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Abstract: Optimization of machining time in the CNC machining process is 

important for improving the productivity of the machining process. In this present 

study, a non-conventional method called Ant Colony Optimisation (ACO) was 

applied in order to reduce the amount of time required for the machining process by 

shortening the length of the tool path taken during the drilling process. The workpiece 

that had 36 holes was designed in the SolidWorks software in order to study the 

overall length of the tool path based on the drilling process. Matlab software was used 

to develop an ACO algorithm to figure out the best length for the tool path in drilling. 

The model was then transferred to Mastercam software for tool path simulation in 

order to compare the tool path length and machining time between the ACO approach 

and the default Mastercam method. There are five types of drilling tool path has been 

implemented in Mastercam. The ACO results show that the optimization procedure 

can shorten the tool path length in the drilling process with a percentage difference of 

8% when compared to the machining time generated by Mastercam software. 
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1. Introduction 

In the last decade, increased demand in various industries, such as aircraft, spacecraft, and 

automotives in the manufacturing process, has stimulated the rapidly growing development of drilling 

processes. Drilling is important in every manufacturing industry, including the aeronautics industry 

since it is used to fasten holes in aircraft [1]. Drilling is a material removal technique that involves 

utilizing a rotating cutting device called a drill bit to create a circular hole in the workpiece [2]. 

Numerous research investigations have been conducted on the hole making process, which have 

enhanced the development and optimization progress in the drilling process. The optimization of the 

drilling process is critical for the manufacturing business in order to increase the overall productivity of 

all activity.  

Based on past research, numerous optimization models have been successfully used to discover the 

best drilling technique. There are several techniques of artificial intelligence (AI) or hybrid 

optimization, such as genetic algorithms (GA) [3,4], particle swarm optimization (PSO) [5], traveling 

http://penerbit.uthm.edu.my/periodicals/index.php/rpmme


Asri, M.D. and Abdullah, H., Research Progress in Mechanical and Manufacturing Engineering Vol. 4 No. 2 (2023) p. 178-183 
 

179 
 

salesman problem (TSP) [6] and ant colony optimization (ACO) [6,7] that have been applied by 

researchers in their study. Kadim et al. [4] has utilized Genetic Algorithm (GA) and Traveling Salesman 

Problem (TSP) to reduce machining time for CNC drilling. The results showed that the machining time 

was cut by about 50%, which meant that less machining power and money were used. The ACO and 

GA approaches were also applied to the PCB model in order to compare which method, between GA 

and ACO, has the best tool path and shortest length for the drilling operation [7]. The result is that the 

ACO method works better than GA at finding the shortest distance tool path. 

Furthermore, the study by Abbas et al. [8] and Liu et al. [9] has implemented customized ACO 

algorithms to find the best drilling route for a workpiece with a lot of holes. This was done in an effort 

to cut down on the total machining time required for the drilling operation, including the time taken by 

the machine to change tools. The overall tool travel distances were significantly reduced when using 

the conventional ACO algorithm method. Abbas used a combination of an ACO and a genetic algorithm 

to minimise the overall route length in the machining operation of products with a high number of holes 

placed in spiral patterns [10]. 

Therefore, this study proposed an effective methodology to decrease the machining time in order 

to enhance the optimization of the machining process. In this method, ACO has been implement to 

generate the tool path method of drilling process. This tool path will be used in CAM software to 

generate the total tool path length and machining time. Then, comparison of machining time between 

tool path default by CAM softawarehas been done to observe the effectiveness of the ACO approach in 

decreasing machining time 

2. Materials and Methods 

In this study, a rectangular workpiece was used which is shown in Figure 1a & 1b. The Solidwork 2022 

software is used to create a basic rectangular with holes of the same radius but different coordinates 

with measurements of 60 millimetres x 100 millimetres x 15 millimetres. The workpiece consists of 36 

holes which the arrangement pattern of holes is proposed by [11]. The diameter of the holes, which 

need to be drilled, is 6 mm, and the depth is 1 cm. The type of workpiece that was used in the experiment 

is Aluminium 6061. This workpiece was chosen for experimental studies due to its widespread use in 

engineering applications. 

 

 

(a) (b) 

 

Figure 1: (a) Three-dimensional model of workpiece, (b) Top view of workpiece 

2.1 Ant Colony Optimization in Drilling Process 

Ant Colony Optimization (ACO) is a method of minimization that was inspired by the way ants look 

for food and find the shortest way back to their nest. This method of finding the closest path is applied 
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to identify the tool point's movement that can completely cut the excess area at the minimum distance. 
In this study, holes will be drilled in accordance with the coordinates that are produced by the Ant 

Colony Algorithm (ACO). When these points are joined to one another, the resulting set of coordinates 

will represent one complete path that can be used for the drilling process. In most cases, the ACO is 

carried out with the use of Matlab software. The total distance travelled by this drilling route begins at 

the reference point and ends at the final hole. The total number of holes is 36, and they must be drilled 

in accordance with the path routes defined by the ACO simulation in Matlab programme. 

A complete cutting tool path is produced when the ant moves from the first point of the excess 

area to the last point of the excess area. The path taken by the ant from the first point to the second point 

can be obtained based on Equation 1 which is also known as called the rule arbitrary probability. 

𝑃𝑖,𝑗
𝑘 (𝑡) = {

[𝜏𝑖,𝑗(𝑡)]
𝛼

[𝜂𝑖,𝑗(𝑡)]
𝛽

∑ [𝜏𝑖𝑗(𝑡)]
𝛼

𝑡𝜖𝑁𝑖
𝑘 [𝜂𝑖𝑗(𝑡)]

𝛽   𝑗 𝜖 𝑁𝑖
𝑘

0 𝑖𝑓 𝑗 ℎ𝑎𝑠 𝑏𝑒𝑒𝑛 𝑝𝑎𝑠𝑠𝑒𝑑

            Eq.1 

2.2 Comparison of Machining Time based on ACO and Mastercam 

The amount of time spent during the experiment will be compared to the amount of time spent by 

the ACO. The main objective of the comparison is to determine which method will produce the lowest 

machining time and find the percentage difference. The percentage difference can be determined using 

Equation 3.1 below. If ACO brings efficiency in machining time, the objectives of the study will be 

achieved. 

𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒𝑠 % =  
𝑀𝑎𝑐ℎ𝑖𝑛𝑖𝑛𝑔 𝑇𝑖𝑚𝑒 𝐴𝐶𝑂 − 𝑀𝑎𝑐ℎ𝑖𝑛𝑖𝑛𝑔 𝑡𝑖𝑚𝑒 𝐸𝑥𝑝

𝑀𝑎𝑐ℎ𝑖𝑛𝑖𝑛𝑔 𝑡𝑖𝑚𝑒 𝐸𝑥𝑝
             Eq. 2 

 

3. Results and Discussion 

An investigation of the toolpaths that are implemented during the process has been conducted. This 

analysis covers the time generated by the tool route length in the Mastercam x9 software using the sort 

approach and ACO method. The results of these two methods will be compared to find the shortest 

machining time and tool path length. Next, the obtained optimization results were verified through the 

actual machining process.  

3.1 Result of Simulation based on Mastercam 

In this study, the tool path length was compared with various sorting methods that are already 

existing in the software function in order to observe the effectiveness of the ACO approaches. The 

drilling operation was simulated with the Mastercam program in order to determine the optimal length 

for the cutting tool. For the drilling process in Mastercam, different methods were used to determine 

the route length for the cutting tool. There were 5 different tool paths used in Mastercam, which are X 

ZIG+ Y+, X+ Y+, Y ZIG+ X+, CW R-, and CW Z-. The overall results of the simulation based on 

Mastercam are shown in Table 1 below. 

Table 1: The result of the total time and length of the tool path in the Mastercam simulation 

No. Sort Method 
Feed Path Length 

(mm) 

Total Cycle Time 

(min) 

Rapid Path 

Length 

1 X ZIG+ Y+ 432 7m 38s 1646.678 

2 X+ Y+ 432 7m 33s 1309.724 

3 Y ZIG+ X+ 432 7m 17s 1092.832 

4 CW R- 432 7m 24s 1198.694 
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5 CW Z- 432 7m 29s 1272.622 

 

According to the result, the shortest machining time was 7 minutes and 17 seconds, which was 

obtained by using the method Y ZIG+X+. This sorting method also resulted in the shortest tool path 

length, which was 1092.832mm. Based on the previous study by Abdullah et al. [12], they found that 

X ZIG+ Y+ technique produces the smallest tool path length, which differs from this result. This occurs 

because of the different design of the workpiece, which may have an effect on the result of the 

Mastercam simulation. The workpiece's complexity will also have a direct effect on the machining 

process and the time it takes to do the machining [13]. Figure 2 shows the shortest tool path length 

created by using Y ZIG+ X+ method 

 

Figure 2: Sorting tool path by Y ZIG+ X+ method in Mastercam 

3.2 Result of Simulation Mastercam based on Ant Colony Optimization (ACO) 

The tool path for drilling holes is obtained by the tool path generated by ACO. The objective of this 

study is to identify the machining time of the ACO approach when using the Mastercam simulation. 

Figure 3 below shows the tool path length of the ACO that was simulated in Mastercam. 

 

 

  

Figure 3: The tool path ACO in Mastercam 

According to the simulation, the amount of time required for machining based on ACO was 

determined to be 6 minutes and 42 seconds. This demonstrates that the ACO has the capability to 

optimise tool path length and produce results that are shorter compared to the sorting approach. 

3.3 Comparison of time machining between default Mastercam and ACO 
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A comparison of the machining time (Tmk) has been done between the result obtained from ACO 

and the sorting method from Mastercam software. This comparison was carried out with the purpose of 

determining how effective the ACO algorithm is in reducing Tmk. The results show that the ACO 

approach resulted in the shortest machining time which is 6 minutes and 42 seconds when compared to 

Mastercam's sorting method. The results were comparable to those achieved by Abdullah et al. [7], in 

which ACO optimised the tool path length by offering the lowest machining time. 

4. Conclusion 

In this paper, it can be concluded that the objective of the study the comparison of machining time 

based on ACO and has been achieved. The Ant Colony Optimization approach is proposed to optimize 

the tool path length in a drilling operation in order to reduce the machining time. Matlab software was 

used to develop the ACO algorithm, and the simulation was used to test the tool path length that was 

generated based on this optimization in order to find the shortest machining time. A comparison of the 

amount of time required for machining while using ACO with the amount of time required for sorting 

methods has also been carried out in order to determine which approach is capable of reducing the 

machining time required for machining. It was found that ACO is capable to reduce the tool path length 

and machining time.    

Acknowledgement 

The authors would like to thank the Faculty of Mechanical and Manufacturing Engineering, 

Universiti Tun Hussein Onn Malaysia for giving the opportunity to conduct this study. 

References 

[1]  Araujo, A. C., Landon, Y., & Lagarrigue, P, "Smart drilling for Aerospace Industry: State of 

art in research and education," Procedia CIRP, 1, January 2021. [Online]. Available: 

https://www.sciencedirect.com/science/article/pii/S2212827121004066. [Accessed April 19, 

2022]. 

[2]  Suresh Kumar, B., Baskar, N., & Rajaguru, K., "Drilling operation: A review," Materials 

Today: Proceedings, 21, 926–933, 1, January 2020. [Online]. Available: https://www. 

sciencedirect.com/science/article/pii/S2214785319331475 .[Accessed April 19,2022] 

[3] Deepan Bharathi Kannan, T., Suresh Kumar, B., Rajesh Kannan, G., Umar, M., & Khan, M. C, 

"Machining parameters optimization in drilling of stainless steel," Mechanics and Mechanical 

Engineering, 23(1), 271–276, 1, June 2019. [Online]. Available: https://www. 

researchgate.net/publication/334394571. [Accessed Jun 1, 2022]. 

[4] Kadim, N., Al-Sahib, A., & Fahad Abdulrazzaq, H., "Tool Path Optimization of Drilling 

Sequence in CNC Machine Using Genetic Algorithm," 5(1), 2, November 2014. [Online]. 

Available: https://core.ac.uk/download/pdf/234643206.pdf [Accessed May 25, 2022]. 

[5] Zainal Abidin, Najwa Wahida, Mohd Fadzil Faisae Ab. Rashid, and Nik Mohd Zuki Nik 

Mohamed. "Optimization of multi-holes drilling path using particle swarm 

optimization." Intelligent Manufacturing & Mechatronics: Proceedings of Symposium, 29 

January 2018. [Online]. Available: https://link.springer.com/chapter/10.1007/978-981-10-

8788-2_10 [Accessed May 25, 2022]. 

[6] Iberahim, Fathiyyah, et al. "Tool path optimization for drilling process by CNC milling 

machine using ant colony optimization (ACO)." Aust J Basic Appl Sci, 8, April 2014. [Online]. 

Available: https://www.researchgate.net/publication/271480216 [Accessed May 25, 2022]. 

[7] Abdullah, H., R. Ramli, D. A. Wahab, and J. A. Qudeiri. "Simulation approach of cutting tool 

movement using artificial intelligence method." Journal of engineering science and 

https://www.sciencedirect.com/science/article/pii/S2212827121004066
https://core.ac.uk/download/pdf/234643206.pdf
https://link.springer.com/chapter/10.1007/978-981-10-8788-2_10
https://link.springer.com/chapter/10.1007/978-981-10-8788-2_10
https://www.researchgate.net/publication/271480216_Tool_Path_Optimization_for_Drilling_Process_by_CNC_Milling_Machine_Using_Ant_Colony_Optimization_ACO


Asri, M.D. and Abdullah, H., Research Progress in Mechanical and Manufacturing Engineering Vol. 4 No. 2 (2023) p. 178-183 
 

183 
 

technology 10, June 2015 [Online]. Available: https://www. researchgate.net/publication 

/287534054 [Accessed Jun 1, 2022]. 

[8] Abbas, Adel T., Mohamed F. Aly, and Karim Hamza. "Optimum drilling path planning for a 

rectangular matrix of holes using ant colony optimisation," International Journal of Production 

Research 49.195877-5891, 1, October 2011 [Online]. Available: https://www.tandfonline. 

com/doi/abs/10.1080/00207543.2010.507608 [Accessed April 19, 2022]. 

[9] Liu X, Hong Y, Zhonghua N, Jianchang Q, Xiaoli Q, "Process planning optimization of hole-

making operations using ant colony algorithm," The International Journal of Advanced 

Manufacturing Technology 69.1 (2013): 753-769. [Online]. Available: https://link.springer. 

com/article/10.1007/s00170-013-5067-x [Accessed April 19, 2022]. 

[10] Abbas, Adel T., Karim Hamza, and Mohamed F. Aly, "CNC machining path planning 

optimization for circular hole patterns via a hybrid ant colony optimization approach, 

" Mechanical Engineering Research 4.2, 1, December 2014. [Online]. Available: https://www. 

researchgate.net/publication/265599736 [Accessed April 19, 2022]. 

[11] Pezer, Danijela, "Efficiency of tool path optimization using genetic algorithm in relation to 

the optimization achieved with the CAM software," Procedia Engineering 149,1, January 

2016: 374-379. [Online]. Available: https://www.sciencedirect.com/science/article/pii/S1877 

705816311948 [Accessed Jun 18, 2022]. 

[12] Abdullah, H., Zakaria, M. S., Talib, N., Kiow, L. W., & Saleh, A., "Optimization of Drilling 

Process Using Non-Conventional Method," International Journal of Mechanical Engineering 

and Robotics Research, 9, September 2020, 9(9), 1233–1239. [Online]. Available: https:// 

www.researchgate.net/publication/343690356 [Accessed May 23, 2022]. 

[13] Li, Xiaolei, Wei Li, and Xuerui Chen, "Optimization of machining parameters based on 

VERICUT three-axis milling," Journal of Physics: Conference Series. Vol. 1824. No. 1. IOP 

Publishing, March 2021. [Online]. Available: https://iopscience.iop.org/article/10.1088/1742-

6596/1824/1/012011/meta [Accessed January 7, 2023]. 

https://www.sciencedirect.com/science/article/pii/S1877%20705816311948
https://www.sciencedirect.com/science/article/pii/S1877%20705816311948

