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Abstract

This paper aims to acquaint the readers with the research trends in the area of machining by chip
removal, which has been widely used as a process of component manufacturing in industry, through
bibliometric analysis. In this paper, the review and the network analysis were obtained by tools such as
Bibliometrix in R, VOSviewer, Sci2, and Gephi to identify the tree of science of the literature related to
machining by chip removal. This review identified four main lines or clusters related to modeling of
machining processes, machining processes, machining fluids, and machining surface monitoring. This
allows teachers, researchers, and academicians interested in the topic to know its evolution and trends to
guide subsequent research.
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I. INTRODUCTION

The machining by chip removal and metal
removal processes, as well as cutting tools, have
had a relatively slow but steady technological
advance throughout the history of humanity [1].
However, as the manufacturing processes of
materials, including steel through the
enhancement of crucibles, were improved, it was
possible to design more complex and consistent
components, which required the development and
refinement of machine tools capable of producing
them. Therefore, thanks to the establishment of
companies committed to making these machines
better, it was possible to have the first important
advance to improve the technique by the middle
of the 18th century, which coincided with the
beginning of the first industrial revolution [2].

A second advance in the machining by chip
removal technique took place throughout World
War |l and the subsequent years when the need to
produce high-quality machine parts on a global
scale required for the war and the posterior
reconstruction and strengthening of the countries
immersed in the conflict enabled novel machines
development [3]. Consequently, the CNC
(computer numerical control) system was created,
and new questions and challenges, such as those
related to cutting fluids and energy use, were
posed [4], [5]. Such concepts are current research
objects considering their great profitability and
quality, evident in machining by chip removal [6].
Thus, the first bibliometric study on this process
is carried out because of its importance for the
efficiency and productivity of the companies that
use it in their production processes.

Although, in the last two decades, researchers
have studied machining, only a few studies have
tried to organize the academic literature to
explain the development in machining research
by chip removal. Therefore, this study constitutes
a relevant starting point that can be useful to both
academics and practitioners to identify
opportunities for future research. Therefore, this
research aims to identify the evolution and trends
of the scientific literature in the field of
machining by chip removal through the
methodology recently implemented by Muioz
and Casallas [7], Mufioz et al. [8], Arenas et al.
[9] and Ramos-Enriquez et al. [10]. Such
methodology uses graph theory and author
networks for document analysis, supported by
bibliometric analysis tools such as Sci2, Gephi,
VOSviewer, and Bibliometrix, which have
demonstrated rigor and reliability in their results.

Il. METHODOLOGY
A Dbibliometric and network analysis was

carried out to identify the evolution and trends of
the scientific literature on machining by chip
removal, using the methodology proposed by
Muiioz et al. [8]. It was validated and applied in
similar exercises by Arenas et al. [9], who carried
out a bibliometric analysis of the evolution and
trends of scientific production in industrial
production management. The method proposed
by Muifioz et al. [8] was an adaptation of the
article “Bibliometric Methods” published in the
journal Organizational Research Methods by
Zupic and Cater [11], which has also been
adapted and used to find the trends and
challenges of industrial and operational
engineering by Tseng et al. [12], knowledge and
future lines in radical innovations [13], analysis
and bibliometric review on blockchain and
energy [14], review agenda and research in open
innovation in the manufacturing industry [15]
and other fields such as happiness at work and
work performance [7]. All the previous works
were published in high-impact journals, which
makes it possible to establish that the method
used for this review is valid for this type of
exercise. The application of the method in its
main stages is described below:

A. Creation of the Sci2 Network

With the references obtained from the search
in WoS and Scopus using the keyword equation
("machining process" OR "metal cutting”), the
database was created with the following
information for each article: author, title, year,
DOI, source, and references. This information
was processed with the Sci2 software (2009) to
identify the relationships between the articles in
the database and those cited. Thus, all kinds of
information sources such as articles, books,
reports, working papers, web pages, catalogs, and
others were included.

The network created in Sci2 was exported to
Gephi, open-source software for graph and
network analysis.

B. Creation of the Tree of Science

The tree of science was made according to the
methodology proposed by Robledo et al. (2013)
and using the bibliometric review of the study
object. It allowed us to identify the relevance of
the articles, which were classified into three
categories: the first one, the root, shows the
articles with a high degree of entry and zero
exits; the second one, the trunk, shows the
articles with a high degree of intermediation; the
third one, the leaves, also called the perspectives,
shows the articles with a high degree of exit and
zero-entry [7].
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C. Creation of Clusters

The identical algorithm  establishes
relationships between the keywords and the
sources to detect the trends and patterns that
recognize similar areas. For example, the
machining by chip removal process as well as
metals and cutting tools have had a relatively
slow but steady technological advance
throughout the history of humanity [1]. As the
manufacturing processes of materials, including
steel through the enhancement of crucibles, were
improved, designing more complex and
consistent components as possible.

I11. RESULTS AND DISCUSSION

The review in Scopus and WoS of the
equation: ("machining process” OR "metal
cutting”) in title keywords and abstract indicated
that between the years 2000 and 2020, 6,149
documents had been published in WoS and
19,834 in Scopus. Figure 1 shows that the
publications on this topic are in constant but slow
growth. For example, none of the years exceeded
10% of the total publications in Scopus and 12%
in WoS.

Publicaciones por afio WOS - SCOPUS

MNumero de Publicaciones

2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020
Wos B WOS cevnaiann Lineal (Scopus)

—a— Scopus % Scopus

Figure 1. Publications in machining by chip removal

Zhangiang Liu, a researcher at the School of
Mechanical Engineering of the University of
Shandong (China), the Key Laboratory of high
efficiency and clean mechanical manufacturing
of MOE, and a researcher at the National
Demonstration ~ Center  for  Experimental
Mechanics Education, is the most prolific author
on this subject with 35 publications in WoS and
55 in Scopus. On the other hand, Berend
Denkena is the most prolific author on the
studied subject in Scopus with 88 publications,
including his most recent publication regarding
the identification of multiple conditions in thin-
walled workpieces milling [16]. Another finding
was that the majority of the most representative
authors of WoS come from China and those of
Scopus from Germany.

The People's Republic of China, followed by
India, has been making more publications on

machining and metal cutting processes in recent
years. The United States has many publications,
but these are less recent than those of China and
India. Also, Iran has been making recent
publications on the subject.

A. Tree of Science of Publications in
Machining and Metal Cutting Processes
Figure 2 shows the tree of science of the most

representative classic, structural and current

articles in machining and metal cutting processes
made with Sci2 and Gephi.
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Figure 2. Tree of science in machining and metal cutting
processes

Tables 1, 2, and 3 show each document's
detailed information and a brief description.

Table 1.
Classic documents (root)

Document

Journal/Source

Metal cutting principles,
Second Edition [1]

Oxford University Press
on Demand

Modeling and simulation
of high-speed machining
[17]

International Journal for
Numerical Methods in
Engineering

The influence of friction

models on finite element
simulations of machining
[18]

International Journal of
Machine Tools &
Manufacturing

Metal Cutting [1], [19]

Metal Cutting

Metal Machining Theory

Metal Machining Theory

and Applications [19] and Applications (Book)
Manufacturing Cambridge University
Automation: Metal Cutting  Press

Mechanics, Machine Tool

Vibrations, and CNC

Design [3]

The article "Metal cutting principles" by Trent
and Wright are among the classic documents of
the machining by chip removal area [2]. It
presents the historical description of metal
cutting and how the evolution of the technique
has been linked to events as important as the
industrial revolution and the world wars. This
article also praises the knowledge transmitted
informally through former artisans and forgers
who achieved advances in cutting tools and


https://paperpile.com/c/T33O8O/AOVFz
https://paperpile.com/c/T33O8O/qR4PP
https://paperpile.com/c/T33O8O/QYXU9
https://paperpile.com/c/T33O8O/RJr5C+AOVFz
https://paperpile.com/c/T33O8O/RJr5C
https://paperpile.com/c/T33O8O/p1yxg
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improved efficiency of the processes that could
be developed by then.

Such knowledge has been compiled in
academic publications such as guide books that
show the necessary  techniques and
methodologies as a knowledge base for
subsequent  research.  Books  such as
"Manufacturing Automation: Metal Cutting
Mechanics, Machine Tool Vibrations, and CNC
Design" [3] and "Metal Machining Theory and
Applications" [19] have been used to teach topics
such as generalities, nomenclature, deformations,
and other contents considered basic for any
scholar or person interested in the metal cutting
topic.

Other books, such as "Metal cutting principles,
Second Edition, by the author [1], describe in
detail modern techniques such as high-speed
orthogonal machining and the most important
metal cutting operations with their most
important  characteristics, namely, elastic
behavior, plastic behavior, fracture,
dynamometry, steady-state shear stress, pure
shear tension, friction, wear and duration of the
tool, cutting temperatures, cutting fluids, tool
materials, considerations on the working material,
complex tools, surface integrity, modeling and
optimization of chip formation, precision
engineering, unusual applications of machining
among others.

The article "Modelling and simulation of
high-speed machining" by the authors [20] delves
deeper into machining and explains developing a
Lagrangian finite element model of high-speed
orthogonal machining. It also shows continuous
and adaptive meshing as the main tool to avoid
element  distortion problems caused by
deformation and a chip formation model with a
continuous chip to segmented chip transition with
increasing cutting velocity. This topic is
subsequently discussed in the article "The
influence of friction models on finite element
simulations of machining" [18] together with the
flow of the working material, as fundamental
study factors for any finite elements simulation
process related to machining by chip removal.

Table 2.
Structural documents (trunk)

Journal/Source
International Journal of
Advanced Manufacturing
Technology
Computer-Aided Design
and Applications

Document

Optimization of cutting
parameters for energy
saving [21]

A flexible and effective
NC machining process
reuse approach for similar
subparts [22]

Design and development
of a CNC machining

International Journal of
Advanced Manufacturing

process knowledge base
using cloud technology
[23], [24]
Measurements and
Simulations of
Temperature and
Deformation Fields in
Transient Metal Cutting
[25]

Simulation of metal
cutting using a
physically-based
plasticity model [26]

Technology

Journal of Manufacturing
Science and Engineering

Modeling and Simulation in
Materials Science and
Engineering

Machining techniques have had little variation
since their inception. However, some machining
conditions from cutting advances to the
deformation temperature of the material have
changed meaningfully, as described by Svoboda
et al. [26] in the article "Simulation of metal
cutting using a physically-based plasticity
model,” which mentions some types of
deformations that can be modeled by software
according to the mechanical properties of the
materials. Likewise and thanks to advances in
computing and simulation by finite elements, it
has been possible to conduct studies such as
“Measurements and Simulations of Temperature
and Deformation Fields in Transient Metal
Cutting” [27], which developed several tests on
materials. It showed, through the use of infrared
sensors, how the data obtained resembled those
obtained in the iterative simulations where the
parameters were adjusted to obtain the expected
results.

Machining is a process that shapes many
products in the manufacturing industry, but it has
been and continues to be an energy-inefficient
process that reports up to 37% of global energy
consumption in the manufacturing industry alone.
Consequently, as mentioned by J.-G. Li et al.,
[28] in the document "Optimization of cutting
parameters for energy-saving," it is necessary to
choose adequate cutting parameters to improve
the energy efficiency of the machining process
and achieve greater production and less tool wear.

Thanks to this type of study, the fact that
today computerized numerical control machines
outperform conventional machines in efficiency
and effectiveness thanks to their great automation
capacity and high performance is evident.
However, due to the lack of knowledge in the
machining process planning, manufacturing
processes depend mainly on the skills of the
programmers and the operators and not on the
machine's capacity. This is why Ye et al. [29]
propose a machining knowledge database for the
user to obtain data and parameters by entering the
initial data of the problem or the required process


https://paperpile.com/c/T33O8O/YojXc
https://paperpile.com/c/T33O8O/KYNqf
https://paperpile.com/c/T33O8O/bYaY8+7nsOV
https://paperpile.com/c/T33O8O/FYMza
https://paperpile.com/c/T33O8O/YVL41
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through programming tools such as MapReduce,
knowledge query engines, and reasoning engines,
which  reduce the machining processes
programming times. In addition, databases linked
to search software that reused components with
mechanical and geometric characteristics similar
to those needed by the user to reduce machining
times and, therefore, final products have been
created [22].

Table 3.

Recent documents (leaves)
Document Journal/Source
Fuzzy logic for modeling Artificial Intelligence
machining process: a Review
review [30]

Journal of Ambient
Intelligence and
Humanized Computing

A cloud-terminal-based
cyber-physical system
architecture for energy-
efficient machining process
optimization [31]
Ultrasonic vibration-
assisted electric discharge
machining: A research
review [31], [32]
Compilation of a
thermodynamics-based
process signature for the and Technology of
formation of residual Friction Lubrication and
surface stresses in metal Wear,

cutting [33]

Role of energy
consumption, cutting tool
and workpiece materials
towards environmentally
conscious machining: A
comprehensive review [6]

Journal of Engineering
Manufacture

Wear An International
Journal on the Science

Journal of Engineering
Manufacture

Currently, there are several studies in the
scientific field of machining. Computational
analyses of the process effects on the tool, new
hard materials cutting techniques, and
improvements through simulations of the
process's overall efficiency show how the
technique remains in force. Some articles are
described below, briefly showing the current
direction of metal machining by chip removal.

The authors Buchkremer and Klocke [36]
used the finite element method (FEM) in their
article "Compilation of a thermodynamics based
process signature for the formation of residual
surface stresses in metal cutting." They showed
how thermal, mechanical, and dissipative
energies play a crucial role in forming residual
stresses present in cutting tools after using them
in hard metals with heat treatments such as AISI
4140. Therefore, the focus was not only on the
part to be manufactured but also on the cutting
tool, a fundamental part of the process on which
profitability is enormously placed.

The article "Ultrasonic vibration-assisted

electric discharge machining: A research review"
[32] compiles information about the effect of
ultrasonic vibrations on electric discharge
machining and shows how their complementary
use noticeably improves the machining of
extremely hard metals.

The authors also claim that future research on
the subject will improve the energy efficiency of
this type of machining but will also make the
process more profitable and desired by the
manufacturing sector.

As mentioned above, the current studies seek
to increase the economic profit of the machining
and cutting metal processes through the
improvement of the energy efficiency of the
technique. However, articles such as “Role of
energy consumption, cutting tool and workpiece
materials towards environmentally conscious
machining: A comprehensive review" [6] explain
another increasingly important approach without
deviating from the economic field.

It describes the efficiency of the process at the
energy level and the need for improvements to
include cutting-edge technologies that solve
environmental problems such as the disposal of
cutting fluids and waste to transform the process
into a completely sustainable one.

Finally, the article "A cloud-terminal-based
cyber-physical system architecture for energy-
efficient machining process optimization" deals
with the current use of cutting-edge computer
tools in the manufacturing industry as well as
machining process management and optimization
by real-time monitoring of the machine's
operations based on cloud interconnection in
order to advance immediate corrective actions
[31].

Furthermore, the article "Fuzzy logic for
modeling machining process: a review" by Mohd
Adnan et al. [30] describes the use of artificial
intelligence routed to strengthen the control of
the machining process to obtain superior quality
results.

B. Clusters in the Scientific Production of

Machining and Metal Cutting

One of the contributions of this bibliometric
and network analysis to machining and metal
cutting is the identification of clusters that
recognize common trends or current issues. The
clusters that were identified are:

Cluster 1 — Modelling of Machining Processes

Fourteen-point, seven percent of the
publications on machining and metal cutting
correspond to the subject of the machining
process model related to the effects of aspects
such as heat, friction, physical impacts, type of


https://paperpile.com/c/T33O8O/5YpuP
https://paperpile.com/c/T33O8O/HPpJP
https://paperpile.com/c/T33O8O/HPpJP+ozLY5
https://paperpile.com/c/T33O8O/eeJ1o
https://paperpile.com/c/T33O8O/M5Uiz
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cutting tool material, and type of material being
cut, and cutting angles of the tool, among others,
on the cutting process. Researchers have used
different techniques to reduce these effects.
According to the literature, the Finite Element
Method (FEM) is the most used. Sadeghifar et al.
[34] provide an example of such a technique in
the article "A comprehensive review of finite
element modeling of orthogonal machining
process: chip formation and surface integrity
predictions,” which explains the use of the FEM
to study the behavior of the cutting tools used in
the turning process. The analysis includes factors
such as temperatures generated by friction and
the effort caused by the forces that intervene in
the cutting process. Likewise, the article
"Simulation of metal cutting using a physically-
based plasticity model" by Svoboda et al. [26]
shows a model based on experimental data
adapted to the FEM.

Cluster 2 - Control of Machining Processes

Ten-point seven percent of the publications on
machining and metal cutting correspond to
applying artificial intelligence (Al) techniques to
modeling machining processes. Regarding this
subject, Mohd Adnan et al. [30] are some of the
most prominent authors with their article "Fuzzy
logic for modeling machining process: a review"
that shows fuzzy logic (FL) as a well-known Al
technique effectively used in the modeling of
machining processes. It also explains FL as an
approach to estimating surface roughness and
controlling the cutting force in various machining
processes. The authors conclude that FL is the
most popular Al technigue used in modeling
machining processes and, thus, promotes a
potential approach for machining process
optimization. Other advances in computer
science are also frequently used in industrial
areas that were believed to be immovable a few
years ago. This is how, through genetic
algorithms, the optimization of production
processes, including machining by chip removal,
becomes economically more profitable. It
happens thanks to the simplicity of determining
factors such as roughness, shear force, and others
through this type of programming, as shown by
the authors Chakraborty et al. [35] and Reséndiz-
Flores [36].

Cluster 3 - Machining Fluids

Ten-point  twenty-five percent of the
publications on machining and metal cutting
correspond to the topic of machining fluids,
which are vital in the machining process due to
their influence on the preservation of the machine
and tools, energy efficiency, and finishing of the
piece [37]. However, although the need to use

machining fluids is clear, it is also clear that as an
input and surplus product of any process
involving the transformation of raw material into
consumer goods, its use harms the environment
and human health [38]. Therefore, in addition to
studying how the use of such fluids provides the
best working conditions to a wide sector of the
manufacturing industry, the approaches and
strategies that allow their optimal use and the use
of slightly more sustainable and environmentally
acceptable cooling and lubrication methods that
can replace them are also studied [39].

Cluster 4 — Machining Surface Monitoring

Eight-point  forty-nine  percent of the
publications on machining and metal cutting
correspond to the design of current machines
used for machining by chip removal; this cluster
includes multifunctional tools mounted on
automatically  interchangeable heads [40].
Authors such as Lu et al. have considered such
characteristics and others [41] in their article
"Machined Surface Quality Monitoring Using a
Wireless Sensory Tool Holder in the Machining
Process,” which proposes a permanent
monitoring system with wireless sensors in
different heads and tools of the machines in order
to generate models that allow predicting the final
roughness of the pieces. Furthermore, thanks to
other studies, such as those also carried out by Lu
et al. [42] in their article "In-process complex
machining condition monitoring based on deep
forest and process information fusion" that uses
data mining, it is possible to constantly monitor
not only a single variable, but also various types
of abnormalities, which allows making in situ
decisions on the completion of machining or its
reprogramming.

IV. CONCLUSION

This article presents a bibliometric analysis of
machining by chip removal alloy research
publications from 1st January 2000 to 31st
December 2020 from the WoS database,
presenting the research status, evolution process,
and main research themes,

Therefore, the results in this study enable us
to conclude that this topic is relevant to the
industrial evolution of some countries, such as
China, where manufacturing studies have been
multiplying; other countries whose economies are
starting to become globally relevant, such as
India are not lagging; showing updated in
contributions to machining technology.

Four clusters were obtained based on the
cluster analysis, including modeling of
machining processes, control of machining
processes, machining fluids, and machining
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surface monitoring. The four clusters reflect the
current hot themes associated with machining by
chip, which has remained at the center of
mechanical technology, reinventing itself and
maintaining its relevance.
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