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Titanium alloys are commonly used in industrial applications due to their
exceptional mechanical and chemical properties. However, their low thermal
conductivity and high chemical reactivity pose significant challenges inmachining,
leading to increased cutting forces, rapid tool wear, and poor surface quality. To
overcome these issues, advanced cutting edge preparation techniques have been
developed to enhance the machining performance of titanium alloys. This paper
provides an overview of state-of-the-art cutting edge preparation techniques for
titanium alloy machining and examines their effects onmachining performance. It
first presents a characterization method for cutting edge geometry and explores
how it affects machining performance, demonstrating that strategic cutting edge
preparation can significantly enhance performance by reducing cutting forces and
improving surface finish. The paper also emphasizes the underlying mechanisms
of cutting edge preparation and its impact on machining performance and
subsequent cutting edge erosion. Finally, it concludes by discussing future
research directions in this field, highlighting the need to develop new cutting
edge preparation techniques and optimize existing ones. Overall, this paper serves
as a valuable resource for researchers and engineers seeking to improve the
cutting performance of titanium alloys in various applications.
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1 Introduction

Titanium alloy is a commonly used material in aerospace engines due to its excellent
comprehensive properties, such as high specific strength, strong heat resistance, and low-
temperature resistance (Amann et al, 2023). It not only prolongs the service life of aircraft
but also reduces their weight and fuel consumption, significantly improving their flight
performance (Yin et al, 2023). However, with increasingly demanding service performance
requirements for aircraft engines, higher demands have been placed on their materials and
manufacturing technology. As a typical difficult-to-process material, titanium alloy is often
prone to material deformation and heat accumulation near the cutting edge during cutting
processes, leading to tool wear and affecting processing quality. This is due to its low thermal
conductivity, small elastic modulus, and small deformation coefficient (Chakradhar et al,
2023; Chen et al, 2023).

OPEN ACCESS

EDITED BY

Guijian Xiao,
Chongqing University, China

REVIEWED BY

Xiuqing Hao,
Nanjing University of Aeronautics and
Astronautics, China
Tao Zhang,
Central South University, China
Qiiun Zheng,
Monash University, China

*CORRESPONDENCE

Haiyang Yuan,
yuanhaiyang1156@163.com

RECEIVED 12 March 2023
ACCEPTED 09 May 2023
PUBLISHED 17 May 2023

CITATION

Pan F and Yuan H (2023), State-of-the-art
and perspectives of cutting edge
preparation and its effect on the cutting
performance of titanium alloy.
Front. Mater. 10:1184610.
doi: 10.3389/fmats.2023.1184610

COPYRIGHT

© 2023 Pan and Yuan. This is an open-
access article distributed under the terms
of the Creative Commons Attribution
License (CC BY). The use, distribution or
reproduction in other forums is
permitted, provided the original author(s)
and the copyright owner(s) are credited
and that the original publication in this
journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted
which does not comply with these terms.

Frontiers in Materials frontiersin.org01

TYPE Mini Review
PUBLISHED 17 May 2023
DOI 10.3389/fmats.2023.1184610

https://www.frontiersin.org/articles/10.3389/fmats.2023.1184610/full
https://www.frontiersin.org/articles/10.3389/fmats.2023.1184610/full
https://www.frontiersin.org/articles/10.3389/fmats.2023.1184610/full
https://www.frontiersin.org/articles/10.3389/fmats.2023.1184610/full
https://crossmark.crossref.org/dialog/?doi=10.3389/fmats.2023.1184610&domain=pdf&date_stamp=2023-05-17
mailto:yuanhaiyang1156@163.com
mailto:yuanhaiyang1156@163.com
https://doi.org/10.3389/fmats.2023.1184610
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/materials
https://www.frontiersin.org
https://www.frontiersin.org/journals/materials
https://www.frontiersin.org/journals/materials#editorial-board
https://www.frontiersin.org/journals/materials#editorial-board
https://doi.org/10.3389/fmats.2023.1184610


Cemented carbide tools are the most commonly used tool
materials in metal cutting due to their toughness, wear resistance,
and hardness. These properties are achieved by sintering high-
hardness carbides like WC and TiC with binders such as Co and
Ni at high temperatures (Ivanov et al, 2000; Kouadri et al, 2013;
Kazymyrovych and Kryzhanivskyy, 2023). However, when cutting
titanium alloy, hard alloy tools face a unique challenge. The low
thermal conductivity of titanium alloy results in an increase in
cutting force on the unit contact area due to the short contact length
between the chips and the front cutting surface. This, in turn, leads
to an extremely high cutting temperature at the cutting edge, with
the heat generated during cutting concentrated within a small range
near the cutting deformation zone and the cutting edge (Zhou et al,
2019). As the cutting temperature increases, the chemical affinity
between the tool and the workpiece material strengthens, increasing
the likelihood of the workpiece adhering to the front and back
cutting surfaces of the tool, exacerbating the squeezing and friction
between the cutting edge and the workpiece, and leading to cold
welding between the tool and the workpiece (Yang et al, 2022).
Additionally, as the chips flow, the binder is peeled off, taking away
some of the tool material and worsening tool wear. As a result,
reducing tool wear and ensuring high surface integrity in titanium
alloy materials have become pressing challenges that require
immediate attention (Liang et al, 2022).

Tool manufacturing success is dependent on several factors
including tool materials, geometric structure, coatings, and
cutting edge preparation technology. As cutting technology
continues to develop, the tool manufacturing industry
increasingly values cutting edge preparation technology
(Hartig et al, 2022). This technology can meet the demand for
specific geometric shapes and effectively eliminate microscopic
geometric defects on the tool surface, thereby improving tool life
and machining surface quality (Bergs et al, 2020). Passivation is
currently a commonly used cutting edge preparation technique.
After passivation treatment, various tool edges do not exhibit a
regular rounded shape under the microscope. The edge shape can
be divided into blunt round edges, sharp edges, and chamfer
edges (Qi et al, 2021; Hu et al, 2022). Blunt round edges include
arc-shaped edges, waterfall-shaped edges, and trumpet-shaped
edges.

The cutting edge of a tool is responsible for the primary cutting
action during the cutting process. The structural form of the cutting
edge is crucial in determining the tool’s cutting performance and
tool life (Hartig et al, 2022). The geometric shape of the cutting edge
directly influences the force-heat characteristics of the tool. As the
tool cuts the workpiece, the cutting edge structure changes, leading
to changes in the contact area between the tool and workpiece,
resulting in a fluctuation in cutting force. Changes in the cutting
edge can initiate changes in the squeezing and friction between the
cutting edge and the workpiece, which in turn affect the temperature
change during cutting (Nemetz et al, 2020). Various physical
parameters, such as cutting force and cutting temperature,
impact the tool’s cutting stability, tool wear, and the quality of
the machined surface to varying degrees during metal cutting.
Therefore, the cutting edge structure becomes a crucial
determinant in enhancing the machining quality and extending
the tool life when selecting a turning tool for titanium alloy (Sidiq
et al, 2020).

2 Characterization method of cutting
edge preparation

The structure of the cutting edge of a tool can be classified into
two categories: symmetric and asymmetric, with the symmetrical
cutting edge being a specific case of the asymmetric cutting edge
(Bergs et al, 2020). The tool’s cutting edge shape can be described
from two perspectives: macroscopic and microscopic. Macroscopic
analysis defines the spatial dimensions of the tool, such as the front
angle γ, back angle α, and wedge angle β, as the macroscopic
geometric dimensions. Microscopic analysis establishes the
cutting edge shape by examining the tiny geometry of the
transition region between the front and back faces of the tool.
However, there is currently no standard way to describe the
geometric shape of cutting edges. Several methods have been
proposed by different researchers, mainly including the following
three types.

The single radius measurement method is a technique used to
determine the ideal cutting edge radius rβ by fitting an arc segment
in the transition area between the front and back faces of a cutting
tool. This method is effective for blunt round cutting edges that are
simple, as selecting three or more measurement points in the chosen
area can fit an ideal circle. However, for complex-shaped cutting
edges, this method is inadequate and may result in significant errors
due to manual measurement point selection and external factors’
influence (Dodmani and Subbiah, 2022). Currently, there is no
standardized method for describing the geometric shape of
cutting edges, and many researchers have proposed various
characterization methods.

In 2011, Denkena et al proposed the K-factor method, also
known as the shape factor method, as an improvement to the single
radius measurement method (Denkena et al, 2011). This approach
employs five parameters to determine the shape of the cutting edge,
as illustrated in Figure 1. The contour lines of the front and back
cutting edges are extended, and the point where the extension lines
intersect represents the hypothetical cutting tip. The distance from
the virtual cutting tip to the separation point on the front cutting
edge is called Sγ, which represents the front cutting edge segment
value. Likewise, the distance from the separation point on the back
cutting edge to the cutting tip is called Sα, representing the back
cutting edge segment value. The cutting edge’s geometric shape is
described by the ratio of Sγ to Sα, which is called the shape factor K.
When K = 1, the cutting edge is symmetrical. When K < 1, the
cutting edge tilts towards the back cutting edge, resulting in a
waterfall-type cutting edge. When K > 1, the cutting edge tilts
towards the front cutting edge, forming a trumpet-type cutting edge
(Denkena et al, 2021). While the K-factor method can characterize
non-symmetrical cutting edges, the separation points of the front
and back cutting edges on the blunt circle cannot be accurately
determined. Therefore, the cutting edge contour shape is obtained
through optical scanning, and the separation points are determined
by computer recognition to avoid errors caused by manual
operation.

An alternative approach to determine the cutting edge profile is
to use an iterative algorithm. Wyen et al introduced a
characterization algorithm that does not require predetermined
fitting areas to broaden the fitting area to the entire cutting edge
profile (Wyen et al, 2012). The algorithm uses sets of three adjacent
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measuring points on the profile to estimate the least-squares fitting
circle, as shown in Figure 2. This technique calculates the radius,
uncertainty, and coefficient of determination, and selects the cutting
edge radius with the lowest uncertainty. To measure cutting edge
asymmetry, a bisector of the wedge angle is drawn, and a
perpendicular line is drawn at the intersection with the cutting
edge profile, intersecting the least-squares line at Dγ and Dα
distances. The ratio of Dγ to Dα, represented by S, is used as a
measure of cutting edge asymmetry.

3 Effect of cutting edge preparation on
the cutting performance

In the development of cutting technology, researchers have
extensively investigated the connection between the geometric
shape of the cutting edge and the cutting efficiency of tools.
Albrecht, in 1960, examined the effect of cutting edge radius on
the metal cutting process and introduced the “plow effect” into the

mechanism (Albrecht, 1960). Similarly, Liu et al delved into the
impact of various cutting edge shapes on cutting forces, temperature,
and surface quality of processed materials. Interestingly, they
discovered that cutting edge performance was significantly
enhanced once the edges became dulled. In conclusion, it is
evident that different cutting edge shapes affect various aspects
such as cutting forces, temperature, tool life, and machining surface
integrity (Liu et al, 2022).

Yen et al explored the impact of different tool edge structures on
carburized and quenched steel processing by analyzing chip shape,
cutting force, cutting temperature, stress, and strain using finite
element simulation (Yen et al, 2004). Meanwhile, Shao et al
employed the finite element method to predict the temperature
distribution in titanium alloy cutting, and verified simulation
accuracy via experimentation (Shao et al, 2010). Hua et al
investigated the effects of sharp edge, circular arc edge, reverse
edge, and other tool edge shapes on residual stresses in turning. They
discovered that circular arc edge and reverse edge tools resulted in
more complex residual stresses on the machined surface and a larger

FIGURE 1
Characterization of the cutting edge with K-factor method.

FIGURE 2
Characterization of the cutting edge with an iterative algorithm.
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stress influence zone (Hua et al, 2005). Additionally, Varela et al
scrutinized the relationship between blunt tool edge morphology
and residual stresses, and their experimental findings showed that
tool blunting can improve the workpiece’s surface quality to a
certain extent (Varela et al, 2014).

Fulemová et al attempted to enhance tool life when milling
chromium-nickel-iron alloy 718 by modifying the shape factor K
but found no improvement. Conversely, cutting experiments on
tool steel revealed that a shape factor K greater than 1 prolonged
tool life and reduced the workpiece’s surface roughness
(Fulemová and Řehoř, 2015). Similarly, Ventura et al
confirmed through cutting experiments that the shape factor K
of passivated tools impacted blade edge wear. By selecting an
appropriate shape factor, they could efficiently reduce tool wear
during cutting (Ventura et al, 2015). To mitigate severe elastic-
plastic deformation caused by circular blade edges during
cutting, Childs et al recommended using waterfall-shaped
blade edges (Childs et al, 2008). Bassett et al studied the effect
of different shape factors K on the thermal-stress distribution and
tool wear while cutting AISI1045 with W-Co coated tools. They
found that the posterior cutting edge segment value Sα had a
substantial effect on tool life (Bassett et al, 2012). Meanwhile,
Denkena et al investigated the impact of cutting edge geometry
on tool wear, cutting force, and other factors, developing a tool
life chart based on the tool’s thermomechanical load curve. This
revealed the law of cutting edge’s impact on tool wear (Denkena
et al, 2011). Furthermore, Uhlmann et al utilized the vertical
rotary passivation method to passivate micro cutting tools and
investigated the influence of passivation time and passivation
radius on tool wear. Their findings verified that appropriate tool
edge passivation could minimize tool wear (Uhlmann et al, 2015).
Finally, Padmakumar et al designed three different shape factor
passivation circular edge tools using the K-factor method, with K
values of 1, 1.3, and 1.6. By milling AISI4140 steel, they
discovered that K values greater than 1 effectively reduced
cutting force within a specific processing range (Padmakumar
and Shiva Pradeep, 2020).

4 Mechanisms of cutting edge erosion

Cutting titanium alloy with hard alloy tools is often hampered
by the issue of tool wear, which has been the focus of numerous
experimental and theoretical studies worldwide (Gupta et al,
2022). In particular, Hartung et al has conducted extensive
research on the tool wear mechanism and identified that the
primary types of wear for hard alloy tools during titanium alloy
cutting are diffusion wear and adhesion wear (Hartung et al,
1982). In addition, Li et al has investigated the impact of different
tool types on the cutting performance of titanium alloys, and
found that YG-class tools perform better than YT-class tools.
Through cutting tests, it was observed that adhesion wear,
diffusion wear, and oxidation wear are the primary wear
mechanisms during titanium alloy cutting, with the front
cutting surface experiencing more severe wear than the rear
cutting surface (Li et al, 2008).

Konneh et al conducted an analysis of the influence of cutting
parameters on the wear of hard alloy tools during milling of

sodium calcium glass, which revealed that the predominant cause
of tool wear was abrasive wear (Konneh et al, 2018). Li et al
investigated the wear mechanism of PCBN cutting tools during
high-speed cutting of titanium alloys and found that the wear was
caused by multiple factors, including mechanical wear, adhesion,
diffusion due to heat, and oxidation resulting from chemical
reactions (Li et al, 2007). Liao et al studied the wear of hard alloy
cutting tools when cutting Inconel718 and found that the
diffusion of Ni and Fe elements from the workpiece into the
Co of the tool weakened the bonding effect of the tool material,
leading to shedding of the tool material during the contact
between the workpiece and the tool (Liao and Shiue, 1996).
Kitagawa et al analyzed the wear mechanism of cutting tools
in the cutting process and determined that the predominant wear
form was boundary wear, caused by friction between the tool and
the workpiece (Kitagawa et al, 1997).

During the study of diffusion wear of hard alloy cutting tools in
dry cutting of titanium alloy, Deng et al found that at a cutting
temperature of 400°C, there was not a significant diffusion of W and
Co elements from the tool into the titanium alloy. However, at
600°C, the diffusion of W and Co was observed to occur over a wide
range, while at 800°C, the diffusion depth was as high as 20 μm,
resulting in lower hardness at the diffusion layer as compared to the
area further away from it (Jianxin et al, 2008). Meanwhile, Sheikh-
Ahmad et al studied the wear characteristics of hard alloy cutting
tools with varying grain sizes and found that the tool wear resulted
from plastic deformation and oxidation of the WC grains as well as
shedding of the bonding phase Co (Sheikh-Ahmad and Bailey,
1999).

5 Conclusion and perspectives of
cutting edge preparation

Achieving good cutting performance is crucial for many
materials, especially for titanium alloys which possess exceptional
mechanical properties. These alloys find extensive use in industries
such as aerospace and medicine due to their high strength, low
density, and excellent corrosion resistance. However, machining
titanium alloys can be challenging owing to their low elastic
modulus, poor thermal conductivity, and high chemical
reactivity. Therefore, improving their cutting performance is of
great interest. One approach to achieve this is through cutting
edge preparation, which involves intentionally modifying the
cutting edge geometry of the tool to enhance its cutting ability.
Future research can focus on improving cutting edge preparation
techniques such as honing, grinding, and coating for the machining
of titanium alloys.

The refinement of cutting tools by honing involves polishing the
cutting edge using abrasive stones or diamond-coated tools
(Yussefian and Koshy, 2013), resulting in reduced roughness and
increased sharpness. This technique is particularly effective for
micro-geometries such as micro-chamfers and micro-radii, which
can improve cutting performance. Grinding is another technique
that shapes and sharpens the cutting edge using a grinding wheel
(Hartig et al, 2022). This process is used to create macro-geometries
such as chip breakers, which aid chip evacuation and reduce cutting
forces. Coating is a method where a thin layer of material is
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deposited onto the tool surface to enhance its wear resistance and
decrease cutting forces (Meindlhumer et al, 2020). Common
coatings include diamond-like carbon (DLC), titanium nitride
(TiN), and titanium aluminum nitride (TiAlN). Research has
shown that honing, grinding, and coating can improve cutting
ability, reduce cutting forces, and increase tool life in machining
titanium alloys. Combining different cutting edge preparation
techniques can further enhance these benefits.

To sum up, cutting edge preparation is critical in improving the
cutting performance of titanium alloys. Techniques like honing,
grinding, and coating can modify the cutting edge geometry of the
tool, leading to reduced cutting forces and improved tool life. As the
demand for high-performance materials increases in different
industries, cutting edge preparation’s importance in machining
titanium alloys is set to grow.
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