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ABSTRACT 
Manufacturing has a history almost as long as the 

humankind, but as materials get more and more complex due to 
material science technology, manufacturing them becomes 
increasingly difficult. Using processes in combination has been 
a common practice. Similarly, using a simple process to aid a 
more complex process has often been employed. However, more 
advanced technologies have been developed to manufacture 
difficult-to-manufacture materials, as well as advanced auxiliary 
techniques to aid the main manufacturing process. In most of 
these processes, the aim is to improve the manufacturability of 
the part. Initial considerations to improve manufacturability 
were focused on being able to produce the part in ways aligning 
with the design. For example, in hot forging, it was not possible 
to achieve the right product without the aid of the secondary 
process (heating). As the manufacturing field evolved, needs of 
the industry changed to improving part quality and lowering 
manufacturing costs. Modern methods of assisting main 
manufacturing processes focus on ensuring (1) an extended use 
of the tool quantified by lower tool wear and higher tool life, (2) 
improved machine capabilities quantified by lower maintenance 
times and higher automation, (3) improved final product quality 
quantified by dimensional accuracy and surface, subsurface, and 
bulk material quality, and (4) increased sustainability of the 
process quantified by lower resource use such as machine power 
and lubrication. In this study, an overview of the use of 
assistance in manufacturing processes is provided. The review is 
focused on more modern techniques such as laser, electrical, 
magnetic field, and ultrasonic assistance, more modern 
materials that are difficult-to-manufacture such as hardened 
steels and titanium and nickel-based alloys, and on machining 
processes that are more imminent for the critical industries such 
as automotive, aerospace, energy production, and biomedical 
industries. 
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INTRODUCTION 
 As the needs of people evolve, new materials that have 
better properties in some aspect beneficial to the furthering of 
technology are discovered and invented. These materials become 
commonly used in critical industries that spearhead the 
development of modern technologies. Researchers try to 
improve the manufacturability of such materials through various 
types of analyses including experimentation and empirical, 
numerical, and analytical modeling, there are always limitations 
to machine and equipment capability. These limitations suggest 
that with the current machines and equipment, the current 
processes can only be improved to a certain point. Therefore, 
using multiple processes at once can be an effective method of 
improving process capability without the need for better 
technology machinery and equipment. 

For this purpose, since using two processes at once in a 
hybrid manner is rather difficult, researchers have been 
developing auxiliary techniques that aid the main manufacturing 
process, improving the capability of the same. This way, 
implementation of the auxiliary technique does not significantly 
affect the setup of the main process, which is favorable from the 
point of view of the industry. Since big changes are not required 
to the whole system, critical industries can pick up these 
developments relatively quickly and without much risk of return 
of investment. 

In light of this reasoning, the authors will first introduce the 
relevant materials of interest for the subject matter, and their 
common industrial uses. This way, the reader can be more 
informed about the rationale for such assisted processes. Then, 
the most common assisted processes will be detailed and the 
most recent developments will be presented, including the 
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modeling and analysis efforts on those processes. These 
processes are thermally-assisted manufacturing (TAM), which is 
mostly observed as laser-assisted manufacturing (LAM), as well 
as electrically-assisted manufacturing (EAM), magnetic field-
assisted manufacturing (MFAM), and ultrasonically-assisted 
manufacturing (UAM). Finally, conclusions will be drawn from 
the studied content and future directions will be suggested for the 
audience interested in improving assisted manufacturing. Since 
the intended target industries of such processes and this work 
utilize modern manufacturing methods more frequently, the 
main focus of this work has been selected as assisted machining 
processes, though advancements in other manufacturing 
processes are also presented. 
 
MATERIALS OF INTEREST 

Virtually any material is manufacturable through a process 
or another; however, the focus of this review is materials for 
parts that are (1) commonly manufactured using assisted 
manufacturing processes, and (2) essential to the aforementioned 
critical industries. Thermally-assisted manufacturing (TAM) has 
been shown to improve the manufacturability of difficult-to-
manufacture materials such as titanium alloys, nickel-based 
super alloys, ceramics, tool steels, and metal matrix composites 
[1]. Most research in TAM has been conducted studying 
titanium, nickel-based alloys, and ceramics because of their 
useful properties and difficulty to machine compared to other 
materials. Electrically-assisted manufacturing (EAM) is known 
to alter the lattice structure of the material in a fashion that 
manufacturing the material becomes easier. Research on EAM 
has covered many materials ranging from salts to nickel-based 
alloys, but mostly focused on aluminum and steel materials [2]. 
Magnetic field-assisted manufacturing (MFAM) is a relatively 
new and underexploited field, but it has been shown that the use 
of magnetic field can be used to alter mechanical properties of 
the workpiece [3]. However, since the ferromagnetism, 
magnetostrictive strain, and magnetic saturation levels are 
critical for use of magnetic fields, material selection is quite 
limited. Many researchers used MFAM in manufacturing 
ceramics [4-5], while few researchers worked with mild steels 
[6-9]. Ultrasonically-assisted manufacturing (UAM) is similarly 
an underexplored method of using assistance, where ultrasonic 
waves are superimposed on the manufacturing zone to ease the 
process [10-12]. Since there are not many restrictions for using 
this method, researchers have explored the use of UAM on even 
the most difficult-to-manufacture materials such as titanium 
alloys and nickel-based alloys. 
 
2.1 Brass, copper, ceramics, composites, and CFRP 

Relatively simpler metals and metal alloys such as brass and 
copper were used by many researchers in understanding the 
electroplasticity effect before moving on to more advanced 
materials [14-19]. More advanced materials such as ceramics, 
composites, and carbon-fiber reinforced plastics (CFRP) were 
investigated with TAM [20-23], as well as MFAM [4-5] and 
UAM [24-27], mostly due to application-specific reasons. 
Particularly ceramics are known to be hard and brittle, which 

makes them very difficult to machine while incurring significant 
tool wear when machined conventionally [1, 20]. 
 
 
2.2 Aluminum and magnesium alloys 

Aluminum and its alloys are relatively inexpensive and they 
still have a significant share in critical industries, so the use of 
EAM on Aluminum and its alloys was heavily studied [14-
15,28-38], as well as with UAM [39-42]. Magnesium and its 
alloys are similarly inexpensive and lightweight, which is 
appealing for many of the critical industries, and EAM [43-44] 
and UAM [45] of a magnesium alloy AZ31B have been studied. 
 
2.3 Steels and tool materials 

Despite some of their advantages, many of these materials 
are either not heavily utilized in the critical industry, or they are 
not difficult to manufacture. However, when the level of material 
increases to steels, more imminent research is underway. 
Particularly with strengthened or hardened steels, assisted 
technologies can be extremely useful. For this reason, 
researchers have been heavily studying the assisted 
manufacturing of steels, with TAM [46-49], EAM 
[16,31,33,35,50-59], MFAM [6-9], and UAM [60-63]. Most 
common steel that was studied was tool steel, which indicates 
that efficient manufacture of tooling was targeted. Similarly, 
Ruszkiewicz and Mears studied the effect of EAM on tungsten 
carbide, a material commonly used to build cutting tools [64]. 
The amount and variety of work, as well as each method 
achieving notable improvements in manufacturing steel outlines 
why steel is an important material. 
 
2.4 Titanium and nickel-based alloys 

Although most of these materials heavily utilized in the 
critical industries, most of them have also been studied by 
researchers for a significant amount of time, and it is no longer 
considered difficult to machine most of these materials. 
Therefore, there is not much improvement that can be achieved 
using auxiliary techniques when manufacturing them. However, 
titanium and nickel-based alloys still pose a significant challenge 
to researchers in terms of the optimal ways to manufacture. 
Therefore, the main concentration and future direction 
suggestions of this work will be on titanium and nickel-based 
alloys. 

Titanium alloys are used for components in aerospace and 
medical devices due to their excellent properties [65]. They have 
a high strength-to-weight ratio and they can keep their high 
strength and corrosion resistance properties at elevated 
temperatures, which make them excellent for high temperature 
applications. It is difficult to machine titanium alloys due to their 
low thermal conductivity and low modulus of elasticity. These 
properties result in high tool wear and poor surface finish that is 
caused by the high cutting temperatures and high vibration 
during machining [1]. Researchers have been conducting LAM 
experiments that resulted in increased tool life, increased 
material removal rate, and improved surface quality [66-70]. 
Similarly, titanium and its alloys have been somewhat popular in 
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the EAM field as well. Researchers investigated tensile and 
compressive forming, incremental forming, micro-rolling, and 
machining of grade-2 and grade-5 titanium [36,71-74]. 
Spearheaded by a UK-based group, titanium and its alloys were 
also studied heavily using UAM [75-81]. 

Nickel-based superalloys such as Inconel 718 and Inconel 
738 are used heavily particularly in the aerospace industry due 
to their high strength that does not drop significantly at elevated 
temperatures [65]. However, this superior property creates a 
problem when machining as it leads to high tool wear. However, 
researchers have found that using LAM to machine the nickel-
based alloy Inconel 718 reduces cutting forces and tool wear 
while also improving surface quality and material removal rate 
[82-84]. The rare example of an investigation of EAM on nickel-
based alloys is the electrically-assisted machining analysis 
conducted by Ulutan and colleagues [2], where the work using 
UAM is more pronounced and versatile [85-87], most likely due 
to the challenges of using electricity when machining nickel-
based alloys. 
 
ASSISTED / AUGMENTED PROCESSES 
 Using an external auxiliary process in assistance to the main 
manufacturing process of metals is not a new idea, but it is still 
a relatively under-explored territory. Mostly, what is targeted 
with any process is an increase in the general manufacturability 
of the metal, which can be in various forms including reduction 
in manufacturing difficulties (e.g. machining forces) or 
increasing the final product accuracy (e.g. reduced springback 
and increased dimensional accuracy). In the following sections, 
the processes, their use, advantages, disadvantages, benefits, and 
challenges will be discussed. 
 
3.1 Thermally-Assisted Processes 

One of the earliest adaptation of assisted manufacturing, 
particularly for machining applications, was thermally-assisted 
manufacturing (TAM), where the temperature of the 
manufacturing zone is increased using a heat source of some sort. 
The most common method to accomplish that is a laser beam, 
which is why TAM is usually referred to as laser-assisted 
manufacturing (LAM). Pfefferkorn and colleagues are among 
the pioneers in this research field with their work on 
measurement of surface temperatures during laser-assisted 
machining processes, where they investigated the potential 
increase in process efficiency and surface quality [23]. Use of 
LAM increases the temperature of the workpiece and decreases 
the strength of the material, therefore reducing machining forces, 
while increasing the material removal rate and decreasing the 
surface roughness as well as tool wear [1,66,68,83]. This 
increase in productivity is important when machining titanium 
and nickel-based alloys, ceramics, and other difficult-to-machine 
materials. Conventionally machining of such materials incurs 
high costs due to increased machining time, high tool wear, and 
low surface finish. Softening of the material is done by applying 
heat specifically to the area being machined and avoiding the 
unmachined material as to not change the microstructure. With 
TAM, a laser or plasma is used to heat the workpiece locally. The 

heating can be introduced as an auxiliary process to a variety of 
machining processes such as milling, turning, drilling, grinding, 
and burnishing [1]. Application of heat is different for each 
machining process. Heat energy that is applied to the material 
must be high enough to reduce the yield strength of the material 
but not melt the piece or change the microstructure of the 
unmachined material. It must also not be too high to avoid raising 
the tool temperature, therefore increasing tool wear. Due to 
structural differences, each material is affected by heat 
differently, and parameters of heat application vary with the 
choice of machining process. 

LAM has been applied to improve machinability of many 
difficult-to-machine materials. The most common methods of 
machining using LAM to improve machinability are turning and 
milling. Research has been conducted to find the proper machine 
and laser position using these machining methods [66,68,82-84]. 
Implementing LAM with turning is common because the heat 
source can be used in conjunction with the cutting tool. In 
addition, turning process is simple compared to other machining 
methods. Parameters that affect the efficiency of LAM are the 
laser power, laser spot size, position, and the incident angle [1]. 
In general, the distance between laser and tool rake face 
improves cutting conditions, as it is the aim to heat the workpiece 
with sufficient proximity [66]. While doing this, it should be 
made sure that the tool is not heated nor there are loose chips, so 
the laser needs to be positioned with sufficient distance from the 
machining zone [66]. 

Milling using TAM is more difficult to accomplish because 
of the rotating tool, compared to turning that has a fixed tool. 
Laser can be attached to the spindle or arranged separately but it 
must lead the path of the tool, which is the fundamental 
requirement of the process. However, milling produces vibration 
because of the impact forces during repeated contact between the 
tool and the workpiece. LAM aids in reducing the vibration and 
improving the surface furnish of the material [1,70]. Results 
from research using milling are very limited due to the 
complicated setup required to implement laser assistance to the 
milling process. 

Researchers also worked on modeling the TAM process to 
optimize machining and heat parameters for machining difficult-
to-machine materials. After conducting experiments and a 
numerical analysis, researchers found that reducing the cutting 
forces by 40% is possible if cutting and laser parameters are 
selected at the optimal level [66]. Others investigated the effects 
of pulse duration, frequency, laser power, and laser beam 
diameter, and found that it is possible to simultaneously reduce 
cutting forces, tool wear, and surface roughness [82]. To better 
understand the behavior of TAM, researchers relied heavily on 
numerical analyses after verifying their models with experiments 
[1,66-67,69-70,88]. Yang and colleagues built a model to 
investigate the depth and width of the heat affected zone (HAZ) 
[67], choosing laser power, spot size, and travel speed as their 
parameters to investigate. They conducted a thermal-numerical 
simulation to find the shape, size, and temperature of the HAZ. 
They found that the HAZ decreases when the laser spot size and 
travel speed increases, but it is inversely related to laser power. 
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They also found that depth of the HAZ is smaller than its width, 
which must be taken into account when selecting cutting 
parameters. 
 
3.2 Electrically-Assisted Processes 

In electrically-assisted manufacturing (EAM), electricity is 
applied to the main manufacturing process to benefit from the 
electroplastic effect [89]. This effect is known to increase the 
deformation that the part can go through prior to failure, thus 
increasing the formability of the part [14]. Another benefit of the 
electroplastic effect is that it reduces the flow stress during 
plastic deformation, which means the load on the equipment and 
hence the power consumption during the process will both 
decrease [90]. This is particularly useful when the process is 
challenging to the equipment being used. Finally, electroplastic 
effect also reduces the springback effect in parts being deformed, 
essentially increasing the dimensional accuracy of the final 
product [28]. However, despite the many advantages to aiding 
the deformation of the part during manufacturing, this process is 
not heavily picked up by the industry due to its serious 
disadvantages. First and foremost, similar to any other 
application with electricity, the non-negligible risk of 
electrocution is a big issue [89]. Since most of the machinery is 
metallic as well as most of the parts, they conduct electricity 
quite well, which is difficult to deal with in terms of safety, 
though being beneficial in terms of the process [91]. Moreover, 
the basics of the process affects the applicability of electricity. 
When the workpiece is stationary (forging, turning), applying the 
electricity is relatively simpler. However, when the workpiece is 
moving (welding, milling), since the applicator of electricity 
needs to stay in constant contact with the workpiece to be able to 
close the electric circuit, potential crossing paths of the 
workpiece and the applicator must be considered and plugged 
into the design of the system. Finally, because most insulating 
materials such as nylons and rubbers are soft and brittle, choice 
of material becomes an issue as well [91]. 

Although not in manufacturing terms, effects of electricity 
on different materials have been studied for many decades. 
Studies initially started with understanding its effects on salts 
[92]. Work on its effects on metals was initiated almost a decade 
later when researchers worked on zinc, tin, lead, and indium [93]. 
They found that using electricity, particularly pulsed electricity, 
they can lower the flow stress of the metals, which helps with 
their manufacturability. Continuous charge of electricity, on the 
other hand, was found to increase recrystallization of some 
metals, during which the size of the grains also increased [94]. 
Initial thought was that Joule heating effect of electricity 
increased the temperature of metal, thus leading to its ease of 
manufacture. However, researchers showed later that there is 
much more to the effects of electricity than Joule heating [95]. 
Electric flow through a metal was found to be a reason for 
creation of some intermetallic bonds. It was also found that use 
of electricity, particularly when at a high-amplitude low-
frequency manner (high current - short duration), increases the 
plasticity of the metal and forces some phase transformations 
where they should not occur [14-15]. 

Work on electrically-assisted manufacturing has sped up in 
recent years. Researchers were able to increase the formability 
of an aluminum workpiece by reducing the energy needed to 
uniaxially deform it and found that there was not much 
temperature rise on the material during this process [96]. This 
finding supports the hypothesis that Joule heating was not the 
source of improved manufacturability. Other researchers did 
similar tests either during uniaxial tension or compression 
[18,29.30,37-38,43-44,53,55,58,64,71,73-74], and found mostly 
supporting evidence that the force required to deform the 
material decreased, but tests were conflicting to show the 
increase and decrease in the total amount of deformation during 
the process, potentially due to the type of the process they used. 

Accurately describing, modeling, and predicting the 
electroplastic effect on metals has not been successfully done 
yet. However, electroplastic effect is commonly said to have 
three results, where all of them contribute to the 
manufacturability of the metals [89]: (1) Due to the electrons 
running into the metal, and randomly scattering and moving 
around to increase the resistivity of the material, added electrons 
cause increased temperature that is different than the bulk 
temperature increase in the material. Therefore, materials that 
conduct electricity less (more resistive) undergo bigger changes 
in their structure due to more localized heating, so their 
formability increase more than those materials with less 
resistivity. (2) Some electrons fill in the voids in the lattice of the 
metal and are added to the metal’s microstructure. These 
electrons decrease the bonding of the metal atoms by stealing 
electrons to form their own bonds, which makes the actual 
process easier to break the remaining metallic bonds. (3) While 
electrons are moving in one direction, they move the existing 
dislocation lines and create new lines that increases plastic 
deformation. This way, the workability of the metal can be 
enhanced. Due to the nature of this phenomenon, its effect is 
limited when the electric current is applied orthogonal to the 
dislocation lines, but it can be significant when the current is 
applied parallel to the dislocation lines. Therefore, if there is a 
process where dislocation happens, simultaneous addition of 
electric current in the same direction can help immensely in 
improving the manufacturability of the metal [89]. 

In addition to the theory of electroplasticity and electrically-
assisted forming, researchers have also studied electrically-
assisted machining processes. While some preferred turning and 
orthogonal machining due to the relative ease of setting up the 
system [51,97], others conducted studies on more complex 
machining processes that are more applicable to the industry 
such as drilling and friction stir welding [35,52,56], as well as 
milling [2]. The common denominator of these studies was that 
machining forces reduced when electric current was applied, 
making the machining operation easier. However, it was also 
observed that tool wear increased when electricity was turned on. 
Also, it was observed that when the current density increased 
more than a threshold level, machining forces increased to a level 
even higher than the tests where no electric current was used. 
Therefore, it was concluded that there is no simple answer to the 
decision of adding electricity to the machining process and 
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further research needs to be conducted to be able to fully answer 
the unanswered questions. 

There are not too many viable modeling efforts regarding 
EAM, most likely due to the fact that the process is not known 
sufficiently to construct mathematical models. However, 
researchers studied the effect of current density on machining 
forces and found that electric current has minimal effect if at all, 
before a certain threshold is reached [2,51]. However, after that 
threshold is exceeded, a stable reduction in machining forces was 
observed [97]. If a higher second threshold was reached, the 
benefits of EAM started to vanish, meaning the current density 
needs to be within a lower and a higher limit for the auxiliary 
process to be able to have a positive effect [2]. Also, further 
investigation of tool wear was suggested, since machining forces 
do not directly and solely imply manufacturability. However, it 
is possible that the second threshold in the tests were where the 
tool started to wear off, hence tool wear issue may be resolved 
together with the inflating machining forces. 

 
3.3 Magnetic Field-Assisted Processes 

In order to advance towards modern industrial applications, 
new processes with high efficiency, high quality of surface 
finishing, and reliability should be developed. Electrical 
discharge machining (EDM) is a widely used manufacturing 
method, where the ability to remove chips is limited [8]. 
Researchers were able to realize this suboptimality and they 
developed a technique to drive the machining debris away from 
the machining zone. They attached a magnetic force device 
which facilitated such a motion by magnetic abrasion, improving 
the stability of the EDM process by preventing debris 
accumulation on the machining zone. This is a good example of 
a magnetic field-assisted process, where the magnetic force itself 
is not contributing to the material removal but aids the main 
process by increasing its efficiency. 

In order to establish a magnetic field in machining gap, 
researchers built a magnetic disk that rotates with planetary 
movement of the tool [9]. Four parallel ultrasonic transducers 
were employed to generate vibrations at 28 kHz frequency and 
up to 12 µm amplitude. The transducers were attached on a table 
where four magnets were attached to the tool holder. With this 
setup, they were able to achieve higher MRR that provided a 
smoother surface while using EDM on cold work steel under 
magnetic field assistance [9]. Lin and colleagues did a similar 
study and found that the electrode wear rate (EWR) during 
magnetic field- assisted EDM is reduced [8]. There is a scarcity 
of investigations on magnetic field-assisted manufacturing 
methods, which may be due to the limiting material selection 
constraints intrinsic to the process. 

 
3.4 Ultrasonically-Assisted Processes 

Ultrasonically-assisted manufacturing (UAM) is the 
addition of an ultrasonic shaker to the system where low-
amplitude (5-20 µm) high-frequency (>20 kHz) vibrations are 
superimposed on the main process. Though ultrasonic assistance 
can be used for other processes, machining processes benefit 
significantly from an introduced ultrasonic assistance. During 

machining processes, particularly intermittent cutting, vibrations 
that are caused due to the impact forces are a concern. These 
vibrations cause instability of the system, and it may lead to 
issues such as chatter, or at the very least, part quality issues such 
as a rough surface or an inaccurate part dimension [80]. 

When ultrasonic assistance is introduced, cutting stability is 
significantly improved, cutting forces are reduced, and therefore 
tool life is improved [80]. The amplitude of ultrasonic waves is 
very small compared to feed and depth of cut. However, even a 
small reduction of chip load due to added vibrations helps the 
tool to cool down sufficiently. As a result, surface issues such as 
high surface roughness and tensile residual stresses are 
eliminated, in addition to reduced cutting temperatures. It was 
also found that, even with materials that are difficult-to-machine 
such as titanium and nickel-based alloys, UAM can reduce the 
surface defects such as deformation zone thickness, by way of 
reduced friction and thus reduced machining temperatures [10]. 
Moreover, UAM was found to aid reducing the surface 
roughness through improved chip formation. With UAM, it was 
found that built-up edge formation was minimized, improving 
the overall surface quality [10,61]. 

Ultrasonic assistance has virtually no limit in usage, which 
is why it has been applied to turning, drilling, and micro-milling 
[10,13,40,41,75-80,85-87]. Most UAM studies are based on 
assisted turning and drilling due to the amount of information 
that can be gathered and the ease of setting up compared to 
milling. However, it was observed within the investigated 
studies that all UAM methods employed resulted in improved 
process results with difficult-to-machine materials such as 
titanium and nickel-based alloys [61]. Particularly when 
machining such difficult-to-manufacture materials, UAM was 
found to reduce milling forces [62]. It was further found that as 
cutting speed increases, the benefits of UAM decrease, due to the 
reduction in the frequency of separation of tool and chip [80]. 
Since UAM allows the tool cutting edge to cool down for some 
duration during turning, higher maximum cutting temperatures 
can be achieved compared to conventional turning [81]. 
Researchers found that further increasing the cutting speed can 
be possible due to this decrease in maximum cutting temperature 
by utilizing UAM [80]. Other researchers found that in addition 
to the reduced effective stresses with increased cutting speed, 
using UAM further decreases those stresses, making the 
workpiece easier to manufacture [12]. UAM was also found to 
add aerodynamic lubrication when the tool is partially separated 
from the chip, which reduces friction and generation of built-up-
edge [80]. Researchers also found that during UAM, the cutting 
form of the workpiece and the tool has changed making the 
overall surface look symmetrical and smooth, and the 
appearance looks to have more convex and concave grid 
compared to the conventional method where its appearance is 
irregular [43]. Some more details regarding ultrasonically-
assisted processes and materials that have been investigated in 
the literature are provided in Table 1  and Table 2 for the 
convenience of the audience. 
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TABLE 1: SUMMARY OF ULTRASONICALLY-ASSISTED 
MANUFACTURING RESEARCH – MATERIALS 

Material Alloys Reference 
Aluminum 7075 39 

 6061 40, 41,42 
Magnesium AZ31 45 
Steel  420 60 

1045 61 
4340 62 
304 63 

Titanium Grade 2 13 
 Ti-64 13,42,78,80,81 
 Ti-15V-3Al-3Cr-3Sn  75,77,79 
 Ti-6246, Ti-676-0.9La 76 

Carbide Tungsten Carbide 64 
Nickel Inconel 738-LC 85-86 

Inconel 718 87 
CFRP CFRP 24, 26, 27 
Glass BK7/K9 glass 25 
 
 

TABLE 2: SUMMARY OF ULTRASONICALLY-ASSISTED 
MANUFACTURING RESEARCH - METHODS 

Material Method Reference 
Aluminum Turning 39,40 

Micro-milling 41,42 
Magnesium Spray Deposition 45 
Steel Drilling 60 

Turning  61,62,63 
Titanium Drilling 13,78 

Turning 75-77,79,80,81 
Micro-milling 42 

Nickel Drilling 85, 86 
Turning 87 

CFRP Drilling 24, 26 
End milling 27 

Glass Rotary UM 25 
 

     
CONCLUSIONS AND FUTURE DIRECTIONS 
 In light of the information gathered from literature, 
following conclusions were drawn: 

- Assisted manufacturing techniques are still 
underexploited. 

- Studies in laser-assisted manufacturing are the most 
advanced, but even with laser assistance, the dynamics 
of the process is not fully understood. 

- Magnetic field-assisted processes are extremely limited 
due to the nature of the process. 

- Electrically-assisted processes are promising in terms 
of their results. However, the risk that an industrial 
company needs to take in terms of safety of the workers 
and equipment as well as return of investment may not 
be favorable. Still, significantly more experiments and 

analyses need to be conducted to reach to final 
conclusions. 

- Ultrasonically-assisted manufacturing has many 
benefits over all of the other processes, where the risk 
that needs to be taken is minimal, the process is 
inherently safe, setting up the system does not require a 
complete overhaul, and benefits are easily observable. 
Therefore, there is an imminent need in researchers 
working on understanding, analyzing, modeling, and 
improving ultrasonically-assisted manufacturing 
processes. 
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