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Abstract — Advancements in ultra-precision machining have
driven significant innovations in single-point cutting tools,
nano-cutting strategies, and process optimization techniques.
This review consolidates findings from experimental and
simulation studies on tool material development, structured
surface texturing, cutting mechanics, and nano-scale
deformation mechanisms. Emphasis is placed on diamond
tool modification, tool edge geometry, surface integrity, and
molecular dynamics simulations. The review highlights
critical parameters influencing tool performance, wear
resistance, subsurface damage, and cutting efficiency,
providing insights into future development trends in ultra-
precision manufacturing and nanomachining.
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. INTRODUCTION

The evolution of single-point cutting tools plays a
fundamental-role—in—the —advancement of precision
manufacturing, particularly in  micromachining and
nanomachining applications.-As_industries demand ultra-
precise components for aerospace, biomedical, optical, and
semiconductor applications, the development of cutting tools
with enhanced wear resistance, thermal stability, and
dimensional accuracy becomes essential.
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Fig. 1: (a) 3D view of orthogonal cutting with single-point
cutting tool [28] (b) 2D view of macro machining model
[29] (c) 2D view of micromachining model [30] (d) 2D view
of ploughing in micromachining

Traditional cutting tools, while effective in macro-
scale operations, encounter limitations when applied to
micro-scale and nano-scale environments due to increased
tool wear, poor surface quality, and limited life span. Recent
research focuses on overcoming these challenges by
integrating new materials, innovative geometries, surface
texturing, and simulation techniques to optimize cutting
performance and extend tool life [1]-[3]. This review aims to
consolidate key findings from experimental and simulation-

Workpiece

based studies to provide a comprehensive perspective on the
mechanisms, innovations, and future trends in single-point
cutting tools.

Il. TooL MATERIAL DEVELOPMENT AND PERFORMANCE
EVALUATION

Material selection for cutting tools significantly impacts
machining efficiency, tool longevity, and surface finish.
High-carbon high-chromium (HCHC) steel was evaluated as
an alternative to conventional high-speed steel (HSS) tools.
Bharath and Shivashankar [4] demonstrated that HCHC tools
exhibited improved high-temperature characteristics and tool
life under lathe operations. These findings suggest HCHC’s
potential for applications involving elevated thermal loads.
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Fig. 2: Forces for the HCHC tools that are both forged and
heat treated & only heat treated

Additionally, Mohapatra et al. [5] introduced
centrifugal casting for fabricating single-point cutting tools.
This method yielded dense grain structures, offering better
performance. The optimization of process parameters using
Grey-Taguchi methods revealed that feed rate and cutting
velocity are critical in minimizing surface roughness and tool
wear. These advances indicate a shift toward economically
viable yet high-performance tool manufacturing methods.

Fig. 3: Centrifugal cast tool after heat treatment [5]
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Fig. 4: The main effect plot of S/N ratio for Surface
roughness.[5]
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I1l. TooL GEOMETRY AND SURFACE TEXTURING

Tool geometry is a critical determinant of cutting forces, chip
morphology, and heat generation. Siju and Waigaonkar [6]
explored various textured rake surfaces on tools and their
performance in hard turning of titanium alloys. Their study
revealed a decrease in tool-chip contact length and friction,

Effect of structure tool on nano-cutting surface integrity of single crystal y-TiAl alloy via atomic simulation

contributing to extended tool life and superior chip control.
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Fig. 5: Schematic of inserts (a) TI-1 (b) TI-2 (c) TI-3 (d) TI-
4 and actual photograph of (e) TI-1 and (f) TI-2 [6]
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Fig. 6: (a) Schematic showing actual contact area for a
textured (groove geometry) insert (b) magnified view of the
contact area. [6]

On the nano-scale, Li et al. [7] employed molecular
dynamics simulations to analyze how structured tools like V-
grooved and arc-grooved tools reduce subsurface damage and
friction while improving atomic flow. These improvements
are vital in nanomachining where surface integrity is
paramount. Such innovations highlight the importance of tool
microstructure and geometry in enhancing machinability and
surface finish.

Fig. 7: Nano-cutting model of single crystal y-TiAl alloy
with Variation of Tangential and Normal cutting forces for
different tools cutting [7]

IV. CUTTING TOOL MODIFICATION TECHNIQUES

Surface modification techniques like focused ion beam (FIB)
treatment have opened new frontiers in enhancing tool
performance. Du et al. [8] utilized FIB to alter the rake
surface of single-crystal diamond tools. This modification
improved wear resistance and reduced cutting forces,
enhancing surface quality during micro-machining of
aluminum alloys.
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Fig. 9: Machine tool employed for cutting experiments

All rights reserved by www.ijsrd.com 51



Advances in Single-Point Cutting Tools and Nano-Cutting Mechanisms: A Comprehensive Review

(IJSRD/Vol. 13/Issue 2/2025/013)

Similarly, Chen et al. [9] demonstrated that straight-
nosed tools offer advantages over traditional round-nosed
tools in SPDT of curved Zerodur optics. These tools
facilitated ductile-mode cutting, resulting in lower surface
roughness and tool wear. Such modifications suggest a
paradigm shift toward tool designs tailored for specific
machining tasks.
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Fig 10: Schematics illustrating the cutting principles of
using (a) round-nosed, A comparison of the machined
surface roughness (a) and width of cut and Overall cutting
edge condition of the (a) round-nosed and (b) straight-nosed
cutting tools after machining the Zerodur samples for 1.07
kilometres (Feed rate f = 0.36 pm/r, depth of cut d = 1 um,
tool rake angle y=0deg.) [9]

V. SIMULATION-ASSISTED CUTTING ANALYSIS

Simulation techniques, particularly molecular dynamics
(MD), enable atomic-level understanding of cutting
mechanisms. Fajardo-Pruna et al. [10] analyzed micro-
cutting in a hybrid parallel-serial machine using kinematic
and dynamic models. Their study demonstrated how tool
trajectory and stiffness impact cutting precision.
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path [10]

Theoretical cutting
tool position

Shifted cutting
tool position

Workpiece

Fig. 12 Diagram of tool tip shift [10]

In another study, the impact of tool rake angle and
cutting speed on the ultra-precision cutting of single crystal
silicon with natural single crystal diamond tools was
investigated by Dai and Peng [11]. The experiment was
carried out using molecular dynamics (MD) simulations. The
results of the study indicate that the tool with a rake angle of
0 degrees achieves improved surface quality, in addition to a
reduction in cutting force and friction coefficient, when
compared to the tools with rake angles of 10 degrees and 20
degrees. In addition, the findings of the MD analysis show
that a tool with a lower negative rake angle can reduce the
development of high pressure phase atoms and other defects.
Additionally, when the spindle speed of the machine rises, the
PV, RMS, and Ra surface roughness metrics all increase in
order to decrease. Additionally, greater cutting speeds
generate fewer faulty atoms and enhance the surface
morphology of the machined workpiece. This is because
surface morphology is improved.
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Fig. 13: White light interferometer (ZYGO New Views 700 20x) results of single crystal silicon at different cutting tool rake
angles. (a) 0°; (b) -10°; and (c) -20° [11]
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VI. VIBRATION DAMPING AND STABILITY ENHANCEMENT

Vibration and chatter are significant barriers to precision
machining. Patel et al. [12] proposed a multi-layer passive
damping (MLPD) system for single-point tools. Using
viscoelastic layers, they achieved reduced vibration
amplitudes and increased tool stability, confirmed by
harmonic response analysis.

Such damping systems are essential for high-speed
cutting operations where even minor vibrations can
deteriorate surface finish and reduce tool life. The study
highlights passive damping as a low-cost, effective solution
for vibration mitigation in turning processes.

Harmonic response of different MLPD slots.
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Fig. 14: Amplitude (mm/s?) vs. Frequency (Hz) of Different
MLPD slots [12]
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VII.

Advanced materials like single-crystal silicon, titanium
alloys, and y-TiAl alloys are increasingly used in aerospace,
optics, and microelectronics. These materials, while offering
excellent mechanical properties, present machining
challenges due to brittleness, high strength, and poor thermal
conductivity.

MACHINING OF ADVANCED MATERIALS

Wang et al. [13] emphasized the importance of tool
edge radius in nano-cutting of porous silicon, where smaller
radii minimized damage and improved machining quality. In
the case of y-TiAl, structured tools were found to reduce
cutting force and subsurface damage [7].
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Fig. 16: Beginning of cutting distance calculation under
different tool-edge radii. [13]
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Fig. 17: (a) Fluctuation of the cutting force during the
processing. (b) Cutting force on the pore walls when the
cutting distance is 6 nm [13]

Dai and Peng [11] confirmed that higher cutting
speeds reduce defect generation and improve surface integrity
in ultra-precision machining of silicon. These findings
illustrate the need for tailored tools and optimized cutting
conditions for advanced material machining.

VIIl. PROCESS OPTIMIZATION AND CONTROL STRATEGIES

Optimization of cutting parameters is essential for achieving
desired outcomes in surface quality and tool wear. Mohapatra
et al. [5] used Grey-Taguchi analysis to optimize cutting
speed, feed, and depth for centrifugal cast tools. Cutting
speed was found to be the most significant factor affecting
flank wear, while feed influenced surface roughness.

Such optimization techniques, combined with
ANOVA and regression models, provide a scientific basis for
selecting machining parameters. This approach minimizes
trial-and-error in industrial settings and enhances machining
consistency.

IX. FUTURE DIRECTIONS AND RESEARCH GAPS

Despite notable advancements, several research gaps remain.
Integration of AI/ML techniques for real-time tool wear
prediction, hybrid simulation-experimental validation
methods, and sustainable machining practices are areas for
future exploration.
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Additionally, development of smart tools with
embedded sensors and adaptive control strategies can
revolutionize the field. Further investigation into nano-
structured coatings, environmentally benign lubricants, and
additive manufacturing of tools may yield breakthroughs in
machinability and cost-effectiveness.

X. CONCLUSION

— This review highlights the significant advancements in
micro cutting processes and tool technologies,
emphasizing the importance of continued research in this
field. The findings suggest that while progress has been
made, there are still critical areas that require further
exploration. Future studies should focus on enhancing
tool performance, reducing wear, and improving surface
integrity in micro machining applications. By addressing
these challenges, researchers can contribute to the
development of more efficient and precise micro cutting
technologies, ultimately advancing the field of precision
engineering.

— The integration of new materials, advanced machining
strategies, and smart technologies will play a crucial role
in shaping the future of micro cutting. As industries
continue to demand smaller, more intricate components,
the need for innovative solutions in micro cutting will
only grow. Researchers and practitioners must
collaborate to explore new frontiers in micro cutting,
ensuring that the technologies developed meet the
evolving needs of modern manufacturing.

— In conclusion, the advancements in micro cutting
processes and tool technologies represent a significant
step forward in precision engineering. The insights
gained from recent studies provide a solid foundation for
future research and development, paving the way for the
next generation of micro cutting technologies. By
fostering innovation and collaboration, the field of micro
cutting can continue to thrive, delivering high-quality
components that meet the demands of an increasingly
complex and competitive manufacturing landscape.
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