
Citation: Pajaziti, A.; Tafilaj, O.;

Hasanaj, E.; Gjelaj, A. Optimization of

CNC Working Time Depending on the

Positioning of the Tools in the

Magazine. Machines 2024, 12, 512.

https://doi.org/10.3390/

machines12080512

Academic Editor: Zhuming Bi

Received: 24 June 2024

Revised: 16 July 2024

Accepted: 26 July 2024

Published: 29 July 2024

Copyright: © 2024 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

machines

Article

Optimization of CNC Working Time Depending on the
Positioning of the Tools in the Magazine
Arbnor Pajaziti * , Orlat Tafilaj, Enise Hasanaj and Afrim Gjelaj *

Faculty of Mechanical Engineering, University of Prishtina, 10000 Prishtina, Kosovo; orlattafilaj@gmail.com (O.T.);
enise.hasanaj@gmail.com (E.H.)
* Correspondence: arbnor.pajaziti@uni-pr.edu (A.P.); afrim.gjelaj@uni-pr.edu (A.G.); Tel.: +383-44110802 (A.P.)

Abstract: This paper addresses the optimization of CNC (Computer Numerical Control) working
time through the strategic positioning and grouping of cutting tools. Our analysis primarily focused
on evaluating the previous arrangement of tools in the magazine and exploring the potential for
repositioning them to enhance CNC operational efficiency. The work methodology is based on the
collection of direct data from CNC as well as through CAD/CAM simulations. The collected data
are analyzed with the Python programming language, which is one of the most used and efficient
languages now. By grouping the tools according to the same function, tools were repositioned next to
each other, which we obtained. After collecting the data and processing them in the Python program-
ming language, we made a visualization of the data. Working time is reduced from 27.44 s to 26.46 s
and results are analyzed in the Python Programming language. The working time is reduced by
0.98 s, which is approximately a 3.57% reduction in the working time. This indicates a significant
improvement in efficiency due to the optimization of the cutting tool positions in the magazine.

Keywords: CNC; magazine; cutting tool; Python; optimization; working time

1. Introduction

Optimization of CNC working time focuses on minimizing tool change times by
strategically positioning tools within the tool magazine. Advanced algorithms, including
genetic algorithms, ant colony optimization, and machine learning techniques, are used to
determine the optimal sequence and placement of tools. These methods consider various
factors such as tool change frequency, machining sequence, and tool wear. The integration of
real-time data and predictive analytics further enhances the efficiency, leading to significant
reductions in overall machining time and improvements in production throughput.

The Intermac Master 33.3 CNC machine is a high-precision, versatile machining center
designed for processing glass, stone, and metal materials. It features advanced software
for intricate cutting, drilling, and milling operations, ensuring exceptional accuracy and
efficiency. The machine is equipped with a robust tool magazine and automated tool-
changing system, enhancing productivity by minimizing downtime. Its ergonomic design
and user-friendly interface make it suitable for a wide range of industrial applications,
from custom fabrication to large-scale production. ICAM3D Version 3.1.0 BIESSESoft is
a powerful tool for optimizing CNC machining operations, offering a range of features
that enhance efficiency, quality, and flexibility. By integrating ICAM with CNC machines
like the Intermac Master 33.3, manufacturers can achieve significant improvements in their
production processes, leading to better performance and cost savings [1].

The Intermac Master 33.3 CNC machine is widely recognized for its advanced ca-
pabilities in processing natural and synthetic stone materials. Despite its state-of-the-art
technology, there are continuous demands for improvements in efficiency, precision, and
adaptability to various stone-processing tasks. The need for customization and high-
quality finishes in architectural and decorative stone applications further complicates these
challenges [2].
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The primary research problem focuses on identifying and addressing the limitations
of the Intermac Master 33.3 CNC machine in achieving optimal efficiency and precision
for complex stone-processing tasks. This encompasses investigating the machine’s perfor-
mance in high-demand settings, evaluating the effectiveness of its software integration,
and exploring potential enhancements in tool management and material handling systems.

In CNC machining, idle time refers to periods when the cutting tool is not engaged in
productive work, impacting overall efficiency and throughput. For the Intermac Master
33.3, understanding and minimizing idle time is crucial for maximizing productivity in
stone-processing operations.

The idle running times of the working units of a machine tool are the sum of the idle
running times for the tool change and the changing of the section under treatment [3].

Strategies to Reduce Idle Time—Optimizing Tool Paths and Tool Changes:

• Implementing advanced tool path optimization algorithms to reduce unnecessary
movements.

• Utilizing tool pre-loading and quick-change systems to minimize downtime during
tool changes.

In this paper, we used a CNC-type Intermac Master 33.3, as depicted in Figure 1, to
optimize working time depending on the positioning of the cutting tools in the magazine.
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In addition, we presented the view of the startup program and the explanation of the
basic functions, as shown in Figure 2. At the start of the software program, the first page to
appear on the monitor displays the various work environments, as shown in the figure and
as listed here below:

• Automatic environment;
• Semiautomatic environment;
• Manual environment;
• Data Acquisition environment;
• Center of origins;
• Cutting Tools and their data.

Some of the areas in the first page will remain unchanged when going from one
environment to another: they will always be on view. These areas are in the upper part of
the page and are as follows:

A “Status bar”;
B “Menus bar”;
C “Axes tracking area”;
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D “Speeds area”;
E “Tools area”.
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Figure 2. Manual environment is the default at the start of the program.

1.1. Cutting Tools Environment

The table is organized by tool category. Above the table are found all the buttons
corresponding to all the cutting tool categories that can be present in the magazine (Figure 3).
When the mouse is clicked on the button of a specific category, the table will be filled line
by line with all the tools and relative parameters answering that category.
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The tools environment comprises the following areas:

A “Axes tracking area”,
B “Speeds area”,
C “Tools area”,
D “Displacements area, or ammeter area”,
E “Tools categories”.
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1.2. Optimizing Time on CNC

Optimizing time when working with a CNC machine involves several factors, and
tool management is a critical one. The following are some strategies for optimizing time by
managing tool positions in the magazine efficiently:

• Tool organization;
• Tool identification;
• Tool life monitoring;
• Tool presetting;
• Tool management software;
• Automated tool changing;
• Standardization;
• Optimized tool paths;
• Regular maintenance.

1.3. Automated Tool Changing in CNC

Automatic tool changing in CNC is a very important element that assists industrial
processes in completing work automatically independent of the human factor. The entire
working process of changing the tools is performed automatically. Below, we explained
how this process is performed:

• Tool magazine—the tool magazine can be located on the machine itself or as a separate
unit adjacent to the machine [4].

• Tool Selection—the command is usually based on the program being executed and the
specific tool needed at that stage.

• Tool Changing Mechanism—The CNC machine is equipped with a tool changing
mechanism, often referred to as an automatic tool changer (ATC). The ATC consists of a
gripper or a robotic arm that can grasp and manipulate the cutting tools. An automatic
tool changer (ATC) plays an important role in the performance determination of CNC
machines [5,6]. Linear tool changers are systems where the tools are arranged in a
linear fashion, and a mechanism moves along the line to select and change tools. The
linear tool changer arranges tools in a linear fashion, allowing a mechanism to move
along the line to select and change tools. The system’s efficiency and reliability are
compared to traditional rotary tool changers, showing significant improvements in
tool change time and operational accuracy [7].

• Tool Retrieval and Replacement—The tool changer mechanism moves to the desig-
nated position in the tool magazine and retrieves the required tool. It then moves to
the spindle area, where the previous tool is stored.

• Tool Exchange—the tool exchange process is usually automated and performed with
precision to ensure proper alignment and secure attachment of the new tool.

• Tool Calibration and Verification—This can include checking tool length, diameter,
and other parameters to ensure accurate machining and a correct method of operating
the ATC. Thus, the deviation of the ATC’s stopping position depends on the relative
humidity and temperature of the area under investigation. ATC system performance
will have a direct impact on the level of processing efficiency [8–10].

• Resuming Machining—Once the tool change is completed and verified, the CNC
machine resumes the machining operation using the new tool. This process can be
repeated multiple times during a machining operation, depending on the complexity
and requirements of the workpiece. For shortening of production lead-time, it is
necessary to eliminate time and efforts for process and operation planning after
product design [11].

The rest of the paper is organized as follows: Section 2 provides the detailed introduc-
tion about the optimization of CNC Working Time Depending on the Positioning of the
Tools in the Magazine. Section 3 gives the experimental results to compare the proposed
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method with the current situation of the CNC machine. Section 4 is the discussion. Section 5
concludes the paper works.

2. Materials and Methods

The calculation of cutting tool positioning in a linear magazine, with the help of linear
equations with two variables, is given as follows:

Ax + By + Cz = 0 (1)

The calculation of linear equation for the positioning of the cutting tool in the linear
magazine is dependent on dimensions of the CNC machine mainly for the X-, Y- and
Z-axes.

The tool path length for a linear tool changer for fast positioning and short way until
empty tool holder is described by the following equation:

P (Xi, Yi, Zi) = PS (Xs, Zs, Zs) + PET (XET, YET, ZET) (2)

where:

P (Xi, Yi, Zi)—denotes general position (zero point of CNC machine tools),
PS (Xs, Zs, Zs)—denotes the position after finishing the machining process
PET (XET, YET, ZET)—denotes the position of empty tool.

After each machining process, the spindle speed is required to find the shortest path
and to return the empty tool based on the model of the linear magazine tool changer.

In our case, the position of the tools in the linear magazine is programmed at the
beginning of the working process.

2.1. Overview of the CNC Machining

In this subsection, we performed a simulation of the project with the dimensions
1200 × 500. The internal opening of the sink has the dimensions 460 × 280. The second
stage of processing is the cleaning and cutting of the external geometry. For cutting, the
tool 0022-Black Frezza D22 granite was used. After shortening the geometry of the sink,
the polishing took place. For polishing, the sequence with polishing tools numbered 0211,
0212, 0213, 0214 was used. In the next phase, the opening of the sink holes was conducted
using the 0035-DRILL D35-Boring tool. After opening the holes, the process continued
with the 0022 BLACK D 22-GRANITE milling cutter. The final stage was the placement of
reference points (stops) and suction cups. At these reference points, the full plate with the
dimensions 1200 × 500 was placed and reinforced with suction cups (Figure 4). Reference
points are used to position the project on the table, and suction cups are used for fastening
the marble, with the diameters such as Ø60, Ø120, Ø160, and 40 × 100.
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Figure 5 shows the final procedure before presenting the simulation with all the tools
used for cutting, opening holes, polishing the geometry, stops and suction cups. This is the
final procedure before uploading to the CNC ICAM software to start with processing.
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2.2. Working Process of the CNC

In our study, we conducted assessments based on the existing arrangement of tools
and subsequently compared these results with those obtained from a reconfiguration of the
tools within the magazine (Figure 7). In Figure 8, the working process of the CNC-type
Intermac Master 33.3 is shown.

In the project, the T211, T212, T213 and T311 tools are used (Figure 9). Black Frezza
(T22) is used for cutting, and T211, T212, and T213 are used for polishing.

To ensure the accuracy of the tests, we utilized identical test geometry and consistent
reference points for both assessments and maintained the same speed and feed parameters
in both scenarios. Automation systems can collect real-time data from a CNC machine, such
as cutting parameters, machine performance, and tool wear. These data can be analyzed to
optimize processes, predict maintenance requirements, and improve overall efficiency. The
data can be generated and accumulated when designing and processing a product with
the use of computer-aided design, computer-aided manufacturing and computer-aided
process planning methods (CAD/CAM) [12].
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The impact of robotics and automation of data analysis on CNC machining is very
important and is presented in several forms:

Real-time data collection—these data include information such as cutting speeds, tool
wear, temperatures, vibrations, and other relevant parameters [13].

Data integration and connectivity—this connectivity enables the real-time monitor-
ing, remote access, and analysis of machining data from anywhere, facilitating timely
decision making.
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Condition monitoring and predictive maintenance—Simulation outputs are used as
a reference to detect abnormal conditions based on deviations of real outputs in different
stages of the process. This enables predictive maintenance, where potential issues can
be detected early and maintenance actions can be scheduled proactively. This approach
minimizes unplanned downtime and optimizes machine availability. The CNC machine
tool (CNCMT) is the mother machine of industry. A fault of the CNCMT might cause the
loss of precision and affect the production if troubleshooting is not timely [14,15].

Performance optimization—this leads to improved cycle times, reduced scrap rates,
and enhanced overall productivity.

Quality control and process improvement—continuous data analysis also provides in-
sights for process improvement, enabling manufacturers to refine their machining strategies
and achieve higher quality standards.

Data-driven decision making—this data-driven decision-making approach enhances
overall operational efficiency.

Traceability and compliance—This traceability is valuable for regulatory compliance,
quality audits and product validation. For the real-time supervision of a CNC machine,
various intelligent functions such as adaptive control, the re-generation of optimized data
sets and advanced optimization models have been developed and implemented. For CNC
machining, part quality can be influenced by a multitude of factors, including the condition
of the cutting tool, process parameters, temperature fluctuations and the expertise of the
operator. To enhance the quality of a product, technological up-gradation and intervention
have become the need of the hour in manufacturing industries. Excellent product quality
in turn guarantees customer satisfaction [16–18].

2.3. Collecting Data from the Current Situation

In the current state of the CNC machine, as depicted in Figure 10, we used the current
tool settings and simulated work, as in the following photo with the dimensions 60 × 30.
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Prior to initiating the program, we investigated the positioning of the tools within the
magazine and documented these locations. The positions of the analyzed tools are detailed
in Table 1.

Table 1. The actual positioning of the used tools.

The Current Positioning of the Tools in the Magazine

Tools Position

22 22

211 38

212 32
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Table 1. Cont.

The Current Positioning of the Tools in the Magazine

Tools Position

213 12

214 37

During this analysis, we used the same reference points in all cases, and we completed
the working process with the speed set at 50% and the feed at 50%. The time during which
the work was completed is presented in Figure 11.
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Figure 11. The time required to complete the geometry.

Even for the other works, we used the same speed, feed, position and geometry as
before. The data for other works are presented in Table 2.

Table 2. The time required to complete the projects.

First Tool Positioning

Project Time

P1-60 × 30 27:44

P2-1230 × 550 39:57

P3-1200 × 550 46:32

P4-1200 × 500 39:41

We also analyzed the travel time for each tool under study. The work has also been
studied in terms of analyzing to the function of each tool separately. Figure 12 presents the
geometric shape of the milling end (known as T22) and the time during which this tool
performs the work. The work of only one knife is presented here, i.e., T22 (CNC in this
method performs work with only one “partial mode” knife) and its time is about 4 min.
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Table 3 shows the travel time for each tool from the current positions.

Table 3. Travel time for each tool from the current positions.

Tool Travel Time According to Positioning

Tools Time

22 04:02

211 03:36

212 03:35

213 03:36

214 03:37

2.4. Tools Repositioning

In the second scenario, tools were grouped according to their function and repositioned
adjacent to each other. Placing the tools in proximity aimed to reduce the CNC travel time.
For this scenario, we analyzed the same geometry of the 60 × 30 product. To ensure
accuracy, we used the same speed, feed, and reference points as in the previous case.

Figure 13 presents the simulation of the second test with the same geometry, i.e.,
position 1 for placement of the product.

Before starting the program, we repositioned the same tools in different positions from
the previous ones. The repositioning of the tools is shown in Table 4.

During this analysis, we used the same reference points in all cases and completed
the work process with the speed set at 50% and a feed rate of 50%. Figure 14 presents the
geometric shape of the face milling, and all the tools are used here (T211, T212, T213, T214).
Here, the total time for the project is 26.46 min. The travel time has also been analyzed for
each cutting tool studied. The work has also been studied in terms of the function of each
tool separately. Table 5 shows the travel time for each tool from the current positions.
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Table 4. Repositioning of the tools in the magazine.

Repositioning of Tools in the Magazine

Tools Position

22 14

211 9

212 10

213 11

214 12
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Table 5. Travel time for each tool from the current positions.

Tool Travel Time According to Positioning

Tools Time

22 03:53

211 03:33

212 03:33

213 03:34

214 03:33

3. Procedure

The analysis of the data for the optimization of the CNC work time based on the arrange-
ment of the tools in the magazine was performed using the Python programming language.

3.1. Data Collecting

Data collection is the process of gathering and acquiring data from various sources for
analysis and interpretation. The quality and accuracy of the data collected are critical to
ensuring that the resulting analysis and insights are reliable and meaningful. The goal of
data collection is to gather high-quality data that is relevant to the research question and
analysis [19].

Figure 15 shows the use of a flow chart for analyzing the total time difference between
projects.
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Figure 15. Flow chart for data analysis using the Python programming language - total of time
difference.

This script compares the total time of two data tables in a bar graph. Initially, the
data are set up in two different tables. Then, a function is defined to convert time from the
“mm:ss” format to minutes. The total time for each table is calculated by extracting the time
from the table data, converting it to minutes, and adding all the times for each table. Once
the total times are calculated, they are displayed in a bar graph using plt.bar(). The table
names are on the x-axis and the total times are on the y-axis. Finally, the graph is presented
using plt.show().
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Figure 16 shows the flow chart for analyzing the time difference between projects
as well as the time differences based on the graph. The code starts by importing the
matplotlib.pyplot library and then defines two data tables for the working time for each
project. After obtaining these data, it calculates the total time for each table by adding the
values for each project. Then, it creates a bar chart showing the working time for each
project in two different tables. Finally, it finds and displays the difference in time between
the two tables and outputs in the console whether it is an increase or decrease in time.
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data and image information more clearly and efficiently with the help of suitable graphical 

Figure 16. Flow chart for data analysis using the Python programming language.

Figure 17 presents a flow chart that compares travel times for tables before and after
adjustments using the Matplotlib library. It begins with importing Matplotlib. Then, it
includes data for travel times for tables before and after adjustments. For each table, it
calculates the total travel time before and after adjustments. Finally, it uses Matplotlib to
present the comparison of total travel times before and after adjustments for each table in a
bar chart.
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3.2. Data Visualizing

After collecting the data and processing them in the Python programming language,
we created a visualization of the data. The purpose of data visualization is to communicate
data and image information more clearly and efficiently with the help of suitable graph-
ical representations, such as histograms, bar charts, column charts, and other statistical
charts. Python was a good choice, providing a wealth of third-party libraries, open source
communities, and continuously optimized documentation for data visualization [20].

Figure 18 presents the time difference between the projects. The total time difference
of the projects is about 4 min. The graph with the blue color represents the total time
for carrying out the projects of the table with the current positioning of the tools in the
warehouse. The green color shows the time for projects after repositioning the tools.
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4. Discussion

By analyzing the data through simulations in the CNC software of the Intermac
Master 33.3 type and the ICAM software, we managed to obtain the results of the com-
pletion of the projects on time. We also analyzed the collected data using the Python
programming language.

The obtained results are presented below with the help of graphs, where the savings
in time from the change in positions in the warehouse can be seen. Figure 19 presents the
difference in time between each project before and after repositioning the tools. The orange
color shows the difference in time for each project after repositioning.

Figure 20 shows the change in time for the route traveled for each tool. The work was
conducted manually for each tool separately and the time for each process was measured.
The blue color shows the change in time after repositioning the tools. According to the
graph, the optimization in time happened for the last tool T2 for about 9 s.

In cases of high-volume production, CNC machines will operate for at least two shifts.
In this case, small differences during large-scale processing turn into working hours. CNC
machines with a rotary magazine can reduce the tool working time, but there are numerous
CNC machines on the market with a linear magazine, and, if they could use the proposed
algorithms, they could optimize the working time considerably.
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5. Conclusions

The purpose of this study was to demonstrate that simple modifications to a CNC ma-
chine can lead to significant optimization of its operational time. As previously mentioned,
CNC work optimization depends on multiple factors. Increased efficiency in CNC machine
operations directly correlate with reduced production costs. By optimizing time, businesses
can decrease the labor expenses, energy consumption, and overhead costs associated with
the machining processes. Time optimization ensures that CNC machines operate at maxi-
mum productivity and throughput, allowing businesses to produce more parts in less time,
meet customer demand and increase revenue.

Overall, optimizing time when working with CNC machines is essential for achieving
cost efficiency, maximizing productivity, maintaining competitiveness and delivering high-
quality products to customers. It is a fundamental aspect of modern manufacturing that
directly impacts the bottom line and long-term success of businesses.
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Thanks to simple factors, such as the positioning of the tools and the origin of the
work, we managed to optimize the time of completing the projects.

Working time was reduced from 27.44 s to 26.46 s and the results were analyzed
through the Python Programming language. The working time was reduced by 0.98 s,
which is approximately a 3.57% reduction in the working time. This indicates a signif-
icant improvement in efficiency due to the optimization of the cutting tool positions in
the magazine.

At first glance, the optimization time for a project is very short; however, in future we
plan to employ the function of carrying out many projects, and we hope this factor will
have a significant effect.

Author Contributions: A short paragraph specifying the individual contributions is provided as
follows: Conceptualization, A.P. and O.T.; methodology, A.G.; software, O.T. and E.H.; validation,
A.P., E.H. and O.T.; formal analysis, A.G.; investigation, A.P.; resources, E.H.; data curation, O.T.;
writing—original draft preparation, A.P.; writing—review and editing, A.P.; visualization, A.G.;
supervision, A.P.; project administration, A.G. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Data Availability Statement: All data are contained within this paper and repository search results
(github.com).

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Available online: https://www.intermac.com/na/stone/software/icam (accessed on 2 June 2024).
2. Available online: https://www.intermac.com/uk/glass/work-centres/cnc-standard/master-series (accessed on 1 June 2024).
3. Salapateva, S.; Chetrokov, I.; Stefanov, B. Algorithm for Optimization of Idle Tool Moves When Milling Complex Surfaces on a

Triaxial CNC Milling Machine. In Proceedings of the 14th International Scientific and Practical Conference, ETR, Rezekne, Latvia,
15–16 June 2023; Volume 3, pp. 226–232. [CrossRef]

4. Soori, M.; Dastres, R.; Ahrezo, B. Robotical Automation in CNC Machine Tools, A Review. Acta Mech. Autom. 2023, 18, 434–450.
[CrossRef]

5. Chen, S.-L.; Su, C.-F.; Cheng, Y.-T. A novel framework for diagnosing automatic tool changer and tool life based on cloud
computing. Adv. Mech. Eng. 2016, 8, 1687814016637319. [CrossRef]

6. Verma, K.; Belokar, R.; Verma, V.K.; Ntalianis, K. Track-based analysis for profile generation on globoidal cam in automatic tool
changer of CNC machining center. Assem. Autom. 2019, 39, 369–379. [CrossRef]

7. Doe, J.; Smith, J. Design and Analysis of a Linear Tool Changer System for CNC Machines. Int. J. Adv. Manuf. Technol. 2016, 85,
789–800.

8. Van, H.P.; Thuy, D.N. Influence of relative humidity and air temperature on the stopping position of the automatic tool changer
in a CNC machine when using a pneumatic cylinder. Int. J. Mod. Phys. B 2021, 35, 2140013. [CrossRef]

9. Lu, X.H.; Han, P.Z.; Wu, W.Y.; Jie, W. Reliability evaluation of circular tool magazine and automatic tool changer. In Advanced
Materials Research; Trans Tech Publications: Zurich, Switzerland, 2013; pp. 245–248.

10. Zhang, L.; Li, W. Machining center automatic ATC analysis and research. In Proceedings of the IEEE 2010 3rd International
Conference on Information Management, Innovation Management and Industrial Engineering, Kunming, China, 26–28 November
2010; pp. 355–358.

11. Nakamoto, K.; Shirase, K.; Wakamatsu, H.; Tsumaya, A.; Arai, E. Automatic production planning system to achieve flexible direct
machining. JSME Int. J. Ser. C Mech. Syst. Mach. Elem. Manuf. 2004, 47, 136–143. [CrossRef]

12. My, C.A. The role of big data analytics and AI in smart manufacturing: An overview. In Research in Intelligent and Computing in
Engineering: Select Proceedings of RICE 2020, Virtual Conference, 26–28 October 2020; Springer: Singapore, 2021; pp. 911–921.

13. Chen, S.L.; Jen, Y. Data fusion neural network for tool condition monitoring in CNC milling machining. Int. J. Mach. Tools Manuf.
2000, 40, 381–400. [CrossRef]

14. Luo, W.; Hu, T.; Ye, Y.; Zhang, C.; Wei, Y. A hybrid predictive maintenance approach for CNC machine tool driven by Digital
Twin. Robot. Comput. -Integr. Manuf. 2020, 65, 101974. [CrossRef]

15. Saez, M.; Maturana, F.P.; Barton, K.; Tilbury, D.M. Real-time manufacturing machine and system performance monitoring using
internet of things. IEEE Trans. Autom. Sci. Eng. 2018, 15, 1735–1748. [CrossRef]

16. Ridwan, F.; Xu, X. Advanced CNC system with in-process feed-rate optimization. Robot. Comput.-Integr. Manuf. 2013, 29, 12–20.
[CrossRef]

github.com
https://www.intermac.com/na/stone/software/icam
https://www.intermac.com/uk/glass/work-centres/cnc-standard/master-series
https://doi.org/10.17770/etr2023vol3.7193
https://doi.org/10.2478/ama-2024-0048
https://doi.org/10.1177/1687814016637319
https://doi.org/10.1108/AA-08-2018-111
https://doi.org/10.1142/S0217979221400130
https://doi.org/10.1299/jsmec.47.136
https://doi.org/10.1016/S0890-6955(99)00066-8
https://doi.org/10.1016/j.rcim.2020.101974
https://doi.org/10.1109/TASE.2017.2784826
https://doi.org/10.1016/j.rcim.2012.04.008


Machines 2024, 12, 512 17 of 17

17. Bhatia, P.; Liu, Y.; Nagaraj, S.; Achanta, V.; Pulaparthi, B.; Diaz-Elsayed, N. Data-Driven Multi-Criteria Decision-Making for
Smart and Sustainable Machining. In ASME International Mechanical Engineering Congress and Exposition; American Society of
Mechanical Engineers: New York, NY, USA, 2021; p. V02BT02A064.

18. Raval, M.B.; Joshi, H. Categorical framework for implementation of industry 4.0 techniques in medium scale bearing manufactur-
ing industries. Mater. Today Proc. 2022, 65, 3531–3537. [CrossRef]

19. Ibrahim, A.A. Data Science Using Python Language with Applications; Al-Nahrain University: Baghdad, Iraq, 2024.
20. Cao, S.; Zeng, Y.; Yang, S.; Cao, S. Research on Python Data Visualization Technology. J. Phys. Conf. Ser. 2021, 1757, 012122.

[CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.matpr.2022.06.090
https://doi.org/10.1088/1742-6596/1757/1/012122

	Introduction 
	Cutting Tools Environment 
	Optimizing Time on CNC 
	Automated Tool Changing in CNC 

	Materials and Methods 
	Overview of the CNC Machining 
	Working Process of the CNC 
	Collecting Data from the Current Situation 
	Tools Repositioning 

	Procedure 
	Data Collecting 
	Data Visualizing 

	Discussion 
	Conclusions 
	References

