan 

kadar kos seunit. Kaedah yang digunakan untuk projek ini adalah “Ant Colony 

Optimization”. Keadah ini merangkumi pelbagai langkah yang telah ceritakan secara 

lebih lanjut di dalam laporan ini. Pembolehubah untuk mesin digunakan untuk 

mengurangkan kadar kos untuk satu unit, mengikut kepada pelbagai pembolehubah yang 

tetap. Keputusan yang diperolehi akan mencadangkan bahawa “Ant Colont 

optimization” ini bersesuaian untuk mengoptimumkan kadar pembolehubah untuk mesin 

larik. Akhirnya, “Ant Colony Optimization” ini telah berjaya mengoptimumkan 

kedalaman permotongan, kelajuan permotongan, kadar suapan dan megurangkan kadar 

kos seunit. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

ix 

 

CONTENTS 

 

                  Page 

 

SUPERVISOR’S DECLARATION      iii 

STUDENT’S DECLARATION       iv 

DEDICATION         v 

ACKNOWLEDGEMENTS        vi 

ABSTRACT          vii 

ABSTRAK          viii 

CONTENTS          ix 

LIST OF TABLES         xii    

LIST OF FIGURES         xiii  

LIST OF SYMBOLS        xv 

LIST OF ABBREVIATIONS       xvii  

 

CHAPTER 1  INTRODUCTION 

 

1.1 Project Background        1 

1.2 Problem Statement        2 

1.3 Project Objectives        3 

1.4 Project Scopes         3 

1.5  Project Planning        4 

 

CHAPTER 2  LITERATURE REVIEW  

 

2.1 Introduction         5 

2.2 Turning Process        6 

 2.2.1 Important to optimize turning parameters    7 

2.3 Previous Research Optimization Turning Parameters   8 

 2.3.1 Operating parameters       11 



 

 

x 

 

  2.3.1.1 Feed rate       11 

  2.3.1.2 Cutting speed       12 

  2.3.1.3 Depth of cut       12 

2.4 Ant Colony Optimization (ACO)      13 

 

CHAPTER 3  METHODOLOGY 

 

3.1 Introduction         16 

3.2 Type of cut         16 

3.3 ACO Algorithm        18 

3.4 Implementation of Ant Colony Optimization     19 

 3.4.1 Initialization         19 

 3.4.2 Evaluation        22 

  3.4.2.1 Objective function      25 

  3.4.2.2 Constraints       26 

  3.4.2.3 Data of problem      27 

 3.4.3 Reproduction        28 

  3.4.3.1 Crossover       28 

  3.4.3.2 Mutation        29 

  3.4.3.3 Trail diffusion       30 

 3.4.4 Update trail        32 

 3.4.5 New pheromone value       34 

 3.4.6 Termination         35 

 

CHAPTER 4  RESULTS AND DISCUSSION 

 

4.1 Introduction         36 

4.2 Simulation objectives        37 

4.3 Simulation setup and assumption      38 

4.4 Result          39 

 4.4.1 Initialization result       39 



 

 

xi 

 

4.4.2 Evaluation result       40 

4.4.3 Reproduction result       41 

4.4.3.1 Crossover result      41 

4.4.3.2 Mutation result      42 

4.4.3.3 Trail diffusion result      43 

4.4.4 Local search result       44 

4.4.5 Update trail        45 

4.4.5.1 New Pheromone value     45 

4.4.6 Termination result       45 

4.5 Results and discussion       46 

4.5.1 Optimum production cost versus generation graph   46 

4.5.2 Best overall production cost versus generation graph  49 

4.6 Verification         55 

 4.6.1 Simple calculation       55 

4.7 Validation         58 

 

CHAPTER 5  CONCLUSION 

 

5.1 Introduction         59 

5.2 Conclusion         60 

5.3 Recommendation        61 

 

REFERENCES         62 

 

APPENDIX A   

Simulation Programming        63 

APPENDIX B 

Flow chart for PSM         87 

APPENDIX C 

Gantt chart PSM 1         89 

Gantt chart PSM 2         90 



 

 

xii  

 

LIST OF TABLES 

 

Table No.          Page 

 

2.1  Summary from previous research optimization turning parameter.  10 

3.1  20 random solutions.        20 

3.2  Convert decimal to binary number.      21 

3.3  After sort ascending.        24 

3.4  Update trail for superior solution.       32 

4.1  Initialization result.        39 

4.2  Evaluation result.        40 

4.3  Crossover result.        41 

4.4  Mutation result.        42 

4.5  Trail diffusion result.        43 

4.6  Local search result.        44 

4.7  Termination result.        45 

4.8  Optimum production cost for graph optimum production cost   48 

versus generation. 

4.9 The best result for every iteration in graph best overall    50 

production cost versus generation. 

4.10  100 Iteration result for depth of cut, cutting speed, feed rate and cost. 51 

4.11  Optimization of single pass using Nelder-Mead Simplex    54 

Method (rough cut). 

4.14 Optimization of single pass using Nelder-Mead Simplex    58 

Method (rough cut) (Saravanan, 2006) 

 

 

 

 

 

 



 

 

xiii  

 

LIST OF FIGURES 

 

Figure No.                 Page 

 

2.1  CNC turning machine.       6 

2.2  CNC turning possible shapes.       6 

2.3  CNC turning example part.       7 

2.4  Feed rates (Saravanan, 2006).       11 

2.5  fV  = cutting speed (Saravanan, 2006).     12 

2.6  Depth of cut (Saravanan, 2006).      13 

2.7  Real ants follow a path between nest and food source (Saravanan, 2006). 13 

2.8  An obstacle appears on the path: Ants choose whether to turn left or right 14 

 (Saravanan, 2006). 

2.9  Pheromone is deposited more quickly on the shorter path    14 

 (Saravanan, 2006).    

2.10  All ants have chosen the shorter path (Saravanan, 2006).   15 

3.1  Straight turning.        16 

3.2  Raw material.         17 

3.3  Finish product.        17 

3.4  ACO algorithms.        18 

3.5  Three parameters combined to find the solution.    21 

3.6  Evaluation.         22 

3.7  Superior and inferior.        23 

3.8  Parent 1 and Parent 2.        28 

3.9  Child 1 and Child 2.        29 

3.10  Second step in mutation.       30 

3.11  Value of 1PX  and 2PX .       31 

3.12  Find value of ioldX .        33 

3.13  ( )inewXF  is smaller than ( )ioldXF .      34 



 

 

xiv 

 

3.14  ( )inewXF  is bigger than ( )ioldXF .      34 

4.1  Optimum production cost versus generation graph.    47 

4.2  Best overall production cost versus generation graph.   49 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

xv 

 

LIST OF SYMBOLS 

 
D    Diameter of workpiece (mm) 

L    Length of the workpiece (mm) 

V    Cutting speed (m/min) 

f    Feed rate (mm/rev) 

maxmin , ff   Minimum and maximum allowable feed rates 

aR    Surface roughness ( )mµ  

( ) ( )fRrR aa max.max, ,  Maximum surface roughness of rough and finish cut, respectively 

P    Power of the machine (kW) 

F    Cutting force (N) 

θ    Temperature of tool-workpiece interface ( )Co  

doc    Depth of cut (mm) 

( ) ( )rdocrdoc maxmin ,  Minimum and maximum allowable depth of cut (rough) 

( ) ( )fdocfdoc maxmin ,  Minimum and maximum allowable depth of cut (finish) 

Kaaa ,,, 321   Constant used in tool life equation 

T    Tool life (min) 

mt    Machining time (min) 

cst    Tool change time (min/edge) 

Rt    Quick return time (min/pass) 

ht    Loading and unloading time (min/pass) 

uT    Total production time (min) 

oC    Operating cost (RM/piece) 

tC    Tool cost per cutting edge (RM/edge) 

TC    Total production cost (RM/piece) 

PC    Power cost (RM/min) 

P1, P2   Parent 1, Parent 2 
 



 

 

xvi 

 

m    Level of mutation 

r    Random number 

X    Fitness value  

ph    Pheromone value 

age    Age 

aveph    Pheromone average 

lim step   Limiting step 

inewX , ioldX   Fitness value iteration new, fitness value iteration old 

inewph    Pheromone value iteration new 

wC    Workpiece cost (RM) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

xvii  

 

LIST OF ABBREVIATIONS 

 

CNC  Computer Numerical Control 

ACO  Ant Colony Optimization 

 

 



 1 

 

 

 

CHAPTER 1 

 

 

INTRODUCTION 

 

 

1.1 PROJECT BACKGROUND 

 

Machining parameters optimization has significant practical importance, 

particularly for operating Computer Numerical Control (CNC) turning machines. Due to 

the high cost of these machines, an economic analysis needs to be performed to operate 

them as efficiently as possible in order to obtain the required return on investment. 

Because the costs of machining on these machines are sensitive to the machining 

variable, the optimum values must be determined before a part is put into production. 

The operating parameters in this context are cutting speed, feed rate, depth of cut, and so 

on that do not violate any of the constraints that may apply to the process and satisfy the 

objective criterion, such as minimum time, minimum production cost, or maximum 

production rate (Saravanan, 2006).  

 

 The analysis will be done by using Ant Colony Optimization (ACO) method. 

This method is a metaheuristic approach to tackling a hard problem that was first 

proposed in the early 1990s by Dorigo, Maniezzo and Colorni. Fascinated by the ability 

of the almost blind ants to establish the shortest route from their nests to the food source 

and back, researchers found that these ants secrete a substance called pheromones and 

use its trails as a medium for communicating information among themselves. Also, they 

are capable of adapting to change in the environment, such as finding the new shortest 

path when the old one is no longer available due to new obstacle (Wei Gao, 2007).  

 



 2 

The purpose of this study is to developed Ant Colony Optimization (ACO) 

algorithm for CNC turning process. The main objective is to optimize CNC turning 

parameters by minimizing production cost per unit.  

 

The analysis will be done by collecting data. Then the data will be solving by 

applying Ant Colony Optimization method that developed in Matlab software. 

Nowadays, this technique is used to make sure the selection of machine parameters can 

minimize production cost per unit. 

 

1.2 PROBLEM STATEMENT 

 

In an early work, analysis of single and multi-pass turning under practical 

constraints has been done using minimum production cost or time criteria. The output of 

the product is usually high in order to increase the interest of the industry. However it is 

not easy to achieve that goal if there is no well plan by the industry.  

 

 Optimization of operating parameters is an important step in machining, 

particularly for operating CNC machine tools. Although there are enough handbooks to 

provide recommended cutting parameters, they do not consider the economic aspects of 

machining (Vijayakumar et. al, 2003). 

 

 Due to the high cost of these machines, an economic need exists to operate them 

as efficiently as possible to obtain the required return on investment. Because the cost of 

machining on these machines is sensitive to the machining variable, the optimum values 

must be determined before a part is put into production (Saravanan, 2006). 

 

 Selecting proper values for machining parameters such as cutting speed, feed 

rate, and depth of cut directly affects the machining economics in metal cutting process. 

Several cutting constraints must be considered in machining operations. A turning 

cutting operation involves several roughing cuts and a finishing cut. That makes the 

problem of determining the optimal cutting conditions more difficult and complicated. 
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Machining parameters can be determined based on the machine operator’s experience or 

by following the cutting handbook supplied by the equipment manufacturer. However, 

those data are not guaranteed to be optimal or even good for a particular cutting 

environment (Yi-Chi Wang, 2007).  

 

 Therefore, developing optimization algorithm for single-pass turning operations 

has become a useful tool to optimize turning parameters for minimizes production cost 

per unit.  

 

1.3 PROJECT OBJECTIVES 

 

The purposed of these projects are to study and analyzed the CNC turning 

machines parameters and find the suitable value. The objectives of the project are: 

 

1. To develop Ant Colony Optimization (ACO) algorithm for CNC turning 

process. 

2. To optimize turning parameters for minimized production cost per unit. 

 

1.4 PROJECT SCOPES 

 

 This scope is created to make sure this project running well in the limited 

boundary. The scopes of this project are: 

 

1. The algorithm is developed for single past turning. 

2. This project considers three main parameters such as feed rates, cutting 

speed, and depth of cut that mostly used in previous research. 

3. All of the constant parameters are adapted from references. For optimization 

with difference tool material and machine, it must be appropriate with the 

difference parameter value.   

4. The algorithm is developing by using Matlab software. 

5. Only consider roughing cut. 
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1.5 PROJECT PLANNING 

 

 The planning for “Optimization Turning Parameters Using Ant Colony 

Optimization” is presented in this section. This planning consists of Flow chart PSM, 

Gantt chart PSM 1 and Gantt chart PSM 2, which is shown in Appendix B and Appendix 

C. 
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CHAPTER 2 

 

 

LITERATURE REVIEW 

 

 

2.1 INTRODUCTION 

 

Optimization of operating parameters is an important step in machining, 

particularly for operating Computer Numerical Control (CNC) machine tools. Although 

there are enough handbooks to provide recommended cutting parameters, they do not 

consider the economic aspects of machining. Machining parameters problem have been 

dealt with several researchers.  

 

This chapter introduce to the step of optimization turning parameters using ant 

colony optimization. Now days, CNC machine is commonly used in industry. The 

operation of this machine is an expensive because it has many parameters to consider.  

However, the optimizations technique can be used to minimize production cost per unit. 
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2.2 TURNING PROCESS 

 

A Lathe produces parts by "turning" rod material and feeding a single-point 

cutter into the turning material. Cutting operations are performed with a cutting tool fed 

either parallel or at right angles to the axis of the workpiece. The tool may also be fed at 

an angle relative to the axis of the workpiece for the machining tapers and angles. The 

workpiece may originally be of any cross-section, but the machined surface is normally 

straight or tapered. Have many possible shape can produce in CNC turning such as 

variety of plain, taper, contour, fillet and radius profiles plus threaded surfaces. CNC 

turning also can be used to create shafts, rods, hubs, bushes and pulleys. 

 

 

 

Figure 2.1 CNC turning machine. 

 

 

 

Figure 2.2 CNC turning possible shapes. 
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Figure 2.3 CNC turning example part. 

 

2.2.1 Important to optimize turning parameters 

 

 Selecting proper values for machining parameters such as cutting speed, feed 

rate, and depth of cut directly affects the machining economics in metal cutting process. 

Several cutting constraints must be considered in machining operations. In turning 

operations, a cutting process can possibly be complicated with a single pass or by 

multiple passes. Multi pass turning is preferable over single pass turning in the industry 

for economic reasons. That makes the problem of determining the optimal cutting 

conditions more difficult and complicated. Machining parameters can be determined 

base on machine operator’s experience or by following the cutting handbook supplied by 

the equipment manufacturer. However, those data are not guaranteed to be optimal or 

even good for a particular cutting environment. Other wise, developing mathematical 

models for single pass turning operations has become useful tool for determining the 

optimal cutting conditions (Yi-Chi Wang, 2007). 
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2.3 PREVIOUS RESEARCH OPTIMIZATION TURNING PARAMETERS 

 

 Optimization of operating parameters is an important step in machining, 

particularly for operating Computer Numerical Control (CNC) machine tools. Although 

there are enough handbooks to provide recommended cutting parameters, they do not 

consider the economics aspects of machining. Machining parameters optimization 

problem have been performed with by several researchers.   

 

 New optimization techniques based on the ant colony algorithm for solving 

multi-pass turning optimization problems are proposed. The cutting process has 

roughing and finishing stages. The machining parameters are determined by minimizing 

the unit production cost, subject to various practical machining constraints. In this paper, 

the Ant Colony Algorithm (ACO) algorithm is completely generalized and problem 

independent so that it can be easily modified to optimize this turning operation under 

various economic criteria, and numerous practical constraints (Vijayakumar et. al, 

2003). 

 

 An article by Vijayakumar et al. [Optimization of Multi-pass Turning Operations 

Using Ant Colony System] proposed an ant colony optimization methodology for 

determining the machining parameters in a multi-pass turning operation model. By using 

the problem of Chen and Tsai [A Simulated Annealing Approach for Optimization of 

Multi-pass Turning Operations], they concluded that their ant colony approach 

outperformed the other optimization techniques proposed by other researchers. This 

journal discusses an illustrative multi-pass turning problem, which was used in several 

literatures and demonstrates that the optimal solution as found by Vijayakumar et al.  is 

not valid (Yi-Chi-Wang, 2007). 

 

 Machining parameters optimization has significant practical importance, 

particularly for operating CNC machines. Because the cost of machining on these 

machines is sensitive to the machining variables, the optimum value must be determined 

before a part put into production. At the end of this analysis, has presented the initial 
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simplex informed by considering the minimum limit of speed and feed rate. The 

accuracy of this result is dependent upon the chosen initial simplex. The results are 

obtained for the following four simplexes and the best one is selected (Saravanan, 2006). 

 

 In the 1997, analysis of [Design Optimization of Cutting Parameters for Turning 

Operations Base on Taguchi Method] is used to find the optimal cutting parameters for 

turning operations. As shown in this study, the Taguchi method provides a systematic 

and efficient methodology for the design optimization of the cutting parameters with far 

less effect than would be required for most optimization technique (W. H. Yang, Y. S. 

Tarng, 1997). 

 

 An optimization analysis, strategy for the selection of economic cutting 

conditions in single pass turning operations are presented using a deterministic 

approach. From this paper, the detailed optimization analysis assisted by the feed-speed 

diagrams has provide an in-depth understanding of economic characteristics and the 

influence of the constraint and machining performance data, which was resulted in a 

clearly defined optimization strategy that ensures the global optimum solution (Wang, 

2002). 

 

 Therefore, summary from previous research optimization turning parameter, this 

is shown in Table 2.1 below. 
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Table 2.1: Summary from previous research optimization turning parameter. 

 

Author Journals  /  books Year Method Parameters 

considered 

R. Saravanan Optimization of 

operating parameters 

for CNC machine 

tools 

2006 Nelder-mead 

simplex 

method 

Feed rate, cutting 

speed, depth of cut 

K. Vijayakumar, 

G. Prabhaharan, 

P.Asokan, R. 

Saravanan 

Optimization of 

multi-pass turning 

operation using ant 

colony method 

2003 Ant colony 

optimization 

Cutting speed, feed 

rate, depth of cut, 

number of rough 

cuts 

Yi – Chi Wang A note on 

optimization of 

turning operations 

using ant colony 

method 

2007 Ant colony 

optimization 

Cutting speed, feed 

rate, depth of cut, 

tool life, cutting 

force, cutting 

power, surface 

roughness 

W. H. Yang, Y. 

S. Tarng 

Design optimization 

of cutting parameters 

for turning operation 

based on the Taguchi 

method 

1997 Taguchi 

method 

Cutting speed, feed 

rate, depth of cut 

J. Wang, T. 

Kuriyagawa, X. 

P. Wei, D. M. 

Guo 

Optimization cutting 

condition for single-

pass turning 

operation using a 

deterministic 

approach 

2002 Deterministic 

approach 

Cutting speed, 

feed rate, cutting 

power, surface 

roughness,  tool life  
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 From Table 2.1, three main parameters that were considered in previous studies 

were feed rate, cutting speed and depth of cut. Therefore, in this study these three main 

parameters will be considered.  

 

2.3.1 Operating parameters 

 

2.3.1.1 Feed rate 

 

 The maximum allowable feed has pronounced effect on both optimum 

spindle speed and production rate. Feed changes have a more significant impact 

on tool life than depth of cut change. The system energy requirement reduces 

with feed because the optimum speed becomes lower. Therefore, the largest 

possible feed consistent with allowable machine power and surface finish is 

desirable for a machine to be fully utilized. Obtaining much higher metal 

removal rates without reducing tool life is often possible by increasing the feed 

and decreasing the speed. In general, the maximum feed in a roughing operation 

is limited by the force that the cutting tool, machine tool, workpiece, and fixture 

are able to withstand. The maximum feed in a finish operation is limited by the 

surface finish requirement and often can be predicted to a certain degree based 

on the surface finish and tool nose radius. 

 

 

 

Figure 2.4 Feed rates (Saravanan, 2006). 


