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ABSTRACT: Hard turning of hardened steels is extensively employed in the manufacturing of dies, molds, and precision
engineering components because of the superior mechanical properties of these materials. However, the high hardness
of hardened steels leads to severe cutting conditions, resulting in rapid tool wear, increased cutting forces, and reduced
machining efficiency. Therefore, evaluating the wear characteristics of cutting tools and optimizing machining
parameters are essential for improving productivity and extending tool service life. The present study investigates the
wear behaviour of coated carbide inserts during the turning of hardened AISI D2 steel by integrating experimental
machining with finite element analysis (FEA). The effects of cutting speed, feed rate, and depth of cut on flank wear,
material removal rate (MRR), and tool life were systematically examined under dry machining conditions. Finite element
simulations were performed to analyse the stress and thermal distribution developed at the cutting zone and to validate
the experimental observations. A Taguchi design of experiments was employed to determine the optimal machining
parameters that minimize tool wear while maintaining satisfactory machining performance. The experimental and
numerical results indicate that machining parameters significantly influence the wear behaviour of the cutting insert.
Higher cutting speeds improve material removal capability but also increase the thermal and mechanical loads acting on
the cutting edge, thereby accelerating wear progression. Feed rate and depth of cut also contribute to variations in cutting
performance and tool durability. The comparison between experimental measurements and FEA predictions demonstrates
good agreement, confirming the effectiveness of numerical modelling for analysing machining behaviour. The outcomes
of this research provide practical guidelines for selecting suitable machining parameters to enhance productivity, improve
surface quality, and increase the service life of coated carbide inserts during the turning of hardened AISI D2 steel.
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1. INTRODUCTION

The machining of hardened steels has become increasingly important in modern manufacturing because of the growing
demand for high-strength and wear-resistant components in the automotive, aerospace, tooling, and die industries.
Although these materials provide excellent mechanical properties and long service life, their high hardness makes
machining difficult by increasing cutting forces, temperature, and tool wear. Turning is one of the most widely used
machining processes for producing cylindrical components with high dimensional accuracy and good surface finish. The
machining performance is significantly influenced by cutting speed, feed rate, and depth of cut, which directly affects
tool life, material removal rate (MRR), and surface quality. Therefore, selecting appropriate machining parameters is
essential for improving productivity and reducing machining costs. Tool wear is one of the major factors affecting
machining efficiency during the turning of hardened steels. Coated carbide inserts are widely used because of their high
hardness, wear resistance, thermal stability, and cost-effectiveness. Their performance depends on machining conditions
and the interaction between the cutting tool and the workpiece. Finite Element Analysis (FEA) has become an effective
tool for analyzing machining processes by predicting stress, temperature, and wear behaviour under different cutting
conditions. The integration of experimental investigation with FEA provides a reliable approach for evaluating tool
performance and optimizing machining parameters. Therefore, the present study investigates the wear behaviour of
coated carbide inserts during the turning of hardened AISI D2 steel using both experimental analysis and finite element
modelling to improve tool life and machining performance.
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II. LITERATURE REVIEW

Machining difficulty machine materials is the emerging topic of today’s industry. Turning is a material removal process
which employs a single point cutting tool for machining materials possesses different hardness. The flexibility and ability
to manufacture complex shapes is one of the major advantages of turning compared to other machining processes. Tool
wear caused by hardness of workpiece material is the emerging areas of research in turning process. Several researchers
have contributed to study the influence of process parameters on tool wear while machining different grades of steel
materials. Authors studied the wear behaviour of CBN tools and coated carbide tools while machining different grades
of hardened steel and hardened AISI 4340 steel respectively. An attempt has been made to study the influence of process
parameters on tool wear using PCBN tool, patterned and non-patterned tool inserts and using CVD coated carbide tools.

Research Gap and Objectives:

The literature indicates that considerable research has been conducted on optimizing machining parameters using the
Taguchi method to improve surface finish and reduce tool wear during the turning of hardened steels. Previous studies
have mainly focused on the influence of cutting speed, feed rate, and depth of cut on machining performance using
different cutting tool materials. However, limited research has investigated the combined experimental and finite element
analysis (FEA) of coated carbide insert wear during the turning of hardened AISI D2 steel. Therefore, further
investigation is required to correlate machining parameters with tool wear behaviour and improve tool life.

Objectives:

e To investigate the influence of cutting speed, feed rate, and depth of cut on tool wear during the turning of hardened
AISI D2 steel.

e To evaluate the performance of CVD-coated carbide inserts under different machining conditions.

e To analyse tool wear behaviour using both experimental investigation and finite element analysis (FEA).

e To optimize machining parameters for improved tool life and machining performance using the Taguchi method.

III. METHODOLOGY OF PROPOSED SURVEY

The experimental investigation was carried out to evaluate the wear behaviour of coated carbide inserts during the turning
of hardened AISI D2 steel. The workpiece material possessed a hardness of approximately 66 HRC, making it suitable
for hard turning applications. Owing to its excellent wear resistance, compressive strength, and dimensional stability,
AISI D2 steel is extensively used in the manufacturing of dies, molds, punches, gears, bearings, and precision engineering
components. However, its high hardness makes machining difficult and results in rapid tool wear under severe cutting
conditions. The machining experiments were performed under dry cutting conditions using a CNC turning machine
equipped with a CVD-coated carbide insert. Dry machining was selected to eliminate the influence of cutting fluids and
to evaluate the actual wear characteristics of the cutting tool. The machining parameters selected for this investigation
were cutting speed, feed rate, and depth of cut, as these variables significantly influence cutting forces, heat generation,
material removal rate, and tool life. The Taguchi Design of Experiments (DOE) was adopted to design the experimental
trials using an orthogonal array. This statistical approach minimizes the number of experiments while providing reliable
information about the influence of machining parameters on the response variables. The performance of the cutting tool
was evaluated by measuring flank wear (VB), material removal rate (MRR), and tool life after each machining trial.
Flank wear was considered the primary criterion for evaluating tool performance because it directly affects machining
accuracy, surface quality, and dimensional tolerance. Finite Element Analysis (FEA) was carried out to simulate the
machining process and to study the distribution of stress, strain, and temperature at the tool-workpiece interface. The
numerical model was developed by considering the material properties of both the workpiece and the cutting insert under
actual machining conditions. The simulation results were compared with the experimental observations to validate the
accuracy of the numerical model. The influence of different machining parameters on tool wear and machining
performance was analysed using both experimental data and simulation results. The combined experimental and
numerical approach provides a comprehensive understanding of the wear mechanisms occurring during hard turning. The
findings of this methodology can be used to optimize machining conditions, improve tool life, reduce production costs,
and enhance productivity in industrial machining applications. Furthermore, the proposed methodology offers a reliable
framework for future investigations involving advanced cutting tool materials and difficult-to-machine alloys.
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Finite Element Analysis:

Finite Element Analysis (FEA) is a powerful numerical simulation technique widely used to investigate the mechanical
and thermal behaviour of engineering components under different operating conditions. In machining applications, FEA
helps predict stress distribution, strain, temperature, cutting forces, and tool wear without conducting a large number of
experimental trials. The integration of experimental investigations with finite element simulations improves the
understanding of machining behaviour and supports the optimization of cutting parameters. In the present study, FEA
was employed to analyse the wear behaviour of the coated carbide insert during the turning of hardened AISI D2 steel.
A three-dimensional numerical model of the cutting tool and workpiece was developed using suitable material properties
and machining conditions. The cutting speed, feed rate, and depth of cut used in the simulation were selected according
to the experimental design. Appropriate boundary conditions and contact interactions were defined to accurately represent
the machining process. The finite element model was used to evaluate the distribution of stress, strain, and temperature
at the tool-workpiece interface. These parameters play an important role in understanding the wear mechanism and
predicting tool performance under different cutting conditions. The simulation results were compared with the
experimental observations to validate the numerical model and assess its accuracy. A close agreement between the
experimental and simulation results confirms the effectiveness of the FEA approach for analysing machining performance
and predicting tool wear.

IV. CONCLUSION AND FUTURE WORK

The cutting parameters such as cutting speed, feed rate, depth of cut has been tested at some specific parameters using
the insert are given in the table 1. as follows. The cutting parameters are used in the calculations of theoretical, practical
and finite element analysis.

Testing Parameters Used to Determine the Efficiency of Carbide Insert
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Table 1. Testing parameters used to determine the efficiency of carbide insert

The influence of process parameters on MRR and tool wear are calculated in table such as the comparison of the finite
element analysis calculations, theoretical calculations and the practical calculations. Temperature is taken stable at 35°C
in all the experiments.
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Table 2. Result table
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