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Abstract

Aluminum-based silicon carbide (SiCp/Al) composite materials have excellent
properties, including high strength, a high elastic modulus, good wear resistance, and a
low coefficient of thermal expansion. They have been widely used in aerospace,
automotive manufacturing, electronic packaging, and precision optics. However, in
practical processing, there are problems such as low processing efficiency, severe tool
wear, and poor surface integrity, which limit the application of SiCp/Al in the
engineering field. In order to achieve efficient and low-damage machining of SiCp/Al, this
article explores the current research status of various machining techniques including
laser machining, electrical discharge machining, ultrasonic-assisted machining, abrasive
water jet machining. It elaborates on the characteristics of various machining methods
and the prominent problems currently existing. Starting from the aspects of cutting force,
tool wear, material removal form, surface, and subsurface damage, the influence of
machining parameters on surface integrity is discussed. Finally, based on a summary of
the current research status of existing machining methods, it is pointed out that multi-
energy field composite machining is an effective approach to improve the cutting
performance of SiCp/Al, reduce tool wear and surface damage, improve machining
accuracy and surface integrity, and is also a future development trend.
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1. Introduction

SiCp/Al is a new type of material composed of aluminum matrix reinforced with a certain proportion
of silicon carbide (SiC) particles. SiCp/Al composite material exhibits excellent properties, including
low density, high specific strength and stiffness, high elastic modulus, high thermal conductivity, and
low coefficient of thermal expansion. Therefore, it has been widely used in aerospace [2,3], advanced
weapon systems [4], electronic packaging [5,6], automotive manufacturing [7], microwave
communication [8], and other fields. In the military aviation field, SiCp/Al is used as a packaging
shell for phased array radar transceiver modules and as a thermal control component in various fighter
jets and detectors [6]. DWA Corporation in the United States has applied SiCp/6092A1 composite
materials to the pelvic fins of F-16 fighter jets, which has increased their service life by 17 times
compared to 2114 aluminum alloy materials [4]. The UK has utilized SiCp/2009Al composite
materials on the wings of N4 and EC-120 helicopters, resulting in a 30% increase in their stiffness
[6]. In the field of precision optics, ACMC in the United States has applied SiCp/Al to satellite solar
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reflectors and space telescopes, reducing component weight [4]. Cercast has utilized SiCp/A357
composite materials to manufacture aircraft camera brackets, improving the heat dissipation
performance of the components. Compared with ZL.107 material, the static and dynamic stiffness of
the inertial platform body prepared with SiCp/Al is significantly improved [4]. SiCp/Al is also used
to manufacture engine pistons and high-speed train brake discs, demonstrating excellent braking
performance [7]. In the field of electronic packaging, electronic packaging materials need to meet the
heat dissipation requirements of chips and ensure that the electronic components soldered with them
have a matching coefficient of linear expansion. When SiCp/Al is used as the core material in printed
circuit boards, it can achieve a weight reduction effect of up to 70% compared to traditional copper-
clad alloys and can lower the working temperature [6]. When SiCp/Al replaces W/Cu alloy as the
packaging base for radar microwave power tubes, the weight reduction effect is as high as 82% [8].
The volume fraction of SiC particles varies, and there are also differences in material properties and
applications, as shown in Fig. 1. For low volume fractions (10% - 35%) of SiCp/Al, it is primarily
used in various load-bearing components, such as engine pistons, brake discs, etc. Medium volume
fraction (35% - 55%) SiCp/Al is primarily utilized for precision instrument components in optics,
such as solar reflectors and optical reflector blanks [4]. High volume fraction (55% - 75%) SiCp/Al
is primarily utilized in precision electronic components, such as printed circuit boards and Insulated
Gate Bipolar Transistor (IGBT) substrates [6, 8].
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Fig. 1 Applications of SiCp/Al Composites in Various Fields[9]

The excellent properties of SiCp/Al not only expand its application range but also pose certain
challenges to processing. Due to the high hardness and brittleness of SiC particles, conventional
machining methods struggle to achieve precise surfaces, making it a typical difficult-to-machine
material [10, 11]. During the machining process, SiCp/Al faces some significant challenges. On one
hand, the cutting stability is poor due to the completely different physical and mechanical properties
of the elastic-plastic matrix and the hard, brittle SiC particles, leading to uncoordinated deformation
of the two phases. During the machining process, it is extremely easy to cause particle fracture and
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fragmentation, interface debonding, and pit defects formed by particle extraction, which seriously
affect surface integrity [12], as shown in Fig. 2 (a). During the cutting process, the debris generated
by particle breakage and peeling is pushed into the machining surface by the squeezing effect of the
cutting tool, resulting in scratches. The substrate undergoes plastic deformation when heated and
forms a surface coating due to the cutting tool's action. In addition, some particles are pressed into
the surface, resulting in subsurface microcracks and pore defects [13], as shown in Fig. 2 (b). On the
other hand, as the particle size increases, the overall hardness and brittleness of the material increase,
and the cutting mechanism becomes more complex. Under the impact and friction of particles, cutting
tools experience severe wear, which makes it challenging to maintain machining accuracy and surface
quality. During the drilling process, edge collapse defects easily form at the outlet of the hole. During
the milling process, the material is prone to forming edge defects. During the grinding process, the
plastic matrix is prone to adhering to the surface of the grinding wheel, causing serious wheel
blockage and reducing the service life of the grinding wheel. The aforementioned issues limit the
promotion and application of SiCp/Al. Consequently, developing efficient and low-damage
machining methods has become one of the current hot research topics.
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Fig. 2 Typical characteristics of surface and subsurface damage in SiCp/Al machining [12,13]

The outstanding properties of SiCp/Al have led to its widespread use in various fields. Consequently,
in recent years, research on SiCp/Al processing has become one of the most attractive and popular
research areas [6, 7, 11, 12, 13]. However, SiCp/Al faces challenges such as rapid tool wear and poor
surface integrity during processing, which leads to its machining quality not meeting the requirements.
In order to achieve efficient and low-damage processing of SiCp/Al, domestic and foreign researchers
have explored traditional mechanical processing and special processing technologies. They have also
developed various energy field composite processing methods, such as water-guided laser processing,
laser heating-assisted processing, and laser-ultrasonic vibration assisted machining. Furthermore, in-
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depth and effective research has been conducted on the forms of material removal, surface
morphology during machining, damage formation mechanisms, and tool wear. This article reviews
the development process of SiCp/Al processing technology in recent years, summarizes the current
research achievements, and discusses the various challenges faced. Based on this, prospects for future
research directions were proposed to provide reliable references for the efficient and low-damage
processing of SiCp/Al.

2. Research Status of Non-traditional Processing Techniques for Sicp/Al
Composite Materials

2.1 Laser Processing
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Fig. 4 Morphology and recast layer thickness of different gas types assisted laser drilling [16]
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Laser processing uses a laser beam to focus on the surface of the workpiece and melt the material
through thermal effects. Laser processing is highly efficient, and non-contact processing methods can
effectively prevent tool wear. According to the working mode, laser processing can be divided into
continuous laser and pulse laser processing. According to the pulse width, lasers can be divided into
long-pulse (>100 ns) and short-pulse (10 ps).~100 ns), and ultra-short pulse laser (<10 ps) [14]. As
shown in Figs. 3 (a) and (b), continuous laser processing has high efficiency, but it causes thermally
induced damage on the surface. Ultra-short pulse lasers have more advantages in suppressing damage,
and laser processing is mainly used for drilling and cutting SiCp/Al [14,15].

The primary issues with SiCp/Al in traditional laser drilling are the formation of a recast layer on the
hole wall and the challenge of hole taper. With the assistance of high-pressure gas, the thickness of
the recast layer can be reduced, and outlet debris can be cleaned. Marimuthu et al. [16] studied the
effects of millisecond laser processing parameters and different auxiliary gas types on the thickness
of the recast layer on the hole wall. They found that a low scanning speed is advantageous for
achieving better hole roundness and effectively reducing the thickness of the recast layer. An increase
in laser frequency can improve hole contour and roundness, but it also results in a thicker recast layer.
As shown in Figs. 4 (a) and (b), the thickness of the recast layer is the smallest when argon gas is
used to assist in hole making, resulting in higher hole roundness, followed by nitrogen gas. Oxygen
and compressed air can lead to increased thermal damage and irregular hole shapes. Liu Chang et al.
[17] also conducted similar experimental studies using an ultraviolet picosecond laser to perform
hole-making experiments on high-volume fraction SiCp/Al thick plates. They found that the recast
layer of the hole wall exhibited characteristics of being thick in the middle and thin at both ends. As
the laser power percentage increases, the plasma's shielding effect prevents the molten material from
being expelled, leading to a thicker recast layer. As the laser power increases, the steam pressure also
rises, which helps remove the molten material from the hole and decreases the thickness of the recast
layer. Li et al. [18] and Zhang et al. [19] conducted cutting experiments on SiCp/Al and discovered
the existence of an oxide layer on the machined surface, along with microcracks and voids in the
subsurface layer. The combination of high laser power and low feed rate can achieve a larger incision
width, but it will produce more ablative slag.

The main problem with conventional laser processing is the surface recast layer and microcracks
caused by thermal effects. It is necessary to find effective strategies to suppress thermally induced
damage. Compared with continuous laser processing, ultra-short pulse lasers have more advantages
in suppressing thermally induced damage. However, there is an urgent need for in-depth research on
the selection and optimization of ultra-short pulse laser processing parameters. In addition to the
thickness of the surface recast layer, the machining quality can also be evaluated based on factors
such as hole taper and hole wall surface roughness. Optimization algorithms can help in selecting the
optimal parameter combination.

2.2 Electrical Discharge Machining (EDM)

Electrical discharge machining is the process of connecting tools and workpieces to the two poles of
a power source and maintaining a certain gap. It utilizes the local instantaneous high temperature
generated by pulse discharge to erode materials. Electrical discharge machining is not limited by
material strength and hardness, but it does have specific requirements for material conductivity. It is
suitable for processing low stiffness and complex-shaped cavities, irregular surfaces, and various hard
and brittle materials [20].

Miiller et al. [20] conducted a study on the erosion mechanism of SiCp/Al in electrical discharge
machining. They found that the aluminum matrix was eroded first under high temperatures, causing
the SiC particles to lose their encapsulation and fall off, which resulted in the formation of pits on the
surface. The residual molten material undergoes quenching and solidification under the erosion of the
medium, forming a recast layer and generating thermal stress inside the material. This process
ultimately leads to the formation of microcracks on the surface. With the increase in discharge pulse
energy, the width and depth of surface cracks also increase. Karthikeyan et al. [21] established a
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mathematical model for SiCp/Al electrical discharge machining. They found that an increase in SiC
particle content would reduce the overall conductivity of the material. This reduction leads to a
decrease in material removal rate, faster electrode wear rate, and increased surface roughness during
machining.

How to improve the efficiency and discharge stability of SiCp/Al electrical discharge machining, and
reduce surface damage, is a focal point for scholars both domestically and internationally. Powder
mixed electrical discharge machining (PMEDM) is an emerging method that has received much
attention in recent years. By mixing conductive powder into the medium, the insulation strength of
the medium is reduced, the discharge stability is improved, and the machining efficiency is improved.
According to the research results of Tang et al. [22] and Hu et al. [23], PMEDM improves machining
efficiency by 16.34% and reduces surface roughness by 29.42% compared to conventional electrical
discharge machining. Comparing Figs. 5 (a) and (b), it is found that the surface pits formed by
PMEDM are larger and shallower in shape, with higher surface smoothness. Jiang's research [24]
found that compared to micrometer-sized silicon powder, nanoscale carbon nanotube powder has a
more significant effect on improving the processing efficiency and surface quality of SiCp/Al. As the
concentration of the mixed powder increases, the material removal rate improves, and the pit size
decreases. Excessive mixing concentration can increase the likelihood of abnormal discharge,
resulting in a decrease in processing quality. The optimal mixing concentration is 0.3 g/L. The
experimental study by Wang Kan et al. [25] also found that the magnetic field's effect is conducive
to the discharge of erosion products, effectively reducing the phenomenon of melting and re-
solidification of erosion materials. As the magnetic field strength increases, the diameter of the
discharge pit increases, but it decreases in the depth direction. Under the condition of a magnetic field
strength of 0.3T, the material removal rate increased by 96.85% compared to conventional electrical
discharge machining. Preetkanwal et al. [26] also found that magnetic field-assisted electrical
discharge machining reduced the thickness of the surface recast layer, resulting in only short and
shallow cracks appearing on the surface.
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Fig. 5 Model and surface morphology of EDM and powder mixed EDM [22]
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Fig. 6 Microscopic morphology of the pore outlet and pore wall surface of cylindrical and spiral
electrodes [27]

Different electrode shapes also significantly impact the efficiency of electrical discharge machining
due to challenges in removing electrical erosion residues and achieving high machining efficiency
when working on holes with a large depth-to-diameter ratio. Yu et al. [27] conducted experiments on
SiCp/Al composites using both spiral and cylindrical electrodes. After comparison, it was found that
the material removal rate of the spiral electrode was significantly higher than that of the cylindrical
electrode. When the helix angle of the electrode is 40° and the groove depth is 0.16 mm, the
machining efficiency is the highest. As shown in Figs. 6 (a) and (b), no residual bonding was found
at the outlet of the hole made with spiral electrodes, and no electrical corrosion pits were found on
the hole wall, leading to improved surface quality. Mohan et al. [28] found that hollow tube electrodes
offer significant advantages in improving machining efficiency, reducing electrode wear, and
improving surface roughness. A smaller electrode diameter and a higher electrode rotation speed can
enhance the fluidity of the medium, facilitating the discharge of erosion debris.

Given the relatively low efficiency of electrical discharge machining caused by the poor overall
conductivity of SiCp/Al, researchers have conducted extensive research. They explored methods such
as PMEDM and magnetic field-assisted electrical discharge machining, verifying their feasibility
through experiments. Electric discharge machining needs to consider the following two issues: firstly,
pulse discharge causes local high temperature, which leads to microcracks and recast layers on the
material surface, and has a negative impact on the mechanical properties of the material. Secondly,
as the content of SiC particles increases, the overall conductivity of the material decreases, which
results in reduced processing efficiency. Therefore, improving machining efficiency and reducing
material damage have become key issues that urgently need to be solved in the field of SiCp/Al
electrical discharge machining.

2.3 Ultrasonic-assisted Machining

Ultrasonic-assisted machining applies high-frequency vibration to the cutting tool or workpiece,
utilizing the significant energy generated by vibration impact to complete the material removal
process. During ultrasonic machining, the high-frequency intermittent contact between the tool and
the workpiece effectively reduces cutting force. This process helps to minimize the generation and
accumulation of cutting heat, ultimately enhancing machining accuracy and surface quality.
Ultrasonic machining technology is highly suitable for processing hard and brittle materials, as well
as various challenging-to-process materials. It is also widely utilized in the processing of SiCp/Al
[29].

Xiang et al. [30] regarded SiC particles as spherical and uniformly distributed in the matrix material.
They simulated the fragmentation of the particles during the ultrasonic milling process. Research has
found that as the milling depth increases, the damage range of SiC particles also increases. Under
high-speed milling conditions, the degree of SiC particle fragmentation significantly decreases. In
addition, the increase in ultrasonic frequency effectively suppresses particle breakage and crack
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propagation. With an amplitude of 3 pum, the crack depth reaches the minimum value. Although
homogeneous material models can qualitatively analyze the damage mechanism of materials, there
are significant differences from real materials. Wang et al. [31] established a two-dimensional model
of the random distribution of SiC particles based on the Johnson-Cook constitutive equation. They
conducted experiments to study the surface quality of ultrasonic elliptical turning of SiCp/Al. The
results showed that compared with conventional turning, ultrasonic elliptical turning reduced cutting
force by 33.17%, minimized plowing damage and crack defects caused by SiC particles on the surface,
and decreased subsurface damage resulting from excessive instantaneous cutting force.

Researchers primarily compared and analyzed the effects of conventional machining and ultrasonic
machining in terms of cutting force, surface roughness, tool wear, and material removal mechanisms.
Zhao et al. [32] applied a 15% force to the cutting tool using a self-made ultrasonic longitudinal
vibration device. The ultrasonic vibration of the tool shows that when the cutting depth is less than
0.03mm, the cutting force during ultrasonic turning is only one-third of that during traditional turning.
Lin et al. [33] also conducted similar experimental studies and found that ultrasonic turning can
induce changes in cutting depth and shear angle, which are more conducive to reducing cutting force.
As the amplitude increases, the main cutting force shows a decreasing trend. Lin et al. [34] utilized
the elliptical vibration turning method with a cutting depth of 4 um and an amplitude of 8 um. Under
these conditions, the machined surface roughness was measured at 0.404 um, representing a 49.8%
reduction compared to conventional turning methods. In addition, Zhou et al. [35] also conducted
similar studies, as shown in Figs. 7 (a) and (b). Ultrasonic elliptical vibration turning effectively
reduces surface pits, surface scratches, and microcrack defects. According to the experimental
research results of Gao et al. [36] and Niu et al. [37], during ultrasonic high-speed milling, most SiC
particles are cut off and removed, effectively reducing surface pit defects. When the amplitude
exceeds 3 um, a large number of microcracks and pit defects appear on the surface. As the ultrasonic
amplitude increases, both cutting force and machining surface roughness also increase. Xu et al. [38]
conducted ultrasonic drilling experiments on SiCp/Al using carbide Fried Dough Twists drills. They
found that under the influence of ultrasonic vibration, chip deformation is reduced, leading to
enhanced adhesion of the horizontal edge. However, the impact on the main cutting edge was not
notably significant. Compared with traditional drilling, ultrasonic drilling reduces torque by 30% and
surface roughness by 21.85%. Kadivar et al. [39] also conducted similar experimental studies,
applying ultrasonic vibration to both the cutting tool and the workpiece. They found that when
ultrasonic vibration was applied to the workpiece, the drilling force was smaller and the surface
roughness value was smaller. And as the ultrasound amplitude increases, the surface roughness value
decreases.
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Fig. 7 Principles and surface morphology of ultrasonic elliptical vibration turning and ordinary
turning [34,35]
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As shown in Fig. 8 (a), a typical ultrasonic vibration system primarily comprises a tool holder, an
ultrasonic power supply, a transducer, a variable amplitude rod, and a cutting tool. During the
machining process, the ultrasonic generator produces high-frequency electrical signals, which are
then converted into high-frequency mechanical vibrations by the transducer. The amplitude is
amplified and transmitted to the tool through a variable amplitude rod. As shown in Fig. 8 (b), during
the process of rotary ultrasonic-assisted grinding, the tool rotates at high speed around the spindle
and undergoes high-frequency vibration. Dong et al. [40] found that ultrasonic grinding and
conventional grinding yield similar surface integrity in terms of surface roughness. However, the
cutting force of ultrasonic grinding is reduced by 30% to 50%, effectively improving the durability
of the grinding wheel, as illustrated in Fig. 8 (c¢). However, the fracture area and the number of pits
on the processed surface are slightly higher than those resulting from ordinary grinding. Yang's
research reached the same conclusion: during ordinary grinding, SiC particles are pulled out, and the
matrix is pressed into pits to form a coating. During the rotary ultrasonic grinding process, the friction
between the abrasive tool particles and the material surface is significantly reduced. This reduction
leads to less substrate coating and an increase in the number of pits, as illustrated in Figs. 8 (d) and
(e). The decrease in grinding ability is mainly caused by two factors: grinding wheel wear caused by
SiC particle scratching and increased grinding temperature, and grinding wheel blockage caused by
substrate adhesion. Xiang et al. [42] conducted research on the blockage theory and its causes in
grinding wheels. They found that the feed rate of the grinding wheel has the most significant impact
on the blockage volume, followed by the linear speed of the grinding wheel. The ultrasonic vibration
effect improves the anti-adhesion capability of the grinding wheel, effectively prevents the clogging
of the grinding wheel, and prolongs the service life of the grinding wheel.
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Fig. 9 Surface morphology of different particle sizes in ordinary scratching and ultrasonic assisted
scratching [45,46]

The single abrasive scratch experiment is considered one of the effective methods for studying the
mechanism of material removal. It is beneficial not only for understanding the material removal
process but also for observing the interaction between the abrasive and the workpiece material during
the scratch process. The comparative experiment by Cha et al. [43] found that under ultrasonic
scratching, the aluminum matrix undergoes plastic deformation, and the surface smoothness is
significantly improved. SiC particles undergo fragmentation and detachment upon impact, leading to
pitting defects on the surface. Under normal conditions, noticeable substrate coating phenomena can
be observed, and SiC particles experience layer breakage. Li et al. [44] also found that compared with
ordinary scratches, ultrasonic vibration prevents the continuous accumulation of stress, reduces the
transmission and concentration of internal stress within the material, and effectively minimizes the
depth and extent of subsurface damage in SiCp/Al. Zheng [45] and Feng et al. [46] respectively
investigated 5 pm and 40 pum particle sizes of SiCp/Al in ultrasonic scratch tests, as shown in Figs. 9
(a) and (b). The ultrasonic vibration effectively suppressed the degree of particle fragmentation.
Large-sized (40 um) SiC particles will break down into smaller particles, while the smaller-sized (5
um) SiC particles can better maintain their integrity. Therefore, size effects have a significant impact
on material removal processes.

Ultrasonic machining significantly reduces cutting force, cutting temperature, and tool wear through
high-frequency intermittent cutting. It effectively minimizes defects such as burrs and chipping,
suppresses crack propagation, and prevents surface plowing damage caused by debris. However,
ultrasonic-assisted machining is limited by the critical speed required for complete separation of tool
chips, leading to relatively low machining efficiency. Due to the complex interface composition of
SiCp/Al, previous studies have paid little attention to the effect of ultrasonic vibration on the strength
of the two-phase bonding interface. In addition, the correlation between ultrasonic processing
parameters and subsurface damage, as well as material fatigue resistance, remains unclear,
necessitating further research in this field. With the rapid development of machining technology,
ultrasonic machining and other energy field composite machining are also future research directions.

2.4 Abrasive Water Jet Machining

Abrasive water jet machining is the process of mixing and accelerating high-pressure water with
abrasives, forming a high-pressure micro jet through a nozzle, and removing materials through the
high-speed water jet erosion of the mixed abrasives. Abrasive water jet machining has many
advantages, such as fast processing speed, wide applicability, no heat-affected zone, low pollution,
and low cost. It has been widely used in the processing of hard and brittle materials such as ceramics
and glass [47, 48, 49].
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Fig. 10 Surface defect types of SiCp/Al composite materials processed by abrasive water jet
machining [50]

Pedro et al. [50] studied the forms of damage defects during abrasive water jet cutting of SiCp/Al and
evaluated the surface integrity based on surface roughness and notch taper angle. As shown in Figs.
10 (a) - (c), surface grooves caused by abrasive particle insertion, SiC particle extraction, and abrasive
scratching were found at the material inlet. The combination of high jet pressure and low feed rate
can effectively reduce the taper angle. When the jet penetrates the material, the depth of scratches on
the bottom surface of the material increases due to the combined effects of kinetic energy loss and jet
deviation at the outlet, as shown in Fig. 10 (d). Srinivas et al. [51, 52] studied the effect of SiC abrasive
particle size on the penetration depth of SiCp/Al composites. They found that as the SiC abrasive
particle size increased from 60 to 80 mesh, the penetration depth also increased, reaching its
maximum value at 80 mesh. When the abrasive particle size increases to 120 mesh, larger nozzles are
typically used to accommodate the larger abrasives. This results in a reduction in jet energy density
and penetration depth.

Domestic and foreign researchers have primarily focused on studying the penetration depth, material
removal rate, and surface roughness of abrasive water jet machining. Although abrasive water jet
machining can effectively avoid thermal damage, its machining accuracy is limited and is only
suitable for rough machining operations. Due to the abrasive plowing effect, grooves and pits appear
on the processed surface, leading to taper issues during the drilling process. In addition, nozzle
materials and structures play a crucial role in the performance and processing efficiency of abrasive
water jet machining. There are still gaps in research regarding the correlation between abrasive
parameters and nozzle wear. In abrasive water jet machining, it is essential to carefully choose the
nozzle materials and optimize their structure to enhance the nozzle's service life.
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Table 1. Comparison between traditional processing and special processing SiCp/Al

Processing Advantage Shortcoming Processing results
method
High processing The heat-affected zone has | The roughness Sa of the inner
Laser efficiency and non- a large area, and there is hole is 6.8 um [16].
processing contact processing thermally induced damage.
Electrical Not affected by Low processing efficiency The minimum surface
Discharge material hardness and and the presence of roughness for machining can
Machining size microcracks on the surface. reach 0.47 um [22].
Ultrasonic- Effectively reducing Low processing efficiency | Cutting temperature decreased
assisted cutting force and by 29% [31], while cutting
machining cutting temperature. force decreased by 30% to
50% [40].
Abrasive water | Fast processing speed Limited machining Processing surface roughness
jet machining with no thermal- accuracy and the presence is 4.120 um [49].
induced damage. of hole taper.

3. Conclusion

In recent years, with the continuous expansion of the application scope of SiCp/Al, research on related
traditional processing and special processing technologies has also entered a high-speed development
stage. Looking back at the development history of processing technology, traditional and specialized
processing have each demonstrated their advantages in various application scenarios, as outlined in
Table 1. Traditional mechanical processing technology is mature and has a wide range of applications.
However, it faces issues such as rapid tool wear and poor surface integrity, leading to unsatisfactory
processing results. Compared with traditional machining techniques, special machining techniques
offer unique advantages, such as non-contact laser machining and abrasive water jet machining,
which can effectively prevent tool wear. The unique high-frequency intermittent cutting of ultrasonic
machining significantly reduces cutting force and cutting temperature, and improves tool service life.
However, special machining also has certain processing limitations, such as low efficiency of
electrical discharge machining, surface thermal damage caused by laser heating, and issues like hole
taper in abrasive water jet machining.

Although significant progress has been made in current research, there are still some challenges that
require further investigation.

1) The key to traditional mechanical machining lies in the selection of tool materials and the
optimization of tool structure and processing parameters. This is done in order to reduce tool wear,
minimize surface defects, enhance machining accuracy, and improve surface integrity. Special
machining needs to seek more effective strategies to minimize surface damage. Multi-energy field
composite machining can fully leverage the respective advantages of different energy fields. It is an
effective method to enhance the cutting performance of SiCp/Al, reduce tool wear and surface
damage, improve machining accuracy, and enhance surface integrity. It has become a research
hotspot in recent years and a future development trend.

2) At present, the research on multi-energy field composite machining primarily focuses on cutting
mechanisms and machining surface integrity. In the future, additional research is required to explore
the impact of multi-energy field composite machining parameters on machining surface and
subsurface damage. It is essential to establish the correlation between machining parameters and
surface integrity, fatigue resistance, and other properties. Further focus should be placed on
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optimizing processing parameters, predicting, and actively controlling the shape of the processed
surface.
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