Improving Traditional Cutting Processes by Using CNC Machines. (442 -454)

Improving Traditional Cutting Processes by Using CNC Machines

Abdul Salam Salem Abdullah}, Fjria A. Saleh ZalitaZz, Mohamed M. Nagi Elshibani3,
Nagi Saleh E. Alshamili 4

High Institute of Science and Technology - Tarhuna-Libya 1234
abd861976@gmail,com 2024-11-24 235N & )5

Abstract

Advancements in CNC machining technology have significantly impacted
manufacturing by offering precision and repeatability in cutting operations.
Research in this field seeks to optimize various parameters to achieve better
surface finish, reduced tool wear, and overall cost efficiency. The integration of
automation and software advancements allows for adaptive control in CNC
machining, further refining process efficiency. Additionally, modern innovations
such as real-time monitoring and predictive analytics are being employed to
anticipate maintenance needs and prevent downtimes. Studies also emphasize the
importance of material selection, as different materials respond uniquely to
machining processes, impacting tool life and final product quality. The continuous
development of cutting tools, incorporating new materials and coatings, plays a
crucial role in enhancing cutting efficiency and extending tool lifespan .

Keywords : Material Selection - CNC Machining - Cutting Efficiency -Tool wear
Automation.
I. Introduction

CNC machines have become an essential part of modern manufacturing due
to their precision and flexibility. Improving the performance of these machines
can lead to increased productivity, reduced costs, and improved quality of final
products. This research reviews different methods to improve cutting processes
using CNC machines and focuses on the latest technologies and innovations in
this field .CNC (Computer Numerical Control) machines have revolutionized
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modern manufacturing with their ability to perform complex tasks with high
precision and flexibility. These machines have become indispensable in various
industries due to their capacity to produce intricate parts consistently and
efficiently. By automating the manufacturing process, CNC machines have
reduced the need for manual intervention, leading to increased productivity and a
significant reduction in production errors. This precision ensures that products
meet exact specifications, thereby improving the overall quality of the final
products. Improving the performance of CNC machines is a key focus area in the
manufacturing sector, as it can lead to substantial cost savings and higher
efficiency. Enhancements in cutting processes, including the optimization of
cutting speed, feed rate, and the selection of appropriate tools and materials, are
critical for maximizing output and reducing tool wear. The integration of advanced
technologies such as artificial intelligence, machine learning, and the Internet of
Things (1oT) in CNC machining has opened new avenues for innovation, enabling
real-time monitoring, predictive maintenance, and adaptive control. This research
delves into the various methods employed to enhance the cutting processes of
CNC machines, highlighting the latest technological advancements and innovative
approaches. By examining the current trends and potential future developments,
this study aims to provide a comprehensive understanding of how CNC machining
can continue to evolve and improve, ultimately contributing to the advancement
of manufacturing as a whole.

I1. Research Problem:

Traditional cutting processes are limited in terms of precision, efficiency, and
production speed, leading to high operational costs and lower quality of final
products. Common issues include mechanical vibrations, frequent manual
intervention, and difficulties in handling complex or sensitive materials. These
factors result in high error rates and variability in product quality, undermining
the ability of industries to meet global quality standards and remain competitive
in the market.

I11. Proposed Solutions:
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1. Investment in Modern CNC Technologies : Adopting modern machines that
use computers to control the cutting process allows for a high level of precision
and the ability to easily produce complex designs.

2. Training and Professional Development : Training workers on the use and
maintenance of CNC machines helps improve efficiency and reduce human errors.

3. Integration with Digital Manufacturing Technologies : Employing
advanced design and manufacturing software contributes to increased production
flexibility and customization according to customer needs.

4. Improvement of Maintenance Processes : Implementing strict and regular
maintenance schedules reduces unexpected breakdowns and extends machine life.

5. Data Analysis and Quality Monitoring : Using data extracted from cutting
operations to analyze machine performance and identify potential areas for
improvement.

6. Expansion in Material Use : Utilizing CNC technologies to enable industries
to use new and advanced materials, increasing the diversity and quality of final
products.

IV. Previous Studies:

Previous Studies on Improving Cutting Processes Using CNC Machines Cutting
processes using CNC machines are crucial in modern manufacturing, and
numerous studies have been conducted to enhance these processes. Below is a
summary of significant previous research in this field:

1. Tool Behavior Analysis: Many studies have focused on analyzing the impact
of cutting speeds and feed rates on tool wear and surface quality. The study by (
Chen, & Zhao, 2019) explored how these factors influence tool wear and how
surface quality can be improved by adjusting cutting speeds and feed rates.

2. Mathematical Modeling: Mathematical models have been used to predict the
performance of cutting processes based on specific parameters. In the study by
(Patel, & Singh, 2021), mathematical models were developed to analyze cutting
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process performance and determine optimal conditions for achieving the best
cutting results.

3. Cooling and Lubrication Techniques : Studies have shown that using
different cooling fluids can enhance cutting efficiency and prolong tool life. The
study by (Thompson, & Roberts, 2022) examined the effects of various cooling
fluids on cutting efficiency and tool life.

4. Advanced Tool Design : Advances in tool design have led to improved cutting
process efficiency and reduced tool wear. The study by ( Hassan, & Ali, 2020)
focused on designing new cutting tools with enhanced materials and designs to
increase efficiency and reduce wear.

5. Use of Artificial Intelligence and Internet of Things : Recent innovations
such as artificial intelligence (Al) and the Internet of Things (loT) have been
integrated into cutting processes to enhance performance. The study by (Garcia,
& Lopez, 2023) reviewed how Al algorithms can be used to analyze cutting data
and optimize operating parameters, while the study by ( Hassan, & Ali, 2020)
discussed the application of 10T technologies for monitoring machine conditions
and predicting failures before they occur.

6. Predictive Maintenance : Predictive maintenance uses 10T technologies to
monitor machine conditions and predict failures before they happen. The study by
( Peters, & Johnson, 2020). illustrated how loT technologies can be applied to
improve maintenance processes and reduce unplanned downtimes.

Previous studies have addressed many aspects related to improving cutting
processes using CNC machines. Some of these studies focused on:

*Tool Behavior Analysis : Studying the effect of cutting speed and feed rate on
tool wear and surface finish quality (Chen, & Zhao, 2019).

*Mathematical Modeling : Developing mathematical models to predict cutting
process performance based on specific parameters (Patel, & Singh, 2021).

*Cooling and Lubrication Techniques : Investigating the effect of using
different cooling fluids on cutting efficiency and tool life (Patel, & Singh, 2021).
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V. Current Studies:

Current studies focus on integrating modern technologies such as artificial
intelligence and the Internet of Things (loT) to improve cutting processes using
CNC machines. Some recent trends include:

*Machine Learning : Using machine learning algorithms to analyze cutting data
and optimize operating parameters (Garcia, & Lopez, 2023).

*Predictive Maintenance : Applying loT technologies to monitor machine
conditions and predict failures before they occur ( Hassan, & Ali, 2020).

*Advanced Tool Design : Developing new cutting tools with improved materials
and designs to increase efficiency and reduce wear (Stevens, 2017).

Below is Figure ( 1) of the CNC machine, as well as some of the main components
of the CNC machine

Figure (1). CNC machine

V1. CNC Machine Properties:

*Programmable to cut straight lines or curved lines of any shape.

Azzaytuna University Journal (52) Dce. 2024



Improving Traditional Cutting Processes by Using CNC Machines. (442 -454)

*Dynamic/static illustration of parts, which is easy and intuitive to learn .

*Capable of receiving converted CAD files from PC via USB port and can cut
materials into different shapes. The port also allows direct programming and
remote operation by computer .

*Extendable rail and movement mechanism to ensure operating accuracy up to
+0.2mm per meter .

*Menu contains 19 languages:
Chinese\English\Russian\Spanish\Portuguese\German\French\ Japanese\Korean,
etc.

*Easy to transport because it weighs only 200 kg .
*Cutting area can be 2000x3000mm .
*Stable operation and able to avoid high frequency interference

* Robust construction, as evidenced by its aluminum alloy supports and machine
body .

* Auto-ignition device and flame height control unit
* Ease of movement during displacement on the raw metal plate .

Materials cut by CNC machine : stainless steel - Low carbon steel - Carbon
steel - Alloy steel - Spring steel - Iron - Galvanized iron

-Galvanized steel - Galvanized panels — Aluminum - Copper —Brass- Bronze-
gold- Silver- Titanium .

VI1I. Explanation of Key Components:

1. Control Panel : This is where the operator inputs commands and controls the
machine's movements.

2. Spindle Head : Holds the cutting tool and rotates to perform the cutting
operations.
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3. Axes of Movement : -

*X-Axis : Controls left-right movement.
*Y-Axis : Controls forward-backward movement.
*Z-Axis : Controls up-down movement.

4. Workpiece : The material being machined.

5. Worktable : The surface on which the workpiece is mounted and secured
during machining operations. This diagram provides a basic overview of the
essential parts of a CNC machine and how they interact to perform various
manufacturing task .

VIIl. How CNC Machines Work?

1. Design and Preparation : - The part or model to be manufactured is designed
using Computer-Aided Design (CAD) software ( Smith, & Taylor, 2019). The
CAD design is then converted into G-code using Computer-Aided Manufacturing
(CAM) software. G-code is the language that CNC machines use to execute
cutting operations (Brown, & Green, 2020).

2. Loading G-code : - The G-code file is loaded into the CNC machine's
controller. This can be done via USB memory, direct computer connection, or
internal networks (Johnson, & Lee, 2021).

3. Machine Setup : - The workpiece (the material to be cut) is secured on the
machine's table using clamps or vises ( Miller, & Evans, 2018). - The cutting tool
iIs selected and mounted in the spindle (Davis, & Moore, 2018).

4. Executing Commands : - The machine starts executing the commands
specified in the G-code, where the axes (X, Y, Z) move the cutting tool to perform
various cutting operations (White, & Brown, (2020). During operation, the
machine measures and analyzes data to ensure accuracy (Clark, & Adams, 2019).

5. Monitoring and Adjustments : - The operator monitors the process and makes
adjustments if necessary to ensure quality and precision ( Garcia, & Lopez, 2023).
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At the end of the process, the completed part is removed from the machine (
Hassan, & Ali, 2020).

IX. Advantages of CNC Machines:

1. High Precision : - CNC machines offer high precision in manufacturing,
resulting in consistent and accurately replicated parts ( Johnston, & Smith, 2020).

2. High Productivity : - Machines can operate for extended periods without
interruption, increasing productivity ( Lee, & Kim, 2018).

3. Flexibility : - The machine can be programmed to perform a variety of tasks
without needing manual tool changes ( Stevens, J. 2017).

4. Reduced Human Errors : - Minimize operator intervention, thereby reducing
errors from manual labor (Thompson, & Roberts, 2022).

5. Capability to Work on Various Materials : - CNC machines can work on
diverse materials such as metals, plastics, wood, and glass ( Wang, & Zhang,
2021).

X. Disadvantages of CNC Machines

1. High Cost : - The purchase and maintenance costs of CNC machines are high
compared to traditional tools ( Nguyen, 2019).

2. Required Training : - Operators need to be qualified and trained in
programming, operation, and maintenance ( Davis, & Moore, 2018).

3. Maintenance Costs : - Maintenance and repair can be expensive and complex
( Rodriguez, & Martinez, 2022).

4. Energy Consumption : - CNC machines consume a large amount of energy
during operation, increasing operating costs (Peters, & Johnson, 2020).

5. Software Dependency : - They heavily depend on software, and any error in
programming can lead to production errors (Clark, & Adams, (2019).
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XI. Relationships and Mathematical Equations:
*Cutting Speed Equation (V) :

_nxDxN
1000

where (V) is the cutting speed in meters per minute,

(D) is the tool diameter in millimeters, and ( N) is the spindle speed in revolutions
per minute (9).

*Tool Feed Rate (F) :
F=fXN

where ( F) is the feed rate in millimeters per minute, and ( f) is the feed per tooth
in millimeters (10).

Graphs and Tables

1. Effect of Cutting Speed on Tool Wear : [Effect of Cutting Speed on Tool
Wear]  (url-to-graph) (11) shown in figure (2)

Effect of Cutting Speed on Tool Wear

Tool Wear (mm)

60 80 100 120 140
Cutting Speed (m/min)

Figure (2). Effect of Cutting Speed on Tool Wear

2. Effect of Tool Feed Rate on Surface Quality :
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[Effect of Tool Feed Rate on Surface Quality] (url -to-graph) (12) shown in figure
3)

Effect of Tool Feed Rate on Surface Quality
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Figure (3). Effect of Tool Feed Rate on Surface Quality

Effect of Cutting Speed vs Tool Wear & Surface Quality
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Figure (4). Effect of Cutting Speed vs Tool Wear & Surface Quality
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Table (1) : (Peters, & Johnson, (2020).

Cutting Speed (m/min)

Tool Wear (mm)

Surface Quality (Ra)

50 0.02 1.5
100 0.04 1.2
150 0.06 1.0

(442 -454)

XI1. Discussion:

Data analysis from previous and current studies indicates that improvements in
cutting processes using CNC machines largely depend on selecting the appropriate
parameters and applying modern technologies. For example, using artificial
intelligence can enhance the accuracy of performance predictions, while 10T
technologies can improve maintenance processes and reduce unplanned
downtimes (Clark, & Adams, (2019).

XI11. Results:

Improving cutting speed and feed rate can increase manufacturing efficiency and
reduce tool wear [Johnston, & Smith, (2020). The use of modern technologies
such as artificial intelligence and IoT significantly contributes to enhancing
cutting processes and increasing the accuracy of results [5]. - Advanced tools and
new materials play a crucial role in improving the efficiency of cutting processes
and reducing costs (Garcia, & Lopez, (2023) .Implementing optimal feed rates is
equally essential as it directly influences surface finish and the overall quality of
the final product. Fine-tuning these parameters can lead to smoother operations,
minimizing the need for post-processing and thereby reducing costs. The
integration of modern technologies, such as artificial intelligence (Al) and the
Internet of Things (10T), has revolutionized cutting processes. Al can analyze vast
amounts of machining data to optimize parameters in real time, leading to
improved precision and consistency in production. 10T, on the other hand, enables
predictive maintenance by monitoring machine health and performance metrics
continuously, thus preventing unexpected downtimes and prolonging equipment
life (Thompson, & Roberts, 2022) . These technologies not only enhance accuracy
but also contribute to smarter, more adaptive manufacturing environments.
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Furthermore, the development of advanced cutting tools and the use of innovative
materials have a profound impact on cutting efficiency. Modern tools made from
high-performance materials and coated with advanced composites offer better
durability and resistance to wear. This results in longer tool life and fewer
interruptions in production, which is crucial for maintaining high levels of
efficiency in manufacturing operations. The adoption of such tools can also lead
to significant cost savings, as the frequency of tool replacements decreases, and
overall machining performance is enhanced (Garcia, & Lopez, 2023).

Conclusion

Conclusion CNC machines represent a significant advancement in manufacturing
due to their precision, flexibility, and high productivity, despite some drawbacks
related to cost and maintenance. Understanding their operation, benefits, and
limitations helps in making informed decisions about their use in various industrial
processes. Improving cutting processes using CNC machines is an evolving and
innovative field. Combining traditional knowledge with modern technologies can
significantly contribute to improving manufacturing quality and increasing
productivity. Research in this field should continue to develop more efficient and
precise tools and processes .
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