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ABSTRACT : 

Tool longevity plays a critical role in the effectiveness of metal cutting processes, influencing factors such as operational cost, product quality, and manufacturing 

efficiency. This research explores how the application of coolant impacts the lifespan of cutting tools during turning processes on a traditional lathe. The study 

involved two experimental scenarios—machining with no lubrication (dry turning) and machining with an appropriate cooling fluid. Key machining variables, 

including feed rate, spindle speed, depth of cut, and material properties, were kept constant to maintain experimental accuracy. Tool wear progression was 

systematically monitored and evaluated using recognized measurement techniques. Results revealed that the use of coolant led to a marked enhancement in tool 

durability, attributed to improved heat dissipation and lower friction at the contact zone. Furthermore, machining with coolant produced smoother surfaces and 

more precise dimensions. The outcomes underline the practical advantages of incorporating coolant in turning operations for better tool utilization and cost-

effectiveness. 
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1. INTRODUCTION 

Turning operations, performed predominantly on lathe machines, are among the most essential and frequently employed techniques in modern 

machining. The success and precision of these operations are heavily dependent on the durability and performance of the cutting tool. As the tool 

engages repeatedly with the workpiece, it experiences gradual wear, particularly under conditions of elevated temperature and high cutting speed, 

which can significantly impact surface finish, accuracy, production time, and overall machining costs. To mitigate such issues, the use of cutting 

fluids—or coolants—has become a standard approach. These fluids play a multifaceted role in the machining process by reducing heat generation, 

decreasing tool-workpiece friction, removing chips from the cutting zone, and improving the quality of the machined surface. However, with increasing 

concerns over sustainability and cost-effectiveness, there has been a renewed focus on evaluating when and how coolant application is most beneficial. 

This study presents an experimental comparison of tool life during turning processes conducted with and without the use of coolant. By maintaining 

uniform machining conditions and systematically measuring tool wear, the research aims to assess the effectiveness of coolant in extending tool 

longevity and enhancing machining performance, thereby offering valuable insights for improving industrial practices. 

2. PROBLEM IDENTIFICATION 

In metal cutting processes, particularly in turning operations conducted on lathe machines, the degradation of cutting tools over time poses a major 

challenge. This wear not only shortens the effective lifespan of the tool but also hampers the precision, surface integrity, and overall productivity of the 

machining process. Accelerated tool wear often results from intense heat and friction generated at the interface between the tool and the workpiece. 

While the application of cutting fluids is widely recognized for its ability to lower machining temperatures and extend tool life, comprehensive studies 

comparing tool performance in dry versus lubricated conditions remain relatively scarce. This is especially true when considering varying material 

types and process parameters. Additionally, in many small-scale and cost-sensitive manufacturing setups, the use of coolants is often minimized or 

excluded entirely due to financial, maintenance, or environmental limitations. This research seeks to bridge this knowledge gap by conducting a 

comparative analysis of tool wear behavior in turning operations carried out with and without coolant. The outcomes are expected to guide machinists, 

process engineers, and decision-makers in evaluating the practical benefits of coolant usage and optimizing machining strategies for better performance 

and cost efficiency. 

 3. OBJECTIVES OF THE RESEARCH WORK 

The primary aim of this research is to explore the impact of coolant application on tool life during turning operations. To achieve this, the following 

objectives have been formulated: 
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• To examine the influence of cutting tool degradation during lathe-based turning processes. 

• To analyze how varying machining parameters—such as cutting speed, depth of cut, and lubrication conditions (dry vs. coolant-assisted)—

affect tool wear in relation to applied forces and thermal loads. 

• To explore the relationship between cutting zone temperature and the operational lifespan of the tool. 

• To evaluate the impact of mechanical forces generated during the turning operation on the structural integrity and performance of the cutting 

tool. 

4. RESULT AND DISCUSSION 

In this study, various characteristics are monitored under different operational conditions. The temperatures, forces, and tool weight are recorded using 

an infrared thermometer, lathe tool dynamometer, and electronic weighing scale, respectively. Based on these measurements, tool wear, resultant force, 

and volume-to-weight ratio are calculated. The workpiece length is consistently maintained at 75 cm throughout the experiments, with a fixed feed rate 

of 0.055 mm per revolution. Additionally, constant tool geometry and consistent tool angles are employed across all trials. 

 

The experiment focuses on three key parameters: 

1. Temperature of the tool and interference zone 

2. Measurement of forces exerted during cutting 

3. Tool wear analysis and calculation of volume-to-weight ratio 

 

Table 1.1 Depth of cut V/S Volume weight ratio without coolant at 224 rpm 

 

Table 1.2 Depth of cut V/S Volume weight ratio with coolant at 224 rpm 
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Figure 1.1 Depth of cut V/S volume weight ratio 

 

Table 1.3 Depth of cut V/S Volume weight ratio without coolant 

 

Table 1.4 Depth of cut V/S Volume weight ratio with coolant 
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Figure 1.2 Depth of cut V/s Volume weight ratio 

5. CONCLUSION 

This study investigates the impact of cutting parameters on tool life during high-speed turning operations with and without coolant. The results reveal 

that increasing the cutting speed, depth of cut, and feed rate enhances productivity, although it also raises tool temperatures, which negatively affects 

tool longevity. The use of chilled water as a coolant effectively reduces tool temperature by 10-14°C and tool-workpiece interface temperature by 12-

18%, thereby extending tool life and boosting productivity. 

Moreover, coolant application leads to an increase in cutting and resultant forces as well as power consumption. However, the overall electricity cost 

remains lower at higher speeds compared to increased depth of cut, as cutting forces decrease and machining time shortens. The material removal rate 

also improves with higher depths of cut. 

The study further demonstrates that coolant significantly reduces tool wear rate, with a 3-4 times reduction compared to dry conditions, while 

improving the volume-to-weight ratio. This leads to less frequent tool changes and regrinding, thus reducing machining time. Overall, the use of 

coolant in high-speed turning operations optimizes both productivity and cost-efficiency. 
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