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INTRODUCTION

We had the great honor of organizing the ICSAR 2024. It was truly a great pleasure for us togreet a lot
of participants from many different countries attending ICSAR 2024! We firmly believe that the
conference will become an important international event in the field of cross-industry discussion about
innovations in Academic Studies.

ICSAR 2024 was organized by All Science Academy located in Konya, Turkey.

Three cooperating organizations supported the two-day conference. There were 426 papers accepted
for presentation at ICSAR 2024, contributed from different countries. We had plenary speeches and
several well-known scientists and experts, to give invited talks at differentsessions.

The purpose of ICSAR 2024 was to provide a forum for the participants to report and review innovative
ideas, with up-to-date progress and developments, and discuss novel approaches to the application in
the field of their own research areas and discuss challenges of doing science.

We sincerely hope that the exchange of ideas on doing research, science and improving education will
help the participants, and international cooperation sharing the common interest will be enhanced.

On behalf the Organization Committee of ICSAR 2024, we would like to heartily thank our cooperating
organizations for all they have done for the conference. We would also like to thank the authors for their
contribution to the proceedings; the participants and friends of ICSAR 2024, for their interest and efforts
in helping us to make the conference possible; and the Editorial boards for their effective work and
valuable advice, especially the ICSAR 2024 secretariat and the ICSAR 2024 staff, for their tireless
efforts and outstanding services in preparing the conference and publishing the Proceedings.
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Abstract — This paper presents a systematic approach to the fundamental principles and practices essential
for developing CNC programs, specifically for the clutch hub turning process. The process involves the
turning operation necessary to machine a clutch hub from an initial workpiece, a forged clutch hub. CNC
programming is pivotal in creating precise instructions that control the motions and operations of CNC
machine tools for precise and efficient clutch hub machining. Key aspects highlighted in this study
include the selection of appropriate cutting tools, the incorporation of cutting conditions (such as cutting
speed, feed, and depth of cut), and the optimisation of cutting strategies during program development.
The paper provides a practical framework for CNC program creation, from initial design through final
implementation, emphasising both theoretical foundations and practical completion. The discussion
primarily focuses on the integration of G-codes and M-codes into CNC programming, ensuring constant
monitoring and control over manufacturing operations. Furthermore, the paper evaluates how advanced
technologies such as CAD/CAM integration facilitate CNC programming by improving precision and
efficiency. By analysing functional CNC programs, this research serves as a valuable resource for
engineers and machinists aiming to deepen their expertise in CNC programming, particularly in the
development of effective and dependable CNC programs for manufacturing processes.

Keywords — G-codes, M-codes, CNC Machine Tool, Cutting Tools, CAD/CAM

I. INTRODUCTION

In the contemporary context of manufacturing processes, precision and consistency are imperative in
achieving optimal product quality and operational efficiency. The constant monitoring and control over
dimensional tolerances, surface finish quality, and workpiece dimensions throughout the machining
processes ensure compliance with design specifications, thereby enhancing product durability and
reliability. This consistent practice promotes early detection and correction of dimensional imperfections,
minimising waste and repairs while maintaining the quality of manufactured workpieces [1].

The advent of CNC (Computer Numerical Control) machine tools has revolutionised modern
manufacturing, offering superior accuracy and repeatability in comparison with conventional machine
tools. These machine tools are particularly designed for complex and demanding machining processes
where precision is paramount. Central to the operation of CNC machine tools is CNC programming, a
discipline focused on the transformation of design specifications into executable commands that direct the
movements and actions of CNC machine tools [2].

CNC programming refers to the principles used to generate the instructions that drive the CNC machine
tools. These instructions are structured into a program, which consists of G-codes and M-codes (Fig. 1a).
G-codes, or geometric codes, control the motion of the CNC machine tool. They are standard commands

586



https://www.icsarconf.com/

that begin with the letter "G" followed by a two-digit number, indicating various movements and
positions of the machine tool's moving components. The commands dictate the precise geometric
positions based on a coordinate system, enabling the machine to move the components and cutting tools
accurately in a specified direction and position them precisely in 3D space (Fig. 1b) [3].

Local coordinate system 2

P123456 : ———————— Program number
EOB(End of Block) code
NI0  G90 _ e

Word
N20 \'20 FI20 S100: —

N30 XIs:
Address Block w__ |

N40 @() MO3 ;
Number P

N50 o@)mon. g - 5
Block number St

4 Origin of machine coordinate system

Origin of world coordinate system
a) b)

Fig. 1 a) Program structure; b) Machine, workpiece, and local coordinate systems [3]

In addition to G-codes, CNC programming encompasses M-codes, which regulate specific functions of
the CNC machine tool, including spindle rotation speed, cutting tool feed rate, tool changes, and coolant
application. The M-codes also adhere to an alphanumeric format, beginning with the letter "M" and being
followed by two digits. These codes are essential for the operation control of the machine tool and ensure
that each workpiece of the manufacturing process is machined correctly and efficiently [4].

The G-code, in the role of a programming language, facilitates the development of specific programs
through Computer-Aided Manufacturing (CAM) systems that utilise Computer-Aided Design (CAD)
information. These advanced systems play a crucial role in contemporary machining processes,
effectively synchronising design with manufacturing. Specifically, CAM systems utilise CAD data to
create precise instructions for CNC machine tools, which significantly improves both the design and
productivity of machining processes. This integration of CAD and CAM systems facilitates the transition
from design to production, thereby enhancing overall manufacturing efficiency and product quality [5].

The principle of developing CNC programs involves a sequence of steps that convert design
specifications into commands readable by machine tools. These commands direct and control the
movement of the machine tool's moving components and cutting tools during the machining process [6].

Initially, the process commences with designing and modelling the workpiece utilising Computer-Aided
Design (CAD) software. This involves developing a detailed two-dimensional or three-dimensional
model wherein all features, such as contours, holes, slots, and pockets, are identified and designed. The
designed CAD model provides a precise representation of the workpiece to be manufactured [7].

The CAD model is then utilised to develop CNC programs of instructions that define the cutting tools’
toolpaths. The toolpaths are the specific paths that the cutting tool traverses in order to machine the
workpiece. During this step, the appropriate cutting tools are selected according to material and design
requirements. Machining parameters, including spindle speed, rotation direction, feed, depth of cut, and
coolant activation, are also defined in the programs of instructions [8].

When the toolpaths are created, they can be visualised as a continuous connection between a series of
coordinates that correspond to specific data points. Each coordinate indicates a particular position in the
machine tool's working space, defining the precise location of the cutting tool at the determined
trajectory. As the machining process progresses, the cutting tool traverses from one coordinate to the
next, ensuring precise material removal and shaping of the workpiece [9].

Prior to implementing the G-code on the actual CNC machine tool, the toolpaths can be simulated and
verified by utilising the CAM software. This simulation facilitates the visualisation of the machining
process and the identification of potential issues, such as collisions, tool breakage, or excessive material
removal, which can be anticipated, detected, and eliminated [10].
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Upon verification, the program is transferred to the CNC machine tool, typically through USB, network,
or other communication protocol. The CNC machine tool is then prepared by securing the workpiece,
setting up the workholding, cutting, and control tools, and calibrating the machine tool by setting zero
points, which serve as reference points for machining. Once the machine tool is setup, the program is
loaded into the CNC machine tool’s controller. A dry run, without any actual cutting, is typically
performed to ensure the complete accuracy of the toolpaths and the absence of any unexpected
movements. When the verification process is completed, the machining process commences, with the
CNC machine adhering to the G-code instructions to machine the workpiece [11].

In this context, the development of CNC programs is based on the principle of creating a sequence of
coded instructions to guide the CNC machine tools in performing precise machining processes using
CAD software to design the workpiece and generate the trajectory of the cutting tools, terms that are
reviewed in relevant literature (e.g., [1]-[11]). The paper is structured into five sections: an introduction,
an explanation of the research, a presentation of the results, a discussion, and a conclusion with potential
applications.

Il. MATERIALS AND METHOD

This research illustrates a part of the clutch hub machining process implemented on a CNC turning
centre "Hitachi'. The clutch hub is a vital component of a vehicle's clutch system. It plays a crucial role in
manual transmission vehicles, functioning as the central component of the clutch disc assembly.

To precisely analyse the machining process, two-dimensional drawings have been created using a CAD
system, specifically AutoCAD software. These drawings illustrate details of the machining process and
the sequence of the machining operations intended to realise the process. The process involves the turning
operation necessary to machine the clutch hub (Fig. 2b) from the initial workpiece, a forged clutch hub
(Fig. 2a). In addition to turning, the machining process includes machining operations that relate to
turning, such as drilling, facing, boring, and chamfering.
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Fig. 2 a) Forged clutch hub; b) Clutch hub

Depending on which side of the clutch hub is machined, two phases in the context of two machining
operations are defined. The first machining operation refers to the shorter side of the forged clutch hub
(Fig. 3a), while the second refers to the longer side (Fig. 3b).
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Fig. 3 a) First machining operation; b) Second machining operation

The first machining operation (Fig. 3a) comprises four passes. The first pass (Fig. 4b) involves drilling.
The second (Fig. 4d) and third passes (Fig. 5b) involve turning and facing, respectively. The fourth pass
(Fig. 6b) includes chamfering.

The second machining operation (Fig. 3b) comprises three passes. The first pass (Fig. 4e) involves
turning and facing. The second pass (Fig. 5¢) similarly includes turning and facing. The third pass (Fig.
6¢) entails chamfering and boring.

The contours of the workpiece illustrated in the drawing play a crucial role in defining the geometry of
the cutting tool for each machining pass. The shape and complexity of these contours directly influence
the selection of cutting tool parameters such as cutting edge angle, tool lead angle, inclination angle, nose
radius, etc. Each specific contour determines the required type of cutting tool holder and indexable insert
shape that must precisely match the profile of the workpiece.

Specifically, for the first pass (in the first machining operation), the determined cutting tool is the
DS20-D3400DM40-04 straight-flute drill with indexable inserts DS20-0508-P and DS20-0508-C,
manufactured by Sandvik Coromant (Fig. 4a). The cutting tool geometry is characterised by a cutting
edge angle of 81°, an inclination angle of 0°, and indexable insert corner radii of 0.8 mm and 0.35 mm.

w. M " | 1 e

a) b) ) d) e)
Fig. 4 a) Strait-flute drill; b) First pass; c) Shank tool for turning; d) Second pass; €) Second pass

For the second pass (in the first and second machining operations), the determined cutting tool is the
PCLNR 2525M 12 shank tool for turning (Fig. 4c) that uses a CNMG 12 04 08-PM 4325 indexable
insert, manufactured by Sandvik Coromant. The cutting tool geometry is characterised by a cutting edge
angle of 95°, a lead angle of -5°, an inclination angle of -6°, an orthogonal rake angle of -6°, a corner
radius of 0.8 mm, an effective length of the cutting edge of 12 mm, and a rhombic 80° insert shape.

The determined cutting tool for the third pass (in the first and second machining operations) is the
DDHNL 2525M 15 shank tool for turning (Fig. 5a) that uses a DNMG 15 06 08-KF 3225 indexable
insert, manufactured by Sandvik Coromant. The cutting tool geometry is characterised by a cutting edge
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angle of 107.5°, a lead angle of -17.5°, an inclination angle of -7°, an orthogonal rake angle of -6°, a
corner radius of 0.8 mm, an effective length of the cutting edge of 14.7 mm, and a rthombic 55° insert
shape.

0s
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66

a) b) c)
Fig. 5 a) Shank tool for turning; b) Third pass; ¢) Third pass

And for the last, fourth pass (in the first and second machining operations), the determined cutting tool
is the S25T-PTFNR16 16-W shank tool for turning (Fig. 6a) that uses a TNMX 16 04 08-WF 1515
indexable insert, manufactured by Sandvik Coromant. The cutting tool geometry is characterised by a
cutting edge angle of 91°, a lead angle of -1°, a corner radius of 0.8 mm, an effective length of the cutting
edge of 15.7 mm, and a triangular insert shape.
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a) b) c)
Fig. 6 a) Shank tool for turning; b) Fourth pass; ¢) Fourth pass

This CAD model has been meticulously developed to enable a precise analysis of turning operations,
including all relevant passes. It serves as the essential foundation for providing coordinates from
annotations and for the subsequent development of CNC programs. Through detailed examination, this
model ensures accuracy in translating design intentions into executable CNC programs.

I11. RESULTS

The development of the CNC programs involved a series of detailed steps to ensure the desired
geometry and contour of the workpiece were followed by the cutting tool. The process began with
understanding the workpiece CAD model design through two-dimensional design specifications, which
included all dimensions, tolerances, and surface finish requirements.

Next, appropriate cutting tools were selected based on the material of the workpiece and the number and
type of passes required. The geometry of the cutting tools, including diameters, linear and radial lengths,
and shape, was considered as it directly affects the programming of the tool paths.

The workpiece coordinate system (WCS) was then established on the CNC turning centre "Hitachi’,
with the origin point (X, Y, and Z coordinates) defined as the reference for all dimensions. The origin
(0,0,0) was defined at the highest point and centre of the workpiece's surface.
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077
NOOS M40;

NO10 G99;

N015 G18;
(FIRSTPASS):

N020 T0900;

ND25 M40:

NO30 G99;

N035 G18:

ND40 G50 54350;

ND45 G96 5450 M3;
NO50 GO0 X0. Z30.Y0.;
NO55Z4.;

NO60 GO1 Z-56. FO.07 MSE;

NO65 GO0 Z10. M9;
NO70 G28 U0 VO W0 M5:
(SECOND PASS);

N075 T0100:

%
078;

NOO3 M40;

NO10 G99,

NO15 G18;

(FIRSTPASS);

N020 T0100;

NO0235 M40;

N30 G99,

NO0335 G18;

N040 G50 $700;

NO43 G96 S700 M4;

NO030 GO0 X32. Z10.Y0.;
N053 Z0.;

NOG60 GO1 Z-1. F0.12 MS:;
NO65 X352 ;

NO70 G03 X57. Z-3.2R2 5;
NO075 GO1X59.5Z-16.3;

NOS0M40;
NO8S G99;

NOS0 G18;

ND95 G50 §750;

N100 G96 750 M4;
N105 GO0 X82. Z10.Y0.;
N110 Z-5.7 M8;

N115 GO1X58.7F0.12:
N120Z-1.1;

N125X33.;

N130Z2:

N135 GO0 X33
N140GO1 Z-1.2;
N145X53.;

N150 G03 X58.Z-2.R1.;
N155GO1Z-5.9;
N160X77:
N165GO1Z-23;
N170X77:

N175 GO0 Z10;
N180 G28 U0 VO W0 M3:
(THIRD PASS);

N185 T0300;

N180 M40;

N195 G99;

N200 G18;

N205 G50 5800:

N210 G96 S300 M4;
N215 GO0 X33. Z10.Y0.;
N220 Z4.;

N225 GO1 Z-0.5 F0.2 M8;
N230 X53.;

N235G03 X56.8Z-2. R2;
N240 GO1 Z-5.5;

N245 X70.5;

N250 G03 X744 Z-7 R2.:
N255G01Z-21.9F0.14;
N260 X73.4:

Fig. 7 CNC program for the first turning operation

NOS0 X63.7;
NO085 Z-21.3;

N090 X66.;

N095 Z-33 ;

N100XT75;

N105 GO0 Z-3.5;
N110X59.;
N115G01X32. FO.1;
N120 GO0 Z-1 ;
N125X59

N130Z44;
N135G01X30;;
N140Z10.;

N143 G28 U0 VO W0 M3:
(SECOND PASS):

N150 T0500;

N155M40;

N160 G99

N165G18;

N170 G530 8900;
N173G96 8900 M4,
N120GOOXE0.Z1.Y0 ;
N185G01 Z-3.9F0.14 ME;
N190X523;

N195GO3 X566 Z-32R2;
N200GO1 X358 8 Z-16.3;
N205X61.4;

N210GO3X632Z-17T35R2

N213GO1Z-21.7;
N220X63.9;

N223GO3 X653 9Z-227R1;

N230G01 Z-32.9:
N235X72:

N240GO3XT44Z-341R2;

N245G01 Z-34.3;
N230 GO0 XT6 ;

Fig. 8 CNC program for the second turning operation

N265 X76.;
N270 GO0 Z10.;

N275 G28 U0 VO W0 M3:
(FOURTH PASS);

N280 T0300;

N285 M40;

N280 G99;

N295 G18:

N300 G50 8750;

N305 G96 5750 M3:
N310 GO0 X46. Z10.Y0.;
N31522;

N320GO1 Z-1. FO.12 M8:
N325X34.Z.5.5;

N330 GO0 Z10.;

N335 G28 U0 VO W0 M3:
N340 M30:

%%

Planning the tool paths for turning involved identifying the contours and profiles that the cutting tool
must follow, including outer and inner diameters, fillets, chamfers, and other features.

N255Z10;

N260 G28 U0 VO W0 M3;
(THIRD PASS);

N265 T0300;

N270MA40;

N275 G99;

N280 G18:

N285 G50 5750;

N290 GO6 §750 M3;
N295 GO0 X46. Z0.Y0.;
N300 GO1Z-0. 8 F0.12 M8;
N303 X35.7Z4.5;
N310Z-50;

N315 GO0 X30.;
N320Z10.;

N325 G28 U0 VO W0 M5;
N330M30;

£



The CNC programs were developed using G-code that primarily control the movement of the CNC
turning centre "Hitachi® along the axes (X, Y, and Z) and specify the type of motion to be performed.
Additionally, M-codes were used to control various auxiliary functions of the CNC turning centre, such as
tool changes, spindle speed, spindle control, feed rate, and other functions.

The developed CNC programs were specified for each machining operation and included all passes. For
space conservation, these programs are presented as figures.

The program of instructions for the first turning operation (including four passes) is depicted in Fig. 7.
and the second turning operation (including three passes) is depicted in Fig. 8.

IvV.DISCUSSION

The first CNC program is structured to drive and control the CNC turning centre through a detailed
series of instructions to shape the shorter side of the clutch hub. Each section of the program represents a
specific phase of the turning process, referred to as a "pass”. The program starts (and ends) with a
command "% to signal the beginning (and the end) of the program and the identifier "O77" is used to give
the CNC program a unique identification number.

This program starts by preparing the CNC turning centre for the drilling operation. The code "T0900" is
used to select the straight-flute drill that is placed in a designated position within the CNC turning centre's
tool carousel and the code "S450° to set the spindle speed to 450 RPM. Rapid traverses (GO0 commands)
are used to quickly position the cutting tool to the initial cutting point at X0, Z30, and YO. This initial
position ensures precise alignment before the drilling pass is begun. Once in position, this pass is initiated
by the program. Linear interpolation (GO01) is used to slowly lower the cutting tool to the Z-56 coordinate
at a feed rate of 0.07 units per revolution, ensuring a controlled penetration into the material. The spindle
is rotated in the clockwise direction (M03), maintaining a consistent cutting speed. After the pass is
completed, the cutting tool is rapidly moved to Z10, and the spindle is stopped (M09). To prepare for the
next pass and cutting tool change, a return to the machine's reference point (G28 U0 VO WO0) with a
spindle stop (M05) is commanded by the program.

In the second pass, the code "T0100" is used to select the determined cutting tool by the program, and
the code "S750°" is used to adjust the spindle speed to 750 RPM in the counterclockwise direction (M4). A
rapid traverse to the defined point with coordinates X82, Z10, and YO is initiated to begin the actual pass.
Then, linear interpolation (G01) is implemented in the program to make precise cuts at varying depths
and contours. For instance, the cutting tool is moved from Z-5.7 to Z-1.1 while turning along the X-axis.
A rapid movement to X33 is then implemented, and the process is repeated, demonstrating the ability of
the CNC turning centre to perform complex machining tasks. Circular interpolation (G03) is used to
facilitate curved cuts, which are essential for creating intricate geometries on the workpiece. Similar to
the first pass, the second pass is finished with a command to return to the turning centre's reference point
(G28 U0 VO WO M5) and preparation for the subsequent pass.

For the third pass, the determined cutting tool "T0500" is selected, with the spindle speed set to 800
RPM in a counterclockwise direction (M04). The turning process is accelerated by this higher spindle
speed, which is suitable for machining tougher materials or achieving finer surface finishes. Rapid
traverses and linear interpolations are commanded by the program to cut along designated paths, with
adjustments made to the feed (F) and depth of cut (Z-axis) to meet turning requirements. Circular
interpolations (GO03) are utilised again to create fillets and curved surfaces, with movements exemplified
by shifts from X53 to X70.5 and corresponding changes in Z-axis coordinates. Upon completion of the
third pass, the CNC turning centre is directed by the program to return to its reference point (G28 U0 VO
W0 MO05), ensuring accurate positioning and readiness for the next pass.

The determined cutting tool "T0300" is activated for the fourth pass, with the spindle speed set back to
750 RPM in a clockwise direction (M03). Optimal cutting conditions are provided for the specific cutting
tool and material combination by this return to forward rotation. The program'’s systematic approach is
continued, with linear interpolations employed to achieve the specified contours. Efficient chamfering
operation is ensured by rapid traverses between the defined points, while accuracy throughout the
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machining process is maintained by the program's code of spindle stops (MO05) and return to reference
points (G28 U0 VO WO).

The second CNC program is structured to drive and control the CNC turning centre through a detailed
series of operations to shape the longer side of the clutch hub. Each section of the CNC program
represents the distinct phases of the turning process, referred to as "passes”. The command "% is used to
signal the beginning and end of the program and "O78" is the unique identifier for this particular program.

The initial setup commands ensure that the CNC turning centre is ready for machining. The spindle is
started by the "NO05 M40" command. The feed mode is set by the "N010 G99" command, and the XZ
plane for turning operation is selected by the "NO15 G18" command.

For the first pass, the determined cutting tool "T0100" is selected. The spindle is set to rotate at a
maximum speed of 700 RPM, maintaining a constant surface speed of 700 RPM in a
counterclockwise direction (M04). The cutting tool is rapidly moved to the initial position at coordinates
X32, 710, and YO0. Then, it is descended to Z0 with the same rapid traverse command. The cutting
process begins with a linear interpolation command, "N060 G01 Z-1. F0.12 M08", that moves the cutting
tool to Z-1 at a feed rate of 0.12 units per revolution, with coolant on. Various linear and circular
interpolation commands are continued in the program to shape the workpiece. For instance, the cutting
tool is moved to X52 by the "N065 X52° command, and a clockwise arc to X57, Z-3.2 with a radius of
2.5, is created by the 'NO70 G03 X57. Z-3.2 R2.5" command. Linear movements to specified coordinates
are defined by the subsequent commands ‘NO75 G01 X59.5 Z-16.3" and "N085 Z-21.3". The rapid
traverse command to X75 is then used to quickly move the cutting tool to the new positions without
cutting. After performing the necessary cuts, the cutting tool is returned to the reference position using the
"N145 G28 U0 VO W0 M05" command with the spindle stopped.

The second pass is initiated by changing the cutting tool with the "N150 T0500° command. The spindle
speed is increased to a maximum of 900 RPM using the "N170 G50 S900° command and set to maintain a
constant surface speed of 900 RPM with the 'N175 G96 S900 MO04  command in a
counterclockwise direction. The cutting tool is rapidly positioned at the point of X30, Z1, and YO
coordinates using the 'N180 GO0 X30 Z1 YO command. The turning process begins with "N185 G01 Z-
3.9 F0.14 M08", moving the cutting tool to Z-3.9 at a feed rate of 0.14 units per revolution with coolant
on. Similar to the first pass, various linear and circular interpolation commands are followed to shape the
workpiece according to the desired geometry. A clockwise arc is created by "N195 G03 X56.6 Z-5.2 R2",
while a linear cut is defined by "N200 G01 X58.8 Z-16.5". The program is continued with these
commands to achieve the specified contours and depths. After the necessary cuts are completed, the
cutting tool is returned to the reference position with "'N260 G28 U0 VO WO MO05", ensuring the spindle is
stopped and the CNC turning centre is ready for the next pass.

The determined cutting tool for the third pass is selected with the "N265 T0300" command. The spindle
speed is set to a maximum of 750 RPM, and a constant surface speed of 750 RPM is maintained in a
clockwise direction (M03). The cutting tool is rapidly moved to the starting position of X46, Z0, and Y0
coordinates with the "N295 GO0 X46 Z0 YO" command. The turning process is initiated with the "N300
GO01 Z-0.8 F0.12 M08 command, moving the cutting tool to Z-0.8 at a feed rate of 0.12 units per
revolution with coolant on. Various linear interpolation commands are used by the program to perform
precise cuts along the specified paths. Specifically, the cutting tool is moved to the position at coordinates
X35.7 and Z-4.5 with the "N305 X35.7 Z-4.5° command, and the pass is continued to Z-50 with the
"N310 Z-50." command. After the pass is completed, the cutting tool is rapidly returned to the reference
position using the "N325 G28 U0 VO W0 M05" command, with the spindle stopped.

V. CONCLUSION

This paper presents a systematic approach to the fundamental principles and practices for the
development of CNC programs specific to the clutch hub turning process. Through a detailed exploration
of cutting tool selection and toolpath strategy optimisation, the study provides a practical framework for
CNC program creation that spans from initial design to final implementation. The research highlights
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methods to improve precision and efficiency in CNC programming by effectively integrating G-codes and
M-codes and ensuring constant monitoring and control over machining operations.

The performance of optimising toolpaths and minimising errors underscores the importance of accuracy
and reliability in CNC program development. Advanced technologies, such as CAD/CAM integration, are
evaluated for their impact on improving precision and efficiency, demonstrating how modern
technologies can significantly facilitate the CNC programming process. By analysing functional CNC
programs, the paper serves as a valuable resource for engineers and machinists, contributing to the
advancement of expertise in the creation of effective and dependable CNC programs for precise and
efficient manufacturing operations.

In conclusion, this research not only demonstrates the theoretical foundations of CNC programming but
also offers practical insights into the implementation of these principles. It underscores the critical role of
well-structured and carefully chosen G-codes and M-codes in achieving high-quality CNC programs. As
such, this paper is a valuable resource for those aiming to deepen their understanding and improve their
skills in CNC programming, particularly in the context of developing robust programs for clutch hub
turning processes.
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