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Abstract:

Vibration-assisted machining has shown great potential for improving the processing of hard and
tough materials, but its mechanisms in high-entropy alloys (HEAs) remain unclear. In this study, molecular
dynamics simulations are employed to investigate the velocity-dependent behavior of FeNiCrCoTi
monocrystal during vibration-assisted nano-machining. The study examines machining forces, shear
strain, von Mises stress, dislocation evolution, temperature distribution, and surface morphology. The
results reveal that higher velocities increase normal and tangential forces, stress concentration, and local
temperature, while reducing shear strain, dislocation accumulation, groove width, and worn atom number.
These findings provide new atomistic insights into the deformation and material removal mechanisms of

HEAs under vibration-assisted machining.
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1. Introduction
High-entropy alloys (HEAs) consist of
multiple principal elements in near-equiatomic
ratios [1]. Their high configurational entropy
promotes the formation of simple solid solutions
instead of complex intermetallic phases, leading
to exceptional properties such as high strength,
hardness, corrosion resistance, and thermal stability
[2]. These advantages make HEAs promising for
advanced structural and functional applications
in aerospace, turbines, and nuclear systems [3].
Recent studies have shown that adding Ti to
FeNiCrCo alloys significantly enhances strength,
wear resistance, and thermal stability, enabling
FeNiCrCoTi HEA alloys to withstand extreme
mechanical and thermal loads. Studies have reported
high hardness, improved oxidation resistance, and
stable strain behavior in FeNiCrCoTi-based alloys.
Therefore, FeNiCrCoTi exhibits strong potential
as a structural and protective coating material for
harsh operating environments [4, 5].
Vibration-assisted machining has emerged

12 Khoa hoc va Cong nghé Ung dung - S6 48/Thang 12-2025

as an effective technique for processing hard
and tough materials [6]. By applying controlled
vibration, vibration-assisted machining reduces
cutting forces, improves surface finish, suppresses
crack propagation, and enhances material
removal compared with conventional machining
[7]. Although some studies have explored the
machinability of HEA alloys, the deformation
mechanism of FeNiCrCoTi under vibration has
not been thoroughly investigated. The effect of
machining velocity has rarely been -clarified,
even though velocity strongly governs atomic
motion, defect generation, and energy dissipation.
Experimental investigations face challenges due to
cost, technological limitations, and difficulties in
probing atomistic details.

Molecular  dynamics (MD) simulation
provides a powerful means to analyze machining
at the atomic scale [8, 9]. Previous MD studies
have offered valuable insights into chip formation,
and and

distribution of stress temperature,

dislocation dynamics under vibration-assisted
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conditions. However, most of these efforts have
focused on ceramics or single-component metals,
leaving HEAs relatively unexplored. Specifically,
the velocity-dependent behavior of FeNiCrCoTi
during vibration-assisted machining has not yet
been systematically investigated. In this study, MD
simulations are performed to examine vibration-
assisted nano-scratching of FeNiCrCoTi alloy at
different velocities under fixed vibration conditions.
The results provide new atomistic insights into
the velocity-dependent deformation and material
removal mechanisms of HEAs.

2. Methods
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Figure 1. MD simulation model of FeNiCrCoTi
subjected to tool vibration during machining.

To study the effect of machining velocity
on the vibration-assisted machining behavior of
FeNiCrCoTi monocrystal, molecular dynamics
(MD) simulations are performed using the Large-
scale Atomic/Molecular Massively  Parallel
Simulator (LAMMPS) [10]. The simulation model
is illustrated in Fig. 1. The atoms are divided into
three groups: Newtonian layer, thermostat layer, and
fixed boundary layer. Periodic boundary conditions
are applied along the Y-direction. The machining
tool is modeled as a rigid spherical diamond tip with
a radius of 30 A. The system is first relaxed for 80
ps at 300 K to reach equilibrium. During machining,
the thermostat group is controlled by the canonical
ensemble, while Newtonian atoms evolve under
the microcanonical ensemble [11]. The machining
is carried out along the X-direction on the (001)
surface of the FeNiCrCoTi monocrystal, with a
machining depth of 20 A and machining length of
120 A. Tool vibration is applied in the Y-direction
following a sinusoidal trajectory, expressed as
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y(t) = A-sin(2nft), where A and f represent the
vibration amplitude and frequency, respectively.
In this study, the vibration amplitude is fixed at 15
A and the vibration frequency at 15.6 GHz, while
different machining velocities of 25, 50, 100, and
200 m/s are considered to evaluate their effects.
The interatomic interactions are described by the
embedded-atom method (EAM) potential for the
FeNiCrCoTi alloy, which has been widely validated
for multicomponent metallic systems [5, 12]. The
Lennard-Jones potential is employed to represent the
interaction between the diamond tool and substrate
atoms [13]. The LJ potential has been extensively
applied in MD simulations of tool-workpiece
contact because it captures the short-range repulsive
forces when atoms overlap and the weak attractive
van der Waals interactions at larger distances. This
combination ensures accurate description of both
metallic bonding and tool-workpiece contact. The
structural evolution and deformation behavior are
examined in OVITO, where defect configurations
and atomic displacements are characterized
through common neighbor analysis (CNA) and the
dislocation extraction algorithm (DXA) [14].
3. Results and discussion

The machining velocity is an important
factor influencing the vibration-assisted machining
process [15]. To investigate the effect of velocity
on the machining behavior of HEA, four different
velocities of 25, 50, 100, and 200 m/s are applied.
The machining process is carried out at a penetration
depth of 20 A, a vibration amplitude of 15 A, and
a vibration frequency of 15.6 GHz. The results of
the machining forces, including normal, tangential,
lateral, and total components, are presented. Fig.
2 shows the variation of machining forces with
machining length at different velocities. The normal
and tangential forces increase with machining length
for all cases, and their magnitudes become larger as
the velocity increases. At low velocity (25 m/s), the
forces rise steadily with relatively small fluctuations.
When the velocity increases to 100 and 200 m/s,
the forces become much higher and show stronger
oscillations along the machining path. In the lateral
direction, the forces fluctuate around zero, but the
amplitude of oscillation changes significantly with
velocity. The total machining force follows the same
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Figure 2. Change of machining force during vibration-assisted machining at different velocities.

trend as the normal and tangential forces, increasing
with velocity and machining length. These results
suggest that higher machining velocity enhances
both the average value and fluctuation of machining
forces, which strongly affects the dynamic cutting
behavior and material removal process.
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Figure 3. Average machining force during vibration-
assisted machining at different velocities.
To compare the force differences in more
detail, the force components during the stabilization
phase are averaged, and the results are shown in
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Fig. 3. The normal, tangential, and total forces
exhibit a clear increasing trend with velocity. At
higher cutting speeds, atoms in the workpiece
have less time to relax and rearrange, resulting
in insufficient recovery between successive tool
interactions. Consequently, larger forces are
required to sustain the deformation, which explains
the significant growth in both the normal and
tangential components as velocity rises from 25
m/s to 200 m/s [15]. The lateral force exhibits a
different trend. It increases with velocity up to 100
m/s, but decreases when the velocity reaches 200
m/s. The reduction can be explained that at very
high velocity, the vibration cycle is relatively long
compared to the cutting time, so the tool direction
is less affected by oscillation. Thus, the cutting path
undergoes fewer directional changes, leading to a
smaller average lateral force at 200 m/s. It should
be noted that the lateral force is calculated as the
average value of the absolute lateral force during
the machining process.

Fig. 4 shows the shear strain distribution in

the samples after vibration-assisted machining
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Figure 4. Shear strain distribution in samples after vibration-assisted machining at different velocities.

at different velocities. The high shear strain
region appears near the tool tip and in the chip
area. However, the extent of shear strain slightly
decreases as the machining velocity increases. At
low velocity (25 m/s), a broad zone with large shear
strain is observed, indicating significant atomic
displacement and plastic deformation around the
groove. When the velocity increases to 100 and 200
m/s, the high shear strain region becomes narrower
and less intense. This reduction can be explained
by the fact that at high velocity, atoms have less
time to undergo lateral displacement within one
vibration cycle, so their shear strain accumulation
is limited. Therefore, the tool creates stronger
local loads at higher machining velocities, but the
reduced relaxation time of the atoms limits their
lateral displacement, resulting in a narrower shear
strain region.

OMBEN von Mises stress Tl 3

(a) 25 m/s

(b) 50 m/s

(c) 100 m/s

(d) 200 m/s

Figure 5. Von Mises stress distribution in samples after
vibration-assisted machining at different velocities.

Fig. 5 presents the von Mises stress distribution
after machining at different velocities. A high stress
concentration appears in front of the tool and inside
the chip region, while the surrounding area is
relatively uniform. The shear strain patterns in Fig.
4 correlate well with the stress fields shown in Fig.
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5. When the machining velocity increases from 25
m/s to 200 m/s, both the size and intensity of the
stress region increase significantly. At 200 m/s, the
stress distribution is much denser, with a broader
high-stress zone compared with lower velocities.
This indicates that higher machining velocity causes
stronger stress accumulation around the cutting
tool, which corresponds well with the increase in
machining forces shown earlier.

Fig. 6 shows the temperature distribution in
the samples after vibration-assisted machining at
different velocities. The elevated stresses at higher
velocities contribute to greater plastic work and
frictional dissipation, which directly increases the
temperature around the tool tip and chip region.
As the machining velocity increases from 25 m/s
to 200 m/s, the high-temperature zone becomes
larger and the peak temperature rises noticeably.
At low velocity, only a small area near the groove
reaches high temperature, while at 100 and 200 m/s,
the heated region extends deeper into the substrate
and the chip is almost completely covered by red
color. This indicates that higher machining velocity
leads to stronger energy dissipation and frictional
heating, which enlarges the affected zone.
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Figure 6. Temperature distribution in samples after

machining at different velocities.

Journal of Applied Science and Technology 15



p-ISSN 3030-4830

o Bra 4 o
y = - /.; = R,
~NE ., 3 R e & X
s T e
(a) 25 m/s 7 (b)S0m/s
AT T 4
(¢) 100 m/s o (d)200mis

I Shockley (1/6<112)
Hirth (1/3<100=) B Frank (1/3<111>)

IlPcrtect (1/:2<110>)
Bl stair-rod (1/6<110>)
Figure 7. Dislocation distribution in samples after
vibration-assisted machining at different velocities.
Fig. 7 shows the dislocation distribution in
the samples after vibration-assisted machining at
different velocities. Various types of dislocations,
such as perfect, Shockley partial, stair-rod, and
Hirth, are observed near the cutting tool and in the
chip region. Along with the dislocations, red-colored
atoms in HCP structure are detected, representing
stacking faults formed during the cutting process.
At 25 m/s, a dense dislocation network and a large
number of stacking faults appear near the tool tip,
indicating strong plastic activity. When the velocity
increases to 50 and 100 m/s, the dislocation structures
extend further along the machining direction,
while stacking faults are still visible around the
groove. At 200 m/s, both the dislocation density
and the number of stacking faults are reduced,
suggesting that very high velocity suppresses defect
accumulation. These results indicate that Shockley
partial dislocations and stacking faults dominate
the plastic deformation, while the overall defect
activity decreases at excessively high velocity.
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Figure 8. Evolution of dislocation length in samples
during vibration-assisted machining at different velocities.
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Fig. 8 presents the evolution of dislocation
length during machining at different velocities.
The dislocation length increases rapidly at the
early stage of cutting, and then fluctuates as the
machining distance increases. The sample at 25 m/s
exhibits the largest dislocation length, reflecting
strong dislocation generation and accumulation.
For 50 and 100 m/s, the dislocation length still
rises but stabilizes at a moderate level with fewer
fluctuations. At 200 m/s, the dislocation length
is significantly lower, indicating that very high
velocity suppresses dislocation activity in the
workpiece. This trend agrees with the dislocation
distribution results in Fig. 7 and confirms that
machining velocity strongly influences the balance
between defect formation and stress accumulation.

Fig. 9 compares the surface shapes after
vibration-assisted machining at different velocities.
The color map indicates the atom height (Z). It can
be observed that the samples after machining show
a clear groove with similar depth, but the groove at
25 m/s is noticeably wider than at higher speeds. At
25 m/s more atoms are displaced laterally and form
larger side protrusions, while at higher velocities
the displaced atoms tend to concentrate more in
a compact chip in front of the tool and the groove
becomes narrower. This pattern suggests that lower
speed produces larger lateral material spread, whereas
increasing velocity reduces sideways displacement
even if the groove depth remains comparable.

Figure 9. Surface morphology of samples after
vibration-assisted machining at different velocities.

Fig. 10 shows the number of worn atoms versus
the machining length for each velocity. The number
of worn atoms increases steadily with machining
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distance, and is highest at 25 m/s throughout the
entire process. The curves at 50 m/s and 100 m/s
are below 25 m/s, and 200 m/s gives the smallest
number of worn atoms. This is consistent with Fig.
9 in that the wider groove and larger edge buildup
at 25 m/s correspond to more atoms removed, while
the higher velocity reduces the number of atoms
removed horizontally and thus reduces the total
number of worn atoms.
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Figure 10. Number of worn atoms of samples during
vibration-assisted machining at different velocities.
4. Conclusion

This work examined the effect of machining
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velocity on vibration-assisted nano-machining of
FeNiCrCoTi monocrystal using MD simulation. The
results reveal that the normal, tangential, and total
forces increase with velocity, while the lateral force
decreases at 200 m/s due to reduced tool oscillation.
Shear strain around the groove becomes smaller with
velocity, indicating limited atomic displacement,
whereas von Mises stress rises markedly, reflecting
stronger stress accumulation. The temperature
distribution also shows a larger high-temperature
zone at higher velocities. Defect analysis indicates
that at 25 m/s, dislocation networks and stacking
faults are dense, and the dislocation length reaches
its maximum. At higher velocities, dislocation
activity weakens, with the lowest density observed
at 200 m/s. Surface morphology results show the
groove is widest at 25 m/s, leading to the largest
number of worn atoms, while higher velocities
produce narrower grooves and fewer removed
atoms. These findings provide atomistic insights
into the velocity-dependent deformation of HEAs
under vibration-assisted machining.
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CO CHE BIEN DANG PHU THUQC VAN TOC CUA HQP KIM ENTROPY CAO FeNiCrCoTi
TRONG QUA TRINH GIA CONG HO TRQ RUNG PONG

Tém tit:

Gia cong ho tro rung dong da cho thdy tiém ndng lom trong viéc cdi thién kha ndng gia cong cdc vit
liéu cieng va gion, tuy nhién co ché ciia né doi voi hop kim entropy cao (HEA) van chwa dioc lam sdng t6.
Trong nghién ciru ndy, cdc mé phong dong lwc hoc phan tir dwoc sir dung dé khdo sdat hanh vi phy thuée vin
toc ciia don tinh thé FeNiCrCoTi trong qud trinh gia cong nano ¢é hé tro rung dong. Phan tich tdp trung
vao lic cdt, bién dang truot, ung sudt von Mises, sy tién trién ciia léch mang, phan bé nhiét @ va hinh thdi
bé mat. Két qua cho thdy khi vin téc tang, lec phdp tuyén va tiép tuyén, si tdp trung vmg sudt va nhiét do
cuc bo déu tang lén, trong khi bién dang truot, sy tich liiy léch mang, chiéu rong ranh va 56 nguyén tur bi
mai mon lai giam. Nhitng phat hién ndy cung cdp cdc hiéu biét méi & cap dé nguyén tir vé co ché bién dang
va loai bé vit liéu ciia HEA trong gia cong hé tro rung dong.

Tir khoa: Gia cong hé tro rung dong, Mo phong dong luc hoc phan tw, Van téc, Hop kim entropy cao.
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