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Abstract: Machining is integral to manufacturing ensuring precise component fabrication. Cutting tool efficiency dictates process
optimization, fuelling continuous innovation. Metallic coatings amplify tool longevity, thermal resilience, and machining precision.
This experimental study delves into the high-performance of coated single-point cutting tools during turning operations on
aluminium—a material widely used in aerospace, automotive, and industrial applications. To elevate machining standards, the
single-point cutting tool was coated with three distinct coatings: zinc, nickel and chromium, each chosen for its unique physical and
thermal properties. Cylindrical aluminium specimens were machined using these different coated tools and tool efficacy was
rigorously evaluated through surface finish, material removal rate, and thermal stability assessments.

The performance of each coated tool was evaluated through critical machining parameters, including surface finish quality, material
removal rate (MRR), and thermal stability. This comparative analysis between coated and uncoated tools unveiled compelling
insights, revealing the profound influence of surface engineering on tool efficacy. From this comprehensive study, data-driven
conclusions were drawn, underscoring the transformative potential of tool coatings in modern precision manufacturing.
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1. INTRODUCTION

In modern manufacturing, there is a constant demand for improved productivity, higher product quality and reduced machining
costs. Turning operations, a critical part of manufacturing, are heavily dependent on the performance of cutting tools. Turning is a
fundamental machining process widely employed in various industries for the production of cylindrical components. Single-point
cutting tools are essential in turning, and their performance is critical to achieving desired dimensional accuracy, surface finish, and
material removal rate. To enhance tool life and cutting performance, coated tools have become increasingly prevalent. Uncoated
tools often suffer from limitations such as rapid wear, high cutting temperatures, and poor surface finish, especially when machining
difficult-to-cut materials. Coated single-point cutting tools have been developed to address these issues, offering enhanced hardness,
wear resistance, and thermal stability. However, the optimal selection and utilization of coated tools require a thorough
understanding of their performance characteristics under different cutting conditions. This study aims to analyze the performance
of coated single-point cutting tools in turning, evaluating the effects of cutting speed, feed rate, and depth of cut on tool performance.

2. LITERATURE REVIEW

In machining operations, a significant portion of the energy is transformed into heat, elevating the temperatures of both the cutting
tool and the workpiece. Ghani et al. (2004) examined the wear mechanisms of TiN-coated carbide and uncoated cermet tools during
the end milling of hardened AISI H13 tool steel across various cutting speeds, feed rates, and depths of cut. Their findings indicated
that TiN-coated carbide tools exhibited delayed onset of cracking and fracturing compared to uncoated cermet tools, particularly
under both high and low combinations of the examined cutting parameters. Conversely, uncoated cermet tools demonstrated more
uniform and gradual flank wear.

Huang and Liang (2005) assessed tool performance by evaluating tool life, based on flank wear criteria, in relation to cutting
speed, feed, and depth of cut. They concluded that cutting speed predominantly influences tool life, followed by feed rate and depth
of cut, aligning with predictions from the Taylor tool life equation and experimental observations. Grzesik and Van Luttervelt
(2005) investigated the impact of tool-work interface temperature when machining AISI 1045 and AlSI 304 steels with coated tools.
Utilizing a standard K-type thermocouple embedded in the workpiece, they measured interface temperatures and observed that
friction on the flank face significantly affected heat generation, especially at cutting speeds around 200 m/min.

[JNRD2504273 International Journal Of Novel Research And Development (www.ijnrd.org)



http://www.ijrti.org/

© 2025 IJNRD | Volume 10, Issue 4 April 2025 | ISSN: 2456-4184 | ]NRD.ORG

Ramamoorthy and Yeldose (2009) identified optimal sputter deposition conditions for DLC/TiN/Ti/Cu/Ni multilayer
coatings, achieving enhanced adhesion and surface finish quality. Abhang and Hameedullah (2010) explored methods for measuring
temperatures during cutting operations, including thermal radiation, tool-chip thermocouples, and embedded thermocouples. They
highlighted the tool-work thermocouple method as a prevalent technique for assessing chip-tool interface temperatures during the
machining of EN-31 steel alloy. Subramanyam et al. (2010) analyzed the performance of coated tools in machining hardened steel
under dry conditions. Their experiments revealed that increasing the feed rate deteriorates surface roughness, while variations in
cutting velocity also impact surface finish. The study concluded that selecting appropriate cutting parameters enables coated tools
to produce components with superior surface finishes. They conducted a statistical analysis of surface roughness parameters in hard
turning of AISI 5418 steel, providing insights relevant to the application of coated tools. Few offered perspectives on the utilization
of nanomaterials in machining, including coatings that significantly influence tool performance.

Aslantas et al. (2012) reported that TiN coatings on Al.Os/TiCN mixed ceramic tools enhance toughness and maintain
surface quality during the machining of hardened steels. Their study suggests that uncoated tools are more susceptible to fracture
and chipping, whereas TiN-coated tools primarily experience crater wear, which positively affects chip flow and mitigates adverse
thermal effects. Ramesh et al. (2012) investigated the impact of machining parameters—cutting speed, feed rate, and depth of cut—
on surface roughness in the turning of aerospace titanium alloy. Their findings indicated that surface roughness increases with
higher feed rates, cutting speeds, and depths of cut.

Saraswat et al. (2014) applied the Taguchi method to optimize cutting parameters for turning mild steel, achieving
improved surface finishes. Their findings underscore the importance of selecting appropriate machining settings to enhance product
quality and machining efficiency. Mali and Mahender (2015) concluded that applying TiN and AICrN coatings to high-speed steel
(HSS) single-point cutting tools significantly improves wear resistance, reduces temperature rise during machining, and enhances
tool hardness. Among the coatings studied, AICrN demonstrated superior performance, making it a preferable choice for extending
tool life and improving machining efficiency. Their study highlights the benefits of employing hard coatings on cutting tools to
enhance performance in machining operations.

Kumar and Poornamohan (2017) explored the performance of nickel and zinc coatings on single-point cutting tools in
turning operations involving aluminum workpieces. Their analysis focused on the impact of these coatings on tool-workpiece
interface temperature, surface finish, and machining efficiency of HSS cutting tools. The results demonstrated that both nickel and
zinc coatings effectively reduced interface temperatures and improved surface finish, with zinc-coated tools exhibiting slightly
superior performance. Additionally, the application of coated tools led to increased material removal rates, indicating enhanced
machining efficiency. Their findings suggest that nickel and zinc coatings offer a viable method for improving turning operations
on aluminum workpieces, particularly within small and medium-scale manufacturing industries.

Badaluddin et al. (2018) provided an overview of cutting tool coatings and their impact on mechanical properties. They
discussed various coating types, including single-layer, multi-layer, nanocomposites, and superlattice structures, emphasizing their
roles in enhancing tool performance. The paper aims to assist researchers in understanding appropriate coating structures for cutting
tool applications. Bensouilah et al. (2018) reported that applying coatings to mixed ceramic cutting tools significantly enhances
their performance in hard turning operations. Coated tools exhibited improved wear resistance, better surface finish, and extended
tool life compared to uncoated counterparts. Their study underscores the importance of selecting appropriate tool coatings to
optimize machining efficiency and product quality in the hard turning of hardened steels.

3. Experimentation

Experiments have been carried out in order to examine the impact of one or more factors of the process parameters (spindle speed,
feed rate and depth of cut) on the surface finish of the machined surface in turning operations.
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Fig. 1: Single point cutting tool — nomenclature

A single-point cutting tool (Fig. 1) is integral to lathe machine, enabling precise material removal in turning, facing, grooving, and
threading operations. It ensures dimensional accuracy, superior finish, and high machining efficiency. The tool, featuring a single
cutting edge, engages a rotating workpiece, shearing material into continuous chips. Its performance depends on rake angle,
clearance angle, and cutting-edge sharpness, affecting chip control and tool longevity.

3.1 Procedure

For the experimentation, Aluminium was chosen as the work piece material. A long aluminium rod of 20 mm diameter was cut into
smaller pieces as shown in Fig. 2, and experiments were conducted using single-point cutting tools coated with different materials.
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Fig. 2: Aluminium work pieces

Electroplating is a surface finishing process where a thin layer of metal is deposited onto the surface of a workpiece using an electric
current. It's a versatile technique used to enhance the properties of various materials, and it's also applied to single-point cutting
tools to improve their performance. Electroplating process for applying zinc, nickel, and chromium coatings to single-point cutting
tools are shown in the Fig. 3

Fig. 3: Electroplating process

Figure 4 presents the single-point cutting tool specimens, each coated with a different coatings —zinc, nickel, and chromium,
applied separately to evaluate their individual performance characteristics.
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Fig. 4 Single point cutting tool coated with different coatings

These coatings were deposited to enhance the cutting edge properties, with the aim of improving wear resistance, thermal stability,
and overall tool life during machining operations. The visual representation in the figure highlights the uniform application of each
coating, which serves as a critical variable in the comparative analysis of tool behavior under varying machining conditions.

3.1.1. Turning

Fig. 5 refers to turning operation which is a pivotal machining operation where a single-point cutting tool precisely removes material
from a rotating workpiece, achieving exact dimensional specifications and a refined surface finish. This method enhances
concentricity, reduces material wastage, and ensures superior manufacturing precision.
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Fig. 5: Turning operation
3.1.2. Facing

Fig 6 refers to facing operation which is an essential lathe operation that produces an impeccably flat surface perpendicular to the
rotational axis. A rigidly mounted cutting tool traverses perpendicularly, ensuring optimal flatness, dimensional accuracy, and a
high-quality surface profile.

Fig. 6: Facing operation
3.2. Temperature Measurement

Effective temperature management is critical for tool longevity and material stability. Infrared thermographic analysis, a high-
precision, non-contact technique, detects heat radiation, mitigating thermal distortion and enhancing machining accuracy,

Fig. 7 Temperature measurement

efficiency, and process control. Fig. 7 shows as to how the tool tip and workpiece interface temperatures were measured and
recorded throughout the experiments, under varying conditions of speed, feed rate, and depth of cut.

3.3. Surface roughness:

Surface roughness, characterized by micro-level irregularities, significantly impacts friction, wear resistance, and material
compatibility. Parameters such as *Ra* (mean roughness) and *Rz* (peak-to-valley height) are meticulously assessed to refine
machining precision, minimize defects, and optimize mechanical performance. Fig. 8 refers to the measurement of the surface
roughness of the aluminium workpiece during experimentation.
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Fig. 8: Surface roughness measurement apparatus during testing

In any machining operation, the selection of appropriate cutting parameters is crucial to achieving optimal performance, surface
finish, and tool longevity. The present study explores the influence of three fundamental machining variables i.e cutting speed
(rpm), feed rate (mm/rev), and depth of cut (mm). These parameters were systematically varied to evaluate their individual and
combined effects on the machining of aluminium using coated single-point cutting tools. Three distinct cutting conditions were
employed as shown in Table 1.

Table 1: Parameters for experimentation

Cutting Speed (rpm) | Feed (mm/rev) Depth of cut (mm)
270 0.056 0.1
421 0.069 0.2
646 0.072 0.3

3.4. Calculation of material removal rate

MRR is defined as the total volume of material removed from work piece per unit time. MRR is a criterion to analyze the
productivity of a machining process.

Let
f = feed value in mm/ rev,

d = depth of cut in mm, and

D = diameter of work piece in mm

Then volume of material removed from work piece per unit revolution is given by
MRR =z x f x d x D mm3/rev

If N = speed of work piece in revolutions per minute, Then, volume of material removed from work piece per minute is
MRR=nxfxdxD xNmm3/rev

Using this standard relation material removal rate in turning operation can be calculated.
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4. Results and Discussion
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Fig. 9: Temperature vs. speed plot for depth of cut = 0.1mm, feed = 0.056 (mm/rev) for different coated tools

Figure 9 shows the effect of tool coating on temperature at a feed of 0.056 mm/rev. The temperature increases with spindle speed
for all tools. Zinc-coated and uncoated tools reach the highest temperatures at 33°C and 34°C respectively. Nickel-coated tools
show the least temperature rise, maintaining 32°C. Chrome-coated tools offer moderate performance (32°C at high speed).
Nickel coating provides better thermal resistance, while Zinc generates the most heat.
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Fig. 10: Temperature vs. speed plot for depth of cut 0.1mm, feed 0.069 (mm/rev) for different coated tools.

Fig. 10 illustrates temperature rise for different coatings at a feed of 0.069 mm/rev. Zinc-coated tool records the highest temperature
of 36°C. Uncoated tools follow closely at 35°C, while Nickel and Chrome stay at lower ranges.
Zinc and Uncoated tools are more prone to heat buildup, while Nickel remains thermally efficient.
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Fig. 11: Temperature vs. speed plot for depth of cut 0.1mm, feed 0.072 (mm/rev) for different coated tools.

Fig. 11 continues the trend analysis with a higher feed rate at 0.072 mm/rev. Zinc and uncoated tools show a steep temperature rise,
reaching 38°C and 35°C respectively. Nickel and Chrome tools remain more stable, with temperatures peaking at 33°C.
Nickel continues to be the most effective coating for minimizing temperature across increasing speeds and feed rates.
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Fig. 12: Temperature vs. speed plot for depth of cut 0.2mm, feed 0.056 (mm/rev) for different coated tools.

Temperature increases steadily with spindle speed for all coatings as shown in Fig. 12. Zinc-coated and uncoated tools show the
highest temperatures at 35°C. Nickel coated and chrome coated tools show the lowest rise, maintaining 32°C. Nickel performs best
thermally. Zinc and uncoated tools produce significantly more heat at higher speeds.
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Temperature Vs speed plot for
depth of cut 0.2mm,feed 0.069 (mm/rev) for variety of tools.
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Fig. 13: Temperature Vs speed plot for depth of cut 0.2mm, feed 0.069 (mm/rev) for different coated tools.

Fig. 13 shows that all tools experience an increase in temperature with speed. Zinc coated tool shows the highest temperature (37°C),
followed by the uncoated tool (35°C). Nickel coated tool keeps the temperature near 33°C, showing excellent heat resistance. Nickel
remains the most heat efficient coating, while Zinc and uncoated tools experience high thermal loads.

Temperature Vs speed plot for

depth of cut 0.2Zmm,feed 0.072 (mm/rev) for variety of tools.

[

B

~#—Uncoated tool
——Nickel

Zinc

Temp&ramre b.("Q

w
w

w
N

w
e

== Chrome

100 200 300 400 500 600 700
speed (rpm)

Fig. 14: Temperature vs. speed plot for depth of cut 0.2mm, feed 0.072 (mm/rev) for different coated tools.

Fig. 14 shows the similar trend as the temperature rises with speed. Zinc and uncoated tools generate the most heat, peaking around

37°C and 38°C. Nickel remains thermally stable at 34°C, and Chrome stays moderate at 35°C. Higher feed rate intensifies heat
generation, but Nickel coating continues to outperform in thermal control.
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Temperature Vs speed plot for
depth of cut 0.3mm,feed 0.056 (mm/rev) for variety of tools
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Fig. 15: Temperature vs. speed plot for depth of cut 0.3mm, feed 0.056 (mm/rev) for different coated tools.

Fig. 15 shows significant temperature increase for Zinc and uncoated tools. Nickel coated tools maintain better control. Chrome
performs slightly better than uncoated, peaking near 33°C. At higher depth of cut, Zinc and uncoated tools are prone to overheating.
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Fig. 16: Temperature vs. speed plot for depth of cut 0.3mm, feed 0.069 (mm/rev) for different coated tools.

Fig. 16 shows the temperature vs. Speed at a depth of cut = 0.3 mm and feed of 0.069 mm/rev. As with other conditions, Zinc and
uncoated tools show maximum temperature rise. Nickel and Chrome maintain lower temperatures. Consistent pattern shows Nickel
as the best performer under increasing thermal loads.

[JNRD2504273

International Journal Of Novel Research And Development (www.ijnrd.org)



http://www.ijrti.org/

© 2025 IJNRD | Volume 10, Issue 4 April 2025 | ISSN: 2456-4184 | INRD.ORG

Temperature Vs speed plot for
depth of cut 0.3mm,feed 0.072 (mm/rev) for
variety of tools
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Fig. 17: Temperature vs. speed plot for depth of cut 0.3mm, feed 0.072 (mm/rev) for different coated tools.

Fig. 17 shows Zinc coated tool again hits the highest temperature of 40°C. Uncoated tool follows 37°C, while Nickel and Chrome
remain relatively stable. Even under the highest tested cutting conditions, Nickel shows excellent thermal stability.

Surface Roughness Vs Speed plot for
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Fig. 18: Surface Roughness vs. speed plot for depth of cut 0.1mm, feed 0.056 (mm/rev) for different coated tools.

Fig. 18 shows that surface roughness decreases as spindle speed increases for all coatings. Nickel coated tool achieves the lowest
roughness values across all speeds. Zinc coated and uncoated tools show higher roughness, especially at lower speeds. Nickel
coating significantly improves surface finish, while Zinc and uncoated tools are less effective.
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Surface Roughness Vs Speed plot for
Depth of cut =0.1mm ,Feed =0.069(mm/rev) for variety of tools
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Fig. 19: Surface Roughness Vs speed plot for depth of cut 0.1mm, feed 0.069 (mm/rev) for different coated tools.

Fig. 19 shows the general downward trend in roughness with increasing speed. Nickel again shows the smoothest finish. Zinc coated
and uncoated tools produce higher roughness, particularly at lower speeds. Increasing spindle speed helps reduce surface roughness,
with Nickel coatings performing best.
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Fig. 20: Surface Roughness vs. speed plot for depth of cut 0.1mm, feed 0.072 (mm/rev) for different coated tools.

Fig. 20 shows the surface roughness values continue to drop as speed increases. Nickel and Chrome coated tools yield better finishes
than Zinc and uncoated tools. Nickel and Chrome coatings help maintain surface quality even at higher feed rates.
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Surface Roughness Vs Speed plot for
Depth of cut =0.2mm ,Feed =0.056(mm/rev)
for variety of tools
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Fig. 21: Surface Roughness vs. speed plot for depth of cut 0.2 mm, feed 0.056 (mm/rev) for different coated tools.

Fig. 21 shows that roughness decreases with speed. Nickel continues to produce the smoothest surfaces. Uncoated and Zinc produce
rougher finishes. At higher depth, coating continues to play a key role in surface quality, with Nickel giving best results.

Surface Roughness Vs Speed plot for
Depth of cut =0.2mm ,Feed =0.069(mm/rev) for variety of tools
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Fig. 22: Surface Roughness vs. speed plot for depth of cut 0.2 mm, feed 0.069 (mm/rev) for different coated tools.

Fig. 22 shows that all coatings show improved surface finish with increased speed. Nickel and Chrome show the lowest surface
roughness. Zinc has the highest roughness, especially at lower speeds. Chrome emerges as a competitive performer alongside Nickel
under these conditions.
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Surface Roughness Vs Speed plot for
Depth of cut =0.2mm ,Feed =0.072(mm/rev) for variety of tools
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Fig. 23: Surface Roughness vs. speed plot for depth of cut 0.2 mm, feed 0.072 (mm/rev) for different coated tools.

Fig. 23 shows that higher speed results in better finish for all coatings. Nickel remains best, followed by Chrome. Uncoated and
Zinc show poor finish, particularly at low rpm. Coated tools significantly enhance surface finish, especially at higher feed and cut
depth.

Surface Roughness Vs Speed plot for
Depth of cut =0.3mm ,Feed =0.056(mm/rev) for variety of tools
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Fig. 24: Surface Roughness vs. speed plot for depth of cut 0.3 mm, feed 0.056 (mm/rev) for different coated tools.

Fig. 24 shows that the surface roughness trends downward with speed. Nickel-coated tool consistently offers the best finish.
Uncoated tools show poor performance. At deeper cuts, coating becomes critical for maintaining surface quality.
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Surface Roughness Vs Speed plot for
Depth of cut =0.3mm ,Feed =0.069(mm/rev) for variety of tools
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Fig. 25: Surface Roughness vs. speed plot for depth of cut 0.3 mm, feed 0.069 (mm/rev) for different coated tools.

Fig. 25 shows similar behavior increasing speed reduces roughness. Nickel performs best, Chrome is moderate, Zinc and Uncoated
are less effective. Nickel and Chrome coatings support smoother machining even at aggressive conditions.

Surface Roughness Vs Speed plot for
Depth of cut =0.3mm ,Feed =0.072(mm/rev) for variety of tools
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Fig. 26: Surface Roughness vs. speed plot for depth of cut 0.3 mm, feed 0.072 (mm/rev) for different coated tools.

Fig. 26 shows the surface roughness continues to decrease with speed. Nickel maintains top performance. Uncoated and Zinc tools
show high roughness, especially at low speeds. At the highest cutting conditions, coatings (especially Nickel) play a vital role in
preserving surface finish.

Table 2: Comparison table indicating the performance of different coatings

Coating Type Temperature Control Surface Finish Quality Overall Performance
Nickel Excellent (lowest temp) Excellent (smoothest finish) Best overall

Chrome Good (moderate temp) Good (smooth surface) Consistent

Zinc Poor (highest temp) Poor (rough finish) Least effective
Uncoated Poor (high temp) Poor (roughest finish) Baseline (worst)

Table 2 indicates the performance of different coatings. The temperature increases with spindle speed for all coatings.
Higher feed rates and depths of cut contribute to higher temperatures. Nickel coating consistently provides the best thermal

resistance, followed by Chrome.
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Zinc-coated and Uncoated tools exhibit high thermal buildup, making them less suitable for high-speed machining. Surface
roughness decreases with spindle speed for all coatings. Nickel-coated tools deliver the smoothest surfaces across all cutting
conditions. Chrome also improves surface finish but not as effectively as Nickel. Zinc-coated and Uncoated tools produce higher
surface roughness, especially at low speeds. Nickel coating is the most effective for both minimizing temperature and enhancing
surface quality, making it ideal for high-speed, high-feed machining. Chrome coating is a good alternative, especially when thermal
and surface finish performance need to be balanced. Uncoated and Zinc-coated tools are less suitable for demanding machining
conditions due to higher heat generation and poorer finish. Optimizing spindle speed and applying the right coating significantly
enhances machining performance.

CONCLUSION

Surface roughness is primarily influenced by spindle speed, feed rate, and depth of cut. Depth of cut has the most significant effect,
followed by feed rate and spindle speed. At lower feed rates, increasing spindle speed improves surface finish, while at higher feed
rates, roughness varies unpredictably. As depth of cut increases, surface roughness deteriorates, highlighting the need for optimized
cutting parameters.
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