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Nanostructure Effects on the 
Mechanical Machining

Introduction 
Metals or alloys with lustrous, ductile, electrically and thermally conducting properties are 
considered to be metallic materials. Due to their excellent properties and widespread distribution 
on Earth, metallic materials' emergence and development have been crucial to human history. 
Aerospace, biomedical, military, automotive and agriculture are just a few of the many applications 
for metallic materials to date. Material miniature/nanostructures are the innate idea of materials, 
and ordinarily allude to grains, stages and shapeless designs of homogeneous materials, as well as 
miniature fortifications in the metal grid composites and pores in the permeable metal froths. The 
yield strength, toughness, hardness, corrosion resistance, and wear resistance of a material can all 
be significantly impacted by the micro/nanostructures. As a result, the micro/nanostructures of a 
particular metallic material are closely linked to its applications.

Mechanical machining is a crucial step in the production of metallic parts because it directly affects 
the surface integrity of the finished products. A CNC machine system, which consists primarily 
of the CNC software, machine control unit, machine tool or processing equipment, and a few 
auxiliary devices, is typically used for mechanical machining. Cutting tools that are typically harder 
than the workpiece are typically used to remove the workpiece during the machining process, 
resulting in a high surface quality and form accuracy. Mechanical machining techniques like 
turning, milling, grinding, and drilling have been widely used to make complex geometric shapes 
and high-precision metallic parts. A multi-axis machine tool, for instance, could easily produce 
a freeform or complex aspheric surface. Since the modern upheaval of the nineteenth hundred 
years, metallic materials could be machined on the machine gadget. Currently, the majority 
of engineering components, including gears, molds, screws, and slide rails, can be efficiently 
assembled and obtained on the machine processing line, which not only significantly reduces 
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costs but also frees up employees. Moreover, 
the superior presentation gadgets are forcing 
severe necessities about the surface harshness and 
structure exactness for the designing parts, which 
can likewise be effectively accomplished by the 
machining. As a result, modern manufacturing 
relies heavily on mechanical machining 
procedures.

Based on the cutting parameters and machining 
precision, machining can generally be divided 
into traditional and ultraprecision machining. 
Changes in material micro/nanostructures may 
have an impact on the machinability of metals 
or alloys, regardless of whether ultraprecision 
or traditional machining is used. For example, 
the decrease of grain measures for the most part 
brings about high return pressure in view of the 
Corridor Petch relationship, which regularly leads 
to high cutting powers in both conventional and 
accuracy machining. However, the mechanism 
for removing the material differs significantly. In 
conventional machining, the material expulsion 
part contains several grains, so the material 
evacuation requires composed deformity among 
grains and no anisotropic way of behaving is 
introduced. However, the deformation exhibits 
significant anisotropic characteristics because 
the grains were individually deformed with 
ultraprecision at a machining scale close to 
the grain size. This is a significant trademark 
in ultraprecision machining of polycrystalline 
materials, which is known as the grain size 
impact [1-5].

Discussion 
The machinability rating, which determines 
productivity, machining cost, and materials 
optimization in mechanical component 
machining, can be used in the machining 
process to quantify a material's machinability. 
The machinability rating can be described in 
terms of cutting parameters and tool life or 
expressed as a ratio between the material removal 
rate and the reference material removal rate. 
Improvement of cutting boundaries like cutting 
paces, feedrates and profundity of cut is one of 
normal techniques to expand the machinability 
of materials. In addition, selecting the optimal 
cooling and lubrication conditions, which 
benefits the interaction between the cutting 
tool and workpiece and lowers the machining 
temperature, can also improve machinability. 
High temperature is typically created in the 
slicing zone because of the communication 
between the cutting device and workpiece, 

particularly for the rapid machining, which 
presents extraordinary dangers to the surface 
quality and layered precision of the workpiece. 
All the more significantly, high temperature 
likewise impressively decreases the device life, 
so ideal cooling/grease conditions ought to be 
viewed as cautiously in the machining system.

Because material micro/nanostructures directly 
determine the material's mechanical properties, 
a material's machinability is also significantly 
impacted by cutting parameters and cooling/
lubrication conditions. Cutting parameters and 
cooling/lubrication conditions have been well 
covered in previous review studies. This review 
aims to provide a comprehensive overview 
and state-of-the-art regarding how micro/
nanostructures affect machinability based on 
numerous previous studies in the machining of 
metallic materials from perspectives of grains, 
phases, layer-by-layer structures, amorphous 
structures, micro reinforcements, and porosities 
of various metallic materials. However, there 
is no comprehensive review summarizing the 
effects of material micro/nanostructures on the 
machining. Cutting forces, surface roughness, 
subsurface damage, dimensional accuracy, 
cutting temperature, and chip formation all play 
a role in determining machinability. In addition, 
issues and perspectives related to material 
deformation mechanisms are highlighted and 
discussed for the purpose of upcoming studies 
and applications.

It is challenging to investigate the effects of 
material anisotropy on the material removal 
mechanism in polycrystal precision and 
ultraprecision machining because polycrystalline 
materials typically contain a large number of 
grains. An alternative method for deciphering 
the material effects on the machining is to 
machining single crystal metals or alloys without 
grain boundaries. In addition, single crystals have 
been utilized in industry as electrical conductors, 
turbine blades, and mirrors due to their distinct 
characteristics, which include superior electrical 
and conductive properties in comparison to 
polycrystalline materials. As a result, machining 
single crystals has received a lot of attention 
and has been extensively researched in recent 
decades, particularly in ultraprecision machining 
with very little material removal [6-10].

Conclusion
The most important property of single crystals 
is material anisotropic behavior, which is caused 
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by the different physical and chemical properties 
in different crystalline orientations and planes. 
Body centered cubic (BCC), face centered cubic 
(FCC), and hexagonal closest packing (HCP) 
are the three most prevalent crystalline structures 
found in metals. Throughout recent many 
years, the greater part of studies center around 
exploring the machinability of the single gem 
metals with FCC translucent designs, essentially 
including single gem copper (Cu), aluminum 
(Al), and nickel (Ni) superalloy.
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