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Abstract. Good surface finishing, quality, and maximizing metal removal 
are characteristics feature of machining operation.  The process variables 
affect the product's surface roughness and rate of metal removal. Proper 
management of the process variables makes it easier to lower machining 
costs and enhance product quality. In order to get the best product, extensive 
research has been done previously to optimize the procedure specifications 
in any machining process. This paper studies how important the material 
removal process is, its benefits, and its relevancy in the manufacturing 
industries. The most recent turning process research uses the Response 
Surface Methodology (RMS). Process variables including feed, cutting 
speed, and depth of cut work well. In most circumstances, a technical need 
for mechanical products, the surface profile, and the roughness of a 
machined workpiece are two of the most significant product quality features. 
The necessary surface quality must be obtained for a part to function as 
intended. Finding a simple solution and a completely reliable approach is 
crucial due to the surface quality mechanism's process dependence and the 
various uncontrollable elements that affect relevant phenomena. 
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1. Introduction 

Achieving good surface quality and maximizing metal removal is equally as crucial to any 
machining operation as getting exact dimensions [1]. Numerous process variables are used 
during machining that either directly or indirectly affects the product's surface roughness and 
rate of metal removal. Surface abrasion and metal removal of turning procedure vary 
depending on several factors, the most significant of which are feed, speed, and depth of cut. 
A thorough understanding of these ideal criteria would make it easier to lower machining 
costs and enhance product quality. To produce the best result possible from any machining 
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process, much study has already been done to optimize the process parameters.  Lu [2] said 
in a material removal process, to create the finished product, more metallic is taken out of 
the stock. Using a lathe to turn a metal stock into a cylindrical surface gives the best example 
of machining. Casting, fabrication, material removal, and shaping are the four basic 
production processes. This is among the most expensive. Several types of research exist 
whose goal is to improve the machining process effectiveness, given its significance in the 
manufacturing industries. Manufacturers are increasingly focusing on automation and 
flexible production as ways to boost productivity and product quality in the face of fierce 
international economic rivalry. A comprehensive approach to product quality is now required 
in business due to the trend toward automation [3].  

The machining process needs to be predicted and continuously and reliably monitored to 
successfully achieve complete automation. These will make it possible to integrate quality 
control with manufacturing procedures to produce products with fewer defects. Regarding 
the roughness of the machined product together with the surface profile, numerous theoretical 
and experimental research have been described. These studies demonstrate that the important 
surface finish of the machined parts is highly affected by cutting circumstances, the tool wear, 
material qualities of the tool along with the workpiece, and also cutting/process factors (such 
as feed rate, the cutting speed, depth of cut as well as the shape of the tool) [4]. Expertise and 
experience are still necessary while using a CNC machine since the operator must choose the 
parameters associated with the process like the rate of feed and also spindle speed. The most 
common method includes selecting conventional process parameters, which neither 
ascertains the accomplishment of the wanted surface smoothness nor result in an elevated 
rate of metal removal. This reduces the likelihood of a poor surface finish or possibly cutter 
damage. To address the resulting challenges, models were proposed by researchers which 
make an effort to replicate the machining circumstances and create a connection between 
different factors and the wanted product qualities. More precise prediction models are also 
required due to the advancement of computer-controlled machine tools [5]. Due to recent 
advancements in machining technology together with machine tool design, new sensing 
techniques are also employed. The capability to assess and evaluate the process variables 
which affect the quality of the product with dependable sensing techniques as well as 
associated signal processing with analysis technology is a crucial component in the 
achievement of manufacturing automation also with high productivity, better accuracy, and 
control. Additionally, a novel actuation technique is desired for the machining process 
management due to its many limitations, such as quick active response, the comparatively 
high force with fine resolution, high stiffness with frequency bandwidths, and also space 
limitations [6]. 

1.1 Processes for removing various materials 

The rate of machining and surface quality achieved is used to gauge how well a certain 
machining technique performs. Any machining process will function better with a higher 
machining rate and better surface finish. To obtain the best process performance and for a 
clearer understanding, a thorough design of the analytical model(s) of MR (material removal) 
is followed by both quantitative and qualitative study of the MR mechanism required. 
Additionally, for process planning (operation alongside process planning), simulation and 
optimization, forecasting of the key indicators in process performance, authentication, as well 
as validation, and analytical MR models are necessary. Improvement of experimental 
findings, choice of suitable examples of a particular kind of work material, the machining 
parameters, etc. [7]. Traditional and non-traditional material removal techniques are the two 
main groups. Throughout the beginning of time, traditional machining methods have been in 
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main groups. Throughout the beginning of time, traditional machining methods have been in 

use. Almost all typical types of products are produced with their help. Turning, drilling, 
lapping, and other processes are among them. Non-traditional machining techniques are only 
applied in extremely high-quality engineering projects and are not used commonly. EDM 
(Electric discharge machining) also ECM (electrochemical machining (ECM), and other 
unconventional methods of material removal. 

1.2 Selection of cutting fluids in machining processes 

Singh et al. [8] said that the traditional production industry has a significant role in the 
machining processes. All machining processes have been eagerly examined for cost-
effectiveness. This is mostly impacted by choosing the right machining variables, like rate of 
feed, depth of cut, and cutting speed, depending on the workpiece material and cutting tool 
cutting. A greater rate of material removal and extended tool life with improved surface finish 
are all benefits involved in choosing accurate machining parameters. When cutting a 
workpiece, friction between the cutting instrument and chip interfaces raises the cutting tool's 
temperature. The result of this heat generation is an escalation in tool wear, a rise in surface 
roughness, and a decrease in the work material's dimensional sensitivity. This situation is 
particularly significant when cutting challenging materials because more heat would be seen 
[9]. In ultrasonic machining, in this method, a tailored tool piece receives an induced 
vibration that, when paired with an abrasive sludge, causes a microscopic grinding activity. 
Thus, ultrasonic machining and grinding share certain commonalities from a microstructural 
perspective. The abrasive used is undoubtedly a significant factor, with most documented 
trials favoring the usage of boron carbide in a water suspension of the range, of 20 and 50% 
concentration for engineering ceramics. Fresh supplies of the abrasive are essential because 
the slurry, which eventually acts as a medium for the machining, in addition, flushes away 
the debris from the machining. Numerous reports state that a vacuum assist that ensures 
proper suspension flow is firmly advised for deeper wounds [10]. Modern manufacturing 
operations often use sophisticated machining techniques to solve problems with high-
strength materials, complicated shaped profiles, better surface characteristics, remarkable 
precision, downsizing, reduced waste, and also secondary procedures in addition to shorter 
production times [11]. The ability of abrasive water jet (AWJ) machining to perform 
considerable operations also with the exceptional characteristics of the cutting edge realized 
in the course of this process, which is better than others, has reportedly drawn researchers’ 
attention including practicing engineers within the manufacturing industries amid the 
different advanced machining procedures. Based on the many methods that abrasive and 
water are mixed, the AWJ (abrasive water jet) process is divided into two categories: abrasive 
water injection jet with abrasive slurry jet [12]. In light of the fierce global rivalry to create 
the goods of a specific framework efficiently, manufacturing process modeling is becoming 
more and more important. Particularly, substantial numerical modeling has been done for 
metal forming and machining (both conventional and non-conventional). Analytical 
representation of the process's operating principle, material behavior modeling, and problem-
solving strategy modeling are the three fundamental steps in the modeling of industrial 
processes [13]. Laser beams have been used in a variety of manufacturing processes for the 
past forty years. The most popular lasers for machining engineering materials are CO2 and 
Nd: YAG. Researchers have looked into a variety of approaches to enhance the precision 
involved in cutting, drilling, together with micromachining of various materials including 
metals, alloys also ceramics, and composites in recent years [14]. The foundation of hybrid 
production techniques is the synchronous, regulated interaction of the tools or energy sources 
used in the process that have a substantial impact on how well a procedure performs. 
Examples include grind-hardening, vibration-assisted grinding, and laser-assisted cutting. 
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The machining characteristics of hybrid processes are greatly influenced, leading to 
improvements in machineability, a decrease in tool wear and process forces, etc. It possesses 
a significant positive or occasionally negative impact on the machined parts’ surface integrity 
due to the combined action of processes [15]. EDM is a non-traditional machining technique 
employed in producing detailed figures, complicated shapes, and work with hard materials 
which are incredibly challenging to work with adopting traditional machining techniques. 
This thermos-electric machining method is progressing steadily from a simple process for 
creating tools and dies to applications for microscale machining. In recent years, process 
performance measures such as MRR(material removal rate), TWR( tool wear rate), and 
surface roughness have received a lot of attention in studies (SR). One of the cutting-edge 
methods to improve the capabilities of EDM is PMEDM(powder-mixed electrical discharge 
machining) [15, 16]. When in comparison to some other current conventional and non-
conventional machining techniques, ECDM( electrochemical discharge machining) has the 
potential of being employable in the machining of non-conductive ceramic materials. 
However, in many areas machining technology is still in use. Require in-depth development 
and research on a large scale. To effectively machine ceramic materials without conductivity 
increased machine speed and greater machined precision, the present research study 
examines the fundamental Mechanism for removing materials in the ECDM process [17]. 
Since it offers various benefits in many applications, including a greater machine speed, 
improved variety of materials that may be used, precision and control, and cutting, it appears 
that the electrochemical micro-machining (EMM) is extremely promising for a potential 
micro-machining approach [18].  

Rotary ultrasonic machining, one of the many material removal techniques that can be used 
on ceramic materials, possesses the ability for high material removal rates while keeping low 
machining pressure in addition to producing small surface damage. Due to the rotary motion 
of the tool, the drawback of rotary ultrasonic machining is such that cavities or circular holes 
alone can be machined. Other researchers have tried to expand this technology by grinding 
holes or flat surfaces. However, these additions either altered the procedures for removing 
the material or had serious flaws. This could be due to a lack of comprehension of the 
mechanisms involved in the removal of the substance, among other things [19]. Many studies 
are being conducted to improve the efficiency of the machining process, given the 
significance of machining for the majority of industries. Some of this material, in particular, 
falls under the category of process monitoring and control. In general, a few kinds of 
measurement is necessary for the use of any technique for process monitoring as well as 
control. Most times, the measurements are mechanical in nature. Nevertheless, they can also 
incorporate additional sensing modalities such as pressure, magnetic, thermal, and also 
optical. 

As a result, a variety of sensing technologies have already been applied to process monitoring 
and control of machining procedures in research and application [20]. Combining several 
physicals along with chemical processes working on the workpiece component (material) 
into 1(one) machining process, frequently referred to as a "hybrid machining process," is 
principally one of the most efficient ways to attain great performance indices for machine 
tools and parts. Combining processes like heating, dissolving, melting, plastic flow also, 
mechanical destruction, and evaporation including others in the machining area alters both 
the physicochemical situation of the processes listed above with the material characteristics 
of the workpiece, which are appropriately determining parameters for the intensity together 
with outcomes regarding the specific machining mechanism. Positive changes in the 
machining characteristics of the used tool may also take place at the same time. As a result, 
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performance metrics for hybrid machining processes may differ significantly from those that 
apply to component processes [21].  

Due to its exceptional characteristics, composites are a material that is frequently employed 
in numerous products and components. Even though they are made in a nearly net shape, 
these materials inevitably will need machining. When new product designs and forms have 
more stringent dimensions and performance requirements, like surface finish, dimensional 
tolerances, together with material removal rate, etc., this becomes more crucial. To 
understand better the impact of different process parameters as regards the quality of 
machining features, numerous researchers have sought to examine in the past, the machining 
of composite materials [22]. One of the first unconventional machining techniques is 
electrical discharge machining (EDM). The thermoelectric energy that is between the 
workpiece and an electrode forms the foundation of the EDM process. The material is 
eliminated from the workpiece through the process of melting with vaporization when a spark 
is formed in a small space between the workpiece and the electrode. For the spark to be 
produced, both the electrode and the workpiece must be electrical conductors. EDM can be 
employed in the making and/or finishing of a broad spectrum of goods, which include molds, 
aircraft parts, surgical components as well as dies [23]. In both manufacturing and machining 
industries, machining parameters are very important since they affect the product's quality 
and dimensional accuracy. Several machine vision systems are used to measure the 
machining parameters. Machine vision and its many techniques have been explored as a 
means of measuring machining parameters, including surface properties, tool wear including 
surface abrasion and surface flaws, and tools' state monitoring (TCM) tool wear. The 
manufacturing and machining sectors have created tool condition monitoring as a crucial 
machining variable. Due to the advancement of non-tactile applications together with 
computing technology, there is a lot of interest in the evolution of different machine vision 
approaches for monitoring tool status [24]. Due to their low machinability, tough-to-cut 
materials like high-temperature metals can be difficult to machine, which reduces 
productivity and increases production costs. Turning is frequently employed to produce these 
parts because it has a high rate of tool wear, which limits cutting speed and, in turn, material 
removal rate. As a result, new methods are required to boost the productivity of machining 
these materials [25]. When standard machining techniques are impractical, unacceptable, or 
too expensive, unconventional machining techniques are used. Using standard techniques, 
working with extremely brittle and hard materials such as stainless steel, natural, carbides, 
and also was alloy is difficult. When such materials are machined using traditional methods, 
the workpiece or the tool may sustain severe wear. To provide unique machining conditions, 
many novel approaches have been created. Such machining techniques have several 
advantages over traditional techniques when used properly [26]. High-precision components 
are a defining characteristic of contemporary products. To satisfy the needs of the service. 
The use of brittle materials complicates the demands for increased fabrication precision for 
advanced technology systems. Understanding the material removal mechanism is crucial for 
the effective and affordable machining of these materials [27].  

1.3 Benefits of material removal 

According to Kara et al. [28] Energy usage together with the accompanying effect of 
manufacturing processes on the environment has been under increased scrutiny recently, due 
to economic, environmental, and legislative factors. The industry will be able to create 
possible energy-saving measures at the stages of process planning along with product design 
if unit process energy consumption can be accurately predicted. Turning, drilling, and boring 
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are examples of machining-based techniques that have unique mechanics for removing 
material. First off, when cutting ductile metals and alloys, continuous chip production is an 
inherent property of material removal. Continuous chips, however, present a challenge to 
improving machining efficiency as a result of problems with chip removal, the lubricating of 
the tool-chip interface, and tool interference [29]. Components and products made in 
response to the speedily expanding modes associated with creating and utilizing advanced 
manufacturing technologies are anticipated to exhibit better quality alongside improved 
functional performance [30]. All industrial techniques still largely revolve around material 
removal. The property and dependability of the surfaces created, in terms of topography,  
metallurgical, and also mechanical state of the subsurface layers, have a significant impact 
on the component’s functional performance resulting from material elimination procedures. 
Over the past few decades, a lot of researchers have worked hard to explore the types of 
surface with subsurface alterations brought about through different material removal 
procedures and also to relate those alterations to how well the product performs in its intended 
role [31]. Natural methods can be employed to remove heavy metals from the food chain. 
Specific biomass kinds may be appropriate for the removal of metals from the environment 
via industrial biosorption methods. The elimination of hazardous metals and the retrieval of 
precious metals are both possible via biosorption. Passive accumulation of biological 
molecules to metal or radioactive elements is referred to as "biosorption." A family of 
biosorbents is often built on dead biomass. The majority of more realistically minded 
biosorption investigations focus on working with dead biomass because it typically delivers 
more benefits [32]. The demand for support decision tools that can find the best course of 
action to reduce external costs from an economic and environmental standpoint is now rising. 
The cost evaluation in the AM process has been the subject of numerous articles. The first 
cost model for additive manufacturing is founded on a "part-oriented" methodology, the 
implication is that the number of layers produced determines the estimated cost [33]. The 
cost equation in this instance is broken down into three steps connected to various 
manufactured layers: stages of prebuild preparation, construction, and postprocessing. The 
model is used to assess the costs of stereolithography (SLA) and methods for fused deposition 
modeling (FDM). Although the method is overly generic and may be readily applied to all 
forms of technology using a "layer-by-layer" method [32, 33]. Owing to the benefits of 
having a high specific strength and elasticity modulus whilst also having similar to metals, 
excellent deformability, and conductivity metal matrix composite (MMC) materials have 
expanded the range of applications for which they are used. In addition to being used as 
MMC has the potential to produce molds as well as structural and functional parts for 
excellent-performance applications including aerospace aircraft and racing autos. MMC can 
increase by lowering loading cost, stocking, positioning, and productivity, especially for big 
and mid molds of a certain size used in precision production, with handling difficulty because 
of their hefty weight. Due to the severe tool wear brought on by the strong reinforcing, MMC 
is challenging to machine [34].  There are now strict standards for service, reliability, and 
safety in the design of structures for modern industry. The geometry of surfaces, which 
encompasses surface accuracy and roughness, is the main focus of current manufacturing 
requirements for surfaces. The necessity to take into account both surface geometry in general 
and the kinds of changes to the surface layer is expanding [35]. Phase shifts, plastic 
deformation and fracture, and chemical alterations are common surface layer modifications 
brought on by temperature, stress, and environment during material removal. In many ways, 
the mechanics of machining operations are distinctive. Inherent to ductile metals machining 
with alloys, is a continual chip production [36].   

1.4 Machine tools and workings of machines 
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1.4 Machine tools and workings of machines 

Since unanticipated failures reduce system reliability and investment return, maintenance and 
its cost have attracted the attention of production management over the years. Advanced 
maintenance methods that gather and analyze data from the shop floor can lower expenses 
alongside improving the sustainability of an enterprise [37]. Manufacturers and service 
providers have made great progress in recent decades toward raising the caliber of their goods 
and services and streamlining their operations to remain competitive and meet consumer 
demands. Preventive maintenance and Total Productive Maintenance (TPM) were first 
introduced in 1951. Since then, maintenance techniques have changed from being 
organization-centric and quality-focused to customer-centric and value-creating. Prognostics 
and health management are the results of this evolution (PHM). PHM systems can transform 
data into the needed knowledge and information about process inconsistencies and 
inefficiencies as well as hidden patterns of asset degradation. Most of the time, these 
tendencies go undetected until a failure [38]. The needs of the consumer and the behavior of 
the competition drive the development of using machinery. To reduce their force use and 
energy expenses, more and more clients are requesting energy-saving machinery and 
equipment. Machine tool manufacturers provide energy-efficient parts for machine 
equipment in response to consumer demands. Services can improve the energy economy of 
machine tools in addition to optimizing their technical components [39]. The recently 
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processes. Also, tool life with operation time is two competing goals that are simultaneously 
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structure can be resolved easily by employing numerical simulations that utilize FEM(finite 
element method). Modeling metal turning operations in 3 components (3D) adopting FEM 
can be a reliable tool for creating new metal removal methods and may be vital for confirming 
empirical studies. [54]. Utilizing FEM-based simulation tools on a computer, it is simple to 
identify parameters during turning processes, like chip temperature, tool wears, cutting tool 
stresses, interface temperature, cutting forces, residual stresses, cutting tool temperature, 
workpiece temperature, cutting tool-chip including shear angle, these are challenging to 
determine both analytically and empirically. In this work, software and a 3D FEM model for 
turning procedures were created [43, 44]. The fact that turning is still the largest subsegment 
of the machining market demonstrates the ongoing demand for turned items alongside the 
process's general advancement. Ranging from simple lathes having solid tools to sophisticate 
Computer Numerical Control (CNC) multi-process machines the turning process, which 
largely utilizes coated inserts and coated tools, has undergone a significant change. These 
coatings have impressed the industry by demonstrating to be a crucial step in the creation of 
excellent-quality products in addition to a longer tool life. Coated turning tools have 
undergone constant improvement, with many studies concentrating on the effectiveness of 
coated turning processes [45]. Due to growing sustainability and environmental concern, the 
manufacturing sector has been concentrating on calculating energy usage, leading to the 
development of numerous calculation models. However, because there is no review of these 
current models, practitioners frequently struggle to choose the best energy models [46]. The 
most frequent and unavoidable phenomenon in metal cutting is flank wear, which is an 
important cause of financial loss because of machine downtime together with material loss. 
A broad spectrum of monitoring methods has been established for the online identification 
of flank wear. To give a comprehensive understanding of flank wear monitoring methods and 
how they are applied in tool condition monitoring systems [47]. Because there are so many 
different characteristics and variables, and because they can all change at the same time and 
in different ways, manufacturing processes are particularly complex to manage. Rapid 
changes in the cutting area make potential malfunctions more costly due to the intense 
friction, pressure, and temperature [48].  

1.6 Drilling and associated activities 

According to Sen et al. [49] in many industrial operations, especially in the aerospace, 
electrical, micro-mechanics, and computer industries, electrochemical machining 
technologies offer a feasible option for drilling macro- and micro-holes having very good 
smooth surfaces and generally satisfactory taper. Modern hole-drilling techniques, such as 
jet-electrochemical drilling, are now widely used to create a huge number of high-quality 
holes in hard-to-machine components. Zhang et al. [50] investigated and mentioned that due 
to their exceptional qualities, (Ti) Titanium with its alloys appealing for different uses, is 
thought to be hard to machine substances, nevertheless. Since it is employed in almost all Ti 
applications, drilling is a crucial machining operation. It would be ideal to create drilling 
techniques for titanium that are more affordable or to enhance the efficiency of existing 
techniques. A thorough analysis of the drilling techniques for Ti will help with such 
development and improvement. The mechanical drilling methods for titanium, include 
ultrasonic machining, vibration-assisted twist drilling, rotary ultrasonic machining, and twist 
drilling. [50, 51]. 

1.7 Machining centers and turning centers  
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1.7 Machining centers and turning centers  

Mize et al [52] stated that the accuracy of machine tool positioning differs as the machine's 
thermal state shifts. There is the transfer of energy into the part, atmosphere, and most 
essentially, the framework of the machine in the form of electrical energy is fed into hydraulic 
pumps, servomotors including other machine systems. The machine's accuracy changes as a 
result of temperature changes and structural deformations brought on by this energy transfer 
throughout the device. Prediction along with correction of these variations based on discrete 
temperature readings from around the machine has been done using models to reduce these 
harmful accuracy variations [53]. The management of machine error sources is crucial since 
machine inaccuracy is a significant contributor to workpiece faults. Geometric errors and 
thermally-induced mistakes are two major contributory factors to machine errors. Also, 
machine tool geometric errors are caused by manufacturing flaws, alignment issues, static 
component displacement, and machine wear. Thermal distortions together with expansions 
of machine parts caused by internal or external sources of heat, like hydraulic systems, 
motors, bearings, and ambient temperature among others are the cause of thermal mistakes. 
In machining, thermal mistakes are among the most serious and challenging to correct. Other 
mistake sources can be significant in certain circumstances [54]. Another significant source 
of error obtainable in a machine will be cutting force-induced error, which occurs frequently 
in engineering applications like hard machining. It entails cutting hardened steel directly to 
get the final desired shape in addition to finish rather than using the usual grinding processes 
which are already used industrially [55]. It is challenging to define the non-linear, time-
dependent temperature field distribution of a machining center.  Because the temperature 
field of a machine tool is not always in a stable condition, thermal deformations are difficult 
to forecast. Additionally, a machine tool's thermal deformation is dependent on both the prior 
thermal states and the current temperature. Adopting error compensation is a practical 
method. Establishing the connection between temperature parameters with thermal error 
under specific machining settings is the essential strategy [56]. For many years, there has 
been a tendency toward the rising need for workpiece accuracies, i.e., dimensional, closer 
form, and location tolerances, in machining operations (such as milling, grinding, and 
electrical discharge machining). Any machine tool used in such procedures may be thought 
of kinematically as a combination of various linear and rotational axes that move about the 
workpiece. These axes move with a variety of inaccuracies that have an impact on the 
workpiece (e. g. squareness and parallelism errors, positioning or straightness errors, and roll 
and tilt motion errors). These axes’ inaccuracies are significant contributors to the form, 
dimensional with placement disparities of the machined workpiece [57]. 

1.7.1 Milling technology 

Yue et al. [58] mentioned stated that it has been demonstrated that machining processes that 
modify surface integrity have a significant impact on a component's performance. Milling 
technology, a common processing technique, can handle parts of various quality classes 
depending on the processing circumstances. The various cutting circumstances have a direct 
effect on the workpiece's ultimate performance as well as the condition of the machined 
pieces' surfaces (including surface residual stress, surface morphology, surface texture, etc.). 
The relationship in the milling process between the surface integrity, working conditions, 
together with part deeds must be revealed to make an informed choice of cutting conditions 
[59]. The integrity of the machined surface is influenced by cutting factors such as feed speed, 
cutting speed, and cutting depth in addition to tool wear during milling. The primary 
components of cutting forces involved in the cutting process are shearing alongside plowing 
forces. The conventional Ploughing force is treated as a quantity in the cutting force model, 
which is independent of the uncut chip thickness, and is inapplicable to the procedure for 
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micro-milling. Hence, it is important to comprehend how the thickness of the uncut chip 
affects the ploughing with shearing forces that micro-milling uses. The material separation 
phenomena and the impact of uncut chip thickness on the force of a micro mill are both 
described in new detail in this work [60]. With its intricate tool geometry, milling is one of 
the most crucial pieces of equipment used in industry. However, the 2D finite element 
approach cannot represent the intricate milling process. As a result, using the finite element 
program ABAQUS, a more realistic FEM (3D finite element model) is first created for the 
challenging milling procedure of titanium alloy Ti6Al4V [61]. 

2. Measuring techniques in the material removal process 

Gostimirovic, et al [62] said the measuring technique is an important aspect of machining. 
Traditional classifications of measuring methods for machining system monitoring fall into 
2(two) categories: direct and indirect. The actual quantity of the variable, such as tool wear, 
is measured in the direct technique. The usage of cameras for visual examination, laser beams 
radioactive isotopes, and also electrical resistance are a few direct measurement examples in 
this context. Many direct procedures are restricted to laboratory settings. Practical restrictions 
brought on by machining access issues, lighting issues, and the usage of cutting fluid are 
mostly to blame for this. Direct measurement, however, is extremely accurate [63]. It is 
possible to measure auxiliary values using indirect measurement techniques. Following that, 
empirically established correlations are used to determine the actual quantity. Although 
indirect procedures are less precise than direct ones, they are also less complicated and better 
suited for real-world use. The notion is that machining operations are monitored continually 
by sensing devices to measure the performance of the process or provide information for 
process optimization information, as opposed to the conventional detection of tool conditions 
[64]. Consequently, the following objectives can be associated with a tool condition 
monitoring system: advanced machine tool and cutting fault detection, Verify and protect the 
stability of the machining process, machinery damage prevention system, and supplying a 
compensating mechanism for tool wear offsets is a method of keeping the workpiece's 
machining tolerance within acceptable bounds [65]. Jawahir et al. [66] heightened that the 
Components and products made in response to the speedy expanding modes in creating and 
utilizing advanced processing technologies are anticipated to exhibit high quality and 
improved functional performance. All industrial techniques still largely revolve around 
material removal. The grade with the dependability of the produced surfaces, 
topographically, metallurgically, and mechanical state of the subsurface layers, have a 
significant impact on the components’ functional performance resulting from material 
elimination procedures [67]. Over the past few decades, a lot of researchers have worked 
hard to explore the types of surface and subsurface alterations due to different material 
elimination procedures in addition to relating those alterations to how well the product 
performs in its intended role. The research network continues to learn new technical skills 
through the creation of new tools together with procedures for product design, and modeling 
techniques, alongside enhancing empirical processes for use in production operations, despite 
limited success in constructing quantitative predictive models. The persistent desire for better 
performance, durability, and dependability of manufactured components and parts has been 
the driving force behind knowledge advancement in this area. This fundamental need has 
been a major boost for (a) new materials development having improved resilience to harsh 
aggressive environments and loading conditions, and (b) superior-performance production 
techniques [68].  Li et al [69] studied the knowledge considering the environmental impact 
of industrial operations in terms of energy consumption has increased over the past ten years 
as a result of economic, environmental, and legislative factors. Due to both the rising cost of 
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energy and the increasing need for output, manufacturers are paying an increasing amount 
for energy. The greenhouse gas emissions which are contributory factors to the change in 
global climate are closely tied to industrial energy use. initial environmental investigations 
for machine tools used in material elimination procedures (such as turning, and milling) show 
usage of electricity is responsible for more than 99% of the environmental effects [70]. 
Therefore, minimizing the amount of electrical energy used during manufacturing operations 
benefits producers both economically and environmentally.  Device et al [71] narrated that 
temperature measurement in the course of material removal is done in great detail since it is 
essential for determining how well material removal operations perform and how well the 
finished workpiece turns out. The importance of temperature monitoring during material 
removal processes and evaluating their impact on both the cutting edge of the tool and the 
workpiece has long been understood because the aim of any material removal process is a 
component that persistently fulfills requirements.  

 Improvement of the finished workpiece's quality is the main driver for further work on 
temperature measurement, but it may also be used to forecast tool wear and advance 
predictive software modeling. Additionally, research has demonstrated that in material 
elimination procedures, occurrences that can reduce the quality of the workpiece frequently 
follow an Arrhenius-type (exponential) model, indicating that other incongruous phenomena 
can be related to temperature changes. The history of temperature has a direct effect on part 
quality in material removal procedures. The drawback is that it can introduce residual 
tensions and cause subsurface damage, which can both have an impact on dimensional 
accuracy [72].  Process heat can be used as well to create the desired hardening of the 
workpiece surface if it is appropriately managed. However, it is still difficult to assess or 
regulate temperature in modern manufacturing processes. For instance, numerous current 
measurement techniques do not work when coolants are utilized. Increased temperature hurts 
the productivity together with the efficiency of material elimination processes because 
diffusion, thermal softening, and chemical reactions are all increasingly temperature 
dependent. Cutting-edge wear with material diffusion is sensitive to even slight variations in 
the ambient temperature. Because cutting speed increases temperatures where the tool and 
workpiece meet, a significant side effect of exponentially actuated mechanisms is an increase 
in wear [71, 72].  Mann et al [73] narrate that MAM (Modulation Assisted Machining), a 
regulated use of low-frequency modulation to machining, is demonstrated to affect Eliminate 
severe contact state at the tool-chip interface and enable distinct chip creation. It also allows 
for the prescription of the machined surface texture and the creation of chips with various 
structures including discrete-particle-like chips. The chip production regimes and textures 
are described by a model for MAM. The advantages include better tool lubrication, reduced 
tool wear, improved chip management, and higher rates of material removal. Processes like 
drilling and turning that use MAM in the prototype. Turning, drilling, and boring are 
examples of machining-based techniques that have unique mechanics for removing material 
[74]. First off, when cutting ductile metals and alloys, the production of a continuous chip is 
an inherent property of material removal. Continuous chips, however, present a challenge to 
improving the performance of machining as a result of problems with the evacuation of chips, 
and tool interference including lubrication of the tool-chip contact. For instance, in deep 
drilling processes, the rate at which the ongoing chips may be removed from the drilling area, 
which is deep inside a hole, often determines the drilling performance, such as tool life along 
with the removal rate. Both boring and high-rate turns have similar problems. Many times, 
they use a fluid under intense pressure and flow rates, instead of realizing that one of the 
primary goals is to separate constant chips into small, fragments that are manageable and 
remove these from the cutting zone, which is typical of several machining systems. [74]. 
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Figure 1: Direct images of rake face Mann et al [74]. 

Figure 1 shows that A high-speed photographic series of 2-D linear machining allowed for 
the selective extraction of precise pictures of the rake surface (tool-chip interface) of a 
sapphire tool. The pictures display traditional dry machining, traditional fluid machining, and 
velocity-modulation machining. Fluid presence in (a) through (f). Be aware that in (b), the 
fluid appears to not enter the intimate contact region but is active in the area of sporadic 
contact, interfering with the formation of deposits of metal. In (c), where the chip-tool contact 
is just broken during modulation machining, fluid enters the contact. After then, in (e), the 
contact is restored, and cutting continues in (f). During this modulated cutting, the fluid 
appears to be present almost everywhere except close to the cutting edge, a black band (f). 
The images were captured with a slow camera shutter speed (Vo10 mm/s). Cutting edge "cc" 
and tool-chip contact "ee" are both modulation parameters. The modulation frequency is 
fm1412.5 Hz, the modulation amplitude is A14200 mm, and the tool rake angle is 51. 

Shiari et al [75] said that the methods for removing material from single crystals at the 
nanoscale have been studied using a dynamic multiscale modeling technique. Without 
incurring the expense of complete atomistic simulations, In addition to the long-range 
mobility of dislocations as well as their interactions, the model captures simultaneously the 
atomistic mechanisms of material removal from the free surface. The technique also enables 
simulation, although in 2D, of system sizes that are close to empirically reachable systems. 
Using single-crystal aluminum, simulations are performed for a broad spectrum of tool 
speeds (20-800 m/s) at room temperature to look at the atomistic features of material 
elimination, formation of chip, generation, and surface evolution together with dislocation 
proliferation [76]. The outcomes of these simulations show how effective the established 
methodology is at capturing both short-range atomistic events and long-range dislocation 
plasticity during tool advance. The impact of the removal of the substance, of the scratching 
depth procedure is also being researched. During the process of removing the material, 
dislocation formation events are connected to variations in scratching tangential force. It is 
discovered that an ideal tool speed for low cutting forces results from a change from localized 
amorphization to dislocation formation and glides at high tool speeds. In a variety of possible 
applications in the electrical, mechanical, optical, and semiconductor industries where nano-
surface polish is a key factor, there is a surge in the demand for nano parts. As a result, current 
academic and corporate research has mainly targeted the development of AFM with other 
high-precision machining methods for removing surface material at the nanoscale [75]. The 
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amorphization to dislocation formation and glides at high tool speeds. In a variety of possible 
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principles of mechanical surface modification at the nanoscale are still being defined, and the 
manufacturing method for removing material from the surface of nano metallic components 
surface is quite complex. Researchers can gain a greater insight into the mechanisms 
underlying the formation of chips, scratching pressures, impacts of size, and integrity of 
machined surfaces by numerical simulations of nanoscale surface material removal [76]. 
Evans et al [77] studied and came up with an outcome that for high-value production 
processes, such as IC manufacture, polishing operations are essential. But nothing is known 
about the basic mechanisms of material removal. Numerous factors influence the 
technological outputs (such as part shape, sub-surface damage, and surface gloss) and 
polishing and lapping process throughput. Even though distinct processes are tightly 
managed inside certain organizations, it is difficult to anticipate process performance 
beforehand. 

3. Conclusion 

In conclusion, the machining processes play are vital in the conventional production industry. 
The cost-effectiveness of every machining procedure has been carefully evaluated. 
Depending on the cutting tool and the workpiece substance, this is mostly influenced by 
selecting the appropriate machining variables, depth of cut, feed rate together with cutting 
speed.  Advantages involved in the selection of the best machining parameters include a 
higher rate of material removal, a better surface finish, in addition to an extended tool life. 
The cutting tool temperature is increased during cutting because of friction at the chip 
contacts with the cutting tool. This heat production has three negative effects on the work 
material's dimensional sensitivity, tool life, and surface roughness. To properly attain full 
automation, the machining process needs to be forecast, continually, and dependably 
monitored. To create products with fewer flaws quality control with manufacturing processes 
are combined. Numerous theoretical and empirical works on the surface profile of machined 
products’ roughness have been published. These works show how important it is to 
understand how tool wear, cutting conditions, material qualities of the tool and workpiece, 
and also cutting/process parameters, affect the surface quality of the machined parts (which 
include cutting speed, feed rate, depth of cut with tool shape) to improve, forecasting, or 
manage machining operations, material removal process has developed on numerous 
machining monitoring systems, built in-process models have also been developed in the past. 
Every research study uses a distinct methodology and doesn't provide any clear guidelines or 
important considerations for the creation of intelligent machining systems.  
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